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Thermal Performance Simulation of Cogeneration Power Plants
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Abstract

An analysis program for the thermal performance prediction of steam turbine cogeneration systems
with multi-extraction, reheat and regeneration has been developed on the basis of the thermodynamic
heat balance method. Heat balance analyses were performed for a commercial cogeneration power plant
using the program. Its appropriateness was verified by comparing its heat balance results with those of
other commercial programs and those provided by the original system designer. Further parametric
analyses were carried out and performance improvement measures in designing the plant were
suggested.
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Fig. 1 A schematic diagram of the Ansan cogeneration power plant
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Ad. BE %X‘i/&o] . EZLPB‘_} }:‘]’H‘)\ H“il%‘ Flow | Temp. | Pressure | Enthalpy | Flow Rate
DATA SAVESl Jejgks #A3e § Hu 2= Point | (C) | (kPa) | (klkg) | (kg/h)
¥ RESULTE &3 AAEE &gt} 8 530 | 10,003 | 3,450 | 270,998
9 83 54 | 2473 93,366
5. AXAF AT} 5 103 113 | 2,609 | 123431
: 4 152 343 | 2,761 12,194
Table 12 YA LYY wHA2Ge AL L
R EH00% HAZAC sl COGENE °l & "1 347 | 2400 | 3120 | 17790
sl dA4bE a3 Aot} Table 19149 2 99 99 416 | 229,047
FE 4 (flow point) Fig.1o) JERARITE Table 1 3 129 259 540 | 229,047
M g Elez FYUH7] He wHER 4 154 531 650 | 270,998
o Adigold, odde Byl WA EE e S % L LD T 2RO
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F& JebdTh Table 1904 g8o] 7Y A & B 80 - 335 (3,160,252
Alg sdde FeET &74HAet 2wl C 100 - 419 |3,160,252
Table 2 Comparison of COGEN-Balance result with other commercial data
COGEN- MltSl.l‘blShl STEAM Pro
Balance Design
76 (%) 323 - 29.9
7n (%) 31.7 - 28.7
Output (kW) 60,300 60,800 58,609
Flowrate (ton/h) 269.6 260 260
FWHI 17.7 / 347.0 16.6 / 354.8 16.82/330.5
Extract steam flow / FWH2 13.0 / 2713 14.1 / 260.8 14.28/250.4
Temperature FWH3 11.1 / 197.9 94 /2172 9.08/170.5
(ton/h) / (C) FWH4 12.1 / 151.8 11.6 / 136.4 11.75/136.7
FWHS5 6.1 / 103.3 3.7 /102.7 4.33/103.1
Heating Flow 210.8 203.0 202.2
District zone District Flow 3,160 2,908 2,952.1
DH1 (ton/h /) 1083 / - 111.7 / 102.5 1149 / 102.5
DH2 (ton/h /) 101.4 / - 90.9 / 83.2 91.6 / 82.5
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Table 3 Effects of the exhaust pressure(hs is selected

as a optimum value for each pressure on the
system)

Py (kPa)| 37 45 53 61 69
hg
(kcal/kg)
7n (%) | 31.21 | 31.62 | 31.84 | 31.92 | 31.91
76 (%)| 31.85 | 32.26 | 32.48 | 32.56 | 32.55
Qr(kg/h)|155,474(127,754|103,783 | 82,558 | 63,609
Qo(kg/h) | 59,476 | 86,380 | 109,644 130,244 148,635
We(kW) | 60,281 | 61,067 | 61,476 | 61,635 | 61,613

74.2 78.8 82.8 86.3 89.5




460 olFd - 2Lk -

" 1 —— Net Efficiency
- #-- Gross Efficiency
B
=
N AT e
9 T
=
[
€
j 30+
8 T T o s Y :
65 70 75 80 & 90 ”

First Heat Exchanger Cutiet Temperature {C}

Fig. 12 Variation in efficiencies with turbine
exhaust pressure

65000

54000}
63000%
62000 -

61000 -| _
60000 ./,
59000 +

68000 +

-—
- -

Generator Cutput (kW]

57000 -

56000 -

55000

u T T l u —
65 70 75 80 85 90 95
First Heat Exchanger Outlet Temperature {C]

Fig. 13 Variation in generator output with turbine
exhaust pressure

Z, w7]¢d 61kPa oldlol A Bl Hj7|7F
ol 4wis) A AARGFTE Ao FasA Z
g3tm, 21 olge gl Eul wridHd
3R AA AAREs dHEAEC Fa5HA
zhg it} mebd, £ ook AHF HHIWES
AAzA lojd 7Hg A w71 2
Aukab A WA dugrle 7 A
61kPa, hy7} 86.3kcallkg2til wehEm, ol2]gt
9l w71 AT A b %L@ﬂ Az 4
A3 2ol ARyt e T AEd
E ApojEe) s el o 7}% Fasitha
wargch

ZL

oA - 2942

o0
M
i

2 QAo A4E 29F BRSAE 4
o GBE TS e Fa b AN
SlolM A WA F7183% e sl fre] A
=9 5ed 45 Pt aed 3 WA
2ol 45e BEY FAE AL R
W 2¥el 223 shAeth wed wAEAE
of eFHE Edel Agd 37148 WASE
Aol nigA st gadch

79GR4 ATE B 9 AGPERY ex
AAzAR B0 W L Wgel 43
239 o HAIA=] o] HAHe] e
S A8 ¥+ AL o= A
S LEXDRICER P B
- ARa, of A7k AAMSEY HdD
de ol2d HHe N2Ye 43T & Yot
gerg,

off

BB o qr O o
tlo

ADEH

(1) £39, 1997, "5J5E WA, HErIAg
34, Vol. 37, No. 4, p. 292.

) 234, 1990, ‘&= €8F ¢ 7 A
GupA| ~8lo]  #aa 47 o)A R,
Vol. 30, No. 6(F# 124%), pp. 515~520.

() 24, 1995, “SFEEY 2H EAEY 4
A 71& A 33 HdH @A
A, Vol. 35, No. 6(FF 175%), pp. 542~553.

(4) =5E, 1986, Hal FAEAS, &7

(5) Elliott, Thomas C., 1989, Standard Handbook
of Powerplant Engineering, McGraw-Hill.

(6) Bartlett, Robert L., 1958, Steam Turbine Perfor-
mance and Economics, McGraw-Hill.

(7) Mitsubishi Heavy Industries, LTD, 1998, Energy
Balance Data of Ansan Total Energy Supply
System.

(8) Potter, Philip J., 1959, Power Plant Theory and
Design, The Ronald Press.



