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Vapor Compression Refrigeration Cycle
Open systems, Steady flow
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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. 



13Btu/lb 115.345h
.8

111.62)(114.6111.62h

Btu/lb 114.60h
.21     115.16    90.49
.2155                            
.22362     117.59       100
s   h                      T

.22155s psia, 120 @

113.10973.37741.787.972hxhh

.972
.1335

.08589.2155
s

ssx

BTU/lb 115.24h
.8

109.58)(114.11109.58h

BTU/lb 114.11h
.22155      111.62    60
.22738                        
.23016      116.18    80
s   h                  T
.22738s  psia, 70 @

6

6

5

4

fgf5

fg

f4
5

3

3

2

1

=

−
+=

=

=

=×=×+=

=
−

=
−

=

=

−
+=

=

=

( ) ( )
( ) ( )

( ) ( )

( )

Btu/sec 686.16Q-QW
Btu/sec  146.96Q

41.867115.3452)hm(hQ
Btu/sec 27.130Q

30.867109.581.655hhmQ
lb/sec 1.655m

30.867115.24m41.787111.62 lb/sec 2
hhmhhm

BalanceEnergy  

inout

out

76out

in

81in

bottom

bottom

83bottom74top

==
=

−×=−=
=

−×=−=
=

−=−

−=−

 WorkStage Sinlge of %3.69
7.72
5.35

COP
COP

72.7
16.86
130.27

W
QCOP

stage two

stage single

in

=

===

7
8

4
6

3
1



14

1

2

3

4

1

23

4

2is

4is inQoutW

inW

outQ
Reverse Brayton Refrigeration Cycle

( )
( )
( )
( )41in

43out

32out

12in

shaft

2

hhmQ     0,  W1,4 Process, AbsorptionHeat 
hhm     W0,Q         , 43 Process, Expansion 
hhmQ    0,  W, 32  Process,Rejection Heat 
hhm      W0,Q     2,1  Process,n  Compressio

Wρgh)
2

VpvΔ(umQ        

EquationEnergy    FlowSteady               
spacein region  -SystemOpen     Flow,Steady      

−==⇒

−==⇒
−==⇒
−==⇒

++++×=

T

s



15

( )

( ) ( )

( )
( )

( )
( )

( ) ( )
( ) ( )

1.48
24.12
35.61

w
qCOP      d)

24.12kJ/kgw          
204.57280.1.005270369.551.005w          

TTcTTcww      wb)
35.61kJ/kg204.572401.005Q

TTcQ  c)
kJ/kg  59.85310369.551.005Q     

TTcQ  b)
K  240280310270T

TTcTTc
hhhh

BalanceHeat  r  Regenerato

K  204.57
4
1280

p
pTT  a)

K  369.554270
p
pTT

net

in
eef

net

net

54p12pcnet

in

56pin

out

32pout

6

61p43p

6143

.2857

4

5
45

.2857

1

2
13

t

===

=

−×−−×=

−−−=−=
=−×==

−=
=−×=

−=
=+−=

−=−

−=−

=





=








=

==







=

1

23

4

5 6

1
270 K
1 bar

2
4 bar

3
310 K

280 K
4

5

6

T

s

q

q10.49100 kPa,270 K air is compressed with a pressure ratio of 4 in a
regenerated reversed Brayton Cycle.  Air enters the regenerator
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