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1. When an ideal gas with constant specific heats proceeds an isentropic process, please prove
the following relation is valid.

k
PV =¢onstant

where P is the pressure, v is the specific volume, and % is the specific heat ratio.

. A 25-L tank, shown in Fig. 1, that is initially evacuated is connected by a valve to an air
supply line flowing air at 20 °C and 800 kPa. The valve is opened, and air flows into the
tank until the pressure reaches 600 kPa. Determine the final temperature and mass inside
the tank, assuming the process is adiabatic. Develop an expression for the relation between
the line temperature and the final temperature using constant specific heats.

Note: Specific heat ratio of air=1.4.
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Air =] Air |
Fig. 1 Fig. 2

- An insulated cylinder is divided into two parts of 1 m® each by an initially locked piston, as
shown in Fig. 2. Side A has air at 200 kPa, 300 K, and side B has air at 1.0 MPa, 1000 K.
The piston is now unlocked so that it is free to move, and it conducts heat so that the air
comes to a uniform temperature 7,=T3. Find the mass in both 4 and B, and the final
temperature and pressure. Assume the constant-volume specific heat of air is constant.

. As shown in Fig. 3, the air in an insulated piston/cylinder setup is at 200 kPa, 360 K, with

avolume of 0.1 m®. There is a constant force on the piston. The air runs out through a nozzle
and the exit temperature is measured to 300 K. The process continues to a final air volume

of 0.01 m’. Please find the exit velocity. Assume the constant-volume specific heat of air=
0.717 kl/kgeK.

Fig. 3

5. The refrigerator shown in Fig. 4 operates at a steady state with a coefficient of performance

(B) of 4.5 and a power input of 0.8 kW (W ). Energy (Qp) is rejected from the refrigerator
to the surroundings at 20°C by heat transfer from metal coils attached to the back. Please
determine

(a) the rate energy is rejected, in kW. (10%)
(b) the lowest theoretical temperature inside the refrigerator, in K. (10%)

Refrigerator, =4.5

Surroundings, 20°C




