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Subject: 216-436 (Gas Turbine Theory) Room: A 201
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Answer all (7) questions

Allow to bring handouts, books and all lecture notes (open examination)

Allow to bring a calculator

Cheater will be caught and investigated following the faculty rule for examination

Total score for this examination is 35%
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42 1. (3 AZLUY)
1.1) Show that the net work of a gas turbine depends on both the maximum temperature

ratio and the pressure ratio.

1.2) Draw the diagram of the net work vs. the pressure ratio in 1.1.
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98 2. (4 AZLUY)
Compare with the aid of sketches (a combined schematic diagram of nozzle, blade and
the velocity diagram) the principles of operation of a centrifugal compressor, an axial

flow compressor and an axial flow turbine.
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29 3. (6 AZUUYU)

Give the brief discussion with the aid of sketches of the following:
a) A tuboannular combustor

b) A cross fire tube

¢) Animpingement cooling

d) A dilution zone
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dn 4. (4 AZLWY)

4.1) Give the name of the following various types of engines
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U2 5. (5 ASLUY)

A gas turbine works at the optimum pressure ratio of an ideal cycle. Air enters a
compressor at 300 K and hot gas enters a turbine at 1400 K. Heat exchanger has the
efficiency of 75%. Given, ¢, = 1.005 kJ/kg-K and k = 1.4. Calculate the net work (W)

and the total efficiency (M,).
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a8 6. (7 ASWUY)

A turbine stage has a nozzle blade with the out let angle of 20° and a rotor blade speed
of 3,000 rpm. The mean diameter of the blades is 1.15 m. The absolute velocity of gas
leaving the nozzle blade is 1.5 time of the rotor blade velocity. If the velocity diagram is
symmetry draw the velocity diagram of this turbine and calculate specific power (work

per mass flow of gas).
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42 7. (6 AZWUN)
The combined cycle power plant has the set of a gas turbine working at the pressure
ratio of 6. Air enters a compressor at 30 °C and hot gas enters a gas turbine at 700 °C.
Hot gas from a gas turbine is used to produce steam at 1.4 MPa and 250 °C in the heat
recovery steam generator (HRSG) while the exhaust gas leaves the HRSG at 120 °C. A
condenser works at 10 kPa and a pump power is neglected. If the electrical power from
the gas turbine setis 75 MW, Calculate:

5.1 the total efficiency of the plant

5.2 the fuel consumption (kg/hr)

5.3 the rate of steam produced (Ton/hr)

Given:
The efficiency of a compressor (1) =0.85
The efficiency of a gas turbine (1,;) =0.86
The efficiency of a combustion chamber (1) =0.80
The transmission efficiency from GT to C (1 4;.0) = 0.94
The efficiency of a generator of a gas turbine (1g;) = 0.92
The efficiency of the HRSG (M) = 0.82
The efficiency of a steam turbine (T4;) =0.88
The efficiency of a generator of a steam turbine (T 4;) =0.92
For compression process, ¢, = 1.005 kJ/kg-K, k=79 =1.4

For combustion and expansion process, ¢, = 1.166 kJ/kg-K, k =Y =1.33
Heating value of fuel used 44,400 kJ/kg
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