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1.
What are the various types of aircraft piston engine? Explain the constructional 
details of a typical piston engine of an aircraft.

2.a)
Explain Lubrication system of a light aircraft with the help of a diagram.

   b)
How the balancing of a piston engine is carried out? Explain. 

3.a)
Derive the following relation for overall stagnation pressure ratio of a centrifugal 
compressor
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Also explain the terms involved in the above relation.

   b)
Explain the term ‘Degree of reaction’. Derive the following relation for degree of 
reaction for a single stage of axial flow compressor
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4.
A single sided centrifugal compressor is to deliver 14 kg/s of air when operating 
at a pressure ratio of 4:1 and a speed of 200 rev/s. The inlet stagnation conditions 
may be taken as 288K and 1.0 bar. Assuming a slip factor of 0.9, a power input 
factor 1.04 and an overall isentropic efficiency of 0.80, estimate the overall 
diameter of the impeller.


If the mach number is not to exceed unity at the impeller tip and 50% of the losses 
are assumed to occur in the impeller, find the minimum possible axial depth of the 
diffuser.

5.
An axial flow compressor stage has blade root, mean and tip velocities of 150, 
200 and 250 m/s. The stage is to be designed for a stagnation temperature rise of 
20K and an axial velocity of 150 m/s, both constant from root to tip. The work 
done factor is 0.93. Assuming 50% reaction at mean radius calculate the stage air 
angles at root, mean and tip and degree of reaction at root and tip for a free vortex 
design.
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6.
A gas turbine combustion chamber is supplied with liquid fuel at 325K and air at 
450K. The fuel approximates to C10H12 and five times the quantity of air required 
for stoichiometric combustion is supplied. Calculate the fuel air ratio and estimate 
the fuel products temperature assuming the combustion to be adiabatic and 
complete. 

          In addition to the following data. Assume suitable values of Cp and the 
          combustion temperature rise to obtain an initial approximate value of the products 
          temperature.

          C10H12 (liq) + 1302 (10CO2 + 6H2O (liq); ∆H298k = -42500 kJ/kg  C10H12
          For water at 298K, hfg = 2442 kJ/kg

          For the liquid fuel, mean  Cp = 1.945 kJ/kg K
          Composition of air by volume = 0.79N2,  0.2102
7.
The following data apply to a single stage turbine design on free vortex theory


Mass flow = 36 kg/s


Mean blade speed Um = 320 m/s


Inlet temperature T01=1200K

Rotational speed N = 250 rev/s


Inlet pressure p01 = 8.0 bar

Outlet velocity C3 = 400 m/s


Temperature drop ∆ T013 = 150K


Isentropic efficiency (t = 0.90


The outlet velocity is axial. Calculate the blade height and radius ratio of the 
annulus from the outlet conditions.


The turbine is designed with a constant annulers area through the stage i.e. with 
no flase. Assuming a nozzle loss coefficient (N of 0.07, show that continuity is 
satisfied when the axial velocity at the exit from the nozzle is 346 m/s. Hence 
calculate the inlet mach number relative to the rotor blade at the root radius.

8.
Write notes on the following:

   a)
Detonation and its prevention

   b)
Factors affecting combustion chamber design

   c)
Mehtods of blade cooling
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1.a)
Explain the principle of operation of a piston engine of an aircraft with the help of 
a diagram.

   b)
Explain what is the supercharging of a piston engine and why it is required.

2.
Explain Carburetion process. What are various types of carburetion systems. 
Make the comparative study of various types.

3.
Write short notes on the following:

   a)
Concept of prewhirl 

   b)
Degree of reaction

   c)
Flame tube cooling

   d)
Fuel consumption characteristics of piston engine

4.
The following data refer to the eye of a single sided impeller.


Inner Radius = 6.5 cm


Speed = 270 rev/s


Outer Radius = 15.0 cm

Mass flow = 8 kg/s


Ambient conditions = 1.0 bar, 288 K

Assuming no prewhirl and no losses in the intake duct, calculate the blade inlet 
angle at root and tip of the eye, and Mach Number at tip of the eye.

5.
An axial flow compressor has an overall pressure ratio of 4.0 and mass flow of 

3 kg/s. If the polytropic efficiency is 88 percent and the stagnation temperature 
rise per stage must not exceed 25K, calculate the number of stages required and 
the pressure ratio of the first and last stages. Assume equal temperature rise in all 
stages. If the absolute velocity approaching the last rotor is 165 m/s at an angle of 
20o from the axial direction, the work done factor is 0.83, the velocity diagram is 
symmetrical and the mean diameter of the last stage rotor is 18 cm, calculate the 
rotational speed and the length of the last stage rotor blade at inlet to the stage. 
Ambient conditions are 1.0 bar and 288 K.

6.
Explain the factors affecting the performance of a combustion chamber.
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7.
The following particulars relate to a single stage turbine of free vortex design


Inlet temperature T01 = 1050K

Inlet pressure p01 = 3.8bar


Pressure ratio 
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Outlet velocity C3 = 275 m/s


Blade speed at root radius, Vr = 300 m/s


Turbine isentropic efficiency (t = 0.88


The turbine is designed for zero reaction (٨= 0) at the root radius and the 
velocities at inlet and outlet (C1 and C3) are both equal and axial. Calculate the 
nozzle efflux angle (2 and blade inlet gas angle (2 at the root radius. 


If the tip/root radius ratio of the annulus at exit from the nozzle blade is 1.4, 
determine the nozzle efflux angle and degree of reaction at the tip radius.

8.a)
Using the data of Q.No.7 and assuming a nozzle blade loss coefficient (N of 
0.05, calculate the static pressure at inlet and outlet of the rotor blades at the root 
radius and there by show that even at the root there is some expansion in the rotor 
blade passages under these conditions.

   b)
How the matching of Turbine and compressor is carried out. 
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1.
Explain briefly the following terms with respect to piston engine 
a) Compression ratio

b) Detonation

c) Pre ignition

d) Manifold pressure

e) Brake horsepower

f) Indicator diagram

g) Firing order

h) Propeller reduction gear

2.a)
Explain the principle of propeller. What do you understand by constant pitch and 
variable pitch propeller?

   b)
Write a note on ignition system of a piston engine.

3.a)
Compare the axial flow compressor with a centrifugal compressor.

   b)
Explain the elementary theory behind the axial flow compressor with the help of 
velocity triangles.

   c)
Explain the use of flame holder briefly.

4.
The following results were obtained from a test on a small single-sided centrifugal 
compressor


Compressor delivery stagnation pressure = 2.97 bar 


Compressor delivery stagnation temperature = 429 K

Static pressure at impeller tip = 1.92 bar


Mass flow = 0.60 kg/s


Rotational speed = 766 rev/s


Ambient conditions = 0.99 bar and 288 K

Calculate the overall isentropic efficiency of the compressor


The diameter of the impeller is 16.5cm, the axial depth of the vaneless diffuser 
is 1.0cm and the number of impeller vanes (n) is 17. Making use of the stanity 
equation for slip factor, calculate the stagnation pressure at the impeller tip and 
hence find the fraction of overall loss which occurs in the impeller. 
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5.
An axial flow compressor stage has blade root, mean and tip velocities of 175, 
200 and 225 m/s respectively. The stage is to be designed for a stagnation 
temperature rise of 20 K and an axial velocity of 175 m/s both constant from root 
to tip. The work done factor is 0.93. Assuming 50% reaction at mean radius, 
calculate the stage air 
angles at root, mean and tip and degree of reaction at root 
and tip for a free vortex design.


Recalculate the stage air angles with 50 percent reaction at all radii and compare 
the results with those for free vortex design.
6.a)
What are the various types of combustion chamber? Explain the combustion 
process of a flame tube type combustion chamber.

   b)
Explain the functioning of simplex and duplex type burners.

7.
A mean diameter design of a turbine slage having equal inlet and outlet velocities 
leads to the following data


Mass flow m = 20 kg/s


Inlet temperature T01 = 1000 K

Inlet pressure p01 = 4.0 bar


Axial velocity (constant through state) Ca = 260 m/s


Blade speed U = 360 m/s


Nozzle efflux angle (2 = 65 degrees


Stage exit swirl angle (3 = 10 degrees


Determine the rotor blade gas angles, degree of reaction, temperature drop 
coefficient and power output.


Assuming nozzle loss coefficient (N of 0.05, calculate the nozzle throat area 
required (ignoring the effect of friction on critical conditions).

8.
Write notes on the following:

   a)
Centrifugal compressor characteristics 

   b)
Compressibility effects in centrifugal compressor
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1.a)
Why and how balancing of a piston engine is carried out?
   b)
Explain the combustion process in a piston engine of an aircraft. What are the 
reasons of detonation in a piston engine?

2.a)
Explain various types of fuel injection burners used for combustion chamber of a 
flame tube.

   b)
Explain about the various components of a piston engine briefly.

3.a)
Explain the various methods of turbine blade cooling.

   b)
What do you understand by Impulse and Reaction blading of gas turbines? 

4.
An aircraft engine is fitted with a single-sided centrifugal compressor. The aircraft flies with a speed of 230 m/s at an altitude where the pressure is 0.23 bar and temperature 217 K. The intake duct of the impeller eye contains fixed vanes which 
give the air prewhirl of 25o at all radii. The inner and outer diameters of the eye are 18cm and 33cm respectively, the diameter of the impeller peripheri is 54 cm 
and the rotational speed 270 rev/s. Estimate the stagnation pressure at the compressor outlet when the mass flow is 3.6 kg/s. Neglect losses in the inlet duct and fixed vanes and assume that the isentropic efficiency of the compressor is 0.80. Take the slip factor as 0.9 and power input factor as 1.04.

5.
The first stage of an axial compressor is designed on free vortex principle, with no inlet guide vanes. The rotational speed is 6000 rev/min and the stagnation temperature rise is 20 K. The hub tip ratio is 0.60, the work done factor is 0.93 and the isentropic efficiency of the stage is 0.89. Assuming an inlet velocity of 140 m/s and ambient conditions of 1.01 bar and 288 K, calculate:

   a)
The tip radius and corresponding rotor air angles (1 and (2, if the Mach Number 
relative to the tip is limited to 0.95. 

   b)
The mass flow entering the stage.

   c)
The stagnation pressure ratio and power required.

   d)
The rotor air angles at the root section.
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6.a)
What are the differences between centrifugal compressor and axial flow 
compressor?
   b)
Sketch a flame tube combustion chamber with swirl vanes and explain the process 
of combustion.

   c)
What do you understand by surging?
7.
In certain designs the maximum mass flow passed by a turbine may be 
determined by choking in the turbine annulus at outlet instead of in the turbine 
nozzles. The maximum mass flow will then depend not only on the inlet 
conditions as in the case of expansion in a nozzle, but also upon the work output 
per unit mass flow. Given fixed values of the inlet conditions p01 and T01, the 
temperature equivalent of the specific work output ∆T013, the annulus area A at 
the turbine outlet and that there is no outlet swirl, show that for an isentropic 
expansion to a varying outlet static temperature T3, the maximum flow can be 
expressed by 
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Comment on the effect this will have on the turbine mass flow versus pressure 
ratio characteristics.
8.
Write notes on any TWO of the following: 
   a)
Axial compressor characteristics 

   b)
Limiting factors in gas turbine design

   c)
Combustion efficiency of a combustion chamber.
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