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אא 
א Refrigerants 

  
אאאאא،

אאאאאאא
א،אאא

KאאאאאאW 
- Non-poisonousK 
- Non-explosive. 
- אNon-corrosiveK 
- Non-flammable K 
- אK 
- אK 
- אFEK 
- אאאK 
- אאK 
- א––אK 
- אא

אK 
- אאאאK 
- אאאאkg

אK 
- אאאאא

אאK 
אאאאFאEאא

אאאאאKאאאא
אC°−15C°30K 
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אW 
- אאGroup IWאאFא–אKE

WR-12 ، R-22، R-502 
- אאGroup IIW،R-40 (Methyl chloride)R-

764 (Sulfur dioxide) 
-  אאGroup IIWאא،R-170 

(Ethane) R-290 (Propane) 
 

 אW 
١K אאPrimary RefrigerantsW 

אR-12، R-12 R-502אאPRIMARY 

REFRIGERANTSאאאK 
٢K אאSecondary Refrigerants: 

،א،אאאאא
אא،א(brines)،אא،(methyalcohol) אK 

 
אאIdentifying Primary Refrigerants  

 אא(R)אא
אא،אאא(ASHRAE)K 

 
אFאEW 

١K אFChlorofluorocarbons CFCs Eא،
אאFKEWR11  ،R12  وR114K 

٢K א)Hydrochlorofluorocarbons or HCFCsE
א،א،אאKWR-22 or R-123 . 

٣K אHydrofluorocarbons or HFCs אא
،אWR-134a . 

٤K WK 
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אאאא 
١K אFlurocarbons : 

אאZאא J١ 
אא ZאאH١ 

אR22, …., R11אא 
אאZH١Z١ 
אאZאא J١ 

אא Zאא J١ 
 

אא Zאא 
 

אא Zאאא 
 

١ 
 

١٢Dichlorofluromethane 12 
אאZH١Z١ 

אאZ١ J١Z 
אאZ٢ 

אW 

CF Cl

F

Cl
R12 

∴אאZ٢ 
 אאR12 22FCCl 
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٢ 
 

٢٢Monochlorofuromethane R22   
אאZH١Z١ 

אאZ٢ J١Z١ 
אאZ٢ 

א 

CF Cl

F

H

R22 
∴אאZ١ 

 אאR12 2CHClF 
 

 
 
 

١١Trichloromonofluromethane R11  
אאZH١Z١ 

אאZ١ J١Z 
אאZ١ 

א 

CF Cl

Cl

Cl

R11 
∴אאZ٣ 

٣ 



א ٢٦٢ אא 
אא אא א 

 
 

- ١١ - 

אא١١FCCl3 
 

HFC )א( 
W 

א Tetrafluroethane )( 23 FCHCF 
אא Zאא J١Z٢ J١Z١ 
אא ZאאH١Z٢H١Z٣ 

אא ZאאZ٤ 
-  
- א 

C C

H

H

F

F

F F

R134a 
- א)( 23 FCHCFR134a 

 
אאInorganic Refrigerants  

אH700R(700+mwt) 
 

F١E 
אFאE3NH 

אא١٤H٣Z١٧ 
א 717R 
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F٢E 
 

א2CO 
אא  Z١٢H١٦×٢Z٤٤ 

744אR 
 

F٣E 
 

אOH 2 
אאZ١٦H٢Z١٨ 

א718R 
 

אאא
אאאאKאאאא

אאאאאאK 
 

אאאאא א
 Orange Trichloromonofluoromethane)( 3 FCCl R11 

 White Dichlorodifluoromethane)( 22 FCCl R12 

Pale Blue Monochlorotrifluoromethane)( 3CClF R13 

א Purple Tetrafluroethane )( 23 FCHCF R134a 

 Green Monochlorodifluoromethane)( 2CHClF R22 

 Monochlorotrifluoromethane)( 3ClCH R40 

Orchid- )115%2.5122%8.48( RR +R502 

 Silver Ammonia )( 3NH R717 

אא 
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אא،אאW 
 

אאאThermodynamic Properties  
אאא  Temperature & Pressure 

 א(boiling point)אאאאאW 
 

א)( C°א 
23.7 R11 
-29.4 R12  
-81.4 R13 
-26.1 R134a 
-40.8  R22 
-11.8 R40 
-46.0 R502 
-33.0 R717 

אאאא 
 

 אא  R13 Jאאא
אאאאCascade systems JK 

אאאאאאא
R134aאא(T)א(p)אא،(v)אא

א(h)אאאאאאW 
 

אאאא אא אאא
}/{ kgkJL }/{ kgkJh ′′ }/{ kgkJh′ }/( kglv ′′ }/( kglv′ }{barp  }{ CT °  

215.37 381.71 166.35 188.56 0.726 1.020 -26 
214.75 382.34 167.59 180.67 0.728 1.067 -25 
214.13 382.97 168.84 173.18 0.730 1.116 -24 

אR134a 
 

אאאאא
אאאK 
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אאSpecific volume (v) 
 אאאC°−15אא

(x=1) JאאאW 
 

 

אא)/( kglא 
766.73 R11 
91.45 R12  

-  R13 
279.3 R40 

120.15 R134a 
77.70 R22 
50.02 R502 
507.9  R717 

אאא 
 

אאאאא 
 

אאא∗אאא◊ א 
)min//( kWkg  )/( kgkJ )/( kgkJ   

0.383 156.73 195.30 R11 
0.512 117.16 159.55 R12  
0.408 146.96 208.29 R134a 
0.369 162.47 217.00 R22 
 R40  ـ 349.058  0.172
0.575 104.39 156.61  R502 
0.054 1104.68 1311.3 R717 

אאאאאא 
 
 
∗אאC°−15C°30 
◊אאאC°−15 
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אאPhysical Properties  
 אאאאאאא

אאאאאK
אאאW 

 J  אא Oil MiscibilityW 
אאא،אאא

אאאאKא
אאאאאאאאאK 

אאאאW 
 

א؟אא 
 R11 

 R12  

 R13 

 R40 

 R134a 

 R22 

 R717 

אא 
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אאOdorW 
אאא 

slightly ethereal  R11 

slightly etherealR12 

slightly etherealR22 

slightly etherealR502 

pungent R717 

אא 
 

א(safety)W 
 אאאאFאE

אאKאאא
אW 

אא 
 R11 

 R12 

 R13 

 R40 

 R134a 

 R22 

 R502 

 R717 

א 
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אאא 
 R11 

 R12 

 R40 

 R134a 

 R22 

 R502 

 R717 

אא 
 
 

אאW 
 אFאEאאאא

אאאאKא
אאאאFאE

אאאKא
אאאאאאא
אאאאאאאאאK 

 ،אאאאא
אאKאאW 

 
١K אW 

 אאאאאאאא
(ppm)W 
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א אא(ppm) (ppm) 

R134a 5 15 
R22 30 100 
R502 15 50 

אאא 
אאKא

אאאאK 
 

٢K אאW 
אאאאאאאW 

 

אאא 
C° R12 R22 R500 R502 R13B1 

-40 1.7 120 48 40 2 
-20 3.8 195 81 69 5 
0 8.3 308 129 115 10 
20 17 472 200 180 21 
40 32 690 293 278 40 

אאאא 
 

אאאאאK 
 
אאFאWE 

אאאאא
אאאKאאאאא

אאאאאא
MPa40אאאאKאא
MPa180אאMPa80אאאאא

אאK 
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אאאאאאאאאא
אK 

 
אאאאאאאאW 

- אאאאא
אאאאK 

- אאK 
- (Relief valve)אאאא

אאאאאאאK 
- (Check valve )אא

אאא،אאא
אאאאאאא

אK 
 

אאאW 
١–אאאFאאEK 
٢–אאFאKE 
٣–אאאאK 
 

١אאאFאאE– 
 אאאאאא

אKאאאאאאא
אאאאK 

٢אאFאE 
 אאFאאאא
אEאK 
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٣אאאא 
 אא

Kאאאאא
אאK 

אאאHow to Choose a Leak Detector?  
 אFאCFCsE

אKאאאאא
؛אאאK 

 אאאאK
אאאאאW 

- אK 
- אsystem sizeWאK 
- אWאאאאא،،

אKKKKKK 
- אWאאאאK 
- אWאאא،WK 

 

אאאא 
א١١Trichloromonofluromethane R11 FCCl3  

- C°7.23 אאK 
- K 
- אK 
- אאאK 
- אאאאאK 
- אאאK 
- אאFEHalide torchK 
- אאK 
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אDichlorodifluoromethane R12 )( 22FCCl 

- אאK 
- C°− 4.29K 
- ،אK 
- K 
- אC°− 68אאאא

אאאא
אאK 

- אאFEHalide torch 
- אאK 
-  

אTetrafluroethane )( 23 FCHCF -  (R134a) 
- HFCא12RK 
- אאאא،א،אאאאK 
- ،אאK 
- C°− 1.26K 
- 0(א( =ODPK 
- אאR12K 
- אאC°25K 
- אlight blue 
- אאK 
- אאאא(molecular sieve)K 
- אאאא(silicone gel) 
- אא،אא(florescent dyes) א

אKKKאאK 
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אF٢٢EMonochlorodifluoromethane (R22)   )( 2CHClF    

- C°− 8.40 
- אאאאאאא،

אאאאאאK 
- ١٢אאאאK 
- אאC°− 9אאאK 
- אאFEHalide torch 
- אאאK 
 

אא٢٢א١٢W 
- אאא60%אאאאא

١٢KאאאאאאR22
א60%אאאR12K 

 R12KאאR22אאאא -
- אR22אאFאEאR12

R22אK 
- אאC°− 29C°− 40אא

אאR22R12אאא
אK 

- אאR12אאאאאאא
K 

-  
אF٥٠٢E)11522}({ 522 RRClFCCHClF ++502R 

- 48.8%R22+51.2%R115K 
- K 
- אK 



א ٢٦٢ אא 
אא אא א 

 
 

- ٢٣ - 

- אFC°−18C°− 51KE 
- אאK 
- אאאK 
- C°− 46אאK 
- אאאR12R22K 
- אR22אR12(condensing 

pressure)אאאאK 
- אאאאאK 
- אאאא٢٢

(R22)K 
- א(orchid)אK 

אFאFE3NHR717( 

- אאK 
- אK 
- K 
- אK 
- אאאkgא

אאאאאK 
- C°− 33אאK 
- אFאאER12R22אאK 
- אאאאאאאK 
- א–אאאאאא

אאK 
- אאאאK 
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- ٢٤ - 

א)764(2 RSO 
 Kאאאא -
- K 
- אאאאא ١٩٢٠

١٩٣٠K 
- א40(א( 3 RClCH −אאאK 
- C°−10אאK 
- אאK 
- אאאא)( 32SOHא

)4( 2SOHאאאK 
 

א)744( 2 RCO − 
- K 
- K 
- אאאאאאאאאא

אאאאאאאK 
 Kאא -
- אא،אאאאK 
- C°− 7.78אא)6.56( C°−א

אFEK 
- א،אאא

K 
 

א403 RClCH − 
- C°− 7.23אאK 
- K 
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- אאאא
K 

- אאא،א،א
אK 

- אאאאאאאאK 
- אאאאאאא

אK 
- אאFEאא

אאK 
 

אאא 
אאאאאאאאאW 

 

א אא 
R134a,R22 אא 

R134a,R22,R502 אאא 

R134a אא 

R13,R502 אgryogenic 

R22,R500 אא 

R134a,R22 אא J 

R11,R134a.R22 אא J 

R11,R134a אא J 

R22,CO2(SOLID) אא 

N2 אא 

R11 אא 

CO2,N2 א 

R11 אאא، 

אאא 
אאאאK 
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אאא 
 אאאאא

אאW 
 

א א אא 
R11  Centrifugal –200-2000TR 

R12 

Centrifugal 
אReciprocating 
אRotary 

אא
אKאא

א
אא،אKKא 

R22 
אReciprocating 
 Centrifugal 

،אאאא
،א،א

،אא
אאאא

R500 אReciprocating 
אאא

א50 Hz

R502 א Reciprocating 
אא
אאאא

R503 א Reciprocating 
אאאא

א–C°−90 

R13 א Reciprocating 
אאאא

א–C°−90 

R113 Centrifugal 
אאא

אא 
אאא 
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אאW 
אאאאאאאאאW 

- אאC°0 
- אאC°50 

 


א 

א
א 


א)/( 3mkJ


א)(

e

c
p
p

r =


א),( barpc 


אא)(COP 

R11 FCCl
3 443 5.9 2.4 5.53 

R21 2
CHFCl 636 5.68 4.0 4.64 

R22 FCHCl2 3671 3.88 19.3 5.14 

R114 722 FClC 784 5.06 4.5 4.61 

R717 3
NH 42.75 4.96 20.6 5.53 

אא 
 

אא Secondary Refrigerants 
 ،א،א،אאאאא

Kא،(methyalcohol) א،א(brines)אא 
 אאאאאא
אאאאאאאK 

 אאאאW 
- אאK 
- אא)/18.4( kgkJc

p
=K 

- אK 
- K 
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א(CFCs)א 
אאאradiationUV β−
radiationUV β−W 
- אאאK 
- אK 
- אK 
- אאאאK 
- אאאK 
 

אאא١٥ J٢٠
אW 

 


אא 

 

١E אאאC+Cl2+F2 
٢E אאK 
٣E אאFאKE 
٤E א)( 3OאOCl2K 
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٥E אאOCl2K 
٦E א22 OCl +K 

OClOCl 232 33 =+א 
אאאאא

אK 
אאא(ODP) ozone depletion potential)(

W 
- ODP=1אR=11ODP=0.5 אR=22 
- אאאאאאא(Global 

warming Potential, GWP)W 
                                     GWP= 1 for CO2       

     GWP=0.05 for CFCs 
 

אאMontreal Protocol  
אאאא(CFCs)

W 
- אאR12,R11א1986-2000 
- אא(CFCs)אאW 
- 2015-2030R22K 
- אאK 
- אאאאאאא2005K 
- אאR134aK 
- אK 
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אאAlternative Refrigerants 
אאאא(HFCs)(HCFCs) 

אאאKאאאאאאW 
א 

R134a R12 
אFאאא

אE 

)13412532(
407

aRRR
cR
++

 R22 
אאא

 

)12532(
410

RR
aR

+
 אא

 

אאאא
אא 

)600134218(
413

ARaRR
AR
++

R12 אא 

)600134(
417

aRaR
aR

+
 R22 אא 

אא 
 

،אאאאאא(greenhouse effect)
א،אאאאאא

אKאא
אKאאW 

אHCsW 
 אאאא
אאאאאKא

א؛K 
אR717)(

3
NHAmmonia 

 אאא
אKאODP=0GWP=0K 
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- ٣١ - 

א744)(
2

RCOdioxideCarbon − 
 אODP=0GWPאאא

א(low energy efficiency)א
)3.31( CT

critical
°=אאאK 

 

אאAir (R729) 
 אאאאאK 

אWater (H2O) – R718 
 אאאאא0(א( CT °>

אאא(specific vapor volume)
אKאאא(Lithium Bromide)K 

אאBrines 
 אאאא

אאאאא
אאאאאאאKאאא

אאאאK 
אאאW 

- אCalcium chloride(CaCl2)  
 אאאאC°−17 

- אSodium Chloride(NaCl) 
 אאאאC°− 21 
אאאאא

אאאK 
אאאא(Antifreeze solutions)

אאאW 
 JאAlcohol JאGlycerine 
 Jא  Ethylene Glycol                       JאPropylene Glycol   
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א 
- א،אאא،אא

אאאK 
- ،אאאא

אאאK 
- אW 

♦ א(CFC's) 
♦ א   (HCFC's) 
♦ א(HFC's) 
♦  
♦ אא 
♦ אא 

 
- ASHRAEאא،אא700אאאא

Kא،אאXYZ
R،אZאאא،אא Y

אאאאאאאאXא
אאK 

- א،אאאK 
- אאא،אאאK 

אאאאאא(EPA)K 
 

  


