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1.a)
Distinguish between (i) system and control volume, (ii) impulse and reaction principle.

   b)
A lawn sprinkler with two nozzles of diameter 3.5 mm each is connected across a water tap capable of 0.1 liters/sec discharge.  Both the nozzles discharge water in the down ward direction and are located at a radial distance of 25 cm and 15 cm from the center of the tap. (i) what torque must be applied to hold the rotor stationary? (ii) what constant speed will the sprinkler attain.

2.a)
Derive expressions for pressure rise and aerodynamic forces through a cascade with triction and without friction.

b)
An axial flow compressor compresses air from an inlet condition of 1 bar and 2900 K to a delivery pressure of 5 bar with an overall isentropic efficiency of 87 percent.  The degree of reaction is 0.5.  The blade angles at inlet and outlet are 440 and 130 respectively.  The mean blade speed and axial velocity are constant throughout the compression.  Assuming a blade velocity of 180 m/s and work down  factor 0.85, calculate the number of stages and change in entropy.

3.a)
Distinguish between centrifugal compressor and axial flow compressor.

b)
A C.F.C running at 9000 rpm delivers 600 m3/min of free air.  The air is compressed from 1 bar and 200C to a pressure ratio of 4 with an isentopic efficiency of 0.82.  Blades are radial at outlet of the impeller and the flow velocity of 62 m/s may be assumed throughout constant.  D2 is 2D1 slip factoris assumed 0.9.  The blade area coefficient of 0.9 may be assumed at inlet.  Determine (i) T2 of air (ii) power (iii) D2 and D1 (iv) b1 (v) impeller blade angle at inlet (vi) diffuser blade angle at inlet.

4.a)
State merits and demerits of closed cycle gas turbine over open cycle gas turbine. 

b)
A simple gas turbine takes in air at atmospheric pressure and 150C and compresses air in the compressor upto 6 bar.  Then air enters the combustion chamber and is heated to a maximum temperature of 7500C.  Then it enters the turbine and expands to atmospheric pressure. The is entropic efficiency of compressor and turbine is 0.8.  Combustion efficiency 0.9, fall of pressure through the combustion system is 0.1 bar, Cp for both air and gases 1.005,    
 (=1.4.  Determine flow of air and gases for net power of 1100 kW developed.  Calculate also the heat supplied per kg of air and work ratio.

(Contd….2)

Code No: NR-312003


-2-



Set No-1
5.a)
Derive equation for mass flow through steam nozzle in terms of pressure ratio and area’s.

b)
Steam is expanded in set of nozzles from l0bar and 2000C to 5 bar.  It’s the nozzle convergent or convergent divergent?  Neglecting the initial velocity, find the minimum area of the nozzle to flow 3 kg of steam under given conditions.  Assume expansion of steam isentropic.

6.a)
What are the methods of governing of steam turbines ?  Explain them.

b)
Steam flows from the nozzles of a single row impulse turbine with a velocity 450 m/s at a direction which is inclined at an angle of 160 to the peripheral velocity.  Steam comes out of the moving blades with an absolute velocity of 100 m/s in the direction at 1100 with the direction of blade notion.  The blades are equiangular and steam flow rate is 6 kg/s. Determine the power developed and power loss due to friction. 

7.a)
Explain the terms (i) Specific thrust (ii) Propulsion efficiency and (iii) Total thrust.

   b)
For the consumption of 430 kg of petrol, a flying Bomb had range of 260 km, an average speed 174 m/s and thrust of 2678 N.  Assuming C.V. of fuel 42476 kJ/kg the maximum temperature rise in the combustion chamber as 8200c, the diameter of the discharge nozzle as 0.304m, the altitude of the flight as 606m and cp of exhaust gases as 1.05 kJ/kg0K , calculate


(i)
The fuel – air ratio


(ii)
The approximate temperature of the exhaust gases and their relative 

velocity to the Bomb.


(iii)
The propulsion efficiency and overall efficiency of the thermal unit.

8.
Write short note on the following:


a)
Euler’s turbine equation


b)
Lift and drag coefficients of airfoil.


c)
Lossesion compressors


d)
Combustion chamber requirements.
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1.a)
Derive Euler’s turbine equation and explain Total-Total efficiency and – static – static efficiency as applied to compression system.

b)
A lawn sprinkler has two identical nozzles of diameter 7.5 mm each provided at the ends of the sprinkler roton.  One nozzle discharges water vertically upwards while other nozzle discharges water in the down steam direction.  The velocity of flow from each nozzle is 10 m/s and the nozzles are at a radial distance of 20 cm and 15 cm fro the center of rotor.  Determine the from exerted so as to hold the system in stationary position.  Also calculate the constant speed of rotation of the area it  is free to rotate.  

2.a)
Discuss the various losses in axial flow compressor stage.

b)
A multistage axial flow compressor delivers 18kg/s of air.  The inlet stagnation condition is 1 bar and 200c.  The power consumed by the compressor is 4260 kw.  Calculate (i) delivery pressure  (ii) number of stages (iii) overall efficiency (is entropic) of the compressor.  Assume temperature rise in the first stage is 180c, the polytropic efficiency of compression is 0.9 and the stage stagnation pressure ratio is constant.

3.a)
Explain the principle of working of centrifugal compressor with the help of h – s diagram. 

   b)
A C.F.C used as super changer for aero engines handles 180 kg/min of air.  The section pressure and temperature are 1 bar  and 2800 k.  The section velocity is 

90 m/s.  After isentropic compression in the impeller the conditions are 1.5 bar, 3350k and 230 m/s.  Calculate (i) isentropic efficiency (ii) power required to drive the compressor (iii) the overall efficiency of the unit.  It may be assumed that K.E of air gained in the impeller is entirely by converted into pressure in the diffuser. 

4.a)
Derive an expression for the optimum pressure ratio giving maximum specific 

out put in simple cycle gas turbine.

   b)
Air at temperature of 150C enters a gas turbine plant working at pressure ratio of 5.  Turbine inlet temperature is 8000C. Polytropic efficiency (small stage efficiency) of compressor and turbine is 0.87.  Assume Cp = 1.005 for air and gases and C.V. of fuel used = 42000 kJ/kg of fuel.  Compute (i) overall efficiency (ii) specific output  (iii) fuel to air ratio and (iv) specific fuel consumption.
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5.a)
What is critical pressure?  Find out the critical pressure and throat area for a nozzle if the steam expands P(( = c.

  b)
Calculate throat and exit diameters of a convergent divergent nozzle which will dischange 820 kg of steam per hour from a pressure of 8 bar.  Superheated to 2200C into a chamber having a pressure of 1.5bar.  Friction loss in the diverging part of the nozzle may be taken as 0.15 of the total enthalpy drop.

6.a)
Explain why reheating and bleeding is necessary in steam turbines.

   b)
The mean diametor of the blade of an impulse turbine with a single row wheel is 105 cm, and speed is 3,000rpm.  The nozzle angle is 180, the ratio of blade speed to steam speed is 0.42, and the ratio of the relative velocity at outlet from the blades to that at inlet is 0.84.  The outlet angle of the blade is to be made 30 less than the inlet angle.  The steam flow is 8kg per sec. Draw the velocity diagram for the blades and calculate the following:


(i) resultant thrust on the blades (ii) Tangentail thrust on the blades (iii) Axial thrust on the blades  (iv) power developed by blades (v) Blading efficiency. 

7.a)
Explain solid and liquid propelled rockets.

   b)
The following particulars related to a Jet engine which develops a thrust power 770kw when flying at an altitude of 9120m with a speed of 217.5  m/s


Internal efficiency of turbine, 0.85, compressor efficiency 0.85, efficiency of Jet tube 0.9, inlet pressure and temperature 0.306 bar and – 45.50C,temperature of the gas leavning combustion chamber, 6700C ; pressure ratio (p = 5 ; c.v. of fuel = 42676 kJ/kg ; velocity in ducts constant at 197 m/s ; for air Cp = 1.005,       ( = 1.4 for gases Cp = 1.08 , r = 1.33. 

calculate (i) overall efficiency of the machine  (ii) rate of air consumption

(iii) the power developed by machine (iv) the outlet area of Jet tube (v) specific consumption in kg per kg thrust.

8.
Write short note on the following:


a)
Howell’s method of blade design.


b)
Axial flow compressors characteristic curves


c)
Turbine performance at verying loads.


d)
Equation for propulsion efficiency.
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   1.a)
State the momentum equation and mention some of its engineering applications.

      b)
The velocity profile for turbulent flow in a circular tube is approximated by:
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Where Vmax is the center line velocity, R is the tube radius, and y is the radial distance from tube wall.  What is the average velocity in terms of Vmax ?  Also workout the kinetic energy and momentum correction factors. 

2.a)
Derive expression for pressure rise and aerodynamic forces in adiabatic flow with friction through a cascade. 

   b)
In an eigent stage axial flow compressor , the overall pressure ratio achived is 5:1 with an overall is entropic efficiency of 90%.  The temperature and pressure at inlet are 200C and 1bar.  The work is devided equally between the stages.  The mean blade speed is 175 m/s and 50% reaction design is used.  The axial velocity through the compressor is constant and equal to 100m/s.  Calculate the power required and the blade angles.

3.a)
Derive the expression



work done = 
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in the case of C.F. compressor and explain its physical significance.

b)
A centrifugal blower compresses 5 m3/s of air from 1bar and 150c to 1.5 bar.  The index of compression is 1.5.  Vf1 = Vf2 = 70m/s.  The inlet and outlet diameters are 0.3 and 0.6m respectively.  The blower rotates at 7000 rpm.  Calculate (i) (1 and (2 (ii) (2 and (iii) b1 and b2.  Assume thickness of blades as zero.

4.a)
Explain methods of improving efficiency of simple open cycle gas turbine.

   b)
A gas turbine plant works between the fixed absolute temperature limits 300k and 900k.  The absolute pressure limits being 1bar and 4 bar.  The isentropic efficiency of compressor is 0.8 and that of turbine is 0.85.  Estimate actual thermal efficiency of the plant and power available for driving external load if fuel consumption is 1kg/s and C.V of fuel is 42000kJ/kg.  
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5.a)
What are the effects of friction on nozzle performance?

   b)
A group of convergent – divergent nozzles expands 6kg/s of steam from 13 bar dry and saturated to 1.4 bar at a nozzle efficiency of 0.9.  Velocity of the throat is 3% less than the theoretical.  If the throat section of each nozzle is about 1.28 cms square, design the number of nozzles and areas at the throat and exit.

6.a)
Distinguish between impulse turbine and Reaction turbine.

   b)
The total tangential on one ring of parson’s turbine is 1200N when the blade speed is 100m/s.  The mass flow rate is 8kg/s.  The blade outlet angle is 200.  Determine the steam velocity at outlet from the blades.  If the frictional losses which would occur with pure impulse are 25% of the kinetic energy corresponding to the relative velocity at entry to each ring of blades and if the expansion losses are 10% of the heat drop in the blades, determine the heat drop per stage and stage efficiency.  

7.a)
Briefly explain Jet propulsion engine.

   b)
A Jet engine requires 1544 kw at 193m/s.  The fuel consumption is 0.4299 kg per propulsion kwhr and C.V of the fuel is 42000 kJ/kg.  The temperature rise in the combustion chambers limited to 5100C.  Calculate the air – fuel ratio, the velocity and the reaction of the Jet.  And the propulsive and thermal efficiency of the plant.

8.
Write short note on the following:


a)       Boundary layer concept in turbulance flow.



b)       Aerofoil blade terminology.


c)       Centrifugal compressor characteristic curves.


d)       Method of flame stabilization in gas turbine combustion chamber.
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1.a)
Define angular momentum?  How is related to torque?  List some of the practical applications of angular momentum or momentum of equation.

   b)
The velocity variation for laminar flow between two parallel plates prescribed by
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When Vmax is the center plane velocity.  B is the half spacing between the plates and b is the normal distance from centre plane.  Work out the average velocity and momentum correction factor.

2.a)
Discuss choking and stalling in axial flow compressors.

   b)
In an axial flow compressor, the overall stagnation pressure ratio achived is 4 with overall stagnation isentropic efficiency 86%.  The inlet stagnation pressure and temperature and 1 bar and 3200k.  The  mean blade speed is 190m/s.  R = 0.5 at the mean radius with relative air angles of 300 and 100 at rotor inlet and outlet respectively.   The work done factor is 0.88.  Calculate the stagration temperature.  If the hub – tip ratio is 0.4 mass flow rate is 20 kg/s.  Calculate the blade height in the first stage.

3.a)
Explain slip factor of centrifugal compressor and prewhisl in centrifugal compressor.  

   b)
A single inlet type centrifugal compressor handles mass flow rate of 8kg/s of air.  The ambient air conditions are 1 bar and 200c.  The compressor runs at 22000 rpm.  With efficiency is entropic of 0.82.  The air is compressed from 1 bar static pressure to 42 bar total  pressure.  The air enters the impeller eye with a velocity of 150m/s with no prewhirl.  Assuming that the ratio of whirl speed to tip speed is 0.9 determine (i) rise in total temperature during compression if the change in kinetic energy is negligible. (ii) the tip diameter of the impeller (iii) power in put to the compressor  (iv) cye diameter if hub diameter is l0 cm. 
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4.a)
Distinguish between constant pressure combustion chamber gas turbine with constant volume combustion chamber gas turbine.

   b)
A gas turbine plant consists of one turbine for compressor drive and another for output and both are having their own combustion chambers which are served directly from compressor.  Air enters the compressor at 1 bar and 150c and is compressed with an isentropic efficiency of 0.76.  Gas inlet temperature and pressure in both turbines are 6800c and 5 bar.  The isentropic efficiency of turbine is 0.86.  The mass flow rate of air at the compressor inlet is 23 kg/s.  The C.V of fuel is 42006 kJ/kg.  Calculate the output of the plant and thermal efficiency assuming Cp=1.005 and r = 1.4 for air and Cp = 1.128 and r = 1.34 for gases.

5.a)
Shown by analytical method, that for isentropic flow steam through a convergent – divergent nozzle, the throat velocity is the local acoustic velocity.

   b)
Dry saturated steam enters a nozzle at 2 bar and with negligible velocity.  The mass flow rate is 0.03kg/s.  The dischange pressure is 1 bar and the expansion isentropic.  Find the throat pressure, dryness at the throat, throat area and exit area.

6.a)
What do you mean by compounding ?  Explain pressure compounding and velocity compounding. 

   b)
The following particulars refer to a stage of a parson’s steam turbine comprising one ring of fixed blades and one ring of moving blades.


Mean diameter of blade ring 70cm, speed 3000 rpm.  Steam velocity at exit from blades 160m/s, blade outlet angle 200, steam flow through blades 7 kg/s.


Determine the following:


(i) Blade angle at inlet    (ii) power developed in stage   (iii) Tangential force on ring of moving blades.

7.a)
With simple sketch explain the turbojet engine also draw T-S diagram for the same.

   b)
A Jet propelled unit travels at 180 m/s in air at 0.65 bar and –60c.  Air first enters diffuser in which it is brough to rest relative to the unit and it is then compressed in a  compressor through a pressure ratio of 5.8 and fed to a turbine at 9250c.  The gas expands through a turbine and then through the nozzle to atmospheric pressure (0.65 bar).  The efficiency of diffuser and nozzle are 0.9.  The compressor and turbine efficiency are 0.8.  The pressure drip in the combustion chamber is 0.14 bar.  


Find (i) Fuel – air ratio (ii) specific thrust of the unit.  Assume C.V. if fuel is 44141 kJ/kg.  Calculate also the total thrust.

8.
Write short note on the following:


a)
Cascade Testing of blades.


b)
Stalling and Surging in centrifugal compressor.


c)
Effect of inter cooling in gas turbine system.


d)
Co generation systems.
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