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11-35 An ideal vapor-compression refrigeration cycle is used to keep a space at a low temperature. The cooling load, the

COP, the exergy destruction in each component, the total exergy destruction, and the second-law efficiency are to be
determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.
Analysis (a) The properties of R-134a are (Tables A-11 through A-13)

T, =-10°C |h; =244.51 kl/kg

X =1 }sl =0.9377 kl/kg - K T
P, = Pa@s7.9oc =1600 kPa
S, =5,

P; =1600 kPa | hy; =135.93 kJ/kg

X3 =0 }33 =0.4791kl/kg-K
h, =h; =135.93 kl/kg

T, =-10°C

h, =135.93 kl/kg

}hz =287.85 kl/kg

}54 =0.5251kl/kg - K

The energy interactions in the components and the COP are

q, =h, —h, =244.51-135.93=108.6 kJ/kg
qy =h, —h, =287.85-135.93 =151 9 kJ/kg
w,, =h, —h, =287.85-244.51=43.33kl/kg

_l08.6kifkg _,

cop=JL _ ~2.506
W, 4333kl/kg

(b) The exergy destruction in each component of the cycle is determined as follows
Compressor:

Sgen1—2 =82 =8 =0

EXgest,1-2 = ToSgen1-2 =0
Condenser:

Syen23 =53 — Sy + 2—'* =(0.4791-0.9377)kl/kg - K + % =0.05124kJ/kg - K

H

EXgest23 = ToSgenns = (298K)(0.05124 kl/kg - K) = 15.27 kJ/kg

Expansion valve:

Sgens_s =S4 — S3 =0.5251-0.4791=0.04595kJ/kg - K

EXgest3s = ToSgenas = (298 K)(0.04595kI/kg - K) =13.69 kd/kg

Evaporator:

Sgend1 =S| — S4 $—L =(0.9377-0.5251) ki/kg - K — % =0.02201kJ/kg - K

L

EXgestat = ToSgenat = (298 K)(0.02201kJ/kg - K) = 6.56 kd/kg

The total exergy destruction can be determined by adding exergy destructions in each component:

E.Xdest,total = E.Xdest,l—z + Exdest,2—3 + E'Xdest,3—4 + I:;Xdest,4—l
=0+15.27+13.69 + 6.56 =35.52 kJ/kg
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(c) The exergy of the heat transferred from the low-temperature medium is

T 298
Exg =-0_ (1 - %] =—(108.6 kJ/kg)(l - %] =7.812kl/kg

The second-law efficiency of the cycle is

Ex
i =—2 =812 6 1803-18.0%
w, 4333

m
The total exergy destruction in the cycle can also be determined from

EXdest totat = Win — EXq, =43.33-7.812=35.52kJ/kg

The result is identical as expected.

The second-law efficiency of the compressor is determined from
X
X

n _ Mrecovered _ Wrev _ m[hZ - hl _TO (32 - S1)]
II,Comp — T - 5
expended Wact, in m(hZ - hl)

since the compression through the compressor is isentropic (S; = S), the second-law efficiency is

77H,C0mp =1=100%
The second-law efficiency of the evaporator is determined from

_ X recovered _ QL (TO — TL ) /TI_ -1 X dest,4-1
T, Evap = =

Xexpended m[h4 - hl _TO (54 - Sl)] X4 - X1
where
Xg =Xy =hy —h =Ty(s4 —5;)
=(135.93 —244.51) kJ/kg — (298 K)(0.5251-0.9377) kJ/kg - K
=14.37klJ/kg
Substituting,
X
Mt by =1~ ety 0504IKe _ 54454 495

X4 — X 14.37 kl/kg
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