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A two - stage freon 12 refrigeration system uses centrifugal compressors, a
liquid flash intercooler and two expansion valves.

Additional data :

500 T.RRefrigerating capacity

Evaporation pressure 0.08 MPa
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L£J\JA Q\fi\ ibl*. Condensation pressure

Flash intercooler pressure
0.93 MPa
0.28 MPamp ( hj - hg ) = 3.5 ( T.R ) = 3.5 x 500

mp = 12.34 kg/s

Vp — JaswJl lb-

= 2.463 m3/s

mF(h2 - h7) = ras(h3 - h6)

ms = 18.51 kg/s

P, (MPa)

Temperatures :

-30°CLeaving eaaporator
J

Leaving first-stage compressor
Leaving second-stage compressor
Leaving condenser
Assuming negligable pressure drops in connecting pipes, negligable heat
losses from the compressors and saturated vapor entering the second stage
compressor. Determine :

a- Volume of vapor handling by First-stage compressor,
b- Volime of vapor handling by Second-stage compressor,
c- Power required for compressors,
d- C.O.P of the system.

32°C= mivi
93°C
34°C
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3 27
6 62.21 kJ/kg P = 0.28 MPa

j v3 = 0.061 mJ/kg

( T dr*

x*30.2

t h3 = 215.12 kJ/kg
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hj = 204 , h2 = 239 , \ = 262 kJ/kg
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1.129 m3/s

E P - L.jÿll 3jdi!l

= mF ( h2 - h, ) + m$ ( h4 - h3 )

C.O.P - (.UaJJ *bVl J/>U»
= ( 3.5 x 500 ) / E P = 1.35.
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jLiquid subcooler
and intercooler
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21Heat exchanger
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tv L.S.C
P

> jÿ-s
• P , (MPa) For the ammonia system shown in figure 6-11, if condenser pressure 16

bar, intercooler pressure 4 bar, evaporator pressure 1.2 bar, liquid
temperature drop through intercooler 10°C and liquid temperature drop
through the heat exchanger is 10°C.
Determine the C.O.P of the refrigerating system.
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h7 = 472.43 kJ/kg

hg = h9 = 424.18 kJ/kg

0.2
10 = 294 K
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0.1 t = 304 K dap

800 1200
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16000 400
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A freon-502 refrigeration plant operates at a condenser saturation
temperature of 3J°C and an evaporator temperature of -40 C. A two-stage
compressor with multiple expansion valves and a flash intercooler are
installed. The low pressure stage has 8 cylinders, 10 cm bore and 10 cm
stroke and 0.85 volumetric efficiency.

The cylinder of the high pressurestage is 9.5 cm bore and 10cm stroke with
0.77 volumetric efficiency. For both stages the speed:is 10 r/s and the
mechanical efficiency is o.8. Determine :

a-The'cooling capacity of the plant in T.R,
b- The power required for the compressor,
c- The number of cylinders of the high pressure stage.

h3 = 1535.75 kJ/kg

= 1549.67 kJ/kg

P = 0.4 MPa -UP

hio P = 0.12 MPa -UPJ

( h7- h3 ) .= ( h; - h1Q )

hj = 1597.92 kJ/kg

( f — ) Li ja'il ja

h2 = 1730 kJ/kg j h4 = 1780 kJ/kg

4 jji ijyJJ jJ-l Oljjÿl StaLaa

mL ( h2 - h7 ) = mH ( h3 - h6 )

( 1
_

) o • Y OjiJ J
t = 35°C ( 308 K ) -UP

t = -40°C ( 233 K ) -UP j
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mL = 1 : oi J=>} j= 1.23

C.O.P = Qe/£P
Qe = nvjhÿ- hg)*= 1125.5 kJ/kg

E P = mL ( h2 - h, ) + mH { h4 - h3 ) = 420.9 kJ/kg
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t = 308 K JUPhj = hg = 112.714 kJ/kg

h, = 199.028 kJ/kg , v, = 0.1293 m3/kg

h7 = h8 = 60.83 kJ/kg

= 0.0412 m3/kg
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P, (MPa)IP - JopLilJ i.pl\ h, (kJ/kg)
4 r= [mL(h2-h1) + mH(h4-h3)]/i,in

IP = 25 kW
R-502
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: 01 4l= 0.85 . d = L = 0.1 m , Z = 8 ,r/s = 10V,L

.'. mL = 0.4128 kg/s

P.C.C — k]a?*sÿJJ Jujuil <Uu*

= mL(h{ - hg )/ 3.5 = 16.3 T.R

4 jll J L?jljJ-l OljlVl iJjU.Figure 6-14 shows the flow diagram of the refrigeration system for a
shrimp freezing plant. The system consists of a two-stage freon 22
compressor with a flash intercooler and liquid subcooler. The liquid is
subcooled 10°C. The refrigerant vapor leaving the subcooler is dry and

mL ( h3 hq ) — mH ( h4 — hg )

.'. mH = 0.5118 kg/s
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P, (MPa)

saturated, the refrigerant vapor leaving the evaporator has 5°C of
superheat, the refrigerant vapor leaving the intercooler has a temperature
of 21°C, the evaporator saturation temperature is -30°C and the
condensation temperature 37°C. Compression in the two stages is
considered isentropic. The cooling load of the plant is 20 T.R. Calculate :

a- The quantity of liquid refrigerant, required for the intercooler,

b- The quantity of liquid refrigerant required for the subcooler,

c- The temperature of the refrigerant entering the second stage compressor,

d- The totol power required to drive the compressor, if the mechanical
efficiency is 80%.

4 R-22

2
5

4 I9
i1 L

L 10.6 L
70.4 -»»-
6

8/0.2 Mixing chamber
10 > 1 2 3 4PI ->0.1

0 50 100 150 200

h, (kJ/kg)
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tj = 310 K JLP

t9 = t5 — 10 = 300 K Jap

250 300 350 6
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dr4

Pc = 1.419 MPa

Pe = 0.1628 MPa

Pi = V pc- Pe = 0.4806 MPa

A8 Liquid subcooler I 5
t

6 a

Mg}-dr*

h5 = h6 = 123.81 kJ/kg

h9 = h10 = 113.61 kJ/kg 1 Jio
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h? = 283.23 kJ/kg Pj = 0.4806 MPa JCPj
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I

h, = 274, h2 = 300 , hg = 296 kJ/kg

tjjl jiA AJJIAA

mL ( hj - h10 ) = 3.5 ( T.R ) = 3.5 x 20

.'. mL = 0.4505 kg/s

i jjjJl (Jj\ ji-1 OljlVl AJJLV«
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mL ( hÿ bg ) ms ( hy hg )

.'. ms = 0.0147 kg/s
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It is required to design a cascade system with freon 12 for the upper cascade
and freon 22 for the lower cascade. Freon 22 cycle is simple without
subcooling or superheating. Freon 12 cycle has 10 C liquid subcooling
through a heat exchanger. Draw :

a- Flow diagram of the system,

b- Representation of the cycles on the P-h charts.

Now if given: storage temperature -35 C, available water temperature
25 C, pressure ratio across compressors is 4, volumetric efficiency for
compressors is 0.75, compression is isentropic and temperature difference
necessary for heat transfer between refrigerant and its surroundings in
evaporator and condenser is 5 C. Determine per ton of refrigeration:

a- C.O.P of the system,

b- Total power required for compressors,

c- Displacement volume for compressors.

j
mH = mL + ms + fflj

: ( 1 • — ) YY DJJ j AJ»ijt- js
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= 223 X ( 15°C )
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= [ mL(h2 - hl) + mn(h4 - h3)J /r?m
rim = °-8 :

( 1 ) Y Y OjiJh4 = 325 kJ/kg

L P = 32.12 kW

Y • o Y • t



P, (MPa)

4
R-12

Pci(?) Heat exchangerI 32
24 1

!/'

1 R-12 cascade24
a 60.6 c R-12 C

0.4

i/, R-22 cascade50.2 d/ b a
/ pe

0.1
0 50 100 150 200 250

R-22 C
P, (MPa)

R-224

r(MI JL rj \ n_i( V )
2

( < ) ) Y Y 0*> ojjai
i te = -35-5 = -40°C( 233 K)1 /

( 0 — J ) Y Y Ojey J j*

te = 233 K -UP

(PC/PE) = 4 :

0.6
/ Pe = 0.1043 MPa

Pc = 0.4172 MPa

tc = 268 K

0.4 c

J0.2

((ÿ) )V_1 ) )Y djij ijjji

»j\ jS~ J* Jil 1 Y OjijiLl «Ijly ol
. c°o Jl jA YY OÿyiD

/
d0.1 a

0,06

100 150 200 250 o300 3500 50
h, (kJ/kg)

YV-1 Y «1

Y •V



EP = m22(hb-h3) + m12(b2-h1j

= 1.38 kW

c.o.p - (UidUbSfi
= ( 1 x 3.5 ) /£ P = 2.53

E V - JaplÿiU USOl

= m22-Va + mi2VI
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. Y itaVl JJJJ Je • • _ÿ-ll **-« C-il5"
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= 268-5 = 263 K

*ÿy.i *u.i 3ÿ **ÿji j* jSÿ i Y _ij£- ofÿyfcij
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• tc - 25 + 10 = 35 C ( 308 K )

( O
_

JÿL ) YT jJtj

= 0.0064 m3/s hc = hd = 72.23 , ha = 266.82 kj/kg

va = 0.2126 m3/kg j

hb = 300 kJ/kg
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h4 = h5 = 95.26 , h3 = 98.24 , hfi = 211.96 kJ/kg

: Os*
I

dr*

For the three-stage cascade system, shown in figure 6-6, if evoporator

capiacity is 100 T.R and C.O.P equals 2. Find :

a- Power required for compressors,

b- Rate of heat rejected through condenser.

(h3-h4) = (h]-h6)
hj = 214.94 kJ/kg

: 01

( S -Jÿi.) U

Vj = 0.0795 m3/kg

C£JL+' Oljjÿll iloU* t jjji J> JSVJ
m22 ( ha - hb ) = i x 3.5

ma = 0.018 kg/s • ’ "

dr*
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t YYQe = Qe
EP (Qc-Qe)

C.O.P =

100x3.5 = 350 kWQe =
C.O.P = 2

:.L P - Jj-tfJl

= 175 kW
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= 525 kW
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.'. m]2 = 0.0326 kg/s
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