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 (Aeronautical Engineering)

Time: 3 hours






    Max Marks: 80

Answer any FIVE Questions

All Questions carry equal marks

- - -
1.
Derive the expression for stagnation to static ratio for pressure, temperature and density in the case of isentropic flow.

2.
Describe the behavior of a convergent-divergent nozzle at pressure ratios which are below, equal and above the design pressure ratio.

3.
For isentropic flow with variable area derive the following relation.
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4.
Derive the expression for the Mach number downstream of a normal shock in terms of upstream Mach number.

5.
The ratio of exit to the entry area in a subsonic diffuser is 4.0.  The mach number of a jet of air approaching the diffuser at P0=1.013 bar, T=290 K is 2.2.  There is standing normal shock just outside the diffuser entry.  The flow in the diffuser is isentropic.  Determine at the exit of the diffuser:

a) Mach number

b) Temperature and

c) Pressure

What is the stagnation pressure loss between the initial and final stages of the flow?

6.
Derive the equation for a Fanno line.  Show three Fanno lines on T-S diagram at different mass flow densities.  

7.
Determine the expressions for the stagnation pressure ratio, stagnation temperature ratio, density ratio and change in entropy in the case of a flow through a constant area duct with heat transfer.  

8.
Describe two practical examples where of oblique shock waves occur.  How strong and weak shock waves are generated and how do they affect the flow.  Define shock polar.
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1.
Show the effect of Mach number on compressibility.

2.
Ambient air at an altitude of 5000 m above sea level enters the engine of an aircraft flying at 450 Kmph.  If the flow rate through the engine is 25 Kg/s determine the diameter of the inlet to the engine, state the assumptions used.

3.
Describe the behavior of a convergent-divergent nozzle at pressure ratios which are below, equal and above the design pressure ratio.

4.
What is the strength of a shock called? How is it measured and find the expression for the strength of a shock.

5.
The velocity a normal shock occurs in a convergent divergent nozzle.  The throat area of which is the half of exit area and the static pressure at exit area and the static pressure at exit is half of stagnation pressure at the entry.  The flow except through shock is isentropic.  Find the Mach number upstream and down stream of shock and the area of cross section at the shock place.

6.
Show that the upper and lower parts of the Fanno curve represent subsonic and supersonic flow respectively.  Find the point of maximum entropy  and show the Mach number at this point.

7.
Gas enters in a combustion chamber with static pressure and static temperature and velocity of 0.35 bar, 315 K and 60m/s respectively.  Determine these properties at the exit.  Also find the Mach number at the exit.  The increase in enthalpy of the gas in the combustion chamber is 1175kJ/kg.

8.
Describe two practical examples where of oblique shock waves occur.  How strong and weak shock waves are generated and how do they affect the flow. Define shock polar.
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1.
Draw T-S and H-S diagram for the subsonic flow in the nozzle and the diffuser.

2.
What is a Crocco number (Cr) Prove that
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3.
Find the stagnation pressure and temperature ratio across a normal shock.  Can a shock wave be produced in a subsonic flow?

4.
The velocity a normal shock occurs in a convergent divergent nozzle.  The throat area which is the half of exit area and the static pressure at exit is half of stagnation pressure at the entry.  The flow except through shock is isentropic.  Find the Mach number upstream and down stream of shock and the area of cross section at the shock place.

5.
Determine the flow rate, pressure, Mach number and temperature for a constant area duct with the friction factor 0.004.  The pipe is 12 m long and diameter is 20 mm.

6.
Derive the equation for a Fanno line.  Show three Fanno lines on T-S diagram 

at different mass flow densities.

7.
A combustion chamber in Gas turbine plant receives air at 350 K, 0.55 bar and 75m/s.  The air-fuel ratio is 29 and the calorific value of the fuel is 41.87 MJ/kg.  Taking 
[image: image3.wmf]g

=1.4 and R=0.287 kJ/kg K for gas determine,

a) The initial and the final Mach numbers,

b) Final pressure, temperature and velocity of the gas,

c) percent stagnation pressure loss in the combustion chamber, and

d) The maximum stagnation temperature attainable.

8.
A jet of air at Mach number of 2.5 is deflected inwards at the corner of a curved wall.  The wave angle at the corner is 60
[image: image4.wmf]0

.  Determine the deflection angle of the wall, pressure and temperature ratios and final Mach number.
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1.
Air is discharged from a reservoir at P0=6.91 bar and TO 325
[image: image5.wmf]0

 C through a nozzle to an exit pressure of 0.98 bar if the flow is 36 Kg/Hr determine for isentropic flow.

a) Throat area, pressure and velocity

b) ii)
exit area,   Mach number and 

c) Maximum velocity.

2.
Find the temperature, pressure, density, kinematic viscosity and velocity of sound at 3000, 6000 and 12000 meters altitudes and  find the Mach number of an aircraft moving at 2000 Kmph at all of these altitudes.

3.
For isentropic flow with variable area derive the following relation.
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 EMBED Equation.3  [image: image7.wmf]
4.
Derive the expressions for the Pressure, Temperature and Density ratio across a normal shock.

5.
The ratio of exit to the entry area in a subsonic diffuser is 4.0.  The mach number of a jet of air approaching the diffuser at P0=1.013 bar, T=290 K is 2.2.  There is standing normal shock just outside the diffuser entry.  The flow in the diffuser is isentropic.  Determine at the exit of the diffuser.

a) Mach number

b) Temperature and

c) Pressure

What is the stagnation pressure loss between the initial and final stages of the flow?
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6.
Air enters a long circular duct of diameter=12.5 cm and mean coefficient of friction=0.0045.  At a mach no of 0.5 pressure 3.0 bar and temperature 312 K.  If the flow is isothermal throughout determine:

a) Length of the duct required to change the Mach number to 0.7,

b) Pressure and temperature of air at M=0.7.

c) Length of the duct required to attain he limiting Mach number.

d) State of air at the limiting Mach number:  

Compare these values with those obtained in adiabatic flow.


7.
Prove that the Mach number at the maximum enthalpy and maximum entropy on Rayleigh line are 
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/

1

 and 1.0 respectively.  Show the h=constant and s=constant lines at these points on the Rayleigh line on the h-s and p-v plane.

8.
A jet of air at Mach number of 2.5 is deflected inwards at the corner of a curved wall.  The wave angle at the corner is 60
[image: image9.wmf]0

.  Determine the deflection angle of the wall, pressure and temperature ratios and final Mach number.
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