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A turboprop flies at Mach number 0.6 at an altitude where free stream static pressure is 30 kPa 
and static temperature -l5°C. The engine inlet captures airflow at 50 kg/s and has a stagnation 
pressure recovery, of nd = 0.98. The propeller efficiency is 1tprop = 0.85. Compressor pressure 
ratio is 35 and polytropic efficiency is 90%. The combustor exit temperature is 1650 K and fuel 
heating value is 42,000 kJ/kg. Burner efficiency is 99% and stagnation pressure loss in the 
burner is given by 7th = 0.96. The HPT has polytropic efficiency of 84% and mechanical 
efficiency of 99%. The power split between the LPT and the engine nozzle is at a=0.75 and the 
mechanical efficiency of the LPT is 99% and 1tLPT = 0.88. Reduction gearbox efficiency is 
99%. The exhaust nozzle is convergent and 1t" = 0.95. Gas properties in the engine are as 
follows: 
Cold flow: y c = 1.4, cpc = 1.004kJ I kg.K 

Hot flow: Yt =1.33,cpt =1.156kJikg.K 

Calculate the following: 
(a) Fuel to air ratio 
(b) Engine core thrust 
(c) Propeller thrust 
(d) Power-specific fuel consumption 
(e) Thrust-specific fuel consumption 
(f) Thermal, propulsive and overall efficiencies [11] 

2. In a twin-spool turbofan engine, the fan is driven by the LP turbine and the compressor by the 
HP turbine. Separate c9ld and hot nozzles are used. Free stream Mach number is 0.8, static 
pressure is 0.27 bar and static temperature is 223 K respectively. Following are the values of the 
engine design parameters: 
1td = 0.995, 1tc = 40, ec = 0.9, a= 6, 1tr = 1.6, er = 0.9, 1trn = 0.98 (fan nozzle is convergent) 

't). = 7.0, QR = 42800kJ I kg, 7th = 0.95, YJh = 0.98 

et = 0.9, 11m= 0.975, n" = 0.98 (core nozzle is convergent) 

The cold and hot flow gas properties are as provided in Question No. 1. 

Calculate the following: 
(a) Ratio of compressor to fan shaft power 
(b) Fuel to air ratio 
(c) Ratio of fan nozzle exit velocity to core nozzle exit velocity 
(d) Ratio of gas thrusts of fan and core 
(e) Engine thermal and propulsive efficiency 
(f) Engine thrust specific fuel consumption [ 11] 

(P.T.O.) 



3.(a) Draw the velocity triangles at mean radius for one stage of an axial compressor and derive the 
following relations: 

i) tan a1 +tan 13! =tan a2 +tan 132 = J:!_ 
Ca 

ii) 'I' = <I>(tan 13! -tan 132) 

where blade loading coefficient 'I' = t.h ~ and flow coefficient <I> = S_ 
u u 

[2] 

(b) Air enters the first stage of an axial flow compressor without swirl. At the mean radius, the 
rotor blade speed is 180 m/s and the blades deflect the air through an angle of 20°. The stator 
blades deflect the air so that it leaves the stage axialjy. If the axial component of the air velocity 
through the stage is constant at 160 m/s, calculate 

(i) The air angles through the stage ' 
(ii) The specific power required for a work done factor of 0.90 
(iii) The percentage changes in the relative and absolute velocities of air over the rotor 
(iv) The degree of reaction 
( v) Sketch the velocity triangles ( 4] 

(c) Explain the significance of de Haller number and NACA diffusion factor in compressor blade 
design. [3] 

(d) Explain briefly about compressor stall and surge phenomena. [3] 

4.(a) Briefly describe the different aircraft gas turbine engine combustor configurations that you know about 

using simple sketches. [3] 

(b) Most commercial engines use Jet-A as aviation turbine fuel, which is typically a blend of ncpentane 

(C 5H 12 ) and iso-octane (C 8H 18 ). Assuming air t? be 21 parts Oxygen and 79 parts Nitrogen by 

volume, and assuming Jet-A to be 100% iso-octane, evaluate the stoichiometric fuel/air ratio. What will be 

this ratio ifJet-A was 100% n-pentane? (Note: Atomic weight ofH=l, C=12, N=l4, and 0=16). [4] 

(c) What is flame stability? What are the different factors which influence it? [3] 

(d) What is reaction time and residence time? How should they correlate for sizing a co!nbustor? [2] 

(e) How is stable combustion achieved in a Scramjet engine combustor? [2] 

(f) What are the possible means of cooling combustor liner and turbine blades? [2] 




