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III-B.Tech I-Semester Supplementary Examinations, May/June-2004

TURBO MACHINERY

(Common to Production Engineering and Mechanical and Manufacturing Engineering)

Time: 3 hours






Max. Marks: 80

Answer any FIVE questions

All questions carry equal marks

- - -

1. Write a brief note on classification of hydraulic turbines.

2. Explain briefly what is the difference between the control volume and system approaches.  Define closed, open and isolated systems.

3. Determine the efficiency of an open cycle gas turbine fitted with a heat exchanger of  75% effectiveness.  The pressure ratio is 4:1 and the compression is carried out in two stages each of equal pressure ratios with inter cooling back to the initial temperature of 15oC.  The maximum temperature is 650oC the turbine isentropic efficiency is 88% and each compressor isentropic efficiency is 85% for air             
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 = 1.4, ep = 1.005 kJ/kgok.

4. A steam turbine of the Delaval type receives steam at a pressure of 10 bar and exhaust it at 1 bar.  There are four nozzles each of which is inclined at 20oC to the plane of the wheel.  The average peripheral speed of the blades is 450 m/s.  Obtain the best angle for the blades, assuming that the inlet and outlet angles are the same.  What is the approximate power developed if the area at throat of each nozzle is 0.24 cm2?

5. The outlet angle of the blade of Passon’s turbine is 20o and the axial velocity of flow of steam is 0.5 times the mean blade velocity.  Draw the velocity diagram for a stage consisting of one fixed and one moving row of blades, given that the mean diameter is 71cm and the speed of rotation is 3000 rpm.  State the inlet angle of blades if the steam is to enter the blade channels without shock.

6. A missile has a maximum flight speed to jet speed ratio of 0.2105 and specific impulse equal to 203.88 seconds.  Determine for a burn out time of 8 seconds.

(a) Effective jet velocity.
(b) Mass ratio and propellant mass fraction.

(c) Maximum flight speed and  (d) Altitude gain during powered and coasting flights.
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7.
Following particulars relate to a centrifugal compressor


Inlet diameter of impeller


-
6.14 cm


Outlet diameter of impeller


-
12.3 cm


Speed





-
5000 rpm


Velocity of flow



-
61.6 m/s


Free air delivered



-
1000 m3/min


Pressure ratio




-
1.33


Index of compression



-
1.6


Assuming that all pressure rise taken place in the impeller, find the angle at which air from impeller enters the casing, breadth of the impeller blade at inlet and outlet.

8.
The first stage of an axial flow compresser is to be designed for an axial velocity of 133 m/s, mass flow rate of air 22.7 kg/s, and for ambinent condition of 1 bar and 10oC.


At the mean radius both moving and fixed blade sections are to be suitable for relative air angles of 50o at inlet and 30o at outlet.  A row of guide vanes giving an outlet air angles of 30o is to be fitted before the stage.


Draw the velocity triangles assuming the ratio of hub to tip diameter as 0.68, free vertex condition and ignoring end effects.


Calculate (a) the compressor speed.  (b) theoretical temperature rise across the stage.  (c) the number of similar stages, which would theoretically be required to give a total head delivery pressure of 8.4 bar if the stage isentropic efficiency is 85%.

- - -
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1.
What are the various types of turbines?  Discuss briefly the uses of turbines.

2.
What is the difference between intensive property, extensive property and a specific quantity, why work and heat are not properties?

3.
A gas turbine plant works between temperature limits 27oC and 627oC and pressure limits of 1 bar and 4 bar.  The internal efficiency of the compressor is 0.8 and that of the turbine is 0.85.  Estimate the thermal efficiency of the plant and the power available if the fuel consumption is 2 kg/s.  The heating value of the fuel is 3760 kJ/kg.

4.
Steam flows from the nozzle of a single row impulse turbine with a velocity      450 m/s at a direction which is inclined at angle of 16o to the peripherial velocity.  Steam comes out of the moving blades with an absolute velocity of 100 m/s in the direction at 110o with the direction of blade motion.  The blades are equiangular and steam flow rate is 16 kg/s.  Determine the power loss due to friction.

5.
On a Parson’s turbine, the blade angles at inlet and outlet are 75o and 20o respectively.  The mean blade ring diameter is 90 cm and rotor speed is 2000 rpm.  If the steam enters the stage at 8 bar dry and saturated and 8 percent is lost in leakage. Calculate the blade height for 160 kw to be developed in the stage.  Assuming a stage efficiency of 0.75 determine the pressure drop in the ring.

6.
A rocket flies at 10,080 kmph with an effective exhaust jet velocity of 1400 m/s and propellant flow rate of 5.0 kg/s.  If the heat of reaction of the propellent is 6500 kJ/kg of propellant mixture determine:

(a) Propulsion efficiency and propulsion power.

(b) Engine output and thermal efficiency.

(c) Overall efficiency.
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7.
In an eight stage axial flow compressor, the overall compression ratio achieved is 5:1 with an overall isentropic efficiency of 90%.  The temperature and pressure at inlet is 20oC and 1 bar.  The work is divided equally between the stages.  The mean blade velocity is 175 m/s and 50% reaction design is used.  The axial velocity through the compressor is constant and equal to 100 m/s.  Calculate the power required and blade angles.

8.
Following particulars relate to a double-sided centrifugal compressor.


Speed of compressor



-

15000 rpm


Mass flow rate




-

10 kg/s


Total head pressure at inlet 


-

1.12 bar


Total temperature at inlet


-

295oK


Isentropic efficiency



-

0.8


Eye root diameter



-

20 cm


Eye tip diameter



-

50 cm

Assuming a slip factor of 0.9 a power input factor of 1.04 and axial entry, calculate angles at impeller root and tip assuming axial component of initial velocity to remain constant.
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1.
Describe with the help of simple sketches of an impulse and reaction turbines.

2.
Define the following terms: streamlines, laminar flow, turbulent flow, one dimensional flow and incompressible flow.

3.
A gas turbine takes in an air 27oC and 1 atm pressure.  The pressure ratio is 5.  The maximum temperature is 1000K. Both the compressor and turbine efficiencies are 0.8.  Determine the overall efficiency of the cycle.  If the generator effectiveness is 0.75.

4.
In a single stage impulse turbine, the steam velocity at nozzle mouth is 300 m/s.  The nozzle angle is 18o and the mean blade velocity is 144 m/s.  Draw to suitable scale the diagram of relative velocities for the steam assuming that the outlet angle of a blade is 3o less than inlet angle and that the relative velocity of the steam at outlet from the blade is 0.84 of the relative velocity at entrance.

If the power to be developed is 1000 kw, calculate the mass of steam that must pass through the turbine per sec.   Neglect disc friction and leakage loss.

5.
In a Parson’s turbine running at 1800 rpm., the available enthalpy for an expansion is 55.2 kJ/kg.  If the mean diameter of the rotor in the expansion is   81.5 cm. calculate the number of rows of moving blades necessary in the expansion given the stage efficiency = 0.8, blade outlet angle = 20o and speed ratio = 0.7 .

6.
Determine the maximum velocity of a rocket and the altitude attained from the following data:


Mass ratio = 0.15


Burn out time = 75 S


Effective jet velocity = 2500 m/s.

What are the values of the velocity and altitude losses due to gravity?  Ignore drag and assume vertical trajectory.
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7.
A single-sided centrifugal compressor is to deliver 13.65 kg of air/S when operating at a pressure of 4:1 and a speed of 12,000 rpm.  The total head inlet conditions may be taken as 283 K and 1.03 bar and an isentropic efficiency of 80%.  Calculate the overall diameter of the impeller.  If the Mach number is not to exceed unity at the impeller tip and 50% of the losses are assumed to occur in the impeller, calculate the minimum depth of the diffuser.

8.
Calculate the pressure rise and work done by a cascade of axial flow compressor for the following data ℧ = 200 m/s, Ca = 186 m/s, (1 = 45o, (2 = 14o 
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 = 1 kg/m3.  Assume isentropic compression.
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1.
State the difference between an impulse turbine and a reaction turbine.

2.
What are Reynolds and Mach numbers?  Write down their expressions.  How would you vary their values?

3.
A gas turbine plant operating on closed system uses 1.5 kg of air/S and operate between pressure ratio of 5:1 .  The air enters the compressor at 15oC and turbine at 730oC .  Assuming an isentropic efficiency of compressor as 0.85 and that of turbine as 0.87 mechanical efficiency of compressor and turbine as 0.99 and combustion efficiency of 0.98.  Determine the shaft power of  the plant and overall efficiency.

4.
In a stage of an impulse turbine provided with a single row wheel, the mean diameter of the blade ring is 80cm and the speed of rotation is 3000 rpm.  The steam issues from the nozzle with a velocity of 300 m/s and the nozzle angle is 20o.  The rotor blades are equiangular and due to friction in the blade channels and relative velocity of steam at outlet from the blades is 0.86 times the relative velocity of the steam entering the blades.  What is the power developed in the blades when the axial thrust on the blades is 140 KN.

5.
The following particulars refer to one stage of an impulse-reaction turbine 


Mean diameter


-

96 cm


R.p.m.




-

3,000


Nozzle outlet angle


-

20o

Nozzle height



-

12 cm


Blade height



-

12 cm


Specific volume of steam 

(a) at nozzle outlet – 4.4 m3/kg  

(b) at blade outlet – 4.8 m3/kg 

steam velocity at nozzle outlet 
-

275 m/s

power developed by blades 

-

265 kw.

Calculate the heat drop in the stage the degree of reaction, the outlet angle of moving blades and the gross stage efficiency.  Assume that the expansion efficiency is 0.94 and that the carry over coefficient is 0.81 .  Neglect the effect of nozzle and blade thickness.
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6.
Calculate the orbital and escape velocities of a rocket at mean sea level and an altitude of 300 km from the following data:


Radius of earth at mean sea level = 6341.6 km


Acceleration due to gravity at mean sea level = 9.809 m/sr.

7.
A centrifugal air compressor delivers 18.2 kg/s of air with a total head pressure ratio of 4 to 1.  The speed of the compressor is 15000 rpm.  Inlet total head temperature is 15oC slip factor 0.9, power input factor 1.04 and 80% isentropic efficiency.  Calculate the overall diameter of the impeller.

8.
In an eight stage axial flow compressor, the overall compression ratio achieved is 15:1 with an overall isentropic efficiency of 90%.  The temperature and pressure at inlet is 20oC and 1 bar.  The work is divided equally between the stages.  The mean blade velocity is 175 m/s and 50% reaction design is used.  The axial velocity through the compressor is constant and equal to 100 m/s.  Calculate the power required and blade angles.
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