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1.a)
Show with a sketch relationship between Mach number, Mach cone, Mach wave and Mach angle.  Illustrate zone of action and zone of silence along with.
   b)
Define compressibility and establish limit of Mach number, beyond which it is applicable. 
2.a)
A storage chamber with compressed air at 2 atm is discharging air through a unit area hole to outside where p= 1atm.  If the temperature of stored air is 25oC, determine the velocity of discharge and the mass flow rate.  Assume air to be perfect gas.
   b)
Develop the relation 
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.  State the assumptions if any.
3.a)
Free stream conditions ahead of a shock wave are T1 = 313K, P1 = 0.9 atm.  The downstream conditions are T2 = 720 K, P2 = 8.75 atm.  Calculate change in entropy, internal energy and entropy across the shock.
   b)
Develop and explain the relation 
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4.
Prove that 
[image: image3.wmf]1

1

2

2

2

*

2

1

1

1

2

1

-

+

ú

û

ù

ê

ë

é

÷

ø

ö

ç

è

æ

+

+

+

=

÷

ø

ö

ç

è

æ

g

g

g

g

M

M

A

A

 provides area-Mach No relationship.  Develop the relations and illustrate its applications with at least one example.
5.a)
Show that (i) Tangential component of the flow velocity is constant across an obligue shock, and  (ii) Changes across an obligue shock wave are governed only by the components of velocity normal to the wave.
   b)
In  a supersonic flow of M=2.5, P = 1 atm, T = 313 K, if the compression corner makes an angle ( =20o, Calculate downstream flow parameters.
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6.
Atmospheric air at pressure 1.0135 x 105 N/m2 and temperature 300 K is drawn through frictionless bell mouth entrance into a 3m long tube having 0.05 m diameter.  The average friction coefficient 
[image: image4.wmf]f

 = 0.005, for the tube.  The system is perfectly insulated.  Find the maximum mass flow rate and range of back pressures that will produce this flow.
7.
Explain Prandtl-Meyer expansion flow.  Show that 
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 EMBED Equation.3  [image: image7.wmf]1
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8.a)
Show from (-(-M relations that for even a wedge shape, there can be formation of a detached snock.
   b)
Consider a diamond shaped airfoil with include angle (.  If it is placed at 
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, illustrate the flow filed with sketches/plots.
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1.a)
Define Mach number, Mach Cone and Mach wave.  How do you relate these parameters.  Hence define various regimes of flow based on Mach number. 
   b)
An aircraft flies at a speed of 1000 kmph at sea level and 11 kms altitude. If     Tsea = 15oC, T11= -56.5oC, determine Flight Mach number at both the altitudes.
2.a)
Develop an expression for energy equation and hence define stagnation enthalpy.

   b)
Free stream conditions ahead of a shock wave are T1 = 300K, P1 = 0.95 atm. The down stream conditions are T2 = 710K, P2 = 8.72 atm.

Calculate change in enthalpy, internal energy and entropy across the shock.
3.
Derive an expression for Rayleigh Pitot tube formulae. In an airflow with static pressure of 1 atm, following three readings were taken with a pitot tube in changing velocity fields, which were supersonic as well. (i) 1.276 atm, (ii) 2.714 atm, (iii) 12.06 atm.  Calculate the flow Mach number in each case.
4.a)
Develop an expression relating area and velocity in gas dynamics.  Hence explain it for Mach number variations.

   b)
Show that flow after a normal shock is always subsonic.
5.a)
Consider an obligue shock wave in a supersonic flow field. Develop relations for the downstream flow properties.
   b)
A supersonic stream turns around the corner making 20o angle with free stream of M=2, P=1 atm and T=288 K.  Work out flow parameters behind the shock wave.
6.a)
Plot Fanno flow and Rayliegh  flow on the same graph.  Hence explain the direction of propagation of shock wave.
   b)
Show that compressibility of flow is considered for M>0.32.
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7.
Describe a supersonic wind tunnel.  Explain the converging diverging nozzle part of the tunnel.  Hence show that second throat is required.  Can you provide a relation between the first throat area to second throat area?
8.a)
Write a note on attached and detached shock waves.
   b)
Consider a diamond shaped airfoil kept at an angle of attack ( ( 0.  Hence explain the flow field through sketches/plots.
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1.a)
Establish limiting condition on Mach number for compressibility.  Hence define different regimes of flow based on Mach number.
   b)
Develop energy equation for adiabatic flow.  Hence define specific enthalpy.
2.
A storage chamber with compressor is maintained at 2.2 atmospheres absolute and at 22oC.  The surrounding ambient pressure is 1 atm.  Assume air as a perfect gas. 

Calculate:

a) Exit velocity to atmosphere, through unit area hole.

b) Mass flow rate per unit area.
3.
A subsonic different acts as a supersonic nozzle.  Prove the relation used to verify the above statement.
4.
An object is flying at 15,000 m at 1850 m/sec, around which a bow wave is formed.  Treating it as a normal shock, determine stagnation pressure and temperature after the shock.  Take ( = 1.4, R = 287J/kg-K.
5.
Prove the Rayleign-Hugonoit relation for a Normal shock 
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6.
A straight pipe of 0.05m diameter is attached to a large air reservoir at pressure 15.2 x 105 N/m2 and temperature 313 K.  Assume adiabatic flow with an average friction coefficient of 0.005.  Calculate the pipe length necessary to obtain a mass flow rate of 2.5 kg/sec.  The exit of the pipe is open to atmosphere.
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7.a)
Determine flow properties for the flow field after the obligue shock, as given below:
[image: image11.png]



   b)
Write a note on detached shock.
8.
Determine flow field around a symmetric double wedge of 15o included angle and kept at 15o angle of attack to a supersonic stream of M = 2.5, by the shock-expansion theory.
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1.a)
Define supersonic flow.  An aircraft flies at a speed of 1000 kmph, at sea level and at 11 kms altitude.  Tsea = 15oC, T11 = -56.5oC, an r given.  Determine Flight Mach numbers at both the altitudes.
b)
Show that in a flow field, stagnation temperature and free stream temperatures are related by 
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 Where M( is the free stream Mach No.
2.a)
Define stagnation enthalpy and specific enthalpy.  Hence establish a relation between the two.

b)
Upstream conditions ahead of a shock wave are T1 = 288K, P1 = 1 atm.  The downstream conditions are T2 = 690K, P2 = 8.656 atm. Calculate change in Enthalpy, internal energy and entropy across the shock.
3.
Develop area-Mach number relationship 
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Hence plot the variations for an isentropic supersonic nozzle flow.

4.
What is shockwave?  Consider a Normal shock-wave.  Obtain flow parameters downstream.  If the upstream conditions of a Normal shock wave are u1 = 680 m/sec, T1 = 288 K, P1 = 1 atm, calculate down stream values of there parameters.
5.a)
Define the parameters M*, P*, T* etc.  and hence prove the relation.
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 Where M is the Mach number of the flow field at upstream conditions.

b)
Up steam conditions are given as M=3.5, P=0.3 atm, T=180K, Calculate local values of Po, To, T*, a* and M*.
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6.
Atmospheric air at a pressure 1.0135 x 105 N/m2, at 300K, is drawn through frictionless bell mouth entrance into a 3m. long tube havine 0.5m. diameter.  The average friction coefficient 
[image: image15.wmf]f

 = 0.005.  The system is perfectly insulated.         Find the maximum mass flow rate and range of back pressures that will produce this flow.
7.a)
How does an obligue shock wave differ from a Normal shock wave.  Hence explain that mach number downstream of an obligue shock is always more than sonic.
   b)
Write a note on shock wave – Boundary layer interaction.
8.
Consider a flat plate inclined at ( = 5o to the free stream, having M=3.  Determine the flow field.
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