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Solution to Sixth Quiz – First Law for Transient Open Systems

An evaporator in a home refrigerator has a volume of 0.8 ft3, and operates at a constant pressure of 20 psia.  The inlet to the evaporator is R-134a at a pressure of 20 psia and a quality of 40%.  The evaporator exit is saturated R-134a vapor (quality = 100%) at a pressure of 20 psia.  Initially the evaporator contains 0.4 lbm of R-134a.  Compute the heat transfer if 0.01 lbm of R-134a enters the evaporator (at the inlet conditions) and the amount of saturated R-134a vapor leaving the evaporator outlet is 0.03 lbm.
The system boundary, defined by the dashed line in the figure, has one inlet and one outlet.  In general, we have an unsteady problem because more mass enters the system than leaves it.  The general first law equation for unsteady open systems is shown below.
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We see that there is no mechanism for useful work in this system so we set Wu = 0 and make the usual assumption that kinetic and potential energy terms are zero.  This gives the following expression for the first law for our system with one inlet and one outlet.
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Solving this equation for the heat transfer gives: 
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.  We can simplify the general the mass balance equation for this problem where there is only one outlet and one inlet.  This gives the following result.
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We are given that m1 = 0.4 lbm, min = 0.01 lbm, and mout = 0.03 lbm.  Thus we can calculate the final mass remaining in the evaporator, m2, from the mass-balance equation.


[image: image5.wmf]m

m

m

m

m

out

in

lb

lb

lb

lb

lb

m

m

m

m

38

.

0

03

.

0

01

.

0

4

.

0

1

2

=

-

+

=

-

+

=

.
From the data that Pin = Pout = 20 psia, xin =40%, and the outlet state is saturated vapor, we can find the values of hin = hf(20 psia a) + 0.4hfg(20 psia) = 75.14 Btu/lbm + 0.4(91.29 Btu/lbm) = 111.66 Btu/lbm.  Since the outlet is saturated vapor we have hout = hg(20 psia) = 166.42 Btu/lbm.
We can use the initial and final mass to compute the initial and final specific volumes, v1 and v2; we can use these specific volumes and the given condenser pressure, P1= P2 = 20 psia to find the initial and final internal energy for the condenser.
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From the table we see that both specific volumes are between the saturated liquid and saturated vapor at 20 psia, so all data are in the mixed region.  We have to use the quality to compute the internal energy from the equations v = vf + xvfg and u = uf + xufg.  Eliminating x from these two equations gives the following equation for the enthalpy as a function of the specific volume, using the data for the given initial and final pressure of 20 psia.


[image: image7.wmf]m

m

m

m

m

m

fg

fg

f

f

m

m

m

m

m

m

fg

fg

f

f

lb

Btu

lb

Btu

lb

ft

lb

ft

lb

ft

lb

Btu

u

v

v

v

u

u

lb

Btu

lb

Btu

lb

ft

lb

ft

lb

ft

lb

Btu

u

v

v

v

u

u

39

.

117

98

.

45

26554

.

2

011815

.

0

105

.

2

90

.

74

25

.

115

98

.

45

26554

.

2

011815

.

0

2

90

.

74

3

3

3

3

3

3

2

2

1

1

=

-

+

=

-

+

=

=

-

+

=

-

+

=


We now have all the information required to compute the heat transfer from the combination of the first law and mass balance derived above,
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Q = 2.383 Btu

Inflow: 0.01 lbm at 20 psia, x = 40%





Condenser


V = 100 ft3


P = 2 psia = P1 = P2


m1 = 50 lbm





Q





Outflow





0.03 lbm 20 psia. sat vap,





Evaporator


V = 0.8 ft3


Pin = Pout = P1 = P2 = 20 psia


m1 = 0.4 lbm
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