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Chapter-1 Introduction to Chilled Water Systems
0.0 What is heat?

ap(heat) aBoopden 30 (temperature) [gGoopdesepe 30 S (temperature)  §§2000
G563 32003260gqpad B:e08s(transfer) ognsaopd gdsealHd(form of energy) ood§js [gdoopdn 22p§S
(temperature)sdoopSen  3aepogpood9 Bewpdd  [goodesl IneloE[gdeom  gdepsg(thermal
activity)o3 eod[g[g€s [g6oop5n

320005 go:mCHd(form of energy) oodGgboopdi saguwan(quantity)sé  eopSsgE:
a3eupod [gEzas(intensity)oopd 3a§§js opgp:8Co0pdn  9apgbieat(heat energy)od [gopde) ©q$ti
GqPOdgEOGroRd: vqdtaon §&:3aEdd(form of energy) cod§jse oo[grsdd 00d§EaR elgpE:ad8§Ea00i

pclopElgdeom  cgdepsg(thermal  activity)oopd  cBgoogrieacgts  eudcBoyjg(molecules)
qpzeil 3aqE(velocity)ed oE ©oop520001 3208 (temperature) [g&o0pd saepogpigpicpt sapelopE
[§9c0mm  ybepsg(thermal activity) gpsfo3oopdn o8eo0d [googpeacgtsd eedcBojrqpscl saayt
(velocity)od 0305§05038:0me$ o[gdSEeon BelopE sapelopEgdeon adgpsg(thermal activity)
0pdg|qp200pd 98ewpod $pd:00p003 938EqSE005 20§ (temperature)gé 0302 eudlgozaopd

0n88Cis0d first law =0q FopgdimaC(heat energy)od oSoBqf eqpodgEdLdeS
o[gd8Caon g&32E HdodG|re oolgp:gdi3aC HHoOGERo G[gpE:cd§Eo0pdN 000888:500 first law
o3 “law of conservation of energy” vp 3¢j s203qpgo30005

HVAC 0p0qbop€ 22632:0005qJq$ 320305 32008:328qpa?d vuSooodod(remove heat
energy)qoopdi 000888506 GroaaqPIopt 3263326050000 GuzaopdLY) GlgpedesEaieryedod
32000:3EqP:0d ©0doncdudapdLD GaEoT3aEdN

0088C:500 second law 22 32008:32E (heat energy)oopd 320q$(temperature) [§Go0pd
Gsepe 308 (temperature) §60000 6Py 20000203E: Z>ABeegPed  Bssols(transfer)
:)g):%eooéll
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0.0.0 32p(Heat)o? o3E:000000) opsdyp:

320§$0B3C:0000 000880 (thermometer)oogd intensity of heat o300 oBE:8Ea000 o0
oedan(quantity of heat)od eoBEom8Eeon condeogogt saguwdan(quantity of heat) opdygjspd:00pd
a300p0d 6pdyqpioopdad cpadqEdelPades Beadaopdi saguenan(quantity of heat)od 03Esopoood
opsd qprgofioorhs

. 64°F
L%?.E T ldegree
{ ldegree 63°F

14.5°C

11b of water

1g of water
df Al
l Burner Zl'dj;

Tcal or 4.187J) added 1Btu added

$ 0-0 IpowdN 1 Calorie (4.1871) copdeorges $ o- J 3200w 1 Btu copdeodgs

e oodogd(gram)feon eaed oS 1°C [gCooode§macgod  copdeuigepd
20N aJe0pcd 1°C §6030:98320905 ©0dm0dqEEY FopowdN0pd 1 Calorie [cal] (00d
0205c38) $¢ pBqjoophn

F2600:§$ 00deAE(Ib)§eom eqod oS 1°F [§E0001q8320905 copdeuqupd 3puem
a3e0pod 1°F 8603095320900 00d00adqeRd 33p0edno0gd 1 British Thermal Unit (BTU)$¢
p3qj0001

2. J Unit of Refrigeration

Refrigeration capacity o3 Inch-Pound (I-P)opsdlgé eudly
a8ag€ “British Thermal Units per hour(BTU/hr)” [g9aopSi HVAC $&

refrigeration cpoc$:gEqpiogt sagpad: 30digfo3o0d vrsd 20pd
“ton of refrigeration” [g&20p01

(U5)59§ 20038: ogd 00bo§(1 ton) saepdeqplgticlope
9O0pa:00p)  3p0edNa0dd refrigeration ton [gdoopdn 220§S
32°F 03¢ o eqd 006ealC saqpdeqpagié 144 Btu sa000danad
@Oupag:aopdi (Latent heat of ice = 144 Btu/lb)i 6gd oodonfagé
Fe:§§ cAE( Jooo) §eooelopE one refrigeration ton (1RT) 2005
12,000 Btu/hr $& p8gjoopdi

1 x 2000 x 144
24

1 ton of refrigeration (RT) = 200 Btu/min = 3.517 kJ/s = 3.517 kW

One ton of refrigeration =

= 12,000 Btu/hr

1-2
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Table 1-1 sapoedan(amount of heat) $& 30§86l opsdyps

op5d ceEeca§s | p§§(0ocd/oy) | sagowdan(amount of heat)
Kilocalorie [kcal] 1 kg 1°C 1 kcal
Joule [J] 1g 1°C 4.187]
Kilojoule[kJ] 1 kg 1°C 4.187 KJ
British Thermal Unit [BTU] 1lb 1°F 1 Btu

0.9 Sensible Heat

Sensible Seat Equation: Qsensivie =M X €, XAt = m X C, (t; — t;)
Qsensivie = Rate of sensible heat added or removed from substance (Btu/hr)
m = Mass rate flow of substance (Ib/hr)
C, = Specific heat of substance at constant pressure (Btu/Ib °F)
At = t, — t, = temperature change of substance (°F)

Air conditioning process gp:og¢ sensible heat equation o} sacg$eaadigpsoopdl Air con
process qp:apC F0§8e[gpE:cd[gEs(temperature change)om [gbecy§[G: state algpCscdgls Bewrod
phase a[p&:cd[gl: ofgbooeamncd spdieomelopC [gdoopdi Refrigeration process gpiogE  state
a30p0b phase clgrE:cd[gEs [gded 20pb

powd- chiller oodad:ei chilled water flow rate 2005 006860qiE Alco§(goo)s$s (500 GPM)
[gDo0pdn 220§§ 55°F §eoon ee(chilled water)od 43°F 3200 632:68908 pO8EQE{IE OO chiller &l
cooling capacity o3 gpoln Btu/hr 1 ton of refrigeration(RT) 1 kW o3[g¢ cadlgdh

Chiller 0261 cooling capacity 8320p5¢n e ©udE05080520pd Zapuwdan (amount of
heat removed from chilled water) 3620251

Q;=m x C, x At

m = Weight flow rate [g620001 o3e[ogp& gpm © Ib/hr o5 e[gpE:q$ cd=a600001

o0 cpy » 500 1b/R
m= 1GPM

= 250,000 Ib/hr
0068580g)€ 00dACE£8:(1 GPM)O3 Ib/hr o8e[gpEaqi€ 500 Ib/hr $& p8gjoopd

—250000”’ ><1Btu X (43 — 55)°F
Qs = ’ hr lb °F ( )

=-3,000,000 Btu/hr

32505 C0RaMa0pd Gae 330(heat)qpsa? ©udopad805a0p50r s8cBoopdn ddelopE eqooRd
52 (220§§[gCep)e eI2:050:(300$ 8690809020000 Btu/hr ¢ ton of refrigeration o3e(pE:q$
1 RT (Refrigeration Ton) = 12,000 Btu/hr = 3.517 kW

1 ton
3,000,000 Btu/hr X ——————— = 250 T
u/hr X 15 500 Bru/hr ons

Cooling capacity o3 kW(kilowatt)[g¢ eo[gq$
1 kW

3,000,000 Btu/hr X ———— =880 kW
u/hr X 310 Brujhr
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Chilled water circuit 9300p05 chiller water ogE sensible heat opse|gpi[gCs(transfer)oo
[§0e0l 20051 [Q, =m x €, x At] opdoopdsadle latent heat opza|gpEsges(transfer) olgdedlcon

0.G Air Conditioning System 006903 ageqiuS[ae:

Ventilation

Air
only conditioning
Natural ~ Ventilation Mechanical
ventilation  via atria  ventilation
Local Centralised . . .
Centralised Partially centralised Local
air systems air/water services systems
| |
Constant  Variable Dual
volume  air volume duct
(single zone)  (VAV)
| |
Centralised Induction Fan coil Unitary
air with heat pump
reheat
| |
Through  Splitunit Individual  Variable
wall packages reversible refrigerant
packages heat pumps flow rate
° . . . o)
¢ 0-p(m) Air conditioning system saqjssa00:qp:
Air
conditioning
Centralised Partially centralised Local
air systems air/water services systems
| | | | |
Desiccant Evaporative Ground Constant  Variahle Dual
cooling cooling  air cooling volume  air volume duct
(single zone)  (VAV)
| | | 1
Ground  Aquifer  Surface Cooled Centralised Induction  Fan coil Unitary Chilled
water water floor air with heat pump  ceiling
reheat
| | |
Night Through Split unit  Individual  Variable
cooling wall packages reversible refrigerant
packages heat pumps flow rate

('E) 0-9(®) Classification of HVAC systems

Air conditioning 32EqE&000660052005 3a§jE§jre0x system gpzeac(o3pind a350:0pdR:
3834¢E: [gjopdopd project &1 8220105 | WOGEEYS$E RdSigodgP:eE BrD8a0pd 83E: cdds
aJondd 6§D egiqudensgs 0m08Joopdi o3 system 2005 BAL:pO0dHABE: C¥SEENE
(perform)eozg§coods 0300§§oopdn

888:mCqtlumss 3EqEaBo0pd e Broopd 8&E:c33a0g0dqpd Bioneo: Ggrgdom
B3 wO3Caepd [gooobi Bm[gE eecocdpdegr qpdeigticond: 8&&:mEqllom 5C
Gaonodadeqgesesqp(construction manager) 03 p38&:a380lq) 38eomEigSfB: 0083:00050060
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$pd:c0:qps(value added options) $E 0r8a308050005000005 $5:0b:gps(value-engineered options)
o3 gpeg qued [§6aoph

6500C=aMgjopgPizecgod 6320050 B320g0dgpicd system & 83C:0pC copdagls obien:
G]Qéll

(0) 32088 (temperature)

() 83E:eo(humidity)

(p) eooogigsisCoodanoopdaaepyp: (air motion)

(G) @oan§qlig a3u0nod Gro 3aqpbeacag: comtigie(air purity or quality)

(§) 006508220p8: Grocdaypudss: (air changes per hour)

(6) Duct $& pipe 22038: crogoqogags: (3320505¢p:(air and/or water velocity requirements)

@  oopdesomodepdesepe epadoop (local climate)

(0)  2p9fiqpiel B3sdm00gI0d¢P: (space pressure requirements)

(@) Load calculation analysis ¢ §§o0p9 capacity c33a0g/05qps

(00) 320382326008 8¢ 1 33560008 e[gpticdom maX(g§Cq Bodgeg

(00) o00s0Cefl [g[gCas esepcBandeod (spatial requirement)

(o)) cOfesg B=adq0dqp: [4pdd8E« (security concerns)

(0p) ©80005CROqSERND cpsoye§od (first cost)

(0G) eunlisCes opSoqofod agOodenodemier sacpboowegp: Clofoogdi  (Operating  cost,
including energy and power costs)

(0g) 0B5:0354g[gCqs opSoqo§od (maintenance cost)

(96) System saedl 8cdqifq(reliability)

(0Q) 32062003 [g[gE elgpt:d8Egt: § of (flexibility)

(00) 02680E[Bs0 Guntio0pbese 520006, 3200 system 22005 cpSoye§od (life-cycle analysis)

(op) 8&E:ei [oxpgdge 0opd[g8EgE: (sustainability of design)

(Jo) 2220900505 0n8dlagpeod a38:q08EgS: (acoustics and vibration) $&

(Jo) 8BEss0a(ope soesima08: Qgpiadlodgnigad 030apud8Eess (mold and mildew prevention) o3
[§2025

3200050329)0042200pd 006950009 3[gFeacS sooded(interrelated)es 00

Air conditioning system qp:og& decentralized cooling and heating system §§ central cooling
and heating system opg] 88m3:0sC $6&oopdn Decentralized system o3 saccdon:sé SO

32680009208q: $¢ pdeSiqp:art addggs coCeagdoopd
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comEo005098,

E=o E=5 E=o E== E=S E=5 E=o

A
OUTSIDE AIR DUCT AND UNITARY
PIPE SHAFT | —» - | PACKAGED UNIT

|:E| — (SEE FIG. 2) -— E|

t 1!

I P g
conpmoner 1> -

J- 1ttt t t 1 1 -
E=3 E==, E=3 E== E=3 E=3 E=3

PERIMETER HVAC TERMINAL UNIT (TYPICAL)
(? 0-G Multiple unit systems using single-zone unitary HVAC equipment

; filter

front grille

supply fan

condenser fan

I—coo\

compressor
air-cooled
| condenser

ing coil wall sleeve

(evaporator)

<[> 0-¢) Packaged terminal air conditioner

0.§) Decentralized Cooling and Heating Systems
2600005 30O 368000!PgPE] 0000CqE gdofgl: $C 2000C: cSoyo§od
$054gCs AelopC decentralized system qpzo? sagpsad: GogqERS RN

0.§).0 System Characteristics

Decentralized system qpsogE HVAC unit qps 0069qiCs80d oBseps 0nbeoCaonigls [gdaopd
HVAC unit gp: 00d9qCsBogE o3dgn: refrigeration cycle 1 heating source $& air ventilation dl§aopSn
32005208C:qpz(components)od 005§e 8&E:pdom 000dpdondeoCaodl  fans 1 filters 1 heating

source 1 cooling coil | refrigerant compressor(s) 1 control $& condenser 020503 dlo€a001

Equipment  coodcpbongps(manufacture)aogd  coodeoy  c83a0qodgpst  ododpdesant
configuration sa§jedp $¢ sogudmpo:§Ed 000dpO[og00p01 6300H0RE decentralized system qpsd

320)4g§E20p5 HVAC equipment qpsa? cedlgaon:oogdi

(0) Window air conditioners ©)
(J) Multiple-unit systems @
(p) Outside package systems ()
(G) Air-cooled heat pump systems @
(§) Air-cooled packaged unit

1-6

Water cooled packaged unit
Self-contained (floor-by-floor) systems
Water-cooled heat pump systems

Residential and light commercial split systems

(o0) Through-the-wall room HVAC units



Clepatieclostont Chapter-1 Introduction

sheet-metal
packaged rooftop | armi I/SUDDW duct
air conditioner | &

refrigerant-to-air Compressor Condenser fan
heat exchanger

Condenser coil

A

expansion Unit controls
device

L compressor

supply fan § ) Air
reversing discharge to
valve the space

Condenser fan shroud
refrigerant-to-water

heat exchanger

Evaporator coi Condenser fan motor

¢ 0-q DX unit (Window type)

outside air

condenser
propeller-type
condenser fans

exhaust fan

cooling coil
(evaporator)

humid air

moisture ]
R porator. o0y sir air-cooled condenser

compressors

¢ o-© DX unit ¢ o-¢ Packaged rooftop air conditioner

0.§).J Decentralized System gp:ei sa0:000g/054p: (Advantages)

(0) Heating $¢ cooling o3 sagoag: 0oBJEs0d §8E200i

(J)) Certified rating $¢ performance data gpz$¢ 03050363208 cpodRGoE0020N

() pIDROoPgP:n  ©05§30pEY  cpodRoBodeomeloPE  3aqpdIaeag:008:q|0g (quality
control) & 8adqeg(reliability) deomEsoopd

(G) oobs0Cq§ gudopoopdi  sacpOooEgP:  00slaodsl  adsolfgE:  [gapbesqeomelopé
ogl&s0iCq 30§ mae0E[gE00

) ©005§),038: [96ed g€ esepong), G0 20053005

6) 3209050007 0050 §EEDN
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Q@ 9050pE9p6GLNOM BrHLGESHGNY: 30905 F3edgEHEV:0I

(®) System 20p5 §qCieome|opE co€on§icuigs wadsadeoi

(@) Mechanical $C electrical 320§:q:320905 G5epoySILS ecdzadeol

(00) 32082 opSoyodod(first cost) 30gSspdsa0pd

(00) 22680005353 6e0M3RO[GB:00pd331530pS: equipment gp:ad 026e0E8E200I [gg€ elgpticd
§E2005

(o) 3e0&s¢aop(tenant) 0odB:qiE:dal air con service 220905 §&:32E adien? oBE:un8Eaopd

(0p) Decentralized system sa§jzma0: 3260 gonpde) air side 93wwr0d water side economizer gpzod

Fadg§Ea0pdn

0.§).p Decentralized System qpsei 320:5p5:q105qp:(Disadvantages)

(0)  Air flow 1 cooling coil saguSsaen: $& condenser sagudssonigp: ofpig e§eomelopE
egeq|udoep F25p0sc0d00 §oopdi

() [OFemoopd s268000538¢qpi0pE obsoCoomieap§oopd centralized system gp:d q§§Eeom
diversity factor 03 oqeoma(opE equipment gpigo 0o6s0€aog 832000051

() =epg§(temperature) $& 8adE:eo(humidity)o? control [gopbepagE aopdEog o§8Eaoi

(G) 99680005350 0dPdsE BodBa0pd equipment gp:od  ©oOdE§EGIMGOPE  Zacn:
[giopboo:0005 equipment gps c33a60005

() Central system gpscoc gdszaCodsdy Sqpsaopdi

(6)  Outside air economizer qpsad 322%qjgs 026s0qs c[gdbEeol

@  ecolg§gjs(air distribution) GoE:esmnt [gopdes 80532001

(®)  Equipment qpzo? 32004{g[opgpiei 328:5 00080C00260006[03p¢ appdd [§Een:a0pdN

@) Equipment 8&&:clop¢ ecoofecoagad(ventilation) comeaant [girpdes 005005

(00) eomCign erood[gts(air filtration) [gpS8E0pd 8aE:§): cgrqdaSaa0305 M§a00dgEdgp:gd
§oopdn

(00) On/off Bewrod step control o3 saadgiconeomelop¢ discharge temperature 3a§§js o3[op:
§E2005

(o)) Air-conditioning unit 03&:320305 condensate drain c83>52005

(0p) Equipment qpzo?d esep348sgp:d 00deo€aonieamnae|ot [g[gEads:adbsy [gapdes 905320001
pSonedod gpzoogdi

2.6 Central Cooling and Heating Systems

Central cooling plant qpzoopd oobsoCoonepesepe chiller water o3 coodapd(generate)de
cB32000pd656p gt 9333 distribution Sodqpse 0odeod Jeosaopdi HVAC application gp:ei g% 2005
central cooling plant system qps [g[o300051 Equipment gps 9005008 [03pgpdgn =203 g$[gts
962358 20:Da5p0egC:sC 0Scobiengpdicadom cdmad[gE: 0300p5 3280n sIrogIodYp: [gBle300pd
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0.6.0 System Characteristics

Central system gp:og€ [Fem:000d chilling equipment qpssC heating equipment qpso?
006esepopdy 00dpodeo:onpd: 0ndeoCamzaopdl adgd $E ee0cHHY safEsson seed
qoopdq) equipment configuration 3a§js§3(godosoopdi Equipment qpzoopd 83680005353 32038:5
00p5§8E2003 3360t odesePSRd: 03p5§8E205N Primary equipment gpigBlogeoos chiller 1 boiler
020050303 Gdaa§jds 1 32g0dssoea§j§s 1 capacity 32§t $& configuration 2§ §§$E0R5N

ﬂﬁﬁ Heating $C cooling equipment ¢p:320305
. e 83200005 g&:maCood  gGodencdem:
_’,:__ = (electricity 200200 90050% (natural gas)

IR
r}] T S ceonConad(oil)  cogpaddieogi(coal) 6§
Lo O - = g&s3aE(solar) 0200003 25050 0BG
] L 58880005

S L1 — —a o0gdsaa(energy) gpsop chilled water 1 hot
P water 030005 ceegieg (steam) =ofgdod
e[pCicdy  sreenodmd 0l air
conditioning 1 heating $& process cpbcs:
Qs 320305 2203:{gjoopd

<°3 0-00 Central cooling and heating system

eenssEaopboodges(operating) 1 [g[yod§:086sgEs(maintain) $& =20 opsoy o§od(first
cost) 02050303 EqE(owner) 1 consultant $& 8&E:mCqE8umn ¢picdoopd 83E: cpbesod sa0pCs
2[030[038 03CLE cagieg{ozeoopdn

Chilled-water production system qpsopE HFC 2800pad HCFC refrigerant o3 32033{gogqi€
cox3gepud onCieoieap c330g>(safety requirement) saq ASHRAE standard 15 o3 c8ods0q$

83250005

632005038 GwH{goo00Rd 3368000535 3a§jE3aonigP:i0RE central cooling system 0xdsote$

20305 20§ 20&e0qH00N
(0)  226800053BgPIeon OPBA 1 oS eogpsgp:  (campus  environments  with

distribution to several buildings)

() 2200060IC:qpigndoopd S:adadadyp: (high rise facilities)

() 20w§[¥we00 FPescOcdmdp: (large office buildings)
G)  90qEqqps 1 0gS08qE: oEomgp: | 3IEgYP: $C [gosigp: (large public assembly facilities,

entertainment complexes, stadiums, arenas, and convention and exhibition centers-)
(9)  Urban centers (e.g., city centers/districts)

@)  egpot: oComgp: 1 agpotieengp: (shopping malls)

@  Booudgp: 1 BodeSsqp: (large condominiums, hotels, and apartment complexes)

(®)  opmeeadtep 3:6a0ncdmdgP: (educational facilities)

@) eooxgqp: $¢ oyiencepadlep 32680005358¢p: (hospitals and other health care facilities)
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(00) 690200055000 BSGPE 1 005§qp: (Industrial facilities -pharmaceutical, manufacturing)
(00) [goBod[cBeqp: (Large museums and similar institutions) $&

(o)) g§0d0dm0 gpigneSEaeomaesepyp: (Locations where waste heat is readily available -
generation or industrial processes) o3g®a005

26032603 6omCgs(Gs 6§§8e00 chilled water plant 0089330305 39266000 Fg0dgPID
(@)  Chiller gpzo? sagudsoonst sadjmaon: cofeaqbaopd configuration of e§mSen egegoS[EE:
(®)  Pump gpscl gd:eaonepd comEigsy (efficient pumps)
(0)  Valvegpsel 208eagp cdeanndeom $8Eqpdeans &
(@)  9So§eom Jodogudangie Gd(good piping scheme with ample valving) o3 [gdaopS

System o0b9adi3: Gomtsgsegd control §$320305 ©S§mSa0) 8&E:03 36[gde) 0opbesonnd
20&00pdn 6§0EdYE [g[gadS:038:8 $C 20220 BRLSE60E00IEl cgudopeogs deaN0d
20pd G5epsE cuielogpE:(access)qp: con:fqs 332600001
0.6. ) Central System gp:ei sa0:0005105¢p3(Advantages)
(0)  Primary cooling and heating sa[goo&: g§E205

() =ecg§[ofensaopd  equipment 336q@0R0d  aspbicadodom  [g[gEadssdEiqs 30
GoeoPE 0pSoye8od 20050000005
()  Equipment gps 006656p0oopd:d 0opdfeseomalopE servicing [giopdes agudonaogd

(G)  g&saaCegom§Ce(energy-efficient design strategies) g:maCqpicd [gScopd saoXg$eq
(energy recovery) 1 thermal storage $¢ §&:3a8ad:g[gCs 808y (energy management) o

[opbaea0305 §rgBiagoSopfE: aphoredicd spdioopdi

(§) 88 plant $¢ spo0CenqHed:e00 g&:3aCa? Ggg|ed 30d{g8E00I

6)  odoy equipment qp: oobsoEoonieomelopE FaG0gob(spare part) gpignod o38:eopdig$
ocdzp0con Part-load capability & efficiency SeomE:q$3o0305 3agudma02: 0030000
equipment qpz0d 6geg|od 0680Ee 0N

(@  Standby capability $& back-up power supply qes¢ [0300E86 6e0rEg0da0:8E 0001

(®)  Load profile 03 c05q oofeagdaopd equipment gpifgé cwrC:§Eo0dn [GgE Bseadbeg
(maintenance) [gjopbe$320305 equipment 00§03 §O§0:000:§E0pd

(@)  Central plant $& distribution 305gp:0? cp§oyE8od 350:c0d[gE B=0nqE oB:q), $Ea0pdN

(00)  Load diversity §[gSseoppE 0obeoEeepb total installed capacity 03 cagpg§&aodi

(00) Equipment qp:od saadigopqpiss Goseps ondsofaomeomelopt op§dlgl:(vibration) $&
2050000[g:(noise)od0d  cudgp:§Coopdn  spndodeagpspdi(acoustical  treatment)esnd
[Aiopdas Beabeg opaponbeanpbioiom [grpbeoah cdeatoopds

0.6.9 Central System gzl 3a0:505:qi05qp:(Disadvantages)
(0)  Equipment qpzoopd m00§:0% qodqt: esmesnt ofgapdSeor :§S sasobicdd eonled
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832500050
() Centralized system gpsaopd 3¢ qbeog: ©053comelopE cologrsconongd oScobsgpsan
een&:8E2001

(p) Centralized equipment qps con:q§820R05 oBs00§esepodde Bopoonieuigs cB3adaopd

) qod$[0305[qERr 005398Ea0) [1&:atsoopd soes: cBsab0bi

(§) BEcon(boiler) Guntiq§acgad cauntonadadteopdias csep cd3a000001

6)  Equipment $¢ caonConad copde§ a3eupcd coode§Eacgod codielogpt: cB3ada0pd

(Q) Heating plant qps3acged &:3:ealC:03E(chimney) $& gE[g8&(emission permit)i monitoring 1
treatment cpde§ cB3a600p5

(®)  Equipment 0o05cobopgpigoe equipment gpignod egeglod saadige$ 33260005

(@  Central system & control logic 2005 gbeags 9053200

(00) 2208 opSonEdod(first cost) 3acgSypsaopd

(00) 200583Eep1 6320BEP P2 gE[ggOD(Permit)qurgs cB3ado0pS

(o)) codsaagePud meicoseq;(safety) cd2a0qiodgP:ad cB0d50q§ B350

(op) Distribution pipe gpsgo 00680C002q§ 83250000

0.6.G Central Plant csep egegoigc:
Central plant csep 6gsqudSepopt 68050leagodqPe? copdagts odiesoaopdi
(0) meqgedmoelgeaesapt refrigerant gp:od coniontiepad cenndoood(discharge) $E[GE:

() Equipment gps 0,981 6§,§$320305 0§§oodqps(lifting facility) c3sa0[ges

() [glgCcdssadbsgqps(maintenance) [giepdes cgudon[gts esepcdaadigls
() sppdadgps(acoustical impact)od o3&sq)dom:aB:8E[gEs o, $630C [gpodEge: $¢
(§) ©§°C0d§s 3320509 oBsqj(expansion) §Ee3nE [BjooC Bdo:8E[gE: 03gdaogdi

0.qQ 83C:gepbepogt saccoiupdioqEpd 3aq)0d4ps(Design Considerations)

2.qQ.0 Cooling and Heating Loads

ossgp:ai individual load $& simultaneous load o3 3ac[gde) 8&E: cooling load $& heating
load 03 sd5god[300p5n 326a00dmY 0odead:el simultaneous peak a3wupod simultaneous load 20p5
32083(@8)00d9qC:8el cooling load ofeupod heating load §ocdICs000d Js5p5:00001 sa000delopE
Beadd eseepllgodoopd 2680005358 gEdgnen(g)oncdonkmeilopt dEscd woyeepad§t
conaeoPpe [gdoopdn Design load $& peak load ofei [goes:qodad “equipment diversity factor” oo
eslaopdi pown- 5% eagpspdesaqy 95% diversity op elgpedenpdoopdi oogradad(university)
eopEiode enonleaontypia diversity factor 2005 Gg% 083500 [§08Ea0pdN Central plant &1 peak
load 20pS diversity factor saedloa€ ©oopSoocdi Diversity factor elop¢ total installed capacity
eagpspd:aopdi Belopé 8a&:mEqiE8omgp: ees(gC diversity factor 00§&:03 0goo8od ogodes

83250005
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0.q.) 59p525(Noise) $¢ op&elo(Vibration)

Central plant qpod 8&&gopdepogt osbdooay esepygt(space  planning)[gepdepogd
Spp50GPesC  0nSalagpind B8:q|OfgE:(sound and vibration control)oogd 338n  sagR[gba05I
qpeeoonsgC central plant gp:od 3006860009 Gsepypoptorn ondeoCecp§oopdn Chiller $&
equipment gz [g6edano0pd cpsdlagp: 26800059 832058:03 | $eognicogs [039Ea0pd platform
qpz §af 83200005 eppdodgp: 30[gEad  weepad§eogssaoged  odskedlodgpiod  32000deeE
[giopSooniqupdi Central plant & §dgp:cd se0dqp: [g§§0decd(gt: o[gbeo§Eoopd ogpdigpdyd
8&C&:[g|opSqepSi ASHRAE standard 15 03¢ c30550qepd 3ag05¢p:ad cudlgoozoogd

Central plant 228:03€ conference room $& spopdicosefiogp: 0obfesdlon 2205 cdesnt
[gopS(acoustical treatment)eoiq§ Beadaopdi e§m&000 esepegqdeqp: [gopdes Beadood
00ddlondd ma6d 6232000038 0opSoopd cooling tower fan qpiel op§dlaqpsoopd sseEBZY
20p8:3C:32D |4 cepod§ron§Eaopdn ASHRAE Handbook 2007 ¢ Chapter 47—HVAC Applications for
more detailed information on sound and vibration o3 &{g&: 030200200

0.Q.0 eepegrqudfgt:(Space Considerations)

32680007209006903 830000 Sapomgps(architects)i 3EqEqps(owners)sC csepaopyp:
(space planners)on M&E 3a8qi€8omgpiaan: sa[Jeeierpdoopd ceigsion mechanical equipment gps
006808 320305 Gsepepdy) AB350l00spd: vHo0Pd GeigsigdadI

egeqiudaon:aopd mechanical system sa§jzzoons building configuration o s6d/ o€ ©oopde)
83200000656 320300 FR[PP:8a0pdN Fe0gm[0Yfoopd 32EqIEELYP: 3265(9E rules of thumb o3
:20)iglg) 9320000566 0qd03 0505:8E0001 00§60 326800053534y §&E:006000006p:
(design concept) sagodicodom  opfgpsoogdi  B3adaopdesep  IpozEd(space  requirement)od
326800072961 [136208: e§oon(building floor area)sl pE5sie cudlgecp§oopdn Mechanical and
Electrical (M&E) system gpizoogod 32680005353 [3&:0C:e§onel 6 p8Css: o @ pdssis
83200005

Central system gp: 000s0CoonsgieloPps cdmbo0pdesep 3030503 eaqpqi§Eaodi
cuoopuyeage 1 kW refrigeration q§g$ 82005 00de8s(plant room) 320305 0.07 ¢ 0.09 009q:80m
(0.07 to 0.09 m? per kilowatt of refrigeration)c3=260000n Chiller gps 1 pump gqps $& cooling tower gp:
020p) equipment gps 006s08q$ Beado0desep :2[yC [g[gtods:B8s(gts 3006c3pud[gts 02005
c0Seigp: 6a0CgrHgeRgad AdermeINCMuda0Rd esep coeLigs B2600N odidsMIgE
1.2 m 2800305 equipment coc5cRGopEPI PR8oFP:c0za0pd Gsep3oyd coxdeugs 835200
Chiller qp2320305 evaporator $& condenser o3 a86006005000503€ tube gp:od 20§gqEes; [gopdes
005 GEPARDd gSconieuigs 33260000

00508:30705(room  size) FeSiqiod§Oepaad(orientation) $&¢ oopdesep(location) of0d
egeqdqea0R0d  dosom(architect) 2680005353 3EqE(owner) BsE BCLE  GagiegEaotapd
conIgepud  mlicowcocee  (safety)  3aefell  smromgEdgp:  (advantages)  sanspdiqodqp:
(disadvantages) [g6ed/8E005 326508200005 200§30mgP:0d 20600805 wofid[G: egqud
qoopdn sacp§[oBiensoopd facility qpimacged on§Ss(overhead crane) a3eupod gantries oodsoCoons
20&aopdi Refrigeration ocbe§sqp:(equipment room)saco® ASHRAE standard 15 $& 6320s38ep 6§§
dpp$sqps(local codes)od oBoms00&a000N
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Makeup Water Tank

Air Side
Equipment

Cooling
Towers

<°3 0-00 Chilled water distribution network §§ equipment gps

oodqp:  GuntiaopdesepopE(operating  environment  for  equipment)  0&eaqo0Rd
maefgeees[gdesmt oSoBiooniootaopdn ASHRAE 2007 soq oobess(equipment room)qp:opé
;5020 GrooCecoagodgss(ventilation rate) 2.5 L/s per m* Sospdieoqs $& a[gfed: 30§
(maximum temperature) 50°C cood ogp:esant cBsi000:q8 36200

0.qQ.G Central Plant and Equipment coo:§opdesep

cuopOEge  [oeso0pd central plant gp:od  3268000EPEl  GIdodelg  §60000

:000gPiptomn  00bso€amiecpoopdi 0odlondd =aeemndhmdel  edledimcobogE  0odeod

ao0:0loncopds Bsgnicepang) 0gode(ge3ao0di

838 s0qp:a0pd [ggEadSiaddiggp: [gapdesst 22000cSpudfgl: [gIrpde$3e0305 cdenmnnd

et oqudo§iaopd csepyps gSooncuigs 032000001 2[gCad300003E 00beo codidlon Zacgs
Ge3050009 equipment gpsod ooqsi g$300305 2005353 §3E0pd

Central cooling plant 0o6s08epdq§ea0R05 3260mEsedis 3200CenqPed: esepegqudepopt

6220050 2gjdgP:0d 26:LOHINeS B26200I

Equipment &1 sacc0:§§(operating weight)s¢ op§ogofod(structural costs)

Equipment ¢ [gbedlaomnepd opsdlaqps(vibration)sé epododgps(noise)e 38:08:0918a8 320
20056epodegP: [Footeesiqupdi 3326038 omagudomsadigqps [gapde§ cB32620001

Central plant 20305 switchgear 1 motor control center $& transformer qps con:q$ esepsC cable
QP2 consq§esep 3262001

Cooling tower § eqadie [968EcomelopC cagpigq:af8Eaod esepsC makeup water tank
0305 6P 332000051

005qp2 [g[gCaf 3200858320305 cdecnndesnt oydaopdesepst c0durgScoseloptigps
83250005

3268000520832038: eqpieaes:(cooling and heating service) 3odgp: 3a0305656p 33200000
6508dS0r¢ central plant 03%:§,§§20305 esep BG0o:00&00N

32081 320905c06s(road way) $E 0m:q050:q§ esep(parking) 320305 copdagt: ofsonzeepdi
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o eoonConsd(fuel oil) 1 propane gas $& coal 0200503 Beaxnt consepdesep

e Electrical transformer oo6s0Eoontep Gep

¢ Cooling tower ¢ 330qpso0Rd GEODY §§E00DqE320R05 $& FCane Bsdagps Godsontiepad
2500056§ 320305 GrOCYNO§H:$E GrOCVG:E[OFPEFND BrRA0RDYIS2EWI
ASHRAE j00e 033306 opzonesdlqoopdi
egped agbodencdeaieuond(emergency generator) ooo0§ep S008:0d 6giqde§ 320305

637050 g0dqP:ad copdodiong§ cd3a6a005
(0) meeqged maclgmncsopt cd:a60005 aqbodencbax: vedan(emergency electrical loads)

(J) Combustion air $& cooling air §§§E2005 esepyp:
(p) eeonEensd q§8Ea005 esepyps(fuel sources)

(G) 8:8qpes 9§ oncBobeepd encdeg(exhaust gases)qp:a? [g€uad sacgubonmy g&aochod
3o0ph e5p ity
(§) sppddqps(noise) o AB§sq)d(control) $E[E:

Chilled Water System : - | (Above WB)
- Water Cooled /| [
! ] - . i t
f - ..'I-"‘
lloor Coaoling Tower
u | Water flow Direction of Pump
. > {toward chiller). Why?
- AY
=1 Chilled Water Flow rate = 2.4 UsgpmAT
! i CondenserWater Flow rate = 3.0 UsgpmyHT
({flaar - - VA
AirHandling Unit Chiller
6.7C ik . 35C
ChilledWater DT=55C (10F) q22p 7_.” - T
' [ o
Basaimen: Neer —— Vi RS
Chilled Water Pump Condenser'Water Pump

$ 0-oJ Central cooling system 0069 0568030500220

0.0 Chilled Water System sa§j@aon:gp:
(o) Constant flow systems
(o) Constant flow using 3-way control valves
(®) Constant flow using 2-way control valves and central by-pass
() Primary secondary flow system
(on) Primary constant /Secondary variable flow design
(®) Primary constant /Secondary variable flow design (with tertiary pumping)
() Variable Primary Flow chilled water systems (VPF)
(o0) VPF with dedicated pumps
(®) VPF with headered pumps
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2.g Overview of Chilled Water Plant Rooms

[PFpem000d 69058 3268000532803E:8c30pE  sagpradicogaEr§oopd chiller water plant
a3e0pod chilled water system ood9macfoptiod 22030 eudlgoon:aogdi Chilled water system
00d90op¢ chiller qpsi pump gpsi cooling tower gpzs& AHU/FCU gps dlo€[o300001 oogj|,eo0n system
qp2opE heat exchanger pump gps dlo€oopbi Chilled water system 006903 water cooled  chiller gps
a300p05 air cooled  chiller gpzad 326[gde) 0opdeeo0S0oR00p5N Water cooled  chiller gp: Glo€a0gd
system 2860305 plant o water cooled plant (water cooled system) wpeslaopdi Air cooled  chiller
Olo€o0b system 986005 plant o3 air cooled plant (air cooled system) vpeal aopd

Chapter-1 Introduction

Water cooled chiller o3 s208s{gidlon circuit (G)§j §Ss air cooled chiller o3 saadi{gidon circuit
()§:§0t00p5n Air cooled 2Bewpod water cooled  chiller a0C:58c00 refrigerant circuit o3 chiller
3208:038 326005805 gE:cuts audjgoonooddi

Indoor

Air
( )

LR

e o Y
{f\(il'lw Water A
/
. ‘\u
( Refrigerant )
f. cnw Water .;

-

| »

Air Outdoor

<°3 0-0p Water cooled chiller

Indoor
1 4 ™y
\ p
Y .
e ] e
k\ CHW Water /}g
v ; A
(! Refngjram )
4|
F !
(\ ‘M /‘f

-7___-6utdoor

Air cooled chiller

Air

N
B S

Y-

\

Refrigerant

DX packaged

Thermal energy moves from left to right through five loops of heat transfer

Supply Air Fan

Chilled Water
Pumps

Evaporator

3)

‘=———— Water
(%
Cooling Coil
¢ oog (1) ey
(o) Indoor air loop
(J) Chilled water loop
(?) Refrigerant loop
() Condenser water loop
(§) Cooling tower outdoor air loop

Pumps

Condenser !

Water

Condenser

Cooling Tower

4)

Indoor

Compressor Condenser Water Cooling Tower

®)

)

>
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AIRSIDE CHILLED WATER REFRIGERATION HEAT REJECTION
Q control
80°F o l l
(26.7°C) ?ﬁ;g 0 |10°c)
od 12 °F (37.8°C) I
CAVAHU I (48-9"0) condenser
VAVAHU (K L Tﬁﬁ
110°F
55°F & | 42°F ( 3°C) cooling
(12.8“0}:3% ' (5.6°C) oF tower
— ! 33°c;
= =i

4

pump

c? 0-0¢) Heat transfer loop
Table 1-2 water cooled chilled water system and air cooled chilled water system

Water Cooled Chilled Water System Air Cooled Chilled Water System

(o) |Air side circuit 9300905 air distribution system |Air side circuit 28005 air distribution
system

() |[Chilled water circuit 9300pdb chilled water Chilled water circuit o300pd5 chilled water

distribution system distribution system

(o) |Condenser circuit Air cooled [g®eoo06[o3p¢ condenser circuit
le(;]ll

(00) |Chiller 320pE: refrigerant circuit Chiller 32038:¢) refrigerant circuit

[RETSG CHLIFD WATER SUFPLY HEROER

0
TR518% CHLLEN WATER AETUR HEALER |
> CINIBSE TR FETRN

CNZENER WATER SUPPRLY

CHLLED WER RETIR

BTBAI——, THENEE
WE ;X\‘ /_mz
~ e A= BT WIE g ATBRY WE
WY Ew E
[E— mwxw- \Z Z/ PREIRE GHEE 0/
m—t‘mm‘( D—M
FLOSEE [OMET
e {pEL0Y T}
Lol
|
o ——
[rp— EP!.ITN mmﬂ [ —
s Fem— Lwem di e A — Lo R

TYPICAL PIPING CONNECTICN

TYPICAL PIPING CONMNECTION
FOR CHILLED WATER PUMP

FOR CHILLER

TYPICAL PIPING CONNECTION
FOR CONDENSER WATER PUMP

& 0-06 Chiller oodad:e condenser water pipe $¢ chilled water pipe 0o6s08ao:d

0.00 Circuit saedzaedl gps (Naming of Circuit)

Circuit qpsza:ad:opE saags(supply)sC mo[g$(return) oBowpcd saol(entering) $¢ 320905
(leaving) upq) $6§E§oop0n Supply $& return vro0pd saeslzaed 0B 3¢) 3200:qp:oopdi Chilled water
circuit o€ 33680005228 a30updd load side o3 qEdpR$:ep(reference) 33§ 200500da0p5 Chiller ¢
saagod(leaving chilled water)od chilled water supply (supply to building) o9 2005¢05(Gs chiller o
se08(entering chilled water)o3 chilled water return (return from building) o9 200590050005 Chilled
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water loopycircuit o€ chiller qps §0p2900503 supply side vp 20056058 AHU/FCU gps §oopdonadad
demand side(load side) 05 2005605 &8l sdepdoopd

Condenser water circuit 0p¢ cooling tower 2025 chiller 830305 Za0pOcREGLIgEIG[OPE
chiller o3 reference 33[g® 20059052005 Chiller o8 3a0&(entering condenser water)o3 condenser
water supply (supply to chiller) op 2005¢03(Gs chiller ¢ 3a0905(leaving condenser water)o3 condenser
water return (return from chiller) o 20050050005 Air side circuit og€ serving area o3 reference s2[gd
200500500051 AHU/FCU 90gobo0pd 6coa? supply air (supply air to serving area)op 00o050odGs
320820 [g§cna0pd eco(air)od return air (return air from serving area) op 200500520

0.00 Chilled Water Distribution System o8wwpob Chilled Water Circuit/Loop

Chilled water distribution system O%@UPOS chilled water circuit/loop ogS chilled water pump |
chiller $& Air Handling Unit(AHU)/Fan Coil Unit(FCU) o3 dlo€o30005n Chilled water pump o3 chilled
water return 805038:0005 chiller 32§:03¢ 0nbe0Eoonie0daopd Chilled water pump o3 chilled water
supply 305c38:0058 00690800:000003 eoglgEqBoopdn oodspSiaadgE chilled water pump opd
chilled water o chiller 32038:03 038:3[q: [gBoopdn oBad chiller 3203E: GagP:d R§:A[E(9E
chiller &1 evaporator s20p8:5 8zaodgEaopdeaqpiyl [gebeseomelopé sapecpudq(heat exchange)
38comEsgSeooopd

Chilled water circuit/loop ogS Air-Conditioning, Heating and Refrigeration Institute (AHRI)
[00e€ ARI 0pesl 20pbi] o0 2005005(ggréiconieom d(standard) soq) chilled water supply temperature
20p5 6.7°C [g8fg: chilled water return temperature 2005 12.2°C (9920051 & eqropbucdsss(standard
chilled water flow rate)oopd 1 RT 920305 0088s00qE( J.G)Alco§58:(2.4 USGPM) [g62000n agqo0d
o052 6edCso0pd chiller sadjpasongpiogt od chilled water eeropbucdsss(standard chilled
water flow rate)o? 320%(g8a0p51 pows- 500RT(00§ §0o) chiller 0odad:el cgropdoodsss (standard
chilled water flow rate) > 1,200GPM (500RT x 2.4GPM) [gdoopdi

Fp(heat)oopd  30§S(temperature)géoopdesepe 20§ (temperature)§6oopd  esepad
Fdeagpad B:e0C:en§oocdi ddelopC chilled water circuit 0gE sp§§ (temperature) [gGo0pd 12.2°C

chiled water return ¢ 230§&(temperature) 8800p) refrigerant circuit o3  8se0Csog200001
0065pd:30qgE chiller evaporator 320385 refrigerant oo 320qpsd @O0IAF:00p0N 12.2°C chilled
water return 2000 3a04ps &gz 6.7°C chilled water supply sa[gd[g¢ chiller 30380 agodognzoopdi
Chilled water circuit o closed circuit (closed loop) vpesloopdn Closed circuit 32038:0 chilled water
20p5 eooap(atmosphere) $¢ vadeagitaoi

0.0 J Condenser Water Loop 930205 Condenser Water Circuit

Condenser water loop o300 condenser water circuit og¢ condenser water pump 1 chiller
$C cooling tower o3 dloaopdn Condenser water pump o3 condenser water supply 30503&:a005 chiller
328038 conecp§oocdn  Condenser water pump o3 condenser water return 305c38:00053
006808000:000503 eoglgCadoopdn 0odspdisan{gE condenser water pump 20p5 condenser water o3
chiller 35038203 038:3[gC: [§62000n o303 chiller 32038:03 eqyPd R$:[GESE chiller &l condenser
:20p8:Seqqpe high pressure [§¢ [godeseomaelop sapocpuda(heat  exchange) 88 comsgl
020251
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Condenser water circuit/loop og& AHRI (Air-Conditioning, Heating and Refrigeration
Institute)on 2005005000:0000 &(standard)sag condenser water supply temperature 2005 [g€oeco
(outdoor air)el s2¢§$(web bulb temperature)eclogE  @oopdoopdi  gpseomsIfgé wet bulb
temperature 0005 (J.0)80§ 98ew0d (J.6)80§ o€aBnfod JgEecp§oopdn Condenser water supply
temperature 2005 wet bulb temperature 0005 ©p500pd32dlg) ©§68EC Standard condenser water
return temperature 2095 35°C [g9a0pbm & condenser water ceopSucdg&s(standard condenser water
flow rate)e> 1 RT 320305 0088560qIE (p.0)Alcw$s52(3.0 USGPM per RT) [gdo0pdn agibodencbamdgé
Gm&ooé(electric driven) chiller sm?m:sgm: 3:3:&"9:390@(73 standard condenser water flow rate o’?
0 8Ea0pdn powd- 500RT (00§g)00) chiller codad:eil standard condenser water eqropSoodgs:
(standard condenser water flow rate)aop5 1,500GPM(500RT x 3.0GPM) [gdaop

p(heat)oopd 3a0§S (temperature) [g€oopdesepe  =20§S(temperature)§6o005  esepad
:20Y Peagpod Seolienooopdn ddelopE condenser water circuit og€ sap(heat)oopd =a0gS
[48205 chiller 3203E:§ refrigerant circuit ¢ 220§§8620005 condenser water supply temperature o3
8:00Cz ogn:00pdn 0065pb:edgC 200§8862005 condenser water supply oo 320§§[go005 refrigerant
circuit ¢ =apgP:0d eOopoFso0pdl Condenser water supply 2000 refrigerant circuit ¢ 3apgP:03
a00beemnfd: condenser water return sag® chiller 830380 agodognsoogdi Condenser water

circuit/loop o3 opened circuit/loop vpesloopSi Opened circuit/loop sa0p€:e condenser water 2005
eoooo(atmospheric)sé 3a(gadeoges20051
outdoor-air inlet (32°C)

sheet-metal supply duct

VAV ——-1
terminal —_——

Supply air (15°C
- AirHandling Unit peiyar )
return-air

Inlet,(24°C)

Chilled water supply temp = 6.7°C Indoor Air Temperature=22°C

Chilled water retrun temp =12.2°C
$ 0-0q AHU 006c:3 chilled water pipe $& duct gps 0068080005

0.0p Air Distribution System (Circuit/Loop)

Air distribution system (circuit/loop)og€ Air Handling Unit(AHU)&l blower 0005 cold air (supply
air) o} serving area o3 eepadesnt Jeecn[gl:sC servicing area ¢ return air (warm air) eSoo[gCs
3200003 6eo8grd0pdi GessmigE servicing area ol 3a0qS (temperature) 2005 22°C o 24°C (g%
supply air 320§$(temperature)aopd 13°C © 15°C [gdaopdn Return air & temperature 20p5 24°C ¢
26°C [g8[3: [gEoeco(outdoor air)sé eepesnendoopd

eocopboodsss(air flow rate)oopd chilled water flow rate $& condenser water flow rate
QP33 deooedeon madge 3eedooopds) e[ptidecp§oopdn 3:§803E: deonerropbucdsss
(constant air flow rate) [g¢ eenC:eseo00 AHU o3 Constant Air Volume(CAV) system op &&l20o0
Serving area &l cooling load c33a0g0d3aq GroCVRbLodsEs(air flow rate) 8202008 eptscdy)
eeniese00 AHU 03 Variable-Air-Volume (VAV) system opesl 2opdi
-End-
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Chapter-2 Vapor Compression Fundamental

2038

0q00 956 000Lad: 320RE3E[E GurE:a0pdmaEE(heat engine)od cBogEoopdi

0000 950 6P [gpd8EFa0pdN (ice harvesting)

000G 950 doon(ether)od refrigerant 3a[gd 30Ddgjg) vooweds refrigeration machine o3 odogt
§E3200051

00l5g) 956 328:8:000:03 ZoaX|gjoopb(Ammonia compression) ocowsd: Bisgd cePocS(commercial
ice maker)o? ©02& 0op56e0005§EF200N

0RO 950 $0:6EROGORTIOFS(NYSE) 3268000535900p5 voowed: GrueasGLEM(air conditioning)
0068080030000 22680005353 [gd20p5!

oRP0 90 Du Pont opgde Feron 32000[g R-12 refrigerant o3 000¢ cocbcobeepEsgdoopdi

ORPS) 950 aqpiypdan =padge$ window air conditioning unit Pz 00oE coodNREEEPEgR00I

0RQs) 90 Montreal Protocol (Ozone Protection) 2060230p85(030005

oREQ 950 Kyoto Protocol (Global warming) ©0o& 206o2003083[0300251

Refrigeration system s>§jssaonsqpien
(o) Vapor compression refrigeration systems
(J) Absorption refrigeration systems
() Air-standard refrigeration systems
(G) Jet ejector refrigeration systems
(§) Thermoelectric refrigeration $&
(6) Thermoacoustic refrigeration o3 [g620p51

Refrigeration machine gpsgC refrigerant 0303 3205{gepdcpdeSs(application)el 20§03
c305q) 3p00(group)yp: [gpzcoz00pdi
2-1
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J-© Refrigeration (Vapor Compression Cycle) saafo3p&:

‘ ] | ]
sansible | L qgpb = (e _
heat [100 kealig] refrigerant =
9 - heat = liquid
F rpo vapor iqui
[0°c [100°C] refrigerant
- — 414°F
latent K| +970.3Btub = “ [-40.8°C] v
heat W [2445 kealkg]
substance -41.4°F
[21;02;] 5;02‘; colderthan [-40.8°C]
(? J-0 Refrigeration system 9 J-J Refrigeration system

Refgeraton oogbyp sopRfEoomSetepy oy opdREeTE) osepoterped
e33C 980052005 [gbod(process)onde [gbaopdn odspbiaandgé refrigeration edaopden sa0gp:
(sensible heat or latent heat)o? voSopcdfgts a3uwrod GeatogiesNt [grpdge: [gdoopd

e

evaporator

airflow

liquid
‘ refrigerant
liquid refrigerant
(R-22)
mfﬁ;!?-;;i o~ 1.4°F refrigerant
vapor :m.am vapor
¢ J-9 Refrigeration system ¢ 320qp:9b0d ¢ J-G Refrigeration system

J-0- Refrigeration

a8 200005000968 Jewpod =ee3en0d(cooling effect or refrigeration effect)eg$320305
@638 (energy) ood§dp 332000001 0qbed g&3aE(electrical energy) oBewrod 320e&3aE(thermal
energy)o? 250%(g 80051 005gg&izas(mechanical work)od 3200qd] 3ap4qPsd ©0d0pPoH§ES
20g0saa0s(heat) 05c305gbsams(magnetism) aqibodgdsaans(electricity)l Grosogbiams(laser) 02000

0303c0p5s 3o0%g 805N

Pressure Refrigerant rejects
Condenser heat to atmosphere

/

Metering
Lift ) Compressor

(or Head Device
Pressure)

Evaporator Refrigerant absorbs

heat from load
Enthalpy !

¢ J-§(02) Vapor compression cycle ¢ J-§(®) Vapor compression cycle 0069

Sensible heat powd - 3208 54°F [§C [g8cwneom return chilled water o} 220§§ 44°F o3
eepodagaesnt chiller oo sensible heat vuSo00d[gEso0pd refrigeration [g6ooodn Latent heat poen-

2OJS 32°F(0°C) §eomeqe latent heat qpzod ©odopod(Be 320q$deom 32°F(0°C) 6qdmo[gdad
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eepodesnt Latent heat 0oSapod[ge: adeupod phase elgpE:cd[gEeaopSeonds refrigeration [gdoopdn
00656o050RC  refrigeration o cRGCSiqpigol GeepaPigroRt 06 e qpdguSqodsadE§iyt
mo?:@@ooén

ey

condenser “F:?
| ; F E/ condenser p
/’/f ) d
- I expansion
=7} device
expansion 3 I
device |
| _ A compressor

==
s evaporator

pressure

compressor

i i

A | evaporator

enthalpy

<‘;> J—G Vapor compression refrigeration cycle 9 JQ Vapor compression refrigeration cycle

Vapor compression cycle $& vapor absorption cycle 030095 refrigeration cycle qpig8lo3oopdu
Thermodynamic cycle opcopbseslaopbn Commercial $& industrial refrigeration system op€ sagpsads
adgeoon 0580 vapor compression system [gdoopdn BosdogE 28mn 328053238 (G)3E: $&
[g60S (process)acosjs Alo€aogbi

(o) Compressor
(J) Condenser
() Expansion device $&
() Evaporator o3 [g8[o300201
(o) Compressor
(o0) Compressor aopd 830:§6(low pressure) 2000 @d0deg, gD 0L BaandgE(high

pressure) ¢3¢ 3336 (compress)eozoogdi

() Condenser
(o) Condenser 30038:93 oleepodaneom 8o 20§§[gCa0pd enddegypie  3a0qp:
0godaesmE gSo00deugtialope Beadqtaopd saqpdypienlgdad elgpticdogazoopd
Condenser 20pCs refrigerant 3260000 latent heat o g&00053[gli(ge =a6pbon0d
elgpeacdognzoopdi Condensation [gbedl 20051

(9) Condenser sp0pC: high pressure [g¢ ofeepobameam  enodegypoopd  saturation
temperature [Eo005og60me[oPE 3200800056epd 0090§:031E005§ TOFSc0d Jg¢
20p51 Beo3p¢ condenser 330385 320000 gE: [gdedl ABgepd

() Expansion Device

(o) Expansion device aop5 evaporator 32038 &:080pd refrigerant oenna? BSsqdeodde
evaporator 32038 refrigerant gqp: 85[god320 2o6g{q$eac05 200de0d0eo Bt
ojeoteznt [giapdeo:aopdi 0odspSiaagC refrigerant qpsa? ogudjgé(expand)eoaopdi

(9) Refrigerant 8sg$:03 038:086:c0egCs(control cpd[gts)[gE refrigeration system 320305 328

8320600 high pressure (condensing pressure) $& low pressure (evaporating pressure)

Baansfapegniqiod [gbed a3t [girpdeosoogdi
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(G) Evaporator
(o) Evaporator 3203833 eepod§ooncaom  refrigerant soqp0qp:aopd  3a0qpd  9S0pem
26p032(40¢ 326¢32[3093 e[gpt:cdognzood
Evaporator 2o038:0 @n0beg gqpiod compressor ¢ =a[gpdopeseamaeloppé  evaporator
2203C: low pressure [gdedl e$00p5n odelopE evaporator 350pE: refrigerant temperature
aopd saturation temperature c00d 388ao[g¢ Facgudonoy maeg Geod vobosioyCe
320qP:0d 900r8E[GE: (362051

Extracted
\ L ¥ / Heat Rejection
e F( ) j 95° F
7°C 35°C
s A 4

¢ J-o Chiller 00d0ds 220000000 $& 2005300 30§ Sgp:
J+J Refrigeration System 0096l 32800 28053288:4p:
Refrigeration system 00®90p€ dlo€oopd 328cn 32805323C:(principal part)qp: saelopE:ad

62200503C F23Bq0 ewdlgaonzaopd
(o) Receiver

Evaporator op¢ refrigerant s2pd(liquid)gp: 6[godognieeant oBeapnt B&:e0pd:e0:00001
(y) Liquid Line

Receiver o liquid refrigerant qps expansion valve o eepadeant 20udesonteo:anpd a3&:a? liquid

line 0real 20p5n Expansion value 0opb§epesepaopd B:58:(flow) control co62005 esep [gdaopdn

() Refrigerant Flow Control
Evaporator 220pCs03 c0Ceagqpood refrigerant owoen ofeepodognieoqs control codeosoopdi
Liquid refrigerant &l 830: cagpagjogniesnt [giapdeosaopdi

(g) Evaporator
Evaporator 20p5 heat exchange ood9[gd[Gs refrigerated space o8ewr0d heat source ¢ 3a04pPd
refrigerante eOuragn:8Eesant apmie|giglgbeospdqiodsnigé(heat transfer surface) dlo€aogdi

(§) Suction Line
Evaporator 95038:0 low pressure vapor qp:od compressor 61 gao(suction inlet)ad eepodesnt
3e800Ee08000d 30503E:gb2000n 0odspbiaansgE evaporator $& compressor 03 s00500560:A0EY
3060

(6) Compressor
Evaporator so038:0 33:§600p0306g(low pressure vapor)gp:od 9dop(Gs 830z [gEonndesnt
[giepSom condenser sBadeepadesnt opsideaopdi odad dsmigConadest [gpd[gtelope
2GS [§Eon0d 0

(q) Discharge Line
Compressor ¢ oodc0pd =0§sE Baagtaopd mweg (high pressurer high temperature
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vapor) qp:o? condenser 803 coSesonerianp) 805c3E:ad discharge line  op @slaoghi
0065p5:3304gE compressor $& condenser 03 8005002:6020005 30503 discharge line vpEsl 2051

(o) Condenser
Refrigerant vapor o> 200See0nCoonoopdsapqpiod erooo(atmospheric) 9Bewpod condensing
medium o393 g§cocb0b8CeanE heat transfer surface gpig [gopdoonsaopd MBonad

condenser opesloopdn Adad =appSooodes0d refrigerant 2000 Foegma(gde  F6p032[gdR
elgpEzad(condense to liquid) agsoodi
1-2 : Compression 2-3 : Condensation 3-4 : Expansion 4-1 : Evaporation

Pressure (P)
9c

Condenser Refrigerant Liquid State

Flow

Method of
Refrigerant
Feed

Low @

Pressure

Expansion

Evaporator

4 Evaporation

Qe

h Enthalpy (H)
<°3 J-& Vapor compression refrigeration cycle

J-J-2 Vapor Compression Refrigeration Cycle oos?cﬁ Process qp:

Process 1-2 Compression
Refrigerant 20p5 evaporator ¢ 22090503¢ low pressure sa6g [§& agodamn(B compressor 3203808
oCeepodanaopdl ade§005 compressor 330p8s5  high pressure speg 2:0[gdad  eepodesant
80308[gEsdq00p5n Refrigerant qpzo? 8a3660:0000 03§ua003 “compressor” v el aopd

Process 2-3 Condensation
Compressor 320380 0godaeoon high pressure saeg qpsoopd condenser 32038 oeepod
ogi@ constant pressure GINOARE 30RS00056] high pressure 226p033[gdaY  e[gpticd
a32:00001 20632:96poRE 6L Bowdd GaEd 3203(goopdn High pressure =o[gd [gConCooniq)
condenser temperature [g€o005es60m6[oPE 6r0003OFSS0E 3209udomD 0B 2063230
882005 Refrigerant © 3206p:0d condenser ©os0& 00508§:03Ea3 @& cocdudgE: [gdaodi

;eg3a(gd(vapor)e  226p033(gd(liquid)ad  e[gpE:cdfgés(condensation) [gdes?E  [giopdeoaopd
B§oxa? “condenser” vpesloopdi 00dspdimangE condenser a0pE:S refrigerant gpeaopd
ogPiod  g&oocdom  FeegIa(gd(vapor)e  3epdsagd(liquid)ad  elgpEiad[gts(condensation)
[g0e0l 20pdn Condenser ¢ agodaeoo high temperature 1 high pressure liquid refrigerant o3
condenser 320383 30qPd g&00cdeoG: pFE8G0RS refrigerant soepOgpimo[gd elgpticd
020251

2-5



Chillers and Chilled Water Systems (Ceppicledleptont )

Process 3-4 Expansion

Refrigerant qp: 3sansqepe  B2om:80epad eepodesnt eagpgeuopd  03§una?
“expansion device” vp 6al 20pd1 00s5:3dsC refrigerant gp: oqd[g&(expend)es?nt Boondd
83202 oeodiogniesant [gpden:onpd 03§ua? “expansion device” vpesl aopdi

Process 4-1 Evaporation

Low pressure saqpbqp:o0pd evaporator 92038503 90050005 ofeepabajogoopbi Compressor ¢
e056g, qp2 9SupeseeloE evaporator pressure cagpspSie$00N 0328 Bt cagpspSioolgt
refrigerant &1 evaporation temperature ¢>cop: =acR886e5000N BelopE  refrigerant
e056g, qpoopd vodokioye 3a0gpicd e0uaB: aElggn 3aeg, Gogrilrroopdi wegpEicdoopd
8ams(constant pressure)esnodopt maeg GG Bs:§6o0pd(low pressure) saeg, 00093 GepadY

agogog00p5n 0365005 compressor 33038:03 6520508036 oEeepadognioid 8BS (compress)qs
200¢ (36520001

Refrigeration system o3 control volume =5[gd o00500500pSn Refrigerant gp: s6gd[gc:
(evaporation) [g8esn€ [gopdeuaop)d o3§uxnod “evaporator” op ealoopdn 0obspdiedsC

evaporator =o0pGsy refrigerant qpsoopd  SapqPid OO SaqEdm|gde  3pegI(gdR
egpE:cdfge: Bewpod saegdgE:(evaporation) [gdedl aopdi

J-J-J Prindples of Refrigeration

Refrigerant 32qp500p5 32830 2004p:cd Oup(absorb)oy  aqpbaa(gd(liquid)e 3a6g(vapor)ss(yd
a3 e[gp&:cdognia0pd[gbode? “condensation” vpesl 205

Refrigerant saeg(vapor)e =opqp:cd  ©udopddcdodoopdaedl  3aegaagd(vapor)e  saepdas[yd
(liquid) o3 e[gpCsadagn:aopd [g6ope? “evaporation” vp el coRdi

Compressor 2203C:03 refrigerant gp:oopd 802860009 3a6g(low pressure gas)zalgd oeepod
2001 Compressor ¢ 8236(compress) cdodeomalopé 33migCoopd saeg(high pressure gas)
:[g033 e[gpscdog0200001

Compressor ¢ agoda20pd high pressure gas qpsoogd condenser 8309808 ofeepad ogazopdi
Condenser 32038:3 refrigerant © sa06p: 80:6(Be(g50005[0:) 326p52[gd3 egpEaadagnoagd
Baansgaopd refrigerant saqpd(liquid)gpsaopd expansion valve &893 eepadom B:soliesqad
02§000:0000 9d3Eg2eloPE Baantogeotsg [gdedl 200

Bao:s8600pdmepd(low  pressure  liquid)gp:oopd  evaporator  92038:ad  oCeepodagniaogd
Evaporator 3203&:3 2o0qp:od 900p(8e 8320:8600003aqp5(low  pressure  liquid)salgde 8o
§620pdma6g(low pressure vapor) s3(gdad elgpCscdagazoopdi

8302860005 enodeg(low pressure gas) qp:aopd compressor 80p8:3 ofeepadom cycle 3006

006903 0onE[g&o0pd

o)o0p603E compressor 3208 (inlet)sac(geaesad Vstate 1” 22[gd copdieomEs compressor 350905
(exit) socfgzacs Bowndd condenser 32083a6[geaes o “state 2 sa[gdbropbieomEa  condenser
;wagod(exit) efgmees oJeupod expansion device 3308 mefgmecs o) “state 37 =ofgd
copdseomes  expansion device 30g05(exit) 326[g3a6s Jeupod evaporator 2208 Ie[gesad
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“state 4" so[gBoopSieomEs 0005905005 Beacd EpEIIBE0R05 eesMmE Belop state
qp: §oopeoifa} BREehancgad ¢aaRe eodqah cheabaogh

o Saturated Liquid

Saturated liquid e320p5¢n refrigerant saq0(liquid)aopd  saeg(vapor) s3[gda oo
oe[gpcdel malgodaeo saqpd(liquid)sses(ye Fapgdieat(heat energy) sogpiad: 3Ca3Caes0000
:efgeeesad Bcdo0pbi 00dspdiaiC 3aqpdelgde egH[gbal welpticdel saclgmecs
ofecpcd eegealgde 32qp5m(30of epgdiipd proalipB:cd@:gho? apdegdioogh
Saturated Vapor

Saturated vapor s3a0pSen 3a[gpdseo Faeg(vapor) saesgE =apgG:3at(heat energy)
gped: 3EBCosoopd efgmacssd o3cdaopdi Saturated vapor saclgeacse 320&:3C(heat
energy) sa5p5:c0d  eagpqIedod§lgé  seeRd(liquid)mojgdad  e[gpticd(condense to a  liquid)
ag2:0380pSi 00bg 53 gE 326¢30[g693 apgSilyed olpC:cdBrg§od qdpgsioopdi
Subcooled

3260800053204 (boiling  temperature)oood 3860000 320§803  Subcooled  =20gS
(temperature) opesl aopdi powd - GRS Grocodsaniesanad(atmospheric pressure)opt a0 S
100°C § 00o8apgadoopdn eqeizapg§2005 80°C [gdesagi¢ 20°C subcooled [gdaopdup adadaogbi
0085p0:3:044E 32qpSepeddaang$(boiling temperature)ooo 20°C §620p50p ada2000i
Superheated

26pde00d 30gS(boiling temperature)oood [4CesqsS adio epdCsSiynd saeg(vVapor)
[g0e5$03E c0doopd0Rd 30g&3aE(heat energy)gpsalopé [gEonodama0pd 22p8Sgdoopd
powd- steam =0p§§ 2000 110°C [gdagi¢ 10°C superheated [g0es500p51 320000603pEBE05
eqeliopeod 30gS(boiling  temperature) 2005 GELEE33:E3IH0RE  100°C  [gdeomelopE
[§2025u
Expansion valve 2008$¢ @00g05030pC enthalpy opoBlogoopbi ((hy = hy ) 0odgpbszandyC
expansion valve cfo3p¢ enthalpy c[gp&:cd[ge: olgdedl ol

State 1 entropy $¢ state 2 entropy 03 0peB[o300201 (S = S,) 00055:3204gC compressor alo3p
entropy ofgbedlcor

J-J-0 Refigeration cydle ol state qp:o3€ [gbedesepd 300881 Bas€ soqpdisneg aaclgencs

High | Low
Pressure | Pressure

® oD @

Liquid ' Liquid
--'!---- Condenser | --- et CEEE R Evaporator }------

oo

Compressor

High | Low
Pressure ! Pressure

& J-o0 Refrigeration cycle il state gp:op€ [gded esopd 8oz $& 3aqpd :eg soefgeoes
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@

Pressure

Enthalpy
¢ J-0o(m) @ J-o0o(o)
Basic refrigeration cycle @i state qp:opC [goed es0pd 320§$1 8saisC soqpdisaeg saclgeacs
State -1 Low pressure/temperature vapor
State -2 High pressure /temperature vapor
State -3  High pressure /temperature liquid
State -4 Low pressure /temperature liquid

J-J-G Pressure-enthalpy (P-h) chart

Standard vapor compression cycle & refrigerant eocbeg, qpisaclopEia’ pressure enthalpy
chart (P-h chart)|g¢ eelgoonsoopbn Refrigerant qpezaclompEsad s008:(G)ogE ewdlgoonaopdi Pressure
enthalpy diagram $& flow diagram o3g& cycle 22006006003 ce{g8€a0pdn Pressure enthalpy diagram
o3 3200¢qjq) vapor compression cycle qpz 03 Gapa§Eaopdi

Chart &l popoDcd3E:0n¢ refrigerant qpsaopd saegan(gd(vapor phase) 32[gdoopd§oopdn Chart
&l 9005000538:03¢ refrigerant gpsoopd 3a6Rd(liquid phase) 365(gE¢ 00pd§o0pS Chart 6l 200003E:s
espa? envelope vpesl aopdi Envelope &l 9005000509E00pdc38:0005 saturated liquid line [gdo05i
Envelope &l p20o00503E800pdc8C0005 saturated vapor line [gdoopbi Envelope ¢l 2o03C:38:058
refrigerant 0000 saqpdsCanagaepesn(mixture of liquid and vapor) 33[gd 0opd§aopdi Envelope ol
p0oA3E:0Eo0pd vapor qpsoopd super heated 330§80pEq 00001 Envelope &l 0005000538038
§oopd liquid &l 320p§§2005 subcooled 2a0§$[gdo0p0n Constant temperature qpsoogd P-h chart o3
[Eleslowationted

180°F 1] 1212°F
|32.2°c1: :[100"0]

— subcooled
1 quid mixture of
il o liquid and
o —_
2 1 IR et Sy ol 240°F 2 vapor
B 1 A s @
5 1 \[1156°C] = beatof superheated
il 1 \ . vaporization vapor
14.7 psia = = > d—o 14.7 psia = = = = ~ ol T | b
[0.10 MPa] Al /B C/, D\ [0.10 MPa] : :
1 \
1 \1 \ 1 1
__________ 1 V| water ! ! Water
+ i 180.2 Btu/lb  enthalpy 1150.2 Btu/lb
enthalpy [419.1 kJ/kg] [2675.4 kJikg]

¢ JoJ P-h chart for water ¢ J-op Heat of vaporization

R-22 vapor compression refrigeration cycle 03 6apamg§330905 615[gaon:00pd04psgdadN
Cycle § 250C 00be0EqC:BopE §oopd refrigerant saafgeaesqpod capan§Eaopdi Refrigeration cycle
20p5  3e00d6[godlgdesaopd [gdod(continuous process) [gdoopSi  Refrigerant qps  compressor
32038:03 0Ceepad[glige 0onaopdi ddoooleepadoopd esepaopd P-h chart cAlogd 900do005
328638: (lower left-hand) csep[gdoopd
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— CRITICAL Subcooled
> (e \_ POINT Liquid
o Region
w
5 Saturated
% Vapor
@ SATURATED R
E VAPOPl LINE change
Redqgion)

ENTHALPY (Btu/Ib)

SUBCOOLED-SATURATED-SUPERHEATED
REGIONS

0% VAPOR sl B
¥ = [ ||
PERCENTAGE
CONSTANT
LIQUID QUALITY LINES
100% VAPOR
80% VAPOR
90% VAPOR
LINES OF CONSTANT QUALITY LINES OF CONSTANT TEMP.
(%VAPOR) (ISOTHERMS)

LINES OF CONSTANT ENTROPY
(Biu/b/°R)

019 021
.025
.070
140

.300
1.40
2.00

5.00
10.00

LINES OF CONSTANT SPECIFIC VOLUME

(%)

-20 0 20 40 60 80 100

/
A

—-20 0 20 40 60 80 100
LINES OF CONSTANT ENTHALPY

500 PSIA — 500 PSIA
/
/
200 PSIA J 200 PSIA
/
20PSIA f 7 20 PSIA
/ /
/ J
/ J
J1.0PSIA / 1.0 PSIA
I

LINES OF CONSTANT PRESSURE
(ISOBARS)

<} J-9G Skeletal pressure/enthalpy diagrams.

Critical
pressure

Subcooled
liquid

Saturated
liquid line

Superheated
vapor

Pressure

Saturated
vapor line

Mixture
reglon

Enthalpy
Q J-08) Pressure — Enthalpy curve

envelope

subcooled
liquid

je—— saturated
vapor line

mixture of
liquid and

pressure

_________ superheated
vapor
line of constant

temperature saturated
liquid line

enthalpy

c? J-Og Pressure — Enthalpy chart

2-9



Chillers and Chilled Water Systems

1000+
800+
600+

400 Subc opled
liquid
3004

!
Constant temperature line

(]

(=]

=
|

,_.

(=]

=
|

comEo005098,

Superheated

vapor

[ ] ]

Pressure p, psig

ooy e
[= N =N=ele]
I I |

(%)
(=]
|

(=]
(=]
|

/

region

onstant temperature line

C

=2

2

o
=
]
o

T
—
T
SN

120

140 160 180

Enthalpy h. Bnw/lb
<°3 J-0q Skeleton of pressure-enthalpy diagram for R-22

Constant specific
enthalpy line

Constant
pressure line

ture ine

onstant
tempera

Critical point

Constant
temperature line

Subcooled .
liguid /@é\g Moist vapor
& 3
s/
0@91
//
/
/) /
& / /
S
$ ’y
N, /
3 : /
S —
3 [+

Q J-0© Mollier chart
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J-0 Refrigeration System 0obgei 2280 28053208:(¢)q

A TTIIT1 11111 111 T
mixture of I
liquid and vapor I
refrigerant I ‘ B
L ] } ann £ Ll
refrigerant
vapor

air
& J-og capillary tube oo6s0Eoon:0005 evaporator ¢ (462051 Evaporator sa0pE:ad refrigerant gp:
20p5 32qp5(liquid)zaes(gE o€eepodam(Be 2apqpiadedupom saeg(vapor)se[gdad e(gpt:cdogniooddi

J-9-0 Evaporators

3260000 :§ro0pd  Fpg§oBconaopdsadl sseg(vapor form) 33§83  elgptacdognioogd
[§60503 “Evaporation” vpeslaopdi Refrigeration system oodeopE refrigerant 20pd 2003 ebupom
refrigerant vapor 83§33 eepabesmt elpEidenapd 03§una? “evaporator’wpes] aopSi Evaporator
a0pd heat exchanger ood§{gof: refrigerant $& een:eEEaO[gE:dqepd =a6p500dRgjE(cooling
medium) salo3ri0p€ Ia00m:a[gpEsg(heat exchange) [gbesant [gopbeozoopdi 2202005 =20§§(GEepe
§86epBomn Fcdmengpod &eot:8C001 dBelopt =20§8[gE0pd cooling medium  (ezatesné
c00[gCsdqepd 32qd0dEqk)e 2000 30GE8G0S refrigerant 8803 BsoCzognzoopdn CodSRD:
a4q¢ refrigerant ¢ 350 gp:od POLIOFE00000PCR0: elpadeodioopd
J-9-J Compressors

B Cc

highpressure  Refrigerant o3 886(compress)eooelopé

refrigerant vapor - compressor op &l 0opSi Compressor 20g5
refrigeration system co®90pC saceE(o3red:
28052038 [30[G: 380005css $6903
6e00CgodGOz0pdI

low-pressure
refrigerant vapor
from evaporator

¢ J-Jo Compressor

(o) Refrigeration system oodoad:op¢ refrigerant gp: copboodesesE [grpdeusoopdi

(9) Refrigeration system o€ compressor 20p5 gd:zaC(energy) cod§jegjeo? opsq) Bam§boopdsneg
(low pressure refrigerant vapor)od 8sandgtaopdsacg(high pressure refrigerant vapor) sa(gdo3
eepodeINt 3336(compress) GozaodI

J-9-9 Condensers
Refrigerant vapor ¢ Saoqped:delGe soeg(vapor) seelgeecse 3aqpd(liquid) sac[gesesad
egpEacdogni0005 process o “condensation process” vp eal 200 Refrigerant vapor sae[gsaes¢ liquid
26[g3265$3 6[gpiezantardaopd esep adeupcd 0gpdin3§una? condenser vp el copdi
Condenser 2095 refrigerant ¢ sapqp:od cooop(atmosphere) a323 sapon:e(gpEs(heat transfer)
agn:68E [grpdeuioogd heat exchange 006§ [gBaopSi Condenser &l 38000860 BzadgEaopd
2-11
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(high pressure) refrigerant vapor ¢ saogps(sensible and latent heat)o3 ©0Sc00dq§ (g0t Bz
[4€20p5(high pressure) refrigerant vapor ¢ sapqps 0gedogn:o0odst codGEs0d high pressure liquid
[g6a3 c[gpEsdagaigtsoopd refrigerant ¢ latent heat gps agodognieomelopE [gdoopSn Condenser
2RCY 2pg§[gEa0pd(high temperature) refrigerant ¢ 200§ $§60q09g:00pd refrigerant o
sensible heat qpz 0godog2:60006[03p¢ [§B20R0!

eoocpmpdS(ambient temperature) §oopd  3a§:0§:038d  eap(heat)gpiod  gfoodd[gs
(rejection) [giopboopdn Refrigeration system 00b9aRE Gro(air)o? copbocdeo(Gs condenser © 32003
§800050gI€ air cooled condenser vpeal [ eq(water)od copbocdeo(Gs condenser ¢ 22003 g§oocdagé

water cooled condenser vp col ooéu

C

refrigerant
vapor

D
liquid
outdoor refrigerant
air

& J-Jo Condenser 3303&: compressor ¢ agobaonaog) refrigerant qpsoogd saeg(vapor)saes(st
o€aepaSam(B: 32pqp:0d g&oodom saepd(liquid) so[gdad elgo:cdognaopd

J-9-G Expansion Devices

. Expansion device 00pb throttling device oBewpod orifice
[§020p51 Condenser ¢ cgobeonaopd BzandgEoopd saqpd
mixture of (high pressure quuid)quo% mixture of low pressure vapor
l 'r'é‘#i'gefgﬁtva"” and liquid [g9e320& expansion device oo [giapbeozaogdi

liquid D
refrigerant

Q J-JJ Expansion device

e —— 1 I;:g:;-pressure c -
discharge - discharge
- line

line
condenser condenser
liquid J expansion liquid l R —— s = —
e device B COMmpIeSSor e 1 B | compressor
A D A evaporator 1 :
cli - suction
D 08 i line
line expansion ; |
device " . low-pressure
evaporator ' side

& J-Jo Basic refrigeration system
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Clepatieclostont Chapter-2 Vapor Compression Fundamental

J+G What Are Refrigerants?
Evaporation [§66320¢ [gopbeozanpd oB3§ox(device) [gdeomaloppE “evaporator” vp csloogd
Condensation [§66320E [giopd Goz0pd M3 (device) [gbeoxe(o3pé “condenser” vp sl 2opd

:p§Selgpicdognionpdandl saqpbanclgeacs(liquid state)o ssegaageacs(vapor state)
a3 6[gpt:cd8Ea005 [g0on(substance) saxad:od “refrigerant’op 2005005§E0pdm co€egdaopd
operating temperature $& pressure qp:oopd substance qpsa? refrigerant so[gd saadgo30005

32680005329 air conditioning system gpi=acgod R-111 R-123 1 R-12 1 R-134a & R-22 0303
refrigerant 92[g® 320%:{gfo30005 Refrigerant gpisaclopEio? 208:(G)opE 32600:805 cedjgoonsoodd

eeocpd3:e300503¢E (atmospheric pressure-14.7 Vapor Pressure 80°F (Saturated state)

psia) refrigerant gpsei boiling point eopp3fogeor 1.5PsIG 86.4 PSIG 143.6 PSIG
R-11 = + 75%F ? 1 ?
R-123 = + 82°F
R-12 =-21°F
R-134a = - 15°F w w v
R-22  =-41°F

& J-JG Vapor pressure 80°F s&o005a3E0000 33

J+§ Refrigeration System 0089 320060060

O(J-9)03Egoonsoopd 32038: (:00d93a0pCse R22 refrigerant gpseil Sss8s(flow)od 33260003
008:q09$ valve 00080€ [ cooling coil 0od93a03E:03 [§0d8:e00805d V65705 Peg:Eo0 Gro(warm
air)o? coil 32038503 9odA3HgIE cooling coil sa0pE:S e liquid refrigerant 0000 Goe FOGP:ND
9O0p(Bs refrigerant &1 epwad(boiling temperature)od eepod§om ooty refrigerant vapor =3[gdad
elgpEscdogn0000i

eqoopdecocodaans(atmospheric pressure) 14.7 psia(0.10 MPa) Gs:nodopl =2p§§ 212°F
(100°C)5 s0gad(Gs(boil) saegd(evaporate) 20odn a3ea> ceel dzans(pressure)od 14.7 psia(0.10 MPa)
0005 JgCemnt [gjapd cBadaqi€ ddeqoopd 2208 212°F(100°C)o00d 35pd:c0d JgEaopd oBesmt
eqeo[gts mmegdgt: olgbeonpeor Bamdgtes§Sagt(higher pressure) caeedcBoyjpgp:aopd sacgs
eomeomamx(attractive force)ge soqC:qs  s§cEaonifojoopdn Refrigerant ©ooC  epu52000
20§53 ep0od(boiling temperature) vpesl 20pd

Refrigerant 2000  8320:0088: 0069633005038 200500000:200)  IWOYSS SO
9S0pc305ea06loE 3aqpdm0[gde 36g33[gdaY clgpt:cdagaidan(evaporation [gddlon) B80S
S0E F04ps ad:ax0el: 26 20[gde F26p033(gB3 e[gpE:cd(condensation) 3epdn

ee:e5000) 0832038 (refrigerated  space)  sap§S(evaporator temperature)  $C
;osgto mpgS(condenser temperature) 80060 Bewrod oFfgrespdiecw  refrigeration
machine &l capacity dqpseco [§doopdi :208{gEom0gS gEamecw refrigeration machine &l
capacity ogje0&:0g0s600 [§62000n Belopé refrigeration machine @i capacity o eodlgeeacgad
3208232038 320q$(evaporator temperature) $& 32084g€0320§8(condenser temperature) s

00%:0) 2005605 Gusgs 33200005
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Chillers and Chilled Water Systems (Ceppicledleptont )

O(J-JB)$E O(J-Jq) 0§05 R-22 & pressure $& corresponding temperature odopt
evaporation [98[gC:sC condensation [g8[gE:0303 cwdlgoopdn 85 psia(0.59 MPa) 83x0:63200503¢ liquid
R-22 20p5 320§ 41.2°F(5.1°C)3 apyuad(boil)oopdi pows- compressor 2005 R-22 refrigerant vapor o3
280 psia [1.93 MPa] 830330 Gepodeant [gopdoon:clon vapor 2005 2pf§ 121.5°F(49.7°C) opé
:26pO(liquid) 55[g63 condense [gBaoc36epS

1

|

: Heat rejected

| to atmosphere

i P o

I Coolant out

|

O) ©
\\
g 2b, -1 Condenser \
2 Liquid Coolantin A\
< Expansion
- device \ Compressor
Y
I\
\
\\
(@)
\
~ @ \
\\
Heat removed \ \
Gas
from process \\ \\
Wet vapour \ \
(saturated condition) \\ \\
. Heat content
Useful capacity
" o ™— Motor input power

Heat rejected in condenser

¢ J-J§ Standard vapor compression cycle 00696 pressure enthalpy diagram [gdaopSn

- --_/

[100°C] 121.5°F

I . i
. . g [48.7°C] T
5 1 o 1
© ] "Eci 1
I} 1 1
g i 8 Y2F === 1
= 1 [5.1°C] ' 1
1 1 1
1 : 85 psia 1 280 psia
! ; [0.59 MPa] : [1.93 MPa]
14.7 psia
ressure
[0.10MPa] P pressure

Q J-JG Boiling point of water ¢ J-Jq Boiling point of refrigerant R-22

J+& Low Pressure Side and High Pressure Side

Refrigeration system 008903E dloCeom aefgd 228053>3C:qpse> evaporator | compressor |
condenser $& expansion device o3 (9620001 Refrigeration system 00903€ Clo€oogd  aB332805938:
qpPeoopd Be:3a8633(gE (pressure level) (J)GEGE 09$32000 vdeoodI  System &l BaggEaod
o005(high pressure side)ogE dlofeom 328053208 qpzoopd condensing pressure cood J[g&o00d
Baomt 6300H0RE  30p5O[0p0N 00dspdiadgE condensing pressure co0d J[gEaopd esep
320:00:0) high pressure side 0p 200500500001
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Low Pressure Side

Chapter-2 Vapor Compression Fundamental

Low pressure side og€ refrigerant flow control evaporator $& suction line o3 doCoopb

Evaporator cdog€  saegdiesod(vaporizing) refrigerant 8sso0pd  "vaporizing pressure”  cood
386comalopé "low pressure” 1 "low side pressure” | "suction pressure” opg] 3a§E§js 8l ey
§oopdn Low pressure 900503E dloCeom 22805328C:qpo0pd evaporating pressure cood 8860009

831683005038 220p6cR5[320001 Expansion device 85090588 evaporator $& compressor o3 dloé

[030005

EVAPORATOR

E HIGH PRESSURE - HOT
LOW PRESSURE - COLD*

CONDENSER

\ ENTHALPY ADDED
BY COMPRESSOR

. ENTHALPY ABSORBED
BY THE EVAPORATOR

ENTHALPY
Y. REJECTED BY
CONDENSER

REFRIGERANT ENTHALPY

Heat is transfered
from inside air
to refrigerant

LOW SIDE

‘ HIGH SIDE
(low pressure)

(high pressure) b

Evaporator

Heat is transfered
from refrigerant
to outside air

<°3 J-Jo Enthalpy flow in vapor compression refrigeration cycle

Heat sink

R X

High-pressure
Liquid

® Expansion Valve

Low-pressure
Liquid

Condenser

Evaporator

High-pressure
Vapor

Compressor

ey *
pressure

Vapor Compressor
Power

t 4

Heat source (Cooling)

¢ J-Je Standard vapor- compression cycle oo&?

High Pressure Side

High pressure 900503  compressor |
discharge line | condenser 1 receiver §§ liquid
line 03 dlo€foyo0pdn & 228053>3C:gpz0000
“condensing pressure” cocd J[géoopd 33z
20056epod[gCsdeoopdi High side pressure o3
"high pressure" | "discharge pressure"
ae0pod "condensing pressure” vpq) 328§
edlad eopdoopdi Refrigerant flow control
e$epo0pd high pressure side $& low pressure
side 03 3[grzoonza0pd 3a005(dividing point)
esep  [g0o0pdn  dBesepaopd  condensing
pressure @ vaporizing pressure o?g eaqRY)

2005 esep|gdaopd

J- Performance Of The Standard Vapor Compression Cycle
Performance $& 2005380005 2agj053a0005qRE

(o) Work of compression

(J) Heat rejection rate
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Chillers and Chilled Water Systems (Ceppicledleptont )

(?) Refrigeration effect

(G) Coefficient of Performance(COP)

(§) Volume rate of flow/kilowatt of refrigeration §§
(6) Power; kilowatt of refrigeration o3[gdoopd

Work of compression (kJ/kg) 2095 process 1-2 og€ enthalpy a[gpEcd[gEs [gdoobi
hi+q= h,+w
aB3§$03¢ Kinetic $& Potential energy a[gp:cdaqpiad od:onospecdcon saonudelogpéadeadd
adiabatic compression [§6oo[gE heat transfer “q” o§eoomelopE (9600 Belopé h, = hy + w
[§62005
Heat rejection (kJ/kg) 2025 process 2-3 ¢ c3326602 cooling fluid flow oeranoé [gdoodi

State 1 ¢ refrigerant enthalpy s30p€:03 compressor work copdeoigCselop state 2 enthalpy
20pd owansge h, = hy + w $& p3goopdn Refrigeration effect (kJ/kg) 2025 process 4-1 ¢

3990@:@@)8:@8:@8@: hl - h4 oo%% @Boaéu
Standard vapor compression cycle & Coefficient Of Performance(C.O.P) e?l)o:)é(j;o refrigeration
effect o3 work of compression $&on:c0:00pd 3agjto€[gbo0di 0o6loodq flow rate o3 compressor

inlet o3o0pad state 1 326[g326505E 03E:0200000
Refrigeration Effect h, —h,

CoP = =
Work of Compressor h, —h,

J-© Actual Vapor Compression Cycle

C00560R 326[g32650pC Gunlieso0pd(actual) vapor compression cycle 20p5 standard cycle &
maefgeeessé voppdeon Condenser §¢ evaporator 030pE 8smiogeolig(pressure drop)gps [gdedl
[030005n Standard cycle 0E condenser $& evaporator c3op€ 83an:0380Csg w§uropsoconooddi Ideal
cycle op¢ evaporator 320p8:3 supeheating [g8[g€:5¢ condenser 8a0pE:5 sub cooling [gdedl[gEse§wr

0800

Condenser 32038:3 refrigerant ¢ 330080005650D38% $C evaporator 32038:3 3259000
:6g,0000)  :egesodgsop Bsmsdeoo(constant pressure) o[gd§Eeon saonudelopadeadd

@o5aB30de(friction)elopé Bsansoqeolig(pressure drop)gdedl copSi Compressor 308§ suction valve
o3 [godeoypefgts condenser 305c3C:s& evaporator o5c3Es5 godododa(friction) odelop [gded
20p) 8zn:oqjeoCsg(pressure drop) qpsod 32033207 00pda3E: 03055056 32600201

Compression [gopSepogE  adiabatic process ¢[gdeol 885 general law =26 compression
[g1cpE8E2005n Expansion [gopbepage adsolgoddoopd(perfect) throttling eq§$Eeomelope g&:zat
b 325002000 [gde0l 20pdi
J-€ Cycle Analysis and Calculations

Vapor compression cycle gp: 0g05q0depoge chart o3 3203qqg 005t @oons(table)od

:20)ggopodfgts vpq) $d:50505:07 3% g8Ca0pdI FodH{gooneam refrigerant eoodegel oab
20Q3qp:0d c80d¢) PH chart o3 3200¢{gjqopdi Pressure 1 saturation temperature 1 liquid and vapor

enthalpy 1 specific volume 1 entropy 0303 ®op5) chart Gd[g¢ 0560003 Gedlgoon:oopdi Chart o3
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adge) BoHGod esepgom ©0508E00I csepglepogt cBoyq§ 83200005 Refrigerant eocbegsi
0cr20Q30083sqp:0d @dd(gE eedlgaonieoms table 03 saadgs] 0g05g0d8E00I @us(table)o?
;adgdlon  Boddodesepqe cood§Cequ 9005a38ep thermodynamic property gp:od  ©oduae)
03058]05620201

Chart o} 320)ig| 0godqiodepogE condenser & evaporator pressure 0o§3:qps Bag€ cycle o3
chart iRt esepy 200580Ep 00§3:gpid ABoHGad wodupdCoopdi Standard cycle saogod
compressor 83038 h1 00§3:03 evaporator pressure line $& saturation vapor curve o edepogé
005098 Ea0p5i Besepd specific volume &1 00§3:03 ©0508E2051

Chart adlog€ compressor 320305 enthalpy (h2) o 93§8€q$ point 1 ¢ temperature =03
qiQEaRe) condenser pressure line $& 8depeaecdogE point 2 63 ©oduRSEapSN BspSiop condenser
320305 enthalpy o3 condensing pressure line $¢ saturation liquid curve o3 edepogE point 3 Gsepe
©050p8E20001 Expansion valve 220905 enthalpy ¢ condenser 80905 enthalpy 3203&:08 [362005
(hz —hy ) Point 3 ¢ evaporator pressure line e} coonecdydsadq)g 93200503E point 4 o3
00507 §§E 20001 BgdredlopE quality of refrigerant 283ewr05 dryness fraction o3dl ec5op§Eaopd

@oos(table)od aod(gjg) ogodqodepoge cycle @ condensing $& evaporator pressure 23ag€
2005938ep saturation temperature qpod @uxxgps(saturation table $E superheat table)ed ogE vodoy
§E20001 Cycle @i point 1 ¢ evaporation pressure §eox hy, 6l 0088208 [gbaopdi Condenser 320305
point 3 00§3:w> condensing pressure § h; 02§83z [gdoopdn Evaporator 8208 point 4 ¢l 00§3:e0 point 3

$C 2009 320p0C [gdoopd

Compressor 220905 point 2 ¢l entropy (S2)oo$3:03 gpgé point 1 0gC §eoon entropy (S1) 03
@50 0305§05 ©odupSEa0p0I 0088:e evaporation pressure Sg ¢l 0§8:08 [gdaopdi 886epogt

adiabatic 22 entropy 00§8: we[gpEicdeamaelope S1 = S2 [gdoopdn S2 &l 0o§&:a0pd condensing
pressure § Sg &l 00§3:0005 qpsese) point-2 20pd superheated sacgzacs [§62020!

S,+Cpl (TZ)
S,= S, p log G

S, = entropy at state 2

Sg = Condensing pressure §] saturated vapor enthalpy
Cp = Specific heat of refrigerant at constant pressure
T, = Compressor 220905 320§$

T¢ Condensing pressure §1 saturation temperature

S005CVGDE] CoMpressor sgogoSc‘ﬁ refrigerant enthalpy o3 632005012203¢: 030508 E200I
h, = hy +Cp (T, — Ty)

powd-Refrigerant R-22 s»a(gjeoon standard vapor compression cycle 0o69el gdszanzoopd
50kW [gboopbn Condensing temperature 20p5 35°C [9®[g: evaporating temperature 20p5 -10°C

[§50q€ e83005A0303 epali
(o) Refrigerant effect (c) Flow rate
(@) Rate of refrigerant (©) Power/kilowatt of refrigeration
(o)  Compressor power (s0) Compressor discharge temperature
() C.O.P
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Chillers and Chilled Water Systems (Ceppicledleptont )

m26lg - Enthalpy at standard vapor - 10°C § 32¢ hl = 401.6 kJ/Kg point 1 ¢ temperature 35°C §
saturation pressure o3 ¢pdli Diagram saq h2 = 435.2 kJ/Kg 1 h3 = h4 = 243.1 kI/Kg [§6205

a0

40

an

05
140 WBD

180 200 220 240 260 280 300 320 340 380 380 400 420 440 460 480 500 520 5
h3 = h4 = 243.1 kJ/kg [kJikg] h1=401.6 h2 = 435.2 kJ/kg

& J-90 Refrigerant R-22 P-h diagram e op€ eegaioon:aopd vapor compression cycle

(on) Refrigeration effect = hl - h4 = 401.6 - 243.1 = 158.5 kJ/Kg
(®) € refri .- _ 50kw
Rate of refrigerant = Flow rate = 158.5KI/Kg — 0.315 Kg/S
(0)  Compressor power = (0.315 Kg/s) (435.2 - 401.6 kJ/Kg) = Flower Rate x (h2 - hl)
=10.6 kW
(o0) COP = 50kw ) K
.O.P = 10.6KW = 4.72 kKW
(c)  Volume flow rate o3gp$en point 1 3300503 [godognzoopd volume line © ©odupg0Rd
00830 0.065 m*/kg [§2051
Volume flow rate = (0.315 kg/s) (0.0654 m*/kg)
= 0.0206 m*/s = 20.6 L/S
(@) W of refrigeration = T2-6KW _
Power/kW of refrigeration = SORW - 0.212
(s0) Compressor discharge temperature o3 chart o€ point 2 03 [§o50g0:0000 203

(temperature line)p ©05062005 00§3:0005 57°C [§620201
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J-00 Cycle with Subcooling and Superheat

coodeogmeegEaesogt vapor compression cycle gpie refrigerant 22p§§2020 evaporation
temperature 0005 3¢j [§¢00050504gE: [§6§E2003 condensation temperature cood 3¢) 8&osgEscopd:s
[46c0I§E2005n Evaporator 82038:5 refrigerant 20¢§§2020 evaporation temperature 0005 8¢
[4€oocdogsfglicd  “superheating” [gBoopdup  200d00d  elgredecpdoopdn  Condenser sacpts)
refrigerant 220§§2005 condensation temperature co0d 3¢ 8&a3g:0d “sub-cooling” [gb20p507
2005605 e[padepdoopd

Evaporator 32038:5 refrigerant qpsod evaporation [96§oon sacB=aoy control cpded
c00deogopg o[gd8eun mamude) refrigerant gp:aopd 100% evaporation ogdedldlon 3265 (liquid)
:2655¢ evaporator 0ogodogoifd: compressor 320E:03 0CeeprdogdEoopdi Adeloé aezasecdyp:
adigzazecdfopdn  Compressor aB805q058:8C€o0001 Compressor gp:aopd  saeg(vapor) gp:c3om

8236(compress) 8320305 8&E:006000:00p5n A8 G[gbefenogod evaporator ¢ ogodagn: 20pd
refrigerant vapor =00p§§o0p5 superheat =op§§(saturation temperature 0005 J[gEa0pdma0gS)
[§6e56325€ control system oo [giopbeog§ 332600051

Subcooling

. Pressure
3 4 / 3
Liquid
Compressor@
Valve

Evaporator

Condenser

Vapour

"—7- 2
1 S\uperheat

Enthalpy

& J-00(00) §egqsgnagoonsoopd diagram & J-00(s) superheat $& subcooled [gbedcopdesep

N

Liquid
4
Condenser cf i
I,
Hot Gas
: 'Euaporatur 3
Superheated Vapour

2 %ﬁi}
EH g :

Compressor

& J-09(0) Vapor compression cycle 03 32805328C:qpeg¢ eodlgoond

O(J-po)qpeogt refrigeration circuit $& sa0p P-h diagram o3 ewdlgoonzaopdi Evaporator
:208:3 refrigerant qps 3a6ggom evaporation process ©oo&aopdi Point 2 20p5 vapor region og&
00p0§o0pdn Vapor region 20pS saturated vapor curve & p20a00503E 00p5§oopdi 00dsb:eandgE
saturated vapor curve &l pooad0RE refrigerant ssegaaogE(vapor from)g&oon 000§ §Eeamejops
vapor region 06al 83[qE{gdaopdn Compressor oo refrigerant saegqp:od S0 8336 Bodeom
el Bsmgg€onadom point 303eepad§ognzoopdn Refrigerant saegqpzoopd 8a35[gE: dqeomelopé
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Chillers and Chilled Water Systems
20§$ [§E0r0d00000pdn BaeG[gEaopd saeg(vapor) qpo? condenser 3203855 32632:960006[03pE¢
refrigerant soegqpo0pd Sapedigom 206ge(gde 3aqpda(gdad Glgp:adr 320§S §6e0tsaznsaopdi
coodeoy efgIeesopt  condenser 33038:3 refrigerant gp: oo spopSIOCEINE
condensation o[gd$Econ Refrigerant qpzaopd sa6p03265(9E condenser ¢ expansion valve §893 liquid
88 ondeagpod Bseotsogniaopdi 3c00dq) liquid B =a0ptsy saeg(vapor)gp: Aesdlon Bzans
oeoCsg(pressure drop) qpgal: $& performance p3qEdgt: o3 [96ed &€t BelopE liquid

cB8:m00p8s3 100% liquid [gdeseoq$aacgad condenser 203E:5 subcooling [gdedlg$ a39260000

Condenser ¢ expansion valve sa[oyp:Sc0pd: 320§§ 006dae0E:§E005 Point 4 2005 liquid
region o3& oopb§oopdi Saturated liquid curve &l 50050005323E:0005 liquid region [g620p01 oodspds
adg¢ saturated liquid curve &l 9005000503¢ refrigerant 2005 32603298 (liquid from )gEao 000§
§EzamalopE vapor region vp ealB[gE: [gdaopdn Expansion device 2005 8saofgCood refrigerant
F26p0gp:0d Bamseagpgieo:oogdi Point 1 93 [gSeepod§aonoodi

Superheat $& subcooling [gbedl c0pdesepooS diagram edlopE Gooicabo02d vwranom
[g6c005c0pd: system Gomsgy 2c00EeSSE  efficient [gBgSmocgod =a0ps sreeyoRa0pd
[g00S(process) 0o69[G: c5003(gboS(process) cob9ooEQSI0305  JodgpizacgEs refrigerant
2205 superheated vapor 2300305 subcooled liquid sa[gdoon eg,agpzagasogoopd

p. psia A

A

Condenser
J
N\f\ Peon | Subcooled
liqui%

I~
T< .oy
. =
=
5
S
a

[F¥)

I
- z
: g
s
* Two-phase g
1 &
i 3
. g
! o
1

T Compressor \
§§\LEXpaus-ion 1 B
+1 Pey 7 1

valve
W/
h, >

h_fh 4

Superheating

Y

Evaporator
(a
a) )
p. psia [ Subcooling p. psia
A sc o A
= = { 2 3 < | 5
Peon P, ! Il =
con :
+ Superheating
4 region
Pey = 1 P.. / 7 > ] 1
|~ Superheating
h, BtwLb el
b, b, h, =h, @ h b, "h, Btu/Lb

h " h " (©)
Q J-oJ Asingle-stage ideal vapor compression refrigeration cycle- super heating and sub cooling
2-20



Clepatieclostont Chapter-2 Vapor Compression Fundamental

Compressor 0odcdso0pds00 (multistage ©opodo0gd chiller) dloogd chiller gpsopE  liquid
refrigerant o3 subcooling co&[gEsgE refrigeration effect 33 gpacoaopdi o elopE chiller efficiency
c0pd: BeamEnznoodi

Subcooled liquid Condenser
7 B Maist vapor
— / Superheated —————
T vapor
1
h=238kJ/kg| h=245kJ/kg : h=432kJ/kg
Wl
\i
36°C \ { 2

C 3 ZI Condensation |
- 31°C

o /
i
& | &

&

D / Expansion “I\" i
/
/

\:55 o}

Expansion valve

/
6°C e A

Evaporation

B

4

Q J-0p Refrigeration cycle

Meaist vapor

Suparheated vapor o

Evaporator

h=412kJ/kg

e \'3
/ /
// : |
Refrigerant / (HeatRejection) |
pTESS ure / Condenser "‘f
High Pressure -
Sub-cooled™| Superheat
Expansion Device / ‘,-"‘J CGompressor
(Pressure Drop) |/ (Work Done)

Low Pressure o

I Evaporator f‘
1 (Refrigeration Effect)

Enthalpy (h)
¢ J-9G Subcooled and super heat

Effect of Superheating

oegpC:da0pd8ams(constant pressure)esnodopl soepdaacfgeacse saeg(vapor) =2(gdad
P5$ged elgptscdfglind “saturation” [gdoopdup 2005¢0do0pd Saturation [g&kes00d saeg(vapor)
006§s§ada] 20qP:0d 00600DABHAGE 220§8[gE05BGepdI BB 20§§[gEor0de00005
32003 sensible heat vreslcopdn deoo8gms(constant pressure)esxodogl  saturation F20§$c005
Qg0 220§803 superheat 320§800 ealaopdi saeg(vapor) 0od§aopd superheat sop§Sopt
pa{ded clgpodeog epoops

p(heat)oopds] 30g$[gEonadaq€ sensible heat opeslaopdi sap(heat) copde) =20§S
[g8oncg: 6[go> 32038 (phase)e[gpt:g€ latent heat vpeslaopd Refrigeration compressor gp:ogE
slugging o[gdeog$ suction gas qp:oopd epsSigpd efgpodeny esqepdi odelopE suction gas aopd
superheated 326[g3265[qdaepdi 00655:32013C saturation sop§§c00d SgEaepdi
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Subcooled Liquid

3260 006§e§jseh saturation temperature 0005862005 3205803 subcooled liquid vresl 205
0€cuSeqqed$0[Est orpBoopdea|gts eqepeod(boiling point) 0005869000 GaEIZAEYS F:DI0?
subcooled s20§§0p 20050050005 Condensation [gBGeeso05 saqP0el F20E2005  saturation
temperature 0005 §62005 320§§320:00:0005 subcooled 320g§[gBa0p5n Subcooling 320g§2005 5°C ©

8 °C 2203E:{gd20p01

J+00 Pressure—Enthalpy (P-h) [4¢ ogobspb:

Pressure-enthalpy (P-h) 20p5 properties of a refrigerant qpod 0q008[g¢ cudgoonigEsyd
aopdi Refrigeration process o elEadadqjds(vertical axis)ogE eqgagoonid:  enthalpy oo§8:gqpid
horizontal axis 6dl 0p€ Gegaooz00p0!

P-h diagram o3 saad{qjq) 632005d 3251054203 §p§Ea0d
(o) The mass flow of refrigerant circulated
(J) The theoretical piston displacement of compressor
(p) The theoretical power of the compressor
(G) The heat rejection at condenser
(§) The Carnot COP and the actual COP

A Basic R134a Vapor Compression Refrigeration System
F-frdiagram for R134a refigerant

4 MPa T T T T
38 | o - e e e 100
ST TR NSV IO SO A e Lt SO FNE I S
ThPab. oo 3
R e B e I B
o Y A
o
B b
SO0kPal e e et OV YT JETTTS FEPRT SRR S sl
............................. i B U - SRR UUURUOT ST SUUUPPRUURT UL O 1) IO
IO0KPal ey ................ .................. ................. EUTURURRIR (KRR [PPRTP P
: 20 _
T 4 . T T
0% 20% 30%| 40% 5S0% 60% 70% G0% A0%
M0kPa ... SO IO T Y S e \
BO0kPa ' i i i I il L
Il 50 100 150 200 250 3an 350
Enthalpy [k { kg) . “Weomp
oo
“‘—Clevap=hl -h4—
ot Qeond =3 -1 —— =

¢ J-0§ R134a P-h diagram

32000530038  basic refrigeration system oobecl typical property value qp:d  eedlgoozoopdi
Refrigerant &l mass flow rate eesblgoon:eamaeo3pé specific energy value gp:od 3aaddgioonzaopdi
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Qeond

P3=P2 ;. P2 =1MPa

T3 = 30°C T2 =70°C
= { Condernser e )q—

of Sl 1-©

Fefrigerant B- 1534a

Weomp

¥

Throtfle
(actiabatic)
fle._,.ap Compressor
®__ 5 Y (adiabatic)
Evaporator °y |-
P4-Pl g T1=-20C ¢ Jeb
T4=T1 sat. vapor

ocooBign refrigeration system 006903 Gopag§(analysis) saogod P-h diagram edlopé
eopoep) refrigerant cycle 6l 2agj05320005qP:03 326[gde) 30005 (point)gp: ¢odaxge: [gdoogd

po365[E 6320050135105qPL03050003 Gedjgoonoddi
Heat absorbed by the evaporator (gevap) [kJ/kg]
Heat rejected by the condenser (qcond) [ki/kg]
Work done to drive the compressor (wcomp) [kJ/kg]
Coefficient of Performance (COP) of the system,
ocooBign P-h diagram eolop€ process Govdjea? eaadqeRd
Process (1-2) 2000 compression process (&0
Process (2-3) 20p5 condensation process [g20p01
Process (3-4) 2000 expansion process [g®oopdi
Process (4-1) 2000 expansion process [g®oopdi
State (1) 2005 evaporator 220905 a3wupcd compressor 920E326[g3265 [§d20pdN
State (2) 2095 condenser &l 320& a3w0pcd compressor &1 320305 226[gE26s [(§6200N
State (3) 2005 condenser 320305 a3wupod expansion device 320 336[gEa6s [gdaopdN
State (4) 2000 expansion device 320905 a3wupod evaporator 2208 326[g3a6s (B0
Ps $& P1 03800001 Ty $C T 0ppS00p
State 2 compressor & 3209050RC refrigerant & 8sas00pd 1 MPa [9doopbi Refrigerant
qpP:oopd evaporator 22038:03 -20°C saturated mixture 32[gd ofeepod[: saturated vapor saes(gt

evaporator 2203C:0 agedg12:0000I

State 2 3500503 esepq (Locate) [g6:
P-h diagram edlogE 1MPa $& 70°C m0§Scd&:(temperature line)od [go52000 32005

(intersechion point)oopd state 2 22605 (4620001 70°C 20p5 1MPa @i satuation temperature
0005 [géeamaelogpe super heated region o3¢ epad§es0pdi

State 3 3300503 esepq| (Locate) [g:
P2 $C P; oppBo0pbup vpsoeome[opE P, = P3 = 1 MPa [gdoopdi 0odsobiesmdgE condenser
:20p8:s¢ state 2 ¢ state 3 o8 agdeprOGiondeagPaSoRE [gdedl20pd dsioyeotigad
aqdagj|qeom0pdn GusconegIe3aq T; 20p5 30°C [gdaopdi
1MPa pressure line $&¢ 30°C 320§8c88: (temperature line) 03 [§o5¢0d (intersection point)
2005 state 3 32005(g620001 30°C 20pS 1MPa el satuation temperature coob §6cooelopé
subcooled c$epagt §es0000n 1MPa @il satuation temperature 9095 40°C [g&20p01
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State 4 3200507 esepq| (Locate) [
State 3 & state 4 s005a305000:0005 3E:0005 vertical line [§B20p5n spo0de[opEadeadd

hs 2020 hy $¢ pBgeoclopt [9doopdn oodspdiaan{sC sapgScood(gEs(heat rejection)
030005 2200000[gE: (heat gain) olgdedcon

State 3 900050 GAE3Sqd: (vertical line) sdqe] —20°C saturation temperature c3&:5¢
852000 320050005 state 4 32005 [gdaopd
State 1 3a0050%6sep(Locate) gfqt:
Ps $& Py 0poBoopdi Ty $& Ty 0ppBaopdi R134a retrigerant table (00gq05§0 2-30 © table A-11
1 A-12 $& A-13) g2’ 200%(g|q) 20058382005 an§dsqp:a? spagaeRdi
Refrigerant table o3¢ subcooled region a3w0pcd a0§8: wdlo€eon Subcooled region
0g€§o0pb constant temperature c3&:qpzoopd eAEdyd: (vertical line) gpigbeamnalopt
saturated liquid enthalpy 0o§:3:qps [98fo30005
Ph diagram eeadgies005 COP o agoSop§Eaogdi
3280032805358 (compoment) ood9:803 32600:805 Grp(o3dRN 32805208E:00d9 o3
control valume 32(g® 2005005(Gs energy equation [§¢ eeS[g8Ea0pdi

Compressor
Compressor 203Cs5 fluid ol kinetic $& potential energy e[gpC:cd[gEsa0pd wfooeaod

$pd:60m0[oPE agdayg$Eaopdi Adiabatic compression [g620000p wpeo200I Compressor &1 3308
(inlet) $& sacgod(outlet)q refrigerant ¢l enthalpy 0o§3sqp:od R134a refrigerant table (eog0d§0 2-30
¢ A-11, A-12, A-13)0%% ©0d0n €200

Po=1MPa

T ': 70°C j:i}baﬁc no ]cil;yﬁém';znﬁal ETETSY

hn =303 9 klfkg T w=Ah+ +
3 1

+@ 7 w-a

=h? - hl =[3039 - 238 4] kl/lkg
—'\'-'v"cg]_up =655 lj"]:g

Compressor
(acliabatic) Refrigerant B-134a

T] =-20°C
sat. vapor

h] =hg@-20°C =2384 kl/kg
¢ J-oq Compressor
State 1
State 1 oopd saturated liquid c8&edlaaé oopS§eomelopé table A-11 saturated
refrigerant- 134a- temperature table (e0qj05§5 2-30 $¢ 2-31)0 ©od0rqopSH IonLSeoPEadea0d
ogpop¢ temperature 00£8:(-20°C) cusconeome[opé [§60pS Table A-11 § temperature (-20°C
:2008:5C saturated vapor hg colum o edaopSesepe vodopagi€ 238.4 ki/kg §aopSi

State 2

State 2 20p5 superheated region 65epoRE GePINESEINGOPE EoqodsH 2-33 $C 2-34 030
table A-13 superheated refrigerant-134a @oonse ©0d0rqaopdi Table A-13 0odepogE 200580E2005
B3o2:0? vooeBigregequdquopdi ofjpoed 3¢ P2 00§3:0005 1.0 MPa [gbcomelopE ooqodsn 2-34
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;weodesepq 1.0 MPa @omcodesepe h2 00§3:03 0odupqoopdi h2 00§3:0005 303.9 kl/kg
[96 20051

gEd§ 2-34 Ic00desepd 1.0 MPa cuoicode S 0083: 0.92691 kikg K ¢ h2 o edbop
§20p5 S2 $& S1 09800001 0oB5p5:3e3C entropy generation elgdedl Goi

Condenser

Point (2) ¢ high pressure superheated refrigerant qps condenser 3203E:03 oCeepad(Be =2
(heat) gp:cd g§o0cda0p5n oelopC refrigerant 0g€ sagedigsigl: [gdecl copb Point (3) o3 eepabo00d
4] refrigerant 820§§2005 subcooled 320§ 30°C [g020p51 P1 00§3:5E P2 00§32 opo8[og00p5 P2
00§8:0005 1.0 MPa [§620p5 h2 008350005 93.6 [gdoopdi
no work 1o kinetic or potential energy
Q-®=Ah+ 4,16&‘ + }&

0= Mh =. [].:I_-:‘ - 1]:] COeond = =210 ].'j.'l].':g
= [936 - 303 59] klkg

- 7 Eefriserant B-134a
Condensel -—
o5 ¢ 1

P3=Pn P =1MPa
¥ T3=30C T2 =70C
ha = hf@30°C = 936 kllke ho =3039 kllkg

<‘;> J-9o Condenser

Expansion valve
Expansion valve 32038:3 adiabatic process [gdeolcopdi Refrigerant &l 22pd§ 93a3000m
ojeoCsogzoopdi h3 00§3:5¢ h4 0058203 0poBog0000N oogodg0 2-30 § table A-11 ¢ -20°C 32008:5¢

Saturation pressure (Psat) colum o3 ab2000esepe ©0d0paqIC P4 00§8:0005 132.82 kPa [gdaopdn
Pz=1MPa

T‘}’ﬁ ha = hf@30°C = 936 kg

| adiabatic nowork o kinetic or potential energy
ot @ }{! }.’: Ah + 4}! + }&

':EldlElhElUE:' Ah=0 => hd =h3 =536 klkg

— Refrigerant B-134a

Ta=-20°C l——whd = h3 = 93 6 kl/kg
P4 = Psagt@—0°C = 132.7 kPa
¢ J-o@ Expension valve

Evaporator

Evaporator 2000 928:§ 200§§860000656pe 320403 06uaG: refrigerant qpsoopd saturated vapor
state 22[g693 a[gpCadagnzaopdi
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no work D0 kinetic or potential energy
0- )f(— A+ 91@ + 9&
0= Ah = [hl - h4]

—[2384-936] kikg  Reftgerant R-134a

Qevap = 143 Klikg

O I Ny
L  Evaporator —
T4 =TI T]=-20°C

P4 =Pl = Peati@m—220°C sat. vapor
hd =h3 =935 kllkg h] = hg@-20°C =238 4 kl/kg
¢ J-Go Evaporator
Qevap 145
COPp.s = =——=2.2
Rl Weomp 65.5
Qcond 210
COPyp = = ——=3.2
" Weomp 65.5
COPHP = COPRef + 1
2‘;‘1 00 150 200 250 400 450 500 550 600 650 ?MEDG
L T ™. f it X‘ ’:\. ’,‘ = N ', '—_“ N T T A
am. PSRN |
10. | DuPont Fluorochemicals TN - _".-"'J_ T 2 I.bdﬁom?@ 100.
8[| HFCc-134a : ' N 80.
6. Pressure-Enthalpy Diagram 0.0060 | 60.
(S1 Units) .\ p.0080
4. e ] L& SN P 0 1 < £ po10 e | 40,
gy
ETTT A LY
2 Lo i Ve ATl o e WA 7T T 0020 20
_ﬁsﬁﬁ%’?‘—?ﬂ:ﬁ? A S A SR 1 ) ot
—_ I HE AN B d Gl L L1000,
& o ;1\1:;; ARy < rmywams, | W, |8 5
1 \ LB ) 128 &V m - k . L
< o U S i % Aliow  |& g
5 04f vihl i r' AlA A 00 s 3
ﬁ i ] : = /1L 1A aas g
& oz| || ' 1dedlon |, &
i] i . §,§/&§;?'§é3"
0.1 | -+t J .3;-4 040_ 1.
008 | il i [ M ul il 121 ] 0w 06
ooa| 1 - o S vAF AV RESS I 110 0.4
!]méii‘:,!‘:{;‘: ; ov; e) n&gxol 8£| ',"r"?-- 15
002 | 8558838882283 TRRER L S S NN I ISP, 20 02
oo S : 0.1
100 150 200 250 300 350 400 450 650 700
270 Enthalpy (kJ/kg) 440
400

& J-Go R134a P-H chart cdlog€ e§aon:aopd vapor compression cycle
Condensing T=50°C, P= 1.3 MPa=192 psia
Evaporating T=5°C, P=0.35 Mpa = 51 psia
Enthalpy o0§8:00p5 heat quantity [9920p0i Sensible $& latent $8960IC:00§3: [gBaopdn
Enthalpy 00§3:6i 0p$62005 Btu/Ib [kI/kg] [gd20g5n
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Refrigeration Systems

Chapter-2 Vapor Compression Fundamental

Refrigeration System Group

Temperature Range

Low temperature application

20S - 40°C © —25°C 32098

Medium temperature application

20§§ -25°C ¢ — 5°C 200pCs

High temperature application

sgﬁl)g’ﬁ -5°C @ +10°C s'sog&

6800EQod03a0p) pdeisl BodBepd temperature range 03 codq) G0H0lE0RE: Fgn:

002200201

() CVOD80CHAP) eGP BeyEBE:e0pds(fresh food storage)q$saogod 33200005
20§ $qp2e 35°F ¢ 45°F(2°C ¢ 7°C) 20058 [gdoodi

(®)

-10°F ¢ 0°F (-23°C ¢ -18°C) 32038s [gbo0pd

(0)

OGP Jecnlas Feesaeds(food storage freezer)saogod cdeab20p) 30GSqpPied

cpgp:  2005600¢a00h0m[gbeoepd  saeaencd(comfort  cooling)eusq§sacgad  chiller o

apobeuigs (33260000 20Sapied ~10°F ¢ 12°F(5.5°C ¢ 6.6°C) 3203Cs [gdaopdi
Table 2-1 o3¢ refrigeration $pS:3§E§jEs¢ 2005a3E20p5mag05qP:0d §E:008 ewSgooniapd

Table 2-1 comparison of cooling methods
Cooling method Usage in building services | Efficiency Capital cost | Carbon footprint
Vapor compression High High Low Medium
Absorption:
—generated heat Low Low High High
— waste/free heat Low High High Low
Air cycle Low Low High Medium
Evaporative Medium High Low Low
Desiccant Medium High Low Low
Carbon dioxide Low Medium High Low
Table 2-2 prospects of alternatives to vapor compression technology
. Best
Theoretical Prospect for
. State of Carnot Development . .
Technology Maximum Carnot ) ) Competing with
. Development | Efficiency Barriers .
Efficiency . Vapor Compression
Achieved
Thermoelectric 25-35% Commercial 10-15% Medium Fair
Thermionic 20-30% Experimental < 10% High Poor
Thermo-tunneling 50-80% Experimental No data Very High Average
Thermoacoustic 60-100% Prototype = 20% Medium Good
Magnetic 50-60% Prototype = 20% Medium Good
Magnetic 50-60% Prototype = 20% Medium Good
. . Already Vapor
Vapor Compression 70-80% Commercial 60% .
developed Compression
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Table 2-3 prospects of alternatives to vapor compression technology

comEo005098,

Technology Theoretical State of Best Development | Extent of R&D | Prospect for
Maximum | Development Carnot Barriers Activity Competing
Carnot Efficiency with  Vapor
Efficiency Achieved Compression
Thermoelectric 25-35% Commercial 10-15% Medium Many players Fair
Thermionic 20-30% Experimental < 10% High A few players Poor
Thermo- tunneling 50-80% Experimental No data Very High A few players Average
Thermoacoustic 60-100% Prototype = 20% Medium Many players Good
Magnetic 50-60% Prototype = 20%1 Medium Many players Good
Vapor 70-80% Commiercial 60% Already Widespread
Compression developed
Table 2-4 design conditions for fluid refrigerants
Refrigerants Source Fluid Source Sink Fluid Sink Fluid Refrigerant
Application Type and Refrigerant Type and Refrigerant Carnot Carnot COP
Temperature | Temperature | Temperature | Temperature cop
Water-cooled
. 44°F water 38°F 85°F water 91°F 12.3 9.4
chillers
Air-cooled .
. 44°F water 38°F 95°F air 105 °F 9.9 7.4
chillers
Air-cooled
unitary 55°F air 45°F 95°F air 105°F 12.9 8.4
equipment
Refrigerator 38°F air 28°F 90°F air 100°F 9.6 6.8
Freezer 5°F air -5°F 90°F air 100°F 5.5 4.3
Table 2-5 design conditions for solid refrigerants
Refrigerants Source Fluid Source Sink Fluid Sink Fluid .
- . . Refrigerant
Application Type and Refrigerant Type and Refrigerant | Carnot Camot COP
Temperature | Temperature | Temperature | Temperature cop
Water-cooled
. 44°F water 42°F 85°F water 87°F 12.3 11.1
chillers
Air-cooled )
i 44°F water 42°F 95°F air 101°F 9.9 8.5
chillers
Air-cooled
unitary 55°F air 49°F 95°F air 101°F 12.9 9.8
equipment
Refrigerator 38°F air 32°F 90°F air 96°F 9.6 7.7
Freezer 5°F air -1°F 90°F air 96°F 5.5 4.7
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Evaporator & enthalpy o3 compressor i enthalpy (g€ oo:con:a0pdsegs gpseco  system
effectiveness SeomE:eco [gdoopdn Compressor work $pd:5054gC refrigeration effect gpaqps
§8€aqi€ COP comtaoopdi

Refrigeration system oodgel 2800 qdgudged0pd 22¢g8§8600esep(heat  source)o

2pqP20d 320GE[gE000 esep(heat sink) eepadesmt [gapdlgts [gdoopdn O( -G j)ogE refrigeration
machine 32(§® 6E:8€a0p) thermodynamic system 006903 cedlgaonzaogdi

T, = Absolute temperature of the source (low temperature)

Q. = The heat transferred from the source is the refrigeration effect (refrigeration load)
Ty = Absolute temperature of the sink (high temperature)

Qu = The heat rejection to the sink at the temperature TH

W = Work input

Heat sink
Th
WARM WARM
Msdniy house
Heat transfer Sl
Oy Uy = desired output
System /,——«\ /__\_\
(Refrigerator) i f Wiet i = required input Wt i = required input
Work input [ r =_} ot, [ e
.y N\
) — desi 3
Heat transfer Oy = desired output O
Heat COLD
eat source refrigerated COLD
TL space environment
(a) Retrigerator (&) Heat pump

& J-G Refrigerator 33(g® 320)4{gjo0:0005 thermodynamic system 0od9

3200056[god GuEies0000(continuous operation) system ood9 [gdeoonelopE “first law of
thermodynamics” o3 3203 8Ea0pdn 3pgP:0d coudSesmnCogqaacyad refrigerant o saadgiaopd
Refrigerant 320§$0000 evaporator a30upod heat source &l 32058 (temperature)coo 86eomelopé
refrigerant 20p5 heat source © 3204 OLPoFA(Gs refrigerant &1 320§$ [§Goo0da000p5N Besn0d
compressor 93038:03  eepod§ogsds  8a0[glsdqom 20§  [gConodanaopdi  [§EonaSaro0d
refrigerant 320§§2005 heat sink 93000 condenser &1 20§$c005 Sgp:oopdi BelopE refrigerant
2005 heat sink o3 cepad§§§arE 204p:03 98000508800

Evaporator &l enthalpy $¢ compressor &1 enthalpy $696dl: 00§3:0005 condenser © v05a005
(rejected) 2005 enthalpy oedan $& 305800051 Qu-QL+ W

-End-
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Table A-11 Saturated Refirgerant R134a Temperature Table

comEo005098,

TABLE A-11
Saturated refrigerant-134a—Temperature table
Specific volume, Internal energy, Enthalpy, Entropy,
m3/kg kJ/kg kJ/kg kJ/kg-K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Temp., press., liquid, vapor, liquid, Evap., vapor, liquid, Evap., vapor, liquid, Evap., vapor,
T°C P, kPa v Vg uy Ugg Ug hy g hy S¢ Sgg S
-40 51.25 0.0007054 0.36081 -0.036 207.40 207.37 0.000 225.86 225.86 0.00000 0.96866 0.96866
-38 56.86 0.0007083 0.32732 2.475 206.04 208.51 2.515 22461 227.12 0.01072 0.95511 0.96584
-36 62.95 0.0007112 0.29751 4.992 204.67 209.66 5.037 223.35 228.39 0.02138 0.94176 0.96315
—-34 69.56 0.0007142 0.27090 7.517 203.29 210.81 7.566 222.09 229.65 0.03199 0.92859 0.96058
-32 76.71 0.0007172 0.24711 10.05 201.91 211.96 10.10 220.81 230.91 0.04253 0.91560 0.95813
—-30 84.43 0.0007203 0.22580 12.59 200.52 213.11 12.65 219.52 232.17 0.05301 0.90278 0.95579
—-28 92,76 0.0007234 0.20666 15.13 199.12 214.25 1520 218.22 233.43 0.06344 0.89012 0.95356
—-26 101.73 0.0007265 0.18946 17.69 197.72 21540 17.76 216.92 234.68 0.07382 0.87762 0.95144
—-24 111.37 0.0007297 0.17395 20.25 196.30 216.55 20.33 215.59 235.92 0.08414 0.86527 0.94941
-22 121.72 0.0007329 0.15995 22.82 194.88 217.70 2291 214.26 s237.17 0.09441 0.85307 0.94748
—-20 132.82 0.0007362 0.14729 25.39 193.45 21884 2549 21291 238.41 0.10463 0.84101 0.94564
—18 144.69 0.0007396 0.13583 27.98 192.01 219.98 28.09 211.55 239.64 0.11481 0.82908 0.94389
—16 157.38 0.0007430 0.12542 30.57 190.56 221.13 30.69 210.18 240.87 0.12493 0.81729 0.94222
—14 170.93 0.0007464 0.11597 33.17 189.09 222.27 33.30 208.79 242.09 0.13501 0.80561 0.94063
—12 185.37 0.0007499 0.10736 35.78 187.62 223.40 3592 207.38 243.30 0.14504 0.79406 0.93911
-10 200.74 0.0007535 0.099516 38.40 186.14 224.54 3855 205.96 24451 0.15504 0.78263 0.93766
-8 217.08 0.0007571 0.092352 41.03 184.64 225,67 41.19 204.52 245.72 0.16498 0.77130 0.93629
-6 234.44 0.0007608 0.085802 43.66 183.13 226.80 43.84 203.07 246.91 0.17489 0.76008 0.93497
-4 252.85 0.0007646 0.079804 46.31 181.61 227.92 46.50 201.60 248.10 0.18476 0.74896 0.93372
-2 272.36 0.0007684 0.074304 48.96 180.08 229.04 49.17 200.11 249.28 0.19459 0.73794 0.93253
0 293.01 0.0007723 0.069255 51.63 178,53 230.16 51.86 198.60 250.45 0.20439 0.72701 0.93139
2 314.84 0.0007763 0.064612 54.30 176.97 231.27 54.55 197.07 251.61 0.21415 0.71616 0.93031
4 337.90 0.0007804 0.060338 56.99 175.39 232.38 57.25 195.51 252.77 0.22387 0.70540 0.92927
6 362.23 0.0007845 0.056398 59.68 173.80 233.48 59.97 193.94 253.91 0.23356 0.69471 0.92828
8 387.88 0.0007887 0.062762 62.39 172.19 23458 62.69 192.35 255.04 0.24323 0.68410 0.92733
10 414.89 0.0007930 0.049403 65.10 170.56 235.67 6543 190.73 256.16 0.25286 0.67356 0.92641
12 44331 0.0007975 0.046295 67.83 168.92 236.75 68.18 189.09 257.27 0.26246 0.66308 0.92554
14 473.19 0.0008020 0.043417 70.57 167.26 237.83 70.95 187.42 258.37 0.27204 0.65266 0.92470
16 504.58 0.0008066 0.040748 73.32 165.58 23890 73.73 185.73 259.46 0.28159 0.64230 0.92389
18 537.52 0.0008113 0.038271 76.08 163.88 239.96 76.52 184.01 260.53 0.29112 0.63198 0.92310
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Table A-11 Saturated Refirgerant R134a Temperature Table (Continued)

TABLE A-11
Saturated refrigerant-134a—Temperature table (Concluded)
Specific volume, Internal energy, Enthalpy, Entropy,
m3/kg kJ/kg kJ/kg kJ/kg-K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.

Temp., press., liquid, vapor, liquid, Evap., vapor, liquid, Evap., vapor, liquid, Evap., vapor,
T°C P, kPa v, Vg Uy Upe U hy hig hy S S Sg
20 572.07 0.0008161 0.035969 7886 162.16 241.02 79.32 182.27 261.59 0.30063 0.62172 0.92234
22 608.27 0.0008210 0.033828 8l1.64 160.42 242.06 82.14 180.49 262.64 0.31011 0.61149 0.92160
24  646.18 0.0008261 0.031834 84.44 158.65 243.10 84.98 178.69 263.67 0.31958 0.60130 0.92088
26 685.84 0.0008313 0.029976 87.26 156.87 244.12 87.83 176.85 264.68 0.32903 0.59115 0.92018
28 727.31 0.0008366 0.028242 90.09 155.05 245.14 90.69 174.99 265.68 0.33846 0.58102 0.91948
30 770.64 0.0008421 0.026622 92.93 153.22 246.14 9358 173.08 266.66 0.34789 0.57091 0.91879
32 815.89 0.0008478 0.025108 95.79 151.35 247.14 96.48 171.14 267.62 0.35730 0.56082 0.91811
34 863.11 0.0008536 0.023691 98.66 149.46 248.12 9940 169.17 268.57 0.36670 0.55074 0.91743
36 912.35 0.0008595 0.022364 101.55 147.54 249.08 102.33 167.16 269.49 0.37609 0.54066 0.91675
38 963.68 0.0008657 0.021119 104,45 14558 250.04 105.29 165.10 270.39 0.38548 0.53058 0.91606
40 1017.1 0.0008720 0.019952 107.38 143.60 250.97 108.26 163.00 271.27 0.39486 0.52049 0.91536
42 1072.8 0.0008786 0.018855 110.32 141.58 251.89 111.26 160.86 272.12 0.40425 0.51039 0.91464
44 1130.7 0.0008854 0.017824 113.28 139.52 252.80 114.28 158.67 272.95 0.41363 0.50027 0.91391
46 1191.0 0.0008924 0.016853 116.26 137.42 253.68 117.32 156.43 273.75 0.42302 0.49012 0.91315
48 1253.6 0.0008996 0.015939 119.26 135.29 25455 120.39 154.14 274.53 0.43242 0.47993 0.91236
52 1386.2 0.0009150 0.014265 125.33 130.88 256.21 126.59 149.39 275.98 0.45126 0.45941 0.91067
56 1529.1 0.0009317 0.012771 131.49 126.28 257.77 132.91 144.38 277.30 0.47018 0.43863 0.90880
60 1682.8 0.0009498 0.011434 137.76 121.46 259.22 139.36 139.10 278.46 0.48920 0.41749 0.90669
65 1891.0 0.0009750 0.009950 145.77 115.056 260.82 147.62 132.02 279.64 0.51320 0.39039 0.90359
70 2118.2 0.0010037 0.008642 154.01 108.14 262.15 156.13 124.32 280.46 0.53755 0.36227 0.89982
75 2365.8 0.0010372 0.007480 162.53 100.60 263.13 164.98 115.85 280.82 0.56241 0.33272 0.89512
80 2635.3 0.0010772 0.006436 17140 92.23 263.63 174.24 106.35 280.59 0.58800 0.30111 0.88912
85 2928.2 0.0011270 0.005486 180.77 82.67 263.44 184.07 9544 27951 061473 0.26644 0.88117
90 3246.9 0.0011932 0.004599 190.89 71.29 262.18 194.76 82.35 277.11 064336 0.22674 0.87010
95 3594.1 0.0012933 0.003726 202.40 b56.47 258.87 207.05 65.21 272.26 067578 0.17711 0.85289

100 3975.1 0.0015269 0.002630 218.72 29.19 247.91 224,79 33.58 258.37 0.72217 0.08999 0.81215

Source: Tables A-11 through A-13 are generated using the Engineering Equation Solver (EES) software developed by S. A. Klein and F. L. Alvarado.

The routine used in calculations is the R134a, which is based on the fundamental equation of state developed by R. Tillner-Roth and H.D. Baehr, “An
International Standard Formulation for the Thermodynamic Properties of 1,1,1,2-Tetrafluoroethane (HFC-134a) for temperatures from 170 K to 455 K
and Pressures up to 70 MPa,” J. Phys. Chem, Ref. Data, Vol. 23, No. 5, 1994, The enthalpy and entropy values of saturated liquid are set to zero at
—40°C (and —40°F).
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comEo005098,

TABLE A-12
Saturated refrigerant-134a—Pressure table
Specific volume, Internal energy, Enthalpy, Entropy,
m¥/kg ki/kg kd/kg kJ/kg-K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.

Press., temp., liquid, vapor, liquid, Evap., vapor, liquid, Evap., vapor, liquid, Evap., vapor,
PkPa T, °C v, Vg ug Ug Ug hy higg hg 5 St Sg

60 -36.95 0.0007098 0.31121 3.798 205.32 209.12 3.841 22395 227.79 0.01634 0.94807 0.96441

70 -—33.87 0.0007144 0.26929 7.680 203.20 210.88 7.730 222.00 229.73 0.03267 0.92775 0.96042

80 -31.13 0.0007185 0.23753 11.15 201.30 21246 11.21 220.25 231.46 0.04711 0.90999 0.95710

90 -28.65 0.0007223 0.21263 1431 199.57 213.88 1437 21865 233.02 0.06008 0.89419 0.95427
100 -26.37 0.0007259 0.19254 17.21 197.98 21519 17.28 217.16 234.44 0.07188 0.87995 0.95183
120 -22.32 0.0007324 0.16212 2240 195.11 217.51 22.49 21448 236.97 0.09275 0.85503 0.94779
140 -18.77 0.0007383 0.14014 26.98 19257 21954 27.08 212.08 239.16 0.11087 0.83368 0.94456
160 -15.60 0.0007437 0.12348 31.09 190.27 221.35 31.21 209.90 241.11 0.12693 0.81496 0.94190
180 -12.73 0.0007487 0.11041 34.83 188.16 22299 3497 20790 24286 0.14139 0.79826 0.93965
200 -10.09 0.0007533 0.099867 38.28 186.21 22448 38.43 206.03 244.46 0.15457 0.78316 0.93773
240 —-5.38 0.0007620 0.083897 44.48 182.67 227.14 44.66 202.62 247.28 0.17794 0.75664 0.93458
280 —1.256 0.0007699 0.072352 49.97 179.50 229.46 50.18 199.54 249.72 0.19829 0.73381 0.93210
320 2.46 0.0007772 0.063604 5492 176.61 231.52 55.16 196.71 251.88 0.21637 0.71369 0.93006
360 5.82 0.0007841 0.056738 59.44 17394 233.38 59.72 194.08 253.81 0.23270 0.69566 0.92836
400 8.91 0.0007907 0.051201 63.62 171.45 23507 63.94 191.62 25555 0.24761 0.67929 0.92691
450 12.46 0.0007985 0.045619 68.45 168.54 237.00 68.81 188.71 257.53 0.26465 0.66069 0.92535
500 15.71 0.0008059 0.041118 72,93 165.82 23875 73.33 185.98 259.30 0.28023 0.64377 0.92400
550 18.73 0.0008130 0.037408 77.10 163.25 240.35 77.54 183.38 260.92 0.29461 0.62821 0.92282
600 21.55 0.0008199 0.034295 81.02 160.81 241.83 81.51 180.90 262.40 0.30799 0.61378 0.92177
650 24.20 0.0008266 0.031646 84.72 158.48 243.20 85.26 178.51 263.77 0.32051 0.60030 0.92081
700 26.69 0.0008331 0.029361 88.24 156.24 24448 88.82 176.21 265.03 0.33230 0.58763 0.91994
750 29.06 0.0008395 0.027371 91.59 15408 24567 9222 17398 266.20 0.34345 0.57567 0.91912
800 31.31 0.0008458 0.025621 94.79 152.00 246.79 9547 171.82 267.29 0.35404 0.56431 0.91835
850 33.45 0.0008520 0.024069 97.87 149.98 24785 98.60 169.71 26831 0.36413 0.55349 0.91762
900 35.561 0.0008580 0.022683 100.83 148.01 248.85 101.61 167.66 269.26 0.37377 0.54315 0.91692
950 37.48 0.0008641 0.021438 103.69 146.10 249.79 104.51 165.64 270.15 0.38301 0.53323 0.91624
1000 39.37 0.0008700 0.020313 106.45 144.23 250.68 107.32 163.67 270.99 0.39189 0.52368 0.91558
1200 46.29 0.0008934 0.016715 116.70 137.11 25381 117.77 156.10 273.87 0.42441 0.48863 0.91303
1400 52.40 0.0009166 0.014107 125.94 130.43 256.37 127.22 148.90 276.12 0.45315 0.45734 0.91050
1600 57.88 0.0009400 0.012123 134.43 124.04 25847 13593 14193 277.86 0.47911 0.42873 0.90784
1800 62.87 0.0009639 0.010559 142.33 117.83 260.17 144.07 135.11 279.17 0.50294 0.40204 0.90498
2000 67.45 0.0009886 0.009288 149.78 111.73 261.51 151.76 128.33 280.09 0.52509 0.37675 0.90184
2500 77.54 0.0010566 0.006936 166.99 96.47 263.45 169.63 111.16 280.79 0.57531 0.31695 0.89226
3000 86.16 0.0011406 0.005275 183.04 80.22 263.26 186.46 92.63 279.09 0.62118 0.25776 0.87894
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Table A-13 Superheated Refirgerant R134a Table

TABLE A-13
Superheated refrigerant-134a

T v u h s v u h s v u h s
°C m3/kg kl/kg  ki/kg  kllkg-K m3/kg kilkg  klkg kJ/kg-K m3/kg kJ/kg klkg  klkg-K
P = 0.06 MPa (T,,, = —36.95°C) P = 0.10 MPa (T,,, = —26.37°C) P =0.14 MPa (T, = —18.77°C)
Sat. 0.31121 209.12 227.79 0.9644 0.19254 215.19 234.44 0.9518 0.14014 21954 239.16 0.9446
-20 0.33608 220.60 240.76 1.0174 0.19841 219.66 239.50 0.9721
—10 0.35048 227.55 248.68 1.0477 0.20743 226.75 247.49 1.0030 0.14605 22591 24636 0.9724
0 0.36476 234.66 256.54 1.0774 0.21630 233.95 255.58 1.0332 0.15263 233.23 25460 1.0031
10 0.37893 241.92 264.66 1.1066 0.22506 241.30 263.81 1.0628 0.15908 240.66 262.93 1.0331
20 0.39302 249.35 272.94 1.1353 0.23373 248.79 272.17 1.0918 0.16544 24822 271.38 1.0624
30 0.40705 256.95 281.37 1.1636 0.24233 256.44 280.68 1.1203 0.17172 25593 279.97 1.0912
40  0.42102 26471 289.97 1.1915 0.25088 264.25 289.34 1.1484 0.17794 263.79 28870 1.1195
50 0.43495 27264 29874 1.2191 0.25937 272.22 29816 1.1762 0.18412 27179 297.57 1.1474
60  0.44883 280.73 307.66 1.2463 0.26783 280.35 307.13 1.2035 0.19025 27996 30659 1.1749
70 0.46269 288.99 316.756 1.2732 0.27626 288.64 316.26 1.2305 0.19635 288.28 31577 1.2020
80 0.47651 297.41 326.00 1.2997 0.28465 297.08 325.556 1.2572 0.20242 296.75 32509 1.2288
90  0.49032 306.00 335.42 1.3260 0.29303 305.69 334.99 1.2836 0.20847 305.38 33457 1.2553
100  0.50410 314.74 344.99 1.3520 0.30138 314.46 344.60 1.3096 0.21449 314.17 34420 1.2814
P =0.18 MPa (T, = —12.73°C) P = 0.20 MPa (T_, = —10.09°C) P =0.24 MPa (T, = —5.38°C)
Sat. 0.11041 222.99 242.86 0.9397 0.09987 224.48 244.46 0.9377 0.08390 227.14 247.28 0.9346
-10 0.11189 225.02 24516 0.9484 0.09991 22455 24454 0.9380
0 011722 23248 25358 0.9798 0.10481 232.09 253.05 0.9698 0.08617 231.29 251.97 09519
10  0.12240 240.00 262.04 1.0102 0.10955 239.67 261.58 1.0004 0.09026 23898 260.65 0.9831
20 0.12748 247.64 270.59 1.0399 0.11418 247.35 270.18 1.0303 0.09423 246,74 269.36 1.0134
30  0.13248 25541 279.25 1.0690 0.11874 255.14 278.89 1.0595 0.09812 254,61 278.16 10429
40  0.13741 263.31 288.05 1.0975 0.12322 263.08 287.72 1.0882 0.10193 262,59 287.06 1.0718
50 0.14230 271.36 296.98 1.1256 0.12766 271.15 296.68 1.1163 0.10570 270.71 296.08 1.1001
60 0.14715 279.56 306.05 1.1532 0.13206 279.37 305.78 1.1441 0.10942 278.97 305.23 1.1280
70 0.15196 287.91 315.27 1.1805 0.13641 287.73 315.01 1.1714 0.11310 287.36 314.51 1.1554
80 0.15673 296.42 324.63 1.2074 0.14074 296.25 324.40 1.1983 0.11675 29591 323.93 1.1825
90 0.16149 305.07 334.14 1.2339 0.14504 304.92 333.93 1.2249 0.12038 304.60 333.49 1.2092
100 0.16622 313.88 343.80 1.2602 0.14933 313.74 343.60 1.2512 0.12398 313.44 343.20 1.2356
P = 0.28 MPa (7., 1.25°C) P = 0.32 MPa (T, = 2.46°C) P = 0.40 MPa (T, = 8.91°C)
Sat. 0.07235 229.46 249.72 0.9321 0.06360 231.52 251.88 09301 0.051201 235.07 255.55 0.9269
0 0.07282 230.44 250.83 0.9362
10 0.07646 238.27 259.68 0.9680 0.06609 237.54 258.69 0.9544 0.051506 23597 256.58 0.9305
20 0.07997 246.13 268.52 0.9987 0.06925 24550 267.66 0.9856 0.054213 244.18 265.86 0.9628
30 0.08338 254.06 277.41 1.0285 0.07231 253.50 276.65 1.0157 0.056796 252.36 275.07 0.9937
40  0.08672 262.10 286.38 1.0576 0.07530 261.60 285.70 1.0451 0.059292 260.58 284.30 1.0236
50  0.09000 270.27 295.47 1.0862 0.07823 269.82 294.85 1.0739 0.061724 26890 293.59 1.0528
60  0.09324 27856 304.67 1.1142 0.08111 278.15 304.11 1.1021 0.064104 277.32 302.96 1.0814
70  0.09644 286.99 314.00 1.1418 0.08395 286.62 313.48 1.1298 0.066443 285.86 312.44 1.1094
80  0.09961 295.57 323.46 1.1690 0.08675 295.22 322.98 1.1571 0.068747 294.53 322.02 1.1369
90  0.10275 304.29 333.06 1.1958 0.08953 303.97 332.62 1.1840 0.071023 303.32 331.73 1.1640
100  0.10587 313.15 342.80 1.2222 0.09229 312.86 342.39 1.2105 0.073274 312.26 341.57 1.1907
110 0.10897 322.16 352.68 1.2483 0.09503 321.89 352.30 1.2367 0.075504 321.33 351.53 1.2171
120 0.11205 331.32 362.70 1.2742 0.09775 331.07 36235 1.2626 0.077717 33055 361.63 1.2431
130 0.11512 340.63 372.87 1.2997 0.10045 340.39 372.54 1.2882 0.079913 339.90 371.87 1.2688
140  0.11818 350.09 383.18 1.3250 0.10314 349.86 382.87 1.3135 0.082096 349.41 382.24 1.2942
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TABLE A-13
Superheated refrigerant-134a (Continued)
T v u h S v u h s v u h s
°C  mikg kifkkg klkg klkg-K | mikg kllkg klkg  kJkg-K m3/kg kilkg  klkg klkg-K
P = 0.50 MPa (T, = 15.71°C) P = 0.60 MPa (T, = 21.55°C) P =0.70 MPa (T, = 26.69°C)
Sat. 0.041118 238.75 259.30 0.9240 0.034295 241.83 262.40 0.9218 0.029361 244.48 265.03 0.9199
20 0.042115 242.40 263.46 0.9383
30 0.044338 250.84 273.01 0.9703 0.035984 249.22 270.81 0.9499 0.029966 247.48 268.45 0.9313
40  0.046456 259.26 282.48 1.0011 | 0.037865 257.86 280.58 0.9816 | 0.031696 256.39 278.57 0.9641
50  0.048499 267.72 291.96 1.0309 | 0.039659 266.48 290.28 1.0121 0.033322 265.20 288.53 0.9954
60  0.050485 276.25 301.50 1.0599 | 0.041389 275.15 299.98 1.0417 0.034875 274.01 298.42 1.0256
70 0.052427 284.89 311.10 1.0883 | 0.043069 283.89 309.73 1.0705 | 0.036373 282.87 308.33 1.0549
80 0.054331 293.64 320.80 1.1162 0.044710 292.73 319.55 1.0987 0.037829 291.80 318.28 1.0835
90  0.056205 302.51 330.61 1.1436 | 0.046318 301.67 329.46 1.1264 | 0.039250 300.82 328.29 1.1114
100 0.058053 311.50 340.53 1.1705 0.047900 310.73 339.47 1.1536 0.040642 309,95 338.40 1.1389
110 0.059880 320.63 350.57 1.1971 0.049458 319.91 349.59 1.1803 0.042010 319.19 348.60 1.1658
120 0.061687 329.89 360.73 1.2233 0.050997 329.23 359.82 1.2067 0.043358 328.556  358.90 1.1924
130 0.063479 339.29 371.03 1.2491 0.052519 338.67 370.18 1.2327 0.044688 338.04 369.32 1.2186
140 0.065256 348.83 381.46 1.2747 | 0.054027 348.25 380.66 1.2584 | 0.046004 347.66 379.86 1.2444
150 0.067021 358.51 392.02 1.2999 | 0.055522 357.96 391.27 1.2838 | 0.047306 357.41 390.52 1.2699
160  0.068775 368.33 402.72 1.3249 | 0.057006 367.81 402.01 1.3088 | 0.048597 367.29 401.31 1.2951
P = 0.80 MPa (T, = 31.31°C) P = 0.90 MPa (T, = 35.51°C) P = 1.00 MPa (T, = 39.37°C)
Sat.  0.025621 246.79 267.29 0.9183 | 0.022683 248.85 269.26 0.9169 | 0.020313 250.68 270.99 0.9156
40  0.027035 254.82 276.45 0.9480 | 0.023375 253.13 274.17 0.9327 0.020406 251.30 271.71 0.9179
50  0.028547 263.86 286.69 0.9802 | 0.024809 262.44 284.77 0.9660 | 0.021796 260.94 282.74 0.9525
60  0.029973 272.83 296.81 10110 | 0.026146 271.60 295.13 0.9976 | 0.023068 270.32 293.38 0.9850
70  0.031340 281.81 306.88 1.0408 | 0.027413 280.72 305.39 1.0280 | 0.024261 279.59 303.85 1.0160
80 0.032659 290.84 316.97 1.0698 | 0.028630 289.86 315.63 1.0574 | 0.025398 288.86 314.25 1.0458
90 0.033941 299.95 327.10 1.0981 0.029806 299.06 325.89 1.0860 0.026492 298.15 324.64 1.0748
100 0.035193 309.15 337.30 1.1258 | 0.030951 308.34 336.19 1.1140 | 0.027552 307.51 335.06 1.1031
110 0.036420 318.45 347.59 1.1530 | 0.032068 317.70 346.56 1.1414 | 0.028584 316.94 34553 1.1308
120 0.037625 327.87 357.97 1.1798 | 0.033164 327.18 357.02 1.1684 | 0.029592 326.47 356.06 1.1580
130 0.038813 337.40 368.45 1.2061 | 0.034241 336.76 367.58 1.1949 | 0.030581 336.11 366.69 1.1846
140 0.039985 347.06 379.05 1.2321 0.035302 346.46 37823 1.2210 0.031554 34585 377.40 1.2109
150 0.041143 356.85 389.76 1.2577 0.036349 356.28 389.00 1.2467 0.032512 35b6.71 388.22 1.2368
160 0.042290 366.76 400.59 1.2830 0.037384 366.23 399.88 1.2721 0.033457 365.70 399.15 1.2623
170 0.043427 376.81 411.55 1.3080 0.038408 376.31 410.88 1.2972 0.034392 375.81 410.20 1.2875
180  0.044554 386.99 422.64 13327 | 0.039423 386.52 422.00 1.3221 0.035317 386.04 421.36 1.3124
P = 1.20 MPa (T, = 46.29°C) P = 1.40 MPa (T, = 52.40°C) P = 1,60 MPa (T, = 57.88°C)
Sat.  0.016715 253.81 273.87 09130 | 0.014107 256.37 276.12 09105 | 0.012123 258.47 277.86 0.9078
50  0.017201 257.63 278.27 0.9267
60  0.018404 267.56 289.64 0.9614 | 0.015005 264.46 28547 09389 | 0.012372 260.89 280.69 0.9163
70 0.019502 277.21 300.61 0.9938 | 0.016060 274.62 297.10 0.9733 0.013430 271.76 293.25 0.9535
80 0.020529 286.75 311.39 1.0248 | 0.017023 284.51 308.34 1.0056 | 0.014362 282.09 305.07 0.9875
90 0.021506 296.26 322.07 1.0546 0.017923 294.28 319.37 1.0364 0.015215 292.17 316.52 1.0194
100 0.022442 305.80 332.73 1.0836 | 0.018778 304.01 330.30 1.0661 0.016014 302.14 327.76 1.0500
110 0.023348 315.38 343.40 1.1118 | 0.019597 313.76 341.19 1.0949 | 0.016773 312.07 338.91 1.0795
120 0.024228 325.03 354.11 1.1394 | 0.020388 323.55 352.09 1.1230 | 0.017500 322.02 350.02 1.1081
130 0.025086 334.77 364.88 1.1664 | 0.021155 333.41 363.02 1.1504 | 0.018201 332.00 361.12 1.1360
140 0.025927 344.61 37572 1.1930 | 0.021904 343.34 374.01 1.1773 0.018882 342,05 372.26 1.1632
150 0.026753 354.56 386.66 1.2192 0.022636 353.37 385.07 1.2038 0.019545 352.17 383.44 1.1900
160 0.027566 364.61 397.69 1.2449 0.023355 363.51 396.20 1.2298 0.020194 362.38 39469 1.2163
170 0.028367 374.78 408.82 1.2703 0.024061 373.75 407.43 1.2554 0.020830 372.69 406.02 1.2421
180 0.029158 385.08 420.07 1.2954 | 0.024757 384.10 418.76 1.2807 0.021456 383.11 417.44 1.2676

2-34



GomEio005098

Chapter-2 Vapor Compression Fundamental

Pressure-Enthalpy Diagram for HFC-134a (SI Units)
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Pressure-Enthalpy Diagram for HFC-134a (English Units)
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Chapter-3 Vapor Compression Cycle Theory and Calculation

-0 Vapor Compression Refrigeration Cycle

2oFS[gE0d esep(high temperature)o  sap(heat)qpsoopd  320§8860p5es6p(low
temperature)od sac3sa60qPod 0pe(gpEi8Eendaopd: 220 §8600esep(low temperature)e 9a¢
(heat)qp: 320$[gGo0pd esep(high temperature)od cepodoieoq$320305 refrigeration 03§
(device) 000§z B325205m

2FS86000esepe  3p(heat)qpsad 20§8[gEoodesepad opselgpCs(transfer) agsesné
[giopSe0dgEsa? “refrigeration” wpesl oopbi Refrigeration cycle o [gbeo[Gs refrigeration effect [gdesa0E
[giopbe0s0005 o3§oogps(devices)o? “refrigerator” vpeal copdn  Vapor compression refrigeration cycle
g0 sagpsad: coglgE8Co0pdn Refrigerant 2000 32040 ©OLAG: F26g30[gdS Glgpt:nd(vaporize)
agn:00p01 Refrigerant vapor qpsod compressor [g& 8936 (compress)fs 3saodgCes§§o condenser
20p8:] pgps 090Ha%e3NE [gopde) 2a6p033[gd3  elgptibeoaopdi ades00d B3adgtaodd
refrigerant 2005 9206205403 eSO oyLd[g§(expend)anooodi Arpad codslcodsl [gIred[gt:od

“vapor compression refrigeration cycle” vreal 20201

9-J Reversed Carnot Cycles

Carnot cycle 20p5 heat engine 32006005003 eedlqoopd cycle (g8 refrigeration cycle
20p5 heat engine 3300600605¢  e[PE[g§lgdeanaelop reversed Carnot cycle vresl g
[g©20p5n Carnot cycle o} e[pE:{g§lgdesant [grpdeamnaelo3pé reversed Carnot cycle wpesl 205

Refrigeration cycle 2005 32006:328 230005 ma0pd(Work)o? system sacpE:ad copdeos(d
20§$860000esep(low temperature heat source T 3a06p: 30§8[gE00pdesep(high temperature
heat sink - Ty)a8 ope[gpCieoo0pd reversed Carnot cycle [§6o0pbn Carnot cycle 20p5 reversible
isothermal processes $695 isentropic processes $69 Glo&aop) reversible cycle [gdo0p5n Refrigerator
$C heat pump o%00p5 reversed Carnot cycle o 336[gdg) 8&E:cpboonzeomalopE Carnot refrigerator
a300p05 Carnot heat pump vagjeopd: 68l &0 capdoopdi
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s e

3 \

g_/ Warm medium, Ty
—_ I
3 Qu 2 Ty

Condenser

Expension
L__‘.'al-m

Turbine

Compressor
I Evapogator

4 1 _
= T s
g Cold medium, T, }3

—.
& -0 Carnot refrigerator ¢l 92800 32805323E:(major components)gp:$& T-s diagram

Reversed Carnot cycle 2005 0opBo0pd 32088 $6933/opi05€ 320066005 refrigeration cycle
96 efficient sofgbads (36005 sa[gEad: theoretical COP o cusdEa0pd cycle [gbaopd Reversed

Carnot cycle COP 000’ 3eom&saopd refrigeration machine o3 030g[giapdef o[gbgEeol

O(p-0)0z¢ eedlgoonsong) refrigeration cycle o3 “Reversed Carnot Cycle” oy cala3o0o0n Heat
engine 20p5 00Hge&:3aE Jeupcd Zacpd(work) g§gs3e0305 Gantenad(fuel)od B:ecnteold: 320
96235C c0pdELE00Rd Carnot cycle [gdoopdi

Refrigerator gps $C heat pump gpzaopd 25006006 0932005 o3§uon(device)yps [glo300p0

320Dgl0 Jeupod 303§0oopd pdgudqedomn TRgrsoopdn  Refrigerator qps $& heat pump gpsci
g&seaonCepd(performance) o Coefficient Of Performance (COP) [g¢ eodjgecpdioopdi

COP, = Q COP,p = Qu
Net(in) Net(in)
1 1
COPRef,Carnot = T—H COPHP,Carnot = 1_77'11

T, -1 Tu

O(p-0)op¢ refrigerant 2000 30 (heat)qp:od isothermal $p5:(gC low-temperature (T,)source ©
9S0pa0pdI §G0P0Ed QoMo @, (process 1-2) [gdoopdn State 3 o3& compressor 2005
isentropical $pSdgC refrigerant g0} 8a38(compress)eomelope oGS T, 93 [§E000d agn:aodi
365005 30g$[gEa0pdesep(high-temperature sink)ad isothermal $054gE a0 (heat)qpso? g&oocdud
(reject)oopdi g§000d0dAPY Fp0wdN0Rd @, (process 2-3) [gdoopdn Process 3-4 sa03¢: refrigerant
20p0 soeg[gd(saturated vapor state)o saepdsalgd(saturated liquid state)ss[gdad condenser

320855 6gpCacdagn:00pdi 0865005 :20§E8G000 state 1 o3 isentropical $p5g¢ a3[gS(expand)
20pbi Carnot refrigerator $& Carnot heat pump ojei Coefficients Of Performance (COP)o 220§$

[§Ec05: ecBlg8Ea0pb

T, (low temperature) [48q] Goodcopbieome: adwwpdd T, (high temperature) $&eoomelope

Gaodcopdieomts T, & Ty, sajogp: 320§ [gres0:q0d $p5:0000gE COP 0083: Sqps concd6epSi
Reversed Carnot cycle aopd efficient 35[gdsd:eoon refrigeration cycle [§620o0n coodeoy

copbuodesaop) refrigeration cycle gpsai efficiency 20pd reversed Carnot cycle 00058 veomE:§Eao

Isothermal heat transfer process $692005 coodeogopE evaporator $& condenser sacpCs§ dzao:
oe[pE:deoo3(constant pressure) 0oda00c50005gbes3E 03Si002q8 ©[gb§Caoi
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-9 Ideal Vapor Compression Refrigeration Cycles
Refrigerator QP air-conditioner qpsz 1 chiller qp:§§ heat pump qpsoaé vapor compression

refrigeration o3 326[gd6] 035680005002:0005 MBGogp: [§Blo300p5

Qn
Saturated B Superheated

liquid Condenser 4 vapor
: 2
Expansion R 4
ralv everse W
valve Heat
h4 = hg Engine
) 1 Compressor
Saturated Evaporator
liquid + vapor - j Saturated
QL vapor
<°3 9-J Schematic for ideal vapor compression refrigeration cycle Reversed Heat Engine

Ideal vapor compression cycle :390308 q?ooancﬁ(assumption)qps w
(o) Evaporator | condenser $& compressor gqpzopE [gbedl 003 irreversibility gpod copdoges

obsox[g: ofgdh
(9) godo3cdg(friction)eloppé [gdedleam  Bsansoqeotigqps(frictional pressure  drops)od
00pb9gCs ofsosgs olgidln

(0) Heat exchanger $69[gdoopd evaporator $& condenser 3203C:3 refrigerant opd
$e208320: (constant pressure)ge 8:eols(flow)es050p psocoD:000N

(00) =a8s08:08a3(surroundings) S:opsogso0pd 3a0ed:sa(heat loss) oup vrsocoE00RdI

(c) Compression process o3 isentropic process 92[gd ueoco:00201

9.0.0 Ideal Vapor Compression Refrigeration Cycles g€dgqiod (2)
Vapor compression refrigeration cycle o% refrigerator gpz chiller gpzi air-conditioning system
qps heat pump gp: ©20p50303E sagpsed: 3203:{g0320001
Vapor compression refrigeration cycle 53¢ 6520053 [g60d ccvsjs dloCoopdi
1-2 Isentropic compression in a compressor
2-3 Constant-pressure heat rejection in a condenser
3-4 Throttling in an expansion device
4-1 Constant-pressure heat absorption in an evaporator

Ideal vapor compression refrigeration cycle og€ refrigerant qpsoopd compressor sa0p8:0d
Feg(saturated vapor)ss(gd o€eepodaonaogdi Besefgmeesa? state 1 0200500500001 Compressor
20p5 isentropic compression process g refrigerant qpso? 8a36(compress)esod 0§ [§E0005
aoo0pdi Compressor 8200 state 2 ¢ refrigerant gqpzaopd condenser 803E:03 superheated vapor
230 ofeepodoopdn Condenser s2038: refrigerant qpsoopd 320403 g&cood(Ge saturated liquid

g3 (state 3) Gepad§ognzoopdn Condenser 32038:q refrigerant 820§8§2005 320080005(gE:dq2005
328:08:078§ 320§$0005 J[gEo00i
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State 3 03¢ saturated liquid refrigerant qpso? evaporator pressure a3eepadesnC expansion

valve a3e0pod capillary tube od:) throttling cvde] eagpgE80500p0324l refrigerant 320§2005
refrigerated space &l 3290005 Sso5: agnsaopdi Refrigerant qpsoopd evaporator (state 4) sa0pCsod

low-quality saturated mixture s3[gd o€eepodaonaogdi Refrigerated space o sapqP:ad @S0G adso
op§otesmt saegdj(evaporate)ognoopdi 0365005 saeg(saturated vapor)saes(gC evaporator sa0pC0
ogodogdfd:  compressor 8203893 ofeepodom 65005000 refrigeration cycle 0089 ©0oE200N
Refrigeration cycle 20p5 3290056[q05 copduchesoopd cyde [gdaogdi

9.0 Ideal Vapor Compression Refrigeration Cycles gsfggi0b ()

A P

>

& 9-p Ideal vapor compression refrigeration cycle 00696l T-s diagrams sC P-h diagrams

State 1 ¢ State 2: Internally 1 Reversible 1 Adiabatic (isentropic) Compression Process

Refrigerant o3 reversible 1 adiabatic (isentropic) $pdg¢ 8986(compression)oopdn State 1
saturated vapor qpsoopd state 2 o8 superheated vapor sa[gbeepad§ ogasoopdn (S1 = S2)

Win = hy; — hy

State 2 ¢ State 3: Internally 1 Reversible 1 Constant Pressure Heat Rejection Process

State 2 ¢ state 3 200 internally 1 reversible 1 constant pressure heat rejection [gdoopdu
00b5pdiandgS refrigerant ¢ 0pg80005(gE: [goopdi State 3 o eepad§Sope refrigerant
DpJSogeolfGs  saqpd(saturated  liquid)sa[gdad  efgpicdogasoopdn  oBadelgpEicdlgtiod
condensation [g620pb0p @aloopdi Refrigerant © 32003 condenser water a3e0pod Goooo
0593 9800050608050

qH = h; — h;

State 3 ¢ State 4: Irreversible Throttling Process

;20§ (temperature) $& Bzans(pressure) ogeoiea0dcopd: enthalpy welgpE:ad (constant)eor
State 4 8823 refrigerant qpzaopd low quality saturated mixture 33(g® oCeepa 200

h; = h, (constant enthalpy)

State 4 ¢ State 1: Internally 1 Reversible 1 Constant Pressure Heat Interaction Process

Refrigerant (two-phase mixture) qpsoopd 32040 9508 sngod(evaporated) coodi State
point 1 0p€ saturated vapor 22[g633 cepad§oopdi Refrigerant qps spgodqSeacgad 33260009
latent enthalpy o3 evaporator s30pCs3 refrigerated space ¢ qfoopdi Evaporator s20p8s5
refrigerant 823 on:e{gpEeagn:anpd sagoedan(amount of heat transferred)o? refrigeration load

07 @8l 2o
qL = hy — h,



Clepatieclostont Chapter-3 Vapor Compression Cycle Theory and Calculation
D

Ideal compression refrigeration cycle 205 internally reversible cycle eupodeon 3300056[o3pE¢
aBeaod throttling cpS[gE:aopd irreversible process [gdeooe[opE [gdoopd

300 expansion valve (throttling device) o isentropic turbine [g¢ sson:cB:§EayE
refrigerant oopd evaporator 3208:03  state 4s esepe (O p-p) ofeepadarncddedi Belopt
refrigeration capacity Sqp: con§€a0p51 vedansadgE curve 4-4s 633005 edox(area under 4-4s) $&

oppBo0pd work input vean eagpsRd:a8edi saonudelopEadeadd turbine ¢ soadig$Ea005 work
00§03 cpcdeu§teomaelopt [§0o0pdbn Beasd coodeoy saelgeacsopt expansion valve o} turbine

[5€ 2p02:0%:q§ 320505 psoy0§eSepigtsC 3¢) gOeag: 9053[gE:03 [36§E00N

Evaporating temperature o3 1°C [4¢¢) 6enC:8EaqE COP 2% ¢ 4% 2203 JeonE:an§Eaogdi
Condensing temperature 03 1°C 86¢) cua&:8Eaq€ COP 2% ¢ 4% 3208 deomE:0n§Ea0pd

Vapor compression system qpso? Gaoaonogodgjedepogt 632005dl3agi05¢p: dloCoopdi
(o0) T-s diagram $¢& P-h chart cqgagdl
(9) System § ss0&03Esaa0p05 principal state gps $E 0§8sgp: 03 gpagdh
(0) 22800 process qpsy mass 1 energy & entropy balance equation qpssaadge) 32262005
0083520 gpAli
() Refrigeration .§§ heat pump system qp:eﬁ performance 1 coefficient of performance §§

capacity o3 gpdli

Vapor compression system qpso? engineering model [§¢ copconepoge 6320050l 3280&4ps o€aopd
(0) Component 0269g/C:803 control volume 2[gd 200de0dB: steady state saclgaaesopt
eopaon(analyze)oopdi

(J) Compressor gpsaopd adiabatic $p5g¢ compression [gepS20p50p psoogEdgEd0EdN
() Refrigerant qpsoopd expansion valve esepogC throttling process [gdedl copdi

() Kinetic energy $& potential energy a[gpCscdegp:ad aqdayjige) cRoPgI>20R0!

9-9-9 Ideal Vapor Compression Refrigeration Cycle powd(2)
ocooego ideal reversible cycle 08903 00o¢ Gy O(p-6)opE Gudgoonod

ideal reversible cycle 00692000 220§& 860000 G5ep(T)e 30qPo0Rd 20§S [§Ea0pdesep(Th)od
opse[gpE0005 “Ideal Refrigeration Cycle” 0o69[g620001

35°c Condensation

g ol 2% :
E
g " | Compression
% Expansion
h 4 ] _Eo
= 268 ,___5_9_

Evaporation

iz Compressior@
Expansion

(@) (b)
{) 9-G(o0) Ideal reversed Carnot cycle (a) circuit and (b) temperature—entropy diagram
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;o4occ [ o
T |3%°¢ Condensation ¢ 31315 K
«|a08.15 - — | fpmmm===—- Ambient
e e
2 2
© g
é Expansion Y | Compression aé- Y A
2 L
n.|Z3¢ .
°|268.15 K[ e D Y pepp——— Load
Evaporation r —10°C N
¢ 26315 K[~
Entropy Entropy
- 1 - = 1 =
COP = 3gs.15/268.15)= 1~ °7 COP = Fiamsmeam =1 2
¢ 9-G(®) Ideal reversed Carnot cycle ¢ 9-G(0) Modified reversed Carnot cycle

Refrigeration cycle 0g€ saad|gioon:000 fluid o3 “Refrigerant” vpeal oopbn Refrigeration cycle
o€ Jlo€aopd 3280 component (G)§jgelo3E process (G)p [gedaopdn Refrigerant 20p5 o3 process
GeV:p0d:03 GepaS§Bs cobdloodel Zasoabulgod copduodesapd

Compression process $& expansion process $692005 (p-G)og€ qdsecdypist eddlg
con:00p) constant entropy (isentropic) process qp: [98[o300051 Entropy ee[gp€cda00b (isentropic)

process 20pd reversible process o3eupod ideal process [gdoopdi Entropy ee[gpicd comeloppé
entropy generation o[gbed con Entropy generation o[gdedl comaelopE reversible process  [gbaopdn

005603038 6[gd§E0d ideal process [gdaopdi

System © 3504 @O0IazA:[gCs(heat addition to refrigerant) $¢  2apqP:p§c003gE: (rejection
of heat)od [g0esgs0pC =200§s olpEicdlgtied(constant temperature)op opso  conseomGlOPE
qsegpCqps(horizontal lines)gE O(p-G-0n-b)oge cudgoonzoogdi

8a38[gEs(compression) [gopdesqSoge system 300p8:08 g&:3eC afeupcd  =acpO(Work)
copdeusg$ 33020001 Expansion [gdes§$opC 96:3a8 Bewrod 3acd(work) qps [gSagadaonaogdi

Evaporation [gbesqSope 320q8860pdesepe  3a0(heat)qpod  system o> ©S1r2000N

Condensation [gde0les§SoE system 3a058:0 3a0(heat)qp:od 35[gEad @&000520001 copdeuigaopd
962358 Bo0rod 3005(work) $¢ [g$a§§E0p5 cooling effect o3¢ Coefficient Of Performance (COP)o?

030508 €205

Vapor compression cycle o3 refrigeration cpdcSiqpenogod saaddgaopdi Refrigerant gpsoogd

2OFSB Bodq s0gad[g:(boiling) $& condensation [g8[gE:0d [gdedl copdi Refrigerant o> 22003
900 apuadlgts(boiling)gbedl[G: sapgonadaqié condensation [gdedloopdn Refrigerant gp:ci

:20§$ (evaporation temperature $& condensing temperature)aopd 8ss(pressure)ad a30dq) e[gpscd
520001 Refrigerant &l 320580005 freezing point $& critical temperature 030005 eoaPagses o[gdSE
[e]e]]

O(p-6)o3E Te 2005 evaporation temperature [g8[Gs Tc 9025 condensing temperature [g&oopSi
Pe 2000 evaporation pressure [g8{g: Pc 20p5 condensing pressure [g®oopS

auad(boiling)g§saogod refrigerant  qpzoopd sag(latent heat of evaporation) qp:od ©Sop

§oopdn Condensing [gq$s20305 latent heat gp:od [G$g8000506q00001 Belo3p¢ chiller @i evaporator
3-6
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20pCsY refrigerant 2005 32040’ Oup(absorb)qoopdi Chiller &1 condenser sa0pts) refrigerant

2005 320D g&o0dd(reject)oopdi

& O‘é@ Evaporatir 2RCY 200§8sC 8302860000 3§§0zE
oy} ofopeoBocoraft ol [Goocd coof
m26g[gE:(vaporization)gbed copdi sag(vapor) gp:
o3 0odgE 338 (compress) GomelopE 83 [§Eonad

0001

Pressure

20

BamigCooodgelopE  corresponding  saturation
temperature copds [§Gon0do0pd 220§§[gE0pd eeg
T, T, fgbe aopqpicp ghopo: seepbmalgal clgpbicd

Temperature ODéII

¢ 9-§ Evaporation and condensation

Liquid at 35°C Condenser Critical pressure
249.7 kJ/kg . P saturation curve &
) Superheated
vapour at 8.87 bar
422.5 kJ/kg Condensation
Heat out Liquid -
- Compressor
ExpansionX L 4 9¢
valve c &
=] Q@
Liquid and 2 osq
vapourat Y Heat i o O
249.7 kJ/kg eatin a Vapour
\\\ Dry saturated E m >
vapour at —=5°C vaporation
g . 395.6 kJ/kg
h
Evaporator
("3 9-@ Simple vapor compression cycle with 9 9-q Vapor compression cycle o%
pressure and enthalpy values for R134a eed[goonzaopd Pressure—enthalpy diagram

pow- O(p-6)0z¢ eeBgoomiaopdmeddl: 30g8 -5°C §oopdesep(evaporator)e  Sa0qRAd
20§S 35°C §oopdesep(condenser)ad g§aood (reject)odqs sa0305 Carnot COP (ideal COP) o3 gpdh

;alg - 30qSqped absolute temperature 2Be[gp&:dli  -5°C 20p5 268 K $& 208:0090:
oppBo0pdi 35°C 205 308 K & 328:0090: opoBoopdi

QZ TL
cop =2 "L
W TH_TL
CarnotcoP = — 2% _ 6.7
arno = 308-268

204$ -5°C §oopdesepy 3pqpiop :odh 35°C §oopdesepa] ghopdd(reject)odad 320305
COP 6.7 0005 360mE:a0p9 00503 00p06800056S o[gdSEaeo

O(p-q)ogE refrigeration cycle o3 ewblgoon:oopdi Evaporation process [gdes§§opC 00§s
§60pdesep Bowrod working fluid ¢ apqp:od refrigerant o> @SuIc3cdeameopE cooling effect
a30upod refrigeration effect [g®edl copdn 0obspdima0dgE working fluid $& refrigerant o33 enthalpy
algpEacd[ge: [gBecl aophi
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P—h diagram

Vapor comporession cycle o 6aoag§3s0305 228qiE&0ngp:aopd pressure — enthalpy
diagram 2300705 P-h diagram o3 52600:805 §0:00000060m6A05gS c3sa620p5m P-h diagram 2095
substance gqp:&i liquid phase $& gas phase 036l 6[pE:dO03 sacgudonadespdigC eedlgooniond ogd
[g2005

O(p-q) o vertical axis og€ pressure (P) 00§3:qps0? cwdgoon:aopdi eg[gEpcdE:(horizontal
line)og€ enthalpy(h) 00§3:qp2a? eedjgoonsoogdi Saturation curve 20pS saqpbaaes(goon(pure liquid)
§$0pd e5epsE 326g0052005(pure gas or vapor)§e$0pd Gepa? SEgnioonoopd cd&gdaopdi

Vapor vpewblgoon:aopd esep(region)ogE  refrigerant aopd superheated vapor saes(gé
§esc36epdi Liquid op eudlgaon:aopd esep(region)ogt  refrigerant aopS subcooled liquid saes{ge

§esc30epdi

Curve & m6doncdesepogt refrigerant 0005 3a6p0(liquid)gbepd  sacg(vapor)gdepd

a3o0ndd $8§rocd: [gbesepd vpd) Bmoyelpe$ [gBSEeun meg(vapor)saa(geacsopt [gbedl
652000 830:0005 J[gCenayi€ refrigerant 2005 saqpd(liquid) ofgd8Eeomeol

Curve @i 036ad: Bams(pressure)od “critical pressure” vpesloopdi Curve &l 2a0pE:000503E
2epd(liquid)zaogt $& sneg(vapor)zal 8§ eepesnesaopd sac[geacs(mixture of liquid and
vapor)gdaopdi $(p-q)ogE [goon:aopd 2203E: vapor compression cycle o3 P-h diagram edlopE eeped
§Eo005

Evaporation process o3eopod  refrigerant  saegdfgCs(vaporization)gdopaopd  3za:
oe[pC:cd20pd [gdod(constant pressure process) [gdeoooelopE elgEpdads(horizontal line)gé
FIC3 Bleeptiowon)

Compression process o€ g&:3aC(energy)od =paddgs] 8955[gEs(compression) [gapd
conaelope refrigerant vapor &1 32098 [gGooodcmB: enthalpy copds [gEonodamoodi adelopé
Compression process 03 ealEadodgdx(vertical line)ye 683050 22000538 cwdlgoonzoopd 3a36[gEs
(compression) cod[G:§$opC superheated 20§88 cepodeseomalope saturation curve so[gonodad
eepodogzoopdl 3a80[gEielopt [gbedlconoopdeag(heat of compression)gpiclopC refrigerant &
enthalpy [§E0005 agasa0pdi Adiabatic compression vp 20050052000

G§00790:6ePOGo0pd compression temperature (discharge temperature)oopd condensation
temperature 000> 3[gEaopdi Condensation ©0oC olgdedlol refrigerant vapor 2005 egazagazoopdi
adelop¢ condensation temperature cood J[gesa0pd 220§§e condensation temperature 93eepades

2035055050803 98000500051 ofeagqedoopd ideal cycle $¢ wopBoopd sagEdlgdoogdi Actual
condensation process o} saturation curve 220385 eq[gEp8cEs(horizontal line) [§¢ cwd[g8Ea0di
O(p-0)opE simple vapor compression cycle o3 temperature entropy diagram [§¢ eod[g
o000 qdseontaqpegbaonioopdesep(shaded areas)oopd reversed Carnot cycle $& ©opp30000
3290 [gdaopdi
Adiabatic compression process 20p5 condensing temperature ¢gpo00p53500 [g6es366pdi
qPeeonqpedgboonioodesep(shaded areas)aopd Sapdeoopd 32005 (extra-work)owdan [gdo0pdi
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ogSoegpEacdaopd (constant temperature) compression process o Isothermal compression
process 0pesloopdi Isothermal compression [§66soEpd8EnqE dcvdaoopd 3a0pd(extra-work)
ocdma0c01 00dsobiemdgE condensing pressure o3 GepodezCoon 836(compress)agE extra work
o3 egpER8Ea00I

Saturation curve: Condensing
liquid vapour pressure

Expansion [g60paopd enthalpy oe[gp:cd200d  [360S
/] Condensing (constant enthalpy process) [gdoopdn P-h diagram edlapé

temperature  eSlEc0dqpdx(vertical line)gg eudlgoopdi

|
® |
% i Expansion  [g0e50D32038:  300p00n[gE:(absorption)
o | a300pod g&ondd[gl: (rejection) ofgdedleon Refrigerant
E qP2o0R5 valve 03 [godaogs B:e0Cs agadgean [gboopdi

% Entropy, s

<°3 9-© Ideal vapor compression cycle ooﬁ?éﬁ temperature—entropy diagram

T4 |

O 3 Valve cop¢ [gdedl ognsoogd Bsan: ageol{gl:
A 4 _ (reduction in pressure) 20p5 temperature §6s0Cs
w Win [38:6C 3a§:p300001 Valve o} [godogoiesod
refrigerant  00§),0005  =peg(vapor)ssjgdad
elgpCscdogoioogdn  Working  fluid  a8eupod
refrigerant &1 cocopd(volume) Jgps cwr20RdN
Expansion [gdesnC [gopd eosoopd  valve
[g8e00e(o3E “expansion valve” oy Gal aopdn

& 9-R(e0) poedoyt cudlgoozaop) ideal vapor compression refrigeration cycle ¢l T-s diagram

Expansion process o€ g&:3aC(energy) [g§qesand(recover) [gopdadagi€ expansion valve
adsepdaeon: 00003 (turbine)od 3200 8Ea0pd [gScopbad8toopd g&:3at(recover energy)oedno?
O(p-0)3¢ qPreonsgpdgdoonongd [03desep(shaded rectangle)gé cwdlgoonoodi

O(p-e)e T-S diagram o€ eegafoon:aopd process curve S0 6§oo0pd reversible
processes S heat transfer [gdedl20pd veranad eudlgoopdi Area under the process curve (4-1)o0pd
evaporator 25038:5 refrigerant ¢ 60 3050000 Fa00N(heat absorbed)o? cudlgoopdi  Area
under the process curve(2-3)o0pd condenser s30pGs refrigerant ¢ 3a0qpsd 9§EO0d20pd(heat
rejected) oo} eedlgoopdn sajobieandgC(rule of thumb) evaporating temperature o3 1°C

[§G0oEBE: BBewnod condensing temperature o3 1°C cagpgSEABE: COP () epdCigsiv (p) apdasss
BeomEs $&aopdi

9-0-G Ideal Vapor Compression Refrigeration Cycle pow ()
Refrigerant R-134A o spod|goon:aopd refrigerator aopd 8so: 0.14 MPa $C¢ 0.8 MPa
oozt cuntiqs 83E:qpboozanp) ideal vapor compression refrigeration cycle [g62051
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Refrigerant 8ss$:(mass flow rate) 20p5 0.05 kg/s [gag€ 63205310303 epdli

(o) Rate of heat removal from the refrigerated space and the power input to the compressor,
() Rate of heat rejection to the environment §§

(p) Refrigerator & COP o3 gpdli

P-pdiagram for R134a refigerant
4 tAPa .

3P e I O 3 - e L FERN 1006

apal | I A s T S TN

v, e A AW
L ] . N S - }[\ ................

o
=t
=
o
o
a
el
o

500kPa : IRRTEY & b SN IROPOOS. O

gggkpa.................,; .............. A 1 ..................

20T :
403 S0% 0% 70% 80% 90%

Entropy
kd!kg.K]

100kPa -

il i .
200 ] 300 350

E0kPa
0 50 on 150
h3 = h4 = 95.47 ennapyiviivg h1=239.2 h2=275.4kJ/kg

6 9-R(8) puwoz eedlgoosoopd ideal vapor compression refrigeration cycle &l T-s diagram

ey
Refrigerator qps 320:00:0000 3320:56§s 32[03p:03E vapor compression refrigeration cycle o3
26[gde) 00p06e0005002{0300p) HB&ugpPgdooRd
opsogjodgp:(assumptions)
(0) Component cod9gE:d03 control volume 25[gd 20050058 steady state saclgeacsoz copam
(analyze)oopdi
() Kinetic energy $¢& potential energy elgpE:cdagp:o’ aqdag)jgs] 0gedg|ed0pdI
O(p-m)oge refrigeration cycle &l T-s diagram [§¢ eapaud0d cwdlgoonzaopdn Ideal vapor
compression refrigeration cycle [gdeoomefopE compressor aopd isentropic [gdoopd Condenser ¢
refrigerant qpsaopd saturated liquid soes(g¢ ogadognsoopdi Compressor 32038:03 saturated vapor
o€eepadanaopdun tagocomzopdi
Refrigerant R-134A @oonse state coosge 00beqiCsdei refrigerant enthalpy gp:od vodaadlaopd
State 1
State 1 2005 saturated liquid c8&edlaaé 0opS§eommaloydé saturated refrigerant- 134a- Pressure
table(eogqod§0 2-32 ¢ table A-12)0 ©0durqoopdi saonwdelopéadeadd ognapé pressure o3
(0.14 MPa) cozaonseomnaeoqpé (600051 eoqodsn 2-32 ¢ table A-12 § pressure 140 kPa 500085
saturated vapor hy colum o3 8da0pdesepe ©oduraqi€ 239.16 kl/kg qa0pS1

P1 =0.14 MPa > hl = hy @ 0.14 vpa = 239.16 kl/kg
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S1= Sg @ 0.14 MPa = 0.94456 kJ/kg K

State 2

State 2 205 superheated region csepopt eepodfeseomeloPe (ogds0 2-33 $C 2-34 ¢ table A-
13) superheated refrigerant-134a cooie ©050rq0pd1 eoq0ds0 2-33 $E 2-34 © table A-13 o
00depogl 2005e88a0p) Bamind vcouBigy egigdqEopdl ofpoed 83q P2 00§8:00p5 0.8 MPa
[gbcomeopE 0.8 MPa eumicodesepe ©0d0q0001 oogedsd 2-34 sacoudesepogt 0.8 MPa
@ozcd §oopdn S2 $& S1 oppBaopdi oodsobiemdsC entropy generation ofgbedleon 0.8 MPa
@o:cde S 00§3: 0.94456 kikg K o h2 00§8:03 ©0d0rqoopdi h2 o0§8:03 ABodod vodupgs
o[g08E@oma[opE S=0.9480 ki/kg K a3Ez0 h 00§8:03 0ode) agadunq[gés [gdoopS

P2= 0.8 MPa h2 = 275.39 ki/kg
S2 =S51=0.94456 kJ/kg K

State 3
State 3 20pS saturated liquid c3€:edl0g€ oopS§eomalopé saturated refrigerant- 134a- Pressure
table (@2qo>§0 2-32 ¢ table A-12)p ©0509q0p5N @dgEd§ 2-32 ¢ table A-12 § pressure 800 kPa
32008:5¢ saturated vapor h¢ colum o3 8do0pdesepe voduagE 95.47 ki/kg oS

P3=0.8MPa - h3 =h gosma = 9547 kl/kg

State 4
h4 0088:0005 $& h3 00§8:5E0p8o0pSn Throttling cS[gEselopE enthalpy 0o§3sqp:

oe[gpEscdagaco
h4 = h3 (throttling) > h4 = 95.47 kJ/kg

(o) Refrigerated space ¢ 2o0pg§00058s(rate of heat removal - @, )$& compressor 220305
83260005 power input (W,,)03 632005332038 005098 E 20051

Refrigerated space ¢ 3200050005583(rate of heat removal - @)

Q, = m(h, — hy) = (0.05kg/s)[(239.16 — 95.47) kj /kg] = 7.18 kW

Power input (W,,,)

W,, = m(h, — hy) = (0.05 kg/s) [ (275.39 — 239.16) kJ/kg] = 1.81 kW
(®) Refrigerant ¢ [g€o(environment)ad g&c005c805000d so0g&c0055E:(rate of heat rejection)
Qy = m(hy — hy) = (0.05 kg/s) [ (275.39 — 95.47) kj /kg] = 9.0 kW
Energy balance equation ¢ 0305038E20050
Qu=0Q,— W, = 7.18 + 1.81 = 8.99 kW

) h,— h 7.18 kW
com:%: =

=3.97
h2 - h1 1.81 kW

m

Refrigerator 20p5 320@8&:328(thermal energy) (G)opsde&od refrigerated space ©
00500050068 22005 agdodencdam:(electric energy) (0)opsda3 320d:g[o0pS
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9-9-§ Ideal Vapor Compression Refrigeration Cycle powd()
F-frdiagram for R134a refrigerant

4MPa :

FRAPE |eeeneeedornnnnnd .........

BTSN USSR VRO SO O A YA s NG N

TRPa | oeeebeneen oo

a
E
&
a
& : :
soikPal--oo b ................ ..................
2UUkP& , ................. ; ................. ................. . ............... ]
Entrapy
] : ki kg K
100kPa : ] [ ..... g .]_
BOKPs i i i i i i P
0 50 100 150 200 250 300 350

h3=h4=107.32 Enthalpyikdikg) h1=252.77 h2=275.29
6 9-R(0) pueozt eedlgoonsoood ideal vapor compression refrigeration cycle &l T-s diagram

Ideal vapor compression refrigeration cycle oobeog T
refrigerant R-134a o3 working fluid 30[gd 320%(q|
000300001 COP $C power requirement o303¢pdli
ey
0psOgIEdgPs(assumptions)
(0) Component 0o69g€:8c3 control  volume
:[gd 2005¢05(Gs steady state saclgeacsogc
Gopaon (analyze)oopdi
() Kinetic energy & potential energy c[gpC:cd

G9P:0p oqdaqqe) cgodqIe>00pd s

Ideal vapor compression refrigeration cycle o€ compression process 2005 isentropic [§6a005N
Refrigerant qps compressor 220p8:23 evaporator 3zs(pressure) 630d03¢ saturated vapor 2(gd
o8eepodonaopdn  Condenser ¢ condenser 3sa:(pressure) GsnodopC  saturated liquid 33[gd
0g05ag2:00p5H (©9¢)05§0 2-30 6500538:0 table A-111 A-12 $E A-13)
State 1

State 1 20pS saturated liquid c3&:edlog€ oopS§eomaelopé saturated refrigerant- R134a
temperature table(edgedgo 2-30 $& 2-31 ¢ table A-11)0 ©050qaopdSi Zeo00Se[opEadeadd
ogpop¢ temperature (4°C) Go:con:comeloE(gdaopdi oogedsn 2-30 $¢ 2-31 ¢ table A-11 5
temperature (4°C)z2008:5¢ saturated vapor hg colum o sdaopdesepe wodopagi€ 252.77 kl/kg
qoopSu State 1 § 320q& 4°C 2005 saturated vapor 36§36 [gdoopSi
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Tl = 4CC‘ 1 hl = hg @ 4°C = 25277 kag
sat. vapor f 5; = ,s.g @4c = 0.92927 kJ.-"'kg ‘K

State 2

State 2 20pS superheated region GsepogC Gepo§escomnGoPE superheated refrigerant-134a
@u(00gedsn 2-33 $E 2-34 ¢ table A-13)e wobopqoopdn Table A-13 ©odepogE 2005e3E200)
Bami0d oooeBigy egqdeoopdi ofjoved =2q P2 00§&:a0pd 1.0 MPa [gbeoooelopE 1.0 MPa
@ocdd Gsepy ©090Iq0RdN EOgEd50 2-34 Zacoudesepozd 1.0 MPa @ooscdd §oophn S2 $& S1
080001 oodgpbiaandgt entropy generation olgdedlcon 1.0 MPa @ooicode S 0o§8: 0.92927 ¢ h2
0088203 0obopqEopdl h2 0083:03 BSGod voduRes C[gdSEaomaelopé S=0.9525 kikg K c8&:w h
0088203 0056 0305096 (gE: [gd20p5u

P, =1MPa L ;
- 1

, =275.29kI/kg
52 = -5'1 J

State 3
State 3 20p5 saturated liquid c3€:edl0g€ opS§eomalopé saturated refrigerant- 134a- Pressure
table (©2q0H§0 2-32 ¢ table A-12)0 ©0d0pqEopSi 0ogjEd§0 2-32 ¢ table A-12 3 pressure 1000 kPa
32008:5¢ saturated vapor h colum of adaopSesepe ©05090gE107.32 ki/kg qoopdi

Py =1MPa |

b hy=hygivp. =107.32kT/kg
sat. liquid | '3 =7 @1MP 3 0

State 4

h4 008830005 $¢ h3 00§8:5E0nn8a0p5n Throttling coS[gEselopé enthalpy oo§3sqps
oe[pEscdagco

hy = hy =107.32kl/kg (throttling)

Refrigerant ¢ mass flow rate
Win = mg (hy — hy) - Qin

Q. 400 kJ /s

Q=m —h) > M =G —35= 55377 — 107.32) k] /kg

=2.750kg/s

Power requirement 20p5

Wi, = m(h, — hy) = (2.750 kg/s)(275.29 — 252.77) k] /kg = 61.93 kW

Refrigerator &1 COP 2005
9, 400kW

W, ~ 61.93kw_ >

COPMax =

3200050 powde condenser pressure o3 0.9 MPa e[gpE:e] capoyCesian|gd ogeddl
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comEo005098,

'\3.9.@ Ideal Vapor Compression Refrigeration Cycle powa(G)

T

/’/ 4s 4

\).12 MPa w

7

Or

2200050 powe throttling valve esepogt  isentropic
turbine [§¢ @[gpCicd00690EBBgE  SeomEiomnepd
COP (percentage) §§ refrigerated space ¢ 309

9800055 8:(rate of heat removal) o3 gpdl
Answers: 4.2 percent, 4.2 percent

399@— Ideal vapor compression refrigeration cycle
o0d9ope refrigerant R-134a o working fluid =o[gd
soad|gioonoopdn Throttling valve esepogt  isentropic

$ 9-00 turbine [g¢ e[gpE:cd 0oSe0Ea0p5N

0paogIodyps(assumptions)

(0) Component cod9gE:803 control volume 33(g® 2005005 steady state 326[g3a6503E copa

(analyze)oopb
() Kinetic energy $& potential energy e[gpCscdaqpia’ aqBagjge) 0g0dg5205!
Throttling valve c$epagt isentropic turbine [§& a[gpEscd 00608205324l
s4s = s3 = sf @ 0.7 MPa = 0.33230 kJ/kg'K
Turbine 3a09052c(geacs(exit)og §epd enthalpy oo§8s0005

o :[83 s } _ 033230009275 o
@ 120 kPa

el

S g 85503

s = (1 Xy ) 0 120kpa = 2249+ (0.2802)214.48) = 82.58 kl/kg

Q. = 1 (hy — hy) = (0.05kg/s)(236.97 — 82.58) k] /kg = 7.72 kW
Q. 7.72kW

W, 1.83KkW _
Q. $& COP 0303E BeomE:aonaopd epdCsss(percentage) o ogodopoopdi

CoP; = 4.23

Q1. 3gpecon00d epdCsss(percentage)

, _A'QL_7.72—7.41_42(V
=, T e T HEN

COPy 3eomEsananpd epdEsss(percentage)

ACOP, 4.23 — 4.06
coP, 4.06

CoP; = =4.2%
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9-9-q Ideal Vapor Compression Refrigeration Cycle powd (§))
Ideal vapor compression refrigeration cycle o690 1
refrigerant-134a o3 working fluid s5[g6 saadq conz00201
Refrigerant &1 mass flow rate $¢ power requirement gp:o3
0ol
ey

opsog|od(assumptions)

(0) Component ood9g€:Bo3 control volume 33[gd
2005005 steady state socfgmecsopt cooam
(analyze)oopdi

()) Kinetic energy $& potential energy e[gpE:cdy
qpicp aqbeqge) cgodqodoogd

P-frdiagram for R134a refigeran
T

4 hiPa

SMPa

P IO O B S Ll LA S I N W
b : BEC .

40C

1MPa--...

Pressure

BOOEPE |ooeefeeeee et TR SORUORF SO SO OO o Y/ S . RSN PO

FLITITE =2 U ................................... ................. AR A Y 1 ..................

-20C :
4w S0% G0 70N 80% 90%

105 20% 30%

100kPa

1 I 1
50 100 150 200 25

G0kPa i . .
0 300 350

Enthalpy (k! ka) h1=255.55
h2=269.90
Q0 9-2J(°)

Ideal vapor compression refrigeration cycle 02d90pE compression process 2op5 isentropic [g6200
Compressor 220p8:23 refrigerant qps evaporator pressure ¢s0b0pC saturated vapor 22(gd ofeepad
coo0pdn Condenser 22038:0 condenser pressure 63005038 saturated liquid s3[gd agodognsoopd
Refrigerant table gps(eoqj05§0 2-30 6§0053Cs0 table A-11 1 A-12 $& A-13)0 0083sqp:03 0cd0pdl

State 1

State 1 20pS saturated liquid c3€:edla3€ oopd§eomalopé saturated refrigerant- R134a pressure
table (eoqod§n 2-32 ¢ table A-12)0 ©oSopqoopdi saonwdelopéadeadd ogpagé pressure
0088:(400 kPa) cousconseomelopé [§do0pdn oogqdso 2-32 ¢ table A-12 S pressure 400 kPa
3200825 saturated vapor hg colum 03 8920pd6sepe ©0duagE 255.55 kl/kg oS

P =400kPa } hy = hg @ 400kPa — 255.55kl/kg
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State 2

State 2 2020 superheated region c$epopC Gepoi§eseooelopE  superheated refrigerant-
R134a cuos(eoqiodgn 2-33 $C 2-34 ¢ table A-13)0 0050pqoopdi Table A-13 005epogE 2005e3E2005
Baomad oooodign egequdqoopdi ofjpoensag P2 oo§8:o0pd 0.8 MPa [gbeomelopé 0.8 MPa
@ocadesepe ©050620001 EoqIods0 2-34 sacoudesepop 0.8 MPa @oodscud §oogdi S2 & S1
oppBoopdi 0obs5pS:304gE entropy generation olgded con 0.8 MPa cuaicude S 0o§3: 0.92691 k/kg
K ¢ h2 00§8:03 00509620051 h2 00§3:03 0305805 vabupgé o[gd8Eeamaelopé S=0.9480 kikg K
880 h 00§8:03 ©05¢) 0g050p6[gEs [gda05N

P, =800 kPa
: } hy, =269.90kJ/kg
52 — S]_
State 3
State 3 o0pS saturated liquid c8&:edlogé oopS§eomelopE saturated refrigerant- R134a-
pressure table (©2¢05§0 2-32 ¢ table A-12) ¢ ©0d0pq20pSH EdgEY§Y 2-32 ¢ table A-12 § pressure

800 kPa 32008:5¢ saturated vapor h colum o3 do0pdesepe vodupag€ 95.47 kl/kg oS

Py =800kPa | . |
sat. liquid f hy =hs @ soorea = 9547 kl/kg

State 4
h4 00§8:0005 $& h3 00§8s5E0p8o0pSn Throttling cvo[gEselopE enthalpy 0o§3sqp:
ve[pEscdagasco
hy =hy =95.47kl/kg (throttling)

Refrigerant & mass flow rate 20pd
0, 10KJ/s

Q,=m((hy — hy) > m = (hy — hy) = (255.55 - 95.47) k] /kg

=0.06247 kg/s

Power requirement 2000
W, = m(hy — hy) = (0.06247 kg/s)(269.90 — 255.55) kj/kg = 0.8964 kW

9-9.0 Ideal Vapor Compression Refrigeration Cycle poed (@)
Refrigerator oo06cd:0pC refrigerant-134a o working fluid s5[gd 8a0ddgjcon:a0pdi Ideal vapor
compression refrigeration cycle s3(gdaocb0abe)
(o) refrigerant ¢ mass flow rate
(®) condenser pressure $&
(0) refrigerator & COP 0303 ¢pdli
ey
0psOgIEdGPs(assumptions)
(0) Component cod9g:803 control volume 95[gd 20050058 steady state saelgeacsoz capom
(analyze)oop
() Kinetic energy $& potential energy elpE:cdagp:o? aqbag)gs] 0gedgEd0pd
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(on)Refrigerant table qpse 00§3sqp0? wobopdl

P, =120kPa ‘ T
R h, =86.83 kl’kg

x, =0.30
hy =h,
h, =86.83kl/kg

; . P, =671.8kPa
x; =0(sat.liq.) :
Pz = P_%
P, =671.8kPa ‘

2 h, =298.87 kl/kg
T, =60°C 2
P, =P, =120kPa ,

I, =236.97 kl/kg
x; =l(sat.vap.)
Refrigerant @i mass flow rate a0p5
\A 0.45 kW

= 0.00727 kg/s

M= h, —h, (29887 236.97)k]/kg

(0) Refrigeration load $¢ COP 20pd

9.G Ideal Cydles $& Actual Cydles o3l oofepaqodgp:

Q. = m(h; — h,) = (0.0727 kg/s)(236.97 86.83)k]/kg = 1.091kW

Q. 1.091kW

Lo T 043
W, 0.45KkW

COPR =

& 9-0G Actual vapor compression cycle ood9cil T-s diagram

Ideal cycle & actual cycle o3 [gosgoeqodqpsen component gp:d [gdedlo0pd irreversibility

e[opE [gd200n

(0)

)

Ideal cycle opC refrigerant qpsaopd compressor 32038:03 saturated vapor saes{g¢ ofeepod
0200007 1rE00oEa0HCRd:  CVSey  FoegIeesopc  refrigerant qpsooRd  compressor
32038:03 superheated vapor 33[g® oEeepadaonozoodi

Evaporator $& compressor o3 800500222000 30503 suction line opesaopdi Suction line
qPOR$:0000328 gazogeolig(pressure drop)sé 3a§:08:098a8 s0Bsoma(heat transfer) 38
qpzeon8Caopdi Ideal cycle o Bsaepyp: olgbedlup vpsocmzaopdi $(p-0G)e process 6-1
§P5pR$:00201 coodeoRewrEies§$0RE Bamsoyeotsg(pressure drop) [gdedl 20bi
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)

)

9)

Compressor gp:aopd codeoy eefgaeesopt internally reversible olgd$EeomalopE entropy

Bqpscon§Coopdn  Entropy  generation  [g®oopSop  efgpadecpfoopdn  93eo0d  muilti-stage
compressor qp:ogE intercooler 026s0E000igE: Bwwdod refrigerant [§€ eenesng [grpdge:

[§c0pbs entropy ogpiesx€ [gjepd §E20051 H(p-0G)0pE state 2'esepa? §bpRss00I
coodeogmeefgmeesogl refrigerant gp:oopd condenser ¢ sub-cooled liquid sacfgEaes(st
agodognso0pdi O(p-06)opE point 3 ¢ point 4 2005 sub-cooling process [gdaopdi Sub-cooling
[38[gE:elopE cooling capacity qp:con§Ef: expansion valve s20gE:a3 vapor (bubbles) saes{ge
oCeepadlgte omazudeusaopdi

Condenser 3203Cs5 200g50005[gEs(heat rejection) $& evaporator 33038:3 320 ©dup(gEs(heat
addition)o? [gdes0 refrigerant ¢l 8320: clgp:cdes0000 Ideal cycle 0g€ deoo 83: (constant
pressure)y  20g&0005[ge: (heat rejection)sC =appbop[gls(heat addition) [gbed o0pbwn
08000222000

9-§) Practical Considerations and COP
Refrigerant R134a o3 822gjoon000) simple circuit 008903 O(p-6)0pE eedlgoonooddi

O(p-B)e =00§8 5°C 0p€ evaporation (g[8 35°C 0gE condensation [gboopbi Pressure $&

enthalpy 0303 ea300503€ ewS{goon:aopd

Enthalpy of fluid entering evaporator = 249.7 kJ/kg
Enthalpy of saturated vapor leaving evaporator = 395.6 kJ/kg
Cooling effect = 395.6 - 249.7 = 145.9 kJ/kg
Enthalpy of superheated vapor leaving compressor (isentropic = 422.5

compression)
Vapor compression cycle 20p5 005¢g&:3a&(mechanical energy)od 3203(qjq) 320g8:32E (heat

energy)o? ©ud000d[gls [gdoopdi oBgbieal $O§Eel LwdNEoDdeOE system &1 g&icaoNCepd
(performance)o? 03050a8E20001

(COP)aopb Carnot cyle @i Coefficient Of Performance(COP)oood $p5:00p51 Ideal vapor
compression cycle COP 20p5 320)4{gj000:0000 refrigerant &1 ocvro0g3gp: 3260l 0gE @oopdaogdn

Ideal o300pdd theoretical vapor compression cycle & Coefficient Of Performance

3-18

Heat flows from the refrigerant
which condenses back to liquid

Condenser
. . temperature

Outside airtemp (warm) /4 4 4 | _'_ difference

Vapour

compressed
Indoor air temp (cold)

Evaporator
[ temperature v
Heat flows to the difference

Liquid pressure reduced
refrigerant which vaporizes

& p-0g) Evaporator $& condenser 035 s208:0m:0 [36ed coq§aa0005 320qSoxlgiqod
(temperature difference) 3320003 aed[goonzoopdi
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Heat exchanger sagudseonsBieco 200§$ [gpigosqod(temperature difference) spSieco

[§620551 Refrigerant 320§ $& medium so0qE[gpas0:q0d 325500000 (369§ 332000051 Cycle
& COP 20p5 condenser $& evaporator 920§§ [gpisosqod(temperature difference) saedlopé
woopdi (see Table 3-2).

Table 3-2 0p¢ cycle & temperature lift [gE€oooSamfglselopE heat exchanger =opd$
[gosssqioS(temperature difference)3qpzox Carnot COP oqje0Csognsda’d Gudlgaonzaogdi

Table 3-2 COP values at 5°C, with an outside air temperature of 35°C (refrigerant R404A)

A T at evaporator and condenser (K) 0 5 10
Evaporating temperature (°C) -5 -10 -15
Condensing temperature (°C) 35 40 45
Temperature lift (K) 40 50 60
Evaporating pressure (bar absolute) 5.14 4.34 3.64
Condensing pressure (bar absolute) 16.08 18.17 20.47
Pressure ratio 3.13 4.19 5.62
Carnot COP (refrigeration cycle) 6.70 5.26 4.30
COP, ideal vapor compression cycle* 4.96 3.56 2.62
COP with 70% efficient compression 3.47 2.49 1.83
System efficiency index, SEI* 0.518 0.372 0.273

Note 1: The ideal vapor compression cycle with constant enthalpy expansion and isentropic
adiabatic compression with refrigerant R404A.

Note 2: The vapor compression cycle as above and with 70% efficient compression with R404A
and no other losses.

Note 3: SEI is the ratio between the actual COP and the Carnot COP with reference to the
cooling load and outside air temperatures, i.e. when the heat exchanger temperature
differences, AT, are zero. SEI decreases as AT increases due to less effective heat
exchangers. Values are shown for the cycle with 70% efficient compression. Actual
values will tend to be lower due to pressure drops and other losses.

Heat exchanger &l sagudsaens(size)elo3p¢ cocdeoy 3a6[geacsapt a0jEa00eepodaqp: §8Ea005
Evaporator s2go5se00: [03wnscon(gEialoqng 6320050l saogpeokmeqgp: §§$Ea000
(o) Suction pressure [g€o005cm[Gs BE0 ssoqpgielopE gas qpz compressor 3203808

Boeepadoopdi Swept volume opBeoodeopds dqpzaopd mass gp: ofeepadangtielope
refrigeration effect Sqpscono00i

() Suction pressure [gEen:eomae(o3p¢ compression ratio $o0:a0:00p51 @6:33E03:8e $05:00001
Condenser 33gu53002 [Bgenzcmn(glielopt 6s005d saofreoyreqps §$E001

(0) Condensing temperature o3e083 colder liquid gp: expansion valve 3203803
o8aepadeomelopé cooling effect dqpzanoogdi

() Discharge pressure 86eomae(o3pE compression ratio 05:0g2:00p51 9&:32Ea%ges 0520005
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puwd-

Refrigerant R134a o3 saaddgjoon:000 refrigeration cycle 00d9o0pS 829§t 006903 320§$ 0°C
o B§00m:98 3= [gEom§§ 30°C §oopdesepad sapqpiad §Soo0dudes 83E: apbGoonioodi
Evaporator $C condenser o} & 320§8 [gpesoqod(temperature difference)oogd 5 K- 962005
Refrigeration cycle el Carnot COP $& R134a saod|gjoon:oopd ideal vapor compression cycle COP o3

spd
m:26|q - Carnot COP for 0°C (273 K) to 30°C (303 K)

273

P = =
Carnot CO (303 —273)

9.1

Evaporator $& condenser o3¢l 8a0qj$[grssnsqod(temperature difference)aopd 5K [gdeom
elop¢ refrigeration cycle & evaporating 320§$a0p5 5°C [g®o0pbi Condensing s2¢g§0005 35°C
[§6 20251 3205:320§S 0°C ¢ 3206pP:c3eG0opgs chiller 61 evaporator sa0psq refrigerant &l 20§ $00p5
-5°C [9qepdn [gEompd§ 30°C o8 sa0qpia? g§ooodqfencgod chiller @i condenser 3203E:§
refrigerant &1 820q$2005 35°C [gBeepdn ao00Se(ogpEedea0d evaporator $& condenser 036l :2p§S
(25229052005 5K [3beooa[op€ [gbaopd

Refrigeration cycle ol evaporating s20p§$0p5 —5°C [g6[g: condensing sp§$o0p5 35°C
[g6cg€ Carnot COP o3 qpdl

268

Carnot COP = ————— =
arno (303 — 268)

6.7

R-134a 320305 (e04q[0d50 3-18 ¢)
Cooling effect = 395.6 - 249.7 = 145.9 kJ/kg
Compressor energy input = 422.5 - 395.6 = 26.9 kJ/kg.
Ideal R134a vapor compression cycle COP
Cooling Effect (Q)
Compressor Energy Input (W ,,,)

_ 145.9KkJ/kg g
T 26.9KkJ/kg

Mechanical $& thermal loss qpsalo3p¢ actual cycle COP 0005 6.7 000d JpdqCs8Ea0pdn COP
20p5  cooling effect $¢ compressor input power o6l 3a§jHgdoopdn Vapor compression cycle qps
8&8: pOg§ $C uePega$320305 P-h Bwwrod Mollier diagram o3 226005805 0560007 §2:00pdgS
83250005
0.6 Refrigeration and Heat Pumps

O(p-06)0g¢ eudgoonoogd 2360 eqdeooge freezer compartment so03E:) tube gpsooRd
Gqd 6o0g320p8:0 30403 POV evaporator :[gd GedEQad Gu:0R0I GERGOEY GIND
§e50005 coil 20p5 304203 9800052005 condenser 33[gd esorEgEdE0z000I

(qin - qout) = (Win - Win) = he - hi

Ideal R134a vapor compression cycle COP =

qL hy— hy
COPy = =
R Wnet in hZ - hl
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qun h;, — hg
COPyp = =
He Wnet in hZ - hl

where h, = hyp; and hy = h¢g p; for the ideal case.

Q. 998 529§§5p80465 Ty gBogeoBongs soounxe §6oogS
Qu 20p5 30q[go0pbesep(TH)a8 9500050835205 8apuwran [§d2od
Wiet 2095 refrigerator o3 copbeoiqepd net work input (62005

Kitchen air
25°C
DL WARM \}’ARM
Freezer Evaporator Capillary Sl DL 1onse

compartment coils tube
/ = :,'% J Oy On
—Cr = (desired
— —-j output)
(I
—— Woeiin Woetin
—18°C — — ’Q (required (_reqmred
— H ye N input) D input)
— { \ )
= — | R < ( BP <
———— ——— Condenser A N4
(— i
— — coils 0
oc | /——= 0, L
— (desired
—— output)
-
COLD
refrigerated COLD
Compressor space environment
& -0 33628 eqdeoogy> (household $ 9-0q (a)Refrigerator (b) Heat pump

refrigerator) 0o6cd:d

2ogS[gCoopdesepe o0 (heat)oopd 0§E86000 esepad 2000203E: FdAdZPEAPOD
gzooz::%;oog&% ;%ooa% 2GS 8600p0esep 30 (heat)oopd oGS [4C0pd esepad sacdzaeagpod
1008268 ¢ col

pdfdoophesepy mp(heatipaoph spds [gfaoph opepad avp(heatiqp: opafgd:
(transfer) agn:esm0¢ [gapdeo:aopd o3§oongps(devices)o? refrigerator a3wupod refrigeration machine
07 68l 2o

Refrigerator 0060d:03 O(p-06) $& O(p-0qa)ogt eudlgoon:oogdi T, 20pd =:0p§s SSaopdesep
(cspro0pS03ep ok 545 5600551 T 006 098 5ep(oREoESes<p ) o [FBoe

2ogS86000esepe  Fo(heat)gp:  20§8[gEo0pdesepald  opsegpts(transfer)agiesnt
[giepbe0s000d aB§oongps(devices)od heat pump v ealaopdi Device ood§jponpSiom(gdBe 320ddgd
wonpdq) refrigerator $& heat pump o3gpsgEsgdo00n
Refrigerator $& heat pump o3eil performance o Coefficient of Performance (COP)g¢ esdjgoopd

Desired output  Cooling effect Q.

Required input ~  Work input W et input

CoP; =
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Desired output  Heating effect  Qy

COPyp = =
HP ™ Required input Work input W et in

COPr $& COPyp 0B0pb (0)000S Bqpoopd 00&8sqp: [gbeg0005:
Refrigeration system ood9al cooling capacity 90pd 32098860005 esep(refrigerated space)o

3200300500058 EaopdsSs(rate of heat removal) [g6[Gs tons of refrigeration [§¢ euSlgecp§oopd

One ton of refrigeration 8320p0¢0 220§ 0°C(32°F)opE 6ed00dmE03 200§§ 0°C eq(liquid
water)o? 32§33 (JG)§08e203C: cepadesnt vudaoodeuig cdadeamn Fapuwam(gdooRdi One ton
of refrigeration aop5 211 kJ/mini 12,000 Btu/hr a300pc5 200 Btu/min $& p8qjaopdi

WARM
environment r

¥o.

Condenser Siltl{ rated
| liquid

13

o)

o Qu

X Expansion Win )
valve Wi

‘ mn

\\.‘ [¥%]

N

Compressor

Evaporator

Y 4
- o // or
L Saturated vapor

COLD refrigerated s
space

- /

<°3 9-96 Schematic and T-s diagram for the ideal vapor compression refrigeration cycle.
P

h
Q 9-9@ The P-h diagram of an ideal vapor compression refrigeration cycle.

9-Q Actual Vapor Compression Refrigeration Cycle
Actual vapor compression refrigeration cycle o3¢ ideal cycle $& ©opo8a005 ozo[goeqiod
qPeg> §oopSi dlo€oopd component qp:apé irreversibility [§8edlo0oS saepSgp: godo3adg(fluid
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friction)elopé  [g6edleom  Bsamogeolag(pressure drop)an irreversibility o3  [g6eol coaob
320420005 328:05:078 opse(gpEs(transfer)ognsooodi

O(p-Jo)ogE actual vapor compression refrigeration cycle & T-s diagram o3 ewd[g
con:0000 Ideal cycle o3¢ refrigerant qpsaopS evaporator ¢ saturated vapor 3265[9¢ agodgnogs(Ss
compressor 5038:03 oCeepoda0pSuy vpeoconioRdi a36a05 cwnbeogop 03038 FacBmamy
control 96 o[gbSEe0n Compressor sao&(inlet)esepogl refrigerant o3 sagobscod superheated
[§8e320¢8 [giroSooniquopdn cdso saeg Fae(gsrcs(gdesan(completely vaporized) [giap&oonzqoopdi
o068londd evaporator $& compressor 03 00500022008 3052005 3p0gSgRSPies0R0eedl fluid
friction eloppE[gdedlean  dzaiogeolig(pressure  drop)dgpiconEeomalopé  refrigerant

:20gps :28:08:09803 onse[gpEaognianpd e GypangEandi

T
WARM
environment
- 2
Oy
4 3
Condenser
5 l 2
X Ex|.?e1|1siLwr1 — Wiy
valve  compressor
6 ]I
Evaporator
7 5 8
)
g
COLD refrigerated
space s

& - Jo Actual vapor compression refrigeration cycle 00696l schematic $& T-s diagram

Connecting line o3& 320ebun(gs(heat gain)sC evaporator =03&:y 8sm: oyeoligts
(pressure drop)odeloypé superheating [§6§Ea0pSn Connecting line 22038:5  specific volume
o3scon[gEseloqpé compressor o€ power input GgpzangEaopdi

Ideal cycle ogE compression process ooé internally reversible §§ adiabatic process
[§82005n aBeloxpé isentropic process [gdaopSi condeog0pE godaBadaqps(frictional effect)elo3dé
entropy 3qpscon§Eo0pSi 3a0gPed:gegta o3:an[gls $& heat transfer [gdeol[gs o3elopEcopds
entropy qpig&: 0300705 $054gE: [3dedl §E2000u

Process 1-2 o3& refrigerant &l entropy 03:c000866051 condeopamre(geacsopt [gdedl 200d
(actual compression process) Process 1-2' 53¢ refrigerant &1 entropy $05:032:088epSi

Compression process 1-2' 205 isentropic compression process cood 3¢ c8codgud
[§52005n Refrigerant &l specific volume caqpspdiognieomalogpé work input copds caqpspS:ogns
860 Compression process 3203E:3 refrigerant 03 e32:656820E[gpS0on8EyE SeomE:ooxdi
coodenapl [g08E[Q: Bigmeqeanq 3¢ 03056[g030520p51 Refrigerant 20pS condenser 320380
saturated liquid 2[g® agoSognzaopSu
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Ideal 30[g=06503C refrigerant 2005 condenser 320380 saturated liquid saes[gE
ogodognooodbn a39aq$Y [9becloopd B3am:a0pS compressor exit pressure [g6o0pSn cooSeoy
;e[geeesozE condenser 1 throttling valve 1 suction o3& $& discharge c8&: o33 [goedaopd
Bazogeoleq(pressure drop)o3 egpa3qs o[gdbSEaon

Condensation process o3¢ saturated liquid [§6es2o€ 32038507 control c¥6q§ [gdSEa0N
Saturated liquid =2[g6a8 30[gpd320 weePa§od throttling valve 20p8:08 woeepod coooaoi
Belopé refrigerant gp:o3 subcooled spg§aBeepadesnt oysolieoee throttling valve o333
o&eepadeolges [§daopS

Evaporator 2203&:03 ofaeepaboonaop) refrigerant aopd gd:ea3Ea3Eqs05:(low enthalpy)
comelopé refrigerant space ¢ 32003 GomEigd EuaEacpdi Throttling valve $& evaporator

0300p5  mgs  &ndgo  oopS§eomelopé  Bsdemlogpigt  [gbecloogd  Bsmogeoliq
a0gbspdioops

9-Q-0 Actual Vapor Compression Refrigeration Cycle

Tk
| pown - Refrigerator oo&cd:el compressor 33038:
20“‘ MPa o8 refrigerant R-134a 20p5 20§§—10°C 1| 8z
50°C
0.14 MPa superheated vapor 3a65[g¢ ofeepod

a20pS1 Mass flow rate 20p5 0.05 kg/s [g®aopSu
Compressor © 208§ 50°C 1 33202 0.8 MPa [g&
ogodogaopdn  Refrigerant gpsoopd  condenser
0.14 MPa 20038:5 304§ 26°C $& 0.72 MPa [§€ cepad§[§e

—10°C
:262:d00p01 8302 0.15 MPa og€  throttling

[glpE00p5u

h
¢ 9-Jo T-s diagram powd
oofgpeeoon 2pBiong(heat transfer)gps component gp: 0d95$E 00693303 [gde0l 20pd
Basoneolsg gpsod copdagiogadged[gés ¢[god 630053030} gpd
(o) Refrigerated space ¢ sapo0Sopodg8s(rate of heat removal) $& compressor ¢ g&s3aEad:8g
(power input)
() Compressor & isentropic efficiency $&
(?) Refrigerator &l Coefficient of Performance (COP)
aaly-
0psOgIEdgPs(assumptions)
(0) Component cod9g:803 control volume 95[gd 20050058 steady state saelgeacsoz copam
(analyze)oopdi
() Kinetic energy $¢& potential energy elpE:cdagp:o? aqdag)jgs] 0gedg|Ed0pd
Analysis
&(p-Jo)og¢ refrigeration cycle o3 T-s diagram [3& eed[gaonsoopSi Condenser ¢ refrigerant
qP:o0pS compressed liquid saes(gE ogodSgoognd: compressor s2038:03 superheated vapor
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:65[9¢ oleepadogaaopdi State qpzod c3odq) refrigerant & enthalpy 00§38z sa§je§e [gpCscd
500051

P1 =0.14 MPa h; = 246.36 kJ/kg

T1 =-10°C }

P2 = 0.8 MPa

T2 = 50°C } h2 = 286.69 ki/kg

P3 = 0.72 MPa

T3 = 26°C } h3=h g 26c = 87.83 kJ/kg

h4 = h3 (throttling) >  h4=87.83Klkg

() Refrigerated space ¢ sagooSoocdg$s(rate of heat removal) $& compressor 220305
82262008 power input 63 633005313203E: 0g050p8Ea05i
G, = m(h, — hy) = (0.05 kg/s) [ (246.36 — 87.83) kj/kg] = 7.93 kW
5¢
W, = 1(h, — hy) = (0.05 kg/s) [ (286.69 — 246.36) kj /kg] = 2.02 kW
() Compressor &l isentropic efficiency

— h25 - hl
nC hz _ h1

where the enthalpy at state 2s
(P2s = 0.8 MPa and s2s = s1 = 0.9724 kJ/kg * K) is 284.21 kJ/kg.

afelopt
284.21 - 246.36

— — 0
e = Soe 69— 24636 — O 939 0T 93.9%

(o) Refrigerator &l coefficient of performance (COP)

COP. = 0, 7.93kw_393
R w,,  2.02kw T

cagiegiqod (discussion)

[B:300p5p0w05¢ 0pBa0pbi o3[gpegiedondeen compressor inlet 2080R¢ refrigerant aopd
superheated 320q$ [gdoopSi Condenser ¢ 22090503E subcooled 20§ (620051 Compression
process 20pd isentropic [§620o0n Refrigerated space © 350 g§000558:(heat removal rate) 10.4%

Bqpraonaopdi Compressor copdeusqepd dldl(power input)oopd  11.6% Jgpsoopdi adelopé
refrigerator & COP 2005 3.97 ¢ 3.93 2203 oge08s ognz00pdI

9-Q-J Heat Rejection by A Refrigerator
O(p-J))op€ eedlgoon:oogd refrigerator § food compartment o3 32058 4°C o€ B8:002:q$
0832600001 320 98,000558:(heat removal rate)oopd 360 ki/min [gdoopd

Refrigerator 0¢ c33262005 power input 2005 kW [g6cq€ eg22050la303 epd
(o) Refrigerator &1 Coefficient of Performance (COP)
(@) Rate of heat rejection to the room that houses the refrigerator.

Solution

Refrigerator ¢l @&: 335 B5S:(power consumptlon)o% 60200220001 COP $& 30085000558
(rate of heat rejection) ? 320382 03050p8E 20051
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Assumptions Steady operating conditions exist crgq;aoooo:oaéu

Kitchen

Q; = 360 klJ/min

Food
compartment
4°C

¢ 9-JJ Schematic for example

Analysis
(o) Refrigerator &I COP 2000 3 [gboopdn 0odspdssani|yé refrigerated space ¢ 3¢ (heat) 3 kJ
0050005£350305 compressor 330305 1 kJ work copdeuiqs ad3a600001

Q. 360 kJ/min; 1kW
COP, = = ( —)=
Whet in 2 kW 60 KJ/min

(9)  Refrigerator ¢l 3209&000558s(rate of heat rejection)
. . . i 60 kJ/min .
Qyu= Q.+ W, p1in =360 KkJ/min+ (2 kW) (W) = 480 kJ /min

9-Q-0 Vapor Compression Refrigeration Cycle powd(0)
R-134a o3 saad|gjcon:aopd vapor-compression refrigeration cycle 0069l 6aomgpod

63200503C @u: (table) [§¢ eed[goonsoopdn Refrigerant mass flow rate 205 0.08 kg/s [gdaqC

63200530303 ¢pd
r (a) Compressor power (kW)
g Po=Pbe (b) Refrigeration capacity (tons)
2 ' (d) Coefficient of performance,
,‘ (c) Isentropic compressor
i efficiency.
3 |
30°C |
I —75=26°C=299K
/! |
\
-10°C / h4 1
§
QPR
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State 1 2s 2 3 4
Enthalpy h (kJ/kg) 241.35 272.39 280.15 91.4 91.49
Pressure (bar) 9 9 9

Temperature (°C) -10 30 -10

(a) The compressor power is
Wc = m (hy; — hy)
Wopmp = (o.oskTg) (280.15 — 241.35)kJ /kg
W,=3.1kW
(b) The refrigeration capacity is
Q.m = m (hy — hy)

Qo = (0. 08 kTg) (241.35 — 91.49)k] /kg

Q.. =11.99 kW = 3.41RT

(c) The coefficient of performance is

(hy — hy)

(hz — hy)
(241.35 — 91.49)

COP =

COP = 380,15 = 241.35)
COP = 3.86
(d) The isentropic compressor efficiency is
. .. _ (hZS_ hl)
Isentropic compressor ef ficiency = ——
(hy — hy)

(272.39 — 241.35) kJ /kg
(280.15 — 241.35) kJ kg

Isentropic compressor efficiency =

Isentropic compressor ef ficiency = 0.8 =80%

9-Q-G Vapor Compression Refrigeration Cycle powo ()
Ambient Temp = 32°C

P3 =P2 9 cond
T3 = 36°C X

@__—C 7 Condenser

»

Throttle
(adiabatic) 9 ey ——(::'
® / P p1-140kPa
1 sat. vapor
=Pl —™ Evaporator )7
P4=P1 pot Refrigerant R-134a

Q 9°JG(o2)
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F-frdiagram for R134a refrigerant

4MPa :

FRAPE |eeeeneedornnnnnnd .........

SVTSN DU VRO U O A v s S TN S

ThPa -

Pressure

wl
=

OkPa

200kPa

Entrapy
(kd{kg. K]

100kPa

150 EH] 350
Enthalpy (k! kg)

¢ 9-J5(®)

G0kPa
0

ple)
8
0cow F280¢(step 1)2265[¢ 0G0RE 60200226000 3gIEITCOMIEP:ND eg:Ch
Compressor inlet pressure = 140 KPa
Compressor inlet temperature = -10°C
Compressor outlet pressure = 1 MPa
nc(isentropic efficiency of the compressor) = 89%
V(Refrigerant flow rate) 0.2 m*/min
Throttling inlet pressure = 0.95 MPa
Throttling inlet temperature = 30°C
Evaporator outlet temperature = -18.5°C (saturated vapor)
30300(step 2) 3265[gE 00690EqC:8G Bas(pressures) 32088 (temperatures) oo§3:qp:cd gpdl
P1 = 140 kPa P2 = 1.0 MPa P3 = 0.95 MPa P4 = Unknown
T1 = -10°C T2 = Unknown T3 = 30°C T4 = Unknown
P5 = Unknown
T5 = -18.5°C
onoBuo(step 3) 365(9¢ pdqgSagqpiod saad(ge) ogodli

(a) Mass flow rate (m).

m ="V
(b) The power input to the compressor.
_m X (hys —hy)
m - T]C

(c) The rate of heat removal.

3-28



Clepatieclostont Chapter-3 Vapor Compression Cycle Theory and Calculation

Q.= m X (hs—hy)
(d) The pressure drop between the evaporator and the compressor.
AP = P5-P1

(e) The rate of heat gain in the line between the evaporator and the compressor..

Qg.am =mx (hl - hS)

oopg(step 4) es[gC 00deolqt:d§ entropy and enthalpy oo§8:qp:0d 0c5al Becdeada0d

Bams(pressure) gp:cd 0053 (@2¢10550 2-30 650053C:0 table A-111A-12 & A-13)

(a) State 1

P1 = 140 kPa

T1 = -10°C

h1 = 243.40 kJ/kg (0240550 2-33 $C 2-34 ¢ table A-13)

s1 = 0.9606 kJ/(kg K) (@2g055n 2-33 $C 2-34 ¢ table A-13)

v = 0.14549 m*/kg (©2¢q|0550 2-33 §C 2-34 ¢ table A-13)
(b) State 2

P2 = 1.0 MPa

T2 = Unknown

s2 = s1 = 0.9606 kJ/(kg K)

h2s = 286.04 kl/kg (o0gq0d50 2-33 ¢ 2-34 © table A-13)
(c) State 3

P3 = 0.95 MPa

T3 = 30°C

h3 = hf @ 30°C = 91.49 kJ/kg (o0gq0D§0 2-30 $& 2-31 ¢ table A-11)
(d) State 4

P4 = Unknown

T4 = Unknown

h4 = h3 = 91.49 ki/kg
(e) State 5

T5 = -18.5°C

Saturated vapor

P5 = 0.14287 MPa (o0q[0b50 2-30 $& 2-31 ¢ table A-11)
h5 = 236.23 kJ/kg (@2gj05§0 2-30 $& 2-31 ¢ table A-11)

Step 5. Plug variables into equations and solve.
m=V/v
[(0.2 m3 /min) X (1min/60sec)]
0.14549 m3/kg
m = 0.0229 kg/s

(A) Compressor 820305 033200009 power input
VVm — m X (hZS _hl)
nc

0.0229kg/s x (286.04kj/kg — 243.40k]/kg)]/
m 0.89
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W, = 1.25 kW

(B) 32008000558 (rate of heat removal)
Q, = m X (hs —hy)

0, = 0.0229 kg/s x (236.23 kJ/kg — 91.49 k] /kg)

0, = 331kw
(C) Evaporator $& compressor 033a(op: 305038:03¢ [gbedl a0pd 8saoyeotsg(pressure drop)
AP = P5-P1

AP = 0.14287 MPa — 140 kPa
AP = 2.87 kPa
(D) Evaporator $& compressor o3sajo3p: 305c3E:03€ [gdedl 205 rate of heat gain
Qgain = M X (hy — hs)
Ogain = 0.0229kg/s x (243.40 k] /kg — 236.23 k] /kg)
Qgain = 0.164 kKW

9:Q-§ Vapor Compression Refrigeration Cycle powd()

T R-134a o3 refrigerant s3[gd soadgoonsoopd Carnot
refrigeration cycle 0069005 steady-flow [9€ cunlies§s
¢
(on) Coefficient of Performance (COP)

(9) Refrigerated space ¢ ©GuIC30520pd  FQOWOWM
(amount of heat absorbed) $&
(0) Net work input 0303 gpdli

(’ 160 kPa
ra
1 O 2

Q9-J9
0psOgIEdgPs(assumptions)
(0) Component cod9gE:d0? control volume 25[gd 90050058 steady state saclgeacsoz copam
(analyze)oopdi
() Kinetic energy $¢& potential energy clgpE:cdagp:o’ aqdag)jgs] 0gedg|ed0pdi

el - (00) TH 20p5 30°C (303 K)[gdoopd TL 20pd Tsat @ 160 kPa = -15.6°C= 257.4 K [3d20p51

Carnot refrigerator &l Coefficient of Performance (COP)03 6320053013505 03050n8€2000

1 1
COPRef,Carnot = T—H COPRef,Carnot = (3703)

T, -1 2574K—-1

COPRef,Carnot = 5.64
(o) Refrigerant tables (eog05§0 2-30 $C 2-31 ¢ table A-11)

h

s = hy@3oc = 266.66 K /kg
h,

ht @ 30:c = 93.58 kJ/kg

et

qu = hs —h, = 266.66 —93.58 = 173.08 k] /kg
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an Ty T, (257.41(

o1 BT = (Fo3x

) (173.08k]/kg) = 147.03 k] /kg
Ty

(o) Net work input
Wpot = qy — q, = 173.08 — 147.03 = 26.05 kJ /kg
g.q.G Vapor Compression Refrigeration Cycle powd(g)

T
Carnot refrigerator & condenser 82038:93 refrigerant-134a
qP2o0pd Bzans 90 psia o€ saturated vapor 32[gb ofeepod
oo Bzanz quality of 0.05 [9E ogodagasaopdi Refrigerated
space ¢ 3apqP:0d pressure of 30 psia 0 eSopoRdN T-s
diagram @0l op€ saturation line qpz Jo€20pd cycle $oB a3dln
633050l 00§82qp:ad gpdi (IP 0psd powd [§da0p5n)

¢ -6
(a) Coefficient of Performance (COP)
(b) Quality at the beginning of the heat-absorption process §§
(c) Net work input

el - Refrigerant-134a o} 3200s{gjoon00pd Carnot refrigeration cycle [gdoopdn Steady flow
maefgeeesaat [g0ed aopd 00§:qpiad agoSopooddi

0pOgIEdgP3(assumptions)
(0) Component cod9gE:d03 control volume 32[gd 20056005(Gs steady state sac[gEacsopt copamn
(analyze)oop
() Kinetic energy $¢& potential energy clgp:cdagp:o’ aqdag)jgs] 0gedg|e>0pd

Analysis
(a) Noting that Th = Tsat @ 90 psia = 72.78°F = 532.8 R and TL = Tsat@ 30 psia = 15.37°F = 475.4 R
T 1
COP, = —
Ref,Carnot TH
T, —1
1
COPRef,Carnot = W
4754 K —1
(-
O ‘
S COPRef,Carnot = 8.28

99
(b) Process 4-1 2005 isentropic process [g9a0p51 o3eloppE

Sy = Sy = (S + x4 55) = 0.07481 + (0.05)(0.14525)

@ 90psia

= 0.08207 Btu/lbm .R
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(S-S ~ (0.08207— 0.03793) _ 02374
1=\, = 0.18589 -
@ 30psia

(c) T-s diagram op€ 0opdm0RC:q eun(area enclosed) 2005 net work vedaNsE p3gjoopdn $3 = sg
@ 90 psia = 0.22006 Btu/Ibm'R,
Whet,in = (Ty — Ty) (S3— S4)
=(72.78 —15.37)(0.22006 - 0.08207) Btu/lbm-R = 7.92 Btu/lbm

9:Q Vapor Compression Refrigeration Cycle powd (§))
Refrigerator 0o6cd:0pE R-134a o3 refrigerant sagd saadigjoonsoopdi Refrigerated space ol

320§$2005 30°C [gdoopdi :2p§s 18°C oBaopd cooling water 0328 sapqP:0d §§000520051 Cooling
water rate 2005 0.25 kg/s (g[8t 220§$ 26°C [g¢ condenser ¢ ogodagazaopdi

Refrigerant gqpzaopd condenser 203E:03 8320: 1.2 MPa $& 320§§ 65°C [9C oCeepadognd(d:
208§ 42°C [ [g§ogodagnzaopdn Compressor &l spoCsac[gzacs(inlet state)oopd 8z 60 kPa $&
:20§§ 34°C [gboopdn Compressor 20pd 38:08:03€E(surroundings)e  sagoedan 450 W o3 ooy
232500001

26°C Water
. 18°C
4 Oy

. 12 MPa 6320000 o‘l’mq[) §p<3]||
Condenser 65°C (a) Evaporator sao&(inlet)og€ §uod refrigerant i
@ @ o) quality
B (b) Refrigeration load
% Expansion Comprezor L ..h (c) Refrigerator & COP $&
valve (d) Compressor 2005 opo8o0pd @&3a(same
power input)od od:q q§§Cepd theoretical
Eg 4](0? maximum refrigeration load o3 gpdl
Evaporator +
oo
0L
Q9 Je
0psOgIEdgPs(assumptions)
(0) Component cod9g€:d03 control volume 25[gd 20050058 steady state saelgeacsoz capam
(analyze)oopdi

() Kinetic energy $& potential energy e[pE:cdagp:o? aqdag)jgs] 0gedg|ed0pd

Analysis (a) Refrigerant-134a table qpso 00§8:qpsa’ ©0d0adl (eog05s0 2-30 $& 2-31 ¢ table A-11
$¢ A-13 030
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P, =60kPa

1 = 00KPa | Iy =230.03 kl/kg
T, =-34°C |
P, =1200kPa | _

h, =295.16 kl/kg

I,=65°C |7
P, =1200kPa |

: hy =111.23 kI/kg
T, = 42°C
hy =hy =111.23 kI/kg
P,=60kPa

o x, = 0.4795
hy =111.23 k/kg

ogpaRE Goicon:00pd S (given temperature)gp:e saturated liquid enthalpy o saadd{ge) enthalpy
00§8sqp:ad qpdli 20§8 18°C g€ §oopd eeEl enthalpy oo 75.47 kl/kg [gBoopdn 320§$ 26°C o3¢
§oopd eeel enthalpy ¢ 108.94 k/kg [g®20pdi

h’Wl = hf@18°C = 7547 k]/kg

(b) Refrigerant ¢l mass flow rate o3 compressor & energy balance p3q[gEs(equation)e ogoduadli
mg (h, — h3) = m,, (h,; — h,1)
tig (295.16 111.23)kJ /kg = (0.25 kg/s)(108.94 75.47)k] /kg

mg = 0.0455kg/s

Refrigerant ¢ transfer apdeo:000) waste heat 1 compressor power input $& refrigeration load

030} agadopoopdy

Qu = g (hy — hs) = (0.0455 kg/s)(295.16 — 111.23)k] /kg = 8.367 kW
Win = 10 (hy — h) = Qi
— (0.0455 kg/s)(295.16 — 230.03)k]/kg — 0.45 kW = 2.513 kW
0, = Qy — Wy, = 8367 — 2.513 = 5.85kW
(c) Refrigerator &l COP(coche0y)
Q, 585

COP :W = m—z.?)?)

in

(d) Refrigerator @i reversible COP(s3[gEad:q§$E2005 COP)
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. 1
1 COPyoy = —5—
H
TL - 1
COPyoy = 1
Max = """(18 + 273)

(—30+273) -1

COPy,, =5.063

RN
FogPsed:(maximum) rgfrigeration Ioad.ooé
Qrmax = COPyax Wi = (5.063)(2.513 kW) = 12.72 kW

9:Q.© Vapor Compression Refrigeration Cycle eoeo(@)

T 2/0.7 MPa
50°C
Refrigerator oodad:op¢ R-134a o3  refrigerant

|gd 320)4{gjconza0pdn (o) Refrigerated space ¢
;wpgSooodsss(rate  of heat removal) ()
compressor 330905 32200009 power input 1 (o)

NOI15 - w 0.14
compressor &1 isentropic efficiency $C refrigerator ) 9 +—<1 MPa
/ )
§ cop 3 y Qr
ol 0303 ¢pd .
0psOgIEdgPs(assumptions) $ 9-p0

(0) Component cod9gi€:d03 control volume 25[gd 20050058k steady state saclgeacsozt copam
(analyze)oop
() Kinetic energy $¢& potential energy clgpE:cdagp:o’ aqdag)jgs] 0gedg|e>0pd

(o) Refrigerant table ¢ 00§3:qp:0d 0od0pdli (3¢05§0 2-32 ¢ Table A-12 $C A-13),
P, =0.14 MPa | h, = 246.36 kl/kg
T, =-10°C  [s, = 097236 klkg-K

P‘) — 07 MPa .
. i | - /
e 50°C }hz = 288.53 kI, k_g
P’a == 07 MP.;
! }hzs - 281.16 kl/kg
Sag =5
P, =0.65 MPa .‘
T: = 24°C }hi = hf @ 24°C — 84.98 kJ,-'kg

h, = hy =84.98 kI/kg (throttling )
Refrigerated space ¢ 32008000558 (rate of heat removal) $& compressor 30305 82262005
power input o3 530503l
0, = 1 (hy — hy) = (0.12kg/s) . (246.36 84.98) k] /kg = 19.4 kW
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5¢
Wi = m(hy, — hy) = (0.12 kg/s) (288.53 — 246.36) k] /kg = 5.06 kW
(9) Compressor i adiabatic efficiency
= hos — by _ 28116 24636 _ o,
¢~ 'h, — h, 288.53— 246.36

(o) Refrigerator & COP
0, 19.4kW

W, =~ 5o6kw 83

COP, =

9:Q-¢ Vapor Compression Refrigeration Cycle powd(qQ)

Refrigerator oodad:el compressor 32038:03 R-134a 2000 8222140 kPa 1 320§§ -10°C $&
858 0.3 m¥/min [gEo€eapadonife 8320: 1 MPa [g¢ ogodagazoopdn Compressor @il isentropic efficiency
a0pd 78 percent [gdoopbi Throttling valve s2038:03 refrigerant gp: 0.95 MPa and 30°C [g¢ oeepod
a8 evaporator 32038:0 saturated vapor 32[gd =00§$ -18.5°C [g¢ agodognsoogdi Cycle o3 T-s
diagram edlog€ saturation line gpig¢ ezl 632:005A 00§3:qpsad 0ga5Al

(00)Compressor 850905 82262000 power input

(9) Refrigerated space ¢ 32pg8000588:(rate of heat removal) $¢

(0) 8smioyeolig(pressure drop) $C evaporator $¢  compressor safoge S05c3E:0pE SBsanwgd
Fp58s(rate of heat gain) o3 gpdl

ey
0pOgIEdgP3(assumptions)

(0) Component cod9giE:d03 control volume 22[gd 20096005(8s steady state sacfgeacsopt oo
(analyze)oopd
() Kinetic energy $¢& potential energy clgp:cdagp:o’ aqdag)jgs] 0gedg|e>0pd

(on)Refrigerant table qps © 00§8sqp:0d ©0d0adl (E2¢|0550 2-32 ¢ Table A-12 $& A-13),
Iy = 246.36 kl/kg

B =140 kPa s, =0.97236 kl/’kg K r
T, =-10°C -
“ v, =0.14605m" kg
=1.0 MP.
& y }hﬂs —~289.20 k/kg
S2s =51 )
P; =0.95MPa A ,
T: _30°C }h_g =hy@s0oc =93.58 kl/kg
h, = h; =93.58 kl/kg (throttling)
Ty =-18.5°C | P =0.14165 MPa
sat. vapor hs =239.33 kl/kg

¢ 990

ao0(g (a) 1.88 kW, (b) 4.99 kW, (c) 1.65 kPa, 0.241 kW
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9.0 Cascade Refrigeration Cydes
o F

Condenser

7
Expansion N
valve £
——————————————————
1 1
1 1 .
i i 5 Compressor
8 | Evaporator | !
1
1
l :
2 ! S
] !

j
i
! Heat exchanger
i

-

A

Condenser

Expansion
valve

—d -

Evaporator
QL ?

<°3 9-9J(02) Two stage cascade refrigeration cycle

A

Increase
refrigeratio
capacity

B
1
Compressor

comEo005098,

00g0pbohiqpiopt 32095569000 pdipeiat
oPano0pn 30 oplgriqed sacgh qpiogd
compression ratio qpgp: §e$c32620201

Bas(pressure range)ofpiqod sacgs
qpsatselopE compressor &l g&seaonCeapd
(performance) pdqiE:c8860i

aB[gooogna? elgqlies refrigeration cycle
qP20? 220082305 Ob§3(series) [gdeznE
[giopS[agC cascade refrigeration cycle gps
00p56e005 §E200

P2 ,
¢+ Decrease in
compressor
work input

A\

(P 9-9J(®) Two-stage cascade refrigeration system oo&@éﬁ T-s diagram

O(p-p)og¢ two-stage cascade refrigeration cycle 008903 ewgoonsoopdi Cycle $8903 heat
exchanger [g¢ soo50ons00p5n Topping cycle (cycle A) ¢l evaporator ¢ bottoming cycle (cycle B) &
condenser o30d heat exchanger [§¢ soodoonsoopdn Heat exchanger o3 eomC:gn insulate
00600000001 Heat exchanger 200385 kinetic energy $& potential energy olgp&:cdgoda’ aqdag)q
coso0pdn Bottoming  cycle ¢ topping cycle o3 opse[gp€iognioogd  sapuenan  opoBaopdun
200590520051 Cycle 9g:Bel mass flow rate opoBlo3oopdi Cycle $6900d:03E §oopd refrigerant
oo 0ppdfogoopdn Heat exchanger 32038:3 fluid qp: 00d95Eande weepesneant [gopd

002200001

Cascade refrigeration cycle s3o0p0en $69 a300p0d $89000H3200 refrigeration cycle gpsad
F2n§:c3050d(series)g¢ 006e0teentisEap refrigeration cycle 03 s3c30000n 862000820 8(TL) $E
[482005 320§8(TH)AB oplpsg 3a0gSqp:ag€ cascade cycle o saad{gg$ 3600051 O(p-p)) low
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temperature refrigerator 320305 condenser 20p5 high temperature refrigerator & evaporator [gdaopn
00b5pd:3dgC low temperature refrigerator o sapqp:03 high temperature refrigerator 3203803

goocdaoph

Cascading cod[gEgC refrigeration cycle & COP 3eomE:§8aopdi 86000050048 (TL) $C
[4620p5 =00§S§(TH) 0303 cBodq] 20Cerqpaogd evaporator pressure $E condenser pressure o3
20050058k c330qi055¢ 2a0305p3ad:i0m refrigerant o3 egiqed§Eaopd

Low temperature cycle ¢ high temperature cycle o3 heat exchanger qpeg¢ 00500022005
a3 heat exchanger aopS cycle A op€ evaporator =:ofgd cycle B opE condenser m:o[gd =003:03:
6802EQod[0300051 ABefopE 632005318 ¢gE5E eP[g8Ea0pdn & (p-p ) $C O (p-0 -0k

m,(hs — hg) = mg(h; — h;)

tig(hy — hy)

P =
co R,cascade mA(hG _ hs) + mB(hz _ hl)

O(p-p J-9)op¢ refrigeration capacity (area under 4-7) 030 $& compressor work (2-2-6-5)
eoqpspd:0g0:003  Gudlgoozoopdi O(p-po-9)T-s diagram saq cascading cd[gEselopE compressor

work Gogpspdsagasaopdn Refrigerated space ¢ 90upcB80500p)  3ap(heat)owom  Jgpsanoopdi
odelop¢ refrigeration system &l COP SeoanEsaonaopdn 00§),6o00 refrigeration system gpiog€ odseod

(three stage) 2Bewpod Grvsso(four stages) cascading cycle qpso? 30dH{go300001
T

hy=55.16
hy = 95.47

hg = 270.92 kl/kg

5 hy=25593

S | hs=251.88

hg = 95.47

B
0.14 MPa hy=239.16

- - !

hy=55.16

5
(P 9-99 Two-Stage Cascade Refrigeration Cycle powd>
Two-Stage Cascade Refrigeration Cycle powo-

O(p-po)e two stage cascade refrigeration system 00692005 8= 0.8 $& 0.14 MPa
ooz cunt:leant 8&E:[gipboonioogdi Refrigerant R-134a o3 working fluid o[gd 32004
con:00001 Stage 0069|803 ideal vapor compression refrigeration cycle 33[gd upsoo0pdi Lower cycle
¢ upper cycle 3509833 320080005[g:(heat rejection)|gbodoopd heat exchanger 32038:5 adiabatic
counter flow (g€ [g0ecloopn  Refrigerant stream $&:ads0005 Bsa0: 0.32 MPa [g¢ heat exchanger
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32038203 08eepad conoopdi Refrigerant 8:58:(mass flow rate) 205 0.05 ka/s [§dag€ 63200500303
spd

(o)Lower cycle 03¢ [gdedl6oh refrigerant mass flow rate o pdli

(J)Refrigerated space ¢ sapc05000558s(rate of heat removal)s& compressor @i
g&:3282%:8q (power input)od gpdl

(p)cop o%gpé]n

o]?eoqjcﬁqps(assumption) (on) Steady operation
(®) AKE=APE=0
(o) Adiabatic heat exchanger

O(p-pp) 03¢ cascade cycle & T-s diagram o3 eeBgoon:aopdi - Stage (o) soCell enthalpy
qp20? refrigerant R-134a ocho0g3(property)aooe ©050a8Eaopdi (Tables A-111A-12 $& A-13)
(o) Heat exchanger @i energy balance p3q([g:0 0080t a050p8Ea005
Lower cycle og€ [gbedlaopd refrigerant mass flow rate

my, hs + mg hy = my hg+ my h,
My (hs — hg) = mp (h, — h3)
0.05 kg/s (251.88 - 95.47) kj /kg = 1y (255.93 — 55.16)kJ/kg
mp = 0.093 kg/s

() Cascade cycle ¢ 50005005 300N (heat removal)oB 63300501203E: 0gEdIE0N
0, = 1mp((hy — hy) = 0.0390 kg/s (239.16 — 55.15)kj/kg = 7.18 kW
Vi/in = Wcompl,in + Wcompz,in = my, (he — hs) + mp (h, — hy) = 1.61 kW

(p) Cycle ¢l COP

copy = B TS L
BT Wheen  1.61kW

My (hs — hg) = mg (h, — hs)

my _ (hy — hs)

g (hs— hg)

cop _ % g fy — ha)
R,cascade Wnet mA(h6 — hS) = mB(hz - h1)

9-©.0 Compound Systems

Cascade refrigeration cycle o3 compound system opgjeopd:  eeleap§oopdn  Cascade
refrigeration cycle 00698 $8d: Bewrod $ddi00d Sgp:aopd compressor g 3200§:0805
S00500200p01 Compressor qpzad intercooling $& desuperheating o[gjopda3 3200§:c805(in- series)
8005002:00p9224) single compression 2(gd 90050058E20001 Compound system =2(gd ©a00500d60N
Compound system s3[gd 20050058 320305 intercooler 1 economizer a3eupcd subcooler 02005

B§orgps does a3za60005
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Compound system 0od9ei §p5gudgiodgped
(0) Refrigeration effect Sgp:coq
(J)) Compressor 220905 20§ (discharge temperature) $6oqc0q$
() Equipment sogudsaens(size) cooicodeoq
(G) System &l g&:32Ea0:8q(power consumption)eagpspdicogs $E
(§) $60dmrSmedod(annual operation expenses) cagpspdicoqs o [gdoogdi

Compound system 3aqp:9o0p5 2-stage compression system gps [gd[o30000n 2-stage system
a0pd single system $6903 intermediate flash intercooler o3ewp05 liquid subcooling type intercooler
[s¢ BopSionpbeamnodoonsaopdn 2-stage compressionell [o3psd Bszas(intermediate pressure) o3
6330050l $e00554gE 0p050p§E00

Pi =VP1xP2

Intermediate pressure (Pi) 0g€ [g®eclaopd saturated temperature c0pd 2-stage compound

system @il intermediate temperature [g6205

Warm

water
in Compressor ~ HP.gas  Cooling
L.P. gas T T [ water

out

-—
Expansion
valve

('E) 9-9G(o) Basic vapor compression cycle applied to a water chiller.

Critical
point
s &
Region of PPNy
sub-cooled ob\ F
liquid )
@ (S
& )
3 o (5] Region of
@ 2. 2 superheated
a . vapour
2 %
3 . %
E Pe [ 4 1 ‘:),. l
< ﬁ:ﬁ:ﬁfﬁg Wet region: mixture of S
saturated liquid and dry
saturated vapour e
Dry saturated
vapour line
& 1 L 1 1
hy hs = hy h, hs  Enthalpy
Refrigerating effecEL Energy
' into
compressor

Heat rejected at condenser|

{) 9-9G(®) Simple saturation refrigeration cycle on a pressure-enthalpy diagram
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9.6 eovoyéal ogpap:

Refrigeration System Components

(0) What are the major components of a vapor compression refrigeration system?

Compressors

(J) What are the two main functions of a compressor in a refrigeration cycle?

() What are the two main categories of refrigerant compressors?

(G) What are the desirable characteristics of a compressor?

(9) What criteria are considered in the selection of a proper refrigerant compressor?

(©) What are the main characteristics of hermetic compressors?

(Q) What are the main applications of semi-hermetic compressors?

(®) What is the difference between hermetic and semi-hermetic compressors?

(@) What are the three types of positive displacement compressors?

(00) What are the main parameters affecting the efficiencies of reciprocating compressors?

(09) What are the general design configurations of rotary compressors?

(o) Describe operating principle of rotary compressors.

(0p) What are the suitable applications of rotary compressors?

(0G) What are the basic advantages of vane compressors?

(0§)) Is screw compressor a positive displacement compressor? What is the temperature range for
SCrew Compressors?

(0B) Describe the operating principle of a screw compressor?
(0qQ) What are the basic advantages of screw compressors?
(o) What is the basic operating principle of dynamic compressors? What are the main types?

(o@) What are the suitable applications of centrifugal compressors in place of positive displacement
compressors? What is the suitable load range for centrifugal compressors?

(Jo) What is the basic operating principle of a centrifugal compressor?
(Jo) How are compressors rated? Define compression ratio for a compressor.
(JJ) What are the factors influencing the performance of a compressor?

(Jp) Does lowering suction temperature decrease the power input to a refrigerant compressor?
Explain.

(Jg) Itis known that the higher the compression ratio of a compressor the lower the efficiency.
Explain how the higher compression ratios be avoided.

(Ug) List the methods of compressor capacity control.

( JG) Refrigerant-134a enters the compressor of a refrigeration cycle at 120 kPa gauge pressure.
The condenser is maintained at an absolute pressure of 800 kPa. If the atmospheric pressure
is 95 kPa, determine the compression ratio of the compressor.
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Refrigerant-134a enters the compressor of a refrigeration cycle at 100 kPa and —20°C with a
flow rate of 1.8 m3/min and leaves at 700 kPa and 50°C. Determine

(a) the power input,
(b) the isentropic efficiency, and
(c) the exergy destruction and the exergy efficiency of the compressor. Take TO = 25°C.

Refrigerant-134a enters the compressor of a refrigeration cycle at 160 kPa as a saturated
vapor with a flow rate of 6.5 m3/min and leaves at 900 kPa. The compressor isentropic
efficiency is 75%. Determine (a) the temperature of R-134a at the exit of the compressor and
(b) the exergy destruction and the exergy efficiency of the compressor. Take TO = 25°C.

Refrigerant-134a enters the compressor of a refrigeration cycle at 100 kPa and —20°C with a
flow rate of 0.18 m3/min and leaves at 700 kPa and 50°C. The ratio of the clearance volume
to the displacement volume is 0.05. Determine the volumetric efficiency of the compressor.

Refrigerant-134a enters the compressor of a refrigeration cycle at 160 kPa as a saturated
vapor and leaves at 900 kPa. The compressor volumetric efficiency is 85% and the ratio of
the clearance volume to the displacement volume is 0.04. Determine the temperature of R-
134a at the exit of the compressor.

Refrigerant-134a enters the evaporator of a refrigeration cycle at 200 kPa with a vapor mass
fraction of 0.15 and leaves at 1200 kPa as a saturated vapor with a flow rate of 0.045
m3/min. The volumetric efficiency of the compressor is 92%. Determine the refrigeration
capacity of the system.

Condensers

What criteria are used in the selection of condensers?

What are the main types of condensers?

What are the advantages and disadvantages of air-cooled condensers?

Describe the operating principle of a cooling tower.

What is the effect of climatic conditions on the effectiveness of evaporative condensers?

Refrigerant-134a enters the condenser of a refrigeration cycle at 1000 kPa and 80°C with a
flow rate of 0.038 kg/s and leaves at the same pressure subcooled by 4.4 °C. The refrigerant
is condensed by rejecting its heat to water, which experiences a temperature rise of 9°C.
Determine

(a) the rate of heat rejected in the condenser,
(b) the mass flow rate of water, and
(c) the rate of cooling if the COP of this refrigeration cycle at these conditions is 1.4.

Heat is rejected from the condenser of a heat pump cycle by refrigerant-134a entering at 700
kPa and 50°C at a rate of 105 kg/h and leaves as a saturated liquid. Determine (a) the
temperature of R-134a at the condenser exit, (b) the volume flow rate at the exit of the
condenser in L/min, (c) the COP of the heat pump if the rate of heat absorbed in the
evaporator is 12,000 Btu/h, and (d) the rate of exergy destruction. Take TO = 77°F.
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A vapor compression refrigeration cycle uses ammonia as the working fluid. Heat is rejected
from ammonia to air in the condenser. The air enters at 70°F at a rate of 45 Ibm/min and
leaves at 85°F. Ammonia experiences an enthalpy change of 86 Btu/lbm as it flows through
the condenser. Determine

(a) the rate of heat rejected in the condenser in Btu/h and

(b) the ratio of mass flow rates of air and ammonia. Take the specific heat of air to
be 0.240 Btu/Ibm °F.

Evaporators
How can evaporators be classified?
List some applications of liquid coolers in refrigeration.

What is the difference between the operation of a flooded evaporator and a direct expansion
evaporator (also called dry cooler)? Which one is more preferable?

Heat is absorbed from a cooled space at a rate of 320 kJ/min by refrigerant-22 that enters
the evaporator at —10 °C with a quality of 0.3 and leaves as saturated vapor at the same
pressure. Determine the volume flow rates of R-22 at the compressor inlet and outlet. The
properties of R-22 at the inlet and exit of the evaporator are as follows: hl = 252.16 kJ/kg,
vl = 0.02010 m3/kg, h2 = 401.10 kJ/kg, v2 = 0.06523 m3/kg

Refrigerant-134a enters the expansion valve of a refrigeration cycle at 900 kPa as a saturated
liquid with a flow rate of 150 L/h. R-134a leaves the evaporator at 100 kPa superheated by
6.4°C. The refrigerant is evaporated by absorbing heat from air which is cooled from 15 to
2°C. Determine

(a) the rate of heat absorbed in the evaporator,

(b) the mass flow rate of air,

(c) the COP of the cycle if the compressor work input is 72.5 kJ/kg, and

(d) the rate of entropy generation and exergy destruction in the evaporator. Take TO = 25°C.

A heat pump operates on a vapor compression refrigeration cycle with R-134a as the
refrigerant. R-134a enters the evaporator at —12.7°C with a vapor mass fraction of 27% and
leaves at the same pressure as a saturated vapor. The refrigerant is evaporated by absorbing
heat from ambient air at 0 °C. Determine

(a) the amount of heat absorbed from the ambient air and

(b) the exergy destruction in the evaporator, both per unit mass flow rate of the refrigerant.

Throttling Devices

G6)
(GQ)

(G®)
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List the most common throttling devices.

Can thermostatic expansion valves control the rate of liquid-refrigerant flow to the
evaporator? If so, how is this done?

If there is no temperature drop across a thermostatic expansion valve, what could be the
reason? Explain.
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(G@) Explain characteristics of capillary tubes.

(90) Refrigerant-134a enters the throttling valve of a heat pump system at 200 psia as a saturated
liquid and leaves at 20 psia. Determine

(a) the temperature drop across the throttling valve and
(b) the entropy generation and the exergy destruction during this process. Take TO = 77°F.

(§0) Refrigerant-502 (a blend of R-115 and R-22) enters the throttling valve of a heat pump
system at 45°C as a saturated liquid and leaves at —22°C as a mixture of saturated liquid and
vapor. Determine

(a) the pressures at the inlet and exit of the valve and the vapor mass fraction at the exit and

(b) the entropy generation during this process. R-502 properties are not available in the book.
Use other sources to solve this problem.

Auxiliary Devices

(9y) List auxiliary devices used in refrigeration systems.

(99) What is the purpose of using an accumulator?

(9G) What is the purpose of using a receiver?

(9§) What is the purpose of using an oil separator?

(SG) What is the purpose of using a strainer? What types are available?

(§9) What is the purpose of using a drier? Which factors influence the selection of the correct size
of a drier?

(99) What is the purpose of using a check valve?

(9@) Describe the operation of a defrost controller with timer.

Problem: A steady-flow Carnot refrigeration cycle uses refrigerant- 134a as the working fluid. The
refrigerant changes from saturated vapor to saturated liquid at 30°C in the condenser as it rejects
heat. The evaporator pressure is 160 kPa. Show the cycle on a T-s diagram relative to saturation lines,
and determine

(a) the coefficient of performance,
(b) the amount of heat absorbed from the refrigerated space, and
(@ the net work input.

Answers: (a) 5.64, (b) 147 kJ/kg, (c) 26.1 ki/kg

Problem: A refrigerator uses refrigerant-134a as the working fluid and operates on an ideal vapor
compression refrigeration cycle between 0.12 and 0.7 MPa. The mass flow rate of the refrigerant
is 0.05 kg/s. Show the cycle on a T-s diagram with respect to saturation lines.

Determine

(@) the rate of heat removal from the refrigerated space and the power input to the compressor,
(b) the rate of heat rejection to the environment, and
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(c) the coefficient of performance.
Answers: (a) 7.41 kW, 1.83 kW, (b) 9.23 kW, (c) 4.06

Problem: 11-18 Refrigerant-134a enters the compressor of a refrigerator as superheated vapor at 0.14
MPa and -10°C at a rate of 0.12 kg/s, and it leaves at 0.7 MPa and 50°C. The refrigerant is cooled in
the condenser to 24°C and 0.65 MPa, and it is throttled to 0.15 MPa. Disregarding any heat transfer
and pressure drops in the connecting lines between the components, show the cycle on a T-s diagram
with respect to saturation lines, and determine

(a) the rate of heat removal from the refrigerated space and the power input to the compressor,

(b) the isentropic efficiency of the compressor, and

(c) the COP of the refrigerator.
Answers: (a) 19.4 kW, 5.06 kW, (b) 82.5 percent, (c) 3.83

Problem: 11-22 A refrigerator uses refrigerant- AN Oy
134a as the working fluid and operates on the 07
ideal vapor compression refrigeration cycle. The Condenser
refrigerant enters the evaporator at 120 kPa with a @ @
quality of 30 percent and leaves the compressor at ]
60°C. If the compressor consumes 450 W of X E‘l&lliz:wion Compressor| ﬂ
power, determine
(a) the mass flow rate of the refrigerant, (b) the
condenser pressure, and (c) the COP of the
refrigerator. Evaporator y
Answers: (a) 0.00727 kg/s, (b) 672 kPa, (c) 2.43 12(%;1 » g, @
x=03

9-00 Problems
(0) R-12 o} saadgjcon:eom theoretical cycle 02d90p¢ condensing temperature 0005 85°F [g6[G:
evaporating temperature 2005 25°F [gda0p5i o8 cycle 320305
(o) Compressor work done (Btu/Ib)
(J) Refringeration effect (Btu/Ib)
(p) Heat rejected in condenser (Btu/Ib)
(G) CO.PsE
(§) Quality of refrigerant after expansion 0303¢pAli

() R-12 320%{geom 6q300H0060%: compressor codad:opE 0cutdl(g)ad: 06e0Eam0RdI
soc3l 00dd:el bore 2005 3 inches [g&[g: stroke 2095 4 inches [g®oopdn R.P.M 600 rpm [g&
e condensing pressure 00pb 108 psi $& evaporating pressure 0095 25 psi (9638
0pd0p weom theoretical cycle 6l 6830053000§3:qp:0? pdli [ IP 1rs6]

(o) Refrigeration capacity (RT)
(J) Theorecical horse power(HP) required
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)
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©)

Q)
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() Theorectical cycle ©opddad 880epogE pv 1.2 = C [968cgE B3a06pd
[4E:e0mCaast compressor ¢ g§ccdepd 3000303 gpdi

R-12 3203¢g|e0m 6qRond00dad:ad 25 ton of refrigeration coc5cpb8Eesant 8&8: qpboon:
20pdi - Condenser pressure 20p5 135 PSI [g8[8s evaporator pressure 20p5 30 PSI [gdaopbn
Standard cycle 0p 0psOgIEd 683053 0o83:qP:0d gpdli [ IP 0psd]

(o) Mass flow rate of refrigerant (Ib/min)

(y) Piston displacement of compressor (f3/Min)

(p) Horse power required of compressor o3o3¢pdl

Freon 393{):@[0&73 standard cycle 03&5 condensing temperature 90°F ‘?@ evaporating
temperature 0°F [o3p:03€ 320060p0e500051 Refrigerant 11b 320305

() q§epb refrigeration effect

() Refrigeration effect 1 RT §g$320305 03320003 Ib/min

() Compressor 3303 o€eepadepd cpcopdB:gss (volume flow rate)

(G) 8320605 H.P

(9) CO.PsE

(6) Condenser 32038 80005625 8ap0EdN (amount of heat rejection)o30? pAli

3 tons of refrigeration cPEOCROGLIESEIN GEEOMSOH:205 350 rpm [g& cvpduodesapd

Condenser temperature 100°F $& evaporator temperature 10°F §esq$ 83250000

320Dgjepd compressor 3agudsaenen stroke = 1.5 bore [gdoopdn Standard cycle vp vasog)

6220050 e0beg g2 2adgage A83250pd compressor 303E:32000¢:d §pdl [ IP 0psd]
(A)R-12, (B)R - 22, (C) R - 717

R - 12 320{ges@000 vapor compression cycle 0090 evaporator temperature 20p5 25°C
[3[8¢ condenser temperature 2005 85°C [gb20du

(0) Compressor 3a0god§endbeg, ¢l 2p§§(discharge temperature)

(J) Compressor work done(Btu/Ib)

(p) Heat rejected in condenser (Btu/Ib)

() Evaporator 320&§ refrigerant quality

(§) C.0.P 0303 gpdhi (Cp = 1473 Btu/Ib °R [gdoopdn)

:2x&somencdeg o 6qPocH0dad0pE  displacement  capacity  10.9ft/min  §eom
compressor o3 3»2%[gjoopdn  Condensing temperature 2005 85°F [g&fg: evaporating
temperature 2005 10°F [9o0pb1 Compressor 320905 enthalpy 00pd 655 Btu/lb [g6[g:
standard cycle 0p are0aq0d 63200530303 gpdli (Take Cp= 0.7 Btu/Ib°F )

(0) Compressor 330905 3056g 6l 30§S

(J) Quality of refrigerant after expansion

(?) Refrigerant mass flow rate (Ib/min)

(G) H.P required for the compressor

(§) Water cooled condenser o3 saadd{gjoonsG: ca@aoancgad 2a0§8ep:s0dgts 10°F

200 00238 86005 A3m06pd eeEP0RdBssE:(gal/min) o3a3epdl
Ammonia vapor compression cycle 0o69a0p5 50psia $& 160 psia [o3p:03¢ 220pOpes205N
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Compressor 320905 32082000 85°F [g8fd: opadlCs(total) enthalpy 2o0pS 675.8 Btu/lb
[§020p5n Condenser s2ag0b3a0qS 2005 60°F [g8[G: enthalpy 2005 109.2 Btu/lb [g8a0p5
Condenser ¢ 450 Btu/min $§:g¢ 220980005650q1€ 6320050036 00§3:qp20? gpdli

(o) Mass flow rate of refrigerant (Ib/min)

(J) H.P required of compressor

(p) Tons of refrigeration

(g) C.OP

Freon 12 320ddgjegeom cedood(ice plant)oodoope evaporating temperature aopS - 30°F
[g8[: condensing temperature aop5 80°F [g6o0p5n Refrigerant 8:58:(mass flow rate) 005 5
Ib/min [g630gE

(o) Refrigeration effect (Btu/min)

() Cooling capacity(ton) o303 gpdl

Ammonia 6056g0%: 6qR0n50069eN capacity 2005 18 tons [gde] condenser temperature 205
120°F [9[3: evaporator temperature 2005 40°F [o3p:opE 320p0cpbes2000n Standard cycle vp
opsog] (o) mass flow rate (Ib/min) 1 () volume flow rate (ft*/min) 0303 pdli

Refrigeration system o090 R-12 o3 adsoonifGa evaporator temperature 20p5 40°F [q8[Ge
condenser temperature 20p5 120°F 9920001 (03) cooling capacity (Btu/Ib) 1 (9) mass flow
rate (Ib/ min/ton) 1 (o) C.0.P 0303 qpdli

@q3005 (vapor compression refrigeration ice plant) 00692005 20&:&:00m3e0056¢,0% F20diy|
oo 150 psia $& 50 psia [o3p:0pC 2o0p6pGes00001 Mass flow rate 3 Ib/min §84qE
copduodesB: compressor 330905 enthalpy 2005 652.8 Btu/lb §[Gs condenser adop€ 70°F o3
subcooled w6305 Cp for vapor = 0.7 $¢ Cp for liquid = 7.15 Btu/Ib °R 0p aaeoaqod (o)
cooling capacity (ton) 1 (9) C.0.P 0303¢pdli

6q300500090RC single acting compressor o3 =aadige] swept volume aopd 9.9 ft/min
[020p5n Suction pressure c0pd 34.3 psia [gdoopS Discharge pressure aopd 169.2 psia
[§0o0pSn Condenser oag0d =2p§So0pd 68°F [g8d: 320830080000 140°F [gdaopdi
328:8s000gdaopdn Condenser ¢ 80080005¢ 483 Btu/min $C evaporator © 320000958 356
Btu/min §oopdn Cp for vapor = 0.7 Btu/ Ib °F opsoaqed (on) C.0.P (9) mass flow rate (o)
cooling capacity in ton (vo) evaporator 30C$&=20g05 sa6[gEacsqpod gpdl

Single acting single cylinder sa):{gje$6000 6qB00500d903E Bore = 3.75 inch $& stroke = 4
inch $& 400 rpm [9& copdoodes0000N eodeg oo 208800 ybBs 160 psia $& 50 psia
[o3p203€ 220pEpbes00p51 Condenser 32083205§005 150°F [g8[8: 320905200 §S00p5 70°F
[©20p5n Condenser cooling water 2005 56°F [§& o€eepad[g: 70.5°F 03¢ [gSogodagn:aogd
GaeYP000§8:0 1,42 Gal/min §oopdn Evaporator © 60°F §eoon eqoo§eslgd 62 Ib/hr
§82000560te500p01 Cp for liquid = 1.15 $& Cp for vapor = 0.62 Btu/Ib°F up vpsog] (o») ton
of refrigeration 1 (9) C.O.P 1 (0) mass flow rate Ib/min | (x0) evaporator $2085E320905

on0deg 36[gsacsqp: 03 gpdl
Food freezing system 008903E 20 ton of refrigeration saadd{gjes(3s evaporator temperature
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20p5 40°F [96[G: condenser temperature 0005 72°F §o R-22 o3 saadd{gjeso0pdn Condenser
¢ 2000508 7°F sub cooled [gd{8s evaporator 8309050pE 6°F superheating [g6o0p5n
Compression [gopOop adiabatic process [g&fga cylinder saeqEacgod(6)e dofox Bore =
Stroke @803é||

RPM 1500 [g& copSoodesagié
(o) Refrigeration effect,
(J) Mass flow rate,
(p) Volume flow rate
() H P required
(§) Heat rejected in condenser,
(6) Bore and stroke of compressor 0303¢pdl

(o6) Refrigerator ood9el compressor 203E:03 R-134a 2005 8320: 140 kPa $& 200§§ -10°C [9&

o€eepadaonaopdi Refrigerant R-134a 85820005 0.2 m3/min [g8[G: compressor © 8sao: 1 MPa

[§ ogodagnzaopdn  Compressor @ isentropic efficiency 0005 78 percent [gdaopSn Throttling

valve 220p&:03 8320: 0.95 MPa & 320§$ 30°C olaeepod(Gs evaporator sa0p:e saturated
vapor —18.5°C g€ agoSgnognzoogd

Th

0.8 MPa
50°C

0.72 MPa

0.14 MPa

I _10°C

=9 )

T-s diagram
32000530038 refrigeration cycle o T-s diagram [3¢ eodlgoonzoopdi 68300530303 epdi
(0) Compressor o3 copdeusqupd gosams(power input)
() Refrigerated space © 3200800055&:(rate of heat removal) $¢
() Evaporator $& compressor 33003 [gdedleam pressure drop $& rate of heat gain o3

spdl
- End -
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Chapter-4 Refrigerants
Outdoor %\ndoor Refrigerant 20pd  vapor compression cycle gpsopE

@ % Zo0X]gj0opd substance 0od§jelgdaopdn Refrigerant qp:od 320
ﬁ\g \ ao0deemnEopgps(heat carrier) opgoopd: cal e3§Eo000

"?k % ? Chiller qpssC refrigeration machine  gpsopS  ©felgd
L 3© 8380005 substance oob§p [§Boopdi qpdeafgd cocd

copdseomls 326g30[gd o> 0pdieomE:s §es8Ea00
q?eﬁogoo%o&nog8§ GORiqP20pd00965000303 chiller a3wupod refrigeration machine gp:
320p8:5c0pd: refrigerant o> GogegPoal copSucdesoopdn cpsadi(heart)oopd GagigPiod VXD
0obeame 0p&ieui(pump) 6$200333 chiller oddad:3a038:g compressor oo refrigerant qps cdLOd
65630 oR&c0:(pUMP) 652000
CRO§NTOR0D  GogIEEogP:  OF[grro00al  chiller  oodadeacgabeoRd:  refrigerant
G200z qpigd [gp§Coopdi 3200sgpieod refrigerant gpied R11i R121 R22i R1231 R134a 000503

[g0o0p5n spepdqpign  OP[gpooa3ad  refrigerant codgCid Bade)  epopoHooglgps(chemical
properties) 220a3&epochoogdqps(thermal properties)sé aoomovodosioqiEased 3a0gk c00deepady

qps(environmental effects) 020903 a3[gpgo3005N

Refrigerant &l 328¢gudgEadqod(definition) saq refrigeration system gpiog€ 320
opse[gpsq(heat transfer) [gdedl g$320305 320go0d fluid o3 refrigerant vp 200500520001

Refrigerant 203&:
(0) op S5 956 0odEalaagan industrial process qpzogE Ether 1 CO, 1 NH; 02005 refrigerant gpad
00n& 320%{gR[03020
() o JC 950 0g€ voowsed: CFC (R12) 03 Freon 320p9[g¢ 0Bag3(8: Du Pont opgade oppo 956038
B20eg® 000dRS GepEagqaodi
4-1




Chillers and Chilled Water Systems [Ceppieledleptont )

() ope09sd0RE CFC $& HCFC gp: 0podand[gl: qoedE:3[B HFC (g€ sron:ad: saadige$ [Jom:
3030055

(G) opro 956038 green house effect onbeonsaliod GepCagq§encgad refrigerant Sa006qP0?
[Bon: gpegan F[og0005

(9) Azeotrope refrigerant: R5XX. Blends behaving like pure Ref ())§g Bewrod (p)§ gedt:
002:00p) @20deglgbo0odi Substances. No glide.

(©) Zeotrope refrigerant qp:(R4XX)0S 0008 2203:g[032005

G.0 Refrigerant sa§pzzaoniqp:
G.0.0 0e50RC Fadgjesa0pd Refrigerant sodjrmooduyp:
(0) eurg$ ogSeded (Halon carbon)
(J) Blend qps
(on) Azeotropes
(®) Zeotropes

() Hydrocarbons dlo€aopd organic compound gp:
(G) Ammonia 1 CO, 0205 inorganic compound gps 93ewpod natural refrigerant s

G-0. J Halocarbon
Halogenated o8¢wpod halocarbons &300p0¢n  hydrocarbons  o3aBc8o0pdn  Halocarbons
refrigerant gp:oopd saepCedfgts(colourless) 1 8:weaonC8E[gEs(non-inflammable) 1 cogoieagpPsps
e05¢[g[gE: (non-corrosive to most metals) $& 32e85000E[gE:(non-toxic) o3 [gdfog00pdn Primary
refrigerant qps 32[g® saqp2ed: 30d:{gfo300001
Refrigerant =a[gb3a0dd{geoonelope "R” 0p 20056005 e[gpad(oafgt: [gdoopdn Refrigerant
305008 03 20p30p5sea6 209(group) Gavsp F[grzozaopdi
(0) CFC3pd@( R11 2095 CFC refrigerant ooddjs [gdoopdn)
CFC 20p5 chlorofluorocarbon g[8 omog&(Carbon) 1 oncdqEs(Chlorine) $¢ ocdqs(Fluorine)
03e0lC:00000:000) [g0e0lCs(organic compound) [gdoopbi 8a88:(methane) $¢ 33938 (ethane)
en0degIGmaon: 03¢ 328:0000: opoBo30000N
(J) HCFC 3p069(R22 20p5 HCFC refrigerant oodqjg [gaopdn)
HCFC 20p5  hydrochlorofluorocarbons (988  omog&(Carbon)  oncBq€s(Chlorine)  ocdqSs
(Fluorine) $& 030500§qE(Hydrogen) o3 eAlE:ob000:0005 [goedIE:(organic compound) [gdaopS
cqEs(Chlorine) enodegaopd 22886en0deg [g9a0p5i Du Pont opgade Freon §oepb (& R22

0300050060051 Freon 22 20pd Du Pont $E000000563800p) 03058E80605 [gdoopdn sagpast
200583E20p9500p5(common name) ¢wr053l

() HFC 2p09(R134a 2005 HFC refrigerant [gdoopdn)
HFC 20p5 hydrofluorocarbons [g8[8somg§(Carbon) oce:(Fluorine) & BadadqiE(Hydrogen)
ad§jp edlCob0onz00pd [30edICs(organic compound) [gdaopdi HFC o€ oncdqs(chlorine)
odeomelopE HFC 2005 saadbenodeg wupodeoi
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() HC=pbe
HC 20p5 hydrocarbon [g8[8: omg§(Carbon) $& Bod3§qiE(Hydrogen) o3 dlo€aogd [gbedlts
(organic compound) [g&aop5n

G.0.p Azeotropic Refrigerants
Azeotropic refrigerant qpzoopd blend qp: [g8[o30000n Pure substance qpopad cpbeeoné

§E2005 achoogdqp: §oopd

500 series refrigerant qp:oopb Azeontropic mixture qps [g6[o30005

R507 20p5 R125(50%) $¢ R143a(50%) 03 edlE:0ba00:a0p) Azeontropic mixture gps [gd200i
R502 2005 R115 (48.8%) $& R22(51.2%) 03 edlE:00000:0009 Azeontropic mixture gps [gd200i

HFC refrigerant saqpspoopd eocbeg 8§k Bewpod $6§Eco0ddgpieomn exodeggp:ad
eAIE:06000:00p) mixture 0300p0d blend gpegdlogoopdn Mixture gpsaopd azeotrope  qps 1 near
azeotrope gp: o3e0pdd zeotrope qps [gB[o300pdn  Mixture s3o0pben eq & &[gpeRd edlCs003a
eepesnBs oodoonpd: [gbogsgli§ [gBoopdn Blend qpzoopd ondomionpd: eepesnogrigts
00pchTD ooy feslgl:d [§Boopdn poed- eq $& B 0 rotionde 308:S opdes[gt:
[g2025u

Azeotropes gp:o0p0 00D02200pd:[gdeINE GEPe§G5$Go0G[PE substance 069 Fves(gE
200590520051 8960d(boiling point) cod9Goopdn vcowdeds Azeotropes 200 R502 [gooRdn
odelopE phase change [gdaopd evaporating temperature $C condensing temperature o3cods
elgpEscdeg 000

Blend gpsog€ doCeseom enodogypsaagigt: 00doo00pd: weepegicomeopé 38

(leak)20pb28l ©pbapd er0degm ep§Essi(%)epdy) v3BGog00p503 waB8Eaamaelope ooy blend
refrigerant 330300203 0005060 refrigerant 35006 [g§copdop §aopdi

Refrigerant o equipment 3303808 copdo0pd328l Faepdanc(geaes(liquid phase) ogtam
00pdogCiqoopdn  seegmeegmees(liquid phase)ogE  equipment 0pC:ad  copdagEidlon  enddeg
069qiE:Beil doCsss voSamseonpeon Blend sadjeaon: refrigerant o3¢ do€oopd enodeg gp: 0095t
oobeel temperature glide 0pS 5 K co0d eogpag flooded type evaporator qpsogé 3203{gjq$
vangeagpeol

oo§),6om mixture gp:el glide 2095 2K 0005 $5s00pdn B0 mixture §god “near
azeotrope” 0peeloopdl  cVEdeoy RGCEgEypiogt  substance  0o9oDRO:ER[d OGO
;adigfogoopdn  R404A  $& R410A odoopd near azeotrope qpsgdlo3oopdi s3asiamn qoddeog
o§ooecmnnd $o5s(gls(virtually zero ODP) $& oesieoq ogdedcocom(zero GWP) refrigerant o
“Natural refrigerant” o3 el ad[o30005

G-0.G Zeotropic Refrigerants

Zeotropic mixture gp:aopd enddeg $8§E aJeupod 2§} Iomeon: Boygy GepPesH
edlE:00002:6000 Faeep(Mixture)qp: [gdaopdi Zeotrope qpzoopd halocarbon gp:ad Gepe§H00:0000
saeep(mixture of halocarbons) qps [g&{o30005
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pow>- R407C o0pd R32(23%) 1 R125(25%) $& R134a(52%) 03 GePE§O00:0020
saeep(mixture) [g6200n

400 series refrigerant gpsoopd Zeontropic mixture gps [§8[030005
R407 A 20pd R32(20%) R125(40%) $& R134a(40%) 03 cdlE:06000:000) Zeontropic Mixture

o 5830005

G-0.§) Organic compound
600 series refrigerant qpza0p5 organic compound gp: [g&{o300251
R600a 2005 isobutane [46[g: organic compound cod§js [gb205

G.0.6 Inorganic mixture
700 series refrigerant qpzoopd inorganic mixture gps [g8o30005
R717 20p5 ammonia (inorganic compound) [g&(g: eebcdagjcons mass 2005 17 [gBo0pb

G- Refrigerant Color Codes

Chiller gps oBewpod refrigeration machine gqps3a0Esad refrigerant qps gensgd copdogts
858 03 omogude§aacgad refrigerant qps copboozoopd cylinder g0’ saeepEqpigE Flgpiconzoopdi
G. J-0 CFCs enodagyp:
Table 4-1 HCFCs @n0begqps 00pdaon:00p) socoldlqpieh saeepEyp:

Refrigerant socotdl
, @0pa0eepd saopfgoopiesapap:
$Ad5 ;eept
R-11 Orange Trichloromonofluoromethane Centrifugal chillers
R-12 White Dichlorodifluoromethane Reciprocating and rotary equipments
. . Used in low stage of cascade
R-13 Light Blue | Monochlorotrifluoromethane
systems
. Low to Medium temperature
R-13B1 Coral Bromotrifluoromethane o
applications
R-113 Purple Trichlorotrifluoroethane Low capacity centrifugal chillers
R-114 Dark Blue Dichlorotetrafluoroethane High capacity chillers
Industrial and commercial
R-500 Yellow Refrigerant 152A/12
Reciprocating compressors
R-502 Light Purple Refrigerant 22/115 Reciprocating and rotary equipments
Low temperature commercial
R-503 Aquamarine Refrigerant 23/13
refrigeration
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Table 4-2 HCFCs mo%egqp: c0pd002:000% socobslgpiel seeptap:

Refrigerant |  Cylinder ci .
(Spleplelole Pl 0 s
49 s30pS opeosaaeEd opigeoplesepep
Residentiall commercial
R-22 Light Green Monochlorodifluoromethane
and industrial
) . . R-11 replacement for centrifugal
R-123 Light Gray Dichlorotrifluoroethane .
chillers
R-124 Deep Green Chlorotetrafluoroethane Medium pressure chillers
R-401A Coral Red R-22 + R-152a + R-124 Medium temperature systems
Transport refrigerationi domestic
R-401B | Mustard Yellow R-22 + R-152a + R-124 .
refrigerators
) Ice machinel vending supermarket
R-402A Light Brown R-22 + R-125 + R-290 )
and food service
Supermarket food service and
R-402B Green Brown R-22 + R-125 + R-290
transport

G.J-0 HFCs enobegyps

Table 4-3 HCFCs QoorSGgqps ooéooo:oaé oomﬁs']qp:@ﬁ s'aeep?;qp:

Refrigerant | Cylinder ¢l .
~plepclvic c o) (c o) 2
$305 s306p8 opeoszepd opkoopbesepap
R-23 Light Gray Trifluoromethane Low temperature refrigerant
Light Sky Automotive industry and refrigeration
R-134a Tetrafluoroethane
Blue systems
R-404A Orange R-125 + R-143a + R-134a Medium and low temperature
Chocolate
R-407C R-32 + R-125 + R-134a R-22 Replacement
Brown
Replacement for residential air
R-410A Rose R-32 + R-125 o
conditioning
) . Replacement for low-temp
R-507 Light Brown Refrigerant 125/143a ] )
commercial refrigerant.

CFC refrigerant qpso? 00800gpad:3209E:320m[g¢ ©000dpd[es $¢& saadolglole$ §E¢
30200820k 206020003 Relgd20p01 HCFC refrigerant qpsa? ©o0odcpdloges $¢ saadelgfores
§8¢ smcke8:0l [o3ponesqS(transition period)copd:s [gdaopdi HFC refrigerant qpsode o90005

eomCso0p) refrigerant ved cdod§§ead 2d:g(0308800i
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Refrigerant gqp:cd 206[gdg encdegad§Egt gopdiconsoopdn aoadqg:(Chlorine) 1 WBodsdqé
(Hydrogen) 1 oc3qCs(Fluorine)encbego? [g®oopdn Refrigerant gpsaopdeadjpeaoniadcdods] cdenodeg
adi§seil doCgaagpanonsgpien olgpiloro00

oncBqs(Chlorine) $& ocdqCs(Fluorine) 032005 Groopadart [opeRdg> 0opb§8E00N

oncBqs(Chlorine) dloCgqpsoopd  refrigerant a0pd  SBeSiagnod  BFadeolgts(Ozone
Depletion Potential- ODP) [g88&a0pdn vadqs(Fluorine) dlofagpsaopd refrigerant aopd onep[o3e

@eg:c00g(Global Warming Potential-GWP)o3 38[gbeooopbi t3o53§qiE(Hydrogen) doCaqpsood
refrigerant 20pd &:econagud(flammable) cooopdn ooade:(Chlorine) dlo€ggpsaogd refrigerant
20p5 32886e0deg(toxic) [gBoopdi

Hydrogen (o

R-11
Toxic — .
R-12
\ R-123
- Flammable ’ R-22
Chiorine ’"c-,ea%’ : - H ‘ R-134a
Qoap &7 4

MO McLinden and DA Didion 1987

QG ?9J

32003 O0p8ERGGoopd wpdoopd substance odesd refrigerant 3a65(gEsaadig§Eo0bn 88
320DqIeP2000  cvdess(application)el  330§83209E:32000(temperature  range)saoplsd  substance
0069a0p5 3209E200$ (phase) ejgpE:cd[gls ofclon secondary refrigerant 2Be0pod 3a08:09:8E2000
[opsd(heat transfer media)zalgd saad:{g§Eo00i

eq(water)o? 32680005929¢piel chilled water system qpsope heat transfer media =5[gd
:20digo3oopdn  36e00053adqpsg chilled water system gpicl 220§800p5 6°C ¢ 20°C o0p:
[§0o0pSn Beocd 3°C cocd§6eom aJuwpcd 0°C cond8Geomn FpFEd3000pd 00deROCE:
(industrial application) qp2320305 GqEd 2X%geS ©[gd$Caun Belop¢ Brine 1 Glycol mixture(eq $¢
Glycol 2a6ep)0d 200%gjqoopdi 663320052005 0°C  [gdeomelopé 0°C 63300503E F20pdapdeom
system gpzzacpad 66o0pd wooteagdeon Brine 1 Glycol mixture odell  eqdsa¢dd(freezing Point)aopd
0°C cocd 86eomefopé 303{ggs coCeagdoopdi 3°C cocd§6o0pd qpdckiqpaaoged Gao?d heat

transfer medium 32(g® saad:o|gjooteon

o Jo $& oppo $6gp:0z Chlorofluorocarbons(CFCs) 8pbpapE dlo€eom R-11 R-12 1 R-503
refrigerant gp:od opCoqudgn saad|yFlo3oopdi eodegd 0pd:d 0opdBoR: sacgé efficient [gdoopd
e0degqp: [§800pdi 93ea0d ddenddegyp: Grocmaogtiad qptaoodadnddon feucd g&oda3cddlm
6oo0a30RE $660IC: epd) §es(long- lived in atmosphere) 2005
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60000 3o§638:3¢ fes0pd CFC eedBoyjpqp:oodd infrared radiation  eSoo[e(Global
warming)od [gdeooopdi mogn[od pegeoB crocongn 32000508:03 eepaogriag CFC aubcBoy
2005 [Go3ogR:om Chlorine eo0beg 0gada20pdi adogodamoogd Chlorine exodegoopd Fasiagn
(0zone layer)o? 03805q058seo00pdn SDasagaopd eqbgSepE(gedyps(Ultra Violet) ongelged a3
eoyeapoieoqs omogudeusaopdl Besay qEd8gtelopt 9q8igs eepllgdyp: sa00:3298:3
ongne[ged 98 ojeepaon GoniEageped qpigao? [gdedl co§Eaodi

CFC @n05egqpe3203E:03 1305388205006 006003 copdagegE{gE(HCFC enodag [gdeoo)
CFC e Boyjpgp: 60000 REqesSCo0od 2000l  qpigd  eagpqi§elopE:  opeonaosg
0pgEYPi §PegeozgFooRd

BefopE  coomovcdoSioq€  Badgqps(environmental  impact)od  eogpqi8EF0pd
Hydrochlorofluro  carbon(HCFC) encbeggpigbeomn R-22 $& R123 refrigerant gpsod op€oqudegn
Fadgioon[o300pdn HCFC enobegypioopd o[ pegieoq(Global Warning Potential)o spd:co
Goodcopd:  FBaSiagnqodBig(Ozone  Depletion  Potential)od  [gdedleo§Eeomelopé  jojo 956
6§2053E:09E HCFC refrigerant o soadgjoopd equipment qps cpodapdga eeptsqgts 0obeol[ge:nd
9¢[ge36epS vupodeomeon

Hydrofluorocorbons(HFCs)  refrigerant gp:od  soadgoonoq@  environmental  geconCe
[0300g€  cocd§macomtsaleeonn refrigerant [gdoopdi R134a 00p0 sacpé svadigpicoon HFCs
refrigerant [gdoopSn R123 (HCFC) o3 negative pressure chiller qpsopE 32004g[3: R134a (HFC) o3
positive pressure chiller gpsoE 32053{g[o0pd

Refrigerant gp:od ASHRAE Standard 34-1989 32q 32a30008g(toxicity)spoe $& S:eaontagudy
(flammability) sp0pupe) 3p60s0§): Ffapz0005905000:0005N

326B63p59(Toxicity Group) 8:ac0n8guboopd 3pbe(Flammability Group)
A= nontoxic (883620&0gadsgpad:o wdlot) 1= No flame propagation( 8:0econE§E)
B= evidence of toxicity identified 2= Low flammability( 8:ccnE§E2005)
(3293620E§C6000 0gpdigps dloCaogdi) 3= High Flammability ( 8secon€agudoogd)

G.9 Refrigerant gpei ocPooglyp:
Vapor compression cycle o} 236[gdq) refrigeration machine g3 005680005 con{r320201
Vapor compression cycle o€ refrigerant 35[gd 3200g§Eq§ea0905 6330050 oahoogdypied ogt
F26[gdaopdi
(o) Non poisonous and Non toxic (or low toxicity )
o} 35epod[g§eom enoneos 0godigp: wdloe =edoCeoepd edodegyp: dlotq
o§coq
(®) Chemically stable in both liquid and vapor state
opdo0p) meefgzacs(liquid or vapor)ogt [gddeo enopeosspdizng @SRy ofeoa
00p0[86¢(stable) §aepdn
(o) Non Flammable
B:aanEagudaopd enodeg ofgbeoqr aBuS03Eopd: Srweant Bewrcd E:ecxng[gl: odaopds
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3202060:00p) 62056¢ [§dqepdI

(v0) Non Corrosive
cogqpisC @d[gfgts 1 adeqroncdlgta elogegqronadgEionopdod o[gB8E0d exddeg b
G]Qéll

(c) Low Boiling Point
speod(boiling point) §62005 enodegqs [9beepdi Boiling point 860005 refrigerant oopS
corresponding pressure §6comae(opé 836§ agudopoogdi

(o) High Latent Heat
Latent heat owan oo$§:qp:oaé oooSGg @quéu Latent heat ommqp:e:noe@:&

oppBeom  refrigeration  effect o3eupcd cooling capacity qgS=acgad  g&zatown
2502005000 320%4ga$ Beada0pd

(s0) Small Specific Volume
Specific Volume(ft’/Ib) oo§8:505:000 enodeg [gbeepdi oppdaopd cooling capacity qg
;005 specific volume $p5:0q¢ 822600p) eoodeg ee:gS $p0:00pdN 00bspbiedsC
chiller 220p8:03 copdagEiaepd refrigerant oedan(32600:§$32044E) S505:00001

(@) Low Leak Tendency and Easy to Detect
03868Cgd:505:0000 endheg [Bqepdn enodeg u3Boq [gbedl aopdzed sacgubonan c38Eg6s
0668038895z §oopd enodeg [gdeepdi

(g)) Low Price and Commonly Available

ogpgss oG 2909y 005ur8EqERdI 00b§|,eom §E&qPiopE cpdbpdi eepl:g
200039C  o[goopd erodegyp: §oopdi §EEcdad  oxgyd(ban)ooneomn  edodeg gpiad

a80omsq§ 083200005
Refrigerant qpscd §C:0pdo00500depop refrigerant gpseil ochoogdypsst  thermodynamic
F20D30009qP:2e60 226[gdeepd
(0)  Evaporator ¢ Condenser 33x:qp: so6[g306s
()  Coefficient of Performance And Power Requirements (C.0.P) 00§3sqp:
()  High suction gas density
(G)  Positive pressure at evaporation and condensing condition
(9)  Critical temperature and triple point well outside
()  Latent heat 0o§3:qps
(Q)  Specific volume 0o&3sqp:
(®)  working range pressure $¢ dielectric strength [gSwosg
(@) Refrigerant qpseges: $& BWLSQS pEaE8od
(00) Freezing temperature

(00) Environmentally friendly
(oJ) Critical temperature $& pressure qp: ©20p9 326[ga65qP:05 §E:00qERdg600I
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(o) Evaporator $¢ Condenser Pressure gp:
Pressure (j)oel 0o$3gesnie sp5:qepdlgdfda pressure (j)9 0ad:00pd ongrEOEd30:
2000509800 oopdeepd adpom system 3a05E:03 [gEosrogp: woleepod§Eeon 33
(N§ocd: [gGenxdon compressor $& condenser 0303 §€eSgy  oopdSesooodeoolyt
p§oqododss power adde Sqps&Coopdi Bsmiomlgnig 50 psi 2ac00503E reciprocating
compressor o3 ad:00p51 sansop(gesg 20 psi $& 50 psi [o3ps0pE rotary compressor o
3200520000

() Coefficient of Performance and Power Requirements
Refrigeration system qpzog€ C.0.P 6om&igtsoopd saeqEoroopd 3aq05[gdoopdi Power
requirement 20p5 C.0.P &l a[gp&ig§ 3aqjpot [gb20p5i R-11 &l C.0.P copbs 32(4Cads(d[Bs
power a%:eaopds 20505:e05gba0pdn CO, 61 C.0.P 2000 325p0:edx{qb[G: power od%:ggwn
Foqpeads [(gBaopd

(p) Suction Gas Density 0o§3: [gGwoiq
Suction gas density 0088z [gEene[gEs0005 GomEigsa00d arH0g30069 [§BooRd!

(G) Positive pressure at evaporation and condensing condition
Evaporation $& condensing 8320:0005 Grooo8smic00d Jglesaq€ [gEo  eros
eqieaog, gp: wolaspod§Eeol

(§) Critical temperature and triple point well outside
Operation condition aop5 critical temperature $& triple point &l 95[gCocSozEond§rgc

00p0[86(stable) 2005

(6) Latent Heat 00§3:qp:
Refrigerant effect gpsqps qeoq$ evaporator pressure opC latent heat oo§Bsqpsgp:cd
3Ea3C2005 enddag, qpsa? 30digjgaopdi Standard cycle 82005 eobeg qpsei latent heat
0083520’ §E00H ed[goonzoopdi

(Q) Specific Volume
Specific volume [eniescqiC sagudzaon: [Brensaopd compressor o3 30d3{ggeRd!
00§3seo0:c0d0g€  reciprocating compressor o 20 g8ERr  0083:{gCen:dlon  rotary
a3e0pod centrifugal compressor 0300 2203:g§E2001

(©) Refrigerant gpregiss: $¢ cBapude§ ap§ayodod
F02%:663620g0730 Go0:cedapdeadyp:opt refrigerant saspdicoSom 32004ggolge
opSoyodod(cost)od oS  saeepo[Readdcopds industrial  plant  qpogt
00p06e00056o0S3s B§:088:g 0o&BsqpreomnclopC refrigerant 30305 08030853
:26[gde) egegdaotaopdi

(@) Freezing Temperature
Freezing temperature 86000 refrigerant qpso? saad:{go¢aopdi
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(00) Environmentally friendly
2002000050§:03803 Zagapud 6[g§ERS refrigerant qpzod 3205{g[o0Eo00i
(00) Critical Temperature and Pressure
Refrigerant oo&geh critical temperature 20p5 condensing temperature &:3k§clon power

83209 qp:c36epdi

G.G Refrigerant gp:ei ocdaogdqp: §8:0059105
Refrigerant qps3a: §E:00depoge
(00) 200300 vodo§ioEam: BYodgedgts (environmental impact)
(9) g&seanCapdeont{gt: (performance)
(0) agepodedgl: (hazard) sagodgp:aopd 32800 (0300051
Environmental impact 03¢ jasiagn 08305q08:e08E¢(0zone Depletion Potential-ODP) $&
e[} pegeeoq(Global Warning Potential- GWP) upe) $68E:§aopdi

ODP $& GWP oo§&:gpieco 0B refrigerant oopd oogp[oBod 3q qflgsge $¢ Oq
ABeepadgn geddieodtaco [gbaopd

@u3(G.G)ogEdeon 0o§sqpiaaq R-22 20pd soad:adicom refrigerant [gdoopdn adelopE
§E¢ smsadion R-22 o 3padiolges 0dgdfon[gts [gdoopdn 80300 3aeliediaopd HCFC-123 [gdoopdi
adelopE HCFC-123 03 jopo [gpdsd coqpagsdon saadiyigé vq§teompeor od HCFC-22 ¢ HCFC-123
030005 ODP $& GWP o332q Bsdlicaodcopds Coefficient Of Performance(COP) 3360m&sadicon
refrigerant qpig&lo3oopdn

Refrigerant &l performance o€ qQueossdlep ohoogdgps(physical properties) $& 0003
8C:50090Cep oaro0gdqps(thermodynamic properties) dloCfog0000n Latent heat 0o§3sqps(gCs specific
volume $p54gCs spwad(boiling point) 85[gE: ©a0pSodoopd refrigerant & comCEieom oahoogiyp:
[§62025

COP 0083: 6.52 3a0pden gsaans(power) 0od0psdod 320d4{geqC 6.52 vpsd e cooling
effect 23o0p0d refrigerant effect §8&a0p50r eBcBoopd

TABLE 4-4

Refrigerant OoDP GWP-100 cop kW/RT ASHRAE safety group
HCFC —-123 0.0012 93 6.52 0.54 Al
HFC-134a 0.000 1320 6.24 0.56 Al

HCFC-22 0.055 1780 6.18 0.57 Al

HFC- 245ca 0.000 560 6.47 0.54

HFC-152a 0.000 140 6.35 0.55 A2

R-407C 0.000 1610 5.56 0.61 Al

R-410a 0.000 1975 5.86 0.60 Al

R-290 0.000 20 6.14 0.57 A3
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Table 4-5 compares various performance aspects of three of the most common refrigerants presently

used in air conditioning with R22.

Characteristic R407C R134a R410A
Glide 6 K 0K <0.5K
Global warming potential 1610 1300 1890
Pressure at 50 °C 19.6 bar 13.2 bar 30.8 bar
Compressor CoP* 95-101% 101% 92-100%
Heat transfer* Same Slightly less Higher
Tubing size* Same Larger Smaller
System performance* 95-100% 95-100% 98-106%
System cost* Same Slightly higher Slightly lower
Extent of redesign required* Minor Significant Significant

* Compared to R22

CIBSE Knowledge Series: KS13(Refrigeration)

ABefopE COP oo&Beqpsoogd refrigerant aopd performance comEso0pd  refrigerant
[§62025n Direct expansion eobqpsei performance comEsgE:od COP (g cudlgeco§oopdi kW/RT
[gS chiller gps & performance comEsgE:od cudlgozoopdn R-123 320%3(goopd chiller 205  0.54
KW/RT q§Co0pdn 328¢puden 1 refrigeration ton qe$300305 0g00dencdsm: 0.54 kW 8320

20pb0p &BcBo0pdn kW/RT $pbseco o refrigerant 0005 performance comEsecofgdoogdi COP $¢
KW/RT 2005 e[gpeigé 900506680000 3.517 03 COP (g€ oo:aqi€ kW/RT qoopdi 3.517 kW aopd 1

RT $C p3gjoopd

G9 Nomenclature

Refrigerant qps:od 226c863a036p "R” [§& 200500500001 Oded R 65005038 0mg§eandond

F26EI0R05 0N§:adds 3 3060863a036pcd Clogaogdi

R 134a ¢ R 2005 refrigerant o} s3ado000i

1 2005 number of Carbon(c) atom — 1 [g®a0pdi appo(0) [gdage eudlges ecdeon
Refrigerant o3& clo€oogd Carbon(c) atom seee@a0z0%e (0)ecqpq) ewdlgfgt:

[§Boc

3 20pd number of Hydrogen(H) atom + 1 [gdaopSi Refrigerant o€ Clo€oogd

Hydrogen(H) atom 326633030503 (0) 03:6] ced[gfge: (o205

4 205 Fluorine(F) atom s26q@20305 [§62000n Refrigerant og€ dlooopd Fluorine(F)
atom 356622090503 eed[J[gE: [gdoopd

a 2opd specific isomer(molecular formation) [g&oopSi

R No. of carbon atom -

1

No.

of

atom+1

Hydrogen
atom

No of Fluorine

Isomer

Classification of Halogen refrigerant qpsg®oopSi 6s230503E powdgpigé eudlgoozaopd
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H134a

R = Refrigerant | | Lowercase letter denotes specific
isomer (molecular formulation)
the number of fluorine (F) atoms

the number of hydrogen (H)
atomns +1

—— the number of carbon (C) atoms —1 (omitted
when digit is zerg).

Refrigerant qpsog halogen refrigerant $C zerotropic mixture refrigerant ope] §0020020n
Halogen refrigerant gp:aopd enobeg(gas) 00d§jronpSs0ofgdoogdi

R4044

R = Refrigerant | | Uppercase letter denotes specific
compositon, i. e. % components

] Chronological numbering
designating the components of the

i mixturre, but not the percentage of
the constituents

400 series denotes zeotropic mixture

R404A R 2opd refrigerant 03 e3c3aopbi

4 2005 400 series — zeontropic mixture o3 a3cdo0pdi
04 20p5 compound of mixture o3 a3c8a0pdi (Clo€200d epdCeSigps 0B ©adadd
A 2005 epdCss: (% compound) o} adado0di

R-134A
134A  1,1,1,2-tetrafluoroethane CH 2 FCF3
given based on structure
number of fluorine atoms
number of hydrogen atoms +1
number of carbon atoms -1

R-22
22 chlorodifluoromethane CHCL F2
L given based on structure ‘

number of fluorine atoms
number of hydrogen atoms +1

number of carbon atoms -1
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Single organic refrigerant

e NUMbeT of atoms of fluorine ‘

F
— N UMber of atoms of hydrogen +1
R-22
Number of atoms of carbon -1 CHClFZ
Single inorganic refrigerant
H
I M N——H
- [\l0lECLIIAT WeIGht
R-717
7
NH:3

Azeotropic mixture refrigerant

L

Order of
development

-5
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R-134a
CHzFCF2
H
O— H
R-718
H20

This refrigerant is a mixture of 2
or more types of gases having
different boiling point, which has
a property with the constant
mixing ratio both of liquid phase
and gas phase in a given weight
ratio just as the single refrigerant.
Therefore, even though
evaporation and condensation are
repeated, the composition of this
refrigerantremainsunchanged,
thus making it possible to provide
other thermodynamic
characteristics different from
respective refrigerants.

R-502:
Mixture of R-22 (48.8%) and R-
151(51.2%)

CHCIF2-CH:CHCIF:

Before changing to new
refrigerant, most of refrigerators
for home use used this refrigerant.

Non-azeotropic mixture refrigerant
(including quasi azeotropix mixture
refrigerant)

L

Order of
development

4

This refrigerant is a mixture of
two or more refrigerants having
different boiling points. If a gas
leak occurs, the mixed
refrigerants evaporate from one
having lower boiling point, thus
causing changes in the
composition of residual
refrigerant in the air conditioner.
Therefore, it is required to be
sensitive to the refrigerant leaks
in particular.

This has low conformability to
mineral lubnicants. Synthetic ol
is to be used because gas, which
is discharged once from the
compressor, is hard to return.

R-407C
[R-32/125/134a(23/25/52wt%)]
CH2zF2/C2HFs/CH:FCFa:

This refrigerant resembles to the R-22
in the properties such as pressure and
facilitates the substitution as pollution-
free refrigerant, thus enabling the
application for the business purpose
such as the SkyAir and VRV Series.

R-410A

[R-32/125(50/50wt%)]

CH:zF2/CzHFs:

This refrigerant has a pressure 1.6
times as high as that of the R-22,
which requires the pressure-resisting
specifications, while has much less

changes in composition due to leaks.

G.6 =00d:qp000d Refrigerant gp:

F20dqP:00p) refrigerant 00,61 ocPoodgPisC opdgpia0pdzagIodgPd 63000RE 205890

eedlgoonzaopd
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c;.@.o R-11 Trichloromonofluoromethane - CCL;F

Refrigeration cp6c§:320305 3205000500506 @d0d6g [§8[GigE:e enodegd 0pdid
005862051 B:eanEqSengodon[gtiss 50a3032607005 ¢lgbeofgt: 03a0pd F:a0gIdgpE [§Baopd
;Mo 330:6330H03E  epedd(boailing point)acpd 23.77°C (74.7°F) [g6o0p0n Specific volume
00§80 12.3 ft'/Ib [g®oopdn Standard cycle 5°F (-15°C) 0g€ §eoon 830sen 24 in Hg (609.6 mmHg)
$C :0§$ 85°F (30°C) 0pC §eoon Bsmien 18.3 psia (1.28 kg/cm’) [gdoopdn Latent heat 00§3:co 84
Btu/Ib [g®o0pdn 005¢) sa0p0g[cBiqpssC air conditioning cpdedioBiqpiopt 3a0dig[l R-11 enddeg,
000000226000 socoldlgp:el :a6epCen ABegdeepe [§daodi

G.6. ) R-12 Dichlorodifiluoromethane - CCL,F,

:6epC 20908:5C 304 3o ofeor  Grocpd3ie3N0ARE  spuod(boiling point) 005 -
30°C(-21.6°F) [§020p01 2288632600050 B:ec0nas wagubopoopd enodeg [gboopd cogoigpiss
e0dlg[gEsedeon feadd eaopt sasobicuSeqpolG: cogaigpiad gsio3eogl: saspdiced [gbedcoge
20pdi [36008,005:0 00pB[G[R: specific volume owdan spSieomelopé Gaicudeoon compressor
qp2ope saaX|goopdn Standard cycle 5°F $& 85°F 320305 8320:0083:qp2en 26.5 psi (1.86 kg/cm?) $&
108 psi (7.58 kg/cm?) o3 [gba0p5i R-12 encbeg, qpicopdaoeonn socoédl(cylinder) qpsel saeepEen
|gleepelgdoogd

G.6.p R-22 Monochlorodifluoromethane - CHCLF,

Refrigeration coOCSsqpiza0g05 0podROGa  @d0deg [gdaopdl 6$336ad: air conditioning
c06c0pC Fageeds 320)4go0pdI Reciprocating compressor o3& 3200%(G[00pdn 226epC390C: 304
26000 0E:56000 6056g, [§520p01 GroE830:683050RE spuad(boiling point)oopd -41°F (-40.8°C)
[gD20p5n 326836206020055& B:ecnt8Eapdonhoogdedeon Latent heat 0083w 5°F 0p€ 93.21 Btu/lb
[g0[8¢ standard cycle 5°F $& 85°F 0p€ oo Baansgqpsgn 43.02 psi(3.03 kg/cm?) $& 174.5 psi (12.26
kg/cm*)o3  [gfog00p0n cogoigpsed  gSiondel: of eqieqeg $C¢ 3a0gWdooy  GOIC:008E0[ e
oodypiopt filter dryer o3 comEign oodeoeepdi C.O.P 2005 4.6 o§[gdoopdn R-22 eodeg g
00pd0026000 socotdl(cylinder) qpscil 3a6epEen 3388:66pC [gdo0Rd!

G.6.G R-500 (R - 152 @ + R - 12) (CCL,F»/CHsCHF)

R-500 en0beg 0B 00dd 200p0§od: croesasoniioggpiogt 3200dgGs reciprocating compressor
qp2opC 3200{g[0300p5n Azeotropic sacepmesolgdfs R-152 A enddeg, 26.2% $& R-12 enddeg,
73.8% odeepodoonigts [gdoopdl 6rooo8amiapt epecden -28°F(-33.3°C) [gdoopdn 5°F $& 86°F
0p&8eo0n Bamiqpien 19.7 psi(1.4 kg/cm?) $¢ 127.6 psi(7.94 kg/cm?) o3[gdaop5i R-500 enodeg, 2000
R-12 coo latent heat 00§3: 20% 38qpzq) specific volume 18% o caqpspd:aopdn Latent heat ¢o 5°F

o€ 82.45 Btu/Ib [g620p5 R-500 @2056g2005 6qopt qot8EaolsC dryer qpiapt sadd{g§Eo0pdn R-
500 enodeg, socutdl 3a6epEaod sadleept [gdaopdi

G.6.9 R-502 (R - 22 + R - 115) (CHCLF,/ CCL,CF3)

Azeotropic 326ep32650[g0e] R-22 eoodeg, 48.8% $C R-115 enodeg, 51.2% odeepodoondgts
[g020p5n &seconCongudfgs soad0sae0m0d olgdedl[gla cogoqpst eddlgpedgt: 0o0pbsaged
qP$C [pdd00p5n 3200:3060000558 6gR6S; (ice cream) qps a38:e000:6p freezer qpiogE 3200¢(go0Rdi
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6cooo832:0pE epeod(boailing point)en -50.16°F(-46°F) [gdaopdi 5°F § evaporating pressure ¢o 50.68
psi(3.56 kg/cm?) [96¢) 86°F § condensing pressure ¢o 175.1 psi(12.31 kg/em?) [g6oopdn Specific
volume 00§3:505:0:00[g¢ compressor sacudqpopt 3203 8Ea0p5n Latent heat 008300 72.5 Btu/lb
[§62025n @n0Begoopdeam cylinder gpsel 3acepCen 20dg(orchid) sacepE [gdoogd

G.6.6 R-744 (Carbondioxide CO,)

R-744 en0deg 0B 0000 95603E ©00C 320%dgRlo30opdn oofgpieodn refrigerant qpist gpign
oogpoopdn saeepli 32008 343aq0m ofeun Bieante$ wagudop(gls ©edddRE(E:sE =0eB6
260005 o[gB[gi000 FqEdgpis [Gpddoopdn eroopdamicpt  epwod(boiling  point) 2opd -
28°F (-33°C) [g®oopbn 5°F § evaporating pressure o 23.34 Kg/cm?*(336.45 psi) [98[G: 85°F §
condensing pressure 2005 1057 psi [§620p5n oeloypE operating pressure [gEen:a0pS cocobogpioge
;adlges 0feaPoopdi R-744 exdbeg 0d dry ice [gopde) 320pdgoopdn 3280009 F2EGOD0J
3Bo5§0d op: efgpEeoopdi

G.6.q R-717 (Ammonia -NHs)

R-717 enodeg,a0pd refrigerant sa[gd  ocowsdsmoadgeon  edddeg [gBoopdn wopmagiad
[PBromeom 005¢ 32000¢[0%kgpiopt sodgessd [§0o0pbi Feeeplancotiod o3eodd gieom
@054 §oopdi p=oRed 3880360005 [§Beoopdl  BuS03EB:ecnE8ER: Seantyod
322560300001 G[03e00QqPEsC 30Oy @dod[g§Eaopdl  afeadd  egpsdyps  dloCeepod§ly
$05:0l:00p5n 6o 830:0E  s0wod(boiling point)en -28°F(-33.3°C)sC 3aqpdeqpwod o -77.8°C
[gdoopdn 5°F § evaporating pressure ¢o 34.27 psi [g0[3s 86°F § condensing pressure ¢ 154.5
psi(11kg/cm?) [g®oopdn Latent heat ¢ 5°F o3& 565 Btu/lb o§[gdoopdi eqodopé sacguSonop
eqPoC8Ea0pdi R-717 en0degoopdoonieann socoldlypsel 3aeepeyn egaepCigdoodi

8:8s0008(Ammonia) eo0dego? refrigerant 22[gd 9feupod 0odgapdCcSad: enodeg (industrial
refrigerant) 33g® $6eAICsqpign cooopdion ©0oC =padyFlogoopdn  3290690¢[gEs(high toxicity)
Bsec0nE§E[gEs(low flammability) celogp¢ safety precaution qpsgo c32620001 9288830008 (Ammonia)
o3 efogs(copper) clojpodaogigps(coppery alloys) [g¢ aad{ge$ wooCergpeomelopt refrigerant
piping qpso? steel qps aluminum qpsC [gepdlogeEopdn 2a8&:uon:(Ammonia) ¢ 936200580
(density)aopd crocoodspdieomelope Sodgp: equipment gp: oPBoe(leak) [gdagi¢ ammonia 20pd
GO000503 GeprogE0pdN ABGOPPE F28:0050§:03E8 cryPe? sagepedlgdbeo §Ea0p5I Ammonia &
:243:6(0¢ 038o4(leak) [gd[gE:0d 3a090danny 938E200

G.6.0 R134 a $& R407C

R134a $C R407C 0%00p5 R22 o 3002:00:c3000d 320d{gRC00d enddegyp: [§8[o30000
R134a 20pd R22 & 8&:0pdqi8amms(pressure)  §6come[opE compressor displacement 50%

Bqpeqs 3300005 ABelopé apoopd[oBienzaopd compressor o saadigigeooelopé SeqREooRdi

Q[Beenzaopd tube gpzod 30%(ggeomeop 60300t R134a o3 336ad:(domestic) Bxgoseeg
(commercial refrigeration) cpScseqpsogE R12 $E R22 enodegypsaen: 3200{g|coa(e300pd
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G.6.g R407C

R407C 20p5 R32(23%) 1 R125(25%) $¢ R134a(52%) o} edlE:ob000:00p) zeoatropic mixture
[§©20p51 R407C &l caogdgps(properties) 2005 R-22 $& 320708902 [§0oopdi R407C & glide $& heat
transfer oaHo0@d 355:c05(0ad060N0d) veomEcamaelopPE R22 6 system performance o3
088Ccon R407C oz ‘temperature glide’ [gdedlaopdn R22 esepopt ssomcdimnadige$ R407C
e2056g03 Baglylr3oopdn R22 enddegaopd j0os) 9sdogE ado phased out [gdqepbop §E¢ s
2069200908[G:000: [gBaopdn

G.6.00 R404A

R404A o commercial refrigeration qpogE oodococdonde d8oqudjgsgn 320pdgjnmjogo0pdn
Low temperature application(-40°C to -25°C)qpzopE aoocg§ean ghieaonteapd(superior performance)
o3 co:8&aopdi Compressor discharge temperature 88eoome{ogpEopbs single stage compression [g&
320p0[Gse[epod §E0p5n Inter-stage cooling o} 8223(gjgs ccdza0c01

R410A 2025 theoretical performance pdq:q §gC: 1 critical temperature 88[g€: sC high
pressure [g8fg€: odelope refrigerant comEioopcdup colqeachoogds refrigerant side heat transfer
g€ R22 0005 35% Gopd Jeom:oopdi  20eoD0s GoR{qIOdYPieaq R410A 2000 R22 equipment
system 000> COP 5% 3pdo0pdu

R410A 20p5 R32 $& R125 03 cepodoo:apd eddeggdoopdi Temperature glide so00e0:
[g6edl 205 oofgpiencdegapisE §E:00d0q€ working pressure [gEwn:aopdi Direct expansion (DX) 1
Variable Refrigerant Flow (VRF) $C water chilling cobcsgqpsoge sagpseds 32053(g[030005

G.6.00 R290 Propane
Hydrocarbon [g620pb R290 propane o3 low-charge system qpiog€ esantlgCgr =eadiy|

[0390051 &ec0nagubaopd(flammable)enodeg [gboopdi 336ad: eqieoogmgpiog 3a0(g| (0320201

G.6.0p R744 (070g§8Ce3:005e88(C0,) )

og&3Ce3005638(CO,) enodegaopd latent heat oo$3:qpsfgla heat transfer coefficient
[4S[gC= high pressure §g€:s¢ BSGo0p5:s0qpsgE:(high density) odelopE Gooscudoopd compressor
displacement $& eooicoda0pd3adqps(smaller pipe diameter)oon a330(8s sa0g§03600p550005 cooling
effect 0% us§Caopdi CO, & Iespdsqeden critical temperature 88[gE{gdoopSn Condensing
temperature 0000 critical temperature  3§:03 Gepodoga§a€ vapor compression cycle codoad:el
c06ee0Cq dg|Cag0:00001

G.6.0G Sulfur Dioxide (SO.)

soocSw(sulfur) 2205006 $& 63300598qE(oxygen) 330500658903 GAIC:0000:a0pd Sulfur
Dioxide(S0,) o eqgon refrigerant compound 22{gd 2a0dggiea05c0pd: 0938l 228806005 Joagp:
(higher-toxicity compound) eomelopé sadielga$ 024gd8050E conzaopdi

G.6.06 R-718
eq(H:0) $¢ (R-718) odcopds refrigerant 30[gd absorption chiller application gp:opE

32054g[00p0n
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G.qQ Equivalent R-11 & 328¢n0d

ODP 3 03€:07000003281 Bewpod ODP 6 00§3:qpad eedlgoopdsesl R-11 refrigerant o3
dao[gboonig] eudgecpdoopdn R-11 &1 ODP 00§8:00p5  soqpiadigdoopdsaoged  dmalgbooni(gt:
[§520p5n R-11 2005 FaSsazn0? 320830500600 refrigerant [gdoopdi Belogpé R-11 6 ODP 00§3:03
0(008)0p 200590520001 R-22 ¢l ODP 00§3:e0 0.034 [3d20pbn R-11 6lop€ [g0edla0pd Fasiag
qoBgaopd 100% [g0eqi€ R-22 elop 3.4% 000 03§05 qoddieo§Eaopdn BelopE R-11 enddeg
;oo 1kg eloPpe [gdecloopd FHasiam qodBgaopd R-22 enodeg Feeco:ds 29.4 kg efopé
[§060l 2005 B3adqoSBigsE opBoopdi R-22 29.4 kg o3 equivalent weight of R-11 vresloopdn R-
123 83.3 kg BB80Heog2005 R-11 008cBc30qd(1kg)od80560es¢ p3g00pd 0o§:wn 0.012 [gdaopd

R-11 R141 R22 R123 R-134a
oDP oo$$: 1.00 0.110 0.034 0.012 0.000015
Equivalent weight of R11 1.00 9.10 kg 0.034kg 0.012kg

G.® Virgin Refrigerant and Reconditioning Refrigerant

Virgin refrigerant 3200060 005§ 320000005OGH52000 0odAlY| wadgeo0sa0pd eddeg
(refrigerant) 8a208005005(gdaopdi Reconditioning refrigerant e3aopSen 32054{g[s refrigerant o [g§
copb a0§o[g[gEoonteomn refrigerant [gdoopd

0 10 66570593E:nE R22 0005cwde q0adC:a8 0odmEAd: 20607907000%G: [8B2051
Jogo [gpbsbegrodbiogt R22 cpodepdy qbefesq PP o

0005R6g  qoedEieoodropds R22 320ddgesoopd equipment edCigpign ongoedlop §esdiepd
[g920p51 condfewntiesaopd oodgpiogt codlgpdescdendean refrigerant qpizaog0d 36UIEPEN?
@icoé?“%i%z—conditioning)(m 220):{g§Eo0p0n Virgin R-22 refrigerant 0% jo_jo 950 65§00538s038
0050368 ¢ GOGOI

Jopo [gedsdegnaddEiop HCFC refrigerant saqpenon: cpodapdga’ qoedEiogepdlgdoopdn
Jopo eogpag&don virgin  HCFC refrigerant o3 oq§Ceomeon (poed R-123) 1 Reconditioning
refrigerant o3 recycle refrigerant opcopSsesl [o300001

EU §C&qpzopt refrigerant o} ccocdad cwnodopcbudfgls g§o0od0d[gtem: gulgieon odad
6605000508(gE:(dispose) cogdidlon pue3saq) 226eEuY[gE:dqeRd [§doRS!

G.@ Selection of Refrigerants
88cp0ckisl coCengpaopd refrigerant o3 oSoSgn 6gegO8EaS30305 630050 Zagd

qP2gRad 2060026000005 S V26200
(@) FHaS:xsC 0002008207803 0add05e0§E[gE:(0zone- and environment friendly)

@) a0d586[gC:(low boiling temperature)

®?) B:5S2505:505:000 B=00[gE:(low volume flow rate per unit capacity)

) Goooda:000b $05dgE:(vaporization pressure lower than atmospheric pressure)
) High heat of vaporization

©) B:0600088E[gE: $¢ cdodae o[gd8E[gE:(non-flammable and non-explosive)

@ 256qeon0d[gls 329860a0E[gE:(non-corrosive and non-toxic)

() Non-reactive and non-depletive with the lubricating oils of the compressor
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@ Refrigerant gp:oopd eco a3owpcd eqsé eepoopdmadlopl 3205086005 ofgbedi[ge:
(nonacidic in case of a mixture with water or air)
(00)  nopeossRdizaq §,000:0 0opdBE[gE:(chemically stable)
(00)  oopdBS[gg: - suitable thermal and physical properties(e.g., thermal conductivity, viscosity)
(o))  egpogodopt sa0gudonoy 0udupsE[gés(commercially available)
(0p) 38536005 sacgudonay 2B8E[gE:(easily detectable in case of leakage) $&
(0g)  eqpsSson[gta op§oye8od $p5:gC:(low cost) o3 [gBoopd
Options For HVAC Refrigerants

“Natural” Refrigerants

‘Fluorocarbons ‘

[
\ |
Ozone Depletion Non- Ozone Depletion
(Montreal Protocol) (Kyoto Protocol)
\
Class 1 Class 2 | Higher GWP | | Lower GWP |
High ODP Low ODP
CFC’s HCFC’s ‘
| \
PCDR-11 @CPR-22 ©R-134a S| R-32 # Propane
@EIR-12 ©PR-123 ©R-410A # R-152a $ Butane
&CDR113 @ Rr-407C SEco,
EEPR-500 # Ammonia
QWater
€@>-ODP Concerns -Toxicity Concerns
-GWP Concerns Ld-Efficiency Concerns
# -Flammable -Cost Concerns

$ G-p Refrigerant soqjgzsonsgp:

Refrigerant egequdepopC saturation property qpso? 3aGe0:e0s ©5:02:00C0p5  Refrigerant
$C medium safogpiopl sagonie|pCig(heat transfer)eomticoq$ 2 §S[grrsiqd 5°C ¢ 10°C 20p:
oB8s000q5 330000001 F0edio0de(refrigerated space)od 0°C o cBfscod:qSa0p0d refrigerant
20§$00p0 2088ad: —10°C [gdqepdn Bwoon refrigerated space ¢ Fpgp:od refrigerant oo 9GP
8Ec860bi

Refrigeration cycle 00699 9286e5:8320:00p5 evaporator 32058:3 [gdedl c0pSu Refrigerant
& 2080ad:8am:000d  GooNBni00d  GlgEaotaopdi afwam  ecogps  refrigeration  system
32038:03 0386 ofeepad(gts [§B8EBELRS vupodeun ABelopE 2200050l puwdEag TGS —10°C S
refrigerant & saturation pressure 2005 1 atm 986005 1 atm oo J[gEes 82520051 Ammonia
$C R-134a odell evaporation pressure 2005 6aooo8320:0005 Jlg&oopdi

Condenser 35038:§ refrigerant temperature $& pressure 20pS 330850005005 (heat
rejected) medium saed o€ ©oooba0pbi Condenser 25038:5 220§88863:0E co%:8Eaq€ COP

BeomE:§Coopdn Condenser 35038:5 30qS $60760q832005 200§§862000 medium qg
83250005
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G.00 e§on§aopd Refrigerant of egsqiud[gC: (Selection of the Right Refrigerant)

0080 950qpsY Ethyl ether o vapor-compression system qps3 refrigerant so[gd ocooads
20)gRl0300051 Be§o05 ammonia 1 carbon dioxide 1 methyl chloride 1 sulphur dioxide 1 butane |
ethane 1 propane 1 isobutene 1 gasoline ¢ chlorofluorocarbons ©200503 o refrigerant =5[g6 32004
confog00p5n 328:8:003(Ammonia) 2005 3eaBbencdeg [g6ea0dcopd: 00dgapdesigps (industrial) $&
Bgrseqerodesi{os(heavy-commercial)qpiopt [Bods62005g0 sadi{ges[o3ed [gbaopd

:&:&:0m:(Ammonia) ol sansoo0qOdgPie  GqgSigofgn  §&:3aCadde  $05gt:(COP
eom&igts) 1 Gooscadfs eqradlaopd heat exchanger gpisé 03od:8€[gCs thermodynamic $& transport
property gp: comg§lgta B8og(gbaqié sacgubonon a38E[gta FBasiaznad oS8 co8Ege: o3
[§62025n 323:8:00:0% “natural refrigerant” vpejeopds eal edaopd

:8:&:00:(ammonia)oogd  seadbenodeg  [gdeomelope  S36ascd§umgpiogt  refrigerant
2[gd a¥ges o[gd8Eeun 3%:80om(ammonia)ed  o2:eo000mSRECSgps(food  refrigeration
facilitie)og€ =a2%gjo0pdI Coodsoodaopd 20daB:qps(fresh fruits) 1 vaE:aBinEigodgps(vegetables)
soomsackqps(meat and fish)od saeza:d[gta §ogodogpdiqps(dairy products) [§0oopd §2:& 1 §pd $E
Booi € 0303 emxtezn[grpdel 6qde $C conuckepiod 632:3630E [giapdlgEa process industry
qP$¢ 69033k000dPEa0R) PECSigPE 30RE8600d 2:0FS q§gS 320505 328:8:0o0(Ammonia)o?
refrigerant 33[g® 32003{g030005

eqpooaton pbesicodypist 653304y 2padiydlogeom sulfur dioxide 1 ethyl chloride $&
methyl chloride 030000 3a0g§[Cic0§o0pd  =adOencdegyp:  [gblogoopdn o o $OgpPiogt
con35epud§EdsC [0feope[Biesn0d 32e85008e0§C0p) refrigerant qpio? c53364qpiopt saadulgas
8a50C mn§aood3oodi Frigidaire Corporation ¢l coxE:edgodeoppE General Motor 61 956000
0620009850 R-21 03 030gC320001 R-21 2000 op Jo 95008 CFC 5000 0oowad: 9203:{g000d
refrigerant [g&coo0000n “Freon” 3a6pdlg¢ cogPlogpiaonaopdi oppo 95603C General Motors apga® $&
Du Pont opga® 030 0:6AEse] R-11 $& R-12 0303 Bsosfgd c00dn03[0300pdn eqpgs:§jooneomnalope
R odqpsa0pd  refrigerant [gdoonoopdn CFC enodegyp:ad aerosols 1 foam insulations $¢ 330005
cocepsdapdes:(electronic industry)qpsogS chip qpsa’ 20§08qs saadi{gor00001

almgion 206800052:8§ air-conditioning system g€ 3a0%(gloonz00pd chiller gpopt
R-11 03 328m00m2) 220di{gdlo300051 R-12 o3 5362%: refrigerator qps freezer qpasC omszdooing$s
qpeopt 2adgRo3oopdn R-22 o3 226800053234 air conditioner qps 1 heat pump gps 93690 air
conditioner gp:og =aadigfog0000n 3a08[Rren:00pd 0odgrdess(industrial refrigeration system)
qpopt R-22 ¢ ammonia o3 :2[QE3290E 320030005

R-502 2000 R-115 $& R-22 03 eepesndloCesoopd refrigerant(a blend of R-115 and R-22)
[g©20p5n R-502 2005 single-stage compression [9€ 32088685 (low temperature) o3 §8Eeomelopé
super market qpzopC 322%(g[0300p5n CFC 20908 R-11 1 R-12 $¢ R-115 odoopd FPaSsagn(ozone
layer)oB a3:0l:gn 03805e08E005n dBelopE R-12 o R-134a 020d6g[gE 320200 32004g| cwsog00pdn

G.00 Refrigerant - HFC-134a saafopé:

HFC-134a o3 832000 $660IC:(E0) coype&ononpbn 0ot saaX|yFlogoopdi Chioro-
fluorocarbons(CFC) ex0degqp:ad 3a00:ad:3203qq$ p0gude) 00oE06:0063[mgH{gda0pn
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oofgpseomn refrigerant qpcocd opdfgpseomigsoond HFC-134a refrigerant ol 3205000805
qpe>  32900008gspdigts(low toxicity) 1 B:econEocgudfgls(non-flammable) 1 odequ  eloges
eonobee[gts(non-corrosive) $& oolgpsoogoigsst 03¢) 220%g$E[EE:(compatible with other materials)
0200503 [g00opdn Bsa[g€ codcg&oopd thermodynamic & physical property gpselopE 3q)
oadgPiean enodag(refrigerant) fgboonaopd

HFC-134a 205egondgsanagC single compound Oo§jElge 3205g8E005 refrigerant [gd
2001 oofgpeeoon refrigerant qpzoopd azeotropes 93wwpdd zeotropes ($6§ 3ewpod $8§c00d
8eom enodeggpind eepodom [grpdoonsal: [gdoopdi adelopE HFC-134a 205 chiller 32005
:eomnEiedieomn refrigerant 0od§s [gdoo5n

HFC-134a eo0begei chemical property gpsend

HFC-134a
Chemical Name 1.1.1 2-tetrafluoroethane
Molecular Formula CH,FCF;
CAS Registry Number 811-97-2
Molecular Weight 102.0
Chemical Structure ||: ||:
F - (|3 C—H
|
F H

HFC-134a e00degad CFC-111 CFC-12 enobeggp: 6sepopt 3a00:ad:32004g 030005

Refrigerant qpsod polymer foam gpssan: goSo0od[gls(blowing) sacgodcopdieomE: aerosol
product gps 32030500pd:60mE: 3205g[0300p5n a3epogE CFC-111 CFC-12 ¢ HFC-134a eo0d6gqp:0d
elpCicd srag[gielopE performance 38eomEqfancgad equipment qpsell 8&Cqp: cfgpCicdgs
0066l00dé) 3300005

CFC enodegqp:ad refrigerant safgdoonen sonsmdlgpiqps 00odc0depogt  sapodejosgp:
0c33000p93a6pyP: 20§0Eq8320305 blowing agent s3{gdeoodcopdieomEs cogoiogpdigp: $¢ FBod
cocepsdogpdigp: cpodRdepoR cleaning agent 33gdeocSLRbeME: FadH{g[o30005n oBeosd CFC
e0degypiopt oncdqt:dloe(Chlorine content)elopt SBeSiazodk{gE(Ozone Depletion) o3 [gbeo
8820051 Belo3p¢ CFCs enodeggps 00050pd[gls sadiggt:0d0d qSonsGi(phased out production of
CFCs) 2002000508:031E03 0038056000 Hydrofluorocarbon(HFC) enodegqps(R134a) [9E saon:cds
:2adges [Jporsconjogoopdi HFC-134a en0degopE onadqs(Chlorine) edloCeomalopp Ozone
Depletion Potential(ODP)oo&3seo zero [gdoopdn 0odspds3andgé HFC-134a enodeg 32004g[gc: elogpé
FHeS:0z003 0390588e0n HFC-134a o3 Hydrofluorocarbon-134a 93w0pcd R134a 0pcopds el ed
[032005

HFC-134a enobegaopd 32e880a0C(low toxicity) coonelopé refrigeration industry og€ 8odg
qeomi 3gepudontieom(safe) refrigerant salgd 320%(g[0300051 GePEo0EPSE omiFiLRS g2
o€ copSseomta supermarket qpzopt 320G 86eanCamiaepd crSugodigp: 038:eopbigfi [§ooo0od
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show case oeopod display case qpsog€ copbieomEa commercial chiller gpiopCaopbs eomts
ma?:@@wén

eamoHileoonsoopd CFC-12 $& HFC-134a o6l medium-temperature conditions 320305
theoretical performance §E:00p5g0503 asBlgoonzoogdi

Theoretical Cycle Comparison of CFC-12
and HFC-134a*

CFC-12 HFC-134a

Capacity(as% CFC-12) 100 Q7
Coefficientof Performance (COP) 356 343
Compressor
Exit Temperature, °C (°F) 86.8 (188.2) 83.1 (181.5)
Exit Pressure, kPa (psia) 1349 (195.6) 1473 (213.7)
Compression Ratio 41 4.7

* Temperatures were as follows: Condenser, 54.4°C
(130.0°F); Evaporator, 1.7°C (35.0°F); Compressor Suction,
286.7°C (80.0°F); Expansion Device, 51.7°C (125.0°F).

HFC-134a 00pd CFC-12 cood theoretical performance op€ oe[gpoeaonadaogd ep§tss:
spdicodomn  eaqpspdoopdl  HFC-134a endbegoopd  3360mEiedicon  00083E:50600M0003
(excellent thermodynamic) o3 3€a8€a0p51 ddelopE HFC-134a endbegadseomn refrigeration 0050005
efficiency 6omCso0pd 3a§jsmaeni0p€ doCaopdi

006500050006520p0  HFC-134a  enodeg  3200gjoonso0pd  centrifugal chiller  gqpsoogd
0836000 0pqv $dqp2 $C ope $OqPIRE CO0dOFGom centrifugal chiller qpscoc? efficiency pg%
0§ 360omEsa0pdi

kW/Ton Vs. Installation
Year for Centrifugal Chillers

FIGURE 1

.85

80

.15

55—

50—
1 | I | | |
1970 1975 1980 1485 1990 2000

$ G- Centrifugal chiller gpzeil efficiency o3:00050000
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3200053005 kW/Ton(chiller efficiency) 03:0005c0003 eebgoonean agdlgdoopdn Chiller
00602320905 kW/Ton o520 o3 chiller 20p5 3¢q) efficient [gbecogdoopdi HFC-134a e3056g0005
ozone depletion [qooosogp:ad elggCseusgomenn epadpope|pEicdy(global dimate change)qpadd
eagpsp:eoEaopdi

G.0_J Positive Pressure Refrigerant

HFC-134a & evaporation pressure $& condensing pressure 0000 GoE820005 JgpPsead
elop€ “positive pressure refrigerant” opesl 20pdi BelopE 26083z (positive pressure) [gdesE
eenC:5E88e0m refrigeration equipment gpzopEoon 2aa3g8E2001 Belo3pé positive pressure chiller
qp2od American Society of Mechanical Engineers(ASME) @il national pressure vessel code ¢ 2005905
23$[03p2002200003203E: Geon0HRdepdI ASME opbsqiiopdionds(code)saq chiller gpsaopd cunlisé
opb8as(normal operating pressure)oocd (Q)so Sgpieoon Bsana? $8Eesnt  [gapdoonigqead
aBelop€ chiller gpzo refrigerant 0386q (leak)o 0m0p058Ea0p5

0$300pd5060ICsqpigd  00pdee0D0H0pd chiller el V3BGegSs(leak rates)d $60D
0q% 0005 gpzaopdi Chiller qpsail vessel qpiod §Ede30E oopdesonndoongelopé chiller gpieaogEsd

refrigerant o} copbogEs(8s(charged cpd[Be) codesepe codesepad c0udurdeeunt8Eaopdn

G.0 .0 Smaller Footprint (00608 esep 25p5:cubam cd=odgt:)

HFC-134a en0deg el molecular mass 2005 CFC $& HCFC refrigerant ol molecular mass cocb
Beo0oscodaopdi odelopp HFC-134a 22005 a33206000 cpcopd(volume)en CFC & HCFC refrigerant
03el A¥=006000 00copd(volume)oood cagpspd:aopdi odelogpé HFC-134a chiller 6l 92g0S2e0:0000
09% ¢ Go% 20d Gooscud§Coopdn delopE chiller cpodROy ofodI 3305gooRd LEEd:E§Ed
200500000051 20056800EgEI 00680EPoRERd: gudaroodi Chiller 0obsoEaoiepd GsepaRds
320958896308 [grpdes ecdandeon asepoydioydiogt 0obs0CewntisEEa0dN

G.0.J Less Oil Waste (ccocgGaopd egpsBowncn $54gt:)

Chiller ddog€ sa0ddgjoonieam eqpPad(0il)0d descdeuigs c3=ab0pdn eqpsed(oil) 3aGumss
oB3c0pd: 20900050803 edddcdezant g&udeepdi HFC-13 [g¢ eentsoopd chiller 3o 32054
00360 GgPad(oil)el 2005008:0000 CFC $& HCFC (¢ ewoleaopd chiller gpsopt obeom oil &l
200500820005 (G)s0 aJeupod ()0 Joplo3pd§Ea0di HFC refrigerant od0gE orcBqs(chlorine)
odlo€qalopE mineral oil gps copbogtienasges clgdSEeon odeloppé HFC-134a [g¢ cunteaon) chiller
od0gE  synthetic lubricant 300>  320sgqEopdn  Synthetic lubricant o3 saadggCelopE
BeomCig&oond gdiesontapd(superior performance) ¢§E[Bs chiller 2005006 SgpSo0pdn egoant
refrigerant o3 eqpsed(lubricant) 3a[gd chiller g saX%geSen 90GoD§[Gd 3280E0zEM
§eo0z0000n
G.0 -9 Increased Safety (con:magapod onticofgl:)

3268000920838 q 320905 8260020005 0Rrwnate0m Fa5epud [§620pdn HFC-134a 2005
0065000500065$600 chiller gp:eaogad GodimamEiadicamn refrigerant [§&20001 ASHRAE 34 Safety
Classification saq HFC-134a 2005 A1 compound sfg6 2005005[gE: 9620201
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G.0p Refrigerant Safety Group

:adO¢q(toxicity)s¢ S:ecnEagudy(flammability) s6§ge? sac[gde) safety spOeqps F[gos
consaopdi Refrigerant qpso? national refrigerant safely code 28,6 2300(p)p 3¢ soqjpzao3[gp:
2005¢05002200p51 BodgIgEdIeam 3p0e0d LEoL=ER(Group 1)up 900560500p5N Z500:ced Seant(Ge
328020607005 [gbeo§Caom 330003 30800829(Group 2)0p 2005005(G: S:eanE§Ceom 303
00030039(Group 3)0? 900560520051
Table 4-7 refrigerant safety group

Group Refrigerant Name

Group 1 R-1131 R-111 R-211 R-1141 R-121 R-22-R-301 R-221 R-7741 R-131  R-141 R-500
Group 2 R-401 R-1601 R-7171 R-7641 R-1130

Group 3 R-501 R-1701 R-2901 R-6001 R-6011 R-1150

Table 4-8 ASHRAE safety classification

. . Low/No Toxicity A High ToxicityB
Classification
(PEL>400ppm) (PEL<400ppm)
B Al B1
No Flammability (Class 1)
(R12, R22, R134a, R407c, R744) (R123)

Low Flammability (Class 2)

A2(R32, R152a)

B2(R717- NH;)

High Flammability (Class 3)

A3(Propane)

B3(Ethylene-R1150)

According to ANSI/ASHRAE Standard 34-1997, safety groups are classified as follows:
(o) Al lower toxicity and no flame propagation
(J) A2 lower toxicity and lower flammability
(p) A3 lower toxicity and higher flammability
() B1 higher toxicity and no flame propagation
(§) B2 higher toxicity and lower flammability
(6) B3 higher toxicity and higher flammability

G-og Safety Requirements

obeolesod curliesod §ERE refrigerant gpsaopd  JodSzasoodgps seal gpist
component gpzo  03868EcomeloPE  cpgPisl  2a0SIZPLS  0AddcdeodEapd  Feol[yoes
0832600051 B:0600nE&E00S enodeg [§oas cd3zab0pd

ANSI/ASHRAE Standard 34-1997 soq refrigerant qpseil 3636008903 class A $& class B oae)
F2e08qps J[soozoopdn Class A 329084 refrigerant a0pd s0ad6008e Gagpspd:oopdi Threshold limit
value-time-weighted average (TLV-TWA) o3 326[gd6] 400 ppm cocd caqpspd:0005 concentration op&
00388agC(identified) Class A 32003 refrigerant 3ofgd 200500520001 TLV-TWA concentration
Booden 00665300{E (0)50858 00B0dIAROFS 0§ (Go)opest refrigerant $& Beoy
e50p00038e3mE  Bigproopdeon:  o[gb8E0Rd  [gEszms(concentration)od  adcoopd  [gsmaniod
0380000 va$bed parts per million by mass (PPM) [g620p51 poed- 400 ppm 8300p5¢n Grozaco§S
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GAE 00620§:03¢ refrigerant aeco:§§ dE(Goo) doCes(gClgdoopdi Class B refrigerant gpsoopd
32a86008eqp:a0pd enddeg qps [§[o300051 TLV-TWA concentration 400 ppm 632005038 0630

onodeg gpadeselogpts a38Eaopd

B:econogudoopd(flammable) refrigerant qp: sagoiopC &dgd[gd[gts Sieomod SsocdsC
Beagdlon 8:600nE8E001 o flammable refrigerant gp:3a§:opE  soldering cw&[glssE  welding
@0[ge:030} eqpliogpaé cPastoogh

ANSI/ASHRAE Standard 34-1997 32q) refrigerant qpseil 8:aconCagode(flammability) o3
2e0800:e0C[qE Jlepiconzaopd

Class 1
8am: 14.7 psia (101 kPa) $& 220§§ 65°F (18.3°C) eamcHope refrigerant aopd flame
propagation 6c20g3 o[gagi€ “Class 1” 32[gd 200590520051

Class 2
Refrigerants i lower flammability limit (LFL) 00§3:0005 900p§§ 70°F (21.1°C) & 330z
14.7 psia (101 kPa abs.) e3300503C 0.00625 Ib/ft’ (0.1 kg/m3) coodgpsagE Class 2
2[gd 20050050005 BieanEapdsad] ogadamoogd sapowran(heat of combustion)aopd
8174 Btu/Ib (19,000 kJ/kg) cocH3qpsagi€ “Class 2” 33(g® 20050050005

Class 3

Refrigerants i lower flammability limit (LFL) 00§3:0005 900§§ 70°F (21.1°C) & 330z
14.7 psia (101 kPa abs.) 63200503 0.00625 Ib/ft’ (0.1 kg/m3) c0053s05s0qiC Class 2
2[gd 200590d00p5 8600080998l 0godaXI00Rd FPpVEdN(heat of combustion)aopd
8174 Btu/Ib (19,000 kJ/kg) coodspd:agiE “Class 3" 32[gd 20050520001
Zeotropic blend ex0degypiadagl doCesaopd saggp: ogpticdogaiagt d:ecntagudgls
g2e0¢(flammability) $¢3288600¢[gEs( toxicity) 03 elgpEsadognscddupdi
HFC-134a 2005 cpgps §820p03¢ 6pdoopd conangepudndy) lgdeodtad oySiwregadaonds
oad805eo§Ceun odeope [ggEadseaddiangpz(maintenance technician) $& cunasCopgps(operator)
320905 20953500 E:a00N
32680009208 3EqEGP: aJeundd egeqiudesediyod qEdgepdopgp:ood refrigerant compound
qPsel :e[gd e00pcu3 IPYOIYPIY  GoEigsopdaogtlye chiller o3ewrdd refrigerant o
ogeqdepaRt  3BeSmEaopd  eddgodqodqp:  [gapo8Eaopdi  Periodic table 32 ongdedlopt
[350E(000)emyp §eacdopds sagpipen refrigerant compound 32(gd saadge$ eooteagpeo
§0500§q€(nitrogen) 3205006 $& Bodoo§qE(hydrogen) 320500603g¢  [grpdooniean
:2e8s0008(Ammonia) & sadbencdeglgdlgts(toxicity) $¢ B:econCogudfgls(flammability) oelopé
P653680003BqPpE  adglulgieon ood§qpa(industrial process refrigeration) o3€axm saaX(q|
§E2005

G-0G.0 =elop¢ enod{yazet: (Thermal Decomposition)

HFC-134a e0056g2000 200§§[gEwaoopd meefgmacsopt enod(gop(decompose) ago:a000N
e05g03[gCs(decomposition)elopE  hydrogen fluoride o393  03E0g0580qE1 BBaqE  womed
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600005600 @20dgp: (irritating compounds) agaSaon§Eaopbi Aelop Fp§§gEeond efgmacs
03¢ @n03[G|3[aEs (decompose) olgde3nE omogudomsadigs cB3aba0pdi

Refrigerant 35[5® 3203[8Eq§ 6520053 och20Rumiss [BPddaenSgda0S
PYPCq & PEp 29

o cpadoddagE conxpdls olgdeoeu (Non poisonous)

Ji edodazeosan oahoogiedeoan (Non explosive)

o1 cogqpi¢ @20d[g| 2epBon0d[gls o[gt: vlgded coqu (Non corrosive)

i B:ecnogudoopbencdeg clgbeoan (Non flammable)

o 3208632600005gdg efeoqu (Non toxic)

G encdegeienond, opbig oopdFeepd (Stable)

Q8660008320258 30FERE comEign 30060pE8Eqepdil (Low boiling point)
o1 eqpadopt eddlgg efeos (Undilutable)

e en0deg 006edEdEdEaom Latent Heat owdanoRwniqepdi (High latent heat)
oon Condenser $& Evaporator 8zao:qpigasnzespdiqepd (Small pressure difference)
oon Specific Volume 00§83z ft’/Ib caoscadqepdi (Small specific volume)

o1 03868Egbs sp5:0lqupd (Low leak tendency)
op1 0386903 guSmHEIa38EquRd (Easy to detection)
oG GapgSaq| 2006epdi (Low price)

Refrigerant ©05§qpse 00odc0beam eddeg, qpo? $0lodgpiss 200decdenRoopdl adédlodgps
3264,§ "R" 00020000 refrigerant vy a3cB[gts [gOoopdn 3266§n§8EE American Society of Heating,
Refrigerating and Air conditioning Engineers qps353 (ASHRAE) ¢ $3lodgp: 2005009[gEs [gdo0pdi

Standard Evaporator and Condenser Temperature
Refrigeration cobcsgqpiogt  3aEqE§0mgp: 3ves(g¢ standard evaporator temperature o3 -

15°C(5°F) 20050058 §$pd[o300pn Bspdiop condensing temperature o 30°C(86°F) 2005605(G:
503 B5:864{030005

Table 4-9 natural refrigerants and synthetic refrigerants

. Synthetic Refrigerants
Natural Refrigerants
CFC's HCFC's HFC's
Ammonia R11 R21 Single substances
Hydrocarbons R12 R22 R23
Carbon dioxide R123 R134a
Water R500 R124 Blends
Air R507
R404A
R410A
R407C
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G-oG. J Leakage Detection

0308650000 refrigerant qpzod 32090S000poB8E[gE0p5  GoMEg§apd oahoogd obd:
[§020p5n Refrigerant caqpspdig 3a0gSqp:d qoH8:8E000 refrigerant qpzoogd saeepod(colorless):

;4oedoopd(odorless) enddeglgdeomalops B88ead a8q§e053000n chiller 35038:5 §oo& §adod
20pd  refrigerant oedaNco0d Gagpspdiesilon B chiller a0pd rate capacity o3 0po5e0:§E3EL0
eopcbeon Leakage Detection sacop&io? 3208:( jo)oge 32600:805 eelgoon:oogd

G.0G.p GooggePudmEicoieq(Safety)
Refrigeration cpOcs cpbeaontepagt safety 320305 cod3[giapbeacnteaupd sagodgp:

(0) ondbeg.qp: oBEogudepogt copdieomEn  eg elgptiepogooiieomtn qEH8sE Beoglat:s
olgdesnt oglgespepiqepds

() 223800 $C sulphur dioxide eocbeggp:aopd cpEiqIEOCdiss Soepcdypesm: Sagepud(odrgd
[g6e020[gE 3a00:0g[g| PERLOqER0N

(p) Compressor oil qps3a0E:S GyPolesaopd Za0dodencdeg qp: fesdEeomalopt cdrpudeamn
228l 30005¢ ©08603,632¢ og[gged

(G) 2000cpEeomesepRd  Groofecoogad(ventilation)eomEsgSaupdi  Refrigerant  excbeggp:
gpesfgts 20p0 p3poRod  20dggEid Fogeped [g0eoSE[GE  3eLdE  edodegyp:
038665000 6rLEOME: Gro§ copdeLsg] EICdEEEP: CLOgP:LOGERDI

(§) Refrigerant ©>0d6gaqEOYRIY CPEIZOONSE 000D  wodeoyEtas  oglgespCepigeRdl
B3qpdqP:a0pd  6ron83iE  epecd§E:  sacgudonon  Feeg g o[y sapeaNt
2003930¢ 3a632:60008[gCs(freezen burn) [gdeo§Eaopdi

() System o3 charging cp6GoNSE] HE3eeE60 eacdeg, gpicdom Saadge ©pdi 3a§jeson:
068600 e10d6g gP:ad 29:8dlm 83gEonad(high pressure)Bs sagepod §§Eo0pdn

Q) @oodegyp: B88es00000p 25200o[gdAlon agoEdogES: F0dIGECYP: ZRdd QOO0
0dqERdl 32088sC B:eomad st eoxdlon @GR 2ped0eg gpigdediest &eaxnt
605539 03 [gded §E005

(®) Condensing unit qps 3503C:5 30[g BaanggE(high pressure)eseom eodeg gp:fiesy) valve gps
gCaofgts 328053208:qp: [go[gE:00d aooBlgjeaontyadeepdi

(@) Refrigerant socoCdlgp3a0pEs @r0deg 0% Gavsd addeSaaadoon copdagtiqepdi 32[gpd copdoon:
30gi€ 0050830 [§E0ndFS0rE mqudlgiosp esepedeanalopE adaday €200

(00) Refrigerant socoCalgpa’ eeateomesepom 986:0000:qG ealodo3d[gls Bo[t: ¢lgrpden
0godemesE ABeagesNnt (B 00030 cpodesntomiqepdi

(00) socoalqp3aogliad [gEuperost =opodaacioiigp: vofeepad§Cesnt refrigerant sagpdicad
q$conzqepdi

(o)) System 32038 refrigerant qps 0p§0CesmE ©a0d0dE0:33 system o ogESigp: [godgta Sodgp:
[go5eomaigts [god[gE: elgepdep
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Chiller 008cdse 8a6=2:6005(c00ling)o00d60s8EE:0005 compressor ¢ 83860005 refrigerant
oean(cfm) 2260l0g€ @oopSoopbi Table 1 0g€ cooling capacity qg$390305 3262005 refrigerant
(cfm)oB eodjqoonzoopdn HFC-134a 20p5 3 cfm/ton [g8f8: HCFC-123 2005 17 cfm/ton [§620p5n HFC-
134a el density JjgEeamae(o3pglgdaopd

Centrifugal compressor qpsel 928m{030005 design parameter 2025 impeller 33038:03
o€eepodonoopd refrigerant @i inlet velocity [g920p5i Mach &0lo05006 (Mach 1) cood $p5:6
832600051 GuoROgEe inlet velocity o3 0.9 Mach coob veoype$ on§aoodoomoopdi

ea30H0pE 1000 ton centrifugal chiller 0odad: 320305 3200sqPs00pd refrigerant (p) |jgo?

£E:000 audlgoozaopd
Table 4-10 refrigerant properties

Refrigerant HCFC 123 HFC 134a | HCFC 22

Condenser Pressure psig @ 100°F 6.10 1241 195.9
Evaporator Pressure psig @ 40°F (Inches of Mercury (18.1) 35.0 68.5
Vacuum)

Net Refrigerant Effect(BTU/Ib) 66.0 68.0 73
Refrigerant. Circulated Ibs/min./ton 3.08 3.00 2.78
Gas Flow cfm/ton 18.15 3.17 1.83
Head(BTU/Ib) 7.73 8.34 9.0
Tip Speed ft./sec. 656 682 707
Ozone Depletion Potential(ODP) 0.02 0.00 0.05

The Greenhouse Effect

Po, & )

Carhonlujoxide]
alotheruases]

-~

Q G-§) Green house effect

G.0§) ¢§pa363:08008 (Green House Effect)

g Bpegiongglel  38mmeejoptiqlioopd  e§ada363:8a08(Green  House  Effect)
elopC (9620 men[Bid  encdeggpion  ©§dFBEgLS  omdoonteomelopt  [goedaonaogd
FOFEAODEEPOIGYP0D  53303:§o0E(Green House  Effect)oy ealadaopdi ofada3bsm§ant
[g9edleocomm encdeggpia? ©Sad336erodegyps(Green House Gases)op Gol sdoopdn eseepe(gde
F20e05gP:a0pd  DPEOE:REY  ©SdBEeodegypel  omdoogelopt  [gSogodeagftal
[BD 3 peg:e000pd1 1e§39l0RE mepelgedl§ apoogpiel Boglusodagpie agEd§oood
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odegqppaopd eq  olg Groop  ©20p50%03  obpodicogomem  eSadsdbenodegypias[yd
§0o00p50005 3ej apo0d 2BE20pS:0mfG: cogpEE E0d 0ofgedged: [§Een:eo0di

The Greenhouse Effect

Some sunlight that hits
the earth is reflected.
Some becomes heat.

CO: and other gases
in the atmosphere
trap heat, keeping
the earth warm.

o -6 Green house effect
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ODFP = Ratio of total ozone depletions |

Ozone depletion
Ozone depletion

Ozone layer

~ Stratosphere

Troposphere

CLP (Chlorine Loading Potential)
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2. Ozone and oxygen atoms
are continuously being
interconverted as solar UV
breaks ozone and the
oxygen atom reacts with
another oxygen molecule
(FAST)

1. Oxygen molecules are
photolyzed, yielding 2
oxygen atoms (SLOW)

1

3.0zoneislostbyareaction \, = |  ®=m === o= =m--g=m=m-==-
of the oxygen atom or the
ozone molecule with each This interconversion process converts
other, or some other trace UV radiation into thermal energy,

gas such as chlorine (SLOW) heating the stratosphere
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Table 4-11 refrigerant gp:ci ODP $& GWP 00§3:qps

Refrigerant ‘Potential (ODP) | Potential (GWP)
R-11 Trichlorofluoromethane 1.0 4000
R-12 Dichlorodifluoromethane 1.0 2400
R-13 B1 Bromotrifluoromethane 10
R-22 Chlorodifluoromethane 0.05 1700
R-32 Difluoromethane 0 650
R-113 Trichlorotrifluoroethane 0.8 4800
R-114 Dichlorotetrafluoroethane 1.0 3.9
R-123 Dichlorotrifluoroethane 0.02 0.02
R-124 Chlorotetrafluoroethane 0.02 620
R-125 Pentafluoroethane 0 3400
R-134a Tetrafluoroethane 0 1300
R-143a Trifluoroethane 0 4300
R-152a Difluoroethane 0 120
R-245a Pentafluoropropane 0
R-401A(53% R-22, 34% R-124, 13% R-152a) 0.37 1100
R-401B(61% R-22, 28% R-124, 11% R-152a) 0.04 1200
R-402A(38% R-22, 60% R-125, 2% R-290) 0.02 2600
R-404A(44% R-125, 52% R-143a, R-134a) 0 3300
R-407A(20% R-32, 40% R-125, 40% R-134a) 0 2000
R-407C(23% R-32, 25% R-125, 52% R-134a) 0 1600
R-502(48.8% R-22, 51.2% R-115) 0.283 41
R-507(45% R-125, 55% R-143) 0 3300
R-717 Ammonia - NH; 0 0
R-718 Water - H,0 0
R-729 Air 0
R-744 Carbon Dioxide - CO, 1*
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Ag
qnb
")
03+h\f—‘09+0

NO + O3 » NO + O,
Cl+0; — CIO + 0,

etc.
HOx, N‘Ox. S8Ts
................
NOx CFCs HOx, CIO
. 4 »
LS
el LY
* \
« Combustion processes .
+ Natural denitrification * Refrigeration systems k
+ Nuclear explosions = Aerosol sprays + Volcanic
« Nitrogen fertilizers » Polymer foams activities
e efc. s efc. « etfc.

Earth's surface
<°3 G-0G A schematic representation of stratospheric ozone depletion.

pown - R-134a o3 spadsgoonsaopd refrigerator oodcd:o0pS s00§:00698:03 30§85 -10°C oz8
Birconfifl [(omgdh 2°C fopSesepst wgqpich ghopSonght  spffEores
(temperature difference) evaporating pressure $¢ condensing pressure 0303 gpdli
aelg- evaporating temperature 20p5 (-10) —(10) = —20°C [g620pSn Condensing temperature
2005 20 + 10 = 30°C. (Table A11, A12 and A13)
Psat@ —20°C= 132.8 kPa(evaporator pressure)
Psat@ 30°C= 770.6 kPa (condenser pressure)
Food:(domestic) Bxgseezapdesods(commercial) refrigeration system gpiog€ R12 & R22
0303 R134a [§¢ 2000500 cdcw0da0pdI
R22 20pd joog) 950 6500538:¢ b0 q0edCs(phased out) qupd [gdeooelopE R22
e56paRE 32004{gg§320305 R407C 03 0309€ Flog30005

R407C(HFC-407C) 20p5 R32 1 R1251 R134a 03 colC:od(blend)oonsoopd refrigerant [gdeoonelogpé
820220083 0069e330H03E  evaporation temperature $C  condensation temperature o3

oopdoeon o33 ybfgE:od ‘temperature glide’ vp eslaopdi Temperature glide cfopC water
chilling [gjopSepogE refrigerant control [qooogogp: [gded §€a0p0n Centrifugal chiller qpsogé

F20di{gjecpdoopd flooded evaporator qpsogE HFC-407C o 320%gjqf eaodeagpeoi

R410A 20p5 R32 $C R125 o} cilC:od(blend) consaopd Azeotropic HFC blend refrigerant
[g020p5 saad:qproopd(common) refrigerant qpscood 36 working pressure [§Gen:a0pbi R410A o3
direct expansion(DX) unit gp:o€ ozEoaEarjSaried saadgfo30005

R134a/ R407C $& R410A 030005 HFC fluid qps [gdeoonelopé global warming potential
(GWP) [988E20001 adoocdBeamsoopd(zero-GWP) refrigerant gp: wedleooel vxdd(transitional)
refrigerant qps3a[gd V059 3>x[Ges{3V[gOaESI V5§ zero-GWP refrigerant qpe> ammonia |
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propane $& butane 03[gda0p51 Ammonia 1 propane $& butans qpzoopd 32986e0053l0E[gE: (toxicity)
$¢ &seoonCagudlgts(flammability) odelopE spsepudypieocdoopds cp§3o0pdsbedICsgpigoon 0ot
220%1g3[p300p51 Ammonia o3 packaged water chiller gpsopE 30di{gjoopdn Propane $¢ butane o3 DX
opsdqpesC water chiller qpsogE 32004{g[o300p5n Carbon dioxide o3 refrigerant 35(gd computer
hardware G=a:e3208[gj0poepogt 2aa:(g[r30005

Refrigerant qpsoopd refrigeration cycle gqpsopE compressor oo copbocbeusesoopd working
fluid qps [98foq00p5n opeo 95de50C:3Cs0 0onlq) refrigerant 3200bgp:cd gpagd(ro0pbi opeq
950028 [ggo$:500p5 Montreal Protocol $& EC Regulation 2037/2000(9) o3s2q) jooo [Godsd aSsd§
(0) qodesopt eqragodogf CFCs gp: 0oCogligts eepl:qfgt: o ado olgrpdes BodoEaozaopd
coodgeaadgesaopd 0odqpisE system gpimacgod CFCs gpicd adeapn oB88:eopbs com:§€aopd
3200000690800 refrigeration system gpzsaiadiopE HCFCs gpodomn saad{geepdn joos) 9563208
[g§c0opBlggEg§sdoonionpd(recycled) HCFCs gqpiad condenadsgesoopd 0odqpist system qpesacgod
@@:E[%Ewéu

CFC 1 HCFC $C HFC refrigerant qpsod eooop(atmosphere)adad cgobopadlgEelopE global
warming [g88&aop5i Refrigeration equipment qp: 6ent:qé 3200g00pd 9623280 coodrgodoopd CO2
elop¢ global warming [§08Eo0pdn  oBocHBEG§ECqps(developed  countries)ogE  GERAA
;S @ons(Phase-out schedules) 303¢: 0B8:q|0ogniqs 20GIm0RC030Ed
CFC phase-out by 1996
HCFC reduction schedule
2004  HCFC refrigerant gp:od 35% coqpaje$
2010  HCFC refrigerant gp:od 65% coqpaie$
2015  HCFC refrigerant gp:od 90% coqpje$
2020  HCFC refrigerant qpscd 99.5% eaqpgie$ Jo o 95003€ HCFC saadgoopd equipment gp:

cpodepdlghiod qbebiqhst odfoopy HCFC qpoB Jopo 986 aacBom  saaplgal

03200053[8sed8EEqps(developing countries) 0g€ 6320053l 28§ @uxs(phase-out schedules)

3207C: 005:90032:$ 2069200p0c0E[0320201

CFC freeze 1999; phase-out by 2010
HCFC freeze 2015; phase-out by 2040

1987 Montreal Protocol [ggo$48:e50053E: chlorinated fluorocarbons (CFC) $& hydrochlorinated fl

uorocarbons (HCFC) o3¢l phase-out 03 006é [ggp§edoopdn

Table 4-12

Refrigerant Year Restrictions

CFC-11 1996 Ban on Production

CFC-12 1996 Ban on Production

HCFC-22 2010 Production Freeze and ban on use in new equipment
2020 Ban on Production

HCFC-123 2015 Production Freeze
2020 Ban on use in new equipment
2030 Ban on Production

HFC-134a - No restrictions
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CFC No New HCFC-22
Production HC!:C-22 Production Ends;
Ends: Equipment No New HCFC-123
NoNew CFC Equipment
Equipment HCFC HCFC
Montreal Production Production HCFC-123
Protocol and Importation and Importation Production
Signed Limits (USA) Freeze Ends
3 W ¥ W W s>
1989 1996 2003 2010 2015 2020 2030
Life Of Centrifugal Chiller
? G-oG

CFC’s HCFC’s HFC’s
HFC-134a

. HFC-407c
CFC-11 HFC-410A
FC-12 HFC-404A

HCF-507
HFC-245fa
Phased Out 1996 In Transition Permanent

<:> G-9§) International Phased Out Schedule —

0606 e05330: 02603030003 0od50§pPeerE(kWh) 05:803E: oA EsSEeamndeds
(COy) (0.60)edIE 0oadagod0pd

AHRI 22861 026000050532 chiller qpse refrigerant o388583(leak rate)qpsed
(o) Positive pressure hermetic (R134a machine) 0.1%
(J) Negative pressure hermetic (R123 machine)  0.5%

(p) Positive or negative pressure open-drive 1-2%
CFC-11 CFC-12 HCFC-123 HFC-134a HCFC-22
GWP 4000 8100 76 1320 1700
ODP 1 1 0.02 0 0.05

mncdqienodeg wdoCaop) refrigerant qpzoopd 0833386 san§aoCenodegyp: cpodagode
(green house gas emissions)od 00$:q|0qS ¢ epadpon e[gp:cd[gtigp: cagpspSicoqs 320305
32607902 refrigerant [gdoopd

-End-
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Chapter-5 Heat Exchangers

Heat exchanger gp:oopd [gBoe ©pboopd work input goopdeosgs ©cd3a0ad 30§
oolgpeqiod(temperature difference)efompE 220§§[gE2025 fluid ¢ 320§$860005 fluid 03 000003203E:
0 sopgs(heat transfer) [gdeo§Eo0pd o3§uon(device)qps [gdoopdi Heat exchanger qpso? 2op§S

[4G2005 fluid 00dGje 3a04ps(heat)od oofep: 22¢§§866000 fluid 0od§jEadad codesE 0ode dBaeoy(gt:
0§ SJeupod fluid $6§ cepeso[gtsediod saponelgps(transfer)q§eacgod saad(giaopd

20§§[g8 020005 fluid o3 “hot fluid” 0300305 “hot medium” vpesl[G: 220§$86205 fluid o
“cold fluid” a3eupcd “cold medium” wpesl 205

Heat exchanger 320p€:3 00§),6000 fluid gp:aopd 22003 eGupqEs(heat gain) 3a6pde(gdw
326g32[§0 3209986|pE:d[gts(phase change) [gdeol 0pdi pows - refrigerant aopd evaporator
3208:3 chilled water ¢ 22003 @bopom(heat gain [gdom) saepd(liquid)salgde sseg(Vapor)
33633 e[gpe:cdog0:00001

00§),600 fluid gpzoopd 22003 g&coodets(heat loss) saegmo[gde 2aepdaa[gdd =gt
e[gpE:cd[gt: (phase change) [g6edl20p0i poen - condenser 32038:3 refrigerant 20p5 condenser

water 22038203 2200308 0003(heat loss)om 3aeg(vapor)sa(gde saqpS(liquid) =o[gdad efgpticd
Og):oaéll

00393 fluid 0090 oofgp: fluid 06933 3209G:32E(heat energy) qps opagpCs(transfer)ogos
[§E:0005 fluid $8961 F20§Solgrrge(opS [gBaopdn Heat exchanger gp:aopd sensible heat $& latent
heat $6§jsc:0% opze|gpCiezant(transfer)cpo§Efogooodi Sensible heat gp: opze|gps(transfer)ogag$
320305 3998e[p:cd[g8s(phase change) [gdedlgs ocdsabeon Latent heat qps opzegps(transfer)
agn:q$ heat exchanger 820p8:5 30098a[gpE:cd[gEs(phase change) [gdedl copdn Saturated steam 32(gd
¢ condensing [gbo latent heat gp: opza|gpEsge:(transfer) [gded aopdi

o)e9§:pE heat exchanger qpscl 3a6[gd 0coMOOepPsgp:(fundamentals) 3a§zaoniqp:
(types) 228053>3C:qps(components) 32a3:{giOgps(applications) egeqiudes sagdsacoadyps(selection

criteria) $& 006e0€5p5:(installation)od eedlgoozaopd
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§:0 396[gd006om000epiqp: (Fundamentals)
Hot fluid ¢ cold fluid o} sope&i3alap: ope|gpCiognaopdsss(rate of heat transfer)od
637050 GeH[g|a309E: 0gedgA8EAN
Q =U x A XAt,

Where Q = Rate of heat transfer
U = Overall coefficient of heat transfer from hot fluid to cold fluid
A = Heat transfer area of the heat exchanger associated with U
At,, = Log Mean Temperature Difference (LMTD)
Overall coefficient of heat transfer oa[gpEscdo0b fluid qp: Bewpod fluid & overall coefficient

of heat transfer o3 ee[gpC:cdup opsoag€ At,, 03 6330050l Heosd ¢ 0g0duLR§ENDI
_ (Ty—ty)— (T2 —ty)
Btm = & In(Ty —t,)/(T2 — t4)

Q 20p5 opze[gpaognzanpd 3ap0wdan [§B2opdi A aopd heat transfer [§6q§ sa0p05 B3a660m
880 3p030d[gdaopdi U aopd heat exchanger oodoadzeil overall coefficient of heat transfer 36200
LMTD o0p5 Log Mean Temperature Difference [g620p01 Logarithmic mean temperature difference
method o3 26[gde) o30d(gEs(gdaopdn LMTD o3& Cf aopd correction factor [gdo0p5n Cf 2005 counter
flow design eupoda0p) heat exchanger gp: 320305 32[go26: (0)000d codenpgoodi

T1= Hot fluid (in)
T, 5 T2= Hot fluid (out)
__________________ t1= Cold fluid (in)
t2= Cold fluid (out)
t

c} §-0 Temperature distribution in conunter flow heat

Temperature

Y —] HEAT EXCHANGER _"tz

l

T2
3200050 (§-0)0gC OGS olepegiod (temperature cross oBewpod temperature differential)
o3 eed[goonzoopdi Hot fluid o “heating fluid” vpesloopdi Hot fluid &l 820905 220§8(t2)005 cold
fluid &l 920905 320§8(T2)000d $5sqepdN 00d5pS:3dgE T2 < t2 [gdo0pdn 100% true counter flow
arrangement §oood heat exchanger qpsoon temperature cross q@8€aopdi Overall coefficient U
20p5 heat exchanger surface area (A) @i physical arrangement o€ 050001

exchanger

2005905002600 load 0209320305 03 gEdso[gedum(surface area) §oopd heat

exchanger gp: 8020000 0pp8aopd @&seaontepd(performance)od 6us§EaB6epd wupdbeol
32000060 p¢adeadd physical arrangement eopeaxe(o3pE [gdaodN

oelopE heat exchanger o} egequSo0pdsadlogt 88083260000 cwSes(application) $&
200583820p) load condition gp:od edfgeusgs Beadoogdi Fluid $69cdel load o es00dd

deo0505:(formula)ge ogodan §Eaoabi
Q =m Cp (tin - tout)
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LMTD & o0§3:0005 heat exchanger egequdepogl 32038336650%00001 2005905002600
load 320305 LMTD &l 00§3sqpsaqi€ cooscudeom godsnlgedom(surface area)§oopd heat exchange
000 322000001 Approach temperature 2005 T2 $& t1 odel [goesneqod [gBoopdn 0odspdizandqé
approach temperature (difference between T2 and t1) 3209$$p5:0qIC LMTD & 00§8sc0p0: 862005
ABelop 3apB0n:8Ea0pdq0ds0[gE(heat transfer surface)edod (A) oqudod§es cB3adaopdn

§).J Heat Exchanger sa§pzoonzqp:
Air con 236005 refrigeration cpdcsqpopE 8aods(gjeoo heat exchanger qpied

(o0) Counter flow shell and tube heat exchanger sa§jgzao0gps $&
(9) Counter flow plate heat exchanger sa§jgeaongp: [g60300001 Bsbd§Eocdiozt fluid gps
00095E 00d9 wademNE Befep: Fooosozo0pd

§)-J-0 Shell and Tube Heat Exchangers

Shell and tube heat exchanger sa§js3200:03€ tube bundle assembly o 805¢o0aR$ (tubular)
shell 32038:5 oeuresod(welded)q) GacdcopdieomEa BcS(bolts)sE 6] Gaddcopbieomns 0odeod
con:00p5n Tube bundle gpzaopd rolled ofeupdd neuoescS(welded) con:o0pd U tube gpeadd copds
GomEa 0805600503 B0B0020005 G[§pEanse00pbB5(both ends straight tube)gp: caoheopbieomEs
tube sheet(s) qpseacd copdieomE: (0§05

Shell &820p5¢> 80S3a(ofen:0? [godaooB: longitudinal center line qpiogE inlet $& outlet
connection gz [giapSoonigEs [ga0p5n Shell gpzeil Od1 sa§jEmaen: gpgd copfgpicon

Tube Odgpzopt
(o) U Tube Heat Exchangers

¢ §-J U-Tube ng;$shell and tube heat exchangers
() Straight Tube Exchangers

¢ §-o(o0) Straight ube Exchangers
() Shell and Coil Exchangers

¢ §-G Shell and coil exchangers ¢ §-6 Shell and coil exchangers
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Bonnet Bonnet
(Stationary ~ Stationary Support Stationary (Stationary
Head) Tubesheet Bracket Tubesheet Head)

| |

/ \

it

T
L%
T

T

:
kY
: :
Y ra

° w \/ \

Baffles Tie Rods
and Spacers

Q g—@ Fixed tube sheet heat exchanger

Header  Tubeplate Shell Tubes Baffles LIQUID OUT
; T ; ; ; ;
[ [ [ [ [ [

i SH E{ uTUBES Caneries REFRIGERANT
= u I LIQUID IN

LIQUID IN

TUBE SHEET REFRIGERANT
ouT

¢ §-Q(o2) U tube heat exchanger ¢ §-q(o) Heat exchanger baffles

Plate Heat Exchanger

Separating Plate
Cold fluid

Teolas he
Thot P

=l

<;> §-o Flow path of gasketed plat heat exchanger 9 §)-¢ Flow path of welded plate heat exchanger

§-J-J Plate Heat Exchangers

Plate heat exchanger s3a0pSen cogo[gps(metal plate)gp:od 32006080503000:0000  heat
exchanger [g20001 Plate qpso? 3200{g|cons60006[opE plate heat exchanger vpesl[ge: [gdoopdn Hot
fluid $& cold fluid 9005 3203c80500600:00050 metal plate qpszalogrse B:oo§ cobelopE: 3203
B:eoliosfd: mnpopelgpig(heat transfer) [gdedloopdi 3200005 plate $§gps(plate walls) woodeod
[go500§: Bsopzogazaopd

Exchanger opC channel gpzod 00d9[Gionde frame [3¢ §odo3002:0000n Plate qpiei coongape
s6edlod(opening or port)gps [giepSoonsoopdn Plate qp:eascd:od 20000y codg] 006808 c8odagé
a33a60lod(opening or port)qpzaopd fluid gp: 8:0Eq8320305 manifold qpaa(g®ad  eepadogazaopd
BsaoCeepoielogpCs(flow path)od [gdeooopd

Plate gp:gn §o0d03000:(gC:a? “plate pack” vpeslcopdi Plate pack qpsod cd§:comieoiqf oo
(bar)oode c3=ab00pdn 0da8 B&&grpdoodgtelope plate pack o3el[G: plate qpigiode) 0odegC:d
eeoselop§Ea0odi Capacity gpaqpe c300lon plate codoopd(gege qpoopd capacity g§$Ea0pSn
03320p 3226200028 plate qpiad [god[gE{gE Bsantoqeolig(pressure drop)od eagpspdieoS§Eaodi
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Plate o} gasket qpfgC @GoodcopSieomt newesod(welding) [§E9e @S copdicomes
brazing cpd[gEsg¢ eoodrupbieamEs §odoy 0odeoEEapd

Gasket qpig¢ ooOGsoloomeomn plate heat exchanger gp:oopd sagped: 2 MPa
Bsommcdo0n  $§8aopdi Brazed cpboomsoopd plate gp:oogd Bsem: 3 MPa & 320§S
(temperatures) 260°C 3303 $§&[0300051

:0dgoopd gasket material 3§zt (§pIICVCO00E ©30p503)RBdg $8E205
20§$ ogn[gpsoopdn Gasket plate heat exchanger qpiod sagpsad: saad|glogoopdn Nitrile butyl rubber
(NBR)[9E [gopboonieomn gasket gpzaopd 820q$ 110°C so0dax $8E6pb§oocdi Ethylene-propylene
terpolymer (EPDM) gasket qp:oopd 320§§ 160°C 9008 $§EqpS§oopdn Gasket o3 plate edlopé
e0o5[gEande) caodropdieomE cnrodgpgCopde) caodropbieomts saaX(glogoopdn Gasket Gdgp:od
counter flow co&se[oypC:ea03E: B:aoliognieaant [grpbaoogoopdi

‘L.i:’ - < a® i
Field Caskets |0 '- Compression
<°3 §-00 Flow Path of Heat Exchanger <[> §-00 Components of a gasketed plate heat exchanger

0euescdsdieE Plate gpiod 0obsolge:

Plate $69¢li3ag&iad oeur(welding)gg ojconag€ “cassette” opesloopdi  sacdodgp:
adeqronodegudeo fluid gpseacged cofeagpeoon gasket material sadp3eon: 0e$EagE ocwd
Ge0d00pdspd:03  3pa(gjoopdn Non-aggressive fluid qps3a0g05 standard gasket qpso? saoX(g|
[030005n Refrigeration cpdcSgpezacgad newoeeodspdigS plate gp:od o3oonsoopd heat exchanger
QP20 320526000000
Brazing cpbsp5egé Plate gp:o? 0obso8(ge:

Gasket & frame gp:od 322%qs ©[g08E2000 324l brazed-plate heat exchanger qp:o?
[g1e9S[o32005n Copper 9300pd5 nickel 320%a303E vAdo5(g:(plate)gp:ad copdom elogineudescd(gt:
(brazing) [g620051 [ggCod5:0862q§ ©cda00b closed system application qp:secR05 208 pSoEdod
20052002009 $p5sc0626008E: [gdaopdn Beaod heat exchanger &l a8od(gps(plate) gps colodag:2000
4l fluid $6§E cepegnaz:§Eaodi oo§),com fluid gpen eepesdilon 3aRs ZagePLSyP:aRdN
6305300050005 BelopE  heat exchanger $dgp:ad $6000 [gjepSoondozoopdi Double wall heat
exchanger op @sloopdn Double wall heat exchanger o3 shell and tube $C plate heat exchanger
$8qrepope afEaoph

Double wall heat exchanger & overall thermal performance ooé single wall Goood
ecom&seon aaaopds Bgp:aopdi Beasd conimagepedmnticoigs 320305 saadgor0020
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DOUBLE-WALL THERMAL PLATE

4

\\ @ f AIR
U DOMESTIC WATER >‘ o

T —— -

——
FLUDEXITS  \\— | eFFLUENT \\-—— LEAK IN
TO ATMOSPHERE PLATE

Q §-0 Double wall plate heat exchanger

3200050l {(g)-0_j)og€ double wall plate heat exchanger 0obgeh oeun(welding)gé soodoons
Go plate $69 $& gasket 0B cudgoonoopd i
§)-0 Heat Exchanger gp:eil 358053208:qp: (Components)

HVAC cpOcfeqpizacgod apobaodooieomn aewpod oopdesonnooniean heat exchanger
qpeogE ASME Boiler and Pressure Vessel Code dlaopd odaB0[gpiqpicd eoblgooniqend [g6[g: sapq$
190°C ea0H03¢ Bzan: 1000 kPa 3300 $8Eqp5 §qepd

REAR HEAD

FRONT HEAD GASKET

9‘1

g?i't‘ i SHELL-AND-TUGE ASSEMBLY
FRONT HEAD \ Tube

\\
CROSS-SECTIONAL VIEW OF Baffles  \Bundle

FIXED TUBE CONSTRUCTION - \E\Mounting
Gaskets
Head

o

("3 §-09 Exploded view of straight tube heat exchanger Q §-9G

§)-9-0 Shell and Tube Components
32000530(§)-0G)0gE [goon:oopd shell and tube exchanger o€ 6330050 component g

dlo€[ogo005

(o) Shells (@)  Tube sheets $&
(9) Baffles | tube supports i tie rods $& spacers (¢)  Heads o} doCoopdi
(o) Tubes

Shell gp: o3 steel pipe qpa clojs(copper) $C stainless steel gpdgé [gapdenp§oopdi
moCesdadd(inlet nozzle) $& sacgadesdaud(outlet nozzle) gpzod 0dbsoly cgdoncogs Saadigp:
200} flange gpsgE [gjopSoonzo0pdn esbaud(nozzle)gpsel 30520705603 fluid velocity gpieoq$ $& tube
qpz 260 opC impingement ¢lgdeoq$ [giapboozaopdi

Baffles 1 tube supports 1 tie rods $& spacers 3B clox $C ocB(stainless steel) qpelge

[giepdecy §oopdi Velocity $o0q: qpegsoopd baffle saea0g055¢ baffle 00d9sE oobesajor:
20302060t 3060l 0g¢ Goopda0pdi Velocity qpigEelop¢ shell side heat transfer coefficient oeo:gs
83202 ogeosg(pressure drop) Sgpzaan§Eoodi

Tube gp:0?d 03305 (steel pipe)qps G[0300Qy) 3200:3560032603:6070E:6000 brass qps $¢
stainless steel gpgg¢ [gopbecp§oopdn Tube diameter 1 3300(gauge)sE material Sa§jE3200:qP20000
heat transfer coefficient $& exchanger &l g&:ee008q(performance)o? elgp:cdeo0pd
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Tube sheet qpzoopd baffle [gjopbo0pd cogiEajezaensgpiss opBendoocdi Tube sheet
qpod 3m000pd tube layout qpisecdts QeI Fedlodgp: eetdenydoopdi ddssedodgpidiean

tube layout o3 “pitch” vpesl capdoopd

Head qp:od saqpesandgC cast iron oBowpod fabricated steel [§€ [giepdecodoopdn
Goo:codeom exchanger qps3a00d cast brass $& cast stainless steel 03gEcopd: [gopdlogoopdi Head
qp2o0Rd c33000p0es6p Bewpod ondsolepdesep 220u5000p008E! cpad8EesmtE (sdoesnt)
[giepSaoagogo0ob

Suppert  Inspeetienm  Roter o nble
Colama  Cewer Agipmbdy _.-"Covol T Carrying Bar
§ \ 5 ¢ P

by a / ,.»/ /
'-._.. '.\. — -
o ._ . el R
b o s -
i 1 " 3

g St Dot

Supgot =n 5 — el Coved
l.'.L-deF::-o-"" ---“-t:’un’ "
T-gf!‘mninq/ \N;\QQ *
Fol -/ 4 S
I\;fﬂ::nw / :I \\\
;‘lg: ilM'n-g ::\:rlqg S:rw-d Frame Faet y
¢ §-0¢) Plate heat exchanger 8] g-o@ Plate heat exchanger

320005010(6-06)0p€ plate heat exchanger ¢ gasketed plate $¢ frame o303 3lgoonsoodi

§)-9- Plate Heat Exchanger Component qp:

62200503C component gpsell AOeaoEgodgPEst [gapdaopd cogoiEagjrmaanigp:o? Gudlgaon:aogd

(on) Fixed Frame Plates
Fixed frame plate gp:od carbon steel [3¢ [giopOlog0000n Single-pass plate heat exchanger
o€ hot fluid $& cold fluid $6§jcd:ei inlet $& outlet 32005 fixed frame plate ooodoEam
§lo39005n 00dspdsas(gE fixed frame plate 900503E B0 connection (G)9 oad:ag€ single-
pass plate heat exchanger [g620001 ANSI 2a§js3202: flange ¢ps 350905 connection gpsaopd
NPT 2Bewp0d stud port 8&E:qps [3gb20pdn NPT connection gpzaopb carbon steel a3oopdd
stainless steel cogoigp: [§62000n Stud port connection gpzod 2degEoD0(gE:(corrosion)

[58[g2¢ 000§ 320503€ [gi0cotenrdoopd

(®) Movable Pressure Plate
eg,e[gpt:8Ea0pd(movable) pressure plate qps o} capacity qp: qg§ee0g05 plate sa00dgp:
00600pdq$! plate sacuMEigps [odopddes $C plate gp: 3006c3RLSeSI0z05 BAE:
006000200001 Movable pressure plate o3 carrying bar &1 oodeagpodogt eg $EqS [gopd
0o0egCs [g®oopdn Carbon steel [ [gjopSoomzo0gdi

(o) Plate Pack
Plate pack qpso? channel plate qps $& gasket qpegC [giopSoonzoopdn Plate gpzaopd stainless
steel 316 3agzoonn stainless steel 304 sgjgea00: Yewrod titanium cogoqps [§8[o30025
Herringbone (o§jg Bewr0d chevron 0o [gepdendoopdi Herringbone a3wwpdb chevron
pattern gp:el GaooCqp:oopd thermal performance com&gls Odg:sC Bsmsoyeotsq
(pressure drop) qpsgCa $p5gE: 0303 [gbeo§Eaopd
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(v0) Compression Bolt
Compression bolt qpzoop5 plate qpso® movable pressure plate qps $& fixed frame plate gps

320383 §e3nC Boos[g: [gBoopdi odelope fluid gp: oPBegE: o[gd8Eeomcal

(c) Carrying and Guide Bar
Carrying and guide bar qpzaopd channel plate qpssa: c8§:co00dgE: [§Boopdi saed ook
o3 “carrying bar” opesl aopdi eI0do§:0d “guide bar” vpeslcopbi oo(stainless steel) |
0q)d80d(aluminum) Beupcd omgSodBs(carbon steel) qpisC [gepdfd: @Ce§dod(zinc
chromate)[g¢ saedlad: a6gPa0cdaa0232(g0 2poda88doy00pdn O(g-00)0pE “carrying bar”
$C “guide bar” o3 eed[goonoodi

(o) Support Column
Support column 20p5 plate heat exchanger gp:opS carrying bar $& guide bar
aB§:c0s000:00p5n Carrying bar 2095 plate qp:od cobseozo:00001

(o) Splash guard
Splash guard gpzo? sa0qB8od(aluminum) g€ [giapSlegoopd

(@) Drip pan
Drip pan o} oo3s(stainless steel) [g¢ [gapSoopdi oon€saad|goopdsadl 1 qbsns(shut down)
20p0328] 1| W3BsgEi{gdoopdeadl 1 gasket gp: cdod[goopdeedl $& condensation [gdoopd

320l0303¢ GagPnd 6on:a3eeapodeaE 6320050 $00260:a0pdI GaGPIND PooGLsadN

§.G 30034gO(Application)

@&s3aC(primary energy source) ood9opbie 208§ wopdeomn fluid gp: 1 woppdeom
20DgleqPisC coppdeomn g&iatowangp: 2005 AB3p00P0esEPORE MB=0GANEHI §fgs
heat exchanger gpzo? 3205g[030005

ASHRAE handbook o3& eublgaon:ean heat exchanger saoddgdqpaen

() 9BCcxn(boiler)o ogodaxnaop) eqesieg,(steam) o3 central water system gps 220305
hot water 33[g® condense cobe$

(9) VBooudsCasoiypsd) hot water system gpsopE s(ggs

(0) ooepzoopd 320888305105 (special temperature requirement)qp: §oopdsesl $& hot
fluid $& cold fluid 0% veepesP3a005324] 033 isolation ArEeS

(20) gb:aaeglomeszapdess(energy saving application) gpssacg0d

(c) Refrigeration application qp:sc;ogo% (evaporators | condensers §<§ liquid coolers)

32004g[00p01

§-9 egUOg$ 23q(053c004p: (Selection Criteria)
Heat exchanger gp:od ap§qom ofoqdgp: saadge] egequde3oopdi coodeRdopgp:s
oB3€uCom egeqiudenydoopd
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880 Thermal/Mechanical Design

Shell and tube heat exchanger qp:o? 830:03320q/0532q Srom:60: egeqod[og00p5n 32080
eomla 6o} :egdy egqedlogoopdn Plate heat exchanger qpiod 83z =005 228m
eoy00pd 328l§ropt 3260mE:e0:6000 pBionig RYS$320305 egegud[r200N

§)-§)-J Thermal Performance

Heat exchanger i thermal performance 20p5 3agoSaaoni(size) $& 3ap8ioni0pd qiods[ge
88 (heat transfer surface area) ¢l geometry saed0pC woopdaopdl 0Bt godsalgE(heat
transfer surface)el ogobs(material)zagjzeaonsaopdcopd: performance o} elgpticdeo§Eoopdn a0y
a0pd oos(stainless steel)oood 3a08sopsg deomsoopdi Fluid B:gSs(flow rate) [gSg8s(velocity):
eosqdg(viscosity) ¢ sapengpadopsg(thermal conductivity) 030005 overall heat transfer coefficient

(U) &l 0083203 adx[god cosoogd

Shell and tube sa§jz=oen: heat exchanger 5 cold fluid 2095 tube 22038:S &:eoliecp§oopdi
320000¢] cold fluid 03 shell 506503€ Bs0C:dlon overall U 00§83 oqe0Cs ag0:0880di

§)+§-0 Thermal Stress [9dedl[gC:
:p§Soplgrsged(temperature  differences) [4Goopd heat exchanger qpsoogd [DBpenieomn
thermal stresses o dqo0pdn Fixed tube sheet gqpsfg¢ [gopOoonsaopd heat exchanger qpsoopd 2op§S

oge[gsgiod(temperature differences)qpsood [P3enseoon thermal stresses o $§Eqpdedeun adzaopud
gasketed plate unit qpso0pd [Fpeniean thermal stresses o $§Eqpd ool

§:9:G Baanioyeolig (Pressure Drop)

Shell and tube heat exchanger qpsog€ fluid velocity $& tube length 03 c8ooea0d gpdesant
[gopd8Eeamaeopé Bsmsogeolsg(pressure drop) $od:ecp§oopdn o3eaod plate heat exchanger
qpeopC fluid velocity o on§oo0deconsagé daanioyeolsg(pressure drop) qpzeapooodi 0odelondd
plate heat exchanger gp:i qdgo[gCedon(surface area)owdanad thermal performance c3320g05
02§ ©0pod3 B3ioyeotsg m&0cdqod(pressure drop limitation)efopCoon $o0:eanti gpiesnt
[Giepblo3o0pS

§-9-§ Fouling [sdedl[ge:

Heat transfer qodsnlg€(surface)edlog  elogipdqpionadamgts(scale accumulation)elo3pé
g&see0n8epd(performance)oysotsogaiecp§oopd adelopE heat transfer qEdsn[gE(surface) edo
32030503 332600000005 32505:c05 eIt [gpdoonienpdoopdi sagudseen: egguSodon 20
eeonCzo0sg: (allowance) [gb20p0n Fouling factor vpesl aopd

Fouling allowance o3 ep§E5Sis¢ cudlgecp§oopdi coogpg sagudsaniegegodoozaogd shell
and tube exchanger qpzaopd s8C=adcudmecvs(suspended solid) g0 plate unit gpzoocd comEsgd
c0059§Ea0p5 Plate unit gp:ogE A§oopd BselopEs(flow channel)qpzoopd ogdielgpEeaopdi Plate
exchanger qp:cpC fluid velocity qpsfGs turbulence [g6edleomalope fouling [g8[gE:a? $8EqpSe§eon
Shell and tube exchanger tube o} gpSesanlgpdoooy qodsnlgEedoon(surface area)qpiesnt
[ge9d[gCslse fluid velocity saedlogé saojpoocdespody ofeor cdeloppE thermal performance
:25pd:c0d00 6[gpeiad0001
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Plate unit qp:ogE velocity 20pS BselogpCs(flow channel)gpsell saeqeaogod 3aedlopt goopd
20pdi 2008:09:8E2000 gEdgn[gEe§uon(heat transfer surface area) Sgpicoq§aacyod plate [goxgp:
codoopdeamelogpé channel gpsconBe velocity cagpspSsogasoogd Velocity cagpspdiagnieomelopé
performance ogeo:ag0:00001 Belopé plate [gpiqps: codaopdes 836205

§:9:6 op§oedod(Cost)

Approach temperature sagpSicodomncdeadaopd cpdesiqpiog plate heat exchanger qpso?
:adgogl  ofimSoyodod(initial  cost) sa505:e0dgba0001  Approach temperature  gqpsqgp:
83200005 wSesqpiopt shell and tube unit gp:od ad:agiC or§oyEEod coodomo0di Stainless steel
20g|e? 22%gqf c332009IE plate unit 2005 3¢) Bignseepang ogode[gododaopd

§-§.q Serviceability

Shell-and-tube heat exchanger gp:=aogod service cpO8Eq o3gpeogoopdi Tube gp:
3gudmonsC  configuration saedl gopde] c0§qieqrrpd8Ee wopoBlojeun Plate heat exchanger
qpopl plate [gpiqpicd 00dqoqCs [gode cofgqieqs [gapd8Eoopdn Gasket cd[gls plate [gpaqp:
Bod[gEs [grpt8Eaopdi Capacity dqpsesant plate [gosgps codlgod §Ea0pS
§:9.0 020e0Cq§ esep B=5g0d (Space Requirements)

qROqPs(Ge 1 FoqiEieooicod(small-diameter) tube qpig¢ [gopSooniaod shell and tube heat
exchanger qpz:a0pd op§ogododoondom(cost effective)g: Oq) efficient [gdaopdi aB030d qodagpsoogd
8&8:elopC [g[yCods:B88sgqp: [grpdes esepoydogud 833000001 ddelopE coodeogope oBfGs
2qCo%wns(large diameters)oood heat exchanger gp:o3oon eggd[o30000n Plate heat exchanger
qpsel 35gud320: Sogdagdaopdun ad§E0pd
§)-§-¢ Steam

HVAC application gp:og€ eeqegeg, (steam)o? shell and tube unit qpsé 036 3a935[g[o30005
ocdgapdeSigps(industrial)sC  ©2:6000050p8§00050050000p0cEs(food  process)ypiopt  eeegieg
(steam)o3 plate heat exchanger gp:s¢ 036] 32054g] (030005
§).6 00bs0€[gEs(Installation)

§)-6.0 Control codfge:

Temperature sensor $& valve gp:od 3203gg) heat exchanger qpso? control cp68Eaoad
Temperature sensor 03 22632:960009 flow stream ofeupod peoepd flow stream gp:opE coxecy

§oopdn 00dspdiaxdgE secondary flow stream wpcopSselp sdeap§oopdn Valve 2005 secondary flow
stream @i set point temperature o3eepabesant primary flow oedned dS:(regulate)eo:aodi

§):6. J Piping

Heat exchanger qps32038:3 6codfgl: ofgdesant crog)dadqp: oodeoCaoiqepdi dodsaogt:
oCeepadesaopd GrogPid GE0E0dgE30R05 Grogjedlod(air vent)gp: oodsooongs cBoopd
8320098 eaqps 35090500 660H0058EEEE Jodgp:ad 0dsoCooqepdi

§)6.0 Pressure Relief
Thermal expansion lo3p¢ [gded cnoopd cB80dqodBiagp: $& 3smimacg§lgonadg:elopt
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[g0edlconaopd aBodqodBigqpiad omogude§enogod heat exchanger @i s0Cs&an0god $8a005
ocd:03E safety pressure relief valve gqp: ¢ shutoff valve qpzo? oodeo€aozqepd

§)-6.G Flow Path
Hot fluid $& cooled fluid $8o005008:1 320€5E320505305GqpP:ad wEmEE> 0b90EamqERdI
©$0Sgn 6o0de0dlmn heat exchanger ¢l gd:eaonepd(performance) oqeots§Eaopdi

§).6.§ Condensate Removal

eaegeggp:(steam)od condense [gbeoo0pd heat exchanger gp:od sacp:aocBlye] 0obs0te$
332000001 cqegiegyps(steam)e  3aqpdma(gdad olgpicdogniaopd condensate qpiad  ©sbodoy
g800gs 3a0paneeBo0pn Condensate gps Gedodopade§(drain) cdeanadesnt elgapdoonngé
g&sqpd(capacity)oyeoligqp: [§0ed8Ea0p51 qod8gts comEigrzanodonpdlgtiod [pjeog§toopd
m20p:00[g¢ modulating steam control valve gp: 06808cos00pd system qpsogE vacuum breaker
qpsC o3 =0adgleelyC condensate cwocbapod(gEs(draining)o? saeooncdeanlg§Eaopdn coteagp
20pd steam trap 92godsp02:0? egequifd: 95mEg> 0ndeooonqf FapssacegoRaopd Steam trap
$& condensate removal saeo3pE:03 ASHRAE e0p60 chapter 10 03€ 80050005 6roaongEaogdi

§).6.6 Insulation

:205:20§85C fluid :5p§503 opo[grsgqpoopdaad] heat exchanger gp: o3 insulate coSeogs
c832000p51 2005 ASHRAE handbook ¢ Fundamentals § chapter 23 o€ insulation sacjopCsod
32600:805 600 605§ AN

§)-Q ©0S0pd [Bjoo€ ofonqepd 329105(Q)qed
Shell and tube heat exchanger woodund [3oolq e30cdAlEagIEd (Q)qEP0d copdogt:
oBs02:00& 000N

§)-Q-0 Heat Exchanger Tube Diameter

Heat exchanger coc5coGopgpicnoon tube diameter o3 2005905 egeqiudecydoopdi Sod
diameter Goo:codagié velocity gpseooefop¢ fouling [gdedla spdsoopbn oBeodd Bsan: ogeolsq
(pressure drop) qpsoopdn Tube diameter GooscuSeomelope sagudseon: Govicudom odsoles
320305 656y 0d0y0d ecdzadeo

§)-Q- Thickness of the Tube
Heat exchanger &1 305 2000005 adegponad[gts(corrosion) 1 9dss(flow resistance) 1 o0&
320384gbe0l copbams(axial force) | Bzans(pressure)st q§$Eeom 2030godigpest 200530051

§)-Q-9 Heat Exchanger Shell Diameter and Tube Length
Shell 3aqCs(diameter)s¢ tube 3aqpS03 saedopt goopde] heat exchanger &l egpsss o3[op:
20051 Tube 26503 3a0n§sa0005gE 0o [gapd8Ea0di

§-Q-G Tube Corrugation
Tube gp: & corrugation 20p5 shell and tube heat exchanger &l performance saedogE a0
20056epodaopdi Corrugated cardboard tube qpsoopd fluid qpso? turbulence Od§sC Bse0Cs

606006[opE 38eomEigsanpd qrodyp: cus§Eaopd
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§)-Q-§) Tube Layout

Tube layout s3oopSen heat exchanger 2303E:5 tube qpo? 000338 copdEon:00p03
BcBoophi 328msadgE layout ddeco:Ead coglg€8Eoopbi Triangular 1 twisted triangular 1 square
$C rotated square oB[g®aopdi Triangular tube & sapB:onsa(heat transfer) deomEoopdn  Square

tubing gp:opd [opgRdge 20§qEsese00800pdN

§-Q-6 Tube Pitch
“Tube pitch” 8300p5en s005000:20pd dodcud(interconnected tube) $6961 3a0z09260:(center
to center)gboophi GooopugEdgE pitch sa0z0me60:0005 [GCusegii(outside diameter)el (o. Jg)

32600005 Jogpioogaeo

§)-Q-qQ Heat Exchanger Baffles

“Baffle” qp:cd shell and tube heat exchanger gp:og€ saad:gjoopdn Baffle gpsaopd tube gps
eqpE[gl: Bovrod eaqpddldet(sagging) $& op§al[gEs(vibrating) 03¢ omoguSeosodI Guoopuy|
3dg¢ Bzmsoyeotg(pressure drop) $& sap8:opsa(heat transfer)o3oogd baffle 00695 codozalom:
:o3603(spacing) 3560l a€ voopdaopd

shell inlet
baffles shell * tube
T e B outlet
N Lo . T =
@ A7 s TR
S —— W
¢ mlet

shell outlet
¢ §-0q Heat exchanger baffles

Shell

Tubesheet —

¢ §-00 Heat exchanger baffles

-End-
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Chapter-6 Overview of Chillers

6.0 Chiller 3a§p=s00:qp:

HVAC $& ACMV codeeglypiopt chilled water cpobeos§Eaond refrigeration machine gpscd
"chiller'op sl 20p51 32680005333¢p:0gE 06s0Ea0:a0p) chiller gpzoopd g&:matad Faqpsad: 2addy|
20pd equipment gp: [gB[ogeamaelope san:amgodgps(advantages) sispdiqodgps(disadvantages)
$C on§o0adqodyps(limitations)od ¢&m&gd §0:0pda0GoMEANNgS 33200005 8AE:pO[gt: 1 3aged
;o egequd[gts(sizing) 1 oodsolgs(installation) 1 eedCsgE[gCs(operation) & [g[gE 00§:0564gC:
(maintenance) 0303 058 [gpdes sa0psea6eE3Ro0R0N 2080 FaadigPsaopd chiller ad:§j:od table
6-1 03¢ §E:09D Gudgoonzoodi

Table 6-1 chiller so§jg3a005qpi0? §E:000665[ga0:d

Chapter-6 Overview of Chillers

Reciprocating Screw Centrifugal
Volume Constant Variable Variable
Head Variable Variable Constant
Capacity control Cylinder Unloading Slide valve Pre-rotation vanes
Capacity range Small Medium Large
Moving parts Many Two One
Efficiency Low Medium / High High
Technology old New New

Compressor gpza0pd vapor compression chiller qpsell saeepaajoRads 208053538: [gdoopd
Compressor gpzad (o0) Positive displacement a§jsz202: $&

(9) Dynamic 32§j:32032 036] $0d F[gprco:000N

Positive displacement compressor qpzoopd vapor refrigerant qp:od  saeSicod(chamber)
0069300pC:3 oCeepodeoffiesnad odsrediel cpaopda? eavcudesmE[gapdom dsmdyorndenlgt:
[§©20p5n Reciprocating 1 rotary $& scroll compressor 030005 positive displacement compressor qps

[§8[0300051 B compressor gp:o? [g85§:0c00(constant speed)gE cedCiqi€ cpaopdBigs: deoo
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(constant volume flow rate) §§$Eao0pSi Positive displacement compressor qpzoopd constant
displacement machine qp: [g8fo300p01 Centrifugal compressor gp:aopd dynamic compressor qps
[§8[o300p5 Constant displacement machine gz ©opc5(e3dh

Table 6-2 compressor so§je§jesC 2005a3E 203391054
Compressor Type Cooling Range (kW) | Refrigerant Type Capacity Control*
Hermetic and Semi-Hermetic Drive
— Reciprocating 20-1000 HCFC/HFC/HC Cylinder unloading
— Single screw 200-2000 HCFC/HFC/HC Sliding valve
— Twin screw 200-3000 HCFC/HFC/HC Sliding valve
— Scroll 5-250 HCFC/HFC/HC —
— Centrifugal 300-15000 HFC Inlet guide vanes
Open Drive
— Reciprocating 100-1000 HCFC/HFC/Ammonia Cylinder unloading
— Screw 200-3000 HCFC/HFC/Ammonia Sliding valve

Expansion valves may be either thermostatic or electronic; electronic valves have greater potential for close control and
data collection for system management.
* For most types of compressor, variable speed capacity control is increasingly an option.

(6.0.0 Vapor Compression Chiller Versus Absorption Chiller

Chiller qpsogE oqoodlgEewntsaopd(electric driven) chiller $& sapgbieatgEewntsoopd(heat
driven) chiller oaq) ()l §ieopdn agidodeedomigé ewntsaopd(electric driven)chiller gps a3eupod
328qE[g¢ eenCsoopd chiller qpsoopd vapor compression chiller gpi{gdGe 2o0g&:3aE[gCewrEs000b(heat
driven) chiller gpsoopd absorption chiller gp: [g8[o300051 Vapor compression chiller 2005 ag60d
eedom (electric motor) 2Bewpad 2aEqiCe g§o0pd 00dg g&:3aE(mechanical energy)o? 330:(g|q) vapor
compression cycle o3 ee&gC{gdoopdn Absorption chiller 20pS s (heat)od 320%(gle] GwrC:2000
process [gd00pdi 3a6a0005929¢p:0pE vapor compression chiller gpso? sacgé 30dqPsa0pd

Vapor compression chiller qpsopC  3200ggjcons00pd compressor  IdEzeen0?d  I26[gde)
Fe0¢z00és J[grroonzaopdi Centrifugal chiller 1 reciprocating chiller $& screw chiller 030005 22800

02003 chiller sadjezao02gp: [g[030020H

G.o. J Electric Chillers Vs Non-electric Chillers

Electric Chillers Non Electric Chillers
O Reciprocating chillers O Absorption chillers

I Rotary screw chillers - Single effect absorption chiller
O Centrifugal chillers 0 Low pressure steam

[ Air-cooled chiller O Hot water

O Use in CHP applications
- Double effect absorption chillers

[0 Medium pressure steam

O Direct-fired

1 Heat recovery
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Centrifugal $& screw chiller o303 682050l gb:3aCqpegC curE:§Ea0pd

() ogpodecdom (electric motor)

(9) 2000060056¢a3E3EQIE Bowrch erontonedadimatqt (Natural gas or fuel engine)
(0) eqegieg 0mRE (steam turbine)

(20) 66505 3EqCsd§padi3CewnE§E0pdi(dual drive — engine and electric motor)

6.0.p Engine Drive Chillers

Rotary compressor gp:cd a0omoencdeg(natural gas) 0§3ss(propane) caonten 020pb03gé
6e2C20005 32EqEqpesC 03q) 32954g§E200N Reciprocating compressor gpseil full load COP aopd 1.0
o8 [gdaopdn Screw compressor gp: @ full-load COP 20p5 1.3 ¢ 1.9 =20pE:{gdoopdn Centrifugal
compressor gp:ei COP 2095 1.9 o [g®o0pdi

Engine-drive chiller gp:od cg§32005 $6601E:qpigo0n 00C sa0XgR[0300051 320:55q105qp2e0

(0) opsoyo§odapsats(higher first cost)

() @cLRpoBR0&gE:(poor air quality )

() [glo€cB8:BEsq qpzgo [giopdes c3320(gE:(much higher maintenance requirements)

(G) 2005008:03gEs(short engine life)

() s00de003[gEs(noise)

(6) sogudzaenoiege:(larger physical size) $&

(Q) 328qi€(engine) $C refrigeration subsystem o} salogpsopE integration cpOg§ 90535

B[00

Gas engine drive chiller gpsaopd electric-drive chiller gp:coo’ Seq{o3ko0pdn centiq crsoy

0§05 (operating cost)3gpz00di

@.o.c; Steam Turbine Driven Chillers
Gaeg:egoadE(steam turbine)gé cenCsoopd chiller gpcopds §oopd

6.0.¢) Air Cooled Versus Water Cooled
Air Cooled Efficdiency and Water Cooled Efficiency

Water cooled chiller qpsood air cooled chiller gpcocd 3ej energy efficient [gdoopdn Air
cooled chiller &l refrigerant condensing temperature 2005 GEVCEZQSE(ambient Dry Bulb
temperature) ss60lopE @oopSooobn Water cooled chiller &1 condensing temperature a5
condenser water temperature 3360/0g€ ©oopda0p01 Condenser water temperature 20p5 ambient
Wet Bulb temperature 3363/ 03¢ 0oop500001

odelopE water cooled chiller & condensing temperature o0pS ambient wet bulb
temperature 3560l0p€ ©oopda0p5i Wet bulb temperature 20p5 dry bulb temperature cood 3q)
§6coome[oypE water cooled chiller & refrigerant condensing temperature (and pressure) aop5 air
cooled chiller cood 88&eome[opE water cooled chiller gpzel efficiency aopd air cooled chiller

qpzei efficiency oo deomE{gEs [gdaop5

poe - [g€o 8&&: (outdoor design) sop§§a0pd 95°F (35°C) dry-bulb temperature $&
78°F(25.6°C) wet-bulb temperature [§0cq¢ water cooled condenser 320305 cooling tower o
condenser water o3 220§§ 85°F(29.4°C)gE aoode0:8Eo0bi odelopE refrigerant condensing
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temperature 20pS 100°F(37.8°C) 0§ [gdoopdi 0328050 opBoopd  [gEozae(gzacs(outdoor

conditions)oa€ air cooled condenser & refrigerant condensing temperature 2005 125°F(51.7°C)e
O3 ,

[g620p5n Water cooled chiller 20p5 220§§8600p56s6pad 3208 c005(gEe[opE condensing pressure
8886a0pdn Condensing pressure §6coomaelopé compressor ¢l gdsmatadge o000 Part load
condition S efficiency 3232000505 80505:cc5000 §$Ea005N

water-cooled
air-cooled
< g
Otons S00tons 1000fons 1,500tons  2000tons 2500tons 3,000 tons
[OKW] 7599k [BSITKA]  [B2kW [704KW [B793KW  [10,551 KW
chiller capacity

¢ 6-o Water cooled chiller qps $& air cooled chiller gpell §§8Ea0p506:qp5(capacity)o?d §E:00decdgoon:d

cry bulb

outdoor tenrperature

12 12 12
micihight noon midnight

& G- j 00bes50m (J§)§082203E: [§0ecl §E€2005 dry bulb $& wet bulb 0303 &E:obesBlgoon:d
Water cooled chiller & system efficiency o ogodepog chilled water pump 1 cooling tower $¢
condenser pump o3el gd:3Cad:8a03d co0pdo305q0RdN Air cooled chiller ¢l system efficiency
0g05epog chilled water pump i g:2aC 003000 copdoRades c3a0di
Table 6-3 air cooled chiller $& water cooled chiller G3ei s:a00g0dgps

Air cooled chiller gpzell 33020001052 Water cooled chiller qpeh stomgjodqp:
-Lower maintenance -Greater energy efficiency
-Packaged system -Longer equipment life

-Better low-ambient

-Simple operation

Air cooled chiller gp:o? “packaged system” =3[90 00S0pqE8Ea00I 8AE:05eS .S
036omE: 2001 bsole§ Gegtsagudop(simplified installation)aopdi 8odqiee(reliability)gEwnzoopdi
00540 aoHRS 006sEdndeameEPE cEodRdapm FMedaopdl Water cooled chiller gpiogé
condenser water 3051 o&(pump) cooling tower $& control cpScseqpsa’ 3203390 WOEEEGORdN
3268000920832038: 006908[Giew 65005006808 00690EgEq00I 00H§E equipment codog:Badom
3206950560200
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Water cooled chiller qpsei 2005008:0005 air cooled chiller qpzoocd 3gpSo00dbn cooopuy)
3dg¢ air cooled chiller gpseil 2005006:0005 (0§))$0¢ (o) $0220pE{g0[Gs water cooled chiller gpzei
2005008:0005 $8(J0) ¢ $8(p0)zp0pts [gdoopdn 8cn FaeloPCien air cooled chiller gpicd
[g€o(outdoor)opE on&eoEfR: water cooled chiller qpzo? 32680005308 20038:5 codsoEameomelopt
[g620p51 Water cooled chiller qpog€ eqod condensing fluid =2[gd saod(gieooelopE operating
pressure §620001

Air cooled chiller gpsel [g[gEo38:986:q 08050005 water cooled chiller gp:coa® dspbeaopdn
Water cooled chiller gpzaop energy efficiency deom&:fd: 0005008: [o3pgp5daopdi

Table 6-4 air cooled chiller $& water cooled chiller o3&l 32800 FagEdgP:0d §E:00 Gudlgoon:d

Air Cooled Chiller Water Cooled Chiller
e Heat removed by refrigerant cycle is e Heat removed by refrigerant cycle is rejected
rejected to the ambient air to circulating condenser water
e Lower first cost e Higher first cost
e Limited by efficiency & capacity of e Favorable when efficiency is important &
installation individual chiller operating capacity > 200 RT
e Less or no sheltered building space e More complicated to service and maintain
required for chiller e  More building space
e No threat of Legionella outbreak e Longer life
e Don't need make up water o  Water treatment of condenser water circuit
e Higher kW/ton than water cooled. Typically | ¢  More energy efficient as condensing pressure
1.0 to 1.5 kW/ton is lower than air cooled chiller. Generally 0.5
to 0.63 kW/ton.

B R410A refrigerant

Standard high ambient design (52°C)
Low ambient (-18°C) option

Ultra Quiet Fan option

Cooling Capacity: 55-148 TR

All models COP>3.0

<;> @-g Air cooled rotary screw chiller(Trane) <[> -6 Air cooled reciprocating chiller(York)
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(6.0.6 Gear Drive Versus Direct Drive

Direct drive chiller (turbocore ¢ c3ej)qpzo0pd o0& a005qpS(shaft speed) 3,600 rpm [g&
eenlfogoopdn  Bumad meoddge impeller & copSoodsseaopd 35,000 rpm 2B [gE0nESE0pd
copboodgSeqpegp: q¥EaamelopE Ganicadaopd impeller o 3203{g8E[G: 0odel egegS: §oor20Rd!
Bon[gé eentieomelopt efficiency loss 1.5% ¢ 2% 2300 [gdedl §E[G: oodqE(bearing) sace@acgod
qpegp: 332000001 [g[gEa35:88:9qpign [gjpdes 3cd3a000051

Impeller saguSsaens(diameter)sC gear ratio o 203058eddgbesmnt  egegud§Eagé
;eontied: gheacntqpd(highest performance) q§§€aopdi Direct drive machine gpsopE impeller
F2gudza00:(diameter)o? sam§eaoocdjgéom [pPresnlgrpdel qeomeopt scomtied: géieson
qPS(highest performance) q§jg$ 32005203 [§6§Eo0o0i Direct drive machine gpsog€ =eso
qpego(multiple stages)dlo€oopb 83E:§s [Gopd8E20051 odelopE energy performance $oogbn

York opga®e YK eebacd gear drive centrifugal chiller $& Carrier opga®e 19XR 6ub305 gear
drive centrifugal chiller qp:od 000SpGlo3o0pd Trane opgePe direct drive chiller qpod apcad

20

6.0.q Open Drive Versus Hermetic

Hermetic centrifugal chiller qpsopC ewdomad chiller casing 32038:3 copdogls oobeo
000200001 Gedomnad refrigerant [g¢ esaseocomeoPE 20§qCies00001 00dg0iEMC eedomw
9500050805000) a0y refrigerant o3 eepodogeo000dl Hermetic machine gpiogE 03884
[398Ec[gdieadcopd: open machine qpscood BspSsoopdn oBeocd hermetic machine gpiogE Gedom
Qo8I 0073g> Bepudeflr 32§S sacg§ozpoopd

Open drive refrigeration machine qpsog€ eedomaopd compressor casing & 33gEonadope
oopbeomelopé  euhomelopEigbedoopd  edpaqpi(motor losses)aob efficiency rating opé
odlo€eon [0Bwno0pd refrigeration machine op¢ eedomaeopé [gdecloogd edsdeaqps(motor losses)
2005 4% © 5% 3203 [30$Ea0p5n Open drive motor ¢ §§000503052000 2apyP:a0Ed BoDSi3a0xE:0)
eepodogrcanaelopé oodesi(plant room) 32048 [§EooaSamo0bi Hermetic & semi hermetic
refrigeration machine gp:pC eudome @805 B05a0p) =apyP:d refrigerant oo 200Se80oE

Og’)SODéII

F6[oxpCs00069ondepelopE open drive refrigeration machine gpiel Gedom GoABro0pde4)
3209udonay ABapud§Eoopdi Refrigeration machine gzt eedom qoddig 3o0R8[gdS6a0505:
hermetic machine qpzell 6edom qod:a0pd326l 32098005580 [g[gEe20pdi

Open drive machine qpsop seal g Bsadeomalopt WB88[gt:(leakage) [gded §E2005i
High pressure machine qp:opC refrigerant qpsoogd [guad 038G[gCs(leakage) [gbedlaopbi Low
pressure machine gp:opC B88[gCs(leakage) [goedlage ecvr eqieqegss sapbqp: oodmacpt:ad
o€aeepadanadbepdi High pressure open machine qpzo? 3205g0g1¢ 00d380g0d:0nEmr080d cvade
aoneon refrigerant 330305 0800805030l copdagE:apadyde§ 826200

©6.0. Fixed Orifice Versus Float Valve
Fixed orifice o3 thermal expansion device sa[gd s2add{goopdeadl refrigerant 8:e0C:g O0$
[§0c0q$320305 condenser $& evaporator salo3p0pE 2088ad: Bssozn[gezgEd(minimum differential
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pressure)oood o$pd:e3:C aB§iaonig$ 820600001 0393 [giepboondgEielo3pE part load performance
pqC:8E20001 Fixed orifice $& float valve gpizaclop&:od 2098:(9)0ge 52600:805 Gudlgaon:aodi

G.o.@ Falling Film Evaporator Versus Flooded Evaporator
Falling film evaporator 1 DX evaporator $& flooded evaporator qpizaclopE:od =29§:(q)
[chapter-7]og€ 32600:805 eeBgoon:oogdi

Fa!llng Flooded
Film

HIGH

Efficiency

DX

LOW

LOW  HIGH
Refrigerant Qty

(? G—Q Falling film evaporator 1 DX evaporator §§ flooded evaporator
Hybrid falling film evaporator
Hybrid falling film evaporator 0pb falling film evaporator $& flooded evaporator ojei
F0200091004P30) 6020600220005 F2§p3202gB0Rd!
Tube qp:300pCsy eqBeotieso0pdn Refrigerant 0005 tube qps & 83[gEonod shell 22038:5
§es00pdn Tube bundle () Ioopdn 326d3E:58es0005 tube bundle o refrigerant film oé:epd
000200001 6320050E: 58650000 tube bundle aopS refrigerant sagpdypszacntsd $8[gi0e 50005

6. J Factors Affecting Performance of Refrigeration Systems
Refrigeration system qps@i performance 2005 6320050l32/056p: 3260 0pE Gonp5205N
(o) Evaporating [g62005 320§§ (temperature)
() 329%4[g|o0pb refrigerant sajszoen:
(p) dloCo0pd equipment $& component 3a§j:zae0:qs (compressor, evaporator etc)

() Control system ¢ [g[gEad§:038:qps(maintenance)

G. J-0 Evaporating and Condensing Temperatures

Refrigeration system oodgeh Coefficient Of Performance (COP) $¢ centiq§ opSogododaopd
evaporating $& condensing temperature o3 saedopC ©oobaopdi Evaporating temperature o3 1 K

[§8onEBod[gE: a3eupcd condensing temperature o3 1 K eogpqSEfgielops go:eeonted
(performance) 2% © 4% 2203 deomEsan§Eaopd

3203q0opd cooling temperature 3360lgoopde) evaporating temperature o3 200500500001
Heat rejection (cooling) medium &l 3204803 ©oopde] condensing temperature 03 20050052005

Water chilling application o3¢ chilled water temperature 6°C 32c38[3: =o[qCads [gCo 83E:
(maximum  design)sao§§ 30°C dry bulb [§6cqi€ evaporating temperature 1°C $& condensing
temperature 45°C 2005¢0050g& COP 3.1 §§Ea0p5n 320005¢) evaporating temperature 1°C [gEoo&[S:
condensing temperature o3 1°C cogpqi$€agie system performance 2005 4% ¢ 8% 0d deomEs

an§Caopdu
Refrigerant qpssa:cdiope sa[gCads(maximum) efficiency g§$Ea0pd optimum operation range
oB058 §o300p5n 00§, refrigerant gpzoopd 3a02:3260005¢p: GePR0d[gE:(frozen food processing) $&
6-7
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a3eapC[gls(storage) 000p) :OFSE68E qqEc3m0000pd wECSiqp:(low temperature application)
0905 260702 [§020pdn 00§, refrigerant gpzaopd air conditioning cobc&sqps(application)sao305
32600 [gdoopdn Refrigerant gqp: 00d§esC 006§ g:ee0oEqRS (performance)ogofepegiosaood
9% 9§000[gdoopdn  88cpiesiss  oB05Boopd refrigerant o egequda$  sacpSmaceEBroodN
Compressor | evaporator | condenser $& expansion valve 36l sa§jeo00: 3260l ©oopS6] refrigeration

system gd:ee00epd (performance) o3(gpsopdi

6. J- Effect of Condenser and Evaporator on System Efficiency
Evaporator $& condenser o3 & 83&:egqdqaopd refrigeration system @i performance

;6 0g€ gpign 303 Eo00deEpPadeoSEa0pSN
Heat exchanger i capacity 03 6830050l p3q|[g&ig¢ eudlg§Ea0pbn

b =U X A X LMTD

® 20pd heat transfer rate (kW) [gdoopn

U 20p5 heat exchanger @i thermal transmittance (W/m? K) [g®oopbu
A 2005 heat transfer surface area (m?) [gbaopn

LMTD 205 log mean temperature difference (K) 36205

powd - water chiller qpsop evaporating temperature 1°C 205 chilled water 6°C 93 Gepodeo
§Eo0pdn Evaporating temperature o3 —1°C 93 6epode30C GagpgdodagiE evaporator ¢l 32085¢

320god3[ogn0pe WpYS  ofapiqod(temperature  difference)  Jgqpson§aopdi 30FEoz0uged
(temperature difference) dqpsconcooelopC heat transfer surface area o eaqpqi§Coopdn delopé

ogpgss 8o0050008800pdn ddeadd efficiency 6% of pdqC:B6epdn eqPoRd [goosn [gbed
0§ Coopdi

Efficiency JeomCieoq$aaogod evaporating temperature o3 [g¢onCeuiqs 8252000
Evaporating temperature [gCeomelope 220§S  opnlgpsqod(temperature  difference) eaqpspd:
con86pdn Adelopt F08:0p88000) qod50[gE efoon(heat transfer surface) dqpeoig$ =600
e56pod0y0d BB eqpgs: dqps o366

odz0p  efficiency Jeomseoq§sacgad condenser & godgolgCedom(surface  area)
Bqpseant [gpd[glsC 220§S oxolgesged(temperature difference)o’ 15 K ¢ 10 K o3 eepodesnt
eagpgS&aopdi Condensing temperature o3 40°C (86308 [gopoSEagl gdimalalgyg 10% ¢ 20%
3208 200500068258 (GRS a0

egeq|odcd050000 evaporator $& condenser 3260log¢ ©oopde) system oodeei performance
e[pC:cd §Eo0pdn odeacd  water cooled packaged unit $& air cooled package unit opodeod
‘packaged’ system qp:320905 Ggzqud0ep evaporator ¢ condenser §jd o§§Eaon

6. J-o Operating Speeds
Reciprocating compressor qp:eﬁ operating speed
() Hermetic compressor qpzoopd 0€&ksa0cdepd(shaft speed) 3,600 rpm [§& cer&:lo30055

(J) Semi hermetic compressor qp:aopd o€§eza00depd(shaft speed) 3600 rpm [§€ GenE:{oz0005
() Open drive compressor qpzaopd 0E§e32005qp5 500 rpm ¢ 1500 rpm 32038: cedEslozoopd
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Screw compressor qpseﬁ operating speed
Screw compressor qpsel Oe& operating speed 20p5 3,600 rpm [g620p51

Centrifugal compressor qpseﬁ operating speed
R 134A o3 320)i{gjoon:00pd positive pressure machine qpsopE gearbox o3 saadigiconsaopdi
[6555:0005 30,000 rpm o8, [gB005N

R 123 o3 32004gjoon:00p) negative pressure machine gpsopC 6ebomolqesE compressor

0&&:0B 0305805 §odeochoozapdi [g858:0005 3,600 rpm of [g6a0pSn

6. -G Chiller 3a§§j:oden Coefficient of Performance (COP)
Table 6-5 chiller gps $& q§8€a0pd Coefficient of Performance (COP) §E:opSeudigoond

Thermal chillers

Absorption chillers Coefficient of Performance (COP)
-Single stage 0.70
-Two stage direct fired 1.00
-Two stage steam fired 1.20

Steam turbine driven centrifugal chiller 1.20

Gas engine driven centrifugal chiller 2.10

Electric centrifugal chiller

Electric motor driven centrifugal ‘ 6.10

G. J-§) Surge E&@&

() Reciprocating compressor gp:200 surge [gdecgedco
() Screw compressor gp:a0pd surge [gdecge§eon
(p) Centrifugal compressor gp:20pd ga0gubo00y surge [gdecpoeor Beaod surge [gd§Ea0pdn
Centrifugal compressor qp: 0opdBog> GuCiesSCasmncnod 20050abom0d =86ad:
volumetric rate 0005 ogo0:e30C 20a3[ggs 33200005 Centrifugal machine gpsd 2005050020005
3286002 volumetric rate 0005 3s00:0l surge [gdeolcB8gepdi High discharge pressure alogpgaopds

surge [g08Eo0pdi Centrifugal compressor gp: surge [gdedl[gEssC 2005a3C00d 3a6[oPCigpia?
32083(0§))0gC 226205805 Gedlgoozapd

6. J-6 o3fo3pB8c5qqq(Reliability) $& [gfuE 08§:088:¢ (Maintenance)
(o) Reciprocating compressor gp:oge gogP:esa000 308092088: sagpiad: Aeomelops ¢§:oBs

cguSo0a8H SBoSeniagaSanpdi ¢SioBiiieapt oSeosd(piston) ¢ (3BEEE: (&G0 Capadity

eaqpspds ogdCoopdn COP pdgCeagn:8Eoopdi [ggEadS:addiagp: 3a0pcde0000001 S
0p3q[g: [gO$Eo0pdn Reciprocating compressor oo6soCoonqeacgad  3p6856(foundation)
eomEeoms cGoopdi

() Screw compressor qp:330R05 [ggEad8:038:9 sas05:ccdo0 88aba0pbi Centrifugal compressor
eonad  [gfgeadSiaddionndes ocdsadeor $8edlCi(go,000)08 [g[gEad8:B86e  olgjpda3
0q00g0: 3280050[q0d GenE:8Eo000n Screw compressor op¢ first critical speed &1 08005005
$05:0005 speed [§¢ cuntieomalopE 30:000566pade ©3¢gE: (unbalance) olgdedcon
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(p) Centrifugal compressor qp:opE OePiE$0Rd 9805203E: Fo5pdsadiclooodi  Centrifugal

machine qp: [§$5$: sacp§lgEeomelope samcocdeepady wpBqggt:(unbalance) $& opSdlg
(vibration) gpsaopdn Centrifugal machine gpsopE Alesoopd  20805320C:qPid Gu§ odesosg

[GiopSa cBzab2005
6..9 [0fofB§:086:0 opfoqedicd $& co0dadaopbaagodap:

(o) Gear drive machine qpzaopd direct drive machine qpsoo qpoopd [g[gEB8:a3Eaqp: [grpde$
83280005

(J) Open drive machine qp2320305 AB§:8620 cpSojodod(maintenance cost)oopd hermetic machine
Q20005 Bgpieacdads [gg€e(repair cost) aoo5a0000p5

(p) Air cooled s& water cooled 03 oR[gpseomelopE B&:B6se(maintenance) $& [g[gEa(repair)
oBlgosoopdn Water cooled system qp:ogE water treatment $& tube cleaning  [gopde$

Bzp0comaeopt [gfgEadsiadte mSoqedod Sgpiaopdn BelopE water cooled chiller gpzeh
E@808$3035:9 8008052005 air cooled chiller gpicoc>dypsaopdn Water cooled chiller gpsei

20050062 3gboopdi

6. J.© 0obsoCoonroogdesepopt [fucseq(Field Serviceability)
(o) Reciprocating chiller 3agp:90 00be0Ea00:000) esepopt [ggesEoopd
() Screw chiller gpsoopd 0opSea005d §eqlseomalopE oodsotoosapdesepagt [gge §E200
32009208C:qs ABRL[gE:s [giapd8Eaopd
(p) Centrifugal chiller qps &l impeller clop¢ 3a0R$ [gooogogpsoopdn Centrifugal impeller gpsaopd
320900007 q§8E005 0gEDLHIEH20CS Fa0udoD0Y 0680ESEEY vgEdivdiwLdodGLI

6. )¢ 328095 q§8E4(Stock Availability of Spares)

(o) Reciprocating compressor qpseil 280g0d:q0d 320900000 §8E00I

() Screw compressor coc5CRGopgPs(Manufacturers)oopd rotor qpsi bearing gp: ©20p5 3a30gp5s
QP20 32090500p q§EemNE [giapdeosagd

(p) Centrifugal compressor gpsei impeller gp:o? 2280god:qpeaafyd wqfSceor cd=0q rurnge
505D QOO0GPOD (00)00d ¢ (0 ))ocd 2 §loP[gce> cortadEqoopd

() Screw compressor qpsoge sealing cpdq§ $& Iubrication cpdes qobgudgEd[gE rotor chamber
32038:03 oqpadyp: c0pdew:odi 036505 oil separator ¢ GgPdEP:nd [§§R0005E0z00R0N
Screw compressor qpsog€ egpadyps copdSuades oil pump gpigE eentiauzgopd

(§)) Reciprocating compressor gp:o0gE eqpadypooRd refrigerant 320p copSucdessEeonalopt oil
separator 006s0Eaon:q§ ©cd=a0s0I

(6) Centrifugal machine qpoopd GgPed E:520pd 0odgPE 00!

€. J-00 Performance Specifications:
Chiller oodod:ei capacity $& performance o3 2005005$320305 630050l parameter gpzcl

0083220’ 2005605 Guq§ B3a60000N
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Chapter-6 Overview of Chillers

(0) Maximum cooling capacity (tons)

()  Chilled water supply temperature (°F)

()  Chilled water return temperature (°F)

()  Chilled water flow rate (gpm)

(§) Maximum evaporator pressure drop (ft wg)
(©)  Evaporator fouling factor (usually 0.0001)
(Q)  Condenser water return temperature (°F)
(®) Condenser water supply temperature (°F)
(@) Condenser water flow rate (°F)

(o0) Maximum condenser pressure drop (ft wg)
(09) Condenser fouling factor (usually 0.00025)
(o) Electrical service: V/ph/Hz

(0p) Maximum sound power level (dBA)

(oG) Allowable motor type (hermetic and/or open)
(o§)) Motor FLA

(06) Maximum kW/ton at full load and Maximum IPLV (kW/ton)

6.5 Refrigeration Chiller aeoi§pod §E:00dlgCs

Table 6-6 3500:qps00p0 refrigeration compressor Goos§jpo? £E00d ced[gfge:

Fa0:000g00qp2(Advantages) |

s05p0:q05qpe(Disadvantages)

Rotary Vane

-Good efficiency as booster:equal to screw and
better than piston type

-Handles low pressure conditions

-Mechanically reliable

-Discharge pressure limitation
-Overall pressure ratio limited to about 7:1
-Poor part load power characteristics

Reciprocating Piston

-Basic industry work horse

-Full range of sizes & capacities

-Efficient part load operation

-Relatively inexpensive

-Requires minimum amount of support infra-
structure

-Volumetric efficiency drops at high overall
pressure ratios

-Requires frequent maintenance

-Not tolerant of liquid

-Water cooling necessary for ammonia systems

Rotary Screw

-Good efficiency at full load
-Large capacity units available
-Low maintenance costs

-Reliable

-Tolerant to liquid

-Liquid injection cooling option
-Infinitely variable capacity control
-High operating flexibility

-Poor power performance at low part load
conditions

-Small sizes expensive

-Repairs expensive in remote locations




Chillers and Chilled Water Systems

comEo005098,

Centrifugal
-Efficient at full load -Very high speed precision equipment
-Large capacity units require small space -Useable only with freon type refrigerants
-Inefficient at part load
-Severe operating restrictions
Table 6-7 refrigerant gzl 3&E:aac[gssesqps(design conditions)
Source Fluid Source Sink Fluid Sink Fluid
Type and Refrigerant Type and Refrigerant Carnot Refrigerant
Application Temperature | Temperature | Temperature | Temperature COopP Carnot COP
Water
cooled 44°F water 38°F 85°F water 91°F 12.3 9.4
chillers
Air cooled .
. 44°F water 38°F 95°F air 105 °F 9.9 7.4
chillers
Air cooled
unitary 55°F air 45°F 95°F air 105°F 12.9 8.4
equipment
Refrigerator 38°F air 28°F 90°F air 100°F 9.6 6.8
Freezer 5°F air 5°F 90°F air 100°F 5.5 4.3

€. Positive Pressure Machine (R134a) $& Negative Pressure Machine (R 123 Chiller)

Centrifugal compressor qpsaopd refrigerant ¢ kinetic energy o3 gp:est [gopdeodgys
refrigerant &1 3zas(pressure) [g€onodeoa0pdi Refrigerant aopd compressor ¢ 85090503¢ expansion
[g0e0B: kinetic energy ¢ static pressure 2[gba3 clgpE:cdogazom BzaggEonndamnaopdi Compressor
$C motor o3 casing 0o69303E: copdaoeBs refrigerant gas (g cwdo03E(Motor winding)od eaasco
2001 00303 3o§s320220% “Hermetic motor” vpeslcopdn  Compressor &1 winding o3 eoo(ambient
air) [4& 3236009 “Open type” vp Gal 2oRdi

Evaporator ¢ low pressure gas o000 compressor o3 Gepod§aonoogdi c33200005 cooling
capacity q§q$ chiller & cooling capacity o3 inlet guide vane [g¢ refrigerant ¢l 8:eoC:58:(flow rate)
o3 Bseqd(regulate) cozoopdn Chiller loading ¢l 15% ¢ 100% $& 090532005 cooling  capacity
qe3nC eunt:sC8Eaopdi High pressure gas qpsoopd condenser 0028 eepodq) ogoifd: condenser ¢
refrigerant gas o> sap(heat)qp:od g&cocSudcdodeamalopé Bsmdgtaopdascg(gas)melgde 3aqpd
(liquid) =5[9633 elgpEsdagn:aopdi b liquid refrigerant gp:oopS evaporator e8a3 eepod§om chilled
water ¢ 3204203 §S0p[gS200N

R134A $& R22 refrigerant 03 322gjoopd chiller qpzo? “positive pressure machine” qpzon
eslaopdi R123 o3 30ddgjoopd chiller qpzo? “negative pressure machine” vpesl aopdi Evaporator
pressure saed opC 226[gdq) positive pressure machine o3ewr0d negative pressure machine ve)
3[epegC: [9Boopdn Evaporator pressure 20p5 ecocpdsmos(atmospheric pressure)oocd dqpsagiC
positive pressure machine pa00de0de) Groaodaans(atmospheric pressure)oood $05:qE negative
pressure machine op 20056050000

6-12



Clepatieclostont Chapter-6 Overview of Chillers

Standard AHRI (0oe€ ARI) rating condition 3>q R134a ¢ evaporating pressure 2095 36.6 psig
[§020p5n Condensing pressure 20p5 118.3 psig [gdoopdi el [4Eonodagniesant [grpdeoquosd
Bsans(total pressure increased)oogd 81.7 (118.3 - 36.6) psig [g©o0pdn Chiller compressor o [§E0005
agmiesmt [gepdeoiqoopd Bsans(total pressure increased)od “Lift” op edlsdecp§oopdi o3 lift ¢
compressor oo Gaonégod(perform) Gosqoopd work done [g6205

R123 chiller &l evaporating pressure 2095 -5.81 psig [gdaopi Condensing pressure o 6.10
psig [§620p5n BelopE lift oo 11.91 psig [§6o0c5n Positive pressure machine(R134a chiller) $&
negative pressure machine(R123 chiller) sd§gocdel refrigerant B:eoC:gSs(flow  rate)oopd
250sc0dqj0m  ogfgpzoopdn $6§Ecd: 320305 3 Ib/min per ton of [g620p0i Cooling  effect 1
refrigeration ton gq§s20305 chiller @i refrigerant 8:58:(flow) 3 Ib/min c3=260000

R134a & 036o0pbseo(density)oopd R123 &l 936a0p5se0(density)coc dqpeooneiopd
R134a e volumetric 2005 R123 chiller & volumetric flow rate cood (g))s00& 35pb:00pdn Impeller
32 202:00pd  volumetric flow rate edlogE  @oopdaopi BelopE Ri134a chiller o
329ud=002:0000 cooling capacity opp8aopd R123 chiller coob deaoicado00di

R123 chiller compressor & impeller sagudsaens(diameter)aopd coode(Go)e §oopdi 60 Hz
0608 e20d83igE eurliag€ impeller speed 2005 3,600 rpm [g6o0p5n R134a chiller compressor ¢l
impeller 2005 (§))co0dwa§om [gdoopdn Operating speed ¢o 30,000 rpm o [gdaopdn 000393 [g55S:
[4S[gE(high speed) gg§30305 gear box o} 3aa%(ggs B2a52051

Positive pressure machine (R134a chiller)qpsogC refrigerant o386q(leakage) [gdoopdaasl
condenser $& evaporator pressure $6903:350pC:§) 33320000 GrLCPA3:(atmospheric pressure)cond
QlgCeomaelopt chiller 320p8s0 refrigerant qps 30[gEad W3B&agodagis(leakage)§Eaopdi o3ea0d
negative pressure machine g  3BGG(leakage) [gboopdaadl chiller =0pCiad  eovo
(atmospheric)ade Goo(air)sé caPeqegyp: oeepodamoopdi cro(air)$Eseoy eqeg(water vapor)qps
$C non condensable gas gps chiller 3509898 ofeepadconcdoepdi Chiller 32038:§ non condensable
gas gpselop¢ chiller &1 cooling capacity cagpspd:c86epdn saonudeloptadeasd compressor 9000
non condensable gas gp:cd 8a85(compress)qeaodcopd: ©pdaopd refrigeration effectiveness odg
0q§§Eaea0e(opE cooling capacity oqeotsge: [gdaopdi

Non condensable gas qpselop¢ full load condition S chiller & efficiency 14% 3200 ogjeot:
cn§Coopdn erocde eqdeqegypisC Sopodsaaioi(contaminant)qpieloppe chiller 32058:5 320500
©205qps{gded (acid formation)o compressor $& motor winding o3 eCieqesant qod:eofEaopdn
200:00[9¢ hermetic ceom qpiogt deBsdlkoopd 3269326503 [§0edl cogEoodi

oB[gooosngp:ad  elgqliqSae0305 negative pressure machine gp:og€ purge unit qpod
006e0€a0oni{3o0pdn  Purge unit 9005 chiller 32038:0 cq@ieaeg(Moisture)qpzs non condensable gas

qPod ©odgPieusSE 6a0dcuRd: epgSigod vudepeoi$ o[gd$En Purge unit 2005 eqdieqeg(moisture)
qP:& non condensable gas gpis& sa0p 00§),.6o0n refrigerant qpzoddl chiller 330380 GrOE
(atmospheric) 0323 cood0odepdaopdi

oofgpieomgpdiond9wn negative pressure chiller qpod soq§loplgen qOsmc0ngs B0
g€ ¥Bbe(leakage)nd omaudgssaogad evaporator o heater [§¢ sapeodG: evaporator pressure
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o3 Gooap(atmospheric pressure)oood ezt [giapdoo8€aod
Table 6-8 low pressure chiller $& high pressure chiller §:059 eudlgaoodgts

Low Pressure Chiller High Pressure Chiller
Always at negative pressure Always at positive pressure
Evaporator
Air leaks inward at low rate Refrigerant leaks outward at moderate rate

No refrigerant loss into the equipment i o )
Refrigerant loss is into equipment room
room

At slightly positive pressure during

. Always at high positive pressure
Condenser operation

Refrigerant leaks outward at very low ) )
) ] Refrigerant leaks outward at very high rate
rate during operation

. . Only ways to monitor leak rate on high
Trane EarthWise purge is able to )
. . ) pressure chiller are
continuously monitor in-leakage with o
- Periodic leak checks
the run meter

Monitoring of - Purchase refrigerant monitor

leak rate Purge can be connected to a building  |Normally the only time that a leak is
automation system for notification of  |detected on a high pressure chiller is during
increased purge operation (in-leak). spring startup. This means that a chiller
Refrigerant monitor can be connected |which develops a leak in the summer may
to the building automation system. leak continuously until the following spring.

Typical HCFC-123 HFC-134a

pressure

Evaporator: 18.7 inches of Mercury Evaporator: 33.1 psig

Condenser: 6.1 psig Condenser: 124.1 psig

Positive pressure chiller qp:og€ purge unit ecdsateon 038¢[gCs(leakage)gdage agudongn
03 (detect)8Eo0p0n Negative pressure chiller qpsogE coo(air)gp: $¢ eqeg(moisture) qps chiller o
eqpad(lubricant oil)zao8s ofeepodogaieomelopt 2a§5es [gfgads:od&:g(maintenance) cpdeuig
83200005
€.g Chiller ouSopfgé:

Chiller sagudsaen: J[o3ec0 egpgss dgjooeco [gdoopdi

G.g.o Defining Chiller Performance Requirement

Chiller 330080050pq§ 220205 0oLBsg> CV0598ER) performance | 2a03§oopd capacity $¢
ao8eagpoogd chiller sa§jEme02:03 egegEdqs 832000001 Chiller 3a§jEzaoms(type)qpa?d 683050R8
eedlgoonzaopd Vapor compression cycle 1 reciprocating compressor 1 engine drive vapor compression
cycle 1 rotary compressor | absorption cycle 2 stage 1 indirect fired absorption cycle 1 2 stage direct

fired 0200503 [g®[o300051

6-14



Clepatieclostont Chapter-6 Overview of Chillers

Chiller o0dod:ei capacity $& performance o3 20050056$320305 63200501 parameter qpso?
200500560:q$ 33200005 Chiller performance $& 20053E0000 3aqI0zCOMDEPD F20§:(00)0gE
326001805 6eH[gaon:0001

ogoodlgCewntsoopd(electric drive) chiller gps=aogod 6uB0msE 2005a3E0003a9105qRssE
83200005 g&3aE(input energy)o? 200decdeuigs c3326000
(o) Allowable motor type (hermetic and/or open)
(J) Motor FLA
() Maximum kW/ton at full load.
(g) Maximum IPLV (kW/ton)

:8qE[gEeensoopb(engine drive) chiller gpizaogo’d saEqiCaadjmnons 320digjoopd Goonten
B(fuel)ooopd 32EqIEsE 2005a3800pd parameter g c00decdeoigs c3=ab0000N Indirect fired
absorption chiller qp:320305 ecqegieg(steam) a3wopcd ceg(hot water)s& c005ado0pd  parameter
QP20 200900960igH 033260000

(o) Steam operating pressure (psig)

(J) Maximum steam flow rate (Ib/hr)

(p) High temperature hot water temperature (8°F)
() High temperature hot water flow rate (gpm)

€.¢).J Economic Evaluation of Chiller Systems

838501 3EqE(owner) 2aCqE8un o¥oodd d8aegiqudaop) chiller system el oGwoE:o0pdese
qo>00pdes3dd 0r§aqepdododeecilCs(total ownership cost or life cycle cost)od 8E:apd egegied
2000

Chiller gpsoopd maximum capacity [§¢ eenCies00008§80000 309§ 30855200001
odelopE chiller o g&3aEaNga0d 8:0rdepogt peak load oowon part load o3copds &E:000es
832000051 AHRI 550/590-98 &l pg8[ogpeqiodae electric drive chiller qpsaogod eedjgoonsaogd IPLV
part load value o3 223%gq] $C:0pdlogoopdi oofgpimagEdgp: FasadiopSagE IPLV part load
0083:500:098  GenCro0pd 208l g:maCa00305 cpsoyE8Ed 200500000001 ad33lgE IPLV part load
008§3:03 chiller 0odad:qC:8el performance comEa weomE: §E:000q5320305 2aadi{g8E0pd0n IPLV
part load 00§3:0005 epa8p0op e3:eaNEOPE [GELSEFE o0tiom 862005 condenser water supply
temperature 3360/ 03¢ Gonbo0pdN

006d200053gpsoopd(multiple) chiller qps cuntiegoopdsadl chiller 0oddigE:doopd rated
capacity &1 40% ¢ 80% o€ cuniesey §oopdn 03354l chilled water system oodoad:el  optimum
efficiency 3eomCieant mper0scong 83E:qpbootoopdi IPLV part load o0§8:c005 chilled water

system efficiency 2op5 ¢j 32800 (030005

2005¢05002:000) load profile $Eo0Canqpoodd chiller 0odad:a? egegudgssacgad chiller
o00dpbangpe(manufacturer)oopd sagj§geoon chiller components (tube quantity, shell length,
compressor size/quantity) gp:od egeqiud 0opSee0a58E001

Life cycle cost 0g05gj0depage 6320050l saegdsagodgps(basic elements)dlogfogoopdi
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6.0 of:p§onoddb (First Cost)
First cost 20p5 of:pSoyodod [gdoopdn ofionSoyofodopt 83CE:mnsoyodod oodsolal
005058 Jodgps qdederodafRsE oofgnieomn sacogey ©fodyp: 0205 0od[3Bodlom

:20)gqepd 0pSmjedodyp: dlo€aogdi Table 6-9 chiller egegSeqpeo’ cudlgaonoadi

comEo005098,

Table 6-9 chiller 3agud=aons COP $€ o808:0lg ogpgsgp:

. Capacity (*) First Cost (**) cop IPLV Range
Chiller Type
Range (tons) Range ($/ton) Range (CoP)
Reciprocating/Scroll 50 - 230 (400) $200 - $250 42-55 46-58
Screw 70 - 400 (1250) $225 - $275 49-58 5.4-6.1
Centrifugal 200-2000 (10,000) $180 - $300 58-7.1 6.5-7.9
Engine Driven 100 - 3000 (10,000) $450 - $600 1.5-1.9 1.8-23

(*) pEea20p8:5 §8800pd 3a[Bpedieagudsaon:(maximum size)od ewSgoon:aopdi
(**)  oB:op§oyo§od(first cost)logE  o§cofodomaalgodeg(contractor  mark-ups)o3dl  copdoged

002200001

Vapor compression cycle chiller 320305 op§ogefod(ancillary cost)gp:
(o) Refrigeration room safety requirements (ASHRAE Standard 15)

(J) Additional ventilation required for open motor
() Noise and vibration control $&

() Fuel piping 1 exhaust venting $& noise control for engine drive chiller o3 [gdoopdu

32609608 Gphoyedodpie
(o) Concrete housekeeping pad
(J) Rigging
() Demolition
(G) Electrical power
(9) Controls
() Contractor overhead (insurance 1 bonds, taxes and general office operations 1 special
conditions) (Go$3204gC 15% ¢ 20%)
(Q) Contractor profit ()o8£3g¢ 5% ¢ 20%)

6.9.6 $80D an§aqodod (Annual Recurring Costs)

Chiller gps 0060E[Gie5005 ©00C Gurt:sE0p500500p06500538:0E g&i3atancgad m§my
o§od(energy costs) & [g[g€cB§:ad8:0 mpSofod(maintenance cost)upg) $6§E§ooR0N B$b§jE0005
chiller GenE:e5004g) 0mLLOAAY: $805 cSoqERd 0§od[gd0RdI

Chiller gps ©00& GunEssCaopSucdaopdese qrd8:00006503 “economic life” afewpod “service
life” wpesloopdi Reciprocating compressor chiller &1 service life 20pd (0g)$6908 [gdoopdn Rotary
compressor $& absorption chiller qpeell 2005008:(service life)oopd ( Jp)$608 [§62051 go:eaEaa0305

orSoedod(energy cost)oB 00Hg§8p0R05 630053l 3290556910507 33gS 3300005
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(@) Chiller ¢ a%:§00p5 0q60dg&32E vwdar(amount of electrical energy)sé
() qoodencbemte comaddgs: oBgdoopdi

g&:3:Em0305 opSoyedod(energy costs)aopd ad:gcd050005 agibedenchamuwan(electrical
energy consumption-kWh) $& agi6odencbaansgss(cost for electricity -$/kWh) o3el efgpoSeodfgdoogd

$608mSmepd [gfgEadsiadbe mrSefod(maintenance costs)od cgodupqs =agpdicod 00532000
00§, 50qp:pC 00s [ggEadSeadbigoonadmndff: oo, s0qpiopt FeeooiendggEadSiadbig ofeupdd
[Brons 306008002 [ggEaB5:8Esgqp: 320620001 $80D 08 [ggEBS:B86:q mr§ayE§odoopd 208
op§oe§od(initial equipment cost)el 0% ¢ p% 220R€: [gdaopd

€.¢).§) Procurement Strategies
(o) Calculate or estimate the required plant total tonnage;

(y) Pick a short list of chiller vendors based on past experience, local representation, etc;
(9) Request chiller bids based on a performance specification;

(G) Adjust bids for other first-cost impacts;

(§) Estimate energy usage of options with a detailed computer model of the building/plant;
(6) Estimate maintenance cost differences between options;

(Q) Calculate life-cycle costs;

(®) Select the chiller option with the lowest life cycle cost.

Equipment Pipe Connection

Q G-e Chiled water pump pipe connection ¢ G-@ Condenser water pump pipe connection
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nse
A

Q G-o0 Chiller pipe connection Q 6-00 Condenser water pump pipe connection

-End -
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Chapter-7 Condensers and Evaporators

Refrigeration system o0®93503E:3 dlo€aopd component qpio? egegdaopdssdl 6en05d

F2odqP:0? 00pdaE: 0d:gs G205

()

(®)

(0)

()

(c)
(o)
(s0)
(@)
(q)

Cooling load 3a4s§j: e[pE:cde50592038: refrigeration effect 3a(§qfescolges
3200056[godeentiesepdapdessgps(continuous performance applications)ssogab frost control
c068E[ge:
Refrigerant $¢ 20&eagboopd eqpaedad =adges c8=a0[gE:
Cooling medium cgzgjod[g&:

on Direct expansion refrigerant unit

Jn Gravity 1 pump recirculated | flooded refrigerant ©a0pd 8:08:000506 $¢&

Q1 Secondary coolant (brine, e.g., salt and glycol) 0303 326[gdq) eg:quSo30005H
System efficiency o3 eqgpd comEign aB8:086:000:8E[GCs
Air cooled: water cooled 02005 condenser sa§jsz2002
Compressor 8{58: (open 1 hermetic | semi-hermetic motor drive I reciprocating 1 screw or rotary)
System type (single stage 1 single economized 1 compound or cascade arrangement) §<§
c06cs8 0305030005 refrigerant o o§onSen egequd(gts
(eooonuyEadgC operating temperature $& pressure 03000 226[gd4) egegeSenp§oopSn)

Q-0 Heat Rejection

Condenser ¢ £000500qepd 3204 O(q-0)agE p—h diagram [§¢ esdlgoozaopdi

Evaporator Load (Q,) + Compressor Input Power (W) = Condenser Load(Qy)

Condenser load 03 32008000558:(rate of heat rejection) 2(gd cdgecpdoopd

Evaporator Load (Q;) X Factor = Condenser Load (Qy)
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T P

¢ Q-0 Carnot cycle for refrigeration
Oil cooler © ©8§000503052000 =apgPzBLEd: COPdRA5ES =000 egpsd Vg

eoso0Rd(oil-injected) screw  compressor qpsogE  @&szat(energy) 00§03 egpsde  c0uSesonE
agasoopdi egpade  200deamnCogniondd Fpuwdn 30330yEd  compressor cEOSCREAIGPIOE
qopdeoophy
Q. Condenser

Condenser gpsaopd heat exchanger gp: [g6o3o0p0n Refrigerant endbeg o 8apqpsoopd
condenser $§qpz0? [§0d20§:050:§80aE (S0qP:030§0005(8:) 220S ojeotiamnR saqpdsaa(geacsad
algpEcd ognzaopdi Aol sapqp: g§ccbudes eovl aq Beupcd sddjrondieeps) saadgjoopd

Condenser gqp:od 32[03&:320dgC adsde 3[gr:8E2005n (o) air cooled 1 (j) water cooled $& ()
evaporative condenser vpq] g[gpsaopdi Air cooled condeser 2000 God =aadiylg) 320039$0005[gEs
[gDo0p5n oG=a0n water cooled condenser 2005 6qo? 320%3[gjo0pdi Evaporative condeser 2000 6cogé
eqpbqjonp:o saopige) agapio} ghapodlogaoni

Chiller qpsogC condenser =ofgd 32034g8Co0pd heat exchanger gp:od Od=§pqp $¢
Fgudzon: G q§§Eo0pd Shell and tube 1 shell and coil 1 tube within a tube $& evaporative

condenser qps 38030051 Condenser 006§sqC:803E cognigiodgp: o30S 30005

Condenser 03&:3 opsfepsqiodqps §oopdn  Condenser $¢ 000583C200d 3a910532C0OGPIE
Fgudmo(size)sé Fweco:§S(weight)  epoBpopaacigsscs(weather conditions) ood§ep esep
(location) agi0odencham: q§SEq(availability of electricity) $&  cqqgSq(availability of water) o}
[g&2005

o05gadesigps(process  industry)og€  condenser gp:od  configuration saSElgS 20Xy
[0390051 98§ c0fengPoopd condenser sadpeoon: Ggeqdfgtsoopd cguSepoodade wupodeor
6320050 agjedgps(criteria) 3360l 0z€ GonbaopdN

(o) Condenser heat capacity

(J) Condensing temperature and pressure

() Refrigerant $¢ coolant o3ei 8:58:(flow rate)

(G) eqst eooodel 8&C:320qS(design temperature for water and/or air)
(§) o005 sa§§omco(operation period) $&

() epaBpor see[gzacs(dimatic conditions)o? [gdoopdi

Air conditioning $¢ refrigeration $&2005a38000) 005gaECSigP:opt 3203go0pd condenser
qP200pd $05:00:50064C 320980005[gCs(heat rejecting) [giepdfor0025i

(o) Water cooled condenser
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(J) Air cooled condenser §§

() Evaporative condenser o3[gdaopi

Commercial refrigeration og€ sagpsed: 3200{goopd water cooled $& air cooled refrigerant
condenser S>§:3o00:q2e0

(o) Shell and tube 1 blow-through 1 horizontal air flow

(y) Shell and coil 1 draw-through 1 vertical air flow §§

() Tube in tube 1 static or forced air flow o3 [g&a005

Water cooled condenser sa§jszaeniegeqioSepogt 328mfreamn sagiodypien
(o) Cooling load vedm
() 229%%[g[oopd refrigeration so§jeza002
(?) 9§$a0pd cooling water ¢l 320§ (temperature)s& saqpbsa6ag:(quality)$¢
(G) §$a0pd eqowran(amount of water) o [gdoopS

Shell and tube sa§jgsaon: heat exchanger qp:o? condenser 3a(gd saad(glojoopdi Shell
3203825 refrigerant 8:eoCses(Ge tube qps 3203E:5 chilled water 1 glycol @200 coolant cod§j§j B:e0E:
@$20001 Condenser shell &l 630053E:(lower portion)oogS liquid receiver s3(gd GaonEgodeosodi
Tube section 63200530005 refrigerant sa6pbo30R€ $6[gBesaopdi Throttling process eop¢ [gdedl
§€2005 flash gas qp: cogpspbiesant subcooler 3a(gbeaonEgoderond

Air cooled coil $& evaporative condenser gp:eaedlad eqqpiad 0od(gsieos00obI 0064
auxiliary receiver qps& cooler qpssC 03adqs 833000001 Fan qpson Grocopdoodgsicomtieant
[giopdeuseamaelont sapopelgpCagss(heat transfer rate) deoxEsamoogdi

Q-J-0 Condenser 3>§j:3o00:qp:
:2eenodmd 300pC:§ building service gpse sapgp:cd chilled water @Ood: =:0[gEad

9800058320305 6320050 heat rejection equipment o3 3303030005

(o) Air cooled condenser

(J) Water cooled with dry cooler

(p) Water cooled with open cooling tower

() Water cooled with closed cooling tower §§

(§)) Evaporative condenser o3 [g620p01

Refrigeration industry og€ 3200sqp:00p) condenser saqjg3aosqpied
(0) Shell & tube condenser (G) Plate heat exchanger condenser §<§
(J) Evaporative condenser (§) Open-type condenser o3 [gdoopS
(p) Air cooled condenser

HS G

Tube in tube Shell and tube Shell and coil Ammonia application Coaxial

c"g Q-J Water cooled condenser soéi“:él’":
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Q.9 Water Cooled Condensers

Water cooled condenser 83§j:§j:0? $(q- ))og€ ewdlgaonsaopdn Water cooled condenser qpso?
0p8[0%en00p) refrigerating machine gp: $& chiller gpopt spods(gepdoopdn Water cooled
condenser qpzo? cooling tower a300p05 [gbes) 0€coudeq ©00p503 [§€ T3¢) 3205gerdiaopd

Water cooled condenser qp:od 3203{gjg$ 208eaqpe & ofod 6320053 3aq105qp:0d s06[gde)
o@s@oﬁ@wén
(0) =apg&o00d(heat rejection)q§ssoged Gecd3a000p5N egpgsi§joonaopdeq eded gpiqp: qfas
83250005

() eqropbucde§3a005 0§ (pump)st Sod(pipe)gp: 0obsotoonqs B3a8a0p5
(?) eqqpP:o? [gScopbeaadigirg(recirculation system [gdagi€) water treatment system c32aba0p5
() Cooling tower $& condenser water pump gp:od 006e0Eaoqs Gsepcd3ada0pdN
(§) Cooling tower $& condenser water pump gp:o [g[gE cB§:8Gsqqps [gpdeuigs cde26000
(6) ee0nE:epad 3pcpSesntoogd eatogpiopt freeze protection [grpbeoigs cBeadaopdi

GooopogEasge water cooled condenser qpsoopb cooling tower 280005 eqEa§i [gBegpts
o€ooubeqqp: $& opEiaq(ground water)o303 saadigd) 320qpPe? 98005800

[(Bsomeom  refrigerating system gp:op€ water cooled condenser gp:d  saadi(glog00pdn
Refrigerant 836g 0 22pgp:od 0udgp:q$ae0305 6qe3 2a633d0g00s(condenser water)sa[gd saadig|
2001 6qaopd 6eLC00d FpBig deomCioopdn GaER[GONd ABodq §SLdOEqSE 263252000
(waste water)osdsE cqqpsod c0dsloodslzaads(gjoopd(recirculating wate)osd vpq) $04js §oopdn

Waste water osdo0pd condenser o3 20632396poRC 6qod 00B[0360m =ad(gflr gSud
GonaeoPE eaellqpoopd esepypiogt saadgjoopdn Recirculating 0562000 condenser o3 33632:d
PR 00d[036 234Bse00neq? cooling tower o3¢ 3a62a:8(G: [g§0pd3a0(g|e000 058[gdaoESH

Fluid 2 out
IJTI | Fluid 1 Condenser qp:o% Qé (?)Gﬁlg
—— O ogodapd fogoogy
Fluid 1 | | |J (o) Double type

() Shell and tube $&

RhingSi (o) Shell and coil Bg&[c32005
(;) Q-9 Double pipe condensers

Double tube type 03¢ 305 $6006 A§oocdi Sodma[Bicd0pE Jodsaeanioopdoos(ge: [gdoopdi
3[gCo005805 220p8: refrigerant o [godoo§ieofd: 2203E:000530532058: 6qD [godo0S:e00p5 O(q-
) o3¢ [goom:oopdmacde: refrigerant o3 226d 38w ofeepadeol eqed 63:005005e ofeepad
c020pd1 enddegogaep cieloptiss eaogep cVdielopCien sofoyEonad(counter flow)gdoopd
Belopt semxdBieon refrigerant qpzoopd ooo€ofeepodamneom 20§E8600050 caE0dsE 320
ocpod§EfgéselopE subcooling effect comtign gfeo8Eoodi 2a[gE30dsacpts refrigerant 2005
3208:80506q5E 0000 3380 6rsEdl comEgy 30penpud8E[ry005

Shell and tube 83320220000 So0dEPEMe0D EEegd0RdI s0codld steel shell
B0gE  0oBx(steel) Bowrod  elpEdadIaclPEepid  0obsCooaopdi 8056005 Fdiqpigt
30002200051 5000EHl) shell sacpC: refrigerant qpzo? [qodaoseofd: tube gps 203E:5 GaO? [qodooks
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6020001 66205 tube ¢p:3a0pE:ad 00d05B0e ofeepadfd: oofgrr0bEn5aB0a] BseofiognigSagt
[g05208:qC2 30080020 [9Oed o051

eqo? tube qpe3acgliad offqC Guolioplsq) velocity gpiest cpdeuicomeloPpE 3a0Bigss
BeomEieooopdn Condenser gqp:od capacity 2 tons ¢ 100 tons coppsedd 3203g§E0p5 Shell &

32gC:0005 (G)eo ¢ 6o(6o) 3B §8Ea0pdi Faagp:ooRd (p)eo ¢ Go( Jo)zadd Goopdi Tube gp:ei
20qC:00p5 5/8" ¢ 2" 3508 §ooodi Shell 61 BOsd05B ¢Ce) tube qpezacgls 20§qC(ats ceog:

codielopliqps qE:c0ligl: 0200  [g[gEad5:88:gCs(maintenance)apbegigpiod  sacgudonoy
6802EQ0A8Ea0p5n Shell and tube condenser 205 liquid receiver 32[gd ceongrdeusdEaopdn

= ! .\1 ‘L’ ;

@ Q-G(o) Air cooled condenser Q- c;() Open type condenser ¢ Q-G(0) Evaporative condenser

—

Vent Tubelplate

connection \ Rubber

Relief valve insertion
(if fitted)

iRefrigerant gas inlet

joint End cover

Cooling
water
=—| outlet

Y

‘I { [ . | { =
End | [ \
cover | 4/|/ f

End cover
retaining f
bolts Mounting ™ 2 | Com
feet | ‘. F i )
(if fitted) | Tube | B, A
Ell-laiizgn Tube nest Lb L Fiptg\ !
Condenser Mounting | f Cooaling
shell feet Design J End water
(if fitted) lata / cover outlet
plate /' Inaining
Liquid bolts
refrigerantcorrugated
outlet partition
baffle

<§ Q-§) Shell and tube condenser

Shell and coil saqjgzaon:pt steel [g [gpboonieam shell $¢ 0oBs(steel) adwupdd alose
[giepSaonzeomn coil gps do€aopbi Finned tube coil qpso? shell 32038: 0euIEe0dE) 22600805002:0005
Q3 coil 220pC:5 Bss0C:coq) refrigerant o3 coil vod0§:09€ shell 3209E:5 copboodeoaodi

en0deg Gp:ooRd 36pd3a(gd e[gpE:cdom shell 6l 630056(gdE:R Bseot:ognioogE shell 2005
receiver tank o303 [gbeso0pdn Beodd refrigerant qp: over charge [gdesclon refrigerant saqpd
qP00pd shell BBoRE [gpdes(Be coil gpsa? :3pbc0n:a0[gE coil 32058:§) GqsC hot gas odel sapeaped
§Eq o eagqpspds ognseaonelopE compressor o3 over load [gdeo§Eoopdn ado3ad§jk condenser o3
concudeomn Sgnseepapdess(commercial application)qpsogE 10 ton capacity o8 3208 Eo0pd

©207603505gE0m 20§qE[ats eaoelop[g: [gapdSEagdi
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Q.G Air Cooled Condensers

Air cooled condenser gqpso? 33&ad:(domestic) 1 Bsgaseaprpdesods(commercial) $& 00dg
cdeead:(industrial) refrigerating machine qpa chilling 1 freezing $& air-conditioning system qps(g¢
oRq) 320di{gfogo0pdn saadiqpoogd air cooled condenser sagudsaodiqpig> 20 RT ¢ 120 RT 85038:
[g62025n Heat recovery $& auxiliary ventilation application gpssaogo capacity 3 RT ¢ 100 RTsacd
ooodeu:§Eaom centrifugal fan 03 3203:gjoon000d air cooled condenser qp:od saadgfo30005

Air cooled condenser gpzooRd [gEoeco(outside air)od cooling medium =o[gd soadigs)

2R3 850005[0320001 [gEoeon?  refrigerant saedlod [godooks B:eoC:8ezn  [giopboons
comelopC refrigerant qpsogl latent heat adsza(loss) [goedl[G: [gEosco(outside airjogE sensible

heat o3[g€:(gain) [gdedl 2op5n
Air cooled condenser gp:@l 92803329/05qpsed
(0) onbs0Es mSarEdodspdio00odi (low installation costs)

() [Gg€ oB$:038:g 50550000 (low maintenance requirements)

(p) eqEaadge§ ocdmdeomelopt eqdfgts(freezing) clogpdoood[gs(scaling) odeqroncigls
(corrosion) olgdecl§Econ Water piping! circulating pump $C water treatment ©00p503
©cdzp060I

(G) 026908200 esepel epadpon(weather)zaedl o€ @ooodq F2pg800d[gE:(heat rejection)
[g6edl 8E2005 venar AB[gpzaopd

(§)) Water cooled condenser g £E:09d0q air cooled condenser qpso? 320d:{gjo0:0000
chiller &l @623 2d:gg Sqpsaopdi

(6) Refrigerant line gpdagpzaopd system qpza? 0goodod 8&E:pbe§ $E 00690EqS B350

(Q) 0086londq) refrigerant 305 qpdagpicameloe refrigerant 330905 0r&0y0805 Sgp:§Ea00

(®) [gCome0q$ (low ambient temperatures) 86a30:0qi€ condenser load coagpspSsagaz00pdi

(@) Air cooled condenser ¢ 20p850005q$32005 GrLaPaOROBigs: gpigd A3zbGomG[PE
3205 89056000

(00) [Breso0pd refrigeration system gp:ogC air cooled condenser qpzgo g cB2a62001

PR

syt

& Q-6(en) Water cooled condenser ¢ q-6(s) Air cooled condenser

Air cooled  condenser qps oo&s08aozaopd chiller plant gpsadcopd: cog[gE8Ea0001 Remote
air cooled condenser gp:o0Rd 2268000538 [qEuondeseport 0opd§[8: propeller fans $& finned
refrigerant coil o3 dlo€oopbi 00,6000 remote air cooled condenser gp:ogE centrifugal fan qps $&
finned refrigerant coil o30lo&[Gs 35680005333 3205E:00055 02680002 §ER0N

Air cooled refrigerant condenser gp:eil sa[0Rad: 3aguSmae:0005 500 RT [90[G: 220d:500:

20p01 250 RT qpead soqpeade 6oglgE8Eaopdi eqpogodop qf8€a0pd air cooled chiller qpseil sogud
320020000 400 RT 2203 [g®oopd
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Air cooled chiller qpzod 3205qjqoopd saeloPpEaqpen
(0) eqedledgpigp: 0a§$E[gE:(water shortage) Bowrcd eeeaqpbaacags(water quality) pdgegc:
() Water cooled equipment qpzooc® 3¢) cq58:§jo[gt:
(p) Packaged air cooled chiller gpi=acod ©ode$s(machine room)  o3:0§ ©cdsad[gts
Gonsmagepd $p04gn monitoring $& venting cpdgs ocdeadfgs
(G) Cooling tower qpsa3a3 [ggEad$:a3be gqpign [grpdes cad=ndlgt: $&
(§)) Water treatment codq§ ocd320[gE: o3 [gdaopd

Air cooled chiller qpsoogd water cooled chiller gpzeaonnd energy efficient ofgd§Eaon Air
cooled chiller gp:s& water cooled chiller 36l @&:32Ea%:a0B §:apdoopdendl chiller 0obG:
opbeai efficiency 03000 0§E:0pHo3 system oodocdies|gC §E:00Da0E0pd a000Se[oPpE deadd
water cooled chiller 350905 condenser water pump $C cooling tower o3 ¢l g&:3a€ad:ge o3dl

00pd0R056§ 83260005

Air cooled chiller qpsoop5 sa0g860mE:0005 part-load performance 03 co:d&aopdi [gEoecvel
POFS 000 $0pE COP JeomEsamnoopd 200 tons coodeooscedoopd chiller plant gpsopE air
cooled chiller gpzod 32054{g[030005
qQ.G-o Air Cooled Condenser qp:ei S20:000gi05qp2(Advantages)
(0) ©pboopd eqady) 320X{gjgs cd=ada0N (No water requirement)
() 0268 [gEo oodesepogt 0odeoE8Ea00dn (Standard outdoor installation)
(o) eed[gts(freezing) scaling [gdedl[gE:sE adeqponadgligonosngps(corrosion problems) olgdedl
§Eaon
() eqdoS(water piping) 1 circulation pump gps $& water treatment system o303 00090l
ecdza0c0I
(§) o06e0Eqs mrsoqo§od $00:a0pdn (Low installation cost)
6) [g[gEB&:BE:q 3505505000 vEe§B83260005n (Low maintenance and service requirement)

qQ.G-J Air Cooled Condenser qpeil sa0:505:qi05qp#(Disadvantages)

(0) Condensing temperature sacg&[gEweome(opE compressor 3¢) 32006 CRgEAR0I

() §Rdagpzaopd(long piping)3050? 3a05{gqeamaeloe refrigerant 320305 cp§arE&od dqpzoopd

(p) oppBoopd cooling capacity g§jg§sa0g05 air cooled  condenser 3a0gconza0pd chiller gpsei
9523 (power)ad:de Sgp:oopdi

(G) 2205 3208 s0nd2000i(High noise intensity)

(§) Air cooled condenser gpzo §8E2005 heat rejection capacity $pd:00p5 [Bewnzoopd(large cooling
capacity) system qpsog€ vasdgps(units)od saadgg$ cdoopd

Q-G-9 Application 1 Selection and Maintenance of Remote Air Cooled Condensers
Remote air cooled condenser qpso? egegedoopdsedl total heat rejection oeoan o3o58qS

266¢03:00001
Condenser 3>gud3ao:600:c0d600 3200800056 (heat rejection) vwdanspbieco condensing

pressure 3[g&ecw [gB[8k g&:32Ead:ge Sgpiaco [gdaopdi
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Air cooled condenser 03 32G0s0066$6p(remote)ogt 0o6s0Caoni00pdmRdlR] Sodgpiad 83E:
[giopSepogt Bsmsogeotig(pressure drop) Jugpiesnt cofeaqpoopd Sodsagudmeen: egequdes
832000001 egpedgp:  Sodmopl:  peoweseogs  0goda0Caopdi  Cooling load  $p5:spddsE
eenCies§§0rE 33200009 egpadropSucdy feogs 8300000

Condenser 20p5 evaporator &1 632005000503¢ 00pd§esdlon 8asoyeotsg(pressure drop)
elop¢ flashing olgdesxnt liquid line sagudseon:ad osbo00y egequdas cdeadaopdi 3ob friction
elop& oo fluid elevation clopEaopd: 8smioeotsq(pressure drop) [g6ed 80051 adlgooogna?
eoapagags subcooling vedan 3gpieant [grpdeuigs cd=adaopdi

Condenser o compressor coo53[géaopdesepogE onbsofaoniagq€ angpelqedaa:(gravity)
elop¢ refrigerant soepbqp: $& eqpadyp: compressor 3203E:03 [g8cpS oCeepadamn(gts olgded
eoq$ omapudom:adiqepdi Hot gas line o3 [0384gE208:38 cepoadeofBie 32000593 [gSonado0pd dode
(U 06§s) [g0ez22€ [gjrpboonqupdi Condenser &l upstream sagn:opE check valve 006s0€aonzepd

Air cooled chiller qps3a0R05 [ggEad§:adbg(maintenance) saspdicodomn B3aba0pdi Coil
qpeo? $os cosglieqgapdeuig’ c3=aba0pbi eqpadoopdeia$st refrigerant vedan o3 Go§ obeso:
coigs B332000001 20dgEde[gradgpa 2§adgPid 0gdcd qEscutieuigs c3eabo0pbi Air cooled
condenser qpgd0d 00deseP=0RE:S  olgordsotoononpdmadl  eropypelop  efficiency pdgE:
§E20p5n oBgonosno? elggtiqf cpodandop(manufacturer)el pR&o3psgio(guideline)qp:o? 3203307y
c805§020&2001

Q-GG Air Cooled Condenser Controls
Air cooled condenser gp:cd cenCsoopdead] compressor gpsi fan qpzod 3280056[god GedCso00s
ecpfoopd [gEomapgs 86eo:ogm§Sopt refrigerant 3aqpdel 8320: oe0C:c0cdoepdi Expansion
Valve(TXV)&i 83asoqeol:qg(pressure drop)aood dgjeagpspdiandEeanaelogpt air cooled condenser
qpzo’ control cpde$ 3600051
Air cooled condenser qpzo? control apdepogt 63005Clsp5s0GgP:ad 3o g$Ea00N
(o) Flooded Coil
Condenser 220985 Fop0e[pliopd qodgo[gC(heat transfer surface)s§on  spdieaand
refrigerant aqpSoenana? control valve qp:eaalsqe] 038:q)0con:8E20001 Receiver 000s0&
consq$ 03300[8s refrigerant qpsg> copdogts(charge)oonsqs 33260000
(y) Fan Cycling
006d20005 Bgp:oopd fan qps 006808a00:2000354] fan 0odadgE:8ad eentgls qdon§gcs
[gicpSe) 9286a5:830:(minimum head pressure) qesaE 038300228005
() Dampers
Discharge damper qp:cd 322%(qj¢] condenser fan &l ceodgss(air flow)oB control eS8 Ea0pSi

(g) Variable Speed Fans
Fan speed o8 c8o0c3 c[gp&:cde] ceudegs(air flow)od control cpb§Ea0051

POFS 40°F 0005 $p5:0000 pBpopapl cunigh ©admboopd system qpsd fan cycling
c09[gEz0005 2008e0qHe:500: [gBaopdi 20§8 0°F o8 epaBporapt cunliqid=ndoopd system qp
320905 fan speed control a3ewpod damper $p5:qp03 320%5g§E 2005
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Air cooled condenser gp:cd Bsgasee pSCS00s(commercial application) osdgpiogt sagseds
Fadglog00pdn 6qEa0305 0pSoyE&od gpiapssats Bewpod ddeqronadrgud(gls 0300pb Fie5iqI0d
qp2 [§0[0300p51 Gaoscudenn 0sbqpiop air cooled condenser 0302 3a0%4go30005

Air cooled condenser og€ 209m03203E: GrocoRbudd(gl: Beupcd vSomi blower oeo
oBomngp: colg copduodgl: vpg) $8§ARgPEoopdl 200202203E: oSS (gEspd:(natural
ventilation)o?  8208goopdmadl  magucpudy  cgudopeomigieoqs condensing e§om  gpigp:
832000001 Plate type condenser o} refrigerator ol 22650050005 3360l0RE 0dGe0ECO:0[gE
6cocopbooode deomEeoapdi Finned tube condenser o3 refrigerator &l 32650050005 a3ewp0d
6330053E:03E 006e0Eamzapd

Compressor eeboms liquid receiver 0303 3268000533800p8: 026808008 condenser oody
00503000 32680005358 Fo[gEancHogE ondenloontoogdi Condenser 32085E 33090503 Bodgpis
80059905002220201

Compressor head $C valve qps 6225605320305 00g),Gom05dgP:0p¢ condenser ( j)p 026s0C
conz00p5i Refrigerant 20p5 80300 condenser o3 [§o500§48e5005 3aqpdma[gbad elgp:cdaobi
Air cooled condenser a3 [goboofsagnieom erosl sa0gE(velocity)oopd 500 ¢ 1000 fpm

[o3pi0pE §eepdn 986 sapdioniaodgEieomelopt capacity [Brenieoon plant qpisacgo air cooled
condenser o3 ga0ds0[gjooCeq)n 936005 100 Ton 3200 8aadgfo30005

Q-§) Evaporative condenser

Q-§)-0 Basic Operating Principles

Evaporative condenser qpsoopd package ood9=acpls heat transfer $¢ mass transfer $&§s
edIEs00020005 condenser gp: [§8[0300p51 O(qQ-©)ogE [oorsoopdeecdEs compressor © 05200
refrigerant qpsoogd tube bundle saedl o00d2a0pE:03 ofeepadoopdi Tube bundle sa6dad eagp:ad
ood[gss Gosoopdn Tube 220pC:§ refrigerant qpsoopd eeeoPE 3ap§Soqeol:axs: 3aqpde[gdad
e[gpCicdognion tube bundle 683005000598 &seolioonaopdl Besnod receiver vessel 3203800
GepodogE0pdl od[gseaopdeqepiad [gSe0uaS e30H0RE mr§cud(basin)ondy  [gapboonzaop
cBonfody aopich o§EE boqab ooSHERoE

Tube bundle 36da eqymed ood(gSiesod Foopdsong(heat transfer) SeomE:coqs
Goog0d §od0opd §E20p5N Bewrcd HE00058E0I CPdLdEs00 GrusE GayP:aoEd refrigerant
¢ 320607 900G eqeg 2[9da3 e[gptidagniaopdi 0odspdExgC eqegdiognaod
Q-§)-J Common Configurations of Condenser
Fqpredeanadgjaopd evaporative condenser od:§jeen

(o) Forced-draft with axial fans

(9) Induced-draft with axial fans $&
(0) Forced-draft with centrifugal fans o3 [gd20p01

qQ-§)- Forced-Draft, Axial Fan Condensers
o q-o(a)t forced-draft axial fan condenser oo®cd:d ewdgoon:oopdi Fan gpsoogd
3298005 (end) 93ewpod 6an:0005 (side)ogE oopd§d: tube bundle 8393 Grogpd GodaoRd GozaoEd
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eeoieant (ooms [g0fG: fan (6)ad: 5oad Jo€8Eo0pbi Fan gpzaopd T3S [§¢ eenteaopd(belt-
driven) fan gps [g8fo3oopdn Efficiency comCsgls $& fan $& 6ubon0cd sacgudonoy [03odq 0desos
8E[g8: 0300pS5 3302000 giodgp: [gB[o30025H

Air Discharge

U

Drift Eliminators
L
Water Distribution System

Refrigerant
Tube bundle vapor in

U j) [Refrigerant
liquid out
=

Air inlet 2
—> L

=>

=>

Pump (b) Induced-draft, axial fan condenser

 q-q Evaporative condenser 0odcd:6l §:E:0000 diagram

Q-§)-G Induced Draft, Axial Fan Condensers

Forced draft axial fan unit e§o05008§sen induced draft condenser [gdoopdn Fan gp:cd
:ed 005038 00de0oonff 320380050 GrogPi? 9SLIcoEN 30pE:NB] Geudaa: oyjeot:
GoNGoPE 60:00053360l05 GrogP: 330pC:8 0Eegpodaua0di Fan (G)ad: 3200 dlot§Eoopdi Fan
qP200pd BSYgE Gwtsaopd Gaoicudaopd fan gqps [gblo30o0pdn [0Fens0pd fan qpso? gear box (¢
een8:00p51 320080056 0050000

Q-§)-§) Forced Draft, Centrifugal Fan Condensers

Forced draft centrifugal fan condenser qpsogC fan gpzaopd tube bundle &1 Gerc50005038
00p0§00pd1 GrogP:d  330pE:00050390500p5a0p5N Fan (9)ad: 3200 dloC8Eaopdi Fan gpsoogd
BOFHsE eenteaopd(belt-driven) fan qps [glog00p5n 320080050805:0005m BaangEaopd(high-
pressure) air flow q§8Eo000n Efficiency sogpbsccd pdoopdi Evaporative cooling $p5:0p¢ refrigeration
system 220980 F0GP:0d &000DgE320R05 cooled fluid 2opS chiller & shell and tube condenser

3203855 copdoddesopdi
q.& Evaporative Cooling

Evaporative cooling e effectiveness 20p5 o€amnoopdeco(air entering)ell wet bulb 33088

Gcoa000pd &:58:(volume of airflow) $¢& air/water 03 030deso00desep 226dl 0pt woopd

Evaporative condenser qp:@l 2800 3aq105qps(characteristics)gn

(o) Circulating water cagpg$&aopdi
() Water treatment system o§e[gd 033250005

(p) o0beolaepd esep3a0y0d cagpg$€a0pdi (Reduced space requirement)
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(G) 20gud3ao0: GooscudfGe 0Bo0pd Sadqpad 3205g§E0pd
(§) eo0:cad5000) o§qpiad 300%(g 805N (Small system pumps) $&
(6) Capacity qpoogd ocdqp: $E[G: indoor configuration 33(gd s2a3:{g8E0p01
(0)opp8o0d capacity q§g$so005 cooling tower $C 03] 20%(gjoopd water cooled  condenser
qp2op€ B3aba0p) circulating water cood 3sp5:000) vedN200 B3a600p5
(9) 90gudz03:600:cudG 030009 JodqpPsa? 322G’ 00
(0) @aoscado0pd 0§qp:ad 308005 (Small system pumps)
(00)906800053293203E: 00680Ea0:8Ea0pdn (Indoor locations are possible)
(c) Water treatment co6$ o§olgd c332600051
(o) Capacity gpzaopd 00oHqps §§E20001
(s0)Cooling tower $& 3] 2520005 shell and tube condenser qp:od air cooled condenser gpzogod
c832000p0656p 3203[050005 $5:000) GsepPoRE 006eE§EDI
Evaporative condenser gp:og€ oadgoopd equenan sacgSgp:aopdi eqegdfetielogpt
669029 [§08E 20031 eqEdozE cogrIEncHiloCugpinonaopdsedl cendopcde$ cdeaboopdi Evaporative
condenser gp:eil 3500600532005 closed circuit fluid cooler gp:el 220p60R505E vordloeol

qQ.6.0 Evaporative Condensers

Evaporative condenser ¢p:oopd water cooled chiller gpsel 3805323C:0009 (96205
eq(water)od  eqegd(evaporation)eod ofcon a0pd Goo(air stream)ssoptsdd eepodasgts (¢
POFS oqeotsaziseolgts [gdoopd

e Evaporative  condenser — gpiog€  eqod
o refrigerant coil saedad 030505 0od[gs: GozooRdN

3 - Expansion l ) ) o
. L ® | Coil 2203C:q refrigerant vapor ¢ 320403 6e0n 9003
o ! ogn:00001 odeopé refrigerant vapor qpsoopd 32600

N
EVAPORATOR
4 - Evaporation

2-Condensation  g3(gba3  e[gpEecdogaoophn  eqegdgla  drift $&
blowdown o3c[op¢ ceededsaqns [gdedl §Ea0pd

6eonCiepBRE  eqyproclgidgt: ofgapdd

RECEIVER

P evaporative condenser ¢ 30qp: 9§ 00c5§E0RdN

| 1-Compression Evaporative condenser gqp:op¢ air cooled $& water

By REEWeision 1vee cooled condenser $o§pocdte IgIOOGP:  6AC:O0
Q-0 Evaporative condenser AloCoobi

Evaporative cooling process @il effectiveness 20p5 o€aonaopdecosi Wet Bulb temperature $&
Goo000pdBigs: maedopt @onoboopdi Evaporative condenser aopd water cooled condenser $&
cooling tower o3 cAlC:0600p56e00050001gE: [§Boopdi 3aema:depapt crosteq $d§oad:od soad(yq)
32632252000 00056800050 [gdaopd

Spray header qpsfd: cq0d 0§[gE culiq) condenser edlad [gS:qeozo0pdn ABeqgpiaopd
6320056[gg, m&(tank)zocgt:ad eoodi) [g§oy0000n [gEoecond blower adoupcd ofomad sadig)
condenser 6s20056[gy 32000593 [godooseoaopdi Condenser s20pC:5 sensible heat $& latent heat
32000000[gE: [gbedl aopdi

7-11



Chillers and Chilled Water Systems (Ceppicledleptont )

Condenser o53203C:q refrigerant 20p5 rosC 6qo) oAl 2p§S0y02:00001 Beagsopt
Gq0g],030005 =a6gqd GrodBeEPrdgE00I GaodeAE meg Gogadls =ap 1000 Btu of
ao0deaonCognioopdi ca@aegd) cagpiadiee olgdedlcoq§ 0d63C:0p¢  drift eliminatorontsoCoonsds
eaEgyP:on 226p030[gdad o[gpticdeoom m§(tank)zacgtiad [gSoqeooopdt 3a000dq) Fegdaqpie)
eaqP: caqpspd: don ea@Ean: [g§lgpdeuig§ cBoopd

Condenser &l g&:ea0oEapboopd  [godoosiognicomn  egglecuodel vwmedlog  gpign
¢oopda0pdi Capacity [03sene000 plant gp:og evaporative condenser gp:od sagpsed: 32004q|
[032025n Evaporative condenser qpsei cqadiggo000 refrigeration 0o600§(RT)220905 00650§0giE @q)
(p)lcse (G)Alcoses; [g6o0pb

qQ.6. ) Cooling Towers

Cooling tower gpso3 evaporative condenser gpzop 80882001 6qod GrOdY VodgSigts
a3e0pod B:e08:60[gliyC 32003 9500050000 $00dgboopdi Evaporative cooling ail effectiveness aopd
eooapel wet bulb 320§ acodigs $E cooling tower sagudsaen: 360l g€ woopSaopdi Cooling tower
qP00pd [03:e00000 evaporative cooler qps(gdloo0pdn Condenser water 20p5 condenser $& cooling

tower mofoypioge copSucdegoopdn Cooling tower 22005 220d{ggaopd GaLEI F0gS4PE0Rd!
6220050 28m36[oypts aX§jselopE condenser water d:gs[gEs(loss) [gdoopd

(0) Condenser water gp: eqegdjogas[gCs(evaporation loss)

() oSomgadam: Bowod dsmxeloPpE eqEodyp:  cooling tower =o[gEonedad ol
ogodagSs (drift loss)sE
(?) eqyp:d cwodggts “Blow Down"cpd[gts a3wwpad “Drain” cpd[ge:ad [gdaopdi (blow down

loss)

00,6090 22606320461 GEAYY 20gRIER0dgP: Clofesao[gé condenser water 3a(gd 3205
o[gd8Caun BmlgC eagp:dker 0B8:086:95¢ egEoReodeoPE eqrd [gScopderadg8aopd water-
cooling tower qpso? saad:{gfo30000

Cooling tower gp:aopd 3325 e0pd20[gE G cogpCa 02:6oN05e3ESE PesaBogPie 6030000
esepqPiopt 02680Equpdi 00pbeemnddgpInd §(q-00)0zE eudlgaozaopdn Tower & 630050E:03
§00693[gd 0opdesmndamaopdi eeogadedodad float valve [§¢ aB§:con:aopdi Float valve 2005
refrigerant low side float 0393 800600562001 Cooling tower s 936600 2058600220005
a5(galvanized iron)i e[ogsi stainless steeli 00050006 9Jowr0d 206agPLYE [gIRS[ezo0Rd

Cooling tower gps 3a6{opE:03 Air Conditioning and Mechanical Ventilation (Volume One)
330038 326005805 eeBgoonzoogdi
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SPEED REDUCER FAN GUARD
DRIVESHAFT AIR DISCHARGE

FIBERGLASS REINFORCED
COUPLING GUARD \. Fan AI’J\ ﬂ ﬁx / FOLYESTER FAN CYLINDER
MOTOR N, | EXTERNAL OIL GAGE
AN AN I 1 1 + AND DRAIN
FLOW CONTROL VALVE —_— - é /—PERMETER HANDRAIL
i g P L
0); BRI v

DISTRIBUTION BOJ(—\\\ 7—[ v INLET CONNECTION
T

T
a

DISTRIBUTION BASIN =T
h

) L=l
Ly | l . JAL_ Al
iy f
——4——4 ¥ =T UNITIZED STEEL
y |2
v
i 2

R MECHANICAL
METERING N EQUIPMENT i
SUPPORT p— /
1 N |
DRIFT |
= \\_. ELIMINATORS | —— /[
\ CORRUGATED FIBER-
AIR INLET £3> \\- ——— GLASS REINFORCED <= AR INLET
| POLYESTER CASING =
\ /
N /

8

™

| -
-
_/ T
WOOD BASIN (OPTIONAL) o

MAKEUP VALVE, OVERFLOW, AND SUMP
ARE FURNISHED ONLY WITH WOOD BASIN

 q-00 Cooling tower 00698 328052038:qp20? Gedlgaon:d

kLADDER

qQ.6.p Water Cooling

Water cooled systemgpsacgad 206p032603:600E:08[G: ogpsssjoonoopdeq edlgpign q§gs
832000001 eam$sE [gbiegpla 20E:3Eqpio GagP:ad 20X(g8C0p5N oBea0d water treatment
c06eés¢ filtration comagd apoOgs 33200000 [gI8o0owdeq g§jgs ©[gd8Ea0p0eedl cooling tower $¢
closed circuit evaporative cooler gp:od 3203(g[o30005

qQ.6.G Capacdity Control

Water flow 1 air flow 98ewp0d $6§ocdel ig:0d Boocd e[gplicdq) capacity control
0068 E2005
Fan and Pump Cycling

§eqCz0005 configuration [gdoopdi Pressure switch o soadg) pump qps $C fan gp:od
eenlfgls  qbon§[gl: [gopdq) capacity control pO[gCigdaopdn  Capacity  sa§js(different
stages)qiq$320305 set point qpse? 3280&e0¢ 900590500z
Air Flow Control

0065690503C fan qpzel [§5§$:03 control pbe§e0305 VSD gz 0nbeo8oon:apdi Fan gpsci
[6555:0% 0% ¢ 100% 22038: 320l e[gpE:d8Eo0pdn Resonant frequencies olgdedl cocgs
00050pEangnss BEoEoofoopdi VSD gp:ad seadiofgel §Son (9858 $OG{9C cwC:8Ea000
eedom(two-speed motor)o? saaddgo300pd
Water Flow Control

eqB:58:03 o[gpacdfgls(varying water flow) [gGcopd: condenser &l capacity o3 control
00688001 Gomsgd 300050085 [g0eacdcopd: eqBigsid  eagpgEdnilgtielopt tube
3208:q/0550(gE0RE [3dgpPi000d8E(fouling)aopdi 0odspSe3a0isC tube 3o0pC:q velocity $05:0q€
fouling [g®edl §Ea0p5n
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Chillers and Chilled Water Systems (Ceppicledleptont )

q.6.¢ Capadity Ratings
Full Load

Evaporative condenser gpisan:ad:eil capacity rating 03 00059059000:000) Fa6[g3a65EP:
(nominal conditions)og€ eed[glogoopdn  Condensing temperature $& oEamoopbecosi Wet Bulb
temperature o3 sac[gdaopdi 8&E:000000:00p5 Sae[gEaes ©0oda0pd dI§jEopE correction factor o}
300%{g[0300051 coodrpdongps(manufacturer) sascdisE ceb30d 3a§j§pmacgod correction factor o3
20)q§E20pd

Part Load
Condenser manufacturer gpsaopd part load performance data qpso? eodgecpedeon Air flow

a3oopdd water flow cogpspbiognigtielopt q§§Cepd condenser capacity oedanod Geo0s5gE
0go50p8&aopdi Air flow eogpspdigt: $¢ capacity eaqpspdigEicloosd oBoddod sadjor000
coodeogzaegEaesogt heat transfer deomEieomalopE performance 325p0:c0d SeamEs§Eoodi

Q. Methods of Refrigerant Feed
Refrigerant feed sadjzoon:ap(goqi€ sa08iop§oyo§od(set-up cost) 1 operational efficiency
$& 220§8000580¢ (temperature stability) ©20p503 o3{gpz005i

Refrigerant feed cp08Ea0pdspSicobiqpsen
(o) Gravity feed operation 230005 surge drum operation

(J) Pump recirculation operation (flooded operation) §§
() Dry expansion operation (cheapest solution) o3 [g&20p5i

Hauidand ipor _ocomPreer  Evaporator 32036503 ofeepoboopd refrigerant
liquid qpscid:gss odwupod evaporator sa0p8:§)
refrigerant &l 83304gC capacity control co52000u
Evaporator 2203Cz03 refrigerant qp:od deosaopd
3280050 05§ §o0pdH

(0) Recirculated 2300705 overfeed
Hand expansion valve Mefhz‘;:j:_:' (\J) Flooded §§
Solenoid valve s () Direct expansion(DX) o3 [gdoogbi
<;> Q-00 Recirculated (overfeed) refrigerant transport

Refrigerant feed $& 2005a382005 228mzagjodgpien
(0) %:(ﬂ&@& (simple)
() @o0:cod[ges (smaller systems)
() Thermostatic valve qpzo? 3033{gjoodgC:
() Feron o3 32054go0pd system qpzopt saqpeadiaaadsglogfgcs
(9) 220§§ 0oopBE[gE: (unstable temperature)
(6) Compressor 32038203 refrigerant saepdqp: cepad§[gE: (risk of liquid carry over)

Q-0 Gravity Feed Operation
Gravity feed operation 2300?05 surge drum operation &l 328003/0qPEd

() Surge drum $& low pressure float valve g0 3205gg$ 33200005
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Clepatieclostont Chapter-7 Condensers and Evaporators

() 220§§ 326005320¢ 0opdBEo0pdn (Relatively stable temperature)
(?) eqpsdyp:ad duSewndgeugs cd2620001 (Requires routine oil draining)

Q-Q-J Redirculated a3ou20 Overfeed
Recirculated o%ooqo% overfeed system 038 liquid refrigerant qp:o% low pressure receiver

(LPR)op ealoopd vessel 32038:5 2BeaynEaBbseopbioonzoopdi Low pressure receiver ¢ refrigerant
qp2od mechanical pump a3eopcd gas-pressure system [g& evaporator coil 8893 o§:8o005n O(q-
00)ap¢ recirculated (overfeed)spds 22006005003 GwSgoon:aopdi Refrigerant gp: spuod(boil)§E2005
0eME0cA(P)s0 Bewndd (G)eosl Sqpiesnt copdeuig:elope “over feed” vp cal ad[gE: g5

Coil ¢ [g§conaop) refrigerant saeos§§(weight)el coo:d ad:do0pd sepdbaacigzacs [go[G:
ogfecod 00bOo0pd pegeaesigE LPR 32058:03 ofeepodoophn  saeggpiaopd eddkeomelopé
6d 900503 [gEan0SemG: compressor ¢l 5ua(gEs 62000 Recirculated system o€ evaporator coil
@ capacity 03 solenoid valve [§¢ control cpboopdi Solenoid valve o3 3o5[g8a ¢E[gEs(gE refrigerant
8:00C258:03 control cpS[gEs g5

Pressure

Regulator Suction outiet Water
Surge drum s =>Vapor to compressor Tube sheet head
Liquid and vapor Copper tubes
Liquid B3] m,  return from evaporator

Feed Sheli—,

Drain L"‘Liquid infet
Refrigerant flow through Shell with liquid

§ storage. Used for cooling water only
¢ Q-0 J(o2) Flooded evaporator ¢ Q-0 J(®) Flooded evaporator

Refrigerant
Vapor
Liquid ,
: p 8 Chilled
Refrigerant A ..‘_W WEESE
Tube Bundle - Supply

Chilled
Water Liquid Level
Return Sensor

<§ Q-0p Flooded evaporator cut-away

QQ-9 Flooded Evaporator

Flooded system op€ 82258 200§§880005 refrigerant so6pdgp:a? accumulator o9 eal00pd
vessel o&:5 086:00p0:000:00p5n  Accumulator 20pS  evaporator coil @l saedlo00daE  00pd§
comaeope refrigerant qpzoopd oogpelgedsans(gravity)elopE evaporator coil sa038:03 B:o&aopdi
Evaporator 820p8:§ refrigerant gpsanga50000354l vapor bubble qpsoopd coil ¢ 06s0& accumulator
&893 [4Conodconeamelo3pe compressor 35038238 vapor gp:aon cepad§Eaopdi
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Chillers and Chilled Water Systems (Ceppicledleptont )

Flooded system o€ pressure regulator 20p5 accumulator egepopS §eepdi Accumulator
20pCsq refrigerant 8oz e[gpCscdegoopdn Compressor & suction 8¢ [gfood gas vwon
e[pC:cd[gtselope refrigerant dsaa|gpCacdaopdi Refrigerant Bsane|gpEcdgeiaclop refrigerant
320§ (temperature) e[gp:cd0001

Refrigerant

liquid level Refrigerant

liquid level

Fluid inside
tubes

Refrigerant

@) liquid level i
Fluid level in tank— — ————— 1'}\ 5
”a

1

I

1

1

1

= ————-|

(c)
<°3 Q-G Flooded evaporator (a) Shell-and-tube. (b) Jacketted. (c) Raceway.

Regulator sa03j0ded: 3265320008 CosqSope compressor § 3286d: suction pressure
[g6edI[B: refrigerant 3a0§§ 0005 3286902 [gbeome(opE capacity sagped: g§8Ea05

Regulator 3cbesqi§ope coil 2203C:5  BamfgConodamnG  Bodeoda0pd  2p§s
(corresponding  temperature)copds [gEochaoo0odn ddefopE refrigerant $&  coolant afop:

20§Sozo[grsgied(temperature difference) spS:0g0:00001

External
Angle valve r / equalizer line

Suction

Eliminators

’7 Electrical Shell V7

Feeler bulb Refrigerant
(LMC) in shell

Level master control Water in Tubes

.. Oil drain line for
ammonia system only

Q Q-9§)(o>) Level master control for flooded chiller <[) Q-9§)(®) Flooded shell and tube evaporator

TUBE SUPPORT
Refrigerant—— ’
TUBES Maximum spacing
between tube supports is Boundary Layer — \
often specified
¥ ) Tube Wall —— \
ﬂpﬁﬂ'o Fouling ——— =
Boundary Layer— \
DISTRIBUTION BAFFLE T ?
Water SETFEETYTE N a
DISTRIBUTION
HOLES
Q Q-o@(oo) Flooded evaporator construction detail 9 Q-o@(a) Heat transfer on tube wall
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GomEio005098

Flooded evaporator & effectiveness o3 chiller ¢ agodognoopd ee@aoqS(leaving water
temperature) $& refrigerant 32088 (temperature)o3el [gpesosgod(difference)gé  codlgecp§oodi
B [gpegosquod(temperature difference)od “small temperature difference” o8ewrcd “approach
temperature” oa6] Gal Becp§ooodi O(q-0q) oz¢ flood evaporator codad:el small temperature
difference o800pc5 approach temperature 20pS  4°F [360 powdsalgd eedlgoozaopd (44°F -
40°F = 4°F)

(94°F)
Tentering

\ﬁ___m =
— + Tleaving (44°F)
AT

T, (40°F)
¥

&vap
$ Q-0q Flood evaporator 0o6cdzel small temperature difference o300p05 approach temperature

GoooR0qEgE 98E00p58320:03 Fa6[gde) evaporator so[gbadoopd pressure vessel $6§8oopdn

Class Certifying Agent | Design Pressure Refrigerant
High Pressure | ASME >15 psig R-12, 22, 134a, 407C, 410A, 717 (ammonia)
Low Pressure | Manufacturer < 15 psig Water, R-11, 123

Q.-G Direct Expansion (DX)
Direct expansion(DX) system og& high pressure receiver ¢ 3zadgEaopd refrigerant saqpd

qpsod evaporator coil 8393 3odgpig¢ Jeusoopdn 3acB§oood superheat temperature S 320305
evaporator coil ¢ 0gabogniepd refrigerant flow o3 thermal expansion valve [g¢ aB§:q|620201

Superheat-controlled expansion valve
P B Tube sheet Water

High-pressure Suction outlet
liquid —» B S S m— —— oullet _ﬁ/ el Baifes g
refrigerant
\ (| Evaporator 1)
\Sensin E* —— ————— — - %
g \
To compressor i_t_)uﬁlb Liquid I‘l;’ Water Utub
suction #—— - VA AR inlet inlet ubes
Superheat
begins Dx-Evaporator

Superheat-controlled (thermostatic) expansion valve in a direct-
expansion valve coil arrangement.

c} Q-oo Dry expansion operation

Water out

y

@ chilled-water
supply

Suction
chilled-water

return

refrigerant .

vapor Refrigerant \\:[ 1 Ly | Ix |
in LT

liquid and vapor +I

refrigerant

Water in

Q Q-og Direct-expansion evaporator cut-away (shell-and-tube evaporator)

Direct expansion evaporator sc;og&é refrigerant saqpéqp:s@o:d?: soegq](evaporate)
ag2:680¢ 83E:qpb00:a0pdl GomEigrzanpdrdesa0pd DX coil 35038:] refrigerant 70% o8 326g)
(evaporate) 022038651 0§ P0% 2005 superheated temperature 333E:03E sa6g 000N BelopEé
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Chillers and Chilled Water Systems (Ceppicledleptont )

DX coil qpso0gd liquid overfeed $C flooded coil qpssC §Es0ndqiE fan power ad:§g Sgpsaopdi DX coil
qp:opt refrigerant flow control co6q§ ©05300p5n Refrigerant 8:58:(flow) qpigE:elope suction line
20pCsd  refrigerant saqpdqps ofeepadlgts [gdedl §Co0pdn  Compressor 3a03E:03  refrigerant

:26pOqp2 0€eapadam|glialot [qonosogpign [gdedl §E0p0n Refrigerant 8:58: (flow) $05¢gE:elopE
refrigeration capacity caqpspd:8E[G: evaporator efficiency oqeo:8Ea0051

0(q-og) 0g¢ ewdlgoonsongd direct-expansion (DX) shell-and-tube evaporator og€  shell

:0pC:5 warmer water [9¢ [gpdeseofG: 8onisC 200§ S5pd:000) refrigerant saqpSyp:oopd tube gps
3203C:] [god00§:8:00E200001

Approach temperature 2095 refrigerant s5p§§sE chilled water 320§803 ofepiqod
(temperature difference)(gdoopdn Evaporator i heat transfer efficiency Gom& weomE:od

238€q$ 00905 approach temperature [§€ 0dee0:§Eo0001

A\
Shell Baffles . pd ))
‘/-:;: ( i
Tubes Dot i L
Shell i), -2 Shey
Refrigerant RN .h.\..\;.i‘:t 0“““
In Tubes Ve {3 ‘
LAY ¢
9o SONN (%
a0 <\ {
o uﬂe"\,’f 2 Y \'s"elu
Water In Shell e pe O gt gy
Tiuh” ol 6
Ve
¢ Q-Jo DX Evaporator tube detail ¢ Q-Jo DX Evaporator

DX evaporator gpsei small temperature difference o8o0pc5 approach temperature 20p5
flooded evaporator gpscood Jqpsec§oopdi DX evaporator qpsope leaving water 32082000
saturated evaporator temperature 3§:03 oeepod§€eon sponudelopEadeosd heat exchangersi

6$6p0g),2000 superheating [gdeseomae(o3p¢ (462001 Flooded evaporator gpas¢ §E:0000qi€ 200§$
3250:c00 J[gCezaopdi

Tant (54°F) —

_L TI\.'g (‘M,F)

Tovap (38°F) AT
‘\ U Temperature rise in

evaporator due to
superheat

Q- DX evaporator 0o6cd:eil small temperature difference a300p05 approach temperature

Q® Evaporator

Evaporator 32038293 refrigerant gqp:oopd 32qp592058[g¢ o€eepodagoid: sa0gpiad edusom
apuad[gEs(boiling) [gdedlaopSn Refrigerant 20p5 chilled water © 8a0gP:ad ©SLIA3BHGRE[OPE
32602900 306g 329003 elgpCscdogazaopd Evaporator 3509853 refrigerant qpzaopd saeg $¢ 20600
30580 $8qH3E fesdCoopds

20§§[gEo0pd chilled water qpzoopd 6lo3d05(copper tube) 320385 sa0eddeq [gded
Gone(o3p¢ evaporator 350905038 oGS oqeoteagnaod
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Water chiller gpsi evaporator 005 shell-and-tube sa§jzzoon: [36[G: refrigerant-to-water heat

exchanger [g®oopdn Chiller 8&E:cd o3¢ 0oopde) tube gp: 32038:5 refrigerant a3eupod chilled water
§e500001

Evaporator 2203Cs5 epgod(gCs(boiling) [§08§E00pd 3o0p§§00pd refrigerant sansedl ol
©00p5000bn Chilled water leaving temperature §686 q§q$ refrigerant boiling temperature 86§
832000001 Refrigerant boiling temperature  §6q§ 220905 c3c500500p5830:(corresponding

pressure) [4q$ c33260005

Air conditioning cpScsgpizacgad expansion (DX) evaporator $¢ flooded evaporator opg)

$6§:§oopdn Dry expansion sa§jmoonsopl refrigerant o0pd tube gpipoptsy S:eoliesB:
evaporator 320385 refrigerant saqpdqp: peoses[gE: o§eon Flooded evaporator o€ refrigerant
20pd shell 220385 B:e0C:05(G evaporator 3208:5 refrigerant 3aqpdqps peoseseENE [gIpd
00020000

Dry expansion (DX) evaporator gpsogE DX cooling coil $¢ DX chiller vag) $064§
$600:§00pdI 6eO3EE:63EGIROgEe0R05 cooling coil gp:ad 30dgopdn Cooling water

2300705 oofgneean coolant CodGE§0D ngzesmc%@[c\?&cﬁsgogcﬁ chiller gz’ 32054gja0pdn
Evaporator 006903¢ do€eomn 208053538:qpsen

(o) Shell () Tube support
()) Distribution plate () Water boxes $&
() Tubes (6) End sheets 03 [gd205

Evaporator qp:o3 rolled carbon steel plate gpsg¢ [giopSlozoopbi

Evaporator qpsell sagudsaensoogd chiller capacity $& design efficiency saedlogé

9000000 Chiller capacity qpsqpqg$ evaporator 3agudsaens [03[0% c33a00000 8&E: efficiency
eomC:qf evaporator 32gudsaen: (0303 c33a000p

qQ.9.0 Evaporator 3>§:zo00:qp:

(o) Air Coolers (§) Evaporator Coils

(J) Shell & Tube Coolers (6) Freezing Drums

(p) Plate Heat Exchangers (Q) Contact Freezing Plates
(G) Chilling Plates () Many others........

Single Pass Arrangement
Single pass arrangement oRC chilled water qpzoopd evaporator 060050 oeepodagoid:
0o[gpPz00d005¢ 0gadognioopdi Baffle oBewrod partition edleon

Two Pass Arrangement

Two pass arrangement qpsogC esdauS(nozzle)qps ssd:o0pd evaporator el a3600da05
g€ o0pd§oopdi Pass baffle 2005 tube bundle o3 $638: [gbesant F[gosconzaopdi Chilled water
qP:00pd evaporator 330385 tube s6qEacR05 06005 Fa0pE:a300 BsoCaopdi
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Single Pass

- ~ :[0— V"'  Three Pass Arrangement

= == e Three pass arrangement gpsopS =2085¢
Two Pass

= e .- 220905 nozzle gpsaopd evaporator & 006000880088
W % e_rosx  0opO§oopSn Pass baffle 2005 tube bundle of ap:GE:
- [0esnE  F[gosoonsoopdi  Chilled  water  gpzooRd
3 'D V=3X evaporator 32038:§) tube 3GE@E0R05 B 0O

L T [ 32038508000 B:0Ea0p5n

& Q-Jo Pass arrangement o%:§sg8Ea0pSn
Evaporator 2208$& 220905 egdacd(nozzle)qps saloiopt 0opd§oopd box o} “water boxop
el oopdn $(q-pe)ogE Marine Waterbox (MWB) 803 eoblgoonsoophn equddolgts(leakage)olgdeog$
water box $C evaporator i shell 3a[o32:03€ rubber gasket copdoozq$ 33260005

e[o3:005(copper  tube)sacgEsy chilled water velocity qpsaq€ turbulence flow [gdedl
GonelopC  mpBsopig(heat transfer) SeomEsoopdn Beood velocity gpicomelopE Bsans
onjeo:g(pressure  drop) Ogpsaopdi Befogpé chilled water pump @&:3aEadigg  dqpzoopd
oBodosg(erosion) [ged§Ea0pd Velocity $o5:qi€ laminar flow [gdedlcomaeope sa08i0p:g
(heat transfer) pdqi€4: elogip3onnd[gEs(fouling) aq€lgSego [gded §Ea0a5

Evaporator 00060005

00050pEagRI evaporator qpsad Gd1 Gaos sagudmenn: $¢ 8&Esmaqjrdlp 000030000 ad[ge
00p0Gem0O6OBYPH  FAPOROdI 66 Bewrod  GroCREdLoddI  refrigerant  control o5& 22600
Bamieusdss 3200dgjeoon apdesigp: 326d gonode) Fadfdlp opSesonndoomtogaopdi

Evaporator oopbeaonadd od:qje§oopdn (o) bare tube () plate surface $& (p) finned vpq)

(9) Flat zigzag coil (o) Oval trombone coil.

Serpetintine Flow

IN High Pressure
Vapour From
Compressor

@T“ i T['_\H‘JTW.\“.T;'
| T AT )
] RS BRRRTRLLN
P .
ARSI
P

OUT High Pressure ;
Liquid to filter Drier Heat given off from
Refrigerant to ceoler
surrounding air

¢ Q- s Plate type evaporator. QqQ JG Standard serpentine plate evaporator.
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adgon 006B:qCsdel B320qi053a6d oopde) bare tube coil gpsod 3agud ORI
S0 edsC 83E:qed 0opbesonadlogoopdi sagpeed: saadigiean doogn§aodd flat zigzag
doogrn$ $¢ oval trombone (aog§ 03gdoopdn O(q- JG-0)ogE eudlgoozoopdi egooniean bare
tube coil qpz20p5 liquid chilling 220305 [g&20Rdi

qod50[03050pE  §odeRq) obsoCoon§Eoodd(ceiling-hurg) [Benieoon  bare  coil qpso?
cqPesiqps $& storage cooler snafigpiopt Faadigjoopdn eqBapdess oogjopE centrifugal blower o}
ma?s@@wéu

Evaporator o€ cooesadgt 320 ocpudooobspd: adspdien (o) dry expansion type ( ) forced
through type $€ (p) pump circulation type o3 [g8lo300p5

Q.. Dry Expansion Type

Bodqpead :[QCoonsg[Be Sodgpieagiqits §0ooms(V-shape bend) qpist ceonchao:d) coil
09 0393 [gbeooopdi Coil o3 e3lEcB0d sa0dgdlon refrigerant 32qp0gp:cd coil G505
oCeepod eooopdi Capacity c3320g0d20 expansion valve 2000 refrigerant 26l LwdNOD
evaporator 320E:5 03s000:60200[g¢ coil 3260 8E:05€ Faegm|gdor fescdded

0056800050 qEscu€iR 0rS03E80d 200500020001 2E:0:e30305 oo 320dgRolgE
BdpBiopacomntigScogs dodangudsson(diameter) [03gts qed[gtssS fin gp: 00deol[gtso? [giopd
§oopdi s§onoydeomelope erodde eqlieqeg,qp 3a0gudooy 00eoR8ER: eqBgt: [gB8E[gE
GqRy20d vudep:qs defrosting system a3a00005

Q.. Forced Through Type Evaporators

00p06em050w> dry expansion 22038 [go0pdi a3eacd fan 3203gjg] ecwod evaporator
qods0[gEedl [go5o08:d: cool room 03§ ogediqps ¢ 32003 eSLRRdI

08073200g|00%eoMGOPE  WporRdss:  SeomEaofgé  efooyudagd  eadsadeon
Evaporator 03 2086m[q¢ wegs [03050000656p0gE 00690E§E0p0n Refrigeration plant qocon§one
080703 0050dgEgE{gE defrosting effect o3 gfjeoaolgE oB4ep: defrosting system ocdeadaon

Q-0.G Pump Circulation Type Evaporators

Capacity [Be226000 05642038 obagp:aopd evaporator Sodqpsa? saadigecp§eoonelops
refrigerant  com&sgoeopbood§Ceoes of[g¢  opSieuiqaopdn  Evaporator =o0p8:  @aepbeagd
H[Ges0[gC sopBiopisss JgCunieoo0bi Q[gE refrigerant so038: Gepesndan0d eqpsd gpod
3209000077 §0p0d0d8E205N adelopE cold room $¢ refrigerant plant 3o Gosozpo0d esepypiogt
onbeo=aadigfor0000
qQ-@ Evaporator Fan Liquid Cooling

GoN0Sea&qP:  SFJRdqPs SBugp IegPLOCoYPE  ogEdgPd eaR:d[gts
032005 refrigeration coSc&dgbo0o0n Evaporator o3 3203joopd 3aqpdseesacuiosd obdlen (o)
bottle liquids 1 (j) liquid under atmospheric pressure $& (p) liquids under pressure o3[g8log0005m
Liquid cooled Al§oopd evaporator o3 immersed' evaporator upesl aopdi

:eadeon pocsimeeoncd cBodq flooded shell and tube liquid cooler $& dry
expansion shell and tube cooler vpq] $8¢Js§oopdn Flooded shell and tube cooler & 0356800050
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shell and tube condenser oop5ee00050M333 [g0o0pdn Feesadcdeamn saqpd(coolant)od tube g
3203C:08 0§03 2X{q) [god008: coa0dN 3pgpdeizangE J[g§(G: 3apBiopigss SeomEsaopdn

shell 3205855 0Son§a0p) refrigerant 3agpd vwon(level) §e$coq§ expansion valve poodsol
control cpbeosoopdn 3a0Bis8: [95gra§§Eoopdn Refrigerant 3aqpdgp:oopd 3o6eatd cdeomsagpd
(coolant)sé =a[Gadecy eeameoPE Za0gudonmy FpecredsEaopdn Beadd pocpudsss (gSeos
20fg¢ srezadcdeom saqpd(coolant)oopd tube gpimaogt: 6=0:3805ad(G: qoB:Ea0pdl Beolge
refrigerant speggP:a0pd 00do0dmdyEHo Fegdeon efgmcsdl [Oecl§E0[gE tolerance
ooseoiq§ 33a0[glelopE operating efficiency ogeotico§Eoopdn dma[gE refrigerant $& eepeso
Cloonoopd eqpedyi3a005 oil rectifier oo6s0€amzg§ 832600051

Dry expansion shell and tube cooler sqjg3a00:6l 00p56800050w> tube qps3acgEs refrigerant
6p0qp: [godoofieofl 20632:0c86000 32qp003 shell 8a0p8:0 [godookieofr saguapuSeoood
Refrigerant 326p0gp:aopd oodonod(end cover)e evaporator 20p8:3 ofeepadff: oq§ondecde
efgpodeny,com Feeg,32[gbogad compressor 82038:03 ofogniaopdi Flooded type cood sopBigs:
pdo0pbi 2Beo0d compressor :203E:03 efgradeag00pd segypion Gepadieo[gts egped odof(gts
tube qp23203E: 630:d 805a0g 6[gded §E[GE: 020pd Fr0ogIodgpPseloPE 3acgSIRadigREooN
Q.00 Types of Refrigeration Evaporators

(o) Air coolers () Evaporator coils
() Shell & tube coolers () Freezing drums §§
(o) Plate heat exchangers (Q) Contact freezing plates 03[gda0pdi

() Chilling plates
:Gp§peoon refrigeration cpOcSiq3a0905 2a§jp§Eeoon evaporator gpsad 3205Hg0300001
Evaporator qpsod  00pSee0o0dd(construction)  refrigerant  ofeepodd(method of feeding) $&
evaporator o€ eoocopdoodd(direction of circulation of the air) o30d ©oopdd) sadjmaen: e

(classified) coas00p

P

Plate freezer Evaporator coil Flake ice unit Welded plate evaporator

Q-00.0 Evaporator gp: 0005680005002:003 Faefgde) 3adjaaon:3fat:

Refrigeration $& air conditioning coSc&egpiogE 0opdesoo0dd(construction)od  3ac[gde)
3§00 F[Fr2002:003 6330H0RE Gedlgoozaopdi
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Q.00. J Bare Tube Evaporators

Bare tube evaporator qpz0? copper tube 9300305 ©03:305 qpege [gepd[roopdn 2a&:§:uo:
(ammonia)od refrigerant =:o[gd =oadigoon:o0pd [ren:00p5  evaporator gpiog€  ©03:305gpPiad
F20)goopdi Ammonia ©opobo0pd  refrigerant qpsa?  saodgioonaopd Gooscudo0pd  evaporator
qp2opE elo3dad(copper tube)qp: o saad(gjoopdi

Bare tube evaporator qpzop€ Sodcodoneroigpiad @bdd Fp[gSaacps calodaosaopdi Bare
tube evaporator gp:o3 liquid chilling 320305 8298%{g[0300001 Bare tube evaporator gp:od 32008505
conelopC eoglges dwodioopbn Bare tube evaporator opE fin gp: ooOsoCoonioogd finned
evaporator qpod00) 3220:gq:a0pdi

Q-00.p Plate Type Evaporators

Evaporator coil qps [gj00o0:0005 copper a3w0pod aluminum sagps(plate)qp:od “plate type
evaporator"op &8l 20001 22[g€e [03000qIE cogr[gp:00b0n3a30m [§Eqeadeopds 3a0503E refrigerant
8:e0C:q§ cogdodcudmaroigpigodlo€oogb Plate type evaporator qpsei 330:0008j05¢0 3200:8E[GE:
[§620251 coggeselopE heat transfer deomE:oopdi Plate type evaporator gp:od sacgoSonop
a0§gE:eqs [grpd8Ea0pdi agpg$igoong> cpodpd8Eanad

203qaopd  GoaNSodt: gfeINC  cpodR6§Coopdn 2369%:  eedeoogy  (household
refrigerator) $& deep freezer qpsopC 3a09§32008gP:00p51 GoOgIIGEMS [apdSEeomalopE ao:
F26000074s 93630pd:q8 20&eagdoopdI

Plate surface evaporator gp:od 0odisd [gapoSEaopdi cogpgps(metal) $6q100% codfg: newd
Ge0d000500p) F[rsdoaafogaiop refrigerant ognsqs codselogpCagp: [gapdoonsoopdi O(q- jq)oge
eedlgoonzoopdn 23600 eqleoogmgpist freezer qpsopt 3200:g00pdI 0O0dREIIYP:aEd Bsgmsaeg
329 0g0eqIoed0Eh Goomdip ceodapbogoopd

oofepszagfpeaonien cogp|(metal)gos $69[03pi0pE Jodqpsde) 298GR 06LI0THC0GIN Ob
[§do0pSn Thermal contact com&:G: dodgpizacyCs refrigerant qps se0C:e000001 3 plate gp:o?
eAEB05(30qcd0d) agC $dgpa 3aGrqpiopt 00080C3%G8ERNN O(q- Jq)ogt [goomsoopd
320738 oEqpgContejeopdieomts 3p0c805036) copdieomts freezer gps food display case qpsi ice
cream cabinet qps $E03¢) copdieomEs oofgpian vdesidlpdoRogtaondieomts 3aa(go3000!

Q-00.G Finned Evaporators

Bare tube evaporator o3¢ fin gps 026e0Eadnd00pd=edl finned evaporator [gdcooa0pSi Finned
evaporator 8320p5¢ bare tube coil gp:od coga(gps(metal plate)qps 98ewr0d fin gp: oodeoCoonzeom
evaporator [gdaopdi Fin qpzaopd coil godsn[g€e =2[gEad giSagadesaopdi Fin gpeel qiodsnlgEelops
pBiopz(heat  transfer)8Eoood efon Jqpraonaopdi Fin qpoopd 32000092000 qodsagEaad
[§0o0p5n Evaporator & o[g€onodqodsolgE  efomed  Jqpgpieoll  220p008E000  gdiedd
BeomE:§Eaopdi

Air conditioner qpz:cpC finned evaporator qpsa? sagpsed: saadgfo300051 Finned evaporator
qpod cooling coil opgjeopd: Geledoopdi 3re§im0pC:0  320g8[gEa0pdecogP:aopd  cooling  coil

32038:03 0Ceepod confGiesn0d eenesaop) fin qpisl 0Beogom 3208860y 0g0:00001 Spefimacnt§
Goade  pqP:od finned evaporator oo @buragnioopdi oodsobiemdsC finned evaporator ¢
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263216005 000560300001 Evaporator ¢l sagom:e(gptsg(heat transfer) 3eomCsgscoqs tube gzl
32038 qIod§0[qE050RE cBEsqp: G000

006e0€a00:0005 fin gz 03 coil $¢ Besesnt [grpdaongs saeeB:00dI 0og),6om fin
qp2o? coil & qodga[gEed 0gE Bad§ed newreecd(soldered)oozaopdi

Q-00.§) Shell and Tube Evaporators

@:msooé refrigeration system .§§ central air conditioning system qp:og& shell and tube
§p320: heat exchanger gp:o? evaporator 3a(gbsaadi{gfogo0pdn Chiller qpsogE 320p4gjo0n:00pd
evaporator qpzoopd shell and tube sadjsaoniqps [g6lo300p5

Chiller qpsogE refrigerant 8:e0€:000) Bsonpbeponoi(direction of the flow of the
refrigerant) g2l 0p€ @onpde) dry expansion chiller $& flooded type chiller ope) $6§:3[aP:§E2005

Dry expansion chiller qpsog€ tube qp:ea0pE:3 refrigerant &:eoCs(@s shell sa0p&:3 chilled
water 8:90C:00001 Refrigerant 8:e0C:55:03 expansion valve [§¢ aBsq)dcoz00pdi

Flooded type evaporator qpsog€ refrigerant 20p5 shell 9203C:5 8s084: tube so0pC:5
chilled water 8:s0E:00001 Flooded type evaporator 006s0Coo:000d chiller 20383 refrigerant

F26p0c 32[gC(level)o? float valve (g cBS:conglgC refrigerant 8:s0CsqaB 03260051

Table 7-1 tube 95[g632054gjepd material gpsel 3a009d3s(thermal resistance)o? cwdlgoonoodi

Material Thermal Resistance Relative to Copper
Copper 1
Red Brass ( 85% Cu/ 15% Zn) 2.4
Admiralty Brass ( 70%Cu / 28.9%Zn / 1% Sn /0.3 As) 3.1
(90/10) Copper / Nickel ( Copper Nickel) 7.3
(70/30) Copper Nickel ( Copper Nickel) 10.9
Tatanium 18.8

Q.00 Condenser Small Temperature Difference

Tcmc[lOiJ’F) *
AT
,,,,, | F TP
- ;

T, (85°F) /

Q Q-Jo Condenser small temperature difference a‘é@u?o% approach temperature difference

Leaving condenser water temperature $& refrigerant temperature $&sslop: oGS
ogo[gesgiod(temperature) o3 small temperature difference a3eupod approach temperature 068l 205
O(Q-Jo)ogE  [goomo0pdsacdEs 30 Sqpieaq small temperature  difference  o3wupcd  approach
temperature 2005 5°F [g®oopdn (100°F-95°F=5°F)

Thermal expansion valve o3 322%(g0q¢ Bsansop[gpeqodlgE(high pressure differential)q$
832000051 Bsmsoz[gesgiod(pressure differential) oadea0ddlon evaporator coil 0g¢ under-
feeding [gooosn & over-feeding [gooosogp: [0edl §Ea0bN
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Tegne (100°F) 4
AT
T TR
- =
Tent (85°F)—
60 °F
o (54°F)—
~_ —>
T |} T #R
T puap (40°F) AT
T

<°3 Q-Je Limit of vapor compression cycle
Approach Temperature
ACMV - 2a€qiE8umnonbeunodaopd air con 0000q0e3ep  medlmacdlgpia?d 03005
206omedlodes c83abaopdi Approach temperature ad:§j §oopdn
(o) Condenser approach temperature
(y) Evaporator approach temperature §§
(p) Cooling tower approach temperature o3 [g®20p5u

Approach temperature s3a0pS¢0
Approach temperature s32000¢0 heat transfer [gdopd medium a3ewpod fluid $690361 200§S

[go250:q05 [9000p0n 3¢ (heat)oopd =00p§§[gCo0pd(high temperature) fluid ¢ 3208860003 (low
temperature) fluid o300 sacdergqpad B:e0€:8E00001 BBsapBieotsg(heat  transfer)gbed §Eq

320305 oS oplgre §a§cd20600051 Approach Temperature Difference (ATD) opgjopbieal 8320001
Approach Temperature Difference (ATD) a32000¢0 ¢200 fluid &l 220p§§¢ 63520005 fluid &l

303 3058 qopboohgbaogds

Q-02.0 Condenser Approach Temperature

Chiller &1 condenser 32038:3 ©oopd refrigerant ¢ c=2:00p) condenser water o8 8ap8se0lsq
(heat transfer)gdedlaopbi delopE Condenser approach temperature s30005¢n chiller & condenser
320384 refrigerant ¢l 220§$ ¢ condenser ogodognsoopd condenser water &l 30§§[gdo0p5N Table 7-
2 3¢ condenser approach temperature e@oopécfo condenser refrigerant temperature (31.7°C @
681.2Kpa) ¢ leaving condenser water (30.7°C) 220§803 §05¢jqoopd 0088dgdo0pdn  1°C [gdood
powd- Trane chiller sa§jgeaon: ECVEE 56 (HFC 134a) © 505 9:45AM 038 ewntiesaopd data qpod

FICs RBleeptioviony

Table 7-2
Chilled Water Set Point 6.7°C
Leaving Chilled Water 6.7°C
Entering Chilled Water 10.1
Entering Condenser Water 28.4°C
Laving Condenser Water 30.7°C
Active Control Set Point 100%
Evaporator Ref Pressure 254.2Kpa
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Condenser Ref Pressure 681.2Kpa
Saturated Ref Temp 5.0°C
Condenser Ref Temp 31.7°C
Evaporator Approach Temp 1.7°C
Condenser Approach Temp 1°C

Q.00. J Evaporator Approach Temperature

Chiller &1 evaporatorsacgts§ aopd chiller water ¢ ezasoopdrefrigerant o3 3a08:e08:q(heat
transfer)gbedloopdn odeloppE Evaporator approach temperature e30000¢n chiller &l evaporator
:0pCi00g0d0gaeam(leaving) chilled water ol 320§% o chiller &l evaporator sa0pts§ refrigerant ol
20503 §05[g8: 3620 Table 7-2 =2q evaporator approach temperature leaving chilled water
(6.7°C) ¢ evaporator refrigerant temperature (5.0°C @ 254.2Kpa) §05¢) §oopd00$3gdaopdi 1.7°C

552005

Chiller qpsog€ evaporator ¢ condenser o3eil approach temperature 2095 2°C coob
BogprooCeon 2°C cocd dqpsdlon chiller gpsaopd g&:ma(energy)od:de 332000050005 Sgp:
88081 320000e[opE SBead leaving chilled water (6.7°C) q§g$320305 evaporator refrigerant
temperature 20p5 c88>600p50005 886§ 83aba0pdn §62005 evaporator refrigerant temperature

qee20R05 chiller compressor 20pd 36j 2200600562051

Table 7-3 evaporator 23:§jz §E:000 codjgoonsd

DX Evaporator Flooded Evaporator Hybrid Falling Film Evaporator
Water outside the tubes Water inside the tubes Water inside the tubes
Refrigerant inside the tubes | Refrigerant outside the tubes | Refrigerant outside the tubes
Water connection at side Water connection at ends Two bundles of water tubes

Upper bundle is covered in a film of

refrigerant
Upper bundle is flooded in the
refrigerant

Suction outlet Water Tube sheet Water

Suction Shell Baffles outiat\Ei

/ head outlet 2= B

out %\[
Liquid ];t_;:,‘"’ Water

Tube sheet

Copper tubes
Sheli -,

Drain o Liquid inlet inlet inlet U-tubes
¢ Q-90 Flooded chiller ¢ Q-p2 Dry expansion chiller
— - _ - - :

- R

¢ Q-9 Evaporator tube bundle ¢ Q-9 Evaporator coil with four fans
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Vents Valved

Vibration
L Eliminator
Union Gate Valve
Water
/ / Str»}iner /

Vibrati Flow
ivaion - Fow S A

(Optional) Balancing Valve
¢ Q-9G Recommended piping components for typical evaporator installation

Q.0 Water Box Design Pressure

Vessel qpsei 83E:3za0s(design pressure)oopd chiller &1 duty $& refrigerant o3eil saedlopt
©00p50p5

Water box design pressure 2095 chiller water system o chiller edla3 cooSeepodesaopd
Bams(static pressure $& dynamic pressure) saedopé woopdaopdi Dynamic head o} copdeogadad
static head 00§3:0 oobeoCancgudonmy ©§08:03055058E0pdn Chiller qpsogE 8 150 psig
5882005 water box design $& Bzans 300 psig $8Ea0pd water box design vre] $6§: §§SE 005
Head (ft)

Approximate minimum water box design pressure (psig) = 231

)

P b

& Q-p§) Vessel 32038 8320:000566p05)

¢ Q-9 Marine Water Box (MWB)
SR a.“-‘_/ : 18 1 !

¢ Q-pq Nozzle In Head (NIH) & q-pe Marine Water Box CaRivelileeatls)
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Chapter-8 Capacity Control of Refrigeration Systems

©.0 Compressor Control 1 Chiller Control and Chilled Water Plant Control

Refrigeration system gp:op€ control coSspds 2d:§je§oopdi
(0) Compressor codadeqiE:0d control apd[gs (individual compressor control)
() Chiller codadeqiE:0 control cpd[gCs (individual chiller control) $¢

() Chilled water plant o3 control co5[gEs o3 [gdooRdu

©.0.0 Individual Compressor Capacity Control

Compressor capacity 03 control ap68€a0p5 sp5sqpegndioopdi Capacity control cpd[gEselopé
overall system COP ogeo€:a0p0i Control cpdspd: 3a60l0oopde) ogjeoCsogsoopd COP vwran

oe[gpzoopdu

(o) On/off operation §o5:
On/off operation $p5:0005 §eqCs[Ge 130800 g)gEoRdI Beadd =§§cdaa0pe: loppem
on/off cycling [go[gsclopé 220§8[gEeniom  30cpSoB[gEs(over heating) [gdedl (3
compressor &0 a3805q|0d8:8Ea000

(J) Multi-cylinder reciprocating qp:org& cylinder unloading @s
Compressor &1 capacity coqpspdigCieope g&s3atadge $00:00pdm a3eo0d capacity gpigo
eaqpoyoge§Sopt g&:3aadge 3500iccbom cagpspdoopdi

(p) Variable speed drive 05
Variable speed drive §é:ooé reciprocating compresson Screw Ccompressor §§ scroll

compressor qpea0god 3a09S  efficient [920pd capacity control $p0dgdo0pdn [gS5S:
509:§803C [90edlepd eqpsd [qooosogpise critical resonant frequencies Beeeprdesnt

oM0R05qepd [Go0osn qpad 2003[gjaaaopdi
(g) Slide valve $p5:
Slide valve §p5:0005 screw compressor qpsogpEoon 320dgoopd capacity control §pd:

8-1



Chillers and Chilled Water Systems [Ceppieledleptont )

[§020p5n Slide valve $p5:0005 design capacity &l 10% 3303 smooth step-less [gdgn capacity
control co68Ea0051 Screw compressor gqpzaopd part-load ssefgesess centesod full load

power &:Jkad:go0pn

() Centrifugal compressor qp:=20R03 variable inlet guide vane §p5:

Variable inlet guide vane spd:00p5 centrifugal compressor gpsEaogEBoY  [gdaopdH
Refrigerant qps impeller 32038:03 o€conaopdodialogpCs(direction of flow)o3 elgpCacd(ge:
[s¢ capacity cogpggls [g0o0pbi oYspbioopd capacity control pbepog  efficient
09620055052 [gBoopSi Compressor @i isentropic efficiency oyeoCzo0pdi Belopé system e
COP oje0€z0000

(©) Speed control

Fae00de|god(continuous) speed  control  cpd[gEsC  sae0Ceol(stepwise) speed  control
c0d[gEiopg $6§:o0pdn 3290056[god (continuous) speed control cd[gEsoopd capacity
control codepogt efficient 3a[gbadesnds [gboopdi eqpedaaadigoopd compressor gpiopt
0o$eenE:e52000 [g855:el 50% 20800 eagpqI§ €05 GgE0Rka0pdsR0: [§B200

Electric motor qpsog€ §esoopd active pole qpsel 326q92030503 a[gpEscdeodaliye 32908
so&(stepwise) speed control cpb8Ea0pSi GgEo0c5222000505: (B0 00§ Gurliesaod

[6555:61  50% 3200000 Gaqpqi§Caopdi [gsSiqps 3200 (step)g e[pticd comajopE
compressor component qps3a6d o€ 823:00056epadg (stress )qpzoopdi

(q) Clearance volume control

Clearance volume &l vw>anNad cGaocde[ypE:cdlgesyC compressor il capacity o3 control
c068E0pd1 powd - mass flow 50% Gogpoyeoq§eacad  clearance volume 2005
displacement volume &1 026005(gdqs 33200005 socuCalancglsd residual gas gp: 0§
comaop¢ discharge temperature [§Gooo5000c86wpdn odelopE clearance volume control

$25:0% gl 055p54(8C: [gboopdn

(®) Suction valve unloading §p5:

8-2

Suction valve unloading $p0s00p5 [P3en:00p) air conditioning and refrigeration system
qpP2opC 322%{gjaopd compressor capacity control cpSsp5gdaopdi saesonad3ad6l cooling
load coqpspbs ogm:§§opE compressor & suction valve o3 oor8e) 8a88g olgdeo compo3
capacity eogpgeosgls  [9ooophi  gdimaCegomg(energy  savings)  [g98Eeaodcopbs
322250089)00gPsg 000N

Reciprocating compressor qpsogEam [gepd8Ea0pdn Cylinder gp:ai suction valve o
9Cooxs[glisC gas gp:od 8a89[gt: ¢lgpdeomeun Gas gp: 0EcBod agrdcBodsé suction
valve 03 [go5008: cseomelopt edogpien [9ded§Ea000i Crankshaft adlogE epdgioood
F:00056epodg(uneven stress)qps [§0edl[g8:00p0 Gaoicadaopd compressor qps3a0305
00565882005 329105 [§Ba0p5I GgE0052002005505: [gBopdN

Suction valve e§00503805[g:(late closing)spd: $& suction-valve cendod[gEs(early

closing) $p5:2005 ©lopeoosdan 3208qgoopd compressor flow regulation $25: [g&20R5u
Suction-valve ego00y 8od[gEs(late closing) $p5:0005 egpPgoda0pd control §8€eomalopé
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:250:c0d BeomEraopdon 838Ea00N [Freniq) [9S58:e5:0000 compressor gpioE 83E:
capacity &1 50% 3208 cagRg§Ea0pdI

Suction valve eoo3odgs(early closing)spS:aopd gas qps eocwldl ma0pE:ad
ofeepadlgts ofgdedeon Intake stroke opE suction valve o3 [03oolq Bodoondgtilge
socoldlgp: 3203803 oleepodamnepd gas vwdnod oB8:qI0gt: [gdaopdi soculdlgps
3203C:08 0CeepaogniGiaopd gas qps 83z [4Conod(Br [g5e) o g§[at: [gded comelopE
adsgpaap: [g0eoloopdi Suction valve cond05[gE: (early dlosing)spdisC capacity control
006882005 p&E5S: qproodi agEoo0dam(G efficient [Boopdspd: [gBoopdi

633050l control method qpze? 2200058Ead: agpElod o&aopd

(o) Suction throttle device 93wupa) suction valve unloading $5:
Suction o8¢ compressor 3203E:03 oCeepadaonepd gas gp:od Bod[gtsspdiaopd suction
throttle $p5: [gdoopdn 8056pd o3§uad suction throttle device vpeslaopdn Compressor
:0E8sms(inlet  pressure)od  eogpojeocomelops  goieatecogooddspd:s  [gbaopdn
00d50:30g¢ B3E:300§ (design temperature)oood 386a0pd evaporator temperature (g8
een&s[g8: [gbeomalopt efficiency pdgEsaopdi

() Hot gas by-pass §p5:
Hot gas by-pass elop¢ suction vapor og€ superheat cg§cden [gdedl cofg: compressor

F2peRso3[gEs(overheating) [gd§Ea001

Hot gas bypass $p5:0000 3208:qps0000s055gda0p5n Compressor ¢ ogabaonood discharge
gas qpsod suction side 900503 [g§Geudgts [gdaopdi cvdes guSopoopdends [gdoopdn
g&s3aCec00gCe [gDaopdspds [gBoopdn Capacity cagpspbsogieosdaopds compressor 320305
00pDGL:620pY 306205 HeS303E: [gdaopdi Compressor 20p5 Ges centies 20N

(p) Head pressure control $p5:
Head pressure control §o5:00p5 [gCozaclgzacs(ambient conditions)sE  o30508a00)
condensing temperature q§es& control cpdspds [gdoopd

©.0. J Individual Chiller Control

Chiller gps&i capacity o control cpdgSaecg05 chiller cpodapdap(manufacturer)gpsod
8&8:cpdoonseon  digital electronic control  system  A§oopdn 9203§aopd chilled water  supply
temperature setpoint o3 chiller oo c00de0s§Eq§aa0305 capacity control [gjepd[gEs [gdoopdi
Centrifugal Chiller

[g555:0c00(constant speed)[g¢ eedCso0pd centrifugal chiller qp:od Pre-Rotation Vanes

(PRV)554gC capacity control [gjcpS2005n Centrifugal compressor 32038293 o€eepadamnaogd

refrigerant gas oe>ano? Inlet Guide Vanes (IGV) 986005 Prerotation Vane (PRV)qpis¢

control cpd8E20051 Compressor impeller & 3308e56pogE 0obe0Ea0:0005 inlet guide vane

qP20? [g€oe o38on(device)gE E[gs 3od[gE: [grpdeusoogdi
Vane 0069gC:8a005 of§iedlanpE copb8€aopdi Vane gp: eepodfesoopd 3265350008
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(position)o? c3a5e) refrigerant gas oCeepadamo00d cobselopEs elgptiadagazoogdi
Variable speed [§¢ eenE:o0pd centrifugal chiller gp:od motor speed $& PRV position o3[gé
capacity control [gjcp&20251

Reciprocating Chiller
Reciprocating chiller qp:o3 sequence unloading valve $p5: 980005 multiple compressor
cycling sp5sqpefgC capacity control [gopboopSi Refrigerant flow o3 expansion valve [9&
control coSaopdi Evaporator 9ogodogasoopd refrigerant gas ¢l 8¢§$03 a00b0odaon:a0pd
setpoint 0E 0B5:000:q5320305 expansion valve o3 8oS[gEs(throttling action)elopE system
Bami{gConadeunoogbi Compressor oopS discharge pressure setpoint o3 00§:c02:8Eq$
005 refrigerant flow rate o} cagpgjeosaopd

Foqpead: 32004g00pdspd:(most common method)en refrigerant flow rate o cogpgjevdgS:
[g62025n Reciprocating compressor @ suction valve o3 gEeosgEa compressor 3a038:q)

refrigerant gas o3 bypass co&[gEs compressor sa[g€a005 ¢ refrigerant gas gqp:od bypass
c00[gE: o3fgdaopd

Screw Chiller
Screw chiller qpsa? sliding bypass valve §p5:(g¢ capacity control [gapGoopdi

Absorption chiller

Absorption chiller qpso steam 1 hot water oBewp0d gas supply o3 modulate cpdso0soyC
capacity control [gjcp&20201

©.0.p Chilled Water Plant Control
Chilled water plant control o3 “HVAC controls and Building Automation Systems” ©op00RE
32600:805 6wH[goon:0001

coGeaqPeson§aopd control $pdiqp:od 3aadiggtielopC refrigeration system o centiqh

opSonodod(operating cost)oB cagpg§Eoopdi
(0) 22680000050832600p5326l0000 chiller gpzs¢ chiller water system cwog:q$ (chillers and chilled

water systems should only operate when there is a real cooling demand)

() Compressor qpod full load (9 200005§Ced: eenliqf (Maximize full load operation of
COMpressors)

() Condensing temperature o3 888Eo0q 88e33E[gpdes (Keep condensing temperatures low
and avoid head pressure control)

() Evaporating temperature o3 00058&20¢) [4E[gE[gE cuntiqs

(9) =0§S30505:c0dz0038: compressor qOo§fgls [g§ewns(st: (cycling) olgbesntespl(ndes $¢

(6) Load sogp5:codge eunties§opt control system oodod: oty 3RECYOEsGOES
B[g2051

CIBSE Guide H(19) og€ refrigeration, heat rejection and cooling distribution systems &l
control gp: 326[03pE:03 326005805 GwSgoonzooRdi
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Operator Interface
Multiple centrifugal chiller plant & optimizing control o€ 632005A3ag/054p: dloCaod
(o) Optimize the on/off staging of the multiple chillers.
(J) Optimize start and stop.
(p) Control condenser water entering temperature.
() Controls of the multiple chillers in a centrifugal chiller plant are discussed in later sections.

©.0.G Capacity Control for Varying Loads to Provide Better Efficiency

Load 2o§je§js0d cenE:§Eq5320305 capacity control cpdsobagpagn §oopbi 98605 compressor
23020} cuCergpesmtegqudellye capacity control [gpd8Eda3 eemcdog powrgpdgé
eed[goonood

Case 1: Single large compressor
eenliqupl load saidimaogod  sagudmaendofensoopd  compressor  oodadonpdiodom
egeqiudaondgEselop part load [gEewnEsoopdend efficiency veomE:deon pown 0o§(000)

GqRocdyPe30305 208ergPoopdi PR :GERE c0o% [§Eewnliq eaddE§Soze
§050:002:8E20001 936005 egputolom oodeeagnd wootaengpeol

Case 2: Single large compressor with inbuilt capacity control.
Built in capacity control Clo€o0gd [Bensa0pd compressor oodadsontsooosglielopE part
load [gCewntsaopdaadl efficiency 2a0083a00Ee0mEsgsaopd Built in capacity control elogpé
load 2005 compressor capacity &l 0% 0005 Jqpies§§0pE comtgy apd8Ea00i

Case 3: Three small compressors (two with same capacity and one with capacity control)
32gudm0o0: 0ppBo0pd Gooscdoopd compressor () ads oobeoEaonigtielopE capacity §0%
0005 $pd:e5§§03E compressor 02603000 Guntiqh ¥300005
Case 4: Three small compressors with different capacities
32gudmon: 0opodoopd Ganicuda0pd compressor (p)ad: oodsooosglelopE Scdfoopd
capacity o3 c305¢) 20&eagpaopd compressor qpge cent:8E00I
Case 5: Three compressors with parallel control
Compressor o9:cd:0d 0o8[gE505 control cpdgcs
Capacity turn down $& input power 030005 qbe[gpE:32038: s0ndogudg(nonlinear)§js
olgdeomaelot sadgecpedioopdspd:§jgdoopdn
Compressor 33gud3a00: egegjodge: olgpdel cooling load profile qfa$ sacg§saceE3roopdn
Fgpradzeentiepd (§9§edE:) cooling load $¢ 0305080005 compressor sac3qpid gpeg SE:apd
20000
Compressor 3203 0od9gC:de q§§Ca0pd efficiency gpiod §€:000 crpam0Eoopdn Capacity

eaqpspdqS 320305  compressor  gp:od  qOs0gts(shutdown)oopd  3aGomCiadesod:  [gBoopdN
Compressor gpzoop5 full load &:0l: sweet spot esepogt eun:§§oopd efficiency sacomEeads [§6200

Control cpdspd: R[grsqC g§8Ca0pd efficiency ojgpsoopdi sacloPpE: sa§qipelopE compressor

qpod 832620000005 JoFesnt egequd confogoopdi 833620050005 J[3kesnt egeguSooniongd
(over sized)eomalopE compressor gp:eil power factor ¢ sacg8054|Cs00201
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[§088a00) load 3a§§:sE BdB0pd sagudmaon: egqudfgls sogudsaon: wopEd000d
compressor qp: egeqodfgts $C control strategy o3 comign 8&E:pdlgtiadsC efficient [§62005
chilled water plant 069 00p56802058E2051

©.0.§) Refrigerant Flow Control

Chiller gpsel capacity o} control cpO[gE:edaopden evaporator 8038:03 o€eepodanood)
refrigerant &l :5§:03 control cpH[gE:ot [gdoopdn Faddgoopd compressor sagpeaon: Fped 0pt
9oopde) capacity control §pd:madedr o3gpsaopdn Chiller gpiogE oobsoCoonsoogd compressor
2§p32002 2060l 03¢ onpde) refrigerant &l 8:582 control aopdspbsgp: 3lgpilor00pS

$9000 $daagpdicude 0onlq) centrifugal chiller gp:oE VSD g 006e0le) speed control
$2549¢ capacity control [giapbaoa{rgoopde

Compressor & [g$82(speed)oopd capacity $¢ 0305805 sa§jpoz00p0 Compressor 6l
[4§552(speed)qpseco capacity gpsecolgdoopdn Compressor © coodeozoopd pressure (liftyoopd
[6555¢ $60060B8:(square of the speed)sE p8gjo0pbn BeagedelopC surge [gded €205 (G555
aB§:qO(speed controljoonzoopd chiller qpsog€ hot gas bypass [gepdes B3adaopdn cooonuy)
a0dqC speed control $p549E capacity control [gp&[gEsoopd inlet vane control [¢& capacity
control [gopS[g&scon’ efficiency SeomEsoopdi

Chiller gpsopE speed control cpog§ VSD 00bs0Coosgielopt eqpgss [§Ewn:00pbn Cooling
load profile 03 GoogpepaNBr 220800005 AB36¢ax VSD [gEewntsap) chiller o ocdupao&aogd
©.J Refrigerant Control Devices

Refrigeration system ¢p:op€ 22800 328092008:30[gd Clofoogd expansion device ol
F6[gday|eom cpdeeontyed(basic function) gpswd
(0) Condenser pressure ¢ evaporator pressure a36epo5630C Gagpg|esapdI
() Evaporator 220p8:5 [gbellesoopd  speglgSi(evaporation rate)sE 0305080009

refrigerant ow>anad evaporator 3203838 &:0tesE ceontgrdeu:aagdi

OoSmoe[gaoes0pC system oodgael refrigerant BsgSs(flow rate)oopd cooling load $¢
0305805 Fa§jzoy(proportional )aopdi

Refrigerant 8ss&s(flow rate)od control cob8Eo0pd5p0:qpsen

(0) Hand (manual) expansion valves
(y) Capillary tubes
(p) Orifice
(G) Constant pressure value 2300705 Automatic Expansion Valve (AEV)
(§) Thermostatic Expansion Valve (TEV)
(©) Float type Expansion Valve
(on) High side float valve

(9) Low side float valve $&

(Q) Electronic Expansion Valve o3 [g8a005
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Refrigeration system qp:op€ saadd{goopd expansion device gp:od fixed opening $¢ variable
opening ope] $6§:3[ep:§Eo0pdn Liquid refrigerant gp: 8:08:§C0pd e§om(flow area) we[gpscd
Gomne[op “fixed opening” s>§jezao:0n 68l B[gEgBoopdn B:e0E:8E800p5 edom(flow area) ABcdadq)
refrigerant 8:58:(mass flow rates)egpE:cdayC “variable opening“sa§jesa00: 0p 20050052005

Capillary tube gpsoopd fixed opening sadjezaeniogé doCoogdi Orifice op€ fixed orifice $¢
variable orifice 0pg] $6§Eocd 0§05 0§ expansion device qp3do005 fixed opening
H§ezo00:qp: [§6[030005

Expansion valve 2800305 throttling valve gp:aopS condensing pressure (high pressure) ¢
evaporating pressure(low pressure)od eepodesmC Bsaeagpgeooopd device gp: [gd[og0005
Cooling load € chiller capacity 03058coq$=a0305 evaporator sa0pE:a8 80860} liquid refrigerant
oenad gbadSs(throttling)aopd o3§oxfgdaopd

Cooling coil 28ewp05 chiller evaporator s203E:5 [gbeda0pd evaporation rate $& cooling coil
a3eupod chiller evaporator 3208508 8:0C2003 liquid refrigerant veen o305p3e0q§ throttling device
o 68008gade0s00pdI ABuwdna0d chiller 61 condeedties005 cooling capacity [gbaopdi DX unit
Q2320305 cooling coil o> aeodeusesapd cooling capacity [gbaopSn oodspSi3aagE vudooodesaopd
Fpoen(refrigeration effect) [gdoopdi

coo&aog refrigeration system qp:og& mechanical expansion valve gp:i electronic expansion
valve qpz thermostatic expansion valve qpsi solenoid valve gqpzi thermostat qp:§§ pressure switch gp:
Olo€loyoopdn B=[gE  oofgpieano3foogps(flow-control - device)gdoopd modulating  pressure
regulator gpi filter drier gpsi liquid indicator qpsi non return valve $¢ isolation valve gz Clo€[o300001

Evaporator 320p8:3 refrigerant qp:aopd 920§§8600p0esepe 3apqp:cd 9bupe) ma6gq|
[Bres005 condenser 220p8s5 Fa0gPicd g&00cd oM 206p033[gBY elgpEiadognioopdi Refrigeration
system qpz3a0pCs3 refrigerant 2005 3280056godcVpS0056520001 Cooling load o ¢ooode) evaporator
& 20qp0c3Cs(liquid line)saogls BseoCieseom refrigerant S:5S:(flow)od sac83s60qpcd BS:q)0
(control)eusq$ 822620001 00dspd:aggC  evaporator &1 liquid line 32038:0 3320dgC(high pressure)
20p0o0050 B3:86(low pressure)o0pa00533 cagpgjeigts [gdoopdi

00656905 refrigeration system 03E:a30303€ 2cdERengPEdOR68Ea0pd automatic control
system gpzod 00deo€aoninyoopdi eemncddspd: ohispdiod 36[gde) evaporator sa0p8:ad S:eom
refrigerant 8ss0Cs58:(flow)o3copbieoma agbodecdomne [g§5S:03c0pdieomE:s control cpSlogaopd

(0) Bzas(pressure)e|pl:cdged 326[gde) control cod[g:s

() =20§$(temperature)egpCscdeed] 326(gde) control cvd[gts $¢

(?) ceoopd(volume)e[gpE:cdged 3a6[gde) control cpdgEs o3 [gdoopd
©. J.© Hand Expansion Valve

Hand expansion valve 2005 cocdlgC §§pdqeoon needle valve of [gboogdn Refrigerant
Baanee[pCicdgaopS valve gCesaopd maedlodmaoyudedogt wonpdoopdi [oRwnieom refrigeration
plant gpzs c0&eagdaopdi Operator 0odcuMcH M 33Geet(gpdes(Be cooling load $¢ o3o5pdesnt

HGSedeoesas c3m000pdn 320250050560 cLAA[E §E§BqoolgE evaporator BRE 8860005
Bqpeoopd refrigerant qps 8:o€es8E00pdn 00b5pd:35044E over feeding [gdedl §Ea0p5
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* Liquid Inlet

Throttled |
Liquid/Gas a.

("3 o- Manual expansion valve 9 ©-p Thermal Expansion Valve (TEV)

®. J.J Constant Pressure Expansion Valves o$wupob Automatic Expansion Valve (AEV)

Constant pressure valve qp:oopd thermostatic expansion valve qps 0o3Ce€ saoX{gRo0pd
oBoogp: [gdfo300p5m [gEoe oofgpieas mechanical device gpsell 22003508 0322633 Facdz60qPd
Bod[gEs(close) ¢E[gEs(open) [grpd8EeomaloypE automatic expansion valve oy eal aopdn

Expansion valve gqp:aopd 326[gdendgt 8smmiad§epdeoianpd oBoongps(pressure regulating
devices)[gBlo300p5n Expansion valve qpsoopd saogod(outlet)esepogE 830z deoo(constant pressure)
qesnt [gopdeozoopdn Suction pressure o =aafgdom 32038oopd evaporating pressure ezt
refrigerant 3aqp58:58:(flow)o? B5sq)dfgts [gbo0pdn algpEscdecy w§oopd(constant) cooling load
qP2320R0" 32008005 03§oon|gdaopd

Cap

3 Adjusting Screw

' ‘ Adjusting spring

Adjusting screw

=/ Diaphragm Spring
Passage between
low pressure Bellows of
side of seat and 3 ‘ [ diaphragm

Inlet strainer

diaphragm
Needle and
seat

Guide for cage; Seat is —|

—im
atlower end of guide i

Cage

In=——0
Ball plug
carried by Strainer
cage

Pipe threads ]
\

¢ ©-0 Automatic Expansion Valve (AEV) 006? schematic ¢

Automatic expansion valve gpsaopd evaporator 22038:5 evaporating pressure 009000050000z
fescoqs 008:08G:0:e0me[opE “constant pressure expansion valve” opgjeopds el adecp§oopd
Evaporator 8203C:5 8320:0% 0062000500058 [§besaE 038:002:8Ea0me[oypE evaporator 32038: deo0

200§§(constant temperature) [§0e5c880pSt 2oc8§oopd evaporator p§S qezNE §Eaoed
20305 valve o3¢ adjustment screw dooopdi

Valve 03¢ 228msdg¢ needle valve $& valve seat dlo€aopdi Bellow o8ewrod diaphragm
006903 00§ (spring) 8320gg¢ 0ode0€an:a0pdi §(9-0) $ (9-G)aB0rE [goorzaopdeeddE: adjustment
screw (g€ 00§$ op&:eam:0) §Se0c0:8E00I
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47 Adjustable screw ADJUSTMENT SCREW

Adjustable spring ADJUSTMENT SPRING

DIAPHRAGM

— v Diaphragm

PUSH ROD

Needle =—— To evaporator

Strainer s " g : !1 NEEDLE AND SEAT
oriflee | ‘ ~ '_—"' LIQUID AND
200 e Follow-up spring VAPOR OUT
From condense

$ ©-G Automatic Expansion Valve (AEV) o096l schematic &

Refrigerant gp:oopd evaporator 32038:03 ofeepobamG: sapqpi? dogom  saeg g
evaporating pressure [g& ogodognsoopdi o3 pressure 20pd 2005005002:0000 Beic00d GOy
20pd5¢ 00d[GE505 diaphragm o op&soolgE valve 2005 3od[gls E[gE: [gbedl o 2005ecd consoopd
B3:0} qfeoaopdi 080398 Baaiad deaolgbesant 08§:088:c00:88eomelope refrigerant 30§03
005200050005 [gBeoaopd

Bam3008900p0:0%000  aB§:adbie0sa0[gC evaporator © codiesoneeom cooling load §E
cBodecgppBeoglgdesnt eeongrd§Ced: ofeq Evaporator ¢ cooling load gpies§Sogt Bsans
[48oocPesoolgE refrigerant B:e0Csqspbgl: [g0ecloopbn  Cooling load spdesclon  Bsanioyq)
refrigerant ss0Csq qpscd6wpdi aelopE compressor 03a3 refrigerant qpsaopd 3aqp530[gd GepPaY
§Eo0pdn aBammispdiqodeopé 200dsgl: [9oopdi 93ea0d cooling load sae|gpEieacdedean
056qps evaporator 320§§ 006200050005 83306000 0sdPs [PFEEIN GAOEIGLILOIGPE $E
liquid cooler qpzopE aadglog00p5

/.

P
CAPILLAR e DLAPHRACM
TLRF
INTERNAL )
FOLIA IPFR
PORTS
s ”
= QUTLET 4
TO
EVAPORATOR
HEWUE BULE
INLET
FROM
RECEIER
=
[l
1. Valve adjustment 4, Refrigerant needle and seat —
2. Adjustment spring 5. Refrigarant outiet lsading to evaporator
3. Control disphragm. &, Refrigerant inbet
E

Figure 6-22—A. Thermostatic expansion valve; B, Automatic expansion valve,

("3 ©-§(A)Thermostatic expansion valve §§ (B) Automatic expansion valve
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©. J-9 Thermostatic Expansion Valves (TEV)

Thermostatic expansion valve 2005 ogd[g§[gCs(expansion)o? soelgde system i Bz
[g20p50005(high-pressure side) ¢ Bs:8800p50005(low-pressure side)od Bsansogeoiagiesant
GOgRYEws0Rd 03§ux[gdoopdi SacRs3a0digP:o0Rd M3§uaoodGjHydoopdn Cooling load $& system
capacity o3 0305p8eamE evaporator  32038:03 8:0€epd vedan(liquid-refrigerant flow)o? =acd
:6egPod 03§:(control)eo:a0pd o3§oxngdoogdi

CAPLLAR Yej CAAPHRACM
TURF
INTERNAL
FOLIALIZFR
PORTS
SPRING PN
=7 OUTLET
= TO
EVAPORATOR
HEMLE BULE
i BO0Y
INLET
FROM
RECEIVER

$ ©-6(0») Thermostatic Expansion Valves
SUCTION LINE

TO COMPRESSOR 18.4 psig
—— 30"? Q EVAPORATOR COIL \
LAST POINT _ D)
OF LIQUID N

G
pASSING L —
R THECSS

170 psig

110°F

100% PURE
LIQUID

| 18.4 psig
35% VAPCR

p
20°F e g -
65% LIQUID

MEDIUM-TEMPERATURE APPLICATION, NORMAL OPERATION

Q ©-5(9) When the 110°F liquid passes through the expansion valve orifice, some of the liquid
flashes to a vapor and cools the remaining liquid to the evaporator temperature at 20°F

Evaporator ¢ cgodognsoopd refrigerant vapor @i superheated temperature o3 03&0pq)
FdeagpadodS(automatic control)eosges [gdoopdi 0pdo00d refrigerant sadjgsaonigdeol evaporating
temperature  S::30305  ©pdoopd  thermostatic  expansion  valve  3a§jizeonsCosd o3¢
320)g8Eo0p01 Thermostatic expansion valve qp: GomEign 3o0p6EgE valve &1 3209059005

(outlet side) 03E&00pd 220§82005 s0Ea00A(inlet side)ogt §oopd 320§ 0005 386200

System eonCsesod(operation) ABopd =0gE [gorsoiqod ofgbeddon valve seat oz
Fpodzacoyqp: 3odbedes[gl: [§0§Ea0pdi Thermostatic expansion valve gqp: 03 GomEign§Soon:
(adjust)Geeqi€ @§005006 c0dd §§p3[gC:(adjustment) [grodes cadzadteon 328 [Gooogogpen valve
seat s& orifice a303€ eqeg(moisture)qp: $& 2p0dsac(oRqp: §esge: (g5
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Coil
Terminal box.
i Armature assembly

Plunger

E/ | I
- | Valve seat

Filter

Outlet
d

<:> ©-q Electronic expansion valve

O(e-q)og€ electronic expansion valve o cwblgoon:aopdn Electronic expansion valve qpso?
qpsad: 32%(g[030005n Evaporator ¢l 2209058 suction c3&:5 superheat 3204803 3033207 QeI
008208850088 00p01 2a6[gdea(gl 06( ))qlp 3lgrzoopdn Sensing bulb $¢& thermal-electric Ygdoopdn
Sensing bulb (&€ coddq) (G)qfp Slapoopdn (o) liquid charged ( j) gas charged (p) liquid cross
charged $¢ (G) gas cross charged o3[gdaop

Liquid charged $C gas charged o€ spadigeomn 2aqpdo0pd o system o35 32004(gjeoo
refrigerant [gdaopbi o8eo05 cross charged o€ =aadigoopd sensing bulb 32038:§) 3aqp5qps00pd
oofgp: Gjpeopaeoon refrigerant [gdoopdi Evaporator pressure 1 spring pressure $& sensing bulb pressure

0303 F26(gde) [giapdaosaopdn Bulb o evaporator 320905 suction line 0E 006s0& conz000d

O(e-9(A)0z¢ eedlgaon:aopdzecde: bellow oBewrod diaphragm ol 2200053C:sE refrigerant
00pd00:6:000 sensing bulb o Gooscudeomn Godaneros(tube) [g& soadogudaonzaopdi Sensing bulb o3
evaporator 22090503€ 00680E0020[g¢ bulb ¢l 30§&20p5 evaporator 320905 20§$5$E 0rp800001

320000¢) sensing bulb 320§§[gEonadaonagi€ bulb sa03E:w refrigerant ¢l g0z [gConodam(Bs
diaphragm o3 opS:qeoigliyC valve &G refrigerant qp: valve o} [godq) evaporator 3203800
oCeepodjogoopdn  Refrigerant qpsaopd  evaporator 330385 3a6gGI0  evaporator  pressure
[g80ncb00n Gooopdn cBaadl BsamselopE diaphragm o3 saedl B [gS0p8gE(gE valve o dodeolG:

refrigerant o€eepadead qoon&ogeoa0pdi Bewrod spdiognieooopdl a0y valve =agC=805
[g1e90[gEs{gE Bsamdean(constant pressure)gdesxnt cB5:a38:c0:00001

odelopE cooling load eogpspd:qSopE evaporator 350385 megdss:  GagRsPdoM

compressor 33098233 refrigerant qps 226053350 0Ceepody [§ded $Ea0p Bad(bfgE:nd valve oo
o§omieodEaopdi  Load [¢Genesdlon  evaporator temperature [gEaolg¢  bulb  so0p§§[gCen:

656006[oPE Sodmeoim0p:y Bsangpion diaphragm ¢oodsol valve o gleozaopdi Valve
gCoo[g¢ refrigerant gpzzasocielqod ofeepadescddupdn Adjust screw aopd evaporator 3208sE
evaporator 330905 s2p§§olepsg 00§3:(degree of superheat)od 2005005000:20003209E: qfeoqs
§$o0(adjust)oopd so8lopé 3203qgs 320305 0ode0Eoons(gE: (g0
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Thermostaic expansion qpso multiple evaporator odqp:og 80030005 efogsC [giopd
conz00pdi Liquid line $& evaporator line 03 0305§05 s005a305000:00051 Needle valve $¢ 320380005

6o053200p8:5 00pd§oopdi Needle valve 20pd eqpelgpeagipgod§Caeam bellow a3wwpo diaphragm
$C s005000:00001 Diaphragm el oofgpi:ondonade rod (g€ diaphragm o3 cpOgpieooodbi Rod
0053E:0005 sensing bulb i capillary tube $¢ s005a305000:00051 Sensing bulb 2025 refrigerant
326p032602:3003C: 320000001 Besepogt odeom  refrigerant a§psron0?d valve edopé
05886805008 000520001 00g),09€ R-12 03 3aadi{gjoopdn Colour code ¢ 3adlegpE [§B20R0

Expansion valve gp: 00beoCqglsei qpdgudqodoopd system 920pC:§) BsangEoopd(high
pressure) condensing side ¢ 8s:§&o0pd(low pressure) evaporator &893 8:e0Cs0005 refrigerant
oenad control pde§ss0z0’ [gBoopd cuoopugegE modulating Bewrod two position variable
flow orifice o} sao(q|q) 8snzengpygts(pressure reduction) [gip&8EaopSn High pressure condensing
side ¢ refrigerant qpsoopd orifice 03 [godo0§iBes005 8zaieaqpspdiagazoopdi Control coda0pdsRd:
(method)saedl @onpde) expansion valve qp:ad  sa§je3a002 gp:8€a0pdi

Direct expansion unit (DX unit) qpsopE liquid refrigerant qps compressor 2203Cs03 woCeepod
§Eeamt [grpdoone§ Beabaopdi Refrigerant qps saturated gas saes[goon compressor 32038:03
60q§320305 refrigerant 22§83 superheat region sa03E:a3eepodesnt [grpdoosaopdn 0odspd:
andqC 5 K of superheat [§0esn€ [gopOoonzoopdi Evaporator ¢ ogodoga:oogd refrigerant qpsci
20503 B8E(detect)esE Thermostatic Expansion Valves (TEVs)qpssaos [giopboonenodoogd

%ﬂ Strain Relief

Retaining Nut \\‘\E
4-Pin Feed Through
0 R- ‘/ g
mgh\%
—

— Motor Housing

[ — -

Ball Bearing i“_,/ Gear Shaft
Gear Cup HI:IB l ( :
H@ e it o
—— - ﬂ
— i =

—— | 1<)
B Guid =1 =/
D _,— Bronze Guide 5

-

S| L]

Lead Screw —

O - Electric Expansion Valve O ©-00 Thermal electric expansion valve
? Q
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©. J.G Thermal Electric Expansion Valve o§eupob Electric Expansion Valve

Thermal electric expansion valve 2005 cgbodecdom[gé eentiaopd valve [gdaopdi s
(voltage) a[gpE:cdeuglisC valve 03 BodeoigCenoopdi Valve o 8odognioopbaadl refrigerant 8ssot:q
§000§0322c3660

83200005 g&:as(power)od apcbepdeu:§Eaodd low voltage transformer 0od903 saad(q
conz00p5i Evaporator control mechanism $& 0305805 sooboguSaonzaopdi Evaporator s20pE:§@sa0:0)
BSseoggl: eupodeon Refrigerant 8:g8:03 on§oocdeusglesE compressor 303 saqpSqp: wofeepad
eoq$ suction line 320pE:§ superheat 02§3:03 oB&00603[gEs 36200

&(9-Q)og€ thermal electric expansion valve 00696 [§o50E:003 cudlgaonsaopdi Expansion valve
009 :20pOR6OsE BEomoY: §odeodoondad  ewdlgoonaopdn Cycle operation qogo:SopE
6330500335050 00699Ea5Rde0ME: $8900dia5Pd:e0E: [§Bedl ABGeRb
(0) Valve 93 c0:d00pd aqb0den05320:03 ¢[godeomadlgtelopt 83t pByjesc88udi

() Compressor $& thermal electric expansion valve o3 interlock cpboodsaopdi Cycle
qOs2Clon valve 8obescdoepdi Suction line 3203€ Gooscudeom  thermistor 00903
0305805 00690€[g: expansion valve 2005 superheat control 0303 ceoEgaboodi

Thermistor 20p5 superheated refrigerant qps & oBeogaopdsasl thermistor 6l 2ap§S
[4G0n05000 B8epbi aBaa4l thermistor &l resistance oo§Bsqp: oeot:ognd: expansion valve actuator
320pE:8 q6odencdemigp: B:eotioCameamaelopt valve &4 refrigerant qps 8:e0E:030:08865
$godeomn refrigerant 2005 thermistor $&adeog, Ao thermistor 2o0pd qiodgEs 20§86 ogrscdoepdn
o324l thermistor &l resistance 00§3: SgpsconfR valve 300985 q60D8:e0C:q5p0:00[gC valve
Babogniepd comCigomanpbapdeoq$ thermistor o3 suction line 32038: 00680C00qERD G5EP20D
20§ eqE03:00pdn 0056000 system qpsopt 0dd:c005J4eo00 thermistor gp:ad odeoE[og000

®. J.§ Electronic Expansion Valves
Electronic expansion valve gqp:00p5 Segpeg c3ogoopd(finer degree) control $& 3805q/q00d
system protection co:§E20001 83:0009/05qP0R 63000RE Gedgaon0adN

(o) Cooling load $p5:0005gde0r gpzaopdlgdee oBoqgn control cvSELEE2I

() Cooling load cfgo:cdgqpza’ qiodgts aqiE[gsge 03g$8E00i

(p) ome§ooad 3860005 superheat 30§8qeent comEign control cvdeLEGaMNEEPE

:26gJ[gS: [g0e0l 2005 gqedsn[gEedorn(evaporator surface) sagpdicuSeagpspds $Ea0pdn
megg [9&gdedoopd  qodsolgEe§orn(evaporator surface) qpsq€  evaporating
temperature 3[g¢ $€eomalop? efficiency deomEs§Eaopd

(G) B§omogp: 220305 230d008:qeRd Alun[Read c320cd  e[pEicd§Eoopdn ayBagden
006808 conzo0pd(compact) system qpe320305 0§elgd 332600932905 [gBaopd

(§) System qOsnzco:$(shut down)og€ electronic expansion valve 2005 dodeseomeloppé
shut off 6§ solenoid valve 0obs0€aozg$ ecdsadeol
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Orifice 220 3agud=Ro:(size)od stepper motor ofeupcd pulse width modulated (PWM)
Hpzoomiqeod s0ddge] control cpdlogoopdn  Evaporator outlet © 3saos(pressure) $& 220§§
(temperature) o3 sensor ¢ 03E:0p(Gs controller 8323 Seo:a0p5i Controller © output signal cooSews(d:
motor o8ewpod actuator ¢ oodsol  orifice spozagUOZIE(sizE)3 control apbeozoOEdN gOEd
@053 [godeomod(power loss)§ScpE  valve Bodesesn  [gopboon§Eaopi  Low  ambient
temperature 930005 condensing pressure ogeoC:ag Goohropdieomea partial load condition
a3w0pab floating condensing pressure 0g€ thermostatic expansion valve gpsaopd hunting [g6§E2020

]
<°3 ©-00(on) Electronic Expansion Valve (lJ ©-00(9) Electronic expansion valve

&(9-00)a0p5 continuous flow type valve & Ggdoopdn Valve seat $& slider o3 solid ceramic
[5€ [gopboonzaopdn 10% $& 100% sofogpeap linear capacity characteristic co:§€a00) valve gps
[g8[o300p51 Controller $C configuration co62005 (dgpizaq 3a§§jrm20dH{g§ 00N Expansion valve
320)g§Co0pdspdsqpsen superheat control 1 capacity control cpde$ suction pressure control |
compressor 32 de-superheating cpoq$ea0R0 liquid injection cpd[gEsi condensing pressure control

5$C hot gas bypass control 03g&[o30005

”"%‘,. z %
Capability \ '
(SEER, IEER, 'S hSEx
Modulation, {
Reliability) N
%

A\
£) S TRV

Capillary Tube

Expansion VValve Technology Evolution

¢ ©-0 ) Expansion valve $25:0000 03:00056[gpE:cdomnd

©. J.6 Capillary Tubes
63000A3q0d $0g05e[opE capillary tube qp:opt dsmieaqpspds(at:(pressure reduction)
[g8edl 2005
(o) Tube &&qpe(walls)opE [g0edl 20pd godaBade(frictional resistance)elopé Bsantogeotse
[g0edl 2005

() Liquid refrigerant qp: 336g[gE:elo3p¢ 8zaniogjeotsq [gdedl aopdi
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Refrigerant s26ga36a0p5se0(vapor  density)aopd saepd  98600pSseo(liquid - density)oood
85520000 Capillary tube 320385 refrigerant gps 8se0C:650D3203E: refrigerant 6l q&sqjo3600p5:e0
(average density) ogpspS:conaopdi Tube diameter $& e§ox ve[gpticdeon Refrigerant 8:g8: (flow
rate) oo[gp:cdo0pdaadl capillary tube 230p8:5 [gbedloopd refrigerant velocity Sgpsconaopdi
Refrigerant mass flow rate 20p5 pVA [gdoopSi Refrigerant velocity Sqpzaoneomalopt 8samiogeotsg
(pressure drop) 3gpzconaogd

Refrigerant 8:58:(mass flow rate)oopd 8zansofgpegod(pressure difference)sacdl 0g€ @oopd
a0pbi Capillary tube 2095 cooling load e[gpE:cdegpesE cB05p8a00) B:gS:(mass flow rate) qesnt
Bodq e[pticdeu:dled: weon Capillary tube o6sofoon:aopd unit gpsoopd capacity control
cdg§m0p05 unit 0obpad:aB qdsadgts(cut in) [g§ewrigés(cut out) [grpdeoopS

Capillary tube qpsoopd =a§eqtsadieoon refrigerant flow control device gqp: [g8[o30005
Expansion valve qps c$epopE saadigjoopdn Capillary tube qpoogd sacg§eonicabo00d dodmarosgps
(small-diameter  tubes)[g8lo3o0pdn Refrigerant gpzaopd  aB3odcdoneroigpsad  [gode]  Bseolid:
evaporator 3203¢:03 Gepo>gogn:oopdi Gooscodaopd hermetic type refrigeration system qps (up to 30
kKW capacity)og€ sacgSonjedlg§ge s20di{gfog0005

8amigCoopd condensing pressure o B8s2:860005 evaporating pressure a3eepoSest
eagpyleusdCoopd 32qC: 0.4mm ¢ 3mm &8 3900 1.5m ¢ 5 m §oopd copper tube codonervigps
[do0pSn Refrigeration load epboyade(pEscdesdeo evaporating pressure o3 oopdgeesant 035000
§Eo0pn Sensing bulb ¢ 320§803 oB3&:urd: evaporating pressure o control cpo[gEsgdaopdn 23690
eqdeoogy(refrigerator)qpsopC capillary tube gp:o? heat exchanger 6 328053208:32[3d 0opbee005
0060 a00:0000N

Compressor capacity $& 03050863308 3odcodgpiei sagpS(length of the tube)od §Sop
(adjust) qoopdn Condenser efficiency $& evaporator sogud sso:(size)od 3ac[gdq) capillary tube
32gudm000: Ggeg|udqEoRdI Capacity $00:00pd system qpsopC capillary tube qpso? spadigog€ sacgs
effective [g200n

3203qoopd Bamsogeoliy [gdedlesant Gaoscudo0d dodoneroigpiel 3agpdad 3203330y
0R05g07q) [gjrpbaonzoopdi Condenser $& evaporator [o3pzopE 006s0E0mm00pdN Yododode(friction)
elopt [gdedlaopd Bamogeotigoopd Sodel saqtisC aqpded ot voopSaoobi adelopE saturation
pressure o3 oqeog:eo00001 odelop capillary tube 09005 condenser ¢ evaporator o3 8:0C:e009
refrigerant flow o3 o03E:omao:a0pdn Condenser $& evaporator $696i 3smgpigni903 0opOG6eeE
038:88:00gC: [gdoopd Capillary tube $& condenser o3 o305§od sooSogudaozaopdi Sodsacyt:s
:eolieom refrigerant oo’ oB8sq)d(control)§Eo0pdn Compressor 3209808 cL598E2005 flow
rate 0005 Jqpzo0pd refrigerant gp: 0Ceepadaondon qodBiaqps [gded €200

powd- capillary tube 3¢j gpdaqpsgts a3eupod dodsagit: B coocad(gliad (gt edge:
qpeeoonelope B:eolig  owdangoiogicd6epdi  Evaporator 32000cpbesobioms@ Oag eseom

refrigerant saqpSqp:aopd condenser o3 [g§es0o¢[gC: [gdeol §Ea0p5n Condenser 3203E:5 coods 320§
[4€0205cB860pS
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a3320p08 capillary tube &1 3ogp0en 3] o3[gl: Bowncd Sodmngt: Jokes[gt: (goesdm
B:0Csqoenm qpifdr 0§ capacity $p5:e50886051 B3§EaE evaporator § overfeed [gbes[d:
compressor  93ewpod  refrigerant saepOqp:  Gepd§enepdn  ddelopC  refrigeration  system o
8320600 0wNsE 03053600 tube ¢l 326P05E 329203 ogigqIdaERd afwax pump capacity $&
flow rate o8 o3o58(G efficiency SeoE:§Ea00i

Table 8-1 capillary tube size and applications

Horse Terp Required Length of Capillary Tubing in Feet for R-12 Refrigerant.
Power Tube Inside Diameter (ID) in Inch
0.031 0.036 0.040 0.042 0.049 0.055 0.065
High 1.1 2.2 3.5 4.5 9 15
1/8 Medium 4 8 13 16 32 56
Low 9 18 29 36 72 126
1/5 High 10
Medium 2.2 4.4 7.0 9 18 31
Low 5.2 10.5 17 21 42 73
High 5
1/4 Medium 1.1 2.2 3.5 4.5 9 1.5
Low 7.5
1/3 Medium 9.5
Low 1.75 3.5 5.6 7 14 2.5

Capillary tube 20p5 oofgaeoon refrigerant control device qpssC  ognfgpsoopdi Cycle
qOssc02:$ evaporator 2a0pCs refrigerant &:eolsg s00Scogbed escBgepdn Capillary Jod¢d

gCesao[gC low side pressure $& high side pressure o3 oolgpSgpd: P8girncBGepdi B=ag§o005

refrigerant copde§ =oGomCiatimnds [g6o0pdn copdepogt B3ab006a000h0m  copdagEiqepd
320000g) Sogaxdlon condenser o8 [gSeeonCepd[gdds condensing pressure [gEoo0dacdgepdi odaedl

efficiency oje08:a2:8E20001 AB[gE evaporator o eepod§ronean refrigerant 360gPz0000
F20$qpsgI¢ compressor o8 eepao compressor Go:eo$E00I
Capillary tube sa03gjeoo 005gp:el 00p5680305¢ 0§ods 500001 el tube o od:oo[ge

system qOs0:§§0pC Bazmiqps PBeso[g unloaded oc[gzrcsopt §oodn BmgEoE oot
copbuodeadon eedomaogd starting torque sagpdscadgEam 0onErupbuodepdi Belopt 36

(domestic) refrigeration ©sdqpsogE sagpsad: 3200ggoopdn SaspdiqodgPien B:gSs(flow rate)od
82003 qeent ocpo8E[gls enodaeg, (refrigerant) vwdan o3dBoyoy copdagliegssC capillary tube
32038 3cb5aaqp: [§0edl Ao ©udepigs eagudSaplgts 03gdaodi

©. J-q Capillary Tubes and Restrictor

[3em:0005 system qpzopC variable orifice gp:od expansion valve qpzealgd 0o6s0E[30005
Gaosca5000) system qpzopE capillary tube gz 0obe0E[og00p0n Capillary tube qpzoopd modulating
0pb8Ea0pd 3§uon(non-modulating  device)qps [gdeomalopE sasspdigodgp: §oopdn 2Beaod
0560007 Ggq|0d 069080020005 capillary tube qpzoopd GoysEgudemEiennnna0d gbieeonteapd
(performance)gp:od co:§Eo00i
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Refrigerant 8:8:(mass flow) oedanoopd 8gasom(gpsg(pressure difference)s¢ saoCesepogt
[g6edl20p5 liquid subcooling saedilogl @onpSoophi Gaoscudaopd air conditioning system gpsopé
capillary tube gp:d odelgb  sooX{gogoopdn  Goopmapg§(ambient  temperature)  [§8on0d
cmeonelopé cooling load gpiconaopdsasl  condensing  pressure  [§E00050c86epdn oBeedl
evaporator 3203E:03 refrigerant flow Sgpsqp: 8:08q8 3062005

Tube gp:el 3220005 0.8mm ¢ 2 mm [gB[Ge sogp50p5 1me 4m of [§6§E0p5n Capillary
tube Al§oopd air con unit qpiod 005§S 006eolB: refrigerant vwdan 0380y copdagE:(charge)

60260§ 0001

/ 2\ At

Il =T,
) gy

\

¢ ©-0p Restrictor expansion device

Cooling $& heating 350305 =oad[gepd unit (reversible air conditioner) gp:op€ 0n6s0E
ecpfoopd throttling device 03 O(e-0p)ogE ewdlgoonsaopdi Expansion device 0303 [gg 6e00Egod
Gos0pdI O(9-0p) (a)20pd normal cooling mode §esepd device $d [gdoopdi O(e-0p)(b)oge flow
reverses [§9eo006[o3p¢ bullet 2005 seat 900503 6g, 9g:00201

Capillary tube $C restrictor o3 evaporator ¢l 3a0(inlet) § cobeo€aoniee§od condenser &l

F20905(outlet)§ 02680002600 2001

©. J.© Float Valves

Float valve gp:o3 high side float valve $C low side float valve vpg] $6§js F[gpscon:0000N
Flooded type liquid cooler oo&sooonsaopd chiller gpsogE refrigerant flow o control co6g$30505
320)4gjoopdi Throttling device &l 33205gCo0pbonad(high pressure side)og€ high side float valve o3
0n6e0€aon:00001 Evaporator ood91 compressor 0069 $¢ condenser 0od9ax Afaopd chiller g

a300pob refrigeration system o€ 3205g§C20p5

Throttling device &l 8222:8600p50005(low pressure side)ogE low side float valve o3 000808
con:00001 Evaporator gpagn Glo€aog) refrigeration system o0& 320g[0300p51 0088lond4) float valve
elop¢ evaporator 32038:3 liquid level [gGono5[gta 86e08dgEs [gdeil 000bn 936005 2005605 co000d
2038:z00m(preset limits)zacpts5o0m [gEonod[ges §6908:(gE: [gdedl copdi

©. J-¢ Low Pressure Side Float Valve

Low side float 20p5 evaporator 32038: refrigerant saqpdei level 03 0620005005 gbes>E
0380006020009 Float 2005 gCeseo0 s0culal Bewrod chamber 0o69ad03E 00pdopd sealed ball
0069 [gdo0pdn Float o3 lever [g¢ §odeood(link)ooosG: needle valve 0692005 ofedlodad ¢&[gts
8oH[gE: v68EemnE oxpbesonndoomoopdi Evaporator el refrigerant level §6653lon valve oo gCas(Ss
2005005002600 325 level 93 eepadfesilon valve odagrd6epdi
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Low side float valve Surgedum

Flanged head

Float ball i stam

Valve pin

Manual shut-
off seat

Inlet connection

Valve seal
Q ©-0G Low pressure side float refrigerant control
Refrigerant 32(4&(level)o? control cpde§eacgad bucket type float 3wwpod pan type float o3
seadgjoopdn Oil binding [g8fg€:0005 low side float &l 32025055105 [§B20p51 320005e[oFpEeB6a05 oil
5C refrigerant o3 eepes§Eeonalopt [§6o0phi Sajeseon eqpadap: [gSogodogneoa$ refrigerant
el qodgolgEoge wick 00b9 aeupod Godicdeom by pass 305006903 =aadgetlys OB
[gooogna? efgqt:8aopdn

Liquid receiver 0od9 000s0CoondfGe Sajjoopd refrigerant saqpdypicd BeaprEoonioojgé
evaporator 3303C:0) 3220006000500 08eepadogicdgepdi ((9-0G)aRE [goonsaopdeecdE: pan
type float o€ evaporator gpseii suction line 205 float chamber o eepo§oopdi [P3enieomn
005§0d0004RsE GqE3cL0sdEPIRE 3padigaopdn Thermostatic expansion valve o3wopdd low
side float qp:0% multiple evaporator 05gp:oaE 3295(g00Rd!

Suction

Upper balance pipe Low-pressure
float

High-pressure
/ @ liquid
4

Liquid level
Solenoid

valve

Lower balance
pipe

4
+

Q ©-06) Low-pressure float valve on flooded cooler

©. J-00 Lower Pressure Float Valve and Switch

Flooded evaporator gpsogE Ol§eom tube qpod sa[Goos refrigerant liquid [¢& Bgod
656065300305 refrigerant sa6pdel 324803 0620005005 §beINE B800n2qs 832500001 ook
§eqCz0005 float valve 0o69onbeoaosg(g cdeaunndoopdi Evaporator shell 3038:3 refrigerant qps
spgobes(boiling)eomelopE float valve o s2[g€onady 000s0E00mqoodi G(9-08)a3¢ [goomsood
2038 balancing line [g& s005a305002:0005 820§ 3208:(chamber)ood9o3E:S 0obeoEaoniood
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Suction

]
. ————— "~ :,:‘ Controller
|
|

Liquid level

~

Throttle Solenoid
valve valve

 ©-06 Low pressure float switch

®. .00 High Pressure Side Float

High side float refrigerant control o3 high pressure side 900503€ 00be0€a00:00001 Low side
mechanism oogj,$& 00p0ee0005) opBaopdi Compressor copdood§§ogE condenser ¢ refrigerant
qpPzoopd high side float chamber o3 o305§05 8ssoCsognsoopdn Liquid receiver odeq Refrigerant

26pO42o0pd evaporator 32038:03 8:0Cs6pd [g200N

Body Float arm
Head
o Pivots
o
Valve pin
== Valve seat
Inlet | o
: s __ Outist
L —
e
Discharge tube
Float bal b))

High side float valve
Q ©-0q High pressure side float refrigerant control mechanism

Lower pressure float valve o0pd metering device 099 [§6o0pd1 Compressor §5G$009
32§80z valve 2005 cd:0 adesesn dodesa0pd 3a6[geaesad vespod§Eeon Valve ocdeomelope
evaporator 220p8: &:08q [gdedl§Eo0051 Compressor 3203E:§) 8320:¢ evaporator 83202073 0ppdoopd
oB3Eesmt B:0€escB6upd Suction outlet s250:006epadesnt liquid gp: [§E0205 concBGepdi ado
cdeseant Bode§(shut-offjzaogod liquid line o3& solenoid valve oodeoooniq§ 92000001 O(e-
o6)ogE low pressure float valve o} solenoid valve $& 3a0p 03¢) 320gi003 eelgoonzoopd Throttle

valve o3 pressure reducing device 35[g6 0268080020005

Condenser ¢ o8eqpodaonaog) liquid refrigerant qpao3pe eon(float)od [gEonoSeo(Gs needle
valve o3 g&euteomelopE liquid refrigerant qps evaporator 3303E:03 o€eepodognzoopdn ofspdst
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refrigeration control cpS[gEsaopd refrigerant 3aqpbgp:cd evaporator 3a038: a38se0pSiconigtot
[§620201 220000¢) =aqpdeisagE(level) §6s0:ogoitlon cun(float) §6oy094G: valve o3 Bodeo:
cB86opdn ospddgC high side o005§ B3a:sC low side 9005 Bzanspignigod aB8:036:c0z0000
eon(float)oopS high pressure side 005§ refrigerant saqpdeizelgé(level)o? 0od200050054gogs
0B§:036:c0gE: [gBaopd

Float control 2095 low side float o 393 il binding [§6§§ 30oS:0005n 3a00056oppEedea05
BamigCoolge oqpedypioopd refrigerant saqpdadopt  J¢) eqPofflB:  sacponay  cvpdudd

e560006[oPE [g8aopd Needle valve $& 3203E0B gSionigahd8EqpS§eamn stain less steel a3owrod
hand surface alloy [§¢ [gopSoonzaopdi ospdiopE thermostatic o3eupcd pressure motor control o3

Faadgj002200201
83200005 refrigerant owdan 32039073 copdogliaonie cSaopdi doopd[gEs(over charged)

a3e0pdd eaqpoopdlgts(under charged) olgdeoa owxane§osgs copboonag€ liquid compressor
qoa8s[gE: o[gdb8Eeor

Condenser

High ‘
prl?(;&jilére \ @ Compressor il il
d

4 Suction
High pressure ]
float expansion E@ »— Evaporator
valve Low pressure
liquid and
flash gas
<°3 ©-06 High pressure foat valve circuit .§§ Sectioned view of high-pressure float valve

©. J-0 J High Pressure Float Valves

Single evaporator flooded system qp:cpC float valve 03 006808 320%(g[030005 Float valve
205 condenser ¢ =a6pOgp: evaporator 330988 ofeeprdo0pdgSid cB8eu:a0di High pressure
float valves 300600600005 steam trap 30060060$E 0320001 Float chamber 2005 condenser
pressure 3gao00deepad(gt: desqeomelopE “high pressure float” vp cal3[ge: (962051 O(0-0q)
$C (9-00)0p¢ high pressure side float refrigerant control mechanism 026903 eed[goozaopdi

High pressure float o saaddg[gSselopE high pressure receiver o3 3203gg§ ocdcor

Evaporator =o0pC:§ refrigerant oednoogd system oS0  copboonzaopd refrigerant  owdan

£:0k[g620051 O(9-00)0g€ [goorzaopd high pressure float a0pS 323:8:000:(ammonia) a3eupcd carbon
dioxide refrigerant qpzs& o3¢] s20d:{g§E2001

Chiller 32038: refrigerant 8:s0€:c0pboodesa0pdsss(rate of refrigerant circulation)oopd
compressor &1 pumping rate 3363/ aE ganpdo0di
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Evaporator 850p&: 906gdjogaoopd refrigerant owdan 2005 cooling load =aedl0pé
$0opdo0pdl [§6§C2000  acfgEacsaaniadiaacgod flood evaporator =20pC:y  AdGAXOOHA0PY
refrigerant oedn$E cdeanda0pd heat transfer surface 03 §q§ 352600001

Low pressure receiver aopb compressor 320E:03 liquid ofeepod(glse omnzude§eacgod
safety vessel 3265[gC [gjgesonqod cosaopdi High pressure float ol 329003202203 o§mEgd egeqied
cog€ system 20p0 condenser pressures $686[gE eedC:8Eeomaelopé Gmaoopd epadpopogt
95:32¢ 6gjon8Ea001 00b5p0:3a0dgC part load efficiency deomnEsaopdi

< Condenser
Discharge
Compressor
Superheated vapour
Suction
Warm
liquid
[@ > HHHHH Evaporator
High pressure -l - :E;EM
float valve o e Ra e
to drain Low pressure
condenser receiver
Cool Expansion Cold liquid
liquid valve + some flash gas

¢ ©-0@ Low pressure receiver circuit

Flow switch qps3a[g€ refrigeration machine gps a8305qi058[gCse omapudgssa0R05 633005dl
operating safety control gpz Adeepdi

(o) Low refrigerant temperature

(y) Low chilled water temperature

(p) High condensing pressure

(G) Low oil pressure

Chillerqpsoogd opdaopdaacfopEieloppt qdon§(shut down)aopSgdeo odeson [gfgfeom
[g$c0p5e) 000E eenéiq$ [P3ponz00Co0pd
Rotary compressor chiller gpssacg0b safety cutout $6§: 3203590 doCq§ 83260005

(o) High motor winding temperature
(J) Motor overload (high amps)

©. Safety Controls
6300O0306[g3a656P: 305050 00099 [gdedlagiE compressor ABYadqEO8gt: olgbedieogs 320305
chiller o3 500§, (shut down)q§ 2Bewr0d inlet guide vane o3 3odgsadsa600001

» High bearing temperature e Current imbalance
¢ High motor winding temperature ¢ Excessive motor acceleration time
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» High discharge temperature e Excessive starter transition time

¢ Low discharge superheat* e Lack of motor current signal

* Low oil pressure ¢ Excessive motor amps

« High, low, or loss of voltage e Excessive compressor surge

e Ground fault e Temperature and transducer faults
« Voltage imbalance ¢ Excessive motor acceleration time

¢ Excessive starter transition time

e Lack of motor current signal

* Excessive motor amps

¢ Excessive compressor surge

* Temperature and transducer faults

* Low cooler refrigerant temperature/pressure

» Condenser high pressure or low pressure

¢ Inadequate water/brine cooler and condenser flow

*Superheat is the difference between saturation temperature and sensible temperature. The high
discharge temperature safety measures only sensible temperature.

©.9.0 Safety Cutouts
e Bearing QOil High Temperature ¢ Medium Voltage — phase to ground
* Motor High Temperature e Cooler Freeze Protection

« Refrigerant (Condenser) High Pressure e Capacity control
« Refrigerant (Cooler) Low Temperature e Leaving Chilled Water Control

¢ Lube Qil Low Pressure e Entering Chilled Water Control

¢ Under Voltage e Ice Build Control

» Over Voltage ¢ Guide Vane Actuator Module

¢ Qil Pump Motor Overload ¢ Hot Gas Bypass Valve

* Motor Overload ¢ Power (Demand) Limiter

» Motor Acceleration Time e Auto. Chilled Water Reset

o Intermittent Power Loss e Compressor (Refrigerant) Discharge Temperature

o Compressor Starter Faults ¢ Low Voltage — phase to phase and phase to ground
» Compressor Surge Protection e Soft Loading Control by Temperature or Load Ramping
¢ Low Level Ground Fault ¢ Medium Voltage — phase to ground

¢ Capacity control e Cooler Freeze Protection

©.9. Interlocks

¢ Manual/Automatic Remote Start e Compressor Starter Run Interlock

« Starting/Stopping Sequence e Pre-Start Check of Safeties and Alerts
e Pre-Lube/Post-Lube e Low Chilled Water (Load) Recycle

¢ Pre-Flow/Post-Flow * Manual Reset of Safeties

¢ Monitor/Number Compressor Starts and Run Hours
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GomEo005098

.. Chiller Control Load Limitation Control
Control Range 10-100% depend on chillers
Limit Electrical Demand
Auto Limit Control Logic to Prevent Shutdown
B Evaporator - Low Pressure Limit
B Condenser - High Pressure Limit
Motor - High Current Limit

Electric Demand Limit Control

Chapter-8 Capacity Control of Refrigeration Systems

100

80

60 -

% Full-load Amps

S
=~- w/o Load Limiting
— wl Load limiting @60%

0

T T T T T T T 1

6 7 8101214161820
Minutes
(:J o- Jo Load limitation control

245

Electric demand o8e0po5 electric current limit control &30000¢n ewbom current o3
2005005000:00p) (predetermined value)oooh dugpieoq$ control cpdgEegdoodi

Motor Protection

Compressor motor 20p5 chiller 0odcd:oe egpeaa|iad:ognds [gdoopdn cudomeqyoiicogs
PpFSo[gEonndesn(high temperature) o00z00[gE:0000 sacg$ence3ro0d cedomaE(motor
stator winding)ell 320803 sensor [g¢ 03E:0po0pdn 20§§03 165°F(73.9°C) coodspdaqiC cedom
oeentiqf 3§5(G)850 conCaldCsquopdi 2p§§03 165°F(73.9°C) co0d Jypidlon oewntiql 3§
(09)850 onCadCiqo0pdn 200udq) 2p§§a0pd 265°F(129.4°C) cocddypidlon eedom  Gedtiq)

0qeaNt [gpdoomzoopdi

Current overload temporary power loss low voltage $& phase unbalance 02005 cebomei
0ql6063C:5E2005a3E 2005 omogudagps [gapdoomsoogdi
-End-
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Chapter-9 Refrigeration Compressors

Compressor qpzoopd refrigeration system qpsei $cd:(heart)qp: [g8[0300051 cpegnaBcbogt
GagiqPs CVPdL0de3ME $ads(heart)on 3RGCRGELsTRA refrigeration system  opC refrigerant s
copdu0d G§GINE compressor o op&s(pump) Gosoopdi Compressor gp:od vapor pump qs3a(gd 0pso
§Eo0pdn Compressor gpsaopd B02s8600pd suction pressure © 8agCoopd discharge pressure
a3eepodeant 3a3060:00p01 Compressor gpsaopd refrigerant qpsod system a0pCs§ copbucdeo(ds
Baansgesant [giapdeuoogdi

powd - low-temperature system 0093 R-12 refrigerant ¢l 32088gs(suction pressure) 2000
3 psig (g sp0g0d33ms(discharge pressure)oopd 169 psig [goopdi Compressor 2000 8: 166
psig(169 - 3) Sgpscuneeant [gapdeu:aopdi pows - medium-temperature system cod9oRC refrigerant
& suction pressure 20p5 21 psig (g[8 discharge pressure a0p5 169 psig [gdaopbi Compressor 2000
pressure 148 psig(169 - 21) qpsconesxnt [grpdeosoogdi

Compressor gp:o0pd vapor compression  refrigeration system qp:opS o§elgd Clo€oogd
320052088:(essential component) coo:poat 00d9e(gd doCaopdi ofseess(chapter)y  egpogodogt
q§8Ea0p5 refrigerant compressor gp:el 8&E: eooaogps(design features)od codjgooazaopdi Positive
displacement compressor $& dynamic compressor 6] $6§ 93{gpz00pdn

| RECIPROCATING | ‘ ROTARY | ‘ ORBITING ‘
SINGLE MULTI-
| CYLINDER | | CYLINDER | | LINEAR | | SINGLE SHAFT | | TWIN SHAFT | | SCROLL I | TROCHOIDAL I
ROLLING PISTON ROTARY SINGLE
| CRANKSHAFT | | SWASHPLATE | | AND SWING | ‘ VANE | | SCREW | ‘ TWIN SCREW |

SINGLE TWIN SINGLE MULTI
CYLINDER CYLINDER VANE VANE

& @-o Positive displacement compressor sa§jea0:qpsad mechanism design [§& g[gpzconza05i
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Refrigerant compressor quo% displacement compressor gz §§ dynamic compressor gp: o?ej
50§ 3lgproonzoopdn DBsdGped: 320305 hermetic 1 semi-hermetic 93000 open type ©a0pd[gE
6650200095680005003 Goopde) 00dd Flgpscozaopdi
Compression Ratio

Compression ratio 20p5 8zascfapsqod(pressure difference)od eedjgoogd $pbsopanedume
[§620p5 [§E20pS 830:03 860005 83a0fgE ©2200920005 3ajje(high-side absolute pressure divided by
the low-side absolute pressure)gdoopdn Absolute pressure [g& ogodcgi¢ compression ratio 205

326018 0083 [g8[o30005

. . Absolute Discharge Pressure
Compression Ratio =

Absolute Suction Pressure
pow- R-12 [§€ cuntiesaopd compressor oodad:el 3209058sm0s(discharge pressure)oopd 169
psig (125°F) [g8[8: =00&83a:(suction pressure)aopd 2 psig(-16°F) [gdaqi€ compression ratio 03 gpd

169 psig + 14.7 psig (atmosphere)
2 psig + 14.7 psig (atmosphere)

Compression Ratio =

183.7 11
16.7

Compression ratio 20p5 11:1 8300p5¢> 33090533ms(absolute discharge pressure)oopd 3208
Baans(absolute suction pressure)oocd (00)so Jgpsaopdi o3 system 330985 R-12 o3 spade[god R-
134a o} refrigerant =o[gd =a0dgqi€ oppdoopd condensing temperature 125°F(184.6 psig) $&
evaporating temperature -16°F(0.7 in. Hg vacuum)qq$cg05 compression ratio 2005 13.89 [gdeepdi

Compression Ratio =

Absolute Discharge
Absolute Suction

Compression Ratio =

184.6 psig + 14.7 psig (atmosphere)
(29.92in.Hg — 0.7 in.Hg)/ 2.036

Compression Ratio =

1435 13.89

Compression Ratio =

R-134a system @il suction (evaporating) pressure 20p5 0.7 in. Hg vacuum [g®oopdi 0.7 in. Hg
vacuum o3 psig 93 e[gp&:qepdi

Condensing temperatures 125°F $C evaporating temperatures -16°F qg$320305 R-134a (¢
eend:aop) system & compression ratio 20pd 13.89:1 [gbqepdi R-12 [§¢ Gwolaopd system &
compression ratio 2095 11:1 [g6qepdi R-134a [§¢ 6enCs0005 system &1 compression ratio 9000 R-12
[§€ @ento0pd system cood Sqpzaopdi

Compression ratio [G€[gE qfg§se0g0d g&:matapqp: 832600051 Compressor a3:80305
20p) @&eatypie 00§|,0000 3¢ (heat)sa[gdad  elgpCiadagnioogdn  Compressor o3 copdeos
c8odaopd oodgbems(mechanical power)qp: 32032(9da3 6[gpC:cd[ge:od heat of compression

068l 20201
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Discharge pressure gpsagq€eoo5copbseomEs 1 suction pressure $p5s0gniagie Gaodcopdieomts
compression ratio [§€co2c36ep51 Compression ratio 12:1 0005 3qp:aopd system 320305 compressor
& discharge temperature o3 [gSeo§:00q§ 332000051 Compression stroke og€ 8a38[gEselopE
[§0e0l conoopdeag(heat of compression) Sqps§EaamneloypE [gdo0pdi

Compressor qpscll  op$s=ans(pumping  power)o?  8§&:apdepo  compression ratio o3
aaadgjoopdn Hermetic reciprocating compressor gp:a0g05 compression ratio  12:1 20pS 32098
qpeoopdop eB8Ea0pdn Compressor ¢ ogodognaopd refrigerant gas ol 8ag§S(temperature) 005
egpadam: 3pagSadg(overheating)o? [0eoSEaopdi egpadyp: sapmpodqelopE omg$(carbon)
2[gd5¢ 3050dgpizalgd er0de(gpicdogn:§Eanddi

:26085090836] 835[gE:(two-stage compression)[gE 0obeo&qiE:85 compression ratio 86022
e3¢ [g[pd8Ea0051 pows - voow3aeE(first-stage)ogE compressor ¢l compression ratio 00pd 3.2:1
(114.7 psia - 35.7 psia) [§620p51 3o3uosaent(second-stage) compressor &I compression ratio 2005
1.6:1 (183.7 psia - 114.7 psia) [g6o0pbi Compression ratio $69003:0000 c00H598Ea0pd (acceptable)
;eoopt §G: compressor ma0god ma0§S(discharge temperatures) 88eooelopE  compressor
efficiency comEso0pbi Compressor oodad:onpbsodiaqi€ compression ratio 20pd 5.14:1 [g6a0pbn
Compression ratio 5.14:1 2005 c005$§Ea0pd3a9080E §eoodcopds compressor 20gad 2p§S
(discharge temperature) [gEeoonelopE compressor efficiency p58Eo0pdn soscgudesnt &g
00020000 POWd DB [gdooRdH

Compression ratio 10:1 cood $p5:0q€ two-stage o3ewpod compound compression o3
20di{gjecy efeun 63650000 refrigerant qpsoogd compressor 32038:93 ofeepadg§encgad suction
valve o3 [godagasqoopdi Compressor ¢ agadaoo0pd gas gp:oopd 2$05c0d peg: 6520001 00§60
discharge line qpseil 3202005 200°F 2203 [§E8Eeoma[opE 03¢ AB3ag 3a0600nEEE00N
@-0 Positive-Displacement Compressors

Positive-displacement compressor qpsoopd  ©odgdsaans(mechanical power)od  329%(qq)
compression chamber & ap00pb03 eaqpygtiS refrigerant vapor ¢l 3zs(pressure)od [gEo00d

eowén Positive-displacement compressor qp:ooé reciprocating | rotary (rolling piston 1| rotary vane |
single screw 1 twin screw) $& orbital (scroll 1 trochoidal) 020p5[g¢ a§jdjs §o300pdn

Compression mechanism 8&&:03 c8odq) positive displacement compressor gp:od 2a§je32002
S[epa00020000 Reciprocating compressor qpso?
(0) Piston &l 35006006003 226[gdg single acting $¢ double-acting vpg) F[gpzcozaopdi
() Compress co20pd 3250&(stage)qp: o3 3vc[gdq) single stage configuration $¢ multistage
configuration oae] $[gps0onz00001
() [9$58:(speed)o? sae[gde) single speed 1 variable speed | multi steps speed va¢) [epsoo200201
() Drive enclosure o3 s2¢[gdg) hermetic 1 semi-hermetic $& open oae] [gpa0o0:00201
Refrigeration cpOcieqpeop saad(gjoopd compressor sagjgenon: od:§jeed
(©) Open
(y) Semi-hermetic (bolted hermetic) §§
() Hermetic (welded-shell hermetic) 03620251
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@-J Dynamic Compressors
Dynamic compressor qpzaopd refrigerant vapor 0323 kinetic energy o3 3290056[qob copbeo:
(continuous  transfer)oopdn o3 kinetic energy qp:od 83a: [gonodeoesmE e[ptcd oo

0065p0:330d4E 03 kinetic energy qpsa? potential energy 35[g633 elgpEicdeodgl: [gdaopdn

@-J-0 Centrifugal Compressors Function Based on Principles

Compressor 0069 6gequSepogt =agdgP:g0d ofiongs 32600001 oodsotepdesepogt
320300t §00dgEOGeoeloPE  sagudmonieonicodoopd compressor gp?d  6gegSe 20
adenodfgls(noise)ss  efficiency pdqEalielopt  egpgudootaopd compressor  o[gd8Eeompcol
Compressor o3&:apC designer gp: 90§:0695320305 refrigerant 1 cost 1 performance 1 sound 1 capacity
20pd 8&&:3ag/0P3a0005Gp:(design parameter)qps §oopd o compressor characteristics gpz0d G

c0§:00[8k sa00CergPedieomnt 38cudesist a0305p3adieo0 compressor o egeqiuda$ [gdaopd

Centrifugal compressor & cocopbB:g$s(volumetric flow rate)oopd  Bsazop(geigiod
(differential pressure) saedlopt woopdesaopdi Bsmsoplgpiqod(differential pressure)sdoopben
:00d3sms(discharge pressure)o 220&83a:(suction pressure)o? 0500220000 0053536200
Positive displacement compressor qpsoopd  Bsansogfgeqiod(differential pressure) opSaut
e[gpEicdeoomy cocopd  B:g&s(volumetric flow rate)od  deoo(relatively constant)gbesoi
00p0[G6ea0E 00§:000:§C 0005

Positive-displacement compressor gp:oopd chamber 30038:03  [0300€000D00500080000
oocopd(predetermined volume of vapor)od eduaBiesn0d cpaopdod cagpgom dsaig ododeolgt:s
[g020p5n Beop ©pdaopd Feegmrcsopt [gddee compressor 20pd 8&E:apboonsaopd capacity o3
000560:§Egd: §oopd

Centrifugal compressor 2020 suction gas qpso? 28005(god 3a36esBk(dynamically
compress) velocity energy qpseeant [giepdeosoopdi ade5005 velocity energy ¢ pressure energy
[y} e[gpticdeuvseomalopE centrifugal compressor gqpsood cocopdB:sS: deoo(constant
volumetric flow rate) cocSeuiq§ ¢lgdSEeon Belope Bsaszads(pressure ratio) clgpC:cdagqc
centrifugal compressor & capacity c305¢) e[gpC:des20001

@-9 Open Compressors 1 Hermetic Compressors §§ Semi-hermetic Compressors

@-9-0 Open Compressors

Open compressor gp:op& compressor & compressor o3 eentsepd ood(external drive)
006§ Befepelgdesnt [grpdaonoogdi powd-compressor $& compressor o3 Guriopd 2aCqE
a3o0pod  eedomaopd  3ag(enclosure)ondeaplsy  saoponny  woopd§eon  3a&:§:wx:(Ammonia)
compressor gp:od open design 33(g®o0> 0005pE[300001 Ammonia refrigerant 20p5 0o§),600 cogy|
ogodigp: $& 3§ (enclosure)ondeaplsl sa00000p 0d§gIE erodg§EeomelopE [gBaopdi o air
conditioning unit gpzoopS open-drive 3a§js3a03sqp: [§B[030005

2 MW capacity 2203 [Bsw200pd open reciprocating compressor gpsa? 820001 Compressor
& crankshaft 03 eubomsC §odsoodaon:aopbi Compressor housing ¢ shaft 20pS 3:5[ga8 ogodes
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comelopC refrigerant gas qp: ©udBocoqs oOesepogC shaft seal o =oad{ges Peabo0pdi
Crankcase pressure 20p0 atmospheric pressure cood §620p532dl [gCow eoogps ceeqegypiss

265qps compressor 2203828 0Caeepa>§Eo0pdi Crankcase pressure 20p5 atmospheric pressure cood
lgEoopdaedl compressor 32038:0 refrigerant gas qp: :0[gER WBBGoFBGupdn  Open-type
reciprocating compressor qpso? 328:8:000:(NH;) 3203208 refrigerant smicdisC sp0pa3e] saad(g|

88000

Hermetic (]
Motor

c‘} @-J(02) Centrifugal compressor hermetic motor 9 @-J(®) Centrifugal compressor open motor

@-9-J Hermetic Compressors

Hermetic compressor gpsopE compressor ¢ compressor o3 GenCiopd ocd(external drive)
00d§pEed @r0degrdoopd 3g(gas tight housing) 0od9aREss sacnonny copdogooniaopdi 860
Bodaons(permanently sealed)eoone(ogpé compressor crank shaft ¢ eebom0? olgecgfeor eddeay
§Ccon ooB:zaf(steel shell) 2o0pC:5 copdoglioond@s (gl oeuIeeods) Bodaod: GomelopE
opbo5p5datq) g8t [o3ad [algBaf clgb§Seon

Internal

Motor " suction pickup
start winding - 5
Motor _— Compressor shell
main winding —__ Motor
: — fan blades
Insulation S .
Motor-stacking (Stator) —_ ~____ Discharge
shock loop
Rotor ———n0 Discharge
R SR - muffler assembly
. Piston pin
~Top " _ Weldseam
main bearing —— =it
Discharge valve
Internal " leaf assembly
motor overload —— =

Internal

Oil groove L ____ spring mounting

— Suction valve leaf
— Valve plate

Crankcase —— | - U R = Suction chamber
| cover

% Discharge tube
Suction muffler

Connecting rods —

Suction muffler

s G cover gasket
Qil spinner ~ " Cylinder head
gasket
Outboard bearing Al Rubber mtg grommet
Thriset Piston . Valve -
Oil Locking plate Cylinder head
plate grooves pin

Q @-9 Typical hermetic reciprocating compressor
eedomsE compressor 3aqod 00680EGioonigdeomelops sacgs seolelgoogdi Seal
od§eomelopt u3Bo[gE: olgded8€eon Refrigerant & cqpadqpsoopd =a§(housing) oodesaoyt:
Fopdes(ooopdn B6adeqdecogmgps(domestic refrigerators) freezer qpssC air conditioner gp:ogt
hermetic sadjsza00: compressor qpsado 32adiqP:a0pdl O(R-p)ogE hermetic compressor oodad:ei
320E:3E:003 aed|goonzoogdi
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o3 compressor gp:ei capacity o3 eeomel capacity [§¢ esdlgecp§oopdi ad compressor gpzei
c0pb0od§8e(rpm)20pd 1450 rpm o8ewpod 2800 rpm [gdoopdn Gaoscudoopd refrigeration system
qp:opC hermetic compressor qpzaopd [g[gEad§:a38:q [gapdes oceadomem gas o388g ©§o3
[oPspSen cur:Eo0pdn Beadd adodencdaa: vonpdBE[ge:(voltage fluctuation)o? $§EqpS ofeon
GAoNAYE Geonagdeogrdaopd
Fully Welded Hermetic Compressors

Hermetic compressor cpccododon motor $& compressor $8900d:03 shell oodgmacptsy
neuesod(welded)g) copdaozaopdi “Tin can compressor” vgjcopds 6l sdaap§oopdi

Fully welded hermetic compressor qpseil characteristics qpso? 632005038 eejgoonsood
(o) Hermetic compressor 3303€:03 [300q0des0:q§ea0305 2a[gEanade 3a§(shell) o Fodes
832600001
() Hermetic compressor qpz00p5 gdaq€ cgCodqpopd sadjrmaeniyboodi
(p) eedomols(shaft) aopd compressor crank shaft o€ [gboo5i

(G) @ooscoboopd compressor gt egpsd  ooBgiaopdspds(splash-type lubricating)od
adg[le [0Fen:a0pd compressor qpogE Bsmgt eqpednd op&sdoopdspdi(pressure
lubricating)o? 205¢(gjoop5n

(§)) Compressor qpsogE crolge e32:63E[GIpOgS fin gz 0ode0Eao:a0dN

@-9-9 Semi-hermetic Compressors

Semi-hermetic compressor gpsop& compressor $& compressor o3 GedC:epd ©od(external
drive)ood§§jsod enodegadaopdsdd(gas tight housing)oodeogtss sacnonny copdogsoonseaodaopbs
[glgE(accessible or serviceable)q$3a0305 ¢E§Ca3NE bolt [§¢ Sodoorsoopdi enodegyps wud8dcogs
gasketed joint [g¢ [gopboonsaopdn  oobsoCoonsoopdesepe  bolt gpsad [gods] ewbomnd eaod
copd:eomnCa compressor ¢ 3a805320E:qp:ad 6o0500pb:e0E: [g[gESEa0N

[03em:0005 refrigeration compressor gp:od semi-hermetic odjp3202:33(gd  COOSROGY
§oopdn eedomg compressor o3 casing 00993303E:5 Za0xde00dRd: refrigerant gp: GeoMOYE
(motor windings) 22038:03 woCeepad§eamnt [gipdoonsoopd Semi-hermetic gpsoogd hermetic
qP2o00d Seqo3roopdn [Fen:00pd compressor gzl efficiency 2005 Gooxccdoopd  compressor
qp2oo0d deomCsoopdn  Overall efficiency 70% 0005 Jeox:§Coopdi Hermetic compressor &l
a0 qoden  opCRgl [glates o[gd8E[gCgboopi  Semi-hermetic compressor gp:o0d
o%szoié o3 eoppagrfCesnt 8AE:cnb0oigl: [3oo0pdi $dqjrodant u3Booopd [gooosn
Q GOl GOl

Medium and low-temperature commercial refrigeration cpScSsqps(applications)ogE semi-
hermetic reciprocating compressor gpsod saadgo300p01 R-22 1 R-134a 1 R-404A | R-507 02009

refrigerant qpelgC o3¢) 32054g§Eo0pdu
Semi-hermetic GebomeEl 822:000510dqPeD
(0) Semi-hermetic 6eboma0pd 00def:(mechanical room)za038:03 Sa0gP:0d vg&ooddeon

() Open motor qpzaRE [gepdeopd shaft seal maintenance 1 [g6ed00pd or&slagps(vibration) $&
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alignment §$6[g€:030% egpEadCoogdi

() Semi-hermetic coSomgpioge [gbecloogd inrush current aopS open motor 0g8 [gdedaopd
inrush current 0005 35p5:0005

Compressor 3a§:>05:
F20d:q200p0 compressor (§)) e
(0) Reciprocating (Piston & Cylinder) (G) Scroll type §<§
() Rotary (§) Centrifugal o3[g62005i
() Screw type

@G Performance
Compressor oo&cx‘?:eﬁ performance 03&5 refrigerant characteristics 1 compression mechanism |

eedom 020p03agIoNgPgd 2060l p woopboopdi Compressor 0odd:d GggEOgS320305 28m
OGP

(o) 2223g8E2025 2005008:(greatest trouble-free life expectancy)

(9) gd:matady 504G refrigeration effect qpsqp:§E[gts

(0) op§oy0dcd 200dom(gEs(lowest cost )

(20) socfgmecs 2djqjropt centiqf 3a00e(g[gEs(wide range of operating conditions)s¢

(€) 0o5$§Co0pd orSalg(vibration) $C epodad(sound level)zasot §ge: o3 [gdoopd

Coefficient of Performance (COP)oopd compressor codadsell performance 6omts ©6omE:o?
s0§:00qepd3a5|0> [gdoopdn Coefficient of Performance(COP)oopd compressor oodcdseil refrigerating
capacity o3 input power $& @0:00220000 F2§952000n Hermetic a3wupcd semi-hermetic compressor
odeil Coefficient of Performance(COP) 03 0cbupgs $600500:qp:0) 63300503¢ 6wdgoonsoogdi

Capacity (watt)
Input power to motor (watt)

COP (hermetic or semi hermetic) =

Open type compressor qpsei COP o ogadepogE motor efficiency o3 copbogades eadeor

Capacity (watt)

COP (O =
(Open) Input power to shaft (watt)

eenses0000306[g3a6s(operating condition)o c8ode) capacity $& cubomnddl(motor power)
a3e0pod shaft power o3 egpC:cdesaopdi BelopE COP 2005 eunsesaopdasclgzacs(operating
condition)o3 c805¢] a[gpE:cd ego0pd

P 3

("3 @-G Ideal compressor cycle
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Power input per unit of refrigerating capacity (watt/watt)oopd sadjmeen: eopoBoopd

compressor gqpzod 0982005 operating condition gpzescogl §E:aresza0305 Sa0d(gjoopdn saop:
20[gC open-drive compressor gpseil performance o3 80§:006q5320305 [g6200

W,;, Power input to shaft (watt)

Wy, Compressor capacity (watt)

@-§ Ideal Compressor

0(@-G)ogE  [goomsoopdmeddl:s  euntiesodeacyts(during  operation) compression chamber
2:00p8:§ 8ams(pressure)s& aocopS(volume)oopd elgrEicdesoopdn Refrigerant o3 compression [gjopd
§poRE process Gaz920d 2a83009903E: 0dY[G:ode so0dccgdedl c50Rd!

(0) Suction process (point 1 ¢ point 2)
e05eg(gas)qpsa?d compression chamber s20p8:03 9612005 (gdod
() Compression process (point 2 ¢ point 3)
Compression cp&oopd [g00d
() Discharge process (point 3 ¢ point p)
Bami{gCoopd endbeg(higher-pressure gas)qpsad compressor s2(g€ad coobodaop) [gdod
(G) Cycle 320080089[g$0q$ (Next cycle)

2005905005000 operating condition 02&90pE compressor 0266l capacity 20p5 compress
00608200 endbegell [3ooo(mass)sé sondobaopdn Mass flow 2000 compressor displacement per unit
time $& a8600p5ss0(gas density)od algpodejq0pd §rodgdaogdi

m = ps.-Va(4—-1)
where
m= ideal mass flow of compressed gas (kg/s)
p, = density of gas entering compressor at suction port (kg/m?)
V 4= geometric displacement of compressor (m?/s)
O(@-6)3¢ [goon:00pd3203¢E: ideal refrigeration cycle o3¢ process Goosgdlo€aogd
Process 1-2 20p
Isentropic (reversible and adiabatic) compression [g&aop5
Process 2-3 20p
deo0830:(constant pressure)esad0pE de-superheating 1 condensings¢ subcooling [gdoopS
Process 34 20pd
Adiabatic expansion (620201
Process 4-1 20pd
deo083:(constant pressure)esad0p€ boiling $¢ superheating (62005
3200050 P3¢[[gE:0 m a0p5 gas &l mass flow [gdoopd

Qo = m Qrefrigeration effect — M (hl - h4—)
Po = m Qworkof compression — m (hz - h1) = m W,

where w,,;= specific work of isentropic compression (J/kg)
Q, = ideal capacity (W)
P, = ideal power input (W)
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PRESSURE p

A
P=C
T=C /

ENTHALPY h

c? @-§(02) Pressure-Enthalpy diagram for ideal refrigeration cycle

@6 Actual Compressor
Compressor  sa§jzmaons(type) 3260 0paonpde) saqedgpign  oplgpdatielogpt  capacity
eaqpspdgts $& gbientadgeqpsgl:(increased power input)o? [gbedlaopS
Bamsoyeolig(pressure drop)qps [gdedl comelopE actual compressor performance 205
ideal performance ¢ ogofgpgts [gboopdn eemhopt Bsmioyeotig(pressure drop)gdeooopdsag)ed
a300pdb actual compressor performance 2005 ideal performance ¢ oo[gpieo0Rd SagdgP:ad eudlg
002200001
(0) 8z:0ye0Csqqps(pressure drops)
(o0) Compressor alo3p¢ 83asoyeoligCs
(9) Shutoff valve qpso? [godogniop 83msoyeots(gts
(0) Suction accumulator o3 [googo:0p 33a0:030Cs(gc:
(20) Suction strainer/filter sa[oyp:op€ daantoyeotsgls
(c) Motor (hermetic compressor) o3 [go5og0:0p 83ms03e0Cs(gt:
(©) Manifolds (suction and discharge) 320p€:3 8sansoqeotsgcs
(s0) Valve $¢ valve ports (suction and discharge) qps 220385 8zan:0e08:gC:
(1)) Refrigerant ¢ 2a0qp03 eO0o[gCs(heat gain)
(00) Hermetic motor ¢ 3204203 @oup[gs(heat gain)
(9) Compressor $& suction gas o3 sapecpud[ge:
(p) Power adsgeq [§0c0l 2005 Fa/05qp:
(o) godoBody(friction)alo3pé gdezateadsaegl:
(9) Lubricant pump oo g&:3aEad:8(gCs(power consumption)
(0) eudomelop¢ [gdedl 20pd @83 d:gagp:(motor losses)
(g) Valve inefficiencies caused by imperfect mechanical action
() 220985 enddeg u38&[gE:(internal gas leakage)
(6) eqpaBopbocd(gé:(oil circulation)
(Q) Re expansion [gdedl[g€:e[o3p¢ clearance loss qp: [gdedl[gE:
Compression chamber 33038:5 0y8es0000 enodeggp:aopd suction cycle 32038: [§q)
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onedlg§facs(re expansion) [gdedleomelopC sac0dolepodaomepd edddegyp: Gsep
06$E[gE: elo3p cocopdedegeasagy, [gdedl copd

(0) 830:09§[gC25E Bamrocdenunadlgls(Over and under compression)
Compressor ¢ cpodeoso0pd 83:a0pd discharge pressure 0ood dqpagi BzanscgSoilgts
(over compression) [gdedloopdn Compressor ¢ coodeoaopd Bsansoopd  discharge
pressure cood $p0:0qi€ Bz vcdecnad[gés(under pressure) [gdedl 20pS

(@) Isentropic compression ¢ ¢og8[gCs

coodeomaegEaesogt compression process gqp:aopd IE $¢ woppBd8Eeon 3a000dejopE
aBeood compression chamber S heat transfer [8edl(gE:sS fluid friction 1 mechanical

friction qpselopC [gdaopdn
Actual compression process $¢ work of compression o361 0o§3:qpd 03Eomgyp:
(measurements)eo §Ea0pd

©-Q Volumetric Efficiency
Discharge | Discharge b
pressure
S . Compression
2 Expansion
8
o Clearance
Suction |Volume 2
pressure Re-expansion Suction
volume
. ! __ Volume of fresh gas
i. - 9as__
. Swept volume
I !
Vo Vd VIJ Va

Volume
('E) @-§(®) Pressure-volume relationship for an ideal compression cycle.

Refrigeration compressor &l capacity 20pd mass flow rate $& 3a§jzo300001 GonsERsePLd
E:60:60$5¢ B0dGOBigspd:e0q8 piston ¢l 0B6D0ORE eseprgodmasdiccdes gSco: cugd
83250005

C005609226[g226503¢ 3080000 8a86c8050pd eodeguwrmopd Bsdese ogadop
00020005 VM0 JejenqRspd:00001 BeloFp¢ volumetric efficiency o cREdg§ 8325200

Actual Volume of Fresh Gas

Ne = Swept Volume x100
Va— Vy
Ne= V.oV, x100
Table 9.5 some typical, approximate volumetric efficiencies
Compression ratio 2.0 3.0 4.0 5.0 6.0
Volumetric efficiency 78% 74% 70% 66% 62%
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Fresh gas &l cpaopS(volume)sE swept volume o3 0opo8q20p5 32800 3agi05505j05en

(0) socotdl §§(cylinder wall) qpzoop5 evaporator ¢ agedau00) gas 3a¢&§co0d
BlgEeomafopElgdoopdi socotdl saopse gas qps oqiudjg&ognioopbaadl suction port ¢
e§20500608eePodaER) gas gps 03 op&sdoon:aopd

() Cylinder 3208:§ gas 986a0p5se0(density)aopd ofeepabapedsd gas o a36aopdiso(density)
0005 3505200051 300056opES36a05 suction valve 03 gas qpigodo0§:000034] Bsantogeotse
(pressure drop) [g6edl a5

@.© Compressor Efficiency 1 Subcooling §§ Superheating
Compressor oodad:qC:8el ideal performance $& actual compressor performance o3ci

oleeqodqpe? acBmooy wosi0des o[gdSEeun Beadd efficiency samoongp: Fapie) sofi0d
§€20051 Ideal compressor performance o3 eg05d efficiency qpig¢ eed(g§Eaopb

Volumetric Efficiency (n,,)
Volumetric efficiency (n, )oopd actual volumetric flow $& ideal volumetric flow o3&l
§[gdoopdn Ideal volumetric flow 2005 compressor &l geometric displacement o3a3ca32005

Actual volumetric flow

I ic effici _
Volumetric efficiency (1) Ideal volumetric flow

Compression Isentropic Efficency (n,;)

Compression isentropic efficiency (n,;) 20g5 isentropic compression [gde[gpodg$ 320305
83200009 work (W) $& compression volume 2203E:03 gas gp: 0€eepodognig§3a0305 00pdeLIgeRd
work (W,) 0361 92§sg62000u
_ Workrequired for isentropic compression of the gas (W)

Work delivered to the gas within the compression volume (W,).

Noi

Multi-cylinder o8ewp05 multi-stage compressor P00 3200053 P3g[gE:0000 socutdl
(cylinder) 0069q|Cs8 2Be0r0d 00ds0CqE:B(stage) 2a005 2% gqs [gdaopdN

Mechanical Efficiency (m,, )
Mechanical efficiency 20p5 gas qp:eda8 cepad§ognsoopd sacpd(work) $& compressor shaft ¢
00pd60:03052009 3005 (Work) (w,,) 03el 2agjggda0pdN

_ Work delivered to thegas (measured)(w,)
Mm = Work input to the compressor shaft(w,,)

Isentropic (Reversible Adiabatic) Efficiency (ni)
Isentropic (reversible adiabatic) efficiency 20p5 isentropic compression [§9e[gpo5$ 22005
83260009 work (w,;) $¢ compressor shaft o8 copbeosaopdEapd (W) 036l Saglgda00N
_ Workrequired for isentropic compression of the gas (w,;)
- Work input to the compressor shaft (w,,)

Ni

Motor Efficiency (n. )

ecdom efficiency 20pS compressor shaft o8 copdeoz0pd=eCd( Wy ) $& eedom B
00p0G0:620p9 3000 (W, )a3e 3a§{gdo0pd
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Work input to the compressor shaft (w,,)
Ne =

Work input to the motor (w,)

Total Compressor Efficiency (11.om )
Total compressor efficiency 20p5 isentropic compression [g0e[gpodg$ 320305 =600
work (w,;) $& 650 93 copbewigaopd 30pd (w,) o3el sagjElgdaopdi
_ Workrequired for isentropic compression (w,;)
MNeom = Work input to the motor (w,)

_ l:,ov My _ l:,ov My _ l:,oi My
P, = = =

Ncom NeMNi Noi Mm Me

_ Pov Ny _ Pov Ny _ Poi Ny
P, = = =

Ncom NeMNi Noi Mm Me

Actual shaft compressor power aopb compressor 0odcd:el compression | mechanical $&

volumetric efficiency ©00p503 8360l 03€ wonpSa0pdi eem05Ala34gE:qpisE esdg§Eoodi

l)m _ Pa _ Poi
Ne Nm Ne Noi Mm MNe

P, =

where P, = power input to motor
P,, = power input to shaft
P,; = power required for isentropic compression
Actual capacity 20p5 compressor @i ideal capacity $& volumetric efficiency o3 3260l o3€ woopbaopdn

Q= Qonv
sDT
HPD HL
ST, & —— — — — — — —
MAXIMUM DISCHARGE
TEMPERATURE LINE
SDTmn— — —$7 HF
¢ &—»ssT
SST,., SSTmax

('E) oq-G Example of compressor operating envelope

@-¢ Total Heat Rejection

Total heat rejection 20p5 refrigeration effect $¢ compressor a3copdeozqoopd power o3
2340000 3p0emH[gd}  G[gpEicdoonroopdonBs(heat equivalent of power input to the
compressor) 0303 AlE:00:0005 00§ 34gda051

Total heat rejection = Refrigeration effect + Heat equivalent of power input to the compressor
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Condenser &l sagud=oos(size)od ogiqudqancgod chiller © =apE&000da0pd0 N (heat
rejection)od 93§ 832600051 Compressor capacity 20pS superheating $& sub-cooling o3saedlogé
002500001

Saturation Suction Temperature (SST) 8320p0¢ suction pressure 6s30503¢ [gded 65009
two-phase liquid/gas refrigerant &l s2p§§ [g9a0p5i Evaporator temperature 0pcopSs el sdeapdoaopdn
coodeoy =aelgeeesopt SST $C evaporator temperature o3 wopoB8Eeon 3200006[rpEedEa05
compressor & evaporator 3a(o3p:0pE [g6edl 20pd Bsanioyeotgeloe [gdoogd

Saturated Discharge Temperature (SDT) a3a0p5¢0 discharge pressure 63200503 [gbed00pd
two-phase liquid/gas refrigerant 820§§[gbo0pb1 Condensing temperature vpcopd: eal s3ecp§oopd
coodeoy 26[geaes0pE SDT $& condensing temperature 03 woppd8€ean 3200006[rpEedEa05
compressor $& condenser safo3r:03€ [g8edl 2005 BzaioqeoigelopC [gdoopd

Liquid Suboooling

00,6090 apoBrRGapqP:0Rd liquid subcooling o compressor rating 0g€ copdagés eudlgecy
§joopdn Air-Conditioning and Refrigeration Institute (ARI) Standard 540 $& European Committee for
Standardization(CEN)I European Norm(EN) 12900 0303¢& sub cooling $& 2005a3E00pd 2agj0dgp:a?
eedlg woonseol

Suction Superheat

Compressor 220pEs03 0€eepadauno0gd suction gas qpsogd refrigerant gps 9a6pd Fo6s(gE
odoCeseoa Jot3eadd eqpadoijogr8aopdn e05(G0pe) ol gas qp: agoded condEaopdi Liquid
carry over [g8[gEselopE soco€li valve 1 piston $& ring 030RE g&:03:eqp: [gBedl angEaodbi g, vt
qodBegqps (082005 Liquid suction super heat o o3&:omeq§ 905300p5 Superheat 5°C o, [gdedl
§503€ =a6p5(liquid)gp: 32[gd §es$Ea00i

00,6900 compressor gp:od suction super heat o[gded o3 cuE:§Eeant 8&E:apboozoopdi
Liquid gp: suction valve 22038:03 woleepad§Cesmnt [grpdaon:aopdi Hermetic compressor opé
suction superheat sop§§[gEwreomelopt discharge 320§80000: [§Een:0860pd cudom sap§scopds
[4Ee2:cBG0pdu

@20 Compressor Protection
Compressor gp: oqo58:coqsss comaagepdd olgbedeogs mommaed cuiepd 03&om
(protection device)gp: 00be0Ea0n:q8 B=a620p5n A3 protection device gpezacgad opdegd: 0pSind:
(code)gp: Gepalggn$econzoogd
High Pressure Protection
Underwriters Laboratories (UL) 1 AHRI standards $C ASHRAE Standard 15 d 8305
F20005gP:326) high pressure protection [gepdeozgs c3sa600201

High pressure protection [gopbe$
(o) High-pressure cutout 0od9sE
(9) High to low side internal relief valve 1 external relief valve o300305 rupture member o3

Alo€oobi
(0)  Bam:oplgrgod(differential pressure) setting 20pS 3a0%(glcon:00pd refrigerant $& operating
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condition 3363 03¢ ©onp5000i

(20) oogj,eom welded hermetic compressor gps 820383 high to low-pressure relief valve

Olo€oogbn sa[gads 830z (Maximum pressure)oood Soqpesant m&aoc5oonigs c33a00005

High Temperature Control

:p08[gEs(overheating) $& oil break down [g8[gE:0d omogude§esacgod high temperature
control device gz 33252005

Lubrication

Lubricant $& refrigerant qps break down [g[g€:03 omazudq§eaoged temperature sensor o3
adlge) compressor o3 qdon§eoaopdi Discharge temperature 20p5 0005005000:0009

oo§8s(safe value)oood eoppog§oopdsedl compressor o3 qBon&eooopdn  Sensor o3
compression chamber a3eopdb discharge c3€: 2a8:03€ 00de0E consenp§ oo

[03em20005 compressor qpiogE egped 2048 [§Eoncdaundlon qbon§(shutdown) agiesané
[giopS consoopdi egpsdel =088ad: mpgSooyeotieant thermostat ¢ oodeol sapcoiq)

control c\?é‘moozoaén

Suction Pressure

Compressor gpsogE 2009905000500 32§60d:  Baans(minimum  suction  pressure)cocdd
05p0:630C pressure switch [g& omoguSaonz000i

Compressor qp:ogE egpadecdecnndy olgbed cog$aeoynd egpadlsas(lubricant pressure):
25p0sad: Bse0Csg(minimum flow) 020050303 0880026052000

Time Delay

B2§§a05p5:c0dm0038:  compressor 6uHom QOo§[gEs 0ooCewnlig: ©lgdesnt omogud
consgs 320600001 [g§sS:0c00(fixed speed)gé cenCsaopd compressor qp: 0ooEeedtsapd
DS 3209§qpro0pd inrush current [gdedleomeop 6uHommOFS [§Eo00d cB8ded
on=zpt: qooo§gls [g§copd 0oewnsgls [gapdage aprgSodom erunogd: godd:
§E2005 Befopt co&engPoopd time delay cons§gs 8350000

Saanssp5gCs(Low-voltage) phase-loss [g[gE: a3eupod phase reversal protection gpsalopé

o0g]|,60m system gp:opl §),uC:e(fault) [gdecl§E0p5m Multiple device o3 saadge] phase
reversal 6[g0e320C 0203058 E20pdi

Suction Line Strainer

00g|,6o00 compressor gpsél suction inlet o3¢ strainer oo6soCoonsoopdn Strainer aopd

F2eSqps 3280dqP:0d vudepieu:§Coopdi Field-assembled system gpsogE suction line strainer
qpz 00680EqS 3260001

Slugging

9-14

Slugging &320p5¢n liquid refrigerant qps 930005 egpad(lubricant)gp: 32§§323053008)
pump cpd[gés [§620p01 oeentig€ eentgt: 0odqdsnicoopm evaporator sacptss peos
G200 refrigerant gp: compressor 220pC:3 oCeepad[gls [§6ooodn Operating condition
e[pC:cd2005 Fedlqf (§0500ae5)Re [gbedl erpdoopdi Compressor load godooqEd efgpEecd
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205331038 [g0edl §Ea0pd

Floodback
Floodback &B00p5¢n liquid refrigerant qp: [g§eepod§onfGe suction gas $& ses0056[god
eepesnfgt: [gboopdn Compressor 03 gopeepadeo§Eoopdenep [gdoopdn coudqtyp:ei saedvd
qodg0[gE(bearing surfaces)opt egpadapsfesqs c33a00000n Liquid refrigerant gqpseloypé
eapadyp: Jesqs 9053c306pdn B3 (g8t omapudeSma