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1. A car engine delivers 25 hp to the drive shaft with a thermal efficiency of 30%. The fuel
has a heating value of 40,000 kJ/kg. Find the rate of fuel consumption (10%) and the
combines power rejected through the radiator and exhaust. (10%)

Fuel line

Shaft
power

Exhaust flow

2. A 50 kg block of iron casting at 500 K is thrown into a large lake that is at a temperature of
285 K. The iron block eventually reaches thermal equilibrium with the lake water.
Determine (An average specific heat of 0.45 kJ/ kgK for the iron) (20%)

a. the entropy change of the iron block (6%)
b. the entropy change of the lake water (7%)
c. the entropy generated during this process. (7%)

3. The compression ratio of an air-standard Otto cycle is 9.5. Prior to the isentropic
compression process, the air is 100 kPa, 35°C, and 600cm3. The temperature at the end
of the isentropic expansion process is 800K. Using the specific heat values at room
temperature 25°C, determine  (20%)

a. The highest temperature and pressure in the cycle. (5%) P
b. The amount of heat transferred (kJ). (5%)
¢. The thermal efficiency. (5%)

d. The mean effective pressure (MEP). (5%)

(Assume constant specific heats for air at room temperature 25°C.
Cp=1.005kJ/kgK, Cv=0.718kJ/kgK, R=0.287 kJ/kgK and k=1 4)

4. Air in a piston cylinder is at 90 kPa, 17°C with a volume of 0.001m3. It is now compressed
to a volume 10 times smaller in a polytropic process with n=1.4 with no heat transfer. (20%)

a. How much mass of air is there? (4%)

What is the final pressure? (4%)

Find the process specific work. (4%)

Find the final temperature. (4%)

Show the P-V diagram for the process. (4%)
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5. A heat pump is used to heat a house during the winter. The house is to be maintained at
21°C at all times. The house is estimated to be losing heat at a rate of 135,000 kJ/h when
the outside temperature drops to -5°C. Determine the minimum power required to drive this
heat pump.(20%)



