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Performance Design Analysis of the Supercritical Pressure Bottoming System of
Combined Cycle Power Plants Using Once-Through Steam Generator
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Abstract

Combined Cycle(E2%3}224), Once-through HRSG(EFH <&
Supercritical Pressure(Z ¢ A1), Steam Turbine(Z: 7] E1¥1), Power(&

8% 271847))
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This study analyzed the design performance of the bottoming system of combined cycle power plants
using a once-through heat recovery steam generator. For a parallel arrangement of the main heater and

reheater, parametric analyses were carried out to present the criteria for determining the reheat pressure and
the location of the starting point of the reheater in the HRSG. The performance of the bottoming system was
presented for a range from high subcritical to supercritical pressure. The steam turbine power is as high as that

of conventional triple-pressure bottoming systems. The serial arrangement of heat exchangers with division of

each heater into several segments can achieve similar power level.
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. 71E9 BddeA e =ddnum)E 4
8| 71277t AME O gton, HT ezt
FWo e B¢kl A 3 S (triple pressure) ol ©] 2
ANA FRALEA g 72 EA 2 A
3 BEE AT EC] FPHAG. Y

FH Etdrde] opd gub g Al xH
Ae dge dAG 2 Ee 1 ojiteg =4
A dEES oS FAA7n 3. 53] ol
A zAANAE =¥ol F8 fE FFH(once
through type) 71 H 7|2 A% dA 21
Z79 #FE FVLY7E EFsHAE H &3
e A=t GO 53| Bihdtdoe] siARE S
BoE AFEE B 449 715, AXE wE3
= 4% go] 2ele A F& nHTIIE F7]
LA g BePAEA mEA QN + gl FF
oz Azste Aol F3T + & Aol
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Fig. 1 The schematic diagram of a once-through
bottoming system
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Fig. 2 Temperature profile of HRSG with reheat
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Table1 Reference performance of the once-
through system

gas inlet temperature 625 °C
gas flow rate 599.3 kg/s
main steam pressure 250bar
main steam inlet temperature 39°C
main steam outlet temperature 555°C
reheat steam pressure 11 bar
reheat steam inlet temperature 184°C
reheat steam outlet temperature 555°C
condensing pressure 0.07 bar
steam flow rate 82.08 kg/s
recovered heat 328.7 MW
power 136.4 MW
steam generator area 47,240 m®
steam cycle efficiency 41.5%
stack temperature 145.6 °C
5 140

g 0 - 135
0n Py
% 4130 ;
2 s :
2 4125 2
s -3
£ -0 {120

516 20 250 300 30 400

main steam temperature( °C)

Fig. 5 Effect of reheat start point (the abscissa denotes
the  high pressure steam temperature
corresponding to the reheater starting point)
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Fig. 9 Simple serial arrangement of heat exchangers

0 i
0 50

- A%A -

=
_.LQE}'

Add ez Zu gHuldgAe A"y ok 37
gigo &go] FAA uERd F AS EF
RMW & 27 AI3tE FEoINUT. ol BH
g oulgel HsiA 10%0]ld E& FX ot} HS
o] Ago] glE AFig 3 FF) Hgd & o]
Aol Qirk. &, ded A2 HE9 a3
& 383 49A v A0t

olZlg HE& HIsts fsiA F dudrig
L7 244 A-HA 2 A FRoZ U9
A AER A% $He 18¥ ¢ o £
AT e Fig. 10 3 & F 71X AL E 4=
A Ae £8EAT Fig 10@)E F 4a8ris
ANE718 Zt7t F REOoE o] HLR AL
B A2 F dudr)l, Adr 1, F i@ 2,
ALl 2 o SAR 2889 wldle HSolx,
Fig. 10b)= 5 Qu71E A &, Ag7g &
FEoz yro F dudr i, MG 1, F En
712, A7 2, F 9udr] 3 o ¢XA2 £
o wWjddle ASolt} o] W 7t2e} F7] Apolg]
2EAE ¥ 39Xy 255 ool gHl T
Mg HEE 90% oS fFAIsl dotE F&
27 oA 7 Hdl £30] YoEE AlAY
g2t e Ee Ao ogA FAshIdE ¢
A ek no} go) F uarle QY] F 3§
700
600
500 k
400 -
300

200 -
reheater 1
100 7
ain heater 1
i i —1 1

[} L 1
0 50 100 150 200 250 300 350
recovered heat{MW)

(a) Case 3

Ol

main heater 2

temperature(°C)

reheater 2

700
600 |-

500 |-
400 -
300 |-

00 7/
100 ﬁeater 1
ain heater 1

0 1 1 1 1 Il | )

0 50 100 150 200 250 300 350 400
recovered heat(MW)

(b) Case 4

Fig. 10 Serial arrangement with several segments

main heater 3

main heater 2 /

temperature(°C)

reheater 2




BFEY S/ E ALEF BEad g 2dAY SR AEe] HF e 1377
Table 2 Comparison among different heat exchanger arrangements
Configuration Parallel Serial Case 1~ Serial Case2  Serial Case 3  Serial Case 4
steam flow rate (kg/s) 82.08 74.49 90.57 89.04 100.3
recovered heat (MW) 328.7 288.8 3189 340.2 3503
reheat pressure (bar) 11 25 3 18 7.5
power (MW) 136.4 121.1 1245 136.5 136.0
area (m’) 47,240 43,320 37,830 52,400 48,280
stack temperature (°C) 145.6 206.9 160.7 127.9 112.1
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