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Abstract: In order to improve the energy utilization efficiency of high flexibility power generation system coupled
with internal combustion engine and coal-fired unit, a new thermal system combined with the internal combustion
engine and the coal-fired unit was proposed. By feeding the flue gas of internal combustion engine and the waste
heat of cooling water into the thermal system of coal-fired generating unit, the coal consumption of coal-fired
generating unit can be reduced. EBSILON software was used to model the composite system. Steam consumption
rate and heat consumption rate of the coal-fired units were taken as evaluation indexes to analyze the thermal
economy of the coal-fired unit under different composite schemes. The results show that, the heat consumption rate
and steam consumption rate of the coal-fired unit can be significantly reduced by combining the waste heat of the
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internal combustion engine into the thermal system of the coal-fired unit. The closer the compound position of flue
gas waste heat is to the boiler, the smaller the proportion of feed water and condensed water involved in flue gas
heat exchange, and the lower the heat consumption rate and steam consumption rate of the unit. When one part of
the flue gas waste heat is used to heat the high pressure heater feed water and the other part is used to heat the low
pressure heater condensed water, more waste heat will be allocated to feed water, and the heat consumption rate and
steam consumption rate of the unit wil decrease. After optimization, the heat consumption rate of the combustion
engine and coal-fired unit combined thermal system can be reduced by 6.62% at most.
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Fig.1 Compound scheme of internal combustion engine and
coal-fired unit
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Tab.1 Heat of internal combustion engine cooling water

PRBILIA H17K IIRHLA 207K N , e
o s g PIRARKW - R KW

ARE AR I H i
B A g 3365

Rk 1 R 6333
K& 2968
IR A 5% 1277

B K 2 T 3202
T 1925

http://rlfd.tpri.com.cn




%1

RITHF 55 ABHURIN SR S & 3800 R 58 A R ERT T 47

ASCHEET EBSILON #AXHZ NS 600 MW
BRIENA I S & RGUHAT R, F B a] SEME i
TTHAE. MRIENAKRTTRSG THA THF
EBSILON A& AT T HE AT R Z I TE 0.5% LA
W, A U R T S T gE . o —F i Y
MR G RGERIE 2 frox. HE 270, BRIENL
HINTT R G S 5 e P52 1 S 7K R 25 7K I 4
WL 2 Mo RARMEE, SR RENRPLRA
FHEG, 729 7 It & 70 45 7K Rk &5 7K B 7 () 4l
IR M IR BRI AL R K T, 42

WL H AR FRPEDLT200, T A IRHL R PR B
T B v AR G AU NIy I RE,
Rl s R e s . (IR . B K EEEH D
A7 BALE SR A RFERAE I NIABLH
R FIMEC R A 38 H T RIE AR 26 AE R, e d
A TR E Ry RE A A R L],
WXL RFERAG H . 8L EBSILON A%
PITEL, RS IREHRARS . BEsKE N
A B e AR S RIS 4 AN T TR RERT AR
DIIRASBAE E A .

i
L]

e

) b@ : :
et T VIR

15 2% 35 SR I 6 5% B0l |75 1% B0 | 851K An
[0 L = | =
) &

2 NS ERERH14EE 589 EBSILON 22U
Fig.2 EBSILON model of the compound system of combustion engine and coal-fired unit
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Tab.2 Basic parameters of a single internal combustion
engine at rated speed

TiH Hifl
PRATL Y 5 W18V50SG
1 H TR IKW 18 374
HIEIR R Y% 46.85
PFER/(KI (KW h) 1) 7684
HERIREIC 372
HSE Si/Pa 101 325
HAS iR/ (kg sY) 28.05
20 C MBI RARSURALHUE /(KD kgt) 49397.9
B RAR SR (kg s7Y) 0.778
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Tab.3 Initial conditions of the high pressure heat exchanger
coupling scheme
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Tab.4 Position change scheme for the high pressure heat exchanger
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JE oy % 33,001 30.183 19.201 24.061 398.047 7525.22 27679
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Fig.3 The feed water outlet temperatures under different
high pressure heat exchanger complex schemes
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Tab.5 The heat consumption rate and steam consumption rate of high pressure heat exchanger at different outlet flue gas temperatures

i o FE A A 2R fRE DS A KEE e R 3R T e AR 2R K f i) TR/
e O E g mE A e ML A H OARIE/ C (kg s7Y) (kI (KW h)1) (kg (kW h) )
JR % 7525.22 2.7679
- 247.56 389.870 7073.47 2.566 3
1 EW Wit o=~ 250.00 382.340 7074.75 2.567 4
1 5EmH A
270.00 320.410 7 085.26 25769
- 215.91 241.110 7067.64 2.554 3
35t O—
12 250.00 189.200 7083.15 2.569 8
15 Ent
270.00 158.560 7092.30 25789
187.90 197.830 7 063.80 25610
123 7K j;tll]j; ; 250.00 131.925 7 089.04 25827
270.00 110530 7097.24 25897
228.490 7067.44 2.554 2
215.91 300.000 7070.61 25551
394.900 7074.70 2.556 2
. 124.270 7 080.63 2569 1
2 g f'fguf H= 250.00 300.000 7088.28 25712
ESEC I
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62.760 7088.41 25778
- ;Iﬁé;] L[EH H— 270.00 300.000 7098.63 25580 6
% N — %7 [
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5 SR O BEAE KR O —
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354.910 7077.24 25809
” 54.100 7 093.68 25803
3 ”é,kﬁ"ﬂ H~ 250.00 300.000 7 099.56 2.6015
35 Ent O
367.390 7101.11 2.607 1
44.660 7101.18 25879
270.00 300.000 7107.18 2.609 5
374.920 7 108.85 26156
292.150 7074.06 25719
187.86 300.000 7074.87 25728
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7J< HE—
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377.690 711391 26107
44.660 7090.47 25822
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Fig.8 The lowest heat loss rate of high pressure heat Fig.9 The lowest steam consumption rate of high pressure
exchanger at different outlet flue gas temperatures heat exchangerat different outlet flue gas temperatures
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Tab.6 The initial conditions of low pressure heat exchanger
compound scheme

GUEFHLALTTRER AR T 7.72%.

3IMMEMMRESHE

R IR 5 T7 RYIUE KA AR 6. FEIRFF
PR HIR SR AR IIE LT, SRS AR 1 2

P36 LA
T R AR B Y 1R C 250.000
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Tab.7 The low pressure heat exchanger compound scheme
REHRHKS  BRER 5% 65 75 85 . N
R SRR A0E B MhPCR MRS WWRES MR MR/ Wﬁﬁf%ﬂ (dﬁﬁﬁﬂ
EE 1% (kgs!) (kgs™) (kgs?) (kgsh)  (kgs™)
EWES 24.061 23.903 11.472 12.838 14511 7525.22 27679
50 13.252 12227 12240 12327 12548 7 066.89 25745
5 5 5 BRI 70 17.826 7.253 12271 12360 12586 7076.12 2.577 9
90 22.297 2.391 12302 12391 12623 7085.13 2.5812
50 24514 6.193 5.618 12.455  12.696 7103.76 25881
6 5 6 BRI 70 24532 8.603 2.999 12474 12717 7109.33 2.590 2
90 24,550 10.983 0.411 12492  12.738 7114.84 25922
50 18.884 12.079 5.834 12.413  12.647 7091.87 25837
56 55, 6 SRRk 70 25.509 7.132 3.445 12477 12721 7110.38 2.590 5
90 31.928 2.340 1.131 12540  12.793 712831 25971
50 24582 11.850 5.920 5.775 12.776 7124.81 25959
67 5 6. 7 SRR 70 24,626 16.389 3581 3.106 12.828 713851 2.600 9
90 24.670 20.826 1.352 0.437 12.880 7151.98 2.605 9
60 24,751 24.048 2.402 4122 4,154 7177.23 2.6152
78 57, 8 SARINIERL 70 24.768 24.064 4.833 2.979 2.695 7182.33 26170
80 24784 24.080 7.232 1.871 1.233 7187.40 26189
50 23.120 13.062 6.343 5.736 12.761 7121.03 2.594 5
567 55, 6. 7 SARINFHEL 70 31.204 8.564 4.184 3.320 12.876 7150.05 2.605 1
90 38.963 4.247 2.113 1.002 12.987 7177.90 26154
40 24,639 13.980 7.395 7.415 6.994 7142.49 2.602 4
678 56, 7. 8 SARINFEL 60 24,723 20.630 5.347 4.887 4132 7168.35 2.6119
80 24.805 27.078 3.554 2.343 1.246 7193.83 2.6213
50 27.326 13.965 6.777 6.221 5.644 7159.48 2.608 6
5678 55, 6. 7. 8 SKINIERE 70 36.802 9.876 4814 4025 3.161 7202.01 2.6243
90 45.812 5.988 2.948 1.937 0.801 724245 2.639 2
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Fig.10 The condensate outlet temperatures under different
low pressure heat exchanger complex schemes
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exchanger compound schemes
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