11-50

11-64 A two-stage cascade refrigeration system is considered. Each stage operates on the ideal vapor-compression cycle
with upper cycle using water and lower cycle using refrigerant-134a as the working fluids. The mass flow rate of R-134a
and water in their respective cycles and the overall COP of this system are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible. 3 The heat
exchanger is adiabatic.

Analysis From the water and refrigerant tables (Tables A-4, A-5, A-6, A-11, A-12, and A-13),
Tl :SOC } hl :hg@5°C :25101kJ/kg

sat.vapor | S; =Sg g sec =9.0249kJ/kg-K
T

P, =1.6 MP

2 4 } h, = 5083.4 kl/kg
Sy =35
P, =1.6 MPa

h, =h =858.44 kJ/k

sat. liquid } 3 f @1.6MPa &
hy, = h; =858.44kl/kg (throttling)
TS =-40°C } hS = hg @ —40°C =225.86 kJ/kg 3 20°C - T 5
sat. vapor S5 =Sg @ -40cc =0.96866kJ/kg-K / QL
Ps =400 kP

6 4 } he = 267.59 kl/kg s
S¢ =Ss
P, =400 kPa

hg =h, =63.94kJ/kg (throttling)
The mass flow rate of R-134a is determined from

Q. 20k)/s

), =mg(hs —h Mg = =
Qp =mg(hs —hg) R hy—hy (225.86-63.94)kl/kg

=0.1235kg/s

An energy balance on the heat exchanger gives the mass flow rate of water
Mg (hg —h;) =my, (h; —hy)
267.59-63.94

h —h
——m,, =g ——L=(0.1235kg/s) ———————=0.01523 kg/s
h, —h, 2510.1-858.44

The total power input to the compressors is

Wi, =mg(hg —hs)+m,, (h, —h)
= (0.1235 kg/s)(267.59 — 225.86) kJ/kg + (0.01523 kg/s)(5083.4 — 2510.1) kl/kg
=44.35k]/s

The COP of this refrigeration system is determined from its definition,

cop, =L = 20KUs g 459
W, 4435K)s

mn
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