Engineering Thermodynamics (2131905) 6. Vapor Power Cycles

6.8 Solved Numerical

Ex 6.1. [GTU; Jun-2010; 7 Marks]

A Carnot cycle works on steam between the pressures limits of 7 MPa and 7KPa.
Determine (a) The thermal efficiency, (b) Turbine work and (c) Compression

work per kg of steam.
Solution: T Given Data: To be Calculated:
&
py = 7MPa = 70bar a) ey =7
4 11 i\ p, = 7kPa = 0.07bar b) w, =?
c) w,=?
» ¥
N T i\
a b *s
= From Steam Table:
@ py = 70bar
h —2?735” = 5.8162 X hy = 1267.42 i = 3.1219 Y
o T kg—K'"7T "~ ' kg'sf— ' kg — K
@ p, = 0.07bar
h —16338";tJf = 0.5591 il h —24092“ Srg = 7.7176 i
f = : E'sf_ 4 kg—f(' fg — 'kg'f.l;_ % kg — K

= Enthalpy at point 1,

hl - (hgl)@'?l) bar
~hy =2773.5 k] /kg
= Enthalpy at point 2,

hy = (hys + szh,f,;rz),ﬁ.,ﬂll,,.fr s
But,
31 =5
(531)@?0 bar = (Srz * IES’rHZ)@B.ﬂ? bar
5.8162 = 0.5591 + x,7.7176
~ x; = 0.6811
4 h; = 163.38 + 0.6811 x 2409.2
=~ hy, = 1804.286 k] /kg

= Enthalpy at point 3,

hs = (h‘” ¥ x3hf93}@ﬂ.n? bar
But,

53 - ..";4

(5f3 + x35f93}@0_03 bar = (Sf‘i-J@-;u bar
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Ex 6.2.

Solution:

0.5591 + x;37.7176 = 3.1219

2 %3 = 0.3320
e h3 - h,“':i + I3h_fy3

s hy = 163.38 + 0.3320 x 2409.2

s hy =963.408 kJ /kg
= Enthalpy at point 4,

Ry = (hf*)@m bar
~ hy =1267.42 k] /kg
= Heat Supplied,
qs=hy — hy
Qs =2773.5-1267.42
=~ qs = 1506.08 kJ /kg
= The Turbine Work:
w,=h; — h,
s~we = 2773.5 — 1804.286
S Wy =969.214 k] /kg
= The Compression Work:
w, = hy — hy
Awe= 126742 - 963.408
~we=304.012 kJ/kg

= The Thermal Efficiency:
_ Wner W — W,

qs qs
969.214 — 304012
- 1506.08

27 = 0.4416 = 44.16%

[GTU; Jan 2015; 7 Marks]

In a Rankine cycle, the steam at inlet to the turbine is saturated at pressure of 35bar and
exhaust pressure is 0.2bar. Determine: (a) The pump work, (b) The turbine work, (c) The
Rankine efficiency, (d) The quality of steam at the end of expansion. Assume flow rate of

9.5kg/sec. Use of steam table is permitted.

J Given Data:
py = 35 bar
p; = 0.2 bar

m = 9.5 kg /sec

To be Calculated:

=7
Wy, =

wy =7
Men =1
I;ﬁ_ =7
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= From Steam Table:

@ py = 35 bar
kj k]
h, = ZBUZE,.*,Q = 6.1228 kg —K
@pz=ﬂ.25ﬂr
h —251"4‘5.!‘{Ji h —23534"} = 0.8321 i = 7.0773 4
== kg’ fa = # kg's:'“ ’ kg—K'Sf‘q_ : kg — K

v, = 0.0010172 m? kg
= Enthalpy at point 1,
Ry = {hﬂl)r:r_‘nsa bar
~ hy = 2802 k] /kg
= Enthalpy at point 2,
hy = (hya + xzhfﬁz)@u.zbar
But,
51 = 5;
(sgl)@35 bar = (Sf2 + xzs’rgz)@ﬂ..}! bar
6.1228 = 0.8321 + x, x 7.0773
& xs = 0.7475
s hz = hfi + Izl‘!fﬂz
s hy = 251.45 + 0.7475 x 2358.4
s hy = 2014.49 kf / kg
= Enthalpy at point 3,
hg = (hf:i)@g_z bar
~hy = 251.45 k] /kg
= Pump Work,

Py

“wy = 0.0010172 x (35 x 10% - 0.2 x 10%)
“ Wy = 3.5398 k] /kg
= Pump Power:
W, =mxw,
W, = 9.5 x 3.5398
W, =33.6281 kW
= Enthalpy at point 4,
wp, = hy — hy
& hy = 3.5398 + 251.45
= hy = 254.9898 k] /kg
= Heat Supplied,
gs = h] - h‘!-
& gy = 2802 — 254.9898
& Qs = 2547.01 kJ /kg
= The Turbine Power:
W, = m(hy — hy)
~ Wy = 9.5 x (2802 — 201449 )
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~ W, =7481.345 kW
= The Thermal Efficiency:
i Wier - W, — Wp
L Qs B rh{hl < hq)
7481.345 — 33.6281
“1=§5(2802 - 3.5398)
~n=0.2801=2801%

= The Dryness Fraction:
x; = 0.7475
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