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Problem 12 10.213

a) Circulation rate of refrigerant for a cycle that has a throttle valve

So to get the circulation rate, we use

where Q is the cooling rate of the cycle ( the total amount of heat that the refrigerant
extracts from the room in the evaporator per unit time), m is the flow rate of the refrigerant

in the cycle (mass per unit time) and Qc is the heat given to the evaporator per unit mass of refrigerant.
(Note that the nomenclature is slightly different than the book)

Since there is no work done in the evaporator,
Qc = ∆H = H2 – H1
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Point 2 is saturated vapor at –15°F.  So we can use the table at page 300 to get
H2 = 100.799 Btu/lb

The enthalpy of point 1 is the same as that of point 4 since the expansion process through the throttle
valve is isenthalpic.  Point 4 is saturated liquid at 80°F.  Therefore,
H1 = H4 = 37.978 Btu/lb

Qc = 100.799 – 37.978 = 62.821 Btu/lb.

Since
Q = 5 Btu/s

Therefore,
m = 5 / 62.821 = 0.0796 lb/s

b) Circulation rate for a cycle with a turbine

The refrigerant expands in the turbine isentropically. So the entropy of point 4 is equal to the entropy of
point 1.  The PH diagram of the cycle looks like this.

Entropy of point 4 from the table
S4 = S1 = 0.07892 Btu/lb R

Method 1
Get the entropy of point 2 from the table (sat. vap. at –15°F)
S2 = 0.22714 Btu/lb R

Therefore the change in entropy across the evaporator
∆S = S2 – S1 = 0.22714 – 0.07892 = 0.14822 Btu/lb R

Assuming that the process is reversible ( a good assumption for evaporation at constant temperature)
∆S = Qc / Tc

Tc = -15 + 459.67 = 444.67 R

Therefore,
Qc = 0.14822 * 444.67 = 65.909 Btu/lb
m = 5 / 65.909 = 0.0759 lb/s
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Method 2
Since we know the values of the entropy of saturated liquid and vapor at –15°F, we can get the mass
fraction of the vapor in the stream at point 1.

Sl = 0.01733 Btu/lb
Sv = S2 = 0.22714 Btu/lb

Using the lever-arm principle, we get

Therefore,
xv =(0.07892 – 0.01733) / (0.22714 – 0.01733) = 0.2936

We now can calculate the enthalpy of point 1,
H1 = xv Hv + (1 – xv) Hl

At –15 F,
Hl=7.505 Btu/lb
Hv = H2 = 100.799 Btu/lb

Therefore,
H1 = 0.2936 *100.799 + (1 – 0.2936) * 7.505 = 34.892 Btu/lb
Qc = 100.799 – 34.892 = 65.907 Btu/lb
m = 5 / 65.907 = 0.0759 lb/s
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c) Circulation rate for a cycle with a heat exchanger

The cycle is modified to include a heat exchanger that cools down the liquid coming out of the con-
denser by heating up the vapor coming out of the evaporator. The cycle and the PH diagram are shown.

We need to get the enthalpy of point 4’. We can assume that the heat exchanger is well insulated. From
an energy balance on the heat exchanger (energy in = energy out),

H4 + H2 = H4’ + H2’

H1 = H4’ = H4 + H2 – H2’

We assume that the pressure drop though the heat exchanger is negligible. That makes the pressure of
point 2’ equals the pressure of point 2, which we can get from the table.

P2 = 14.667 psia = P2’

We can either use the chart to determine the location of point 2’ or we can use the tables of superheated
vapor given in problem 8 (attached) at P = 14.696 psia.  From the table, we get,
H2’ = 117.5 Btu/lb
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Therefore,
H1 = 37.978 + 100.799 – 117.5 = 21.277 Btu/lb
Qc = H2 – H1 = 100.799 – 21.277 = 79.522 Btu/lb
m = 5 / 79.522 = 0.0629 lb/s

d) COP of the cycle
The coefficient of performance is defined as
ω = Qc / Ws

We need to get the net shaft work for the three different processes. For part a, work is given to the com-
pressor.  Therefore,
Ws = Wcompressor = H3 – H2

The entropy of point 3 is the same as the entropy of point 2.
S3 = S2 = 0.22714 Btu/lb R

If we assume that the pressure drop in the condenser is negligible, therefore the pressure of point 3 is the
same as the pressure of point 4, which we can get from the table.
P3 = P4 = 101.37 psia

We can get more tables for this refrigerant from the web page stated in problem 8.
http://www.dupont.com/suva/na/usa/sa/techinfo/engg.html.  Knowing the pressure and the entropy of
point 3, we locate the point and get the enthalpy (See attached table).  Interpolating, we get
H3 = 116.6 + (0.22714 – 0.2248) / (0.2291 – 0.2248) * ( 119.0 – 116.6) = 117.9 Btu/lb

Therefore,
Wcompressor =  117.9 – 100.799 = 17.1 Btu/lb

ω = 62.821 / 17.1 = 3.672

For part b, the net work equals
Ws = Wcompressor + Wturbine
Wturbine = H1 – H4 = 34.892 – 37.978 = - 3.086 Btu/lb
Ws = 17.1 – 3.086 = 14.014 Btu/lb

ω = 65.907 / 14.014 = 4.703

For part c, the compressor work equals
Wcompressor = H3 – H2’

We get H3 using the fact that the process is isentropic.
S3 = S2’ = 0.2614 Btu/lb R

Using the same table at P = 100 psia and interpolating for H3, we get,
H3 = 137.9 + (0.2614 – 0.2608) / (0.2645 – 0.2608) * (140.3 – 137.9) = 138.3 Btu/lb

Therefore,
Wcompressor = 138.3 – 117.5 = 20.8 Btu/lb

ω = 79.522 / 20.8 = 3.823
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