Home Assignment -2007-08
ME 332 Fluid Mechanics –II

Last Date of Submission 24/12/2007 
Compressible Flow
Note: You are allowed to use either the flow relations or charts for both Fanno and Rayleigh flow for air given at the end of your Text book

1. Derive an expression for the speed of sound am in a mixture of water and small air bubbles, in which the bubbles occupy a fraction ( of the volume of the mixture.
2. In a supersonic wind tunnel, air stored at a pressure ps = 10 bar and a temperature Ts = 290 K is passed adiabatically through a convergent – divergent nozzle and exhausts as a supersonic stream at a pressure pe = 1 bar. Assuming ( = 1.4, calculate 

a. the Mach number Me of the flow at the nozzle exit 

b. the temperature Te of the exit flow 
c. the ratio Ae/Ac of the exit area to the throat area

d. the mass flow rate 
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of air if the throat area Ae = 10cm2
3. For a shock wave in a perfect gas with constant specific heats, derive an expressions for ratios p2/(1V21 and 2Cp T2 / V21 in terms of ( alone for the limit of M1 = ∞. 
4. What is Rayleigh flow? Under what condition the assumption of Rayleigh flow is not valid in a heat exchanger?
5. Obtain an equation representing the Rayleigh line. Draw Rayleigh lines on the h-s and p-v planes for two different values of the mass flux. Show that the slope  of the Rayleigh line on the p-v plane is 
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6. Air at P1 = 3bar, T1=288K and M1 = 1.5 is brought to sonic velocity in a frictionless constant area duct through which heat transfer can occur.
a. Determine the final pressure, temperature and the heat added during the process.
b. What will be the Mach number, pressure and temperature of air if this heat is extracted from the air?

7. The data for a combustion chamber employing a hydrocarbon fuel is given below: 
Entry: Gas velocity = 152ms-1 , Pressure = 4 bar, Temp = 400K
Exit : Mach Number = 0.8

( = 1.4 and cp = 2.144KJ/kg K for the products of combustion

Calorific value of the fuel burnt = 43MJ/Kg. Determine
a. Entry Mach Number

b. pressure, temperature and velocity at exit 

c. stagnation pressure loss

d. Air-Fuel Ratio Reqd

8. Air at po = 9 bar, To = 400K is supplied to a 50mm diameter pipe. The friction factor for the pipe surface is 0.002. If the Mach Number changes from 4 to 1 at the exit determine
a. The length of the pipe

b. The mass flow rate

9. A gas (( = 1.4, R=0.287 KJ/Kg at p1=1.0 bar, T1 = 400 K enters a 30 cm diameter duct at a Ma of 2.0. A normal shock occurs at a Mach Number of 1.5 and exit at Mach Number is 1.0. If the mean value of the friction factor is 0.003. Determine
a. Lengths of the duct upstream and downstream of the shock wave

b. Mass flow rate of the gas

c. Change of entropy upstream of the shock, across the shock and downstream of the shock.

10. A long pipe of dia 25.4mm has a mean coefficient of friction of 0.003. Air enters the pipe at Ma= 2.5, stagnation temp = 310K and static pressure 0.507bar. Determine for a section at which the Mach No. reaches 1.2
a. Static pressure and temperature

b. Stagnation pressure and temperature

c. Velocity of air
d. Distance of this section from the inlet

e. Mass rate of air

-------------Best of Luck for your Exams--------------------------------------------------
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