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Answer all questions. All questions carry equal marks.

1. In an ideal Rankine cycle with superheat the temperature in the condenser is 45°C, saturated
liquid exits the condenser, the temperature at turbine inlet is 500°C and the quality of steam
at turbine exit is 0.95. What is the thermal efficiency of the cycle? Now if there is no condenser
and the water is teken from a natural source at 25°C and the steam from the turbine exit
is directly discharged to the atmosphere at 1 bar, define and calculate the thermal efficiency.
Assume again that steam quality at turbine exit is 0.95 and temperature of steam at turbine
inlet is 5300°C.

2. Water circulates from the steam drum via the downcomer to a bottom header and up the riser
where it partially boils, because of heating, and back to the steam drum. The void fraction o
of the two-phase mixture in the riser is defined by

. volume of vapour
~ volume of vapour + liquid

Prove that this is related to the quality of steam 2 flowing through the riser by
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vy and v, are the specific volumes of liquid and vapour and S the slip ratio is defined by
§=2
Vs

where V; and V, are the average liquid and vapour velomtles at any cross-section of the riser.
The density pm of the two-phase mixture is given by
={1-a)pr +apg
where py and p, are densities of liquid and vapour. The average density in the riser is defined
b
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Pr= H ‘/0 pml(z) dz

where z is the axial distance from the bottom of the riser. Assuming uniform axial heating

and that we have saturated liquid at the bottom of the riser, evaluate this integral, assuming
1 10 be a constant, to obtain an expression for g, in terms of the void fraction o, at riser exit.
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3. In a velocity compounded impulse turbine, if |V} is the velocity of steam issuing from the
nozzle, making an angle o; with the tangential direction and n is the number of rows of
rotating blades, what is the optimum blade velocity u,,? Assume that the blades in each row
(both rotating and stationary) are equiangular, i.e., have equal inlet and exit angles and that
there is no friction loss in the blades, so that the velocity coeflicient & = 1. What is the work
ratio between the different rows of moving blades assuming that the blade velocity has the

optimum value?






