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Example 2.4 Joe
In the turbine of a gas turbine unit the gases flow through the

turbine at 17 kg/s and the power developed by the turbine is 14 000
kW. The enthalpies of the gases at inlet and outlet are 1200 kJ/kg
and 360 kJ/kg respectively, and the velocities of the gases at inlet and
outlet are 60 m/s and 150 m/s respectively. Calculate the rate at
which heat is rejected from the turbine. Find also the area of the
inlet pipe given that the specific volume of the gases at inlet is 0-5
m?/kg.
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Example 2.5 I e

Air flows steadily at the rate of 0-4 kg/s through an air compressor,
entering at 6 m/s with a pressure of 1 bar and a specific volume of
0-85 m®/kg, and leaving at 4-5 m/s with a pressure of 69 bar and a
specific volume of 0-16 m®/kg. The internal energy of the air leaving
is 88 kJ /kg greater than that of the air entering. Cooling water in a
jacket surroundmg the cylinder absorbs heat from the air at the rate
of 59 kJ/s. Calculate the power required to drive the compressor and
the inlet and outlet pipe cross-sectional areas.
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W = —88+85—110-4+0-018—0:0101 —147-5 = —260-9 kJ/kg

i.e. Work input required = 260-9 kJ/kg  lacliall i ollaall Jall
= 2609x0-4kJ/s  Lclalls gl
i.e. Work input required = 2609 x0-4 = 104-4 kW
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P A 0-4 ><60.85 wt = 0057 m?
1.e. Inlet pipe cross-sectional area = 0-057 m?
Similarly, DT :246 — 0-014 m?

i.e. Outlet pipe cross-sectional area = 0-014 m?
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where T, = 650 + 273 =923 K.
Hence substituting for unit mass flow rate
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ie. Power output per kilogram per second = 393.4 kW
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Adiabatic Mixing Shua¥) Ll 2
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Or, assuming that the two streams | and 2 are of the same fluid with the same
specific heat capacity,
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PROBLEMS Iy S—

2.5 A steam turbine receives a steam flow of 1:35 kg/s and delivers
500 kW. The heat loss from the casing is negligible.

(a) Find the change of enthalpy across the turbine when the
velocities at entrance and exit and the difference in elevation at
entrance and exit are negligible.

(b) Find the change of enthalpy across the turbine when the velo-
city at entrance is 60 m/s, the velocity at exit 1s 360 m/s, and the inlet
pipe is 3 m above the exhaust pipe. (370 kJ/kg; 433 kJ/kg)
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2.6 A steady flow of steam enters a condenser with an enthalpy
of 2300 kJ/kg and a velocity of 350 m/s. The condensate leaves the
condenser with an enthalpy of 160 kJ/kg and a velocity of 70 m/s.
Find the heat transfer to the cooling fluid per kg of steam condensed.

(—2199 kJ/kg)
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2.7 A turbine operating under steady flow conditions receives steam
at the following state: pressure 13-8 bar; specific volume 0-143
m3/kg; internal energy 2590 kJ/kg; velocity 30 m/s. The state of the
steam leaving the turbine is: pressure 0-35bar, specific volume
4-37 m®/kg, internal energy 2360 kJ/kg, velocity 90 m/s. Heat is lost
to the surroundings at the rate of 0-25 kJ/s. If the rate of steam flow
is 0-38 kg/s, what is the power developed by the turbine?
(102-8 kW)
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2.8 A nozzle is a device for increasing the velocity of a steadily

flowing stream of fluid. At the inlet to a certain nozzle the enthalpy
of the fluid is 3025 kJ/kg and the velocity is 60 m/s. At the exit from

the nozzle the enthalpy is 2790 kJ/kg. The nozzle is horizontal and
there is negligible heat loss from it.
(a) Find the velocity at the nozzle exit.
(b) If the inlet area is 0-1 m® and the specific volume at inlet is
0-19 m3/kg, find the rate of flow of fluid.
(c) If the specific volume at the nozzle exit is 0-5 m®/kg, find the
exit area of the nozzle. (688 m/s; 31:6 kg/s; 0-0229 mé)
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