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Example d‘"‘"

In a certain steam plant the turbine develops 1000 kW. The heat
supplied to the steam in the boiler is 2800 kJ/kg, the heat rejected by
the system to cooling water in the condenser is 2100 kJ/kg and the
feed pump work required to pump the condensate back into the
boiler is 5 kW. Calculate the steam flow round the cycle in kg/s. ’
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> dQ = 28002100 = 700 kJ/kg = = 80~ ila
Let the steam flow be #1 kg/s =m = Ll Gb o Jaza
E dQ = 700 m kJ/S Onec*M = Qnet = 400 5, sl LQLA

2 AW =1000—5 = 995 kW = 995kJ/s =W, = il il

Then in equation +J oY) o gl Adlaa e
>»d0 = >dW i 700xmt = 995 :and (ymy gl
M = g—g—g = 1:421 kg/s =m = Ll gl Jaa )

Steam flow required = 1421 kg/s = sthall JA Gb ju Jaes
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In the compression stroke of an internal-combustion engine the heat
rejected to the cooling water is 45 kJ/kg and the work input is
90 kJ/kg. Calculate the change in internal energy of the working
fluid stating whether it is a gain or a loss.

QO = —45kJ/kg = SJ})M\ BJ\);J\

(—ve sign since heat is rejected). 535 ke 3l pall OY bl 5 L)
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. Gain in internal energy = 45kJ/kg = 3L i 5 A g0 3 LIV Of ey
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In the cylinder of an air motor the compressed air has an internal
energy of 420 kJ/kg at the beginning of the expansion and an in-
ternal energy of 200 kJ/kg after expansion. Calculate the heat flow
to or from the cylinder when the work done by the air during the
expansion is 100 kJ/kg.

Solution:  Given : u, = 420 kJ/kg, u, = 200 kJ/kg, W = 100 kJ/kg (-ve)
Q= (ug—u))+W c J¥I G gEN e ¢ ABlaa da glalall

So Q= (200—-420)+100 = —220+100 = —120 kJ/kg

1.6 Heat rejected by the air = 120 kJ/kg
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Tutorial Excesses (2) dxlia (ol

2.1 In an air compressor the compression takes place at constant
internal energy and 50 kJ of heat are rejected to the cooling water
for every kg of air. Find the work required for the compression

stroke per kg of air. (50 kJ/kg)

50 kJ 2k sy ddalall d8Uall Ly Laleat) (o) o) o o) Jaclia & 12
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el el (3w aaS S (e barall gl 8 o sllaal) Jadll ol
{50 kJ/kgC}

2.2 In the compression stroke of a gas engine the work done on the
gas by the piston 1s 70 kJ/kg and the heat rejected to the cooling
water is 42 kJ/kg. Find the change of internal energy, stating whether
it 1s a gain or a loss. (28 kJ/kg Gain.)
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2.3 A mass of gas with an internal energy of 1500 kJ is contained in
a cylinder which has perfect thermal insulation. The gas is allowed
to expand behind a piston until its internal energy is 1400 kJ. Calcu-
late the work done by the gas. If the expansion follows a law pv?=
constant, and the initial pressure and volume of the gas are 28 bar

and 0-06 m? respectively, calculate the final pressure and volume.
(100 kJ; 4-59 bar; 0-148 m®)

Joe <ld Al ghaul Jaly 1500 kJ e U, 4dal s Ll jle (e A€ 32
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el o) jal amy aaall s Al xall Caual gl e m3
{0.148 m3 « 4.59 bar « 100 kJ}



2.4 The gases in the cylinder of an internal-combustion engine have
an internal energy of 800 kJ/kg and a specific volume of 0-06 m?3/kg
at the beginning of expansion. The expansion of the gases may be
assumed to take place according to a reversible law pv'® =constant,
from 55 bar to 1-4 bar. The internal energy after expansion is 230
kJ/kg. Calculate the heat rejected to the cylinder cooling water per
kg of gases during the expansion stroke. (104 kJ/kg)
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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)

o= 500 KW z5Y 1.35 kg/s Jaras sle iy Lol 4, jlay 4y ) i ddass 5.2
b sl e (1) Lellaal S sl CGDE g 83 sl 351l g 8L
Gby g oAl s Jaadl (m de puall 38 ) (a8 Grp sl e sl all (s sisal
s sinall il Cus (@) legllad) Sy 7 paall g Jaaall dad ) gl Y|
g oAl die 5 60 M/s Jaadl aie de Hull ol (8 Lyl 5l e (51 sal
Zoaal die (5 gl e 3 M Llaitey el Jaaal) da ¢ lai 5 5 360 m/s
{370 kJ/kg <433 kJ/kg}



