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1.a)
What are Reynolds and Mach Numbers?  Write down their expressions.

b)
An air craft cruises at 220 m/Sec at altitudes of 1800, 5500 and 12,000 metres.  Determine its Mach Number at these altitudes.

2.
What is the effect of Mach Number on the compressibility?  Prove for r=1.4


Po-P  = 1+1 M2 + 1 M4 +…..

1 ec2
     4

2

3.
Ambient air  (Po+ = 1.013 bar, To = 288k) is sucked by a blower through a convergent nozzle.  Throat diameter is 10cm.  If  the air velocity at the throat reaches the Sonic velocity.  Determine:

a) Pressure and Temperature at the throat


b) Mass flow rate through the nozzle
(c)  Max.Mass flow rate

4.
Derive the relation for steady one-dimensional isentropic flow


dA  = dp  (1-M2) 

A       ec2
5.a)
What is Rayleigh’s curve?  Explain.

b) Explain why the normal discontinvity always involves a change from Super sonic to Sub sonic speed with consequent pressure rise and never the reverse.

6.
The state of a gas (r=1.3, R=0.469 kJ/kgk).  Upstream of a normal shock wave is given by the following data: 


Mx = 2.5, Px = 2 bar   Tx = 275 k


Calculate the Mach number, pressure, temperature and velocity of the gas down stream the shock.

7.
Describe an equation describing a Fanno curve.  Show three Fanno curves on the temperature entropy co-ordinates at three mass flow densities.

8.
The friction Friction factor for a 25mm diameter 11.5m long pipe is 0.004. The conditions of air at entry are

P​1​ = 2.0 bar, T1 = 301k, M1 = 0.25


Determine the mass flow rate and the pressure, temperature and the Mach number at exit.
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1.a)
Define stagnation enthalpy and stagnation temperature.  

   b)
Argon is stored in a reservoir at 300k; determine stagnation enthalpy and velocity of sound in it.  Take r = 1.658, molecular weight of Argon is 39.94.

2.a)
Derive the energy equation


a2       + 1 c2 = 1  c2max = a2o  = ho.

r-1      2         2          
  r-1

b) An air Jet at 400k has sonic velocity.

Determine:   (i)  Velocity of sound at 400k

ii)  Velocity of sound at stagnation conditions   (iii)  Stagnation enthalpy

3.
Describe the behaviour of flow in a convergent divergent nozzle when it is operated at


a)  Design pressure ratio
(b)  Pressure ratio higher than the design value


c)  Pressure ratio lower than the design value

4.
The Mach number and pressure at the entry of a subsonic diffuser are 0.9 and 4.165 bar.  Determine the area ratio required and pressure rise if the Mach number at the exit of diffuser is 0.20.  Assume isentropic diffusion of air.

5.
Derive the relation for flow through a normal shock


My2 = [2/(r-1)] + Mx2


[2r/(r-1)] Mx2-1

6.
A Jet of air at 275k and 0.69 bar has an initial mach number of 2.0. If  it passes through a normal shock wave. determine

 
a)  Mach number  
(b)  Pressure  
(c)  Temperature  
(d)  Density   and  

e)  Speed of sound

7.
Derive the relation for variation of  Mach number with duct length.

(4f  L max)M = 1-M2    + r+1 ln (r+1) (r+1) M2

      D  

8. What is rayleigh flow? Give two practical examples under what conditions the assumption of Rayleigh flow is not valid in a heat exchanger.

***
***
***
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1.a)
What is velocity temperature?  Determine the velocity of air corresponding to a velocity temperature of 1oC.

b) Determine the Mach number of an air craft at which the velocity temperature of air at the entry of the engine equals to static temperature.

2.
What is the effect of Mach number on the compressibility?  Prove for r=1.4


Po-P  =  1+1 M2 + 1 M4 + ….. 

1 ec2         4         40

2

3.
A supersonic nozzle expands air from Po = 25 bar and To = 1050 k to an exit pressure of 4.35 bar, the exit area of the nozzle is 100cm2.


Determine 


a)  Throat area
  
(b) Pressure and temperature at the throat   

c)  Temperature at exit

4.
Discuss compressible flow through convergent and divergent nozzle.

5.
An aircraft flies at a Mach number of 1.2 at an attitude of 16000 meters (P=1.03 bar, T=216.65k). The compression in its engine is partly achieved by a normal shock wave standing at the entry of its diffuser.


Determine immediately down stream of the shock.


a)  Mach number  (b)  Temperature of air  
(c)  Pressure of the air and 


d)  Stagnation pressure loss across the shock

6.
Explain why the throat area of the diffuser in a supersonic wind tunnel is larger than the nozzle throat area. Why is it desirable to locate the shock wave at the diffuser throat during the operation of the tunnel?

7.a)
Obtain an equation representing Rayleigh line. Draw Rayleigh lines on the h-s and p-v planes for two different values of the mass flux.

b) Show that the slope of the Rayleigh line on the p-v plane is



dp
= -e2c2

dv
R 

8.
Describe an equation describing a Fanno curve. Show three Fanno curves on the temperature entropy co-ordinates at three mass flow densities.
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1.a)
Define Crocco number and give its mathematical expression.

 b)
The Jet of a gas at 593k, r=1.3, R=469 J/kgk  has a Mach number of 1.2. Determine for local and stagnation conditions velocity of sound and enthalpy.

2.a)
What is velocity temperature?  Determine the velocity of air corresponding to a velocity temperature of 1oC.

   b)
Determine the Mach number of an aircraft at which the velocity temperature of air at the entry of the engine equals the static temperature.

3.
Derive the relation for steady one-dimensional isentropic flow.


dA = dp
(1-M2)

A      pc2

4.
The Mach number and pressure at the entry of a subsonic diffuser are 0.9 and 4.165 bar. Determine the area ratio required and the pressure rise if the Mach number at the exit of diffuser is 0.2.  Assume isentropic diffusion of air.

5.a)
Derive the Rankine-Hugoniot relation for a normal shock wave.



r+1
(y

Py
------   -----   -1


---  =     r-1
(x


px
-----------------



r+1
(y

----- +  -----   

 r-1
(x

b) A gas at a Mach number of 1.8, P=0.8 bar and T=373k passes through a normal shock.  Determine its density after the shock. Take r=1.4, R=0.287 kJ/kgk

6.a)
What is Rayleigh’s curve?  Explain.

b) Explain why the normal discontinuity always involves a change from supersonic to subsonic speed with consequent pressure rise and never the reverse.

(contd…2)
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7.
The conditions of a gas in a combuster at entry are P1 = 0.343 bar, T1 = 310k, 

C1 = 60m/s.  Determine the mach number, pressure, temperature and velocity at the exit if the increase in stagnation enthalpy of the gas between entry and exit is 1172.5 kJ/kg.

8.
Derive the relation for variation of  Mach number with duct length




4 f Lmax
1-M2
r+1

(r+1)M2


---------
=  -------
   ------  ln
----------


    D
rM2
      2r
2+(r-1)M2

M

***
***
***

Set No.


3





Set No.


4





Set No.


1





Set No.


2








