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Ql: (Compulsory)

(a) A single-pool turbojet engine is powering an aircraft flying at Mach number (Ma) 0.85 at altitude
where the ambient conditions are Ta = 233 K and Pa = 26.4 kPa. The nozzle is choked and the gases
are leaving the nozzle (convergent) with velocity of 600 m/s; the nozzle exit area is 0.2 m2

. The total
temperature at the turbine inlet is 1200 K and the heating value of the fuel is 43MJ/kg.
Assume Yc= 1.4 and Cp, = 1005 J/kg.K for cold stream (in inlet and compressor).
Assume Yh= 1.33 and CPh = 1148 J/kg.K for hot stream (in combustor, turbine and nozzle).
Take R = 287 J/kgK
Calculate: (i) Compressor pressure ratio, (ii) fuel-air-ratio, and (iii) thrust

(b) What are the basic requirements of compressors for aircraft applications? Do axial flow compressors
meet them? Explain.

(c) What is the significance of adiabatic flame temperature in the context of gas turbine engine?

14+4+2
Attempt any 3 questions from 02, 03, 04, and 05
Q2:

Air enters a three stage axial compressor with PIi = I bar, TIi = 288 K, and a velocity of 120 m/s. There are
no IGVs and constant axial velocity is assumed throughout. In each stage, the rotor turning angle is 25°. The
annular flow passages are shaped in such a way that the mean blade radius is 20 ern everywhere. The rotor
speed is 9000 rprn. The polytr pic efficiency (stage efficiency) is constant at 0.9 for all three stages. The
blade height at the inlet is 5 em. Draw the velocity triangles and calculate

(a) Specific work for each stage
(b) The mass flow rate
(c) Stage pressure ratios
(d) The overall compressor pressure ratio

3+3+3+1

Q3:

A single stage gas turbine operates at its design condition with an axial absolute flow at entry and exit from
the stage. The absolute flow angle at the nozzle exit is 70 deg. At stage entry, the total pressure and
temperature are 311 kPa and 850°C respectively. The exhaust static pressure is 100 kPa, the total to static
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efficiency is 0.87 and mean blade speed is 500 rn/s. Assume constant axial velocity through the stage, Cp =

1148 J/kgK, y = 1.33, Determine the following:

(a) Specific work done
(b) Mach number leaving the stator-nozzle
(c) Axial velocity
(d) Degree of reaction.

2+3+2+3

Q4:

(a) Why do many aircrafts operate at an altitude around 36,000 feet?
(b) Draw h-s or T-s diagrams and define the isentropic efficiency of nozzle, compressor and turbine
(c) Write a brief description on three combustor configurations with suitable sketches
(d) What is the relationship between HHV and LHV of a fuel?

2+3+4+1

Q5:

(a) An aero engine is using octane CI2H24 as fuel. he total temperature of the working fluid at the inlet
and outlet of combustion chamber are Ttl = 650 K and Tt2 = 1600 K. The heating value of the fuel is
42800 kJ/kg. The specific heats of cold and hot streams are Cp, = 1.005 kJ/kg and CPh = 1.23 kJ/kg
respectively. Calculate the actual fuel-air ratio and the equivalence ratio.

(b) Explain the essential considerations in the design of a gas turbine combustor?

6+4

------------------------------- End --------------------------
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