4.B-7

A rigid tank contains both air and a block of copper, as shown in Figure 4.B-7. The internal
volume of the tank (the volume available for air) is V = 1 m®. The initial pressure of the air in
the tank is P1 = 5000 Pa and the initial temperature of both the air and the copper block is Ty =
200 K.
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Figure 4.B-7: A rigid tank containing air and a block of copper.

At some time the tank valve starts to leak. Air from ambient conditions, Tamp = 300 K and Pamb =
101325 Pa, flow through the valve and enters the tank. The valve leaks for time = 15 minutes at
a constant mass flow rate of m_ = 0.001 kg/s. After 15 minutes the leak stops and the
temperature of both the air in the tank and the block of copper is T. = 280 K. You may assume
that the contents of the tank are perfectly insulated from the outside environment (i.e., it is
adiabatic). Model air as an ideal gas with constant specific heat capacities: R = 287 J/kg-K, cv =
717 J/Ikg-K, and cp = 1004 J/kg-K. Model copper as an incompressible substance with specific
heat capacity cp = 370 J/kg-K.

a.) What is the mass of air that is initially in the tank?

The initial state of the air in the tank is specified by the temperature and pressure. The specific
volume is:

RT, _ 287 N-m|200 K| m’

= =11.48 m®/k 1
"R kgK | 15000 N : @

The specific internal energy is:
u=c T, = 71771200 K =143400 J/kg 2

' kg-K



The mass of air in the tank is:

kg
11.48m?

=0.0871kg 3)
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b.) What is the pressure in the tank after 15 minutes?
The mass entering the tank is obtained from:

_ 0.001kg| 900 s|

m,, =, time | = 0.9kg (4)
s
A mass balance on the tank is shown in Figure 2 and leads to:
m, =m, —m, ()
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Solving Eq. (5) for the final mass of air in the tank leads to:

m, =m, +m, =0.0871kg+0.9 kg =0.9871kg (6)
The final specific volume of the air in the tank is:

3
v=L 1M o13meikg (7)
m, 0.9871kg

State 2 is specified by the specific volume and temperature. The final pressure is:

RT, _287 N-m|280K| kg

R T TR | Lo
2 g- ' m

~=79324Pa (8)



and the specific internal energy is:

7173|280 K

u,=c,T,= oK I° 200760 J/kg )

c.) What is the heat transfer from the air to the copper block during the leak process?

An energy balance on the air alone (excluding the copper block) is shown in Figure 3 and leads
to:

m, hin =Q+ m, u, —m, u, (10)

where Q is the heat transfer from the air to the copper block and hin is the enthalpy of the air
entering the control volume (the air entering the valve at ambient conditions). The enthalpy of
the air entering the valve is:

h =T, = %‘ ﬂ‘ ~ 301200 J/kg (11)
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Figure 3: Energy balance on the air.

Solving Eg. (10) for the heat transfer leads to:

Q=m, h,—m,u, +m,u,
_0.9kg|301200J 0.9871kg|200760J , 0.0871kg|143400J

| kg | kg | kg
—85399J

(12)

d.) What is the mass of the copper block?

An energy balance on the copper block is shown in Figure 4 and leads to:

Q=m, (ub,z _ubl) (13)



The specific internal energy difference can be expressed in terms of the specific heat capacity:
Q=m,c,(T,-T,) (14)
Solving Eq. (14) for the mass of copper leads to:

~ Q  85399J|kgK]|

- - _ 2.885k 15
"o (T,-T) 13703| (280—200) K : (15)
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Figure 4: Energy balance on the copper block.

e.) What is the temperature of the air leaving the valve and entering the tank? Justify your
answer clearly.

An energy balance on the valve is shown in Figure 5 and leads to:

m_ h =rm_ h (16)

in " in out  ‘out

There is no storage of mass in the valve, therefore m_=m_, and Eq. (16) can be reduced to:

out

hin = hout (17)
For an ideal gas, the enthalpy is only a function of temperature and therefore:
Tin = Tout (18)

so the temperature of the air leaving the valve is always equal to 300 K.
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Figure 5: Energy balance on the valve.



