Example 1

A steam power plant operates between a boiler pressure of 42bar and condenser
pressure of 0.035bar. Calculate for these limits the cycle efficiency, the work ratio, and

the specific steam consumption, SSC.

a) A Carnot cycle using wet steam

TA

Y

A

\/

Ti@40par =526.2K (refersteam table)
Tr@0.0350ar =299.7K (refersteam table)

Ty 299.7
=1-—=1-——"-=0.4304=43.04%
TICarnot Ty 5062 o

Qin =hy —hy =hgagpar = l699.2(k]/kg) (refersteam table)

W W = Qi 7camot = 16992 x 0.4304= 731341k kg

mn

NCarnot =

Assume ;
S1 =52 =51 g@42bar =52 =6.05k]/kgK (refersteam table)
h, =27996Kk]/kg

$2 =5f2@0.035bar T X252
6.05=0.391+x,8.13where sy, =8.5223k] /kg (8.5223-0.391=8.13k] /kg)
X, =0.696

hyy =1118K]/kg; hgy =255033K] kg (hgy, = 2550331118 = 243858K] /kg)
hy =hgy +x,hgy =1118 +(0.696x 243853) = 180902k] /kg

Wi, =h; —h, =27996 - 180902 = 990.58k]/kg



Nettwork W, 73134

= = =0.738
Gross work  Wout 99058

Work ratio =

3600 3600

S5C= =
W 73134

= 4.92kg/KWhr

b) A Rankine cycle with dry saturated steam enter the turbine

T A
5 1
\
4
3 2
hieg = 27996K]/kg
hyg, =180902K]/kg
h3enf0.0350ar = 111.8K]/kg
10°
Pump work input = v¢(Py —P;)=h, —hz = 0.001(42— O.O35)F =4.2Kk]/kg (conversion from bar to SIunit)

hy =4.2+1118 =116k]J/kg
Wi, = hy —hy = 27996 -180902 = 990.58k] /kg

(hy —h;)-(hy —hj3) (27996 -180902)-(116-1118) (990.58)(4.2)

. - = = 0.3676=36.76%
"Rankine (hy —hy) (27996 -116) (26878)—(4.2)
Work ratio = Wout = Win _ 99058-42 _ 0.996
Wout 99058
ssc=3000__ 3600 _ s 510 /kWhr

W 99058-4.2

c) A Rankine cycle with an irreversible expansion process has an isentropic

efficiency 80%



5
4
3,/ <
Isentropic efficiency= hy—hy = Wiy
hy-h, Wy
8- _, Wiy =79246K]/kg
990.58
Cycle efficiency = Wit . (hy —h;)—(hy —h3) _[0.8x(2800-1808)]- ((112+4.2)-112) _ 0.294@29.4%
Gross heat sup plied (hy —hy) (2800~ (112+4.2))
Work ratio — Net work output _ Wip — pump work _79246-42 _ 0.995
Gross work output Wi 79246
3600 3600

SSC

= = 456kg/kWhr
Wit 79246-42



