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Question # 1

(2)

(b)

A condenser (heat exchanger) brings 1 kg/s water flow at 10 kPa from 300°C to
saturated liquid at 10 kPa. The cooling is done by lake water at 20°C that returns to
the lake as saturated liquid at 30°C. Consider an insulated condenser. Find the flow

rate of cooling water from the lake. (15 marks)

An inventor claims that a new engine has the efficiency of 75% while operating
between 1700°C and 20°C. Is the inventor right in his claim? Explain. (5 marks)

Question # 2 (20 marks)

(a)

(b)

One kilogram of nitrogen at 1 MPa and 200°C is expanded in an insulated reversible
turbine to 200 kPa. Consider a polytropic process with k=1.4, M=28 kg/kmol and
Runiversal =8.314 kJ/(kmol K). Calculate the work produced, the heat transfer and the
entropy change. Draw the P-v and T-s diagrams.

One kilogram of nitrogen at 1 MPa and 200°C is expanded in a cylinder-piston
device at constant temperature to 200 kPa. Calculate the work produced, the heat
transferred and the entropy change. Draw the P-v and T-s diagrams.

Question # 3 (30 marks)

A heat pumps operates on the vapor compression refrigeration cycle. The following
information are given:

Working fluid Refrigerant R-134a

Condenser pressure 0.8 MPa

Temperature of refrigerant leaving the condenser  30°C

Evaporator pressure 0.22 MPa

Quality of refrigerant leaving the evaporator 1.0

Isentropic efficiency of compressor 0.7

Heating capacity 30 kW

(a) Draw the schematic diagram of the heat pump. Indicate the name of each
component and the heat flows and work.

(b)  Draw the T-s diagrams for this cycle

(©) Determine and tabulate the pressure, temperature and enthalpy at each key point
of the cycle. ‘

(d)  Determine and tabulate the heat flow or work for each process.

(e) Calculate the Coefficient of Performance of this cycle, and compare with the

CARNOT efficiency corresponding to this cycle?



Question # 4 (30 marks)

The operation of an engine is modeled by the Otto cycle. The following information are
given:

Pressure at the start of compression 101 kPa
Temperature at the start of compression 20°C
Maximum temperature 1200°C
Compression ratio 8to1

Use the following data for air:

R =0.287 ki/kg.K;
cy=0.7165 kl/kg K;
cp=1.008 kJ/kg K
k=1.4.

(a) Draw the P-v and T-s diagrams for the cycle

(b) Determine and tabulate the pressure, temperature and specific volume at each key
point.

(c) Determine and tabulate the heat transfer and work for each process

(d) Determine the net work output of the engine

(e) Determine the thermal efficiency and the corresponding CARNOT efficiency



