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1. a) 
Explain the operation of any one type of modern high pressure boiler with a neat sketch.  










   b) 
Define equivalent evaporation of a boiler.


2.
A steam turbine develops 185 kW with a consumption of 16.5 kg/kWh. Pressure and temp. of the steam at inlet of nozzle are 12 Bar and 2200 C respectively. The steam leaves the nozzle at 1.2 Bar. The diameter of nozzle at throat is 7 mm. Find the no of nozzles.

3.    

 In a condenser test following observations are made.

        

Vacuum=700 mm of Hg, Barometer Reading=760 mm of Hg,


Mean temp of condensation=350C, Hot well temp=280C



Mass of cooling water=50,000 kg/hr



Inlet temp=170C, Outlet temp=300C,



Mass of condensate per hour=1250kg

Find  

i) 
Mass of air present per m3 of condenser volume.



ii)
 The state of steam entering the condenser.



iii)
 Vacuum efficiency

4.
In a steam turbine, steam expands from an inlet condition of 7 bar and 3000C with an

isentropic efficiency of 90%. The nozzle angle is 200. The stage                        operates at optimum blade speed ratio. The blade inlet angle is equal to the outlet angle. Determine the blade angle. Determine the power output for a flow rate of 0.472 kg/sec.

5. a) 
what is the Parson’s Reaction turbine? 






b) 
A 50% reaction turbine (with symmetrical velocity triangles) running at 400 rpm has the exit angle of the blades as 20º and the velocity of steam relative to the blades at the exit is 1.35 times the mean blade speed. The steam flow rate is 8.33 kg/s and at a particular stage the specific volume is 1.381 m3/kg. Calculate for this stage:

i) 
The suitable blade height, assuming the rotor mean diameter as 12 times the   blade height, and 

ii)
 The diagram work.



6.a) 
Describe with a neat sketch a typical gas turbine combustion chamber.   

b) 
Discuss the relative merits and de merits of closed cycle and open cycle gas turbine plants.
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7.a)
What are the important properties of a good propellant?



b)
In a jet propulsion cycle air enters the compressor at 1 bar, 15o C. The pressure leaving the compressor is 5 bar and the maximum temperature is 900o C. The air expands in the turbine to such a pressure that the turbine work is just equal to the compressor work. On leaving the turbine, the air expands in a reversible adiabatic process in a nozzle to 1 bar. Calculate the velocity leaving the nozzle. Take Cp=1.0035 and γ = 1.4 for compressor and expansion processes.

8.a)
What is ramjet? Explain the working of a ramjet with a neat sketch.


   b)
Explain the following terms 

i)    
 Isentropic Compressor efficiency 

ii) 
 Isentropic Turbine efficiency 

iii  
 Propelling nozzle efficiency 

iv) 
 Transmission efficiency.
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1.a) 
With the help of T-s and h-s diagrams explain simple Rankine cycle. 


b) 
A steam power plant is supplied with dry saturated steam at a pressure of 15 bar and exhausts into a condenser at 0.1 bar. Calculate the rankine efficiency by using steam tables. 
Assume ideal processes.

2.
Compare the mass of discharge from a convergent-divergent nozzle expanding from 8 Bar and 2100 C to 0.1 bar. When the 



a) 
Expansion takes place under thermal equilibrium 



b) 
The steam is super saturated condition during part of its expansion.

3.a)

Explain the working of a ejector condenser.


    

b)
In a surface condenser the vacuum maintained is 700 mm of Hg. The Barometer reads 754 mm of Hg. If the temperature of condensate is 180C. Determine 



i) 
Mass of air per Kg of the steam.

       
ii)
 Vacuum efficiency.


4.
The following data relates to a single stage impulse turbine,

Steam velocity=600m/s

Blade speed=250m/s

Nozzle angle=20º

Blade outlet angle=25º

Neglecting the effect of friction, calculate the work developed by the turbine for the steam flow rate of 20kg/s. Also calculate the axial thrust on the bearings.

5.
In a stage of impulse reaction turbine provided with single row wheel, the mean diameter of the blades is 1metre.it turns at 3000r.p.m.the steam issues from the nozzle at a velocity of 350m/sec and the nozzle angle is 20º. The rotor blades are equiangular. The blade friction factor is 0.86.  Determine the power developed if the axial thrust on the end bearing of a rotor is 118N.

6.a) 
Show that the specific work out put of a simple gas turbine plant is maximum when the pressure ratio is such that the compressor and turbine outlet temperatures are equal.








   b) 
Why the performance of a real gas turbine cycle differ from that of an Ideal cycle. 

   c)
Name the performance improvement methods of a gas turbine plant.
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7.
A turbojet engine inducts 45 kg of air per second and propels an aircraft with a uniform flight speed of 880 km/hr. The isentropic enthalpy change for nozzle is 188.37 kj/kg and its velocity coefficient is 0.96. The fuel-air ratio is 0.012, the combustion efficiency is 0.95 and the lower heating value of the fuel is 44,000 kj/kg. Calculate:  

a) The thermal efficiency of the engine

b) The fuel flow rate in kg/hr and TSFC

c) The propulsion power in kW

d) The thrust power

The propulsive efficiency and the overall efficiency.





8a)
Explain with a neat sketch a Screw Propeller Unit.





  b)
what are the fundamental differences between jet propulsion and rocket propulsion?
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1.   
In a reheat Rankine cycle steam is supplied to a turbine at 6 MN/m2 and a temperature of 450(C. It is expanded in the first stage to a pressure of 1 MN/m2 . The steam is then passed back to the boiler in which it is reheated at 1 MN/m2 to 370(C. It is then passed to the turbine to be expanded in the second stage down to a pressure of 0.2 MN/m2. The steam is again reheated to 320(C at this pressure. It is sent to turbine for the last stage expansion to a condenser pressure of 0.02 MN/m2. Using enthalpy-entropy chart for steam, determine the following.

a) The total theoretical power produced /kg of steam,

b) the thermal efficiency of this cycle. Considering pump work.

c) the thermal efficiency of the cycle assuming single stage expansion with no reheat and considering pump work.





2.a)      Discuss the criteria to decide the shape of the nozzles. 




b)
A gas expands in a convergent divergent nozzle from 5 bar to 1.5 bar, the initial temperature being 7000C . Calculate the velocities at the throat and at the exit.

3.a)
What are the sources of air in the condenser and explain the effects of air leakage in condenser.  







     

b)

The outlet and inlet temperatures of cooling water to a condenser are 37.50C and 300C respectively. If the vacuum in the Barometer is 706 mm of mercury with barometer reading 760  mm. Determine condenser efficiency.                                   

4.
A single row impulse turbine develops 132.4 kW at a blade speed of 75m/s, using 2kg of steam per sec. steam leaves the nozzle at 400m/s. Velocity coefficient of the blades is 0.9.Steam leaves the turbine blades axially. Determine the nozzle angle, Blade angles at entry and exit, assuming no shock.

5. a) 
Show that for a Parson’s reaction turbine the degree of reaction is 50%.

 

b) 
In a 50% reaction turbine stage running at 3000rpm, the exit angles are 30º and the inlet angles are 50º. The mean diameter is 1m.The steam flow rate is 10000kg/minute and the stage efficiency is 85%.

Determine:

i) 
Power output of the stage.

ii) 
The specific enthalpy drop in the stage.

iii)
The percentage increase in the relative velocity of the steam when it flows over the moving blades.
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6.a) 
What is Re-heating, Regeneration and Inter cooling explain briefly.



   b) 
Closed cycle gas turbine plants are akin to steam turbine plants" comment.    


   c) 
Draw the T-S Diagram for a Baryon cycle for gas turbine plants and explain each process briefly.  


7.
A turbo-jet engine flying at a speed of 960 km/hr consumes air at the rate of 54.5 kg/s. Calculate 

a) Exit velocity of jet when the enthalpy change for the nozzle is 200 kJ/kg and velocity coefficient is 0.97. 

b) Fuel flow rate in kg/s when air-fuel ratio is 75:1.

c) Thrust specific fuel consumption.

d) Thermal efficiency of the plant when the combustion efficiency is 93% and calorific value of the fuel is 45000 kJ/kg.

e) Propulsive power.

f) Propulsive efficiency.

Overall efficiency.









8.a)
Explain briefly with a sketch the working principle of a Rocket.



   b)   
List out the applications of rockets.
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1.a) 
What is the use of cooling tower in a steam power plant? Mention the different   types of cooling towers. 






   

   b) 
With the neat sketch explain the operation of   Benson boiler. 


2. 
A convergent divergent nozzle is required to discharge 2 kg of steam per second. 
The nozzle is supplied with a steam at 7 bar and 1800C and discharge takes place 
against a backpressure of 1 bar. The expansion upto throat is isentropic and the 
frictional resistance between the throat and exit is equivalent to 63 kJ/kg of 
steam. Taking approach velocity of 75 m/s and throat pressure of 4 bar.

Estimate: 
a) Suitable areas for the throat and exit. B ) Overall efficiency of the nozzle based 
on the enthalpy drop between the actual inlet pressure and temperature and the exit pressure.


3.
A surface condenser fitted with separate air and water extraction pumps, has a 
portion of the tubes near the air pump suction screened off from the steam so that 
the air is cooled below the condensate temperature. The steam enters the 
condenser at 380C and the condensate is removed at 370C. The air removed has a 
temperature of 360C. If the total air infiltration from all sources together is 5 kg/h. 
Determine the volume of air handled by the air pump per hour. What would be the 
corresponding value of the air handled if a combined air and condensate pump 
was employed? Assume uniform pressure in the condenser.



4.
Steam with absolute velocity of 300m/sec, is supplied through a nozzle to a single stage impulse turbine. The nozzle angle is 25º. The mean diameter of the blade rotor is 1metre and it has a speed of 2000r.p.m.find the suitable blade angles for zero axial thrust. If the blade velocity coefficient is 0.9 and the steam flow rate is 10kg/sec, calculate the power developed.

5.a) 
List out the advantages and disadvantages of velocity compounded impulse turbine.     

b) 
At a stage in a reaction turbine the pressure of steam is 0.34 bar and the dryness 0.95. For a flow rate of 36,000 kg/h, the stage develops 950 kW. The turbine runs at 3600 rpm and the velocity of flow is 0.72 times the blade velocity. The outlet angle of both stator and rotor blades is 20º. Determine at this stage:

i) Mean rotor diameter 

ii)
Height of blades.
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6.
A open cycle gas turbine plant has a single stage compressor and a single stage Expander incooperating a heat exchanger.  The air suction temperature is 17 0C and pressure 1 bar. For an overall pressure ratio of 4.5 and shaft output of 4000 kW, the mass flow is 40kg/s, If the thermal ratio of the heat exchanger is 0.6 and the sentropic efficiency of compressor is 0.84. Calculate the isentropic efficiency of the gas turbine for a plant Thermal efficiency of 0.29.  


7.a)
Explain the working difference between propeller jet, turbo-jet and turbo prop. 06

b) A turbo-jet unit flying at a speed of 729 Km/hr at an altitude where air temperature and pressure are 22 K and 0.877 bar. The maximum temperature of the plant is limited to 860o C. Find the specific thrust produced if the exhaust gases from the turbine are expanded to atmospheric pressure in a convergent nozzle. Using the following data:

The pressure ratio of the compressor is 4:1

Efficiency of ram compression is 0.90

ηc = 0.80, ηt =0.85, ηn =0.93

Transmission efficiency is 0.98

Neglecting the pressure losses and mass of the fuel find the specific thrust produced by the unit.









8.a)
Why liquid propellants are preferred in rocket propulsion?




b) A simple turbojet unit operates with a turbine inlet temperature of 1100oK, a pressure ratio is 4:1 and a mass flow of 22.7 Kg/Sec. under design conditions. The following component efficiencies may be assumed:

Isentropic Compressor efficiency – 0.85

Isentropic Turbine efficiency – 0.90

Propelling nozzle efficiency – 0.95

Transmission efficiency – 0.99

Combustion chamber loss – 0.21 bar

Calculate the design thrust and specific fuel consumption when the unit is stationary at sea level where the ambient conditions may be taken as 1.013 bar and 288K.
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