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אאWאאאאא 
אאW 

אא100אK٪ 
אאW 

אאאאאאאא
אאK 

אW 
אאאאאאא

אאאא
אאאאאא

אאאאאFEK 
אאאW 

אאW 
♦ אאאאK 
♦ אאאאp-hאK 
♦ אאאאK 
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אאW 

 א    א  אW  א א  J
FEאא JאאאK  
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1-1 אאאאW  
  

1 J1 J1אאא 
 

F1 J1EאאK،،א
،F1 J1E p-h אKא

אאאאW 
 

1 J1 J1 J1אאאא 
Multi-Evaporators atthe Same Temperature with Single Compressor     

 
א،אאאא

F1 J2Eא p-h אF1 J2KE 
 

אW 
 

 א  FRefrigeration Ton E  א אא  א  
אאF (0 �Cאא24K 

 
American Ton=2000 lb 

אאאאF144 BTU/ lb = (0 �C 
TR=(1/24)(2000×144)=12000 BTU/hour    
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 1 kcal=3.98 BTU 
 TR=3000 kcal/hour 

 1 kcal=4.1868 kJ 
 =12500 kJ/hour =3.5 kJ/s =3.5 kWTR 

אא 
 

 אאRefrigeration Capacities אא
אאאאRC3, RC2, RC1 אKאאא

אW 
 

1 JאאW 

41

1
1

5.3
hh
RCm

−
×

=
•

 

 

41

2
2

5.3
hh
RCm
−
×

=
•

 
 

41

3
3

5.3
hh
RCm
−
×

=
•

 

3.5אאאאFTREFkWKE 
 
2 JאאאW 

))(( 12321 hhmmmPC −++=
•••

 
  

 
3 JאאW 


12

41

h-h
hh

  work   Compressor
effect   ingRefrigerat  COP −
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Multi-Evaporators at the Same Temperature with Multi Compressors     
 

،א    א  אא  א 
אF1 J3Eא p-h אF1 J3KE 
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 אאRefrigeration Capacities אאא
אאRC2, RC1 אKאאאאW 
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1 JאאW 

41

1
1

5.3
hh
RCm

−
×

=
•

 

 

41

2
2

5.3
hh
RCm
−
×

=
•

 

 
2 JאאאאW 

 
אאW 

)h-(hP 121C1

•

= m   
אאW 

)h-(hP 122C2

•

= m   
אאW 

C2C1Total PPP += 
3 JאאW 

 
Total

21

P
)RC3.5(RC

power    Compressor
  capacitiesion Refrigerat  COP +
== 
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1 J1 J2אא 
 
1 J1 J2 J1אאא 

Multi-Evaporators at Different Temperatures with Single Compressor     
 

 F1 J4E   אא 
F1 J4Ep-h אK 

 
אאW 

 
 אאRefrigeration Capacities אא

אאאאRC3, RC2, RC1 אאT3 ,T2 ,T1
אאאאאW 

 
1 JאאW 

69

1
1

5.3
hh
RCm
−
×

=
•

 
 

58

2
2

5.3
hh

RCm
−
×

=
•

 

 

47

3
3

5.3
hh

RCm
−
×

=
•
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xhmmmhmhmhm )( 32110311291

••••••

++=++ 
  

אאאאhx W 
 

321
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•••

•••

++

++
=

mmm

hmhmhmh x 

אאאאW 

))(( 2321 xC hhmmmP −++=
•••
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C
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P
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F1 J1WE 
 

א אF1 J5 E
א(35  �C)אR12KאW 

 JאאאK 
 J אאK 
 
אW 

 JאאאW 
p-hאW 

h3=h4=h5=h6= 234.1 kJ/kg    
h7= h10= 357.2 kJ/kg 
h8= h11= 352.8 kJ/kg 
h9= 348.3 kJ/kg , hx, h2 =? 

 
Wh אאאאאא

אh∆ هو نفسه. 
אאאW 

kg/s  306.0
1.2343.348

105.35.3

69

1
1 =

−
×

=
−
×

=
•

hh
RCm 

kg/s 59.0
1.2348.352

205.35.3

58

2
2 =

−
×

=
−
×

=
•

hh
RCm 

284.0
1.2342.357

105.35.3

47

3
3 =

−
×

=
−
×

=
•

hh
RCm  kg/s 

hxאאאאאW 
אאאאZאאא 

xhmmmhmhmhm )( 32110311291

••••••

++=++  

  kJ/kg7.352
284.059.0306.0

2.357284.08.35259.03.348306.0

321

10311291 =
++

×+×+×
=

++

++
=⇒ •••

•••

mmm

hmhmhmhx 

h2=378 kJ/kg  
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85.29)7.352378)(284.059.0306.0())(( 2321 =−++=−++=⇒
•••

xC hhmmmP kW 
 JאאW 

69.4
85.29

)102010(5.3)(5.3 321 =
++

=
++

=
CP

RCRCRCCOP 

 
)E 

p

h

7

23

4

pc

pe2
pe1

pe3

5

6

8

9

1011
x

 
FE 

  
F1 J5E אF1 J1E  



 205 אא 
אאא אאFE אאאאא 

  
 

  

- 14 -  

1 J1 J2 J2אאא 
Multi-Evaporators at Different Temperatures with Multi Compressors     

 
  F1 J6E    א    

אF1 J6Ep-h אK 
 

אאW 
  

 אאRefrigeration Capacities אא
אאאRC2, RC1  אאT2 ,T1 א

אאאאW 
 

1 JאאW 

71

1
1

5.3
hh
RCm

−
×

=
•

 

  

63

2
2

5.3
hh

RCm
−
×

=
•
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א אW 

 )( 1211 hhmPC −=
•

 
א אW 
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אאאאא
   א(x)  אא אא   א א א

אאאאאאKW 

xhmmhmhm )( 213221

••••

+=+ 
 

אאאאhx W 

21

3221
••

••

+

+
=

mm

hmhmh x 

אאאאאW 

 ))(( 4212 xC hhmmP −+=
••

 
 

אאW 
PTotal=Pc1+Pc2 

 

3 JאאW 

 
Totalp

RCRCCOP )(5.3 21 += 
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F1 J2WE 
 

אאא
F1 J7EאR134aKאW 

 JאאאK 
 J אאK 

אW 
 JאאאW 

p-hאW 
Fא10א �CEpe2=415.25 kPa  

Fא10-א �CEpe1=201.22 kPa 

1

2

2 e

e

e

c

p
p

p
p

= 

kPa( ) 94.856
22.201
25.415 2

1

2
2 ===⇒
e

e
c p

pp 

h1=h4=h7= 96.92 kJ/kg    
h2=241.35 kJ/kg, h5=252.92 kJ/kg, h3=256.1 kJ/kg, hx, h6 =? 

 
Wh אאאאאא

אh∆ هو نفسه. 
אאאW 

 kg/s  242.0
92.9635.241

105.35.3

12

1
1 =

−
×

=
−
×

=
•

hh
RCm 

 

kg/s 449.0
92.9692.252

205.35.3

45

2
2 =

−
×

=
−
×

=
•

hh
RCm 

hxאאאאאW 
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אאאאZאאא                                            

xhmmhmhm )( 215231

••••

+=+  

kJ/kg03.254
449.0242.0

92.252449.01.256242.0

21

5231 =
+

×+×
=

+

+
=⇒ ••

••

mm

hmhmhx  

h6=270.05 kJ/kg (Sx=S6)  

57.3)35.2411.256(242.0)( 2311 =−=−=
•

hhmPC kW 

07.11)03.25405.270)(449.0242.0())(( 6212 =−+=−+=
••

xC hhmmP kW 
kW64.1407.1157.321 =+=+=⇒ CCTotal PPP 

 JאאW 

17.7
64.14

)2010(5.3)(5.3 21 =
+

=
+

=
TotalP

RCRC
COP 

 
FE 
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1 J2אאאאW 
  
1 J2 J1אאאאW 

 
  F1 J8E    א    

אאאא
F1 J8Ep-h אK 

 
אאW 

  
אאRefrigeration Capacities אא

אאאRC2, RC1 אאT2 ,T1 אK
אאאאW 

1 JאאW 

71

1
1

  5.3
hh
RCxm

−
=

•

  

 

63

2
2

  5.3
hh

RCxm
−

=
•

 

2 JאאאאW 
 

א אW 

 )( 1211 hhmPC −=
•

 
א אW 

 ))(( 34212 hhmmPC −+=
••

 
אאW 

 PTotal=PC1+PC2 
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3 JאאW 

 
TotalP

RCRCCOP )(5.3 21 += 
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1 J2 J2אאאאW 
 

 א א   F1 J9E F5-6 Eא
 (pc)א א(pI)F7-8E אא(pI)א(pe)

   אF1-2 E   א א  F3-4  E א א  
(Flash Intercooler)K 

 
אאאFlash IntercoolerW 

 
אאאW 

 
1 J אאF3EאאF7EאK 

2 J אאאאאאF2-3E، 

אאF6-3KE 

 
 א א א  ،אא

W 

ecI
I

c

e

I ppp    ,
p
p

p
p

== 

 
אא 

 
אאאאא א

אאאא  א אאאאא
אאאK 
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1 Jאאאא1

•

mW 
 

81

1
Effect ingRefrigerat

Capacity ingRefrigerat
hh

Q
m evaporator

−
==

•
•

 

2 Jאאא2

•

mW 
 

אאאאאאאW 
אאאZאאאא 

71326221 hmhmhmhm
••••

+=+ 
 
אאאאא

p-hא א א  א א 

1

•

m،אאא2

•

mW 

63

72
12

hh
hhmm

−
−

=
••

 

 
3 JאאאאW 

 
א אW  

)( 1211 hhmPC −=
•

 
אאW 

)( 3422 hhmPC −=
•

 
אאW 

PTotal=PC1+PC2 
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4 JאאW  

Total

evaporator

P
Q

COP

•

==
Power Compressor Total

Capacity ingRefrigerat
 

 
 

  
FE 
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FE 

 
F1 J9Eאאאא 
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F1 J3WE 
 

אאF1 J10Eא
(35 �C)אKאW 

 JאאאK 
 J אאK 
 Jאאאאאאא

אKא؟ 
 

אW 
 JאאאW 

 
אp-h،אאW 

 
Fא25-א �CEpe=152 kPa               

                                                                                               
Fא35א �CEpc=1352 kPa              

                                                                                               

e

I

I

c

p
p

p
p

= 

kPa453)1352)(152( ===⇒ ceI ppp 
 
h1=1430 kJ/kg    
h2=1573 kJ/kg       
h3=1463 kJ/kg    
h4=1620 kJ/kg 
h5=h6=366 kJ/kg 
h7=h8=202 kJ/kg 
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Wh אאאאאא
אh∆ هو نفسه. 

 
אאאאW 

kg/s  204.0
2021430

250

81

1 =
−

=
−

=
•

hh
RC

m 

 
אאא2

•

mאאאא
אאW 

 
אאאאZאאא 

71322162 hmhmhmhm
••••

+=+  

  kg/s  255.0
1463366
1573202204.0

63

72
12 =

−
−

=
−
−

=⇒
••

hh
hhmm 

2.29)14301573(204.0)( 1211 =−=−=
•

hhmPC kW 

0.40)14631620(255.0)( 3422 =−=−=
•

hhmPC kW 
kW2.690.402.2921 =+=+=⇒ CCTotal PPP  

  
 JאאW 

61.3
2.69

250
===

TotalP
RC

COP  

  
  .  دورة عادية بسيطةإلى  في حالة الانضغاط على مرحلة واحدة تتحول الدورة -ج
  

אאאW 
p-hאW 

  
h1=1430 kJ/kg    
h2=1765 kJ/kg       
h3= h4=366 kJ/kg    
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אאאW 
  

kg/s  235.0
3661430

250

41

=
−

=
−

=
•

hh
RC

m 

7.78)14301765(235.0)( 12 =−=−=⇒
•

hhmPC kW 
 

אאאאאאانضغاط على مرحلة واحدة.  
 

אאW  

18.3
7.78

250
===

CP
RC

COP  

אאאאانضغاط على مرحلة واحدة.  

 
 

FE 



 205 אא 
אאא אאFE אאאאא 

  
 

  

- 30 -  

  
FE 

 
F1 J10E אF1 J3E  
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1 J2 J3אאאאW 
 

אאאאאאאא
      א אא  א א א א אFlash 

Intercooler)Eאא،F2-3EאF1 J11E
אאאאאK 

 
 אאא  אא א

אא א  א אאאאאא
אאאK 

 
אא 

 

1 Jאאאא1

•

mW 
 

          
91

1
Effect ingRefrigerat

Capacity ingRefrigerat
hh

Q
m evaporator

−
==

•
•

 

2 Jאאא2

•

mW 
 

אאאאאאאא
א،W 

 
אאאZאאאא 

WaterQhmhmhmhm
•••••

++=+ 81427221 
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QwaterאאאאאK אא
אאאp-hאא

אKאא1

•

mאאאאא،

אאאא2

•

mW 
 

47

281
2

)(
hh

Qhhmm water

−
+−

=

••
•

 

3 JאאאאW 

 
א אW  

)( 1211 hhmPC −=
•

 
אאW 

)( 4522 hhmPC −=
•

 
אאW 

PTotal=PC1+PC2  
 
4 JאאW  

Total

evaporator

P
Q

COP

•

==
Power Compressor Total

Capacity ingRefrigerat
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FE 

 
FE 

 
F1 J11E אאאא  
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א1א 
 

  
1 J1אאאאא؟ 

 
1 J2א؟אאא 

 
1 J3אWאאא،אK 

 
1 J4F1 J1Eאאא.45°C 
 
1 J5F1 J2Eאא.R-22 
 
1 J6F1 J3Eאאא .50°C 

 
 

 
 

 



 

 

  

אאאא  

אאאאFFEE  


א

א



 

2
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אאWאא 
 

אאW 
אא100אK٪ 
אאW 

،אאאאא
אאK 

אW 
 אאאאאאאאא
א  א א א אאא 

אאאאאאאK 
אאאW 

אאW 
♦ אK 

♦ אאאאK 

♦ אאK 

 
אאWC6, C7   

 
אאW 

 א    א  אW א א   J
FEאא JאאאK  

 
אאW6 
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2 J1א J 
 

אאאאאאאא،א
אאאאאKאאא

     א א א  ،א     
אא אא ،א א  א

אאאאא{אאא
אK 

 
אאאW 

 
F2 J1EאאאאאאאאK

،אאאאאאא
אאאאא،אאאא

،אאאאאא
אאאאאאא
אאאאאK 

 

 
 

F2 J1Eאאאאאאא 
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אאאאאאאא
Kאאאאאאאאאא

Kאאא Jא
אאאאאאאאאאא

אKאאאאא
אאאאאK 

  F2 J2 Eא   א א א א א
אאאאASHRAE K 

 

 
 

F2 J2Eאאאאאאא 
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   אFrost א  א  F אא א Eא 
א K אאא אאאא אKא 

אאאKאאא
אאא،אאאאאאא

 K אאאא אא،אא،אאא
אאK 

 
2 J2אאאאW 

 
אאאאW 

1 J אאK 

2 J אא(Pump Down) אאWא

 א א  א  א  א  א  

אא א،אאאא

אK 

3 J אאK 

4 J אאאאאאאK 

5 J אאאאא

אאK 

6 J א אאא א א 

אאאK 
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7 J אFאאאאאא

אאאאאKE 

8 J אאK 

  

2 J2 J1אאElectric Defrosting 
 

אאאF2 J3 KEא
אאאאאאKא

אאאאאאאא،
אא Kא אא א  

א،אאKאא
Kאאאאא

א   אF4 Eא א  Kא א 
אאF5EאאK 

 
אאאאאאK 

 
 

F2 J3Eאאא 
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2 J2 J2אאאHot Gas Defrosting 
 

אא א א אא א FאEא
א،אאאאאאאאא

 א א  F א אא By Pass LineE{ א א  
KאאF2 J4Eאא

אאאSolenoid Valve،אא
אאKאאאא،אא

אאKאאאאאא
אK 

  
אאא א א  K

  א א ،א א  א א    ،א  
אאאאאKא

 א א אא  א    ،א  Kא  
אאKאאא

אאאאWא {אאאאאא
אאאאאאאK 
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F2 J4Eאאא 

 
 
2 J2 J3אאאאWater Defrosting 

 

אאאאאאאאאאא
  -40 �C)Eא   ،  א אא   

Antifreeze Brine Solution K   א א 
אאאCycle offאאKאא

     א  א   א   
 א  אF2 J5 KE  א  א א      

אאאKHeater 

TapeאאאאK 
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 א  אא אאא
א K  אLouvers א     א  א 

א K   א אא א א  אאא  ،
א   א א א    א   א א 

אאאאK 

 
 

F2 J5Eאאא 
 

 
אאאאאאאא

אKאאאאאאאא،
  א  א   K  א א א  א 

אאא א،א א אאא
אאאאאK 
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2 J2 J4אאאReverse Cycle Defrosting 
 

  F2 J6 E    א  א   א          א  
Four Way ValveאאאאאFאE

אאFאEאא
אאאKאאאF2 J6KE 

 
אאאאאאאא

א  אFא E  א  א Fא Eא 
אKאאאF2 J6KE 

 

 
F2 J6Eאאא 
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2 J3אא 

א אא א 

אא
،א

אא 
، 

אא ، ،א،

אאא 
،

FאאאE 

א،

 

אא אא 
 

2 J4אא 

אאאW 

1 J אאאאאאאאא

אאאאK 

2 J אאאאאא

אאאאא

אאK 

3 J אאאKאא

אאא100א J180Lאאא

אא600 J800LK 
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א2א 

 

2-1 א؟אאא؟ 
 
2-2 אאאאאK 

 
2-3 אאא(Pump Down)؟אאא، 

 
2 J4אאאאK 

 
2 J5אאאאאאא؟ 
 
2 J6אאאאא،א؟      

           ؟ 
 
2 J7אאאאאאאK 

 
2-8 אאאאאאאK 



 

 

  

אאאא  

אאאא


א

א
 

3
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אאWאא 
 

אאW 
 אאא100K٪ 

 
אאW 

אאאאאאאאאא
אאאאK 

 
אW 

אאאא אאא א א אא  
אאאאאאאא

אאאאאאK 
 

אאאW 
 אאW 
♦ אאאK 
♦ אאK 
♦ אאאאK 
♦ אאאאאK 
♦ אאאאאאK 
♦ אאK 
♦ אאאאאאאK 
♦ אאאאK 
♦ אאאאFאאא–א–אKE 
♦ אK 
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אאWC6, C7   
 

אאW 
 א    א  אW  א א  J

FEאא JאאאK  
 

אאW8 
 
 
3 J1אא 
 

אאאאאא
אאאאאK 

 
 אאאאאאאא א

אאאW 
 
1 J אאא Positive Displacement Compressors  
 

   א     א   אא   
אאW 
• אאאReciprocating Compressors 
• אאאא  Rotary Compressors W 

 Jאאאא Vane Compressors 
 JאאאCompressors Scroll 
 JאאאScrew Compressors 
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2 JאאאDynamic Compressors  
 

אאאא
{אאא Centrifugal Force K 
 
 
3 J2אאא   Reciprocating Compressors 

 

F3 J1E،אאא
אאאאא אאFאEאאאKא

אFא E  ،א א א  א אא
א  אא א  א  א   

אא אא  אאאא،א
אאTop Dead Pointאאא، Bottom Dead Point K

אא א א FאEK 
F3 J2EאאK 

 
אאא  א   א א   אא

אאאאא K
א  אא90-250א TR ، אאא

א Single or Double Acting אאאאאאK 
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F3 J1Eאא 
 

 

 
F3 J2Eאא 

FEאFEא 
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אאאאאאW 
 
3 J2 J1אאHermetic Compressors 

 

  F3 J3 E ،א  א  א א א
FאEאאאאאאK

אא  א א  א      א K א א א 
א א   א א אא  א אאK  א  

 א  ،א    א   Muffler
אאאאאKאאאאא 

20 rpsאאא  50 rpsאאאK 
 
3 J2 J2אSemi Hermetic Compressors 

 
  F3 J4 E،  א א  א א 

אK 
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F3 J3Eא 
 

 
 

F3 J4E 
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3 J2 J3אOpen Compressors 
 

F3 J5E،אאאאא
אאא،אKאא Crank 

Shaft       א  א K א א  
 א  אא    א א  אא   א 

אאאK 
 

 
 

F3 J5E 
 

אאאאW 
 

א Direct Drive  
אאFlexible CouplingK 

 
א   Indirect Drive 

אאא
אK 
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3 J2 J4אאCylinders 
 

אאאאאאאאKא
אאאאאאIn-line אא،אאא

   V  W K    א אא 
 א אא  K אא   א אא

 ، א     א אא K  F3 J6E
אאVאאאאאK 

 

 
 

F3 J6EאאV 
  אאאאא 
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3 J2 J5א  Pistons  
 

אא    א א  א א   
 א א א Double TrunkK   אא  

  א   א אא א א   ،א
אא  א א אא

  א  א K   א א א   
F3 J7EPiston Ringsאא

א א א א א  אא    K אא  
א א   50 mm  א    א Kא 

אK 
 

אא   א  Kא 
אאאKF3 J8EאאK 
 
 

 
F3 J7Eא 
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F3 J8Eאא 
 
 

3 J2 J6אאSuction and Discharge (Delivery) Valves  
 

אאאאאא
 א Kא   א  א   א א  

אKאאאא
אאאאאאK 
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  א    א  א     K
אאאאאאK 

 

3 J2 J7אאאא 
 

3 J2 J7 J1אאאאW 
 

אאאאא
א א  אא K    אא א א 

אאאאאא{F3EאF3 J
9EKאאאVc P2אאא

   F4 Eא  א א   אאא  א 
אאW 

 

31

41
Vol VV

VV
meStrokeVolu
meActualVolu

−
−

==η 

W 
Actual VolumeWאא 
Stroke VolumeWאא 

 

31

4

31

3

31

4331 1
VV

V
VV

V
VV

VVVV
vol −

−
−

+=
−

−+−
=η  

 
אאאאא(3 , 4)  

n
44

n
33 VP   VP = 

 
אאאאK J 


n
1

1

2
Vol P

P CC1 







−+=η 
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W 
CWאאVcאאVs א 
nWאאאאPolytropic Index 
 P2/P1Wא 

 
אאאאאאאK

אאאאא
אאאW 

 

W 
ηvactWאאא 

 
 

F3 J9Eא Jאא 
 

 

1

2

2

1

T
T

p
p

volvact ηη =
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אאאאאא Jא
F3 J10EאאאF J JEK 
 

 
 

F3 J10Eאא Jא 
 

1122
112 2 vpvp

1n
vpvpdone Work −+

−
−

= 












−








−

= 1
vp
vp)vp(

1n
ndone Work

11

22
11 
















−








−

=

−

1
p
p)vp(

1n
ndone Work

n
1n

1

2
11 

 
אאW 

 done Work rate flow masst Refrigeran=Power ×  
 
















−








−

=

−

1
p
p)vp( m

1n
nPower

n
1n

1

2
11ref& 
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−








−

=

−

1
p
pTR m

1n
nPower

n
1n

1

2
1ref& 

W 
T1Wאאאא)K( 
RWאאאW 

M
R

R u= 
W 

RuWאאא8.315 kJ/(kg.mole)(K) 
MWאאFkgE 
 

F3 J1WE 
 

אאא1א bar 4 bar א
אאא25א °C אאאkg  28.97אאאא1.4

אא0.6 kg/s K 
 

אW 
















−








−

=

−

1
p
pTR m

1n
nPower

n
1n

1

2
1ref& 

kWPower 39.871
1
4)27325(

97.28
315.8)6.0(

14.1
4.1 4.1

14.1

=













−






+

−
=⇒

−
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3 J2 J8אאא 
 

 אאאאא
،אאאאאW 

1 J אאא 

2 J אא 

3 J אאא 

4 J אא 

 אאאאאאא
אא      F3 J11E K   א 
אאאאאאF3 J11EK 

 

 
 

F3 J11Eאאאאא 
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3 J3אאאאRotary Compressors 
 

א   אא אא   אא    
אאאאא،אאאאאאא

אאאאKאאאא
אאאאאאאK 

 
אאאאW 

 
1 J אאאאFאEאאאא 

2 J אאא 

 

3 J3 J1אאאאאאאא 
 

 F3 J12EאאFאEא
א،א  

אאאאK א
 א    אB   א אאA   

FEאאאא
אאKאאא

אK F3 J13EאK 
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F3 J12Eאא 
 



 205 אא 
אאא אאFE אא 

  
 

  

- 66 -  

 

 
 

F3 J13Eאאאאא 
 
 

3 J3 J2אאאאא   Vane Type Rotary Compressor  
 

 F3 J14 Eאא אא،א  
אאאKא

א،אאFאאKE 
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אאאאאאאאא

אאאאאאאאא{
א   א  א،א
אאאאאאאא

א K  א   א        א 
אאאK 

  
אאאא1:7אאאאא  

R12،R134aאאאאאאא
4 kWK 

 
   א אאאא א R12،R22 ،R134a

  א  -87oC K  א אא   
אK 

 
אאאאאאאאאאW 

 ) m3/s  (604
2 NLDVD

π
=  

W 
DW א  (m)  

L Wאא(m)  
NWאא 
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F3 J2WE 
 
אא א0.0538 m3/sאא  L/D=1.4 K

D, L א.3000 rpm 
 

אW 

604
2 NLDVD

π
= 

mmmDL

mmmmD

DDD

14014.01.04.14.1

1001.0099.0
97.54

0538.0

97.54
60

30004.1
4

0538.0

3

32

==×==⇒

=≅==⇒

=×××=⇒
π
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F3 J14Eאא 
FEFE 

  
  

3 J3 J3אאאScrew Compressors 

 
  א א א F3 J15 E  ، א

אאFא E א  (Lobes)    א  א אFא E 
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 (Grooves) א א אאא אאאK
אאאאאאאאא

אאאאאאא
א א K א  א א א  א    
אאאK 

  
אאאאאאאאא

אאאאאאKF3 J16E
א،F3 J17EאאK 

 
אאאאאK
אF3 J18EאאאאאאאK 

 
  א א א    א    

אאאאאK 
  

  
  

F3 J15EאאFאE 
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F3 J16Eא 
 
 

 
 

F3 J17Eאא 
 



 205 אא 
אאא אאFE אא 

  
 

  

- 72 -  

 
 

F3 J18EFאEא 
  
3 J4אאאScroll Compressors 

  
 אאא א   א אא  אא אא 

א   אא א K  א  א 
Fixed אאOrbiting אא180°

 אא  Orbit K  F3 J19 E אאאא
  אאF3 J20 E،א

אאאאאאK  
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F3 J19E 
 

 
F3 J20Eאאאאא 
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אא א א،א ،א،אאא אא
אאאאאאK  

  
3 J5אאאאCentrifugal Compressors 

 

אאImpeller  א
אאF3 J21EאK

אאאאאאאאאא 
אאאKאאא

אאאאאאאK 
F3 J22EאK 

אאאאא
אאאאאאFאE

אא אאא   Kאא אא
אאFEאא Kא

אKא
אאאאאאא

K 
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F3 J21E 
 
 

 
 

F3 J22E 
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אאאאא
אאאאאKא

א   א  א  א א  Kא   
אאאאאK 

 
   א   א א א (35-10000 TR) 

א  אא  א (3000-18000 rpm)    
       K א  א א א 

R11, R12, R22, R113, R500, R134a Kא
אאאא70-80) %Eאא

אאא  Kאאאא
    אLabyrinthא א א א אא א   

אאאאאאא
F3 J23E Kאאאאא

אאאKאאאא
אאא

אF3 J24EאאאאK 
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F3 J23Eאא 

  
 

F3 J24Eאאא 
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3 J6א 
 

אאאאאאא
א א  אא  א  א אא א א 

אאK،אאאאא
אאאF3 J25KE،אאאא

אא،Relief 

Valve  א א   א א  א    א K
א ،אאK

אאאK 

 
 

F3 J25Eא 
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3 J6 J1אאW 
  

אאאאאא
אא،אא Kאאאא

א،אאאאW 
 

1 J א،،אא

אKאאאK 

2 J אאאאאאK 

3 J ،אא

אאאאK 

4 J אאאK 

5 J אK 

6 J FEK 

7 J K 

8 J K 

 
،א        ،א   א  א

،אאאKאאאאא
،אאאאאאאאK 
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3 J7אW 
אאאאאא Kאאאא

אאאאFאEא،אK
אאאאאאאאאK

 א   א א א אא   
אאאK 

 

F3 J3WE 
R22א4oC א 40oCK

א45 TR אא80% Kאאא
אאא15oCK 

אW 
אR-22 W 

 Te = 4+273 = 277 K 
 Tc =40+273 =313 K 

 T1=15+273 = 288 K 

 h1=285 kJ/kg 

 h3=h4=127.7 kJ/kg 

 453.5 )h-(hm  eQ 41R ×==
••

 
  

 
  

skg
hh

Q
m e

R /001.1
7.127285

455.3

41

=
−
×

=
−

=⇒

•
•
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(p-h)אF1WE 

v1=0.043 m3/kg                                                                

D

R
vol V

vm 1

•

=η 

smvmV
vol

R
D /0538.0

8.0
043.0001.1 31 =

×
==⇒

•

η                                             
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א3א 
    

 

3 J1؟אאאא 

3 J2אאאא؟؟؟ 

3 J3 אאאאK 

3 J4אאK 

3 J5אאאא؟אא 

3 J6אאאאאאאK 

3 J7אאאאאאK 

3 J8אF3 J2Eאאא1.2Kא؟ 

3 J9אF3 J3EאאR-134aאא50°CK 

 

  

 
 

  
  
  
  
  
 



 

 

  

אא  

אאאאFFEE




א
 

4
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אאאWא 
 

אאW 
אא100אK٪ 

 
אאW 

אאאאאאאK 
 

אW 
  אא  א אא   א א  

אK 
 

אאאW 
 אא:   
♦ אאאאאK 
♦ אאאאK 
♦ אאאאK 
♦ אאאK 
 

אאWC6, C7 
 

אאW 
 א    א  אW א א   J

FEאא JאאאK  
 

אאW    2   
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4 J1אא 
 

 אאאאאאKאא
א   א א   אא  א א  א א

אאKאאאאא
אאF4 J1EK 

 

 
F4 J1Eאא 

 
 

4-1-1 FאEאאאW 
   F E א  א  א 

אאאW 

c m
Q

T c=∆⇒
T c

Q
m c

∆
=  
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W 
mWא 
QcWא 

cWאאא 
T∆: אאא 


אאאאאcאא

אאW 
  

א אאא 
Btu/Ib oF 

אאא
kJ/kg oC 

א1.005 0.24 א 

א  1.0 4.2 
 

 
אאאאאאאאא

אW 

T 
Q

m c

∆
= 

m
Q

T c=∆  
  

אאאאW  

T x 0.24 
Q

m c

∆
= 

m x 24.0
Q

T c=∆  

  
 א       א       

אLgpmאאLcfmאאW 



 205 אאא 
אאא אאFE א 

  
 

- 86 - 

 

T 500 
Q

gpm c

∆
= 

 

T 1.08 
Q

cfm c

∆
= 

 
F4 J1WE 

 
אאא150000 Btu/hrאא

10°FאL؟ 
 

אW 
30

10x500
150000

T 500
Q

gpm c ==
∆

= 

 
F4 J2WE 

 
א      א 120000 Btu/hr א  17

Lאאא؟ 
 

אW 
F  14.118

17500
120000

gpm500
QcT °=

×
==∆ 

F4 J3WE 
 

  36     א     א א 
אא12°FאBtu/hr؟ 
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אW 
 

Btu/hr   21600012x36x500T.gpm .500Q c ==∆= 
 
4 J2אאW 

 
אאאW 

 
1 J אאאAir Cooled Condensers 

2 J אאWater Cooled Condensers 

3 J אאEvaporative Condensers 

 

4 J2 J1אאא 
 

אא אאאאא
א K אא F4 J2Eאא

א  אא  א  K  א א א  אא  
אאאאאאFאE،F4 J2

KE 
אאאאאאאאא

אאאאא
אאאאאאK

אאאאאאK 
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FE 

 
FE  

 
F4 J2Eא 

FEFE 
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אאאאאW 
 
4 J2 J1 J1אאW 
 

  א  א      א    א 
?א  ?    F4 J3E Kא א    א

אאK 
 

 
 

F4 J3E 
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4-2-1-2 אאW 
 

 אאאאאא
   א K א    א א א  

אאאF4 J4KE 
 
 

 
F4 J4Eאאא 
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אאאאאא
אא،א Kא א א

אאאאאKKא
א  ، א א   א  אא א  

אKאאאא500 Lair/s/TR Kאאאא
  א      א   א K א אא

אאא א K אאא
א א  אא  א  א      K 

אאאאK 
 

  א    א    אא א1 TR
200 TR Kאאאאאא،،

Kאאאאא
אאK 

 
  א   אא   אא א א  א אא 

(2.5-5 m/s)אאK 
 
4-2-1-3 אאW 
  

אאאאאאא
אW 

 

)(ft Area Face
(cfm)Quantity Air (fpm)Velocity Air 2= 

 

)(m Area Face
(cmm)Quantity Air (mpm)Velocity Air 2= 
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Wאאאא 4-2-1-4 
 

 אאאאאאKא(kW) 
א        א (Temperature Difference TD) 

א   א א אא  א  Kאאא א 
  א אא  TD א   Correction Factor C.F

אאאאאאאW 
 

אאZא×א 
 
 
4 J2 J2אאW 

 
 אאאא(1 kW)

אאאאאK 
 
  א  אא אא א  Kאא 

אאK 
  
אאאא

F4 J5KEאא
0.1 Lwater /s/TRKF3אאאKE 
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F4 J5Eאא 

  
  
 אאאאא
F4 J6E Kאא0.2 Lwater /s/T.RKF3

אאאKE 
 

 
F4 J6Eאא 
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،אאאאאא
אאKאאא

F4 J7KE 
 

 
F4 J7Eאא 

FEאא       FEאא  
  
  

4 J2 J2 J1אFouling FactorW 
  

אאאאא
אאאאאאאא،אאא،

אאאאא،אאאאK
  א  ،א  אא   א א K

אאאאא0.001 m2 oC/W)KE 



 205 אאא 
אאא אאFE א 

  
 

- 95 - 

4 J2 J2 J2אאאW 
  

 אאאאאW 
 

• אK   

• K 

• K 

 
אאא،אאאאאא

 
  

4 J2 J2 J2 J1  א  
  

  א F4 J8E א   א   ، א
אא  Kא  אא אא 

אא א  א   א א K א   
אאאK 
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F4 J8Eא 
 
 
4 J2 J2 J2 J2    

 
  אF4 J9 Eאא אK

א  א    א א א  K  א   
،אאאאאאK

אאאא10 TR Kא
،אאאאאאא

 אא אKאא 
א   א  K     א  

אאK 
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F4 J9E 
 
 
4 J2 J2 J2 J3  Condenser  Shell and Tubes 

  
 אאאא

אאאKאאאאא
אאאKF4 J10EK 

  
א אאאא

אKאאאאאK 
 

אאאא 
אאאאK אאאא

  א  2 TR א  א  K אא א  אא 
אאאאאKאאא(1-8)א

אאאאאאא
אאאאK 
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F4 J10E 
 
 

4 J2 J2 J3אאאW 
 

אאאאFאEא
אאאאKאאא

א2.5 m/sאאW،א
،אא،אאאאאK 

 
 

4 J2 J3אא 
 

אאאאאאK
F4 J11EאאKאאא

אK،אאאא
אאאKאאאאK

אאאאKאאא
אאאKאאKא
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אאאאאאאא
אאאW 

 
1 J אאא 
2 J אאאא 
3 J אאאאאא 

 
א אא   א  אא א א א א א

אאאאאאאאאאא
אא      K     א  

 א   א א  אאא   K א  
אאאאKאאאא

אאאאאאאאKאא
א  א K   א  א א א  

אאאKאאאאאאא
F א E א     Kא א  

 א א אא K    א א  א  
אאאאKאאא

אאKאאאאאאאK 
 

אאאא אא K
אא200 TRKאאא{א

א،א،אא،אאא
אאאאאKאאאKאא

א4%אK 
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F4 J11E 

4 J3אW 
 

אאאאאאא
FאR11אאKE 
 

אאאW 
 

• אאא،א

אאאאאאK 

• אאאK 

(Purging)א،אאא
אאאאאא.  
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F4 J4WE 
 

אאW 
 

Refrigeration Capacity= 5 TR 
Compressor Power= 9kW 

 
אאאאאK 

 
אW 
 

אאאאW 
 

kW 26.593.5)5(Power CompressorCapacityion RefrigeratQc =+×=+= 
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א4א 
 

4 J1אאאאאK 
 
4 J2אאאאאאאא؟ 

 
4 J3אאאאK 

 
4 J4אא،،

 
 
4-5 ؟א 

 
4-6 אאאK 

 
4 J7אאא121500 Btu/hrאאאא

25°אFאאL؟ 
 
4 J8 3000אאאא{א

64800א  Btu/hr؟אאאא 
 
4 J9אאאאאאאאאאאא 

א4.9 TRאא8.1 kWK 
 

4 J10אא55000 Btu/hrאא4.3
אאאא؟א 

  



 

 

  
  
  
  
  
  

  
  

אאאא  

אאאאFFEE  

א


א
 

5
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אאWאא 
אאW אאא100K٪ 

אאW אאאאאא
K 

 
אWאאאאאאאאא
אKאאא،א،אאאK 

 
אא،אא،א،א

אאאאאאאK 
 

אאאW 
 אאW 
♦ אאאאאאK 
♦ אאאאאאK 
♦ אאאאK 
♦ אאאאאאFאאEK 
♦ אאK 

 
אאWC6, C7  

 
אאWאאאWאא–

FEאא–אאאK  
 

אאW 4   
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5 J1אאMethods of Refrigerant Feed to Evaporators 
  

אאאאאW 
 

5 J1 J1 Dry Expansion Evaporator   
  

אאאאאDXאא
אF5 J1E،K

 א א א     K א   א א
אאאאאאאאK 

 
אאאאא،א

،אאאKאא
Kאאאאאאאא 

 

 
 

 F5 J1E 
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5 J1 J2Flooded Evaporator 
 

F5 J2EאאKאא
   א    א    אא א  

אאאאא
   א אאFאE א 

אאאאאK 
 

 
 

F5 J2E 
  
  
   



 205 אא 
אאא אאFE אא 

  
 

- 108 - 

  5 J1 J3אאאOverfeed Evaporators  
     

  F5 J3 Eא א א     א  א א
אאאאאאKא

   אאא אאא
אKאאאאאאאאאאאאא

אאאK 
 

 
 

F5 J3Eאאא 
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5 J2אאאAir Cooled Evaporators 
  

Wאאאאאא 
 

1 J אא 

2 J א 

3 J א 

  
אאאאאאאאאKאאא

 אאאא א  א א א  א   Kא 
אאאאאאאK 

 
5 J2 J1אא 

  
אאאאאאאאאא

א אא  K  א אא   ، א א א
F5 J4EKאאאאאאא

אא ،אא
אאK 
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F5 J4Eאא 
 
 
5 J2 J2אW 

  
،אאאאאF5 J5E،F5 J6EKא

אאאKאאאא
    אא  K    

אאאKאאא
אא   K ،א    א א א אא  א

 א א א אא K   F5 J7 E אא א א
אאK 
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F5 J5E 

 
 

F5 J6E 
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F5 J7Eאאאאאא 
 
 

5 J2 J3א 
 

 F5 J8 E א א א א   
،אא     אא  א    
אאאאאאKאאאא

אאאKאאאF2-25 mmEא،א
K 

  
אאאא،  א

،אאאאאאאא
אאKאאאאא

אאKאאאאאא
אאאאK 
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F5 J8E 
5 J3אאאא 
 

 אא א  א אא W ،א א  אא אFא E ، 
،אאאFאE،אאTDאא

אאאאKאא
אאTDאאאTD

אK 
  

א א א אא  אא אא Kא א א
א אא  אFאאאאא Eא  א א א  

אאאאאKאאאא
TDאKאאאאאאאאאאא
אKאאאא،אאאאא

אאאאKאאאאK 
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אאאאאW 
1 J אאא 

2 J אאא 

5 J4אאא 
  

،אאאאF5 J9Eאאא
،אאאאאאאא

אא K א  א אא  א  א א א אא  
אאאאאK 

 
אאאאאאאא

אKאאאא אא  אא
אאאאאK 

 

 
 

F5 J9E 
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5 J5אאא 
  

 א F5 J10 E  ،א א  J    F5 J10  E
F5 J10EKאאא

אא        א א  K  א  
א א K ،אאאא   א אא

א  אא K   אא 1.5 m/sאא אא 
אKאאאא،אא

אא1.5-3.5 m/s،אאאאאאא
10 m/sK 

 
FE 

 
FE 

F5 J10Eאאא 
FEFE 
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5 J6אאChillers 
  

 ،א  אא א   ،א א،א K  א
אאאW 

 
5 J6 J1W 
  

F5 J11EאאאKאK
 א א  א  א א K א  א  א  

  א א  א א     Kא  א א 
אאאאאאאאK 

 
 

 

 
 

F5 J11E 
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5 J6 J2אאW 
  

F5 J12EאאאאאאK
אא אא אא א    K

 א א0.5-0.75 m/s K   אא  א א
אאאאאא

אאK 
 
 

 
 

F5 J12Eאא 
 
 



 205 אא 
אאא אאFE אא 

  
 

- 118 - 

5 J6 J3 
  

F5 J13 Eא אא  אאא א
א  א  K        K א 

א  א   אא א א  א Kא  א א
אאKאאאK 

 
 

 
 

F5 J13E 
5 J6 J4W 

  

،F5 J14Eאא،
אאאKאאאא

אאK 
  

אאאאאאאאאK
אאאאאאא 
F5 J14EKאאאK 
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 ،א  א   א   ،א  א  אא 
אא  א א K אא

،אאאאאאאK 
 
    א  א אא2-25 TR،

אאאא10 TRאאK 
 

 
 

F5 J14E 
FאאאאאאאE 

 
 

 
5 J6 J5אאאW 

  

אFאEא
אאאF5 J15EKאאא

F5 J16Eאא
אאא K א  אא  K 

אאאאאאא
F5 J16KE 
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אאאאאאאאK
אאאאאאאK

אאUאא
אאאKאאאא

אאאאאאאאK
אאאא،אא

אאאאאK 
 

אאאאאא
אKאאאאאSelf-Contained

K 
 
 

 
 

F5 J15E 
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F5 J16E 
FEאFEא 

 
 

5 J6 J6אאאW 
 

 אF5 J17E،F5 J18 Eאאאאאא א
אאאאאKאא

א  א   א   א K א א א   א 
Kאא

אKאאאאאK 
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אאאאKא
אאאאא אא אאא،

אאFאאEאאKאא
אאKאאאאאא

Kאאאאא2،46אK 
 
 

 
 

F5 J17E 
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F5 J18E 
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5 J7אאאאW 
  

אאאאאאKאא
אאSelf-Contained ،אאאKאא

אאאאK 
 

F5 J1EW 
 

א5°CאKאאא20°C
א10°CKאאא LMTD אאאK 

 

אW 

 
 

 
אאא 

10.9

5
15ln

515

T
T

ln

TT
LMTD

2

1

21 =
−

=

∆
∆
∆−∆

=

5510T2 =−=∆

15520T1 =−=∆
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F5 J2EW 
 

  א א   4°C א  א 10°C
אא32°Cא15°CKאאא

אאאאאאאK 
 

אW 
 

אאאW 
 

 
אאא 

 
 

 
  

51015T2 =−=∆

35.13

5
28ln

528

T
T

ln

TT
LMTD

2

1

21 =
−

=

∆
∆
∆−∆

=

28434T1 =−=∆



 205 אא 
אאא אאFE אא 

  
 

- 126 - 

אאW 

 
אאא 

 

 
 
 

 

221032T1 =−=∆

11415T1 =−=∆

87.15

11
22ln

1122

T
T

ln

TT
LMTD

2

1

21 =
−

=

∆
∆
∆−∆

=



 205 אא 
אאא אאFE אא 

  
 

- 127 - 

5אא 
  
5 J1א–K 

 
5 J2WאאאאK 

 
5 J3אאאאאK 

 
5 J4אאאאאאאאK 

 
5 J5אאאאאאK 

 
5-6 אאאאא؟ 
 
5-7 אאאאFאאKE 

 
5-8 אאאא؟ 

 
5-9 אא40°F{אאאא63°F

 א50°F Kא אאאLMTD
אאאאK 

5-10 א40°Fא50°F
אא אא80°אFא60°FKאאא

אLMTDאאאאאאאאK 
5 J7אאאאאK



 

 

אא

אאאאFFEE  








א




6  



 205 אא 
אאא אאFE א 

  
 

- 131 - 

אאWא 
 

אאW אא100אK٪ 
 

אאW אאאאאאK 
 

אWאאאאאא
אאאKא א

א  אאא א    א אK
אאאאK 

 
אאאW 

 אאW 
♦ אK 
♦ אאאK 
♦ אאאאK 

 
אאWC6, C7 

 
אאW 

 א    א  אW א א   J
FEאא–אאאK  

 
אאW  2 
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6 J1אאW 
 

   F6 J1 E  א    Kא 
אאK

אאאKאאאא
 א  אאאא  א  א(Generator) ،

א (Absorber)   (Pump) K  אא  א
אאאK 

 

 
 

F6 J1Eא 
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אKאאאא
،אאאאא،אאא

אאא אאא Kא
אאאאאKאא

אאא Kאאאא
אאאאאאאK

،אאאאאK 
א אאא א 

א א   א  א א   Kא א   א
אאאKאאאאא

אאK 
 
6 J2אאאW 
  

אאאW 
 

PG

E

WQ
QCOP
+

= 
 

WP>QG >W 
           

G

E

Q
QCOP =            

 
W 

 
:QE אאאFאEFkWE 
:QG אאאאאאkW)E 
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WPWאkW)E 
 

אאאאאW 
 









−
−

=
12

23

3

1
max TT

TT
T
T

COP  

 
W 

:COPmax אאאאא 
:T1 אאאK)E 
T2 WאאאאK)E 

 :T3 אאאאאK)E  
 

W 
 

                 T3 > T2 > T1                    
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F6 J1WE 
 

אאאאאoC100،
oC20،oC   -10אKאאאאאאK 

 

אW 

 
אאאאאW 

 









−
−

=
12

23

3

1
max TT

TT
T
T

COP 

 
W 

T3 > T2 > T1 
 

T3= 100+273 = 373   K 
T2= 20 +273  = 293   K 
T1= -10 +273 = 263   K 

 

88.1
263293
293373

373
263 max =





−
−

=⇒COP 
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אא6 
 

 
  

6 J1אאאאאK 
 
6 J2אאK 

 
6 J3אאאאK
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אא 
 

A 
א Absorber  

אא Actual volume  
א Air cooled condensers  
אאא Air cooled evaporators  

אא Air quantity  
 Antifreeze  

אאאא
אא ASHRAE  

B 
אאא Bottom dead point  

 Brine solution   
א By pass line  

C 
א Centrifugal compressors  

אא Centrifugal force  
 Compressor  

א Compressor power  
א Compressor work  

 Condenser  
 Constant  

 Correction factor  
אא Crank shaft  

א Cycle off  
א Cylinder  

D 
א Direct drive  

 Double trunk  
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 Dry expansion evaporator  
א Dynamic compressors  

E 
אא Electric defrosting  

 Evaporative condensers  
 Evaporator   

 Expansion valve  
F 

א Face area  
 Flash intercooler  

 Flexible coupling  
 Flooded evaporator  

א Fouling factor  
א Four way valve  

 Frost  
G 

א Generator  
 Grooves  

H 
 Heater tape  

אא Hermetic compressors  
אאא Hot gas defrosting  

I 
 Impeller  

א In-line  
א Indirect drive  

L 
א Labyrinth  

א Lobes  
 Louvers  

M 
 Muffler  
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O 
א Open compressors  

אאא Overfeed evaporators  
P 

 Piston  
א Piston rings  

אאאא Polytropic index  
אאא Positive displacement compressors   

 Power  
 Pump  

אא Pump down  
 Purging  

R 
א Reciprocating compressors  

אאא Refrigerant mass flow rate   
 Refrigerating effect  
 Refrigeration capacity  
 Refrigeration ton  

 Relief valve  
אאא Reverse cycle defrosting  

אא Rotary compressors  
S 

א Screw compressors  
א Scroll compressors  

א Self-contained  
א Semi hermetic compressors  

 Shell and tubes condenser  
א Single or double acting  

 Solenoid valve  
אא Stroke volume  

אא Suction and discharge (delivery) valves  
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T 
אא Teperature difference  
אאא Top dead point  

V 
אאאאא Vane type rotary compressors  

W 
 Water cooled condensers  

אאאאא Water defrosting  
אא Work done  
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