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Vapor Compression Refrigeration Cycle
Open systems, Steady flow

s

1

2is
3

4

2
T

h=c

1

23

compressor

expansion

evaporator

condenser

( )
( )

( )
( )31in

41in

43

32out

12in

shaft

2

hhmQ                                                               
hhmQ        0,  W1,4 Process, Evaporator

hh     0,   W0,Q, 43 Process, Expansion 
hhmQ    0,      W, 32  Process,Condenser 
hhm    W0,Q   2,1  Process,n  Compressio

Wρgh)
2

VpvΔ(umQ        

EquationEnergy    FlowSteady               
spacein region  -SystemOpen     Flow,Steady      

−=
−==⇒

===⇒
−==⇒
−==⇒

++++×=

W
QCOP

W
QCOP

RequiredEffort  
Effect  DesiredCOP

out

pumo
heat

in
ref

=

=

=



4



5

REFRIGERANTS

      
2.40              3.42            8.31      Ratio Pressure

  183.17             76.              .82                       F 95

76.25          22.21                .1                       F 35
    

 R22      134aR   ter               wa                    
psia Pressures,t Refrigeran          eTemperatur 

−



6



7

1

2is
T

s

Isentropic Process

( )

)h@(ph          
)T@(pT         

p
p)p()(p         

T @ )p()(p         
heats specific  variable-   3)

TTchh         
p

pTT        

heats specificconstant  -   2)
T  and  hfor    )p,(sat   einterpolat      

ss      
tsrefrigeransteam,  1)

r2is2is

r2is2is

1

2is
r1r2is

1rr1

2isp121s

1

2is
12is

2is2is2is2is

12is

=
=









×=

=

−×+=









×=

=
−

Gas" Real"

Gas Ideal

Properties Fluid Table



8

Compressor
Efficiency

1

2isT

s
( )

12

12is

12

122is2is

11, 11

12

12is
12

12

12is

122is2is

11, 11

hh
hhη

m
Whh

s,@ph andT             
p@Ts andh:Find   

hhmW
η

hhhh

hh
hhη

s,@ph andT             
p@Ts andh:Find    
ion   Specificat  Machine    
  

−
−

=

+=

−×=

−
+=

−
−

=

 W,ppT:Known   3)

η,ppT:Known   1)

2,11,

2,11,

( )

( )12

12

12is

22is2is

2is1

11111

111

222

12

12is

12

122is

22,2

11, 11

hhmW
hh
hhη

p,h@sh           
ss           

,Tor@ph,s@ps           
h,T@pT          
p,h@Th :Find

hh
hhη

hhmW
s,p@h          

p@Th          
p@Ts andh:Find

TestData     
 

−×=
−
−

=

=
=
=
=
=

−
−

=

−×=

W,p,,pT:Known   4)

p,TpT:Known  2)

122

22,11,






 −×=

−
−

=

1h2hmW

1h2h
1h2ish

compη

2

W

3.other   theFind   time.aat  4known   η) andW 
pressures, 2 es,Temperatur (3   variables7 - iespossibilit All

η



9

10-30

( )

( ) ( )
( ) ( )

( ) ( )

KW   13.023.6516.67Power  Electrical  Δ
KW 16.67060,000/360Q    c)

c13.02kJ/seQ      
91.49247.74.0834hhmQQ  b)

KW 3.65     W
247.74291.36.0834hhm  Wa)

kg/sec .0834
91.49291.36

0kJ/sec/360 60,000
hh

Q
m

hhmQ

electrical

water

31inwater

12

32

reject

32reject

=−=
==

=
−×=−==

=
−×=−=

=
−

=
−

=

−×=

1

2

3

4

T

s

1MPa

280 kPa

Heat Pump

91.49    kPa 280           4
91.49       MPa 1   30     3

291.36    MPa 1   60     2
247.64   kPa 280   0      1

h             p      TPt    

2is
An R-134a heat pump uses 8 C ground
water as a heat source to supply 60,000
kJ/hr.  Refrigerant enters the compressor
at 280 kPa, 0 C and leaves at 60 C.  The
condenser exit temperature is 30 C. 
Determine : 

a) power input.  
b) heat input.
c)    the power saving over electrical 
resistance heating
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       A refrigeration cycle operating with R-134a and uses two stages of compression with 
an economizer flash chamber between stages.  The high pressure cycle flow is 2 lb/sec. 
The high pressure compressor inlet conditions are 70 psia and 60 F.  The low pressure 
compressor inlet conditions are 40 psia, 40 F. The R-134a is a saturated liquid leaving the 
condenser and the economizer.  Determine, a) the bottom cycle mass flow, b) the cycle 
efficiency and c) compare the two stage cycle to a single stage cycle. 

economizer

condenser

evaporator
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A vapor compression refrigeration cycle
operates between 120 psia and 40 psia 
with 2 lb/sec R-134a. The compressor 
efficiency is 80%.  The compressor inlet
condition is 40 psia , 40 F.  Find the 
Coefficient of Performance for the Cycle.
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At point B’ the liquid and vapor divide in an
adiabatic separation with no external heat input. 
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q10.49100 kPa,270 K air is compressed with a pressure ratio of 4 in a
regenerated reversed Brayton Cycle.  Air enters the regenerator
at 300 K and leaves at 280 K.  Find: a) the low temperature 
b) work/kg, c) capacity/kg, and d) COP.



16

T

s

1

2

3

4

5

6

7

8

9

10

11
12 13

1

9  8  7   6   5    4    3     2

10
13

12

11

Linde Hampson Cycle
for liquefying gasses

2N
300 K

nitrogen
77 K

Liquid
Product

makeup
gas

28.
77350

77
TT

TCOP
LH

L

Carnot
ref =

−
=

−
=

outQ


