Example 3C

Steam is supplied to a two-stage turbine at 40bar and 500°C. In the first stage the steam
expands isentropically to 3bar at which pressure 2500kg/h of steam is extracted for
process work. The reminder is reheated to 500°C and then expanded isentropically to
0.06bar. The by-product power from the plant is required to be 6000kW. Calculate the

amount of steam required from the boiler and the heat supplied. Neglect feed-pump

terms, and assume that the process condensate returns at the saturation temperature to

mix adiabatically with the condensate from the condenser.
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h5@500’(:,40ba11r, superheated vapor =3445.3 k]/kg

Considerirg;

S5@500°C,40bar, superheated vapor — Se@3bar = 7.069 k]/kgK
Seutasbar = 6-9919Kk] /kg K < 7.069k] /kg K

-.Point6 atsuperheate vapour

Nggspa = 2757.69K]/kg
h;a3par500c = 3486k]J/kg

S7@3bar500C = 8-3251K]J/kgK =534 ogpar

Sg@0.06bar,f = 0-5209k]J/kgK
S8@0.06barg = 5-3306Kk]/kgK

S:Sf+XSg

8.3251 =0.5209 + x8.3306
x =0.9368



hgwoospars = 151.506 K] /kgK
N g0 06barg = 2567.38K] /kgK
h=h+xh,

=151.506 +(0.9368 x 2567.38)
h, = 2556.63k] /kg

h 4006par,s = 151.506 K] /kgK

Wou = (hs _h6)+ (h7 _hs)

=(3445.3 - 2757.69) + (3486 — 2556.63) = 1617 K] /kg
=(687.61)+(929.37)=1617K] /kg

q. = (hy —h,)+(h, —h,)=(3445.3-151.506)+ (3486 — 2757.69) = 4022.104K] /kg

Ptotal = (mw,out,l x Wout,l )+ (mw,out,Z X Wout,2 )

1 j x929.37
60 %60

6000kW = (rn,, ., , x687.61)+ [(2500 x

m =7.787kg/s

w,out,1

P, o =, w1 Xqy )= 7.787 x 4022.104 = 31320.12kW

q,



