Chapter -18 Refrigerant
Refrigerant
Outdoor ’ Indoor Refrigerant 205 Heat Cycle qpss& Vapor
Compression cycle qp:ap€ 8209:g0pd

O g substance 0o6§jfg®aopSi Heat Carrier (23)
/ \-g @" %' @ \ 2003000568008 oGP Rd:e sl e38 Eaodi

ool

s

cpeliognaddeaayiogt Gagieoropbuodes200393 Chiller o3 Refrigeration MachinegpzScopds
Refrigerant o6agsqpioad copdoodesoopdi apsads(Heart) 205 eogigpod copdoodesant
038s60s(Pump) 652003 Chiller 0o&ad:3203E:§ Compressoroogd Refrigerant gps copdocd
656308 0p8:608(PuMp) 6520001

Chiller gpzs¢ Refrigeration Machine gpsogé

’@ o8ofgBedabangs substance (erqpSfgd
%‘ %j $Cao0dc0pbeomnts soeg 33[gdeadd

W\\\‘_\W

0560708000988 2005) 0dGydaodi

CPOFNF09056:03:30§E300:qP:R[gP:000 Chiller 00dad: 320905000: Refrigerant
2 §30002q2g0 R[S Elaopdi saadgpicam Refrigerant gpsen R11, R12, R22, R123, R134a

000[gqpegoa3[gr:0opdi 0005 gpignialypEooa’ad Refrigerant 0od§jgE:3c305¢) Chemical
Properties, Thermal Properties, Environmental Effect, 02005 saofji=2[yd qpgocopds

Rlgr{e3oogdi

o3 Gas gqp:03 Refrigerant sa[gdsaads{geooaloyé “"R” vpoocdecdaelypad(oggldydoopd
Refrigerant 3a0:0d:03 dlop § 0pd:032q 329 (Group) Gaos S[eps coo:00001

0) CFC 3¢ ( R11 20p5 CFC gas [9620p5i ) CFC 205 chlorofluorocarbon 988 carbon, chlorine,
and fluorine ¢dlEs06002:0005 organic compound [g920001 methane and ethane cloSeg,

G002 035¢ 208:00ad:0008[030005
J) HCFC 2@ ( R22 20p5 HCFC gas [320051 )

HCFC 20p5 hydrochlorofluorocarbons [&[8: carbon, chlorine, fluorine and hydrogen
63IE:06002:0005 organic compound 92001 chlorine 205 sae8b6lobeg [gdoopSi DuPont
g6 Freon $00p05¢ R220060062005 i Freon 22 2005 DuPont $&02000056380005
03058 526005(9b20p51 common name gzewrdAl

Q) HFC 229 ( R134a 20p5 HFC gas [9doopdn ) HFC 20pSHydrofluorocarbons [46[Gs carbon,

fluorine and hydrogen o §j cOIC:06000:0005 organic compound [g&20pSIHFCoRE chlorine
odleomelopé HFC 20p032836dlodeg ewrodeol
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Chapter -18 Refrigerant

G) HC =09

TYPES OF REFRIGERANTS

Prefix Stands For Atoms in the Molecule Example

CFC  chlorofluorocarbon Chlorine (CI), Fluorine (F), Carbon (C) CFC-1

HCFC  hydrochlorofluorocarbon Hydrogen (H), Chlorine (CI), Fluorine (F), Carbon (C) HCFC-22

HFC  hydrofluorocarbon Hydrogen (H), Fluorine (F), Carbon (C) HFC-134a
Prefix Meaning Atoms in the Molecule

CFC chlorofluorocarbon GLE,

HCFC hydrochlorofluorocarbon H,CLF,C

HFC hydrofluorocarbon B o5 0

HC hydrocarbon H, C

R11 2095 Air Con 28ewpdb Refrigeration cowdsqpeel 22683260l [gbo0p0n CFC-11 2005
380§mn§0005 Faeslzned[gdaodi

R22 2005 Air Con 28ewpdb Refrigeration cowdsqpzel sa6al 3260l [gdoopdn HCFC-22 20p5
3808080005 Faealzned|gdaodi

R134a 20p5 Air Con a3e0pod Refrigeration sowasgp:el saealsaedl[gdoopdn HFC-134a 20p5
08eSm&00d Faeslzaedlgdoopd

CFC Refrigerant qpsod ooognad:znadEiznomyt 0codandlmgs $¢ 320[gfores
§E&3m:0%:8:0k 2060200908(Gegdopdi HCFC Refrigerant qpsod 0c06codm3qs $&
:20020[g[9$ §EE3:00:8: kB ponie5$ (transition period) [gdaopd HFC Refrigerant gp:o?
290005600009 Refrigerant ved colod§§aa082%:8[03038[yd 005N
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Chapter -18 Refrigerant
Refrigerant qpzoopd 326[gd [g¢ dlodeg o §fgt 3 opSsconsgEilydaopdi Chiorine, Hydrogen,

Fluorine dlodeg [gdoopdi Refrigerant qpsoopSeadmaeniadadnde) o dlodeg p el
AloCe|zagjesronigpien a3lupiryoopdi

63200509C603[gan:00p5003¢E Chlorine $& Fluorine 03 20pd Grococdard

[o5p5 8200588 EaopSewdlgoonsoopdi Chiorine dloeigp:oopd Refrigerant 2opd
BaS:090038803805600005 (Ozone depletion potential- ODP gpzo0pd)aopSiFluorine
OloCegpeaopd Refrigerant 2005 cgn[o3peg:aoneod(Global Warming Potential-GWP)
38[gde000001 Hydrogen CloCejqp:aopd Refrigerant 20p5 S:econCagud(Flammable)oopd
Chlorine Jo€e|qpoopd Refrigerant 2005 338368l05eg, (Toxic)gdoopd

Refrigerant Chemical Composition Choices

Hydrogen

Hydrogen Fluorine

MO McLinden and DA Didion 1987

y

2003 9803%898:%03@ ©p52000 substance o3 ©ad Refrigerant 339 32034g8E2001
38 =0ad:qeo0pd (application) =& [gosg0:qi05 3203C: (Temperature range) o€ Substance
0092005 Phase 6[pC:cdy w§don Secondary Refrigerant (o3 ) Heat Transfer Media so[gd
saa?:@[%&néu
eq (water) 03 22680005333:qp:ei Chilled water system gp:o3C Secondary Refrigerant (93 )
Heat transfer media 323 32030300001  32680005358:qp:§) Chilled water system gpsci
20S 20p5 6°C (F) ¢ 20°C (F) 3203850005 936005 3°C 0005866000 (a3) 0°C 000586600
20gSqP:0g¢ 300000060 Industrial application gps3a0g0d g 03 3Xges ©[gdSEeon
o3e[o3p¢ Brine 1 Glyco mixture (eq $& Glyco 3a66p ) 03 32094gjgo0p0n 6qRZ2005 2005 0°C
[§9e02 eloxpé 0°C 632005 RE FRGROG System PO GaEd waEeagpeon Brine |
Glyco mixture o3¢l freezing Point ¢ 0° C cood 66000 clopé s2adi{gjgs 20&eagd copd

Refrigeration Machine gpz205 Vapor compression cycle o3 226(gde) 0305680005
000300051 Vapor compression cycle 006932038:038 Refrigerant sa[gd soads{g8Eq$320305
6320050 ochoogdqp: Olaae aegdoopdi
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Chapter -18 Refrigerant

(o2) Non poisonous and Non toxic (or low toxicity )
o3 335q0S [g§Ee0m dlopeos ugodigps wllolqn 328300¢ Gowdd dlodeg gp:
dlo&q oeoq

(@) Chemically stable in both liquid and vapor state
0pdo0pd =aefgzaes ( Liquid or Vapor) o03¢[gd deo dlopeos $p5:3q [Qo3g
o§eoq Stable [gdqepdi

(o) Non Flammable
B:eonCogudoond  dlodeg, ofgbcoe  03uS03E  copd: SweantSE  (a3)
B:e00n8[gEs 03c0pds 3m:e0:000d dlodaeg, olgdbeoe

(v0) Non Corrosive
cogqpesé Slodlgat: 1 9deqponadgls elogieqonad[gt: o o[gdb§Ead dlodeg,
56 qopdu

(c) Low Boiling Point
s00d (Boiling Point) 862005 dlobeg, §j{geepdn Boiling Point 86 2005 dlodeg,
2000 295¢ 2005382005 pressure (corresponding pressure) 860000 220305
209050007 compress pd8Ea0ad

(@) High Latent Heat
Latent Heat owdan o0§a3sqpeaopd dlodeg, [gbgepdi Latent Heat owdangpieoo
alopE dlodeg, 0em 2a505:c0bo00 833620001
[opp8eoon Refrigerant Effect (93,) Cooling Capacity §iq$ 320305 ]

(s0) Small Specific Volume
Specific Volume (ft’/lb) o0§03:$05:0005 dlodeg, [gdqepdi Specific Volume

$0:600 3206200 dlodeg, saec0:gs $pd:ec0 [gda0di
( Same cooling capacity §g$320305 )

(@) Low leak tendency and easy to detect
o386 8Cgbispdio0pd dlodeg, [9Oqupdi dlodeg, W386g [gdedcopdsadl
20905000 2B8Egd: 0d6e0:8EgE: §aood dlodag [gdeepdi

(q) Low price and commonly available
eqs($2 §joongepdl 3209050007 0050HSEQERSI 32§),6000 §EEEPI0RE 0SNG
eepCsq) 200539¢ olgjoopd dodeg,gpsgoopd

oR o $¢ oppo $dqp:apE Chlorofluorocarbons (CFCs ) 3p690p¢ dloCeom R-11 R-12, R-503

Refrigerant 0303 oanudgo 32084gf030000n Stable [g6[G: 3acgs efficient [gdeoon dlodeg gp:
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Chapter -18 Refrigerant

[§800g5 ofeosh o doSog.qp: eroogma0gich cgBopoSeBodon 1 (0§ ghoBegoddon
60003 aR¢ $86AIE: epde] §esSEoopd (Long- lived in atmosphere )

862005 eooapagn ¢ §esaopd CFC ewdcBoyjpgpioogd infrared radiation  9Sop(Be
Global worming o3 [g96eoo0pd  oen[Bied  pegieooopdi  GrocoapeEl  300053E:03
eepodogiaqiC CFC eedcBoyjpgpioopd [Go3oga:om Chlorine dlodeg, ogodanaopdbn  od
0g05am20pd Chlorine Slodeg, 20p5 FBasagd (Ozone Layer ) o3 qodS8:eoa0p0 s3asiagn 2000
oq&iegSeepE(gpdyps(Ultra Violet) ongnelgedad, cogeepodeogs omozudersoopdi siasagn
qo58:gCsalos 09508 cepllgodyp: 32022328855 g delgedlad, mqjeapado Gonaag, §0d
qPegro? [gbeogEo0pd

CFC dlodag, qpezacgsdd Hydrogen atom ocd: o c0pdopClge (HCFC dlodeg
.[gbeo0m) CFC ecdaBoypqp: ccoo0cd 0pEQesSE 20pd 2005006:03 gpsgreagpg8eloypsn?

2260D205$0pGEGPIN §Pegeay, §3 200N

o3e[opE 20920 LAHosiCBSadaqp: (Environmental impact) o3 cogp g§E2025
Hydrochlorofiuro carbon (HCFC) dlobeg qpegdeoon R-22 $¢ R123 Refrigerant gqp:o?
03Cmu0g0 22adHgjeonlo300pdn HCFC dlodeg, qp:aopd ong o [05:03 vesieoq (Global Warning
Potential) o3 $p5:6060000000: 33as:agnqed8:e (Ozone Depletion potential) 03
[gdedeo8Eeanelopt 2020 65§7058E:03E HCFC Refrigerant o3 320gjoopd Equipment
qpsaans 006e08QE [gadepd vurodeoncoi

Hydrofluorocorbons (HFCs) Refrigerant qp:o3 saads{gjconjogoopdi Environmental
§e002Ee [03050qIE CvrdGeacamiedizom Refrigerant [gdoopdi R134a 2005
209$3200:q26007 HFCs Refrigerant [go0pS

R123 (HCFC) 20p5 Negative- pressure compressor gqp:ogé saadigd: R134a (HFC)
2005 Positive Pressure Compressor qp:ogE 3203gjoopd
Refrigerant gp:o3 ASHRAE Standard 34-1989 32q 38360084 (Toxicity) 3360 $& Seaontagude

(Flammability ) 3356 0r¢) 2360 | §je S[epro0cdeadoomoopd

Toxicity Group Flammability Group

A= nontoxic
1= No flame propagation ( 8:06coESE)

28362080gnd:gpiadio wolo&

B= evidence of toxicity indentified

536862588860 ogoSip: Ao8arg 2= Low flammability (8:ec0nE§Ea0p5n)

3= High Flammability (&seconCagudoopdn)
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Chapter -18 Refrigerant

Refrigerant Safety Group
Refrigerant Type Safety Group
R-22 HCFC Al
R-123 HCFC B1
R-134a HFC Al
R-407C HFC Blend Al
R410 A HFC Blend Al
R-717 Ammonia B2
R-718 Water Al
Group Refrigerant Name
Group 1 R-113,R-11, R-21, R-114, R-12, R-22-R-30 ,R-22 R-774, R-13,
R-14, R-500
Group 2 R-40, R-160, R-717, R-764, R-1130
Group 3 R-50, R-170, R-290, R-600, R-601, R-1150
Refrigerant qpzell ocahoog3gp: 80009105
Refrigerant ODP GWP-100 cop KW/RT ASHRAE
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

Refrigerant qpsas §iE:000epapt

(o) Environmental impact (200290 0ob08:03€ 03 08805q § o)

() Performance (g&:ea008qd comtiocomt:)

(0) Hazard (328 605 §eq) )

GomE:00509§ (Www.acmv.org )
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Chapter -18 Refrigerant

Environmental Impact 03¢ s3a8:03003805q058:608E¢  (Ozone Depletion potential-ODP ) $&
g2 (B pegieog (Global Warning Potential- GWP ) uag) $63E: §oopS

ODP $& GWP oo§oBigpiecoeco o Refrigerant 2000 ang o [03: o3 3 [95[g5sE
3ejadeepaden qoddieogCacy [gdaodi

:00056dl[gd @uiopl Jeomm oo§oBigpiang R-22 20p0 3ed:adieoon Refrigerant
[§600p51 Beloppé §E¢smadion R-22 3203903 0xegdlor[gE: [gBaopd

30300 @edsedied  HCFC-123  [g9oopdi oBefoppé HCFC-123 o3 jopo  [godsd

copogsilon maddg §¢ veS€eoreol
o3 HCFC-22 & HCFC-123 0300pd ODP $¢ GWP o 20q) aB:dkeaodcopds Performance

(a3) COP ( Coefficient Of Performance ) 3360 E:ed:c000 Refrigerant qpefgdaopdi

Refrigerant &l Performance o€ qocossdlep ochoogdqp:(Physical properties) $&
008500 QueusedEep oHoogdqp: (Thermodynamic Properties) dlo€oopdn Latent heat
00§03:qps[gCa Specific volume $p5:gCs apead (Boiling Point) §6[g€: 020p503 2005 Refrigerant
& Performance o3 com&:eoo0pdi

COP &1 00§03 6.52 a20p5en 0dUnit g&3m: (Power) 03 saad{gjog€ 6.52 unit §eoo
cooling (23) Refrigerant effect §§Ea0p507 adcdo0pbi

o3elopE COP 00§oBsqpio0pd Refrigerant a0pd performance comE:aopd Refrigerant (g
20p0n  Direct expansion oobqpseil performance eomEeeome:ad COP [gCedllgecy §aopdn
KW/RT [9& Chiller gqp: &1 performance com&oeomt:a? edl[gogoopdi R-123 3209dgj0opd
chiller 2005  0.54 kW/RT q$€o0p51 328¢loden Refrigeration Ton qq§secg0d 0.54 kW/RT
0q00delodame 33260000 vy a8c3a0pdn KW/RT spbteco o Refrigerant a0pb performance
comE:eeo [§9a0pdn COP $& kW/RT 2005 e[gpCigSeondody §oopdi 3.517 o COP [g& omaqC
KW/RT [gd20p5i 3.517 kW 2005 1 RT $& p8¢j0005i
Toxicity $¢ Flammability o3 sa000503€ edl[g3 [Bs [go0pd

Refrigeration Machine qpssC Refrigerant o3 =aodigepd Application &l 320§803 c305q)
30042 §002:00001

300 oS Range
Low Temperature application -40°C to -25°C
Medium Temperature Application -25°C to -5°C
High Temperature Application -5°C to+10°C

Ideal Properties of A Refrigerant

GomE:00509§ (Www.acmv.org ) Page 7



Chapter -18 Refrigerant

a. High Latent Heat of Vaporization
b. High suction gas density

Refrigerant gpso? 226036 saogep “R” [g¢ 2005005005
on$od:ads QB 326086 sacgepcud do€oogdi

BOQO

R 134a

R = 20p5 Refrigerant o3 a3c8aoo5i

c. Positive pressure at evaporation and condensing condition

d. Critical temperature and triple point well outside

e. The working range

f. High dielectric strength

g. Environmentally friendly

h. Low cost

Properties of refrigerants
Boiling Vapour pressure
Refrigerant Composition Application point (°C) at 50°C (bar abs)
HCFCs low chiorine
R22 CHCIF, HT, MT, LT —41 19.4
R22 Blends R22 + HFCs MT —331t0 —35 131014
R22 Blends R22 + HFCs LT —44 to —51 201025
HFCs chiorine free
R134a CFqCH,F HT, MT —26 13.2
R404A R143a/125/134a LT —47 23.0
R407C R32/125/134a HT —44 19.8
R410A R32/125 HT —51 30.5
Other R32 blends R32 + HFCs LT —46 to —48 211023
Other R125 blends R125 + HFCs HT, ML LT —43 to —48 181025
HCs halogen free
R290 C4H, propane HT, MT —42 17.1
R1270 CaHg propylene LT —48 20.6
R600a C4H,g isobutane MT —12 6.8
R290 blends R290 + HCs HT, LT, MT —30 to —48 101018
Qther halogen free
R717 NH, ammonia LT (MT, HT) —33 20.3
R744 CO; carbon dioxide HT, MT, LT —57" 74"
Nomenclature

Oden R e§008 038

combicoadpps (www.acmv.org )

Page 8




Chapter -18 Refrigerant

1 = 205 the number of carbon (c) atom — 1 [§®2000n (9320) [§dqiE edllges

ocdeon Refrigerant 0g€ do€aopd carbon (c) atom 3262203050 © GaqpRe

asd[yfgcs [gdoopSn

3 = 20pd the number of Hydrogen (H) atom + 1 [gdoopdi Refrigerant og&

dloCa0p) Hydrogen (H) atom 82663303050 o 03:4) cudlg[gE: (9205

4 = 2005 the number of fluorine (F) atom [goopS Refrigerant o3¢ dlo€oopd

fluorine (F) atom 326622030503 cuH[g[gt: [gdaopdi

a = 0090 specific isomer (molecular formation) (62025

1 atom+1 atom

R No. of carbon atom - No. of Hydrogen No of Fluorine

Isomer

Classification of Halogen refrigerant qpsg&o0051

The classification of halogen refrigerants derived from saturated hydrocarbons and consisting of

only one substance is illustrated by the example below:

R404A

R = Refrigerant | f Uppercase letter denotes specific
compositon, i. e. % components

Chromnological numbering
designating the components of the
mixturre, but not the percentage of
the constituents

400 series denotes zeatropic mixture

Mixtures are designated by their respective refrigerant numbers and mass proportions. For

example
R134a
R = Refrigerant | | Lowercase letter denotes specific
isomer (molecular formulation)

the number of fluorine (F) atoms

the number of hydrogen (H)
atoms +1

the number of carbon (C) atoms —1 (omitted
when digit is zero).

Refrigerant qpzopC Halogen refrigerant $& Zerotropic mixture refrigerant oaej 0200001

Halogen Refrigerant gqp:20p5 gas (Slodeg, ) 0ojronpSsomngdoopdi

Zeotropic mixture gp:000d dlodeg, | §jg 93 PG 03 3o§|pse00: Boqgn Gepe§H:EaN Mixture

qp:@& Q’)éll

GomE:00509§ (Www.acmv.org )
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Chapter -18 Refrigerant

400 Series qpza0pd Zentropic mixture qpglgdlogo0pdn

500 Series qpzoopd Azentropic mixture qpglgde3oodi

600 Series qpza0p5 Organic Compound qpegdlog00p5

700 Series qpzoopd Inorganic mixture qpegdlo3oopbn molecular mass $E¢0005a3&2001

R407 A 20p5 R32 (20%) + R125 (40%) + R134a (40%) o3 edlC:ob00m: 20pd Zentropic
Mixture qpegd[32001

R407A 20p5 R32 (23%) + R125 (25%) + R134a (52%) o3 cOlC:0ba00: 2005 Zentropic
Mixture [g®aop5n

R507 2000 R125 (50%) $¢ R143a (50%) o3 cOlCoboon: c0pd  Azentropic Mixture
[§62005

R600a 2005 isobutane [g620p5n (Organic Compound [§®20p5)

R717 20p5 ammonia (Inorganic compound ) [48[Gs eebc8ogjcon mass ¢ 17 [gdoopd

R404A

R= 20p5 Refrigerant o3 a3c8a000u

4= 20p5 400 series — zentropic mixture o3 330005

04= 20p5 compound of mixture o3 a3c32000n (CloCo0pd epdEsiSeqps o3 0adcldl )
A= 20p5 epdCs$: % compound o3 s3c3o005n (page 36 Hundy )

HFC Refrigerant soqp:@oopd dlodeg q 98ewpdd §pooodgpseomn dlodeg qp:ad
60ICs000: 2005 Mixture o8 Blend qpegdlogoopdn Mixture gpsoopd azeotropes gps 1| near
azeotropes qp: 9300p0d zeotrope gpigdlogoopd  Mixture s8o0pSen eq & E[gpepd
60IE:000393, eepesofd opoom 0opd: [gdoggt:de [9Boopdn Blend gpeaopd oodooionpbs
cepesoEali§ 0urodD moony fes [§C:§E (g0 powr-  egsE B oulionde
32098:03E 0p§es[gS:§): (95005

Azeotropes qpzoopd 0odooionpd: GepegneseomelopE substance o009 3e5GE
2005005 20p5i Boiling point 0690pC o0§oopdi  vcoeBied: Azeotropes  @> CFC, R502
[§900p5n Constant pressure boiling presure [gd0d oodeagpodad:opE Boiling point 2005
algpEicdesaopdi ddefopé phase change [96o0pd evaporating temperature $& condensing
temperature 03 copS: e[pE:cdes0pdN

Blend qp2og€ Clofeseom dlodeg qpieagitiqs 00domm00pd: weepesneomeope
0388 20pd 324l (leak) ©p52005 dlodeg, oo v3BEaz:0005 epICs(S: (%) pdy WB8GogR05 o3
0a88Caamelope §oog Blend Refrigerant s::ad:03 cocdudom Refrigerant

2000[g800pd0p6 20051

GomE:00509§ (Www.acmv.org ) Page 10



Chapter -18 Refrigerant
Refrigerant o3 Equipment 32038203 copbaopdsadl soqpdsaegeaes( Liquid phase )
038000 copdqoopdi saeg, 3aalgeaes(Liquid phase)ogE Equipment 2203E:030000dl0n dlodeg
,0009[gE:BeldoCs|Si00 voSmseomeon Ingress of air must be avoided .
Blend sa§js3000: Refrigerant 03¢ clooopd gas qp: 00d9sE 00d9ch temperature glide
2000 5°K 0005 ey flooded type evaporator qp:o€ saaddgg§ eooCeagpao
25§,6000 mixture gpzel glide 2005 2°K cood5p5:00051 oB03ad, Mixture §god ™ near
azeotrope “ vpesloopdl cvodeoy pbesigtypiogt Single substance 0393, 206oIPC0IM
20054g] 0300051 R404A $C R410A 030005 near azeotrope qpsgdlogoopdn
FHas: qeddeog ofooeamnod s$odieomn (Virtually zero ODP ) $& oegieoq
o[gdeocom (zero GWP) Refrigerant o3 ™ Natural Refrigerant * vreslafogo0p5
F2002qP2o0pd Refrigerant  soq 61  ochoogdypisC  oogeaopdeagedgp:od
63200509C35090 cellgaonzoopd

R134 a $¢ R407C

R134 a $¢ R407C 030005 R22 03 3002:08:c030005 3200gg8Eo0pd dlodeg qp: [gdoopdi
R134a 2000 R22 $& §C:0pdqC pressure §6 coonelopé compressor displacement 50%
Sqp:qs 8326 2opbi  oBeoPpC JoBkenzoopd compressor o3 30dged  SegEo3o0pd
[Beenz0005 Tube qpi03 F0d3{ggeacnelopEaopd: agEd[o3toopdn

R407C 2005 R32 (23%) , R125 (25%) $& R134a (52%) odedC:oboon:a0pd zeatropic
mixture [g®20p51 R407C & oahoogdqps (Properties) 2005 R-22 $¢ 2090890 (90000 R407C
&l glide $& heat transfer ocHo0g3 2505:c05 (0adoe05) veomEicomaelopE R22 ¢l System
performance o3 o88Eaol
R410A

R410A 20p5 poor theoretical performance §[gS: 1 critical temperature §6[g€: $& High
pressure [gd[gC:odelopE Refrigerant comCioupodup colqeoodcopds Refrigerant side heat
transfer 0g¢ R22 cood 35% coyd deomEiaopdi apeon0s copqqIodgp:sas R410A 205 R22
equipment system cood COP 5% 520051
R404A

R404A o3 commercial refrigerant qpeog  ondocochode  B8oqudjysgn
F20dgeofogoopdn Low Temperature Application (-40C ° to -25C °) gp:op€  superior
performance (0000g§eom g6:ee0nE qpd ) 03 Gu:8Ea0obn Compressor discharge temperature
86comaeopEaopds single stage compression [§¢ socpd[Gie[gr058E 005 inter-stage cooling
o3c0pbs 3203qq$ ecdsadeol
R717 (Ammonia)

GomE:00509§ (Www.acmv.org ) Page 11



Chapter -18 Refrigerant

Ammonia dlodeg, o3 refrigerant  =o[gd Industrial ~ refrigerant  =o[9d
$660IC:qpsgonondin 0o =addgRlogoopdn  High toxicity [gbfgcs S:econ8E[ge: (Low
flammability ) o3eloppE safety precaution qpgoc832600001 Ammonia o3 copper a3
6[03ed05qp: coppery alloys qpig  3203dge$ woengdearnelopE Refrigerant piping gp:o?
Steel qpz Aluminum gqpslg¢ [gapdlo3qoopdi Ammonia ¢l 9360005:e0 (Density ) 2005 Goococd
sodeomelopé  Sodqp:  Equipment gp: Leak [gocyE Ammonia 2095  erocoodad
eepodogoopdi odelopé =a8iodofioyt § cpgpiod 335 qud [§6e08E 2opbi Ammonia 6l
204, a3elopt leak [gO[gE:03 sa0gudonny 2888000
R290 Propane

Hydrocarbon [g®a0pd R290 propane o3 Low-charge system qp:op€ e3mllyCgo
32093q[03 2051 Flammable dlobeg, [§800pbn 33603:6q3600g0gpoge 3203dgoq0005
R744 Carbon Dioxide omg§8€es3005838 (CO,)

omg&8Cesmndadsdlodeg 20pd High Latent Heat o00§03:§[gCs High Heat Transfer
Coefficient §[gCs High Pressure §[gC:s¢ High Density §g€:03elop¢ Smaller compressor
displacement $& Smaller pipe diameter o o320 Large amount of cooling effect
Be0s§Eaopdi CO, o sesodiqoden  critical temperature  88[g:{gdo0pdn  Condensing
Temperature 20p Critical temperature 338:93 eepodagn:§§oge Vapour Compression cycle
oodpadiel  poeeonlaen  odqCs  ag:aopbi  HFC  Refrigerant  gpsoopdSoopd: 00393,
[gB0005 20051 986005 CO, eannd wadicol
Equivalent R-11 ail 228¢lob

ODP 03038:0000009 326l 00§03:qp203 @aél[gaopdendl R-11 Refrigerant o3 dsa(gd conzq)
eél[geny§oopdi R-11 2005 ODP sagpzedigdoopdencgnd dooxgtgdoopdi R-11 2005 s3asamn
o3 2a880Hed:eo0  Refrigerant [gdoopdi odelopé R-11 ¢l ODP 00§93 o3 o (00d)
Spkovlestleatovtell R-22 & ODP 0§03 > 0.034 [96o0pdn  R-11 2005 100% FPas:o?
o380deo0g€ R-22 2005 3.4% 200 03805e0a0pdi adelopE R-11 (1kg) cB30deogaood R-22
(29.4 kg) B3cHeogsE 0800001 R-22 (29.4 kg) o3 equivalent weight of R-11 vpesloopdn R-
123 (83.3 kg) aB30beogo0p5 R-11 (1kg) 0390dc0gsE pdoopdn R-123 &1 ODP oo§odien 0.012

G200

R-11 | Ri141b R22 R123 R-134a
ODP 00§93 1.00 0.110 0.034 0.012 0.000015
Equivalent weight of R11 1.00 9.10 kg 0.034kg 0.012kg

Virgin Refrigerant and Reconditioning Refrigerant
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Virgin  Refrigerant  832000¢0 2000000500003 0H200)

20000005005(gd  20pdi  (00dsly wodqeonsoopd ) Reconditioning  Refrigerant  8300p5¢n
20054{g[G: Refrigerant o3 [g&copd 20808 [g[gEaoniean Refrigerant (200

05§

Refrigerant

2020 [god506500538:03C R22 c0odcpdy q0e3E:qs  0eox0pcoBlgdoopdi 0000
q0a38:6005 cupds R22 320dgjes0pd Equipment cOlC:qpign oagn edlogl §esBiopd [gdaodi
c00d§oodgpiogt  codlgpdeScadmadeon  Refrigerant  gpizeogod  sacumgpiadlysey  re-
conditioning [gopSe] 222%g8E oopdi Virgin R-22 Refrigerant o3 2020 6500538038

oudorqSelgd8Eaonpcoi

2030  [god50es00538:0p¢  HCFC 000500y O3
q0a3E4m3epd[gd20pdn 2030 cogpagSden Virgin HCFC Refrigerant o3 og§Ceoncon (puwd R-
123 ) u Reconditioning Refrigerant o3 Recycle Refrigerant vpcob: cal[ogoopdi

EU 88&gpiogC Refrigerant o3 6coadad, eoloboood[gdfgl:ad  glelgeon adad
66lo50005[yd[gC: (Dispose) o3eapdolon poes 334 saeqEuR[gEsdqoopd
Refrigerant Color Codes

Chiller gp: o3 Refrigeration Machine qps 3203€:93 Refrigerant qps c3wgoaopbagleycs
03 0m0pudq$3e0305 Refrigerant gpscopdoon:aopd cylinder gp:a? saeepEap: [gE3[gr:000:0005

Refrigerant  sa§j:30002

CFCs dlodeg qps
Refrigerant | Cylinder ¢h
$0l05 Feept Slopeoasaepd % {yqp:
. Centrifugal
R-11 Orange Trichloromonofluoromethane .
Chillers
) . . Reciprocating and rotary
R-12 White Dichlorodifluoromethane )
equipments
) ) Used in low stage of
R-13 Light Blue Monochlorotrifluoromethane
cascade systems
R-13B1 Coral Bromotrifluoromethane Low to Medium
temperature applications
. ) Low capacity centrifugal
R-113 Purple Trichlorotrifluoroethane _
chillers
R-114 Dark Blue Dichlorotetrafluoroethane High capacity Chillers
Industrial and
R-500 Yellow Refrig. 152A/12 commercial
reciprocating

combicoadpps (www.acmv.org )
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Chapter -18 Refrigerant

compressors
) . Reciprocating and
R-502 Light Purple Refrig. 22/115 .
rotary equipments
Low temperature
R-503 Aquamarine Refrig. 23/13 commercial
refrigeration
HCFCs dlodeg g
Refrigerant | Cylinderci
$Al05 eeps Slopeoszaugd Y{geqP:
Residential, commercial
R-22 Light Green Monochlorodifluoromethane and industrial
R-11 replacement for
R-123 Light Gray Dichlorotrifluoroethane centrifugal chillers
R-124 Deep Green Chlorotetrafluoroethane Medium pressure chillers
Medium temperature
R-401A Coral Red R-22 + R-152a + R-124 systems
Mustard Transport refrigeration,
R-401B Yellow R-22 + R-152a + R-124 domestic refrigerators
Ice machine, vending,
supermarket and food
R-402A Light Brown R-22 + R-125 + R-290 service
Supermarket, food service
R-402B Green Brown R-22 + R-125 + R-290 and transport
HFCs dlodeg qps
Refrigerant |  Cylinder ¢i
$0l0d meeps dlopeoszaedd d{ge|p:
Low temperature
R-23 Light Gray Trifluoromethane refrigerant
Automotive industry and
R-134a Light Sky Blue Tetrafluoroethane refrigeration systems
Medium and low
R-404A Orange R-125 + R-143a + R-134a temperature

GomE:00509§ (Www.acmv.org )
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Chocolate
R-407C Brown R-32 + R-125 + R-134a R-22 Replacement
Replacement for residential
R-410A Rose R-32 + R-125 air conditioning
Replacement for low-temp
R-507 Light Brown Refrig. 125/143a commercial refrigerant.

Refrigerant - HFC-134a sacjo3p&:

HFC-134a 03 0@$32005 $6601E: o eope§anonpbim oonEaads(yRlraoopd
chlorofluorocarbons (CFCs) dloSeg qp:o? seeniodimaadiyg$ qpdgudsjoont
0620063[g 496205

HFC-134a clobeg 0gCanfgpiean dlodeg qproondonigpieamgsaopdsagdgpen
2a80000E[E: (low toxicity), S:econCocguSge: (nonflammable), adegp elogteqieonceofgts

(noncorrosive) $& oofgseom 20gIgP:sC Reead{ygE[gE: (compatible with other materials)

02005 0 (962005 aB3a[y€ ooneg&o0pd thermodynamic $& physical properties qpsaloypEé
c0pd:3¢] Zaadigpieom Refrigerant dlodeg [gdaonoodi

HFC-134a clobeg, 00d§jzoonay€ single compound (d§jfgenadiyiCaopd Refrigerant [gboopS
oofepseoon Refrigerant qpsaopd azeotropes o zeotropes (58§ 9350§jrc00536000 dlodag,

qP:03 eepodom [grpdaonigiydaopdi ) adelogpE HFC-134a 2005 chiller
0905607 E:ad:600 Refrigerant 0oddg [gdaodi

CFCs dlodeg, qp:o? refrigerants 3a[gdooem- s0020ndlgrzqpiondandeopd sepodeloggp:
0c832600p536pgp: 20§08q$320305 blowing agents afgdeoodc0pSeomEs cogrlgpdigp: $¢
B00d006eps00gp5gPIopO[gtiant cleaning agents coodropdieome: saadlyfe300di
236005 CFCs dlodeg qpogE mnadqE:loCel (chlorine content) eloppé sBes:agndkgE: (Ozone
Depletion) o3[gbeoo0p5n odelo3pé CFCs dlodeg qpondandgar 320390303 qoon§[:
(phased out production of CFCs) 20om00050§:3iE 03 ©ad8805e0m hydrofluorocarbon (HFC)

clodeg qps (R134a)[g¢ spon:adieaaddyqSio3onsconiogoopdi

HFC-134a dlodeg, o3¢ mnadqs(chlorine) edlo€eomalo3pé ozone depletion potential (ODP) ¢o
zero (9620001 oospds HFC-134a dlodeg, 32004ga:elopt sBasiagn o vad8ndeodl

HFC-134a o3 Hydrofluorocarbon-134a o R 134a upcopbiesladfogoopdi
HFC-134a clobeg, chemical properties qpsen

combicoadpps (www.acmv.org )
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Chapter -18 Refrigerant

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—G—E—H

] ]
E

HFC-134a dlodeg, o} CFC-11, CFC-12 dlobeg gpiesepogl 3aom:ad3a0ds(goopd
Refrigerant gp: o3 polymer foam qpzsaos blowing cpdq§sacgodcopbieomna aerosol products
RS0 EEady[e300pdi Bepogé CFC-11, CFC-12 ¢ HFC-134a dlodeg gp: o3

alopCicdm0dy[g:elopé d8eomnt:qs 320305 (optimize the
performance) equipment 8&&qp: clgpC:dq§ 00dloodd3260001

HFC-134a clobeg, 2000 32630020 (low toxicity) Goonelo3pé refrigeration industry o€ 8odg
qeoonI 3sepudantieam safe refrigerant sagdenadiyforoopdi eedeoogmsé
ozBomRsgPi0gtaopdieomEs supermarket qpsogt 220§S 86eamEanniqepdogbigps
038:0005:951 [4o0g§e0305 show cases o3 Display cases qpe320gE copdieomEs commercial
chillers 03¢ copbseoms 3a0%:go30005

6320050030005 CFC-12 $¢ HFC-134a o036l medium-temperature conditions 820305
theoretical performance §E:030050503 awblgoonzoopdi
Theoretical Cycle Comparison of CFC-12
and HFC-134a*

CFC-12 HFC-134a

Capacity(as%CFC-12) 100 97
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 4.1 47

* Temperatures were as follows: Condenser, 54.4°C
(130.0°F); Evaporator, 1.7°C (35.0°F); Compressor Suction,
26.7°C (80.0°F); Expansion Device, 51.7°C (125.0°F).

HFC-134a 20p5 CFC-12 coo theoretical performance 03¢ oalgpoeamadaod
p§Cs(S3a5055c0S000 GagpsRd:000N
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HFC-134a dlobeg, 205 sa60mEedieon 000388506 20g3( excellent thermodynamic) o
3Ea3Co0p51 Belogpé HFC-134a dlodeg, 0326000 Refrigeration 0052005 efficiency comEsoopd
§zze00:03E0loC 2000

0065000000650 HFC-134a dlodeg, 3203qg00pd centrifugal chiller gpzaopd (p$3eom $6
0RO $8qp: $¢ opeo $64PI0CdMEEaM centrifugal chiller gpicodd efficiency g%
BaomEzoopdi

kW/Ton Vs. Installation
Year for Centrifugal Chillers

FIGURE 1

85-
.80
15
.10
.65 —
.60 —
55 —
A=

| | | I
1970 1975 1980 1985 1990 2000

3200050102005 kW/Ton (chiller efficiency) comEamdo’ cedjgooniean ogdfydoopdi Chiller
00602320305 kW/Ton $p5:6c0 A Chiller oo 3¢ efficient [gdacofgdoopd

HFC-134a dlodeg, 2005 ozone depletion [gooosngp:od elgglieusgooea global climate
alopCacdeigpiodeopd: cagpspdieadEaodi

Positive pressure refrigerant

HFC-134a dlodeg, 20p5 226dIE:3ama2 (positive pressure) refrigerant [gdaopSi odefogpé
20601883202 (positive pressure) [gdesnCewntisE8Eaom Refrigeration equipment gpzogomn
200)4{gf Eoopdi oBelo3pé Positive Pressure chillers qpsod American Society of

Mechanical Engineers (ASME) ¢ national pressure vessel code ¢

2005605038 [3p:00200002203E:680005005qeRdN ASME code 32 Chiller gpsoopd cenasCend
8aaz(normal operating pressure) ¢l qao(seven times) Sqpzeoo d20:03
$8EeznE[yrodaoiquepd AdelopE Chiller gz Refrigerant 03884 (leak rates) [gBfgEse
00305820001

0832005 $660IC:qp2gD 68000552005 chiller gpseil W386¢| $iS:(leak rates) oo $6 05 0q%
0005qP:0000n chiller gzl vessels g0l §EdesantonpdesmndamigielopE Chiller
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qpeeaoptiapt Refrigerant o copdogs(Gs (Charged cpd[8e) ondesepe 0odesepad
2000033680288 E 200

Smaller Footprint

HFC-134a dlobeg, & molecular mass 20p5 CFC and HCFC refrigerants o3¢l molecular mass
0005620052001

aBelopE HFC-134a 320305 32206000 cpaopd(volume) ¢o CFC and HCFC refrigerants o3ei
83206000 apcopd(volume) cond caqRs5:00001 ddelopé HFC-134a chiller 61 3aguSsaonsen
0§) © Go% 203620:c0d8E20p51 el chilleropdapde o§odi 3aad:ly0pd
0g5:0§0500p5:000500020p51 20006800EqSH 00680EepozEPS gL 200 chiller
qopdesepa’ copd: 32q5:38se3nEdgSecdsndaol
esepoydroyiopCondenewnsEEa00

Less Oil Waste

chiller c3opE:eaad:yj00n26007 o0il ¢ sa[grdeuesepd|gda0di oil
60mnE:a3opdonomoucioaCecddndesymt g§lydeepdlgboopdn HFC-134a $Cewntsand
chiller s3opC:ea09:yj0026:007 0l &l 20050082 ¢CFC $E¢ HCFC 6ent:aop) chillersogEad:ean ol
&l 2005008:0005 G 236) $83[op[oFPd20p5 HFC refrigerant o€ chlorine odoejelopE
mineral oil gpicopdagEsmnadiygselgd8Eeon deloypé synthetic lubricant o oo HFC-134a
$CeunEs0005 chiller adopC3a0ddgiq0pdn synthetic lubricant o saadigfgC:elo3p¢ superior
performance &[G chiller 2005008:360500051 65§0E€ 03¢ refrigerant o3 lubricant 32(gd chiller
qpeogCenadiygsen speonasysdsssodogtomeansoogdi

Increased Safety

2680005358:3EqC 4320305 8:600:0000 3a[Fwsadie 00 S5epLdjgd0pd HFC-134a 2000
006s 0066656 chiller gp:eaced coniemnEiad:eomn refrigerant [gdoodi

ASHRAE 34 Safety Classification 32q HFC-134a 2005 A1 compound sag62005¢05gE:4620001
632005003E[yaontoopdi
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Safety Groups Per ASHRAE 34 HFC-134a 20p5 cpgps §820p503¢ ©pbaopd
S e conmsepoSadgelgbeo§Ed
oy§eneepadcopds ©ad8a5608Ed

- adelo¢ [glyEadSeo8620ngp: (Maintenance
?ff;mab“i,}, A Technicias)$¢ eunss&opgps (Operator)
20305 320gSa56p0donEsaodi

32680005309:3EqE P degod

Low qodgIepdongpoopd refrigerant compound
Flammability qp:el :6[gddlopeos sagEdeeg|od

' comCagngnicopdlglyC Chiller (a9)
refrigerant o3 egequdepagt 88uSm&opd
a%5qod0dqPElYe58E 000N Periodic Table

No Flame . o °
P:")()p:g"z:fion > 123 306 eolopE [3608 oooemypeaddoopS:
- Foqp2oen refrigerant compound 339
:20dggf eooteagdeol

T Higher
Toxicity Toxicity

nitrogen 3205006 $¢ hydrogen 830500803[gE[gipboonieom 328:8:0x:ammonia (NH3) ¢o
moaddalobeg [gbfc: (Toxicity)sé Sseaonagubgés(Flammability)efoypé
CPGS36a00d:NgPRE d:gColyeon 0od§qps(industrial process refrigeration)ogEoon
2200 §E20201

S02

Sulfur 3205006 $& oxygen 22050066dIE:0003 sulfur dioxide (S02) o3 aggon refrigerant
compound =2[g632035ge005c0pd: 09358l higher-toxicity compound [gdeomefopé
Q?:g(?@[gleoogé]n

eq- water (H20) $& (R-718) o3 copbs refrigerant 33[g® absorption chiller applications gp:og
32002 [goopdi

Thermal Decomposition

HFC-134a dlodeg, 2005 220§§[gCentaopbenalgeaesort [G03(decompose) ogzoopd
Bio3[gE:(Decomposition) elo3p¢ hydrogen fluoride 0398 03¢o30080yEi
o380giEuxninde000056am ladyp: (irritating compounds) 0gabco8Ea0p51 odelopE

205$[gCera0pdenafgzacsond [Go3[ge:(decompose) lgbesanComagubom:sdigSadesndoogdi
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Physical Properties of HFC-134a

Physical Properties Unit HFC-134a
Chemical Name — Ethane, 1,1,1,2-Tetrafluoro
Chemical Formula — CH,FCF,
Molecular Weight — 102.03
Boiling Point at 1 atm (101.3 kPa or 1.013 bar) °C -26.1
‘2 -14.9
Freezing Point °’c —-103.3
°F -153.9
Critical Temperature g & 1011
°F 2139
Critical Pressure kPa 4060
Ib/in? abs 5889
Critical Volume mi/kg 1.94 x 103
ft*/Ib 0.031
Critical Density kg/m? 5153
b/t 3217
Density (Liquid) at 25°C (77°F) kg/m? 1206
Ib/t? 7528
Density (Saturated Vapor) kg/m? 525
at Boiling Point Ib/ft? 0.328
Heat Capacity (Liquid) kJ/kg-K 1.44
at 25°C (77°F) or Btu/(Ib) (°F) 0.339
Heat Capacity (Vapor kd/kg-K 0.852
at Constant Pressure) or Btu/(Ib) (°F) 0.204
at 25°C (77°F) and 1 atm (101.3 kPa or 1.013 bar)
Vapor Pressure at 25°C (77°F) kPa 666.1
bar 6.661
psia 96 .61
Heat of Vaporization at Boiling Point kJ/kg 2972
Btu/lb 934
Thermal Conductivity at 25°C (77°F)
Liquid Wim-K 0.0824
Btu/hr-ft°F 0.0478
Vapor at 1 atm (101.3 kPa or 1.013 bar) Wim-K 0.0145
Biu/hr-ft*F 0.00836
Viscosity at 25°C (77°F)
Liquid mPa-S (cP) 0.202
Vapor at 1 atm (101.3 kPa or 1.013 bar) mPa-S (cP) 0.012
Solubility of HFC-134a wt% 0.15
in Water at 25°C (77°F) and 1 atm (101.3 kPa or 1.013 bar)
Solubility of Water in HFC-134a wi% 0.1
at 25°C (77°F)
Flammability Limits in Air at 1 atm (101.3 kPa or 1.013 bar) vol % None
Autoignition Temperature ki 770
o 1,418
Ozone Depletion Potential — 0
Halocarbon Global Warming Potential (HGWP) — 0.28
(For CFC-11, HGWP = 1)
Global Warming Potential (GWP) — 1,200
(100 yr ITH. ForCO,, GWP =1)
TSCA Inventory Status — Reported/Included
Toxicity AEL* (8- and 12-hr TWA) ppm (v/v) 1,000

* AEL (Acceptable Exposure Limit) is an airborne inhalation exposure limit established by DuPont that specifies time-weighted aver-

age concentrations to which nearly all workers may be repeatedly exposed without adverse effects.

Note: kPa is absolute pressure.

End
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