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1.a)
Distinguish between compressible and in-Compressible fluid.

b)     Obtain an expression for the sound wave in a compressible fluid interms of    

            change of pressure and change of density.   

c) Write Euler’s  turbine equation and explain each terms in it.

2.a)
    Explain the following performance coefficients with reference to axial flow     

    compressor. 
 

i) flow coefficient 

ii) rotor enthalpy loss coefficient

iii) diffusion enthalpy loss coefficient and

iv) loading coefficient

  b)
Define degree of reaction and derive expression for the same.

3.
An axial compressor has an over all pressure ratio of 4.0 and wals flow of 3kg is.  If the polytropic efficiency is 88% and the stagnation temperature raise per stage  

must not exceed 25K, calculate number of stages required and the pressure ratio 

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 200 from the 

axial direction, the work done factor is 0.83.

4.a)
Briefly explain the phenomena of surge and chocking in centrifugal compressor.

   b)
A. centrifugal compressor runs at 10,000 rpm and delivers 600 m3/min of free of 
air at pressure ratio of 4:1.  The isentropic efficiency of compressor is 82%.  The 

outer radius of impeller (Which has radial blades) is twice the inner one and the 

slip coefficient is 0.9.  Assume that the ambient  air conditions are 1 bar 2930 K. The axial velocity of flow is 60m/s and is constant throughout. Determine.    

i) Power input to the compressor

ii) Impeller diameters at inlet and out let and width at inlet

iii) Impeller and diffuser blade angles at inlet.
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5.a)
Draw the schematic diagram of a simple gas turbine cycle and explain briefly the working of cycle.  Draw the P.V and T-S diagram of the cycle.

  b)
A gas turbine with a regenerator has got the following data:


Compressor inlet temperature 
:
290 K


Compressor outlet temperature
:
460 K


Inlet temperature of turbine

:
900 K


Out let temperature of turbine

:
467 K


Assuming no pressure drop in the heat exchanger, calculate.

i) The pressure ratio of the compressor and turbine

ii) The specific power output

iii) The overall efficiency of the cycle

iv) The work required to drive the compressor.  Assume 100% mechanical efficiency

6.a)
Explain super saturated flow and wilson’s line in a steam nozzle.

b) Steam at a pressure of 10 bar with dryness fraction 0.98 is discharged through a 
convergent – divergent nozzle at 0.1 bar.  The mass flow rate of steam is 10 
kg/wh.  If the power developed is 200 KW

c) .  Determine:

i) Pressure at the throat

ii) Number of nozzles required if each nozzle has throat of rectangular cross – section of 5mm x 10mm if 10% of the overall isentropic enthalpy drop reheats by friction the steam in the divergent portion.

7.a)
Prove that the diagram of blade efficiency of a single stage reaction turbine is given by. 

(bl
=
2-
           2                          Where Rd = 50% and Cf1=  Cfo
     



        1+2( cose( – S2


 
Further proven at maximum blade efficiency is given by

                ( (bl) max  =
2 Cos2 (
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b) The outlet angle of a parson’s turbine is 200 and the axial velocity of flow of steam is 0.5 times mean blade velocity.  If the diameter of the ring is 1.25m and the rotational speed is 3000 rpm.  Determine.

i) inlet angles of the blades

ii) power developed if dry saturated steam at 5b ar passes through the blade whose height  may be assumed as 6cm.  Neglect the effect of the blade thickness.

8.a)
Distinguish between turbo jet and turbo trop engines 

b) Derive expressions for turbo jet engine

i) thrust,

ii) thrust power and

iii) propulsive efficiency
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1.a)
Explain the terms stagnation  pressure and stagnation temperature and also derive its relations with static quantities and mach number. 

b)     Define and explain, laminar boundary layer, turbulent boundary layer, laminar    

          sub – layer and boundary layer thickness.

2.a)
Describe briefly the functioning of axial flow compressor 

b) Explain the phenomena of  surging and stalling in an axial flow compressor, Explain also the rotating stall.

3.
Air at 1.01 bar and 280  centers an axial  flow compressor stage with an axial 

velocity 150 m/s.  There are no inlet guide vanes.  The rotor stage has a tip 

diameter of 60 cm and hub diameter of 50cm and rotates at 100 rps.  The air 

enters the rotor and leaves the stator in the axial direction with no change in 

velocity or radius .  The air is turned through 300 as it passes through rotor.  

Assuming the constant specific heats and that the air enters and  leaves the blade 

at the blade angles.

i) mass flow rate

ii) power required 

iii) degree of  reaction

4.a)
Explain briefly the flowing performance parameters as applicable to C.F.C.

i) Power input factor

ii) Pressure Coefficients and 

iii) Compressor efficiency

  b)
AS.C.F.C Compresses 30 kg of air per second at a rotational speed of 15000 rp/m.  

The air enters the compressor axially, and the conditions at the exit sections are 

radius=0.3 m, relative velocity of air at the tip = 100m/s at an angle of 800 C.

Find the torque and power required to drive the compressor all the ideal pressure 

head developed. 

5.a)
Derive the expression for specific work output and the efficiency of a simple cycle with heat exchanger.

  b)
In a gas turbine plant, air enters the compressor at 1 bar and 270 C. The pressure ratio is 6.  The temperature at turbine inlet is 1000K . The mass flow rate of air is 10kg ‘s. Determine.
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i) Power required to drive the compressor and the turbine power output

ii) The ratio of the turbine to compressor work

iii) Net power developed by the plant and 

iv) The thermal efficiency

6.a)
Derive equation for discharge through the nozzle and condition for its maximum value.   

  b)
Steam initially dry and started is expanded in a nozzle from 15 bar at 3000 C to 1.0 bar.  If the frictional loss in the nozzle is 12% of the total heat drop calculate the mass of steam discharged when exit diameter of the nozzle is 15 mm.

7.a)
What methods are used in reducing the speed of the steam turbine rotor? Explain.

  b)
A stage of a turbine with parsons blading delivers dry saturated steam at 2.7 bar from the  fixed blades at 90m/s. The mean blade height is 40 mm and the moving blade exit angle is 200.  The axial velocity of steam is ¾ of the blade velocity at the mean radians.  Steam is supplied to the stage at the rate of 9000 kg/ hr.  The effect of the blade tip thickness on the annulus area can be neglected calculate.

i) The wheel speed in rpm

ii) The diagram power 

iii) The diagram efficiency and 

iv) The enthalpy drop of the steam in this stage

8.a)
What is meant by jet propulsion? Distinguish between jet propulsion cycle, shaft power cycle and rocket propulsion.

  b)
The exit velocity from a jet unit is 650 m/s for an air flow  of 40 Kg/s through the unit.  The  aircraft is flying at 250 km/hr.  Calculate the thrust developed, the power and propulsion efficiency Neglect the effect of fuel.
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1 a)
What is general energy transfer equation for a rotating machine?  Derive the same.

   b)
What is a boundary layer? Give a brief account of boundary layer separation.

2 a)
What is meant by a stage in axial flow compressor? Explain in detail the stage velocity triangles.

   b)
Derive an expression to calculate the pressure ratio in a stage.

3
Find the polytropic efficiency of an axial flow compressor from the following data:


The total head pressure ratio: 4


Over all total head isentropic efficiency: 85%


Total head inlet temperature: 2900 K.



The  Inlet and outlet air angles from the rotor blades of the above compressor are 450 and 100 respectively.  The rotor and stator blades are symmetrical .  The mean blade speed and axial velocity remain constant through out compressor.  Assuming a value of 220 m/s for blade speed and work done factor as 0.86, find the number of stages required.  Also find the inlet mach number relative to rotor at the mean blade height of the first stage R = 284.6 KJ/ kg 0 k.

4 a)
With a neat sketch explain inlet and exit velocity triangles for various types of blades for centrifugal compressor.

   b)
A centrifugal compressor under test gave the following data:



Speed:  11,500 rpm.



Inlet total head temperature: 210 C.



Outlet total head pressure: 4 bar.



Air flow: 1,31,600 kg / br.



Impeller dia: 75 cm.


If the slip factor is 0.92, what is compressor efficiency?
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5 a)
With a neat sketch explain gas turbine the combustion chamber geometry bringing out the various zones that play a part in the process of combustion.

   b)
In a gas turbine plant air enters the compressor at 1 bar and 70C. It is compressed to 4 bar with an isentropic efficiency of 82%.  The maximum temperature at the inlet to the turbine is 8000 c.  The isentropic efficiency of the turbine is 85%.  The C.V of fuel used is 43.1 MJ/.kg.  The heat lossed are 15% of the C.V. Calculate the following:


i)
Compressor work KJ/kg
ii)
Turbine work KJ/kg


iii)
Thermal efficiency

iv)
Air fuel ratio 


6 a)
What is the effect of friction on the flow through a steam nozzle?  Explain with the help of h-s diagram.

   b)
A steam turbine develops 184 kw.  With a consumption of 16.45 kg / kwh.  The pressure and temperature of the steam entering the nozzle are 11.8 bar and 220 C.  The steam leaves the nozzle at 1.18 bar.  The diameter of the nozzle at the throat is 7 mm.  Find the number of nozzles.  If 8 % of the total enthalpy drop is lost in fraction in divergent part of nozzle, determine the diameter at the exit of the nozzle and exit velocity of the leaving steam.

7 a)
What do you mean by compounding of steam turbines?  Discuss various methods of compounding steam turbines

   b)
In a De-Laval turbine steam leaves from the nozzle with a velocity of 1200 m/s.  The nozzle angle is 200.  The mean blade velocity is 400 m/s and the inlet and outlet angles of blades are equal.  The mass of steam flowing through the turbine per hour is 1000 kg.  Calculate:



(i)  
Blade angles
(ii)
Power developed and 

(iii) Blade efficiency.

8 a)
Distinguish Jet propulsion and rocket propulsion.

   b)
How do you classify rocket engines?

c) A turbo Jet engine is traveling at 920 km/m at standard sea level condition.  The ram efficiency is 87%.  The compressor pressure ratio is 4:1. The compressor efficiency is 82%.  The burner pressure Coefficient is 2%.  The air fuel ratio is 0.0119.  The turbine inlet total temperature is 6880C.  The turbine efficiency is 83.5% and equivalent Jet efficiency is 96%.  Calculate (i) The specific gross thrust and (ii) The thrust specific fuel consumption. 

Cpa = 1.005 KJ/Kg, ra = 1.4, Cpg = 1.147 KJ.kg and rg = 1.33, Ta = 180 C, and pa = 1 bar.
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1 a)
Derive the continuity equation for one-dimensional compressible flow in differential form.

b) Define the terms: boundary layer, boundary layer thickness, drag, lift and momentum thickness.

c) Explain compression efficiency expansion efficiency stage efficiency and over all efficiency.

2 a)
Derive an expression for work input to axial compressor and explain.  What is meant by work done factor?

   b)
Briefly explain flow through compressor and bring out the details of various losses in an axial flow compressor.

3
Air at a temperature of 2900 K enters ten stage axial flow compressor at a rate of 3 kg/s. The pressure ratio is 6.5 and the isentropic efficiency is 90%, the compression process being adiabatic.  The compressor has symmetrical blades.  The axial velocity of 110 m/s is uniform across the stage and the mean blade speed of each stage is 180 m/s. Determine the direction of the air at entry and exit.  From the rotor and the stator blades and also the power given to the air Cp = 1.005 KJ/kg0 K and r = 1.4.

4 a)
With neat sketch explain the working principle of a centrifugal compressor.

   b)
A Centrifugal Compressor has an inlet eye 15 cm dia. Air has an axial velocity of 107 m/s, inlet stagnation temperature 294 K and inlet pressure 1 at/m. Determine.

(i) Theoretical angle of the blade at this point and

(ii) Mach number of the flow at the tip of the eye.

5 a)
What are the various possibility of combustion chamber arrangements?

b)
In an air-standard cycle heat supplied is constant volume and neat rejection is constant pressure.  The compression and expansion are isentropic and the air at the start of the compression is at 300 C and 1 bar.  The pressure ratio is 6.  The heat supply is 860 KJ/kg of air and air flow is 2.0 kg/s.  Assume Cp = 1.005 KJ/kg.K and Cv = 0.717 KJ/kg0K. Calculate 

(i) Temperature at the end of each process

(ii) The power developed and  (iii) the thermal efficiency.
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6 a)
Define critical pressure ratio for the nozzle of the steam turbine.  Obtain analytically its value in terms of the index of expansion.

b)
Determine throat area, exit area and exit velocity for a steam nozzle to pass a mass flow of 0.2 kg/s when inlet conditions are 10 bar and 2500 C and the find pressure is 2 bar.  Assume expansion isentropic and that the inlet velocity is negligible Use PV 1.3 = constant.

7 a)
Derive the expression for maximum blade efficiency in a single stage impulse turbine.

b) The following data relates to a single stage impulse turbine:

Steam velocity = 600m/s
Blade speed = 250 m/s

Nozzle angle = 200,
Blade out let angle  = 250
Neglecting the effect of friction. Calculate the work done by the turbine for the steam flow rate of 20 kg/s.  Also calculate the axial thrust on the bearings.

8 a)
With a neat sketch and T-S diagram, explain the working of turbo Jet engine and also derive the expression for the thrust developed.

   b)
A turbo engine consumes air at a rate of 60.2 kg/s when flying at speed of 1000 km/hr.  Calculate

i) Exit velocity of Jet when the enthalpy change for the nozzles is 230 KJ/kg and Cv = 0.96

ii) Fuel flow rate kg/s when A/Fratio 70:1

iii) Thrust specific fuel consumption

iv) N thermal when N counbusiton = 92%

       

C.V is 42000 KJ/k

v) Propulsive power

vi) Propulsive efficiency

vii) Over all efficiency.
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