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Wy = V(PZ B Pl)
bg — ]71 + Wp
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W, = m[(h + hs)—(h, +h)]
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~ For the high—i)ressure turbine,

Control volume:

High-pressure turbine.

[nlet state: P, T3 known; state fixed.

Exit state: Py known.

Analysis
Energy Eq.:
Entropy Eq.:
Solution
Substituting,

W/;_p = bg — f)4
853 = 5

By = 321386, s3 = 6.7690
sy = 53 =6.7690 = 1.7766 + x4,5.1193,
hy = 604.7 + 0.9752(2133.8) = 2685.6

Boiler

Reheater 4

2

P4=P3=Preheat

Low-P
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Xy =U0910%
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Pump
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For the low-pressure turbine,

Control volume:  Low-pressure turbine.
Inlet state:  P5, Ts known; state fixed.

EXxit state: Py known.

Boiler

Low-P
turbine
Analysis
Py=P5=Prpy |
Energy Eq.. wj_p, = hs — I % 6

Entropy Eq.: 55 = s

1 Condenser

21 Pump

Solution = .
E > 1

Upon substituting,
hs = 3273.4 s; = 7.8985
S = S5 = 71.8985 = 0.6493 + x57.5009, X; = 0.9664
hg = 191.8 + 0.9664(2392.8) = 2504.3

For the overall turbine, the total work output w; is the sum of w,_ b and w,_ p SO that

we = (h3 — hy) + (hs — h)
— (3213.6 — 2685.6) + (3273.4 — 2504.3)
= 1297.1 kJ/kg




For the pump,

Control volume:  Pump. 3
p G, //
[nlet state:  P; known, saturated liquid; state fixed. A
High-P 4 Low-P -
Exit state: P> known. Boiler — e bine = rbine -:,-‘

Analysis é P W ﬁ
6
. —_ . 5
Energy Eq.: w, =/, — I [ N
Entropy Eq.: & = s 2t Pump

Since s, = sy,

2
bz—fllzf vdP = v(F — B)
I

Solution

Substituting,
Wy = v(F5 — A) = (0.00101)(4000 — 10) = 4.0 kJ/kg
hy =191.8+4+4.0=195.8
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\
_ High P | LowP ||
Boiler akidides ¢ turbine 1 turbine U’ .
Finally, for the boiler -

Py=Ps=P oy ‘
6

Control volume: Boiler. I ; |
Inlet states:  States 2 and 4 both known (above). 2 Pamo Q
EXxit states: ~ States 3 and 5 both known (as given). C !
Analysis

Energy Eq.: gy = (A3 — hy) + (hs — hy)



Solution

Substituting,

P4=P5=‘Prch:al

Low-P
turbine

| :
I

5

qn = (hs — hy) + (hs — hy)
= (3213.6 — 195.8) + (3273.4 — 2685.6) = 3605.6 kJ/kg

Condenser Q




Therefore,

Wnet = Wy — wp = 1297.1 — 4.0 = 1293.1 kJ/kg

Whet ~ 1293.1

gy 3605.6

Nth =

By comparing this example with Example 11.2, we find that through reheating the gain in

efficiency is relatively small, but the moisture content of the vapor leaving the turbine is
decreased from 18.4 to 3.4%.
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