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Figure 1: Closed feedwater heaters cascading backwards. From Figure 2-15, page 52, El-Wakil.
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Figure 2: Closed feedwater heaters pumped forward. From Figure 2-18, page 58, El-Wakil.
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Determine the thermal efficiency, the required steam flow rate, and the moisture at the
turbine exhaust for a reheat/regenerative cycle which is to produce 200 MW at the turbine
coupling if the turbine throttle conditions are 15.5 MPa and 540 °C; reheat is at 8.0 MPa
and 590 °C; one closed feedwater heater is at 3.4 MPa; an open feedwater heater is at 170
kPa; and the condenser pressure is 13 kPa.

The adiabatic turbine and pump efficiencies are 85%. The terminal temperature difference
in the closed feedwater heater is 3°C and the drain for the closed feedwater heater is trapped
to the open feedwater heater.
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Determine the thermal efficiency, the required steam flow rate, and the moisture at the
turbine exhaust for a reheat/regenerative cycle which is to produce 200 MW at the turbine
coupling if the turbine throttle conditions are 15.5 MPa and 540 °C; reheat is at 8.0 MPa
and 590 °C; one closed feedwater heater is at 3.4 MPa; an open feedwater heater is at 170
kPa; and the condenser pressure is 13 kPa.

The adiabatic turbine and pump efficiencies are 85%. The terminal temperature difference
in the closed feedwater heater is 3°C and the drain for the closed feedwater heater is trapped
to the open feedwater heater.
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the closed heatrn 1= Weeé ‘o the open heatin, Alse, slhetc\, Hie eycle o7 a

7:5 dmg/)am,

—_—

G £|> +u\‘(‘\92ﬂe

ho'en o 2.4 MPa. * on open fedd wotin heat2n s af 170Ky jlond e condenst e

_—-ML:ZOO ww

™
£ Tn = ¢
@'Ln_.' - (%) 4 ?
3 W o4 m°2$w ?
ok =
| an s comtbeuy (6)
. TI‘QP ~
ok T th
| - Powp L
CFR oo S A
T turbine fnlet @ Pi= /55 MPa

T = 540°¢

veheat: B = Paz 8 MPa

Ta= S40°C
closad FWOWN ¢ Py = 3.4 M o
open FWH : Ps= 170 kPa

Condenisex ' Pg = )3kPa

7= 1, = 84%

termingl +em p enature =2%
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42.381

,
o

(1) Piz /55 MPa } heat2d wgore
T e

b= Bé4e ’(J/ka
Sttt 6.468 kj'/ksk

'Pwo(;eﬁ\-b Data obofacnod
fvom EES,

() T2 3O MPa

Sig = ¢-466 kIkg K {1 oo nvepic €xpansi
hzs-BZOtik:/ e i T

= 75('01 lﬂzs) 3242 ‘d/kg

S = 6.913 ks/k k
T = 7/1,4K

actual Q}()QNDZM )
Supen feacted vepot

(D P = 3.0MPa E LV L o, o
T = 590 °¢ WS i
ha = 3617 k3lky
Sa= 6992 Bk

6 Pg= 34 M‘:q} 5ue¢e\wea’\3€<& vapor
Tq = 462.1L

l/\q,s - 3018 k3’k5 for S=S3

ha = ha -7 (hy-has) = 3366 kT /ey
S4= 7058 kI/kg K

(8) Psz 170 kPa
h55= 2(2S )cjllcg for $S=C3 };uemha}ﬂlc\ e
hs = hay-7, (Ws -hse) = 2788 Kk
Ss = 7.3% kf\/ksk
Ts = ‘1%.4 °c

(&) Po = kR
s = 2248 WSlkg for S=S3 V22 Al
he = ha-7¢ (ha-hes) = 2467 kT/ky
Y =0.947
Te = 57°G
Se = 7.668 KIlkg K

(7) Pa = 13 kP -—sa.+uroL.Ud \(%wd K=0
h? = 213.6 «Tlkq
T2 2 G1°C
Sr= 6.7162 kI/kgk
N3 = 0.0010(3 M3/kg
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() Pg = 170 k Pa + subcoded lIBu?d
Ng = N9 ,ucom pressﬁble fluid
| U(’ll'e\aa.\ = lﬂgs- ‘17 = N7 (Pg ,'P7) = 0. 159 kJ"kS
| Welackual = %LF\IUJ‘P‘;&O_\ = 0.18‘73\“—/\:3 = hg -hy
ha = 213.8 kIlky
() Pr =T = 170 kP =— satunated "'5“‘“\
Tez )N5°

he = 483.2 kJ|kq

N = 0:001056 m2[kq

(1) Po= 15500 Khu <—sub cooled (:gw’c\
N = Na )fncomQMSSZE\e flud

[ W5l ideat = hios - hg = Mo (B - Fa = 19,27 KTy
| Welachus) = ‘%"}lwel;m\ = 19.27 ¥3lkg = he - be
ho = 502.5 m\%

Closed Feedwootrn Reafin

D) (4 - deew = wie(ha-he) = wo (hu -h,
e I P Qecen +( 4 z\ r( o)
JQCFH , mq:k - _V_ni - h\! = th

__+- —= ¢ e ha—hiz
(® D))

Teemivia) Tewpeo W Tiblenevice : T, -T, = 3°¢

(11) Pu= 15)500 ,‘Pﬂ < SUK\:COO‘(A ll'gwﬁa
Tuz Tiz —3°C zT - 239 9%
t Ts&*’\L - 2‘“'C. 1

he = lozq kS/kS [/mv\mo

k — k
m L ——— T 02267
5 1’74’11\2 /L

(12) Pz = 2400 k¥ T A 2
Tiz = 241 } satarated I0gud

hiz = 1042 K3k
Siz = 271 k3llg k

(1>) Thvo -\H{wg Peocess ha = hiz = 104-2‘(3/143
p|3 = |70 k?o.
Tz = 11§ ¢
X = 0252
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i (5) &) A
b2 open Feed saaten N I
- e in T
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Consevvattorn qfﬂm" W“g = V':’r = (mat MY
me= L - (md+wm)

Conseyva¥ion Q)D & Y 2
% V;)‘}Hna*"""shs+v'n‘\z,3 .-:V;)-rhq

Wit by + m* hs + (- - mg* Yha = haq
Wk (s -hg) + Ms* (g - he) ‘(\0« - bhsg)

&_ (ha-bhe) - n‘)q.*(\ms-\gg)_ . L
Migse-= T = 0.03131 43 ig

mé‘f = 0.7419’)@])%
Turbme Woyle *
' wt e (hi-h) € wir (s -ha) + 07 BY(ha-hs) + (ir- e -m5) (he-be)

= (hi-h2) + (ha-ha)) + (1= m Y(ha- 145\ (t-m&-ms*Y (|- he)
= (17 + (251 Phs) + 67733 (582 Ng) + 06,7415 (217 ksfieg)

= 1106 K3y

Torbing Poyern : '\}Jt= 200 MWS = n.’)-r We

W = 1808, bgls]

'PWW\Q mov\c ; \T).Se\‘; (V#‘T—VﬁQ-V%S‘(hs ’k?) q’ V;\T(\V’lb —LwQ,)
[Wpl = (1 -mt -3 Y(hg h2)+ (o -ha) = /17,45 kTl
Net werk | Uhnexr = Wy -lwp\l = /090,5¢ kf/kg

Hea ¥ :L_wpu“' 3 Q'iw 2 n;".- ("M'\’\") t V‘;“l ("'3"":\
%in = (\m ha) + (ha he) = 2762 k:/lcs

Theama\ égmmwc:) ?fh = et _ = 39 57 \

Ln
Moisdune Content o Temboing Erlmwt = 1 - %, = £3%4 |
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