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1.(a) 
A steam turbine operating on the Rankine cycle receives steam from the boiler at 3.5 MN/m2 and 3500C and exhaust to the condenser at 10 kN/m2.The condensate is then returned to the boiler by the feed pump. Determine the following considering pump work also.

i)   the energy supplied in the steam generator 

ii)  the dryness fraction of the steam entering the condenser,

iii) the Rankine efficiency.                      






(b)
What is the difference between economizer and super heater? Why are they used in a boiler? 


2..
Compute the mass of discharge from a convergent divergent nozzle expanding 
from 8 bar and 2100C to 2 bar, when 1) the expansion takes place under thermal 
equilibrium, and the steam is in super-saturated condition during part of its 
expansion. Take area of the nozzle as at the inlet 2400 mm2.





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.(a) 
Explain velocity compounded impulse steam turbine showing pressure and      velocity  variations along the axis of the turbine.



   (b) 
A steam jet enters the row of blades with a velocity of 380 m/sec at an angle of 220 With the direction of motion of the moving blades. If the blade speed is 180 m/sec and there is no thrust on the blades, determine the inlet and outlet blade angles. Velocity of steam while passing over the blades is reduced by 10%. Also determine the power developed by turbine when the rate of f low of steam is 1000 kg/minute.
5.
The outlet angle of the blade of a parson’s turbine is 20ºand the axial velocity of flow of steam is 0.5 times the mean blade velocity. If the diameter of the ring is 1.25metre and the rotational speed is 3000r.p.m, determine:

1) Inlet angles of blade

2) Power developed if dry saturated steam at 5bar passes through the blade whose     height may be assumed as 6 cm. Neglect the effect of blade thickness.
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6.(a) 
What are  the factors to be considered for improving the performance of the gas 

         
Turbine and explain them briefly. 







   (b) 
Derive the expression for efficiency of a simple gas turbine cycle interns of pressure ratio. 










7.
A jet propulsion unit consists of compressor, combustion chamber, turbine and nozzle. The air at 0.65 bar and 272K is compressed in the compressor to 3 bar. ηc =0.85. The temperature of the gases at inlet to the turbine is 700o C, and the ηt =0.80. The gases coming out of the turbine are expanded in a nozzle to a pressure 0.564 bar. The η  of the nozzle is 0.90. Neglecting the pressure and mechanical losses and fuel mass, find the following:

i. A:F ratio used assuming C.V. of fuel 44000 KJ/ Kg and the η com.=0.90.

ii. Power required to run the compressor

iii. Pressure of the gases entering the nozzle

iv. The thrust developed per kg of air per sec. 

Take Cp=1.005 KJ/Kg-K, γ = 1.4 for air and   Cp=1.005 KJ/Kg-K, γ = 1.4 for air and  Cp=1.1514 KJ/Kg-K, γ = 1.33 for gases.

Speed of the jet propulsion unit is 720 Km/h.

8.(a)
With reference to a rocket engine define the following terms:



i. Thrust

ii. Effective jet exit velocity

iii. Propulsive efficiency 

iv. Specific impulse

   (b)
Briefly explain the working of cryogenic rocket engines.
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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.

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

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

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


2. Find the percentage increase in discharge from a convergent divergent nozzle expanding steam from 8.75 bar dry to 2 bar, when 1) the expansion is taking place under thermal equilibrium, and 2) the steam is in metastable state during part of its expansion.




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 reading760 mm, determine condenser efficiency.                                   

4.(a) 
Explain pressure compounded impulse steam turbine showing pressure and velocity 

       
Variations along the axis of the turbine.


 
(b) 
A stage of steam turbine is supplied with steam at a pressure of 50 bar and 3500C, and exhausts at a pressure of 5 bar. The isentropic efficiency of the stage is 82% and the steam consumption is 2270 kg/min. Determine the power output of the stage. 

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:

1) Mean rotor diameter 

2) Height of blades
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6.(a)  
How the gas turbine cycles classified? 





   (b) 
A Gas turbine plant works between the temperature limits of 11520K and 2880 K  

    
Isentropic efficiency for compressor and turbines are 0.85 and 0.8 respectively. 

Determine the optimum pressure ratio for maximum work output and also for maximum  Cycle thermal efficiency.







7.(a)
Differentiate between isentropic efficiency of a turbine and a compressor.  

(b) 
A jet propulsion unit uses 35 Kg/Sec. when flying at 800    Km/hr. The air is compressed from 288K and 1 bar to 455K and 3.92 bar. The temperatures of the gases entering and leaving the turbine are 1088K and 923K and then it enters in to the nozzle. Assuming the isentropic efficiency of the compressor and the turbine is same and nozzle efficiency is 0.90 and neglecting the effect of ramming and fuel mass, find the following:

i. Isentropic efficiency of the compressor and turbine.

                  ii. 
Indicated Power required to run the compressor.

                  iii.  Thrust produced.







8.(a)
Where is rocket propulsion is used? What are the kinds of rocket propellants?  

   (b)   
Describe a liquid propellant rocket engine with a neat sketch 
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1.(a) 
A steam generator delivers steam at 100 bar, 500(C . The feed water inlet temperature is 160(C. The steam generation rate is 100,000 kg/hr and the steam generator efficiency is 88%. Determine:

(i ) The fuel burning rate in kg/hr, if the calorific value of the fuel is 21 MJ/kg:

(ii ) The percentage of total heat absorbed in the economizer, evaporator and superheater. 

Assume that only latent heat is absorbed in the evaporator and neglect any pressure drop. 









   (b) 
What are the functions of Blow off Cock and Feed Check Valve?

2.
A convergent divergent steam nozzle of throat area 150 mm2 is supplied with dry 
and saturated steam at 1.2 MN/m2. The expansion is supersaturated up to throat 
and normal afterwards. The exit pressure is 0.1 MN/m2, Find 

(1) degree of under cooling.    (2) degree of supersaturation.    (3) mass flow when the expansion were in 
thermal equilibrium.  (4) mass flow when the expansion is in metastable and, (5) exit velocity.


3.(a)

With the help of neat sketch explain the working of a surface condenser.   
   (b)

Explain the need of an air pump during the working of surface condenser.  

4. a) 
In an impulse turbine the fixed nozzle angle is (;  the blade inlet and outlet angles are   equal; the blade velocity coefficient is K, show that the maximum blade efficiency is [( 1+K) / 2]  cos2 (.

b)
 For a stage of impulse turbine with single acting wheel and equiangular blades, the nozzle    angle is 200. The velocity coefficient for the blades is 0.83. What is the maximum blade   efficiency?





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:

1) Power output of the stage.

2) The specific enthalpy drop in the stage.

3) The percentage increase in the relative velocity of the steam when it flows over the moving blades.
. 
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6.(a) 
Inter cooling, regeneration and re heating are used in a simple open cycle constant pressure Gas Turbine power plant to increase the overall thermal efficiency and specific power output.  Show such arrangement of the system and draw the corresponding T-S diagram.







   (b) 
Why the rotary compressors are preferred in gas turbine.

7.
In a jet propulsion unit air is drawn into the rotary compressor at 15o C and 1 bar (Abs.) and delivered at 4 bar (Abs.). The isentropic efficiency of compression is 82% and the compression is uncooled. After delivery the air is heated at constant pressure until the temperature reaches 750o C. The air then passes through a turbine unit, which drives the compressor only and has an isentropic efficiency of 78% before passing through the nozzle and expanding to atmospheric pressure of 1 bar (Abs.) with an efficiency of 88%. Neglecting any mass increase due to weight of the fuel and assuming that R and γ are unchanged by combustion, determine,

i. The power required to drive the compressor

ii. Air-fuel ratio if the fuel has calorific value of 42000 KJ/kg.

iii. The pressure of the gases leaving the turbine

iv. The thrust per kg of air per second

Neglect any effect from the velocity of approach. Assume R = 0.287 KJ/ kg-K and γ = 1.4 for air.








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 288 0K.
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 1.
A turbine is supplied with steam at a pressure of 32 bar and a temp. of 410 oC,.  The steam then expands isentropically to a pressure of 0.08 bar.  Find the dryness fraction at the end of expansion and thermal efficiency of the cycle. If the steam is reheated at 5.5 bar to a temp. of 400 oC and then expanded isentropically to a pressure of 0.08 bar, what will be the dryness fraction and thermal efficiency of the cycle?







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/kfg 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)
With the help of neat sketch, explain the working principle of Barometric jet condenser.          

   (b)

With a line diagram explain the working of natural draught cooling tower
4.    The outlet area of a nozzle in a simple impulse turbine is 15 cm3 and the steam leaves the nozzles at 14 N/cm2 , 0.9 dry with a velocity 650 m/s. The nozzle is inclined at 200 to the plane of the wheel, the blade speed is 250 m/sec, the blade exit angle is 300 and the blade velocity coefficient is 0.8. Estimate the power developed and specific steam consumption.

5.(a)  
What do you mean by compounding of steam turbines? Discuss various methods            of    compounding steam turbines?





    

   (b) 
Explain the difference between an impulse turbine and a reaction turbine?  

6.(a) 
What are the advantages of semi-closed cycle turbine over the open cycle gas 

turbines?








   (b) 
Discuss the effect of inter cooling on thermal efficiency of a gas turbines

   (c) 
What are the different types of compressors used for gas turbine applications?
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7.
The speed of a jet propulsion unit is 210 m/s relative to still air. The total pressure and total temperature at the intake to an uncooled compressor are 0.7 bar and –1.11o C. The total temperature and total pressure of the gases entering the turbine are 760o C and 3.15 bar. The isentropic efficiencies of the compressor and turbine based on total head values are 85% and 80% respectively. The static backpressure on the propulsion nozzle is 0.56 bar and the efficiency of the nozzle based on the total pressure drop, available is 90%. Neglect other losses and mass increase due to fuel consumed and calculate- 

a) The power required to drive the compressor per kg of air per second,

b) The air-fuel ratio of the fuel has a heating value of 42000 KJ/kg.

c) The total pressure of the gases leaving the turbine.

d) The thrust per kg of air per second.

          
Take Cp =1.005 KJ/kg-K and γ = 1.4 for air and  Cp =1.147 KJ/kg-K and γ = 1.33 for gases.
8.(a)
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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