10-18E A simple steam Rankine cycle operates between the specified pressure limits. The mass flow rate, the power
produced by the turbine, the rate of heat addition, and the thermal efficiency of the cycle are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.

Analysis From the steam tables (Tables A-4E, A-5E, and A-6E),
Iy =Ry 2psia = 94.02 Btw/lbm

T
Y| =V @ 2psia = 0.016230 f */Ibm
Wp,in ZUI(PZ _Pl)
= (0.016230 f */Ibm)(1500 — 2)psia 13#3
5.404 psia - f
=4.50 Btu/Ibm
Iy = hy + Wy =94.02 + 4.50 = 98.52 Btu/Ibm
Py, =1500psia | hy =1363.1Btu/lbm
T, =800°F s, =1.5064 Btu/Ibm- R s
Sqg— S —
Py =2psia | x,, =475 JLS064=01750 o o,
} She 1.7444
5475 hys =hy +X45hp, =94.02 +(0.7633)(1021.7) = 873.86 Btu/Ibm
hy—h
My =2 hy =hy =y (hs — ) =1363.1 - (0.90X1363.1 - 873.86) =922.79 kl kg
3 T M4y

Thus,

@iy =hy —hy =1363.1-98.52 =1264.6 Btw/Ibm
Qo =ha —hy =922.79 —94.02 =828 .8 Btu/lbm
Wiet = in — Gour =1264.6 —828.8 = 435.8 Btu/Ibm

The mass flow rate of steam in the cycle is determined from

W,

net

. Wae 2500k (0.94782Btu

=MW, o m= = J =5.437lbm/s
Whe 435.8Btu/lbm 1kJ
The power output from the turbine and the rate of heat addition are

1kJ

W. =m(h; —hy)=(5.4371bm/s)(1363.1-922.79)Btu/lbm ———
T,out m( 3 4) ( )( ) u {0947828&1

j=2526kW

0,, =gy, =(5.437 1bm/s)(1264.6 Btu/Ibm)= 6876 Btw/s

and the thermal efficiency of the cycle is

. W 2500kJ/s (0.94782Btu
th —

oot _ j —0.3446 =34.5%
0, 6876Btws\  1kJ
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10-18

10-25 A binary geothermal power operates on the simple Rankine cycle with isobutane as the working fluid. The isentropic
efficiency of the turbine, the net power output, and the thermal efficiency of the cycle are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.

Properties The specific heat of geothermal water is taken to be 4.18 kJ/kg.°C.

Analysis (a) We need properties of isobutane,
which are not available in the book. However,

air-cooled

we can obtain the properties from EES.

condenser

heat exchanger

Gin

410 kPa ,

Geothermal
water out

Vi

4
Turbine:
P, =3250kPa | hy = 761.54 kl/kg M
T, =147°C | s, =2.5457 kl/kg-K
P, =410 kPa 3
hy, = 670.40 kJ/kg
S4 = S3
P, =410kPa
~ .. thy =689.74 k/kg

T, =1719.5°C Geothermal

hy—h, 761.54—689.74 water in
ny = = =0.788

hy —hy,  761.54—670.40 T 4
(b) Pump:

h = hsg s10kpa = 273.01k)/kg

VI =V @ a10kpa = 0.001842m%/kg

Wpin = Vl(Pz - P1)/77P 'k
= (0.001842 m?/kg|3250 - 410)kPa —J3 /0.90
1kPa-m
=5.81kJ/kg
hy =h +w,; =273.01+5.81 =278.82 ki/kg

Wi oue = 7l — hy) = (305.6kJ/kg)(761.54 — 689.74)k]/kg = 21,941 kW

Wi in = it(hy —hy) = rinw, 3, = (305.6kJ/kg)(5.81kI/kg) =1777 kW

W,

net

=Wr ou —Wpin =21,941-1777 = 20,165KW

Heat Exchanger:

O = TitgeoCeoTin — Tou) = (555.9kI/kg)(4. 18kJ/kg.°C)(160 —90)°C = 162,656 kW

W, 20,165
(c) Ny =—-+ =

= =0.124=12.4%
0, 162,656
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10-26
10-34 An ideal reheat Rankine with water as the working fluid is considered. The temperatures at the inlet of both turbines,
and the thermal efficiency of the cycle are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and

potential energy changes are negligible. T/
Analysis From the steam tables (Tables A-4, A-5, and A-6),

Y| =V @ a0kpa =0.0010172m’ /kg

Wp,in:VI(PZ_Pl) 11
= (0.0010172 m*/kg)(5000 — 20)kPa [—j

3
—5.065 kJ/ke IkPa-m
hy = hy +w, , =251.42 +5.065 = 25649 ki/kg ;

P, =1200kPa | hy =h, +x4h;, =798.33+(0.96)(1985.4) = 2704.3 ki/kg
x, =0.96 S4=5p + X485, =2.2159+(0.96)(4.3058) = 6.3495 kl/kg - K

P, =5000 kPa } hy =3006.9 k)/kg

83 =184 T, =327.2C

P, =20kPa } hg =hy + xghy, =251.42 +(0.96)(2357.5) = 2514.6 ki/kg

x¢ =0.96 56 =8p +Xg8 7 =0.8320+(0.96)(7.0752) =7.6242 kl/kg- K
P; =1200kPa | hs =3436.0kl/kg
S5 =S¢ T, =481.1°C
Thus,
Gin =y —hy) + (hs —hy ) =3006.9 —256.49 +3436.0 — 2704.3 =3482.0 kJ/kg
Gout =N —hy =2514.6 -151.42=2263.2kJ/kg
and

Gour _y_ 22632 _ 3500 -35.0%

Ny =1-

in
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10-48 An ideal regenerative Rankine cycle with a closed feedwater heater is considered. The work produced by the turbine,
the work consumed by the pumps, and the heat added in the boiler are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.

Analysis From the steam tables (Tables A-4, A-5, and A-6),

VI =V @a0kpa =0.001017 m*/kg

Wpin = V1 (P, —P) -
= (0.001017 m*/kg)(3000 — 20)kPa [11<—3]
Pa-m
=3.03kl/kg Boiler

hy =hy +w;, =251.42+3.03 =254.45k]/kg

Condenser

P, =3000 kPa } h, =3116.1kJ/kg Y

T, =350°C | s, =6.7450kl/kg K | Closed

P, =1000 kPa | fwh
hs =2851.9 kI/kg 3

SS = S4

S¢—S; _ 6.7450-0.8320
St 7.0752
he =hy +xghy, =251.42+(0.8357)(2357.5) = 2221.7 kI/kg

Pg=20kPa | x4= =0.8357

S6 =S4
For an ideal closed feedwater heater, the feedwater is heated to the

exit temperature of the extracted steam, which ideally leaves the
heater as a saturated liquid at the extraction pressure.

P, =1000 kPa } h; =762.51kl/kg

X =0 T, =179.9°C
hg = h; = 762.51kI/kg
P, =3000 kPa

hy =763.53kI/kg
T, =T, = 209.9°C

An energy balance on the heat exchanger gives the fraction of
steam extracted from the turbine ( =5 / 11, ) for closed

feedwater heater:

D ik =Y i h,

”i’lshs +m2h2 = m3h3 +n.'l7h7

yhs +1h, =1h; + yh,
Rearranging,

hy—hy _763.53-254.45

- =0.2437
hs—h;,  2851.9-762.51

y:

Then,
Wrout =g —hs + (1= y)(hs —hg) =3116.1-2851.9+(1-0.2437)(2851.9-2221.7) = 740.9kJ/kg
Wpin = 3.03kJ/kg
Gin =Ny —hy =3116.1-763.53 =2353kJ/kg

AlSO, Wy = Wroue —Wpin = 740.9-3.03 = 737.8 ki/kg

Woa _ 378 _ 3136

2353

M =

in
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10-53 A steam power plant operates on an ideal regenerative Rankine cycle with two feedwater heaters, one closed
and one open. The mass flow rate of steam through the boiler for a net power output of 400 MW and the thermal efficiency
of the cycle are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic ,
and potential energy changes are negligible. | g '

Analysis (a) From the steam tables (Tables A-4, A-5, and _
A-6), Boiler

hy =y 10kpa =191.81 kl/kg .

-y-z

! 11 1
VI =V @ 1okpa =0.00101 m¥/kg > \l/ 43 10 2
Closed
Wprin =V (P2 — Pl) fgvslf (t)"\lzgvin — Condenser
1kJ

=(o.00101 m3/ng600—10 kPa) ———— 2

~0.60 kI/k tkPa-m K j\ﬁ 1

g S N

hy =hy +w, i =191.81+0.60 =192.40 kl/kg
P, =0.6 MPa | 3 =h@o3mpa =670.38 ki/kg
sat. liquid vy =04 03mpa =0.001101 m*/kg T

Woirin = VY3 (P4 - Ps)

~(0.001101 m? /ke)10000 - 600 kPa){ﬁ]

1 kPa-m?®
=10.35kJ/kg

hy=hy +w =670.38+10.35=680.73 kl/kg

pll,in

P6 =1.2 Mpa}h() :h7 :hf@l.Z MPa =798.33 kJ/kg

sat. llquld T6 = Tsat@ 1.2 MPa — 188.00C

T, =Ts, Py =10MPa — hy =798.33kl/kg
P, =10 MPa }hg =3625.8 kl/kg s

Ty =600°C | sg =6.9045 kl/kg-K
Py, =12 MPa
hy =2974.5 kl/kg
Sg =83
P,=0.6 MPa
hyo =2820.9 kl/kg
S10 =S8

=0.8341

Spe 7.4996

S11=Sp  6.9045 - 0.6492
P, =10kPa }x“: =
hyy=hg +x,hg, =191.81+(0.8341)(2392.1)=2187.0 kl/kg

S11= 53

The fraction of steam extracted is determined from the steady-flow energy balance equation applied to the feedwater
heaters. Noting that Q=W = Ake = Ape =0,

0 (steady) _ 0

Eip = Egu = Ay
Ein = Eout
Zmihz‘ = Zmehe ——> ity (g = hg) = 15 (hs = hy) ——> Yy = hg) = (s = hy)
where y is the fraction of steam extracted from the turbine ( = my/ m15). Solving for y,

hs —h, 798.33-680.73
hg —hg 2974.5—798.33

y= =0.05404
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For the open FWH,
’ ’ ’ &0 (stead
Ein - Eout = AEsystcm (oteady) 0
Ein = Eout

D ik = rith, ——> tivyhy +siyhy + 1itghyo = ritshy ——> yhy + (1= y = 2y + 2l = (1)hy
where z is the fraction of steam extracted from the turbine ( =1, / m5 ) at the second stage. Solving for z,

(s —hy) = y(hy —hy) _ 670.38-192.40 - (0.05404)(798.33 — 192.40)

= =0.1694
hyy—h, 2820.9-192.40
Then,
iy = hg —hs =3625.8 —798.33 =2827 kl/kg
Gou ==y = 2By, —hy )=(1-0.05404 — 0.1694)2187.0 —191.81)=1549 kl/kg
Woat = Gin — Qout = 2827 —1549 =1278 kl/kg
and

W 400,000 k)/s

v = et _ ~313.0kg/s
w1278 kl/kg

B) g =1-To_ 1PKke o) 4509,
2827 kl/kg

9in
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