AL K14
4912 202147 H 20 H

S L= R A DO = S
Proceedings of the CSEE

Vol.41 No.14  Jul. 20, 2021
©2021 Chin.Soc.for Elec.Eng.

DOI: 10.13334/j.0258-8013.pcsee.201579 X E4wS: 0258-8013 (2021) 14-4912-11 HEHHS. TK4A7T CHHFER: A
AELNEITREET
MRS BHEKS BT LR AEF IR

TR, HEoriE
(fedbe AR FRRFH A EIMMIALZFR, KT G-FX 102206)

Off-design Thermoeconomic Performance Analysis of Gas Turbine Combined Cycle Under
Different Operation Strategies
WANG Zhen, DUAN Ligiang”
(School of Energy Power and Mechanical Engineering, North China Electric Power University,
Changping District, Beijing 102206, China)

ABSTRACT: Gas turbine combined cycle power generation
has become one of the main development directions of current
thermal power generation. The cost model of gas turbine
combined cycle was established based on the thermoeconomic
structural theory, the influences of different gas turbine
operation strategies on the unit thermoeconomic cost of
product of gas turbine combined cycle unit were analyzed. And,
the evaluation analysis of the gas turbine combined cycle was
performed based on the evaluation index. The effects of natural
gas prices and non-energy costs on the thermoeconomic costs
of each component were analyzed. The results show that
changing the gas turbine operation strategy can reduce the unit
thermoeconomic cost of product.
performance evaluation index values of each component, the
results show that for the air compressor and steam turbine,
reducing investment costs is the main improvement direction.

By analyzing the

For the combustion chamber, the cost of negative entropy due
to irreversible losses can be reduced by improving the
combustion efficiency of the combustion chamber and reduce
the energy conversion loss from the fuel chemical energy to
thermal energy of flue gas. Through sensitivity analysis, the
results show that the change of natural gas’s price has the
greatest impact on the unit thermoeconomic cost of the
combustion chamber, and non-energy costs have the greatest
impact on the unit thermoeconomic cost of the air compressor,
gas turbine and steam turbines.

KEY WORDS: gas turbine combined cycle; thermoeconomic
structural theory; unit thermoeconomic cost; gas turbine
operation strategy
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Fig.1 Flow chart of the GTCC system
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Table 1 PG9351FA gas turbine design data

5% Kl B HilE
PRBHIGA R v/ (kdlkg) 48435 e T 18
e HAWSEIC 15 X HEHEEIC 1318
= L 15.4 wr HIOEEEIC 609
Bl AR (kgls) 621 | A i ) F /MW 255.6
e/ (r/min) 3000 | fAFF  HURHICE%  36.9
*2 KPR RBEBEMEEIZITSH
Table 2 Design data of HRSG and GTCC
BRI 2 LI
AR H 28V T R ¥t 1 (kgls) 16.94
ICEZ5VE J1/MPa 0.4
I I AR C 265
MR RIS R % 89
s 28U AL 5 (kg /s) 11.09
R 28V S IMPa 35
rh o FAAE P C 350
rh R A LR B 1% 93
o FE 2T I R/ (kgfs) 72.89
B89 ) /MPa 16.5
it F 3 ARV C 565
o R ARV LA R AR 1% 87
A 2 C 12
P70 A C 8
i 22/ °C 44
HeMiEL I °C 85.84
NI R IR IMW 13252
TR i HH DD 2 IMW 388.12
AR 1% 56.27
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Table 3 Design and simulation data of GTCC system
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Ri%I%  90.8 (Rl AR)I'C - 3507265
WM HI% 98 i i EIIR/MW 256.64
WL BECIERE/C 1827 | RIS MUK HAR%  36.21
ZEV HSEEIC 610 |BAEMEIR finth DR /IMW  134.35
B i HsiR/MW 390.99
WEEE EBU% 3 )
AR RHLEIY%  56.17
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Tab.4 Comparison of calculation results

R A SR 32 0% (L) R/ D s )
100 75 50 25

24

PREHIRI% 36.90/36.21  33.90/34.26  30.52/29.88  22.63/22.54
RS EAL
255.60/256.64 191.70/192.47 127.80/128.31 63.90/64.16
it Th A IMW
FEVHENIBCRI%  36.50/36.21  36.87/36.57  33.01/32.79  27.97/27.83
ZEIREEHL
) 132.52/134.35 114.95/116.51 80.65/81.43  48.78/48.83
i th D # MW
GTCC % #%/% 56.27/56.17 54.84/54.77 48.59/48.54 37.89/37.66
GTCC #fiith
IR IMW

388.12/390.99 306.65/308.98 208.45/209.74 112.68/112.99

1) IGVT3-F J7 % (a-b-c): BRHLF M7 A 100%~

82% I T IGV JFEE ARk &, -+ T3 #F 1327°C
1BAT, 7F 82% i faf I} T4 1A 3|5 KA 650°C, £F 82%-~
19% 17 i I HLR SRR .

2)IGVTA4-F J5 % (a-e3-f): BRHL G A7 S AE 100%~

38%IN 1T IGV HF LRI R, {REF T4 7E 610°C
1B4T, 1F 38%Mfarlt IGV JT &/, 1F 38%~22%
B gy ) LU TR T AR

3) IGVT3-650-F Jj % (a-d1-e1-f): WAHLEATT %

7E 100%~82%IM 45 IGV JFERRELR, {#FF T3
fE 1327°Cis4T, 1F 82% My i T4 ik F| i K1H
650°C , 7E 82%~41% Fi 4 I A 15 IGV JF &R K] i,
Tr¥F T4 {r 650°CizfT, 1t 45%Fi i IGV JF 2 iR
N, T 41%~22% 57 A I AR
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Fig. 2 Characteristic operation curve of the compressor
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Fig. 3 Influence of IGV opening on compressor efficiency
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Fig. 4 Schematic diagram of GTCC system
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Table 5 Variables required for non-energy cost of GTCC

e Hfl
] 1.06
H/h 3000
CP/4E 1
K/AE: 25
in 0.08
ri 0.05

24 BiFERBRAEFEHIE
Hor iR 1 4, nR AR AT RE S R 3 Fbe
B—rE AP 4L (AC. CCL GT. HPT. IPT.
LPT.CP.FWP.GEN). £ /=i i1 2E = 4114 (HRSG)
MUEBCEZE(STAL CND). 3 2511 A J7 #2493 3l

e,

PB, - Cog; = FB; -Crg; + FS; - Crs; + 2 (16)
PB, Cpg; + PS; - Cog; = FB, - Ceg; + FS; - Crs; +Z; (17)
PS; - Cps; = FB; - Ceg; + Z,; (18)

Arbe PBOMALLE |, MW FB AL i
BHA, MW; FS 4LPE i BTr=2E M SRtk Mw;
PSi AR i B AR AR i, MW Z A
AERER AL, TCIGI; Cpa.i AT b M Y FRLA VAR T
JAS, TCIGY; Crp.i AR IR BT FUEE T 2 AR,

JCIGY; Cesii ABAE UK B, A TR 2 A, T
IGJ; cps. i A= i SR I B I P22 A, TGIG Y
Zi A ERE R A, T,

ACHRB M T 2492 TGINM®, [k
Crp2=66.78 JC/GJ, 1My H.[A]— 414 v 1) S I 4 4 AH
[, A cpsa= Crsao
25 REFENDIMFNIER

FHX AR 2 S T Cog i A Crgi Z I IC R, 4
LT RBUMR T czi {E Cpaji-Crsi PHTHIILLE. 2
K F st

FHT AR 22

Coni — Cen:
ri — PB,i FB,i (19)
Cr,i

HES A E
__Zi (20)

Crg,i ~Crai

AP ez AARRERE A
3 ZERHM

GTCC HIFAL B 2 B JE B T IR B 2 S by PR
WAL, FETZH RT3t S8
44 GTCC MUt iy, b5, iRgiRy
SCHRHCHR (1IGVT3-F J7 ) Z I (AR 5 22 /T 3%,
TETRRRZEVC A, Wik 6 fros. B, ARSCEET
SR BRAR ST I B 7 AR JE T AT I

*6 HELERILK
Table 6 Comparison of calculation results

HRHL S G 310 SR B 17 L4 R
100 75 50 30

H

GEN FRLALT™ i R B2k
oo 0.52/0.53 0.57/0.58 0.67/0.68 0.8/0.81
AR (R FEAR) (T (KW-))

31 BAFERBEFERAE

EE 4 FOASFRVLISAT SRS ) 4 AN SR 6 A
(25%, 50%, 75%7#1 100%) 73 745 T GEN [#) Fifr
FERRA B E AR . R T P BRI AT 4
PF T (100%) BRI 1) EZE S 4. R 8 iR THE
P PR A 451 N (L00%) AR — 7 il 1 5 45

It GTCC HLAL 4 FhAS [ BANLIS AT SR 1) 4 A
I A A (25%, 50%, 75%1 100%) & B i) 3=
LSRR R G & AU 3 1K) AL i
BT A

K6 o T 4 PR RIS AT Sl A [RlIE AT 67
17 (25%, 50%, 75%7F1 1009) | A& HELATL A B por
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Table 7 Main parameters of each exergy flow under - +IGV Tor

design ambient base load condition

%% Plbar T'C  hi(kikg) mi(kals)  ef(kitkg)
1 1.00 15.00 1507 62158 0.00
2 1544 39904 41068 49645  372.30
3 1513 145824 176526 51061 141112
4 14.93 15 32.23 1408 37444
5 1.02 61031 67319 63595  334.60
6 0.92 85.72 8977 63595  14.24
7 4.05 2503 10533 10114 483
8 4.00 13561 57044 10114  107.75
9 16510 13804 59149 7320  126.27
10 3505 13608 57451  10.99 111.33
1 16495 56531 347676 7320  1697.08
12 3495 35000 310496 1099 128544
13 3.95 26500 299550 1695  961.93
14 3495 33927 307879 8419  1270.84
15 3490 56531 359981 8419 159356
16 3495 33768 307486 7320  1268.67
17 375 26892 300413 8419  959.72
18 375 26821 300268 10114  959.00
19 0.08 4151 242220 10114 30850
20 0.08 2500 10484 10114 443
21 1.90 3151 13223 835882 716
22 2.00 2500 10502 8358.82 462

*8 WIHEARHRMG THE-FRITEER
Table 8 Fuel-product calculation results under
design ambient base load condition

i 5 EiRGS FB/MW  FS/MW  PB/MW  FS/IMW
1 AC 251.47 15.95 228.44
2 cC 693.11 196.39 530.43
3 GT 538.81 18.18 511.93
4 HRSG 203.73 201.58 181.77 176.48
5 STA 72.48 0.00 0.00 52.84
6 HP 31.36 2.05 29.42
7 IP 53.36 3.39 50.15
8 LP 65.79 7.47 58.71
9 CND 30.75 0.00 0.00 224.17
10 CpP 0.05 0.01 0.04
11 FWP 1.59 0.20 1.40
12 GEN 397.11 0.00 390.99

ML AR, B GTCC ML K sA. K5
AT, R AL B P S AL 5 27 BOAS B A 67 Ay 26
P3G AR . I A RIBAHLIS AT SIS XS A FEALI
FAAL T ARG T 2 AR R g AR AN ], AL e
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Fig. 6 Unit thermoeconomic costs of GEN
(1) HUAIL IR LA 7 S A 5 2 AR 2 e M1, 40 il
& 0.547 JG/(KW-h)(100%), 0.581 Jt/(KW-h)(50%),
0.671 J/(KW-h)(75%), 0.752 JT/(KW-h)(25%). i
2 (16)—(18) I il FRAL = i FAEE T 2 A T FE e
JEAFEAERE R A . BT AN A BIE AT 3w, ZEAH TR
IR EHL AT T, BB AT R AN A
(1), BE& MBI 2F T RERGR, BT S IR i B A
LB I H AT AR R B SA 2 i, GTCC
PUA KR EZ, 7R oAk s ERe &
JSCASHE /N, BRI LA 7 il IR B o A TG . 25 1
Prid, S AT SRS ) DL LA () A H A o

K7 5o THE IGV T3 650-F J5 % F A [Rlis4T 71
#7(25%, 50%, 75%F1 100%) K 45 4L1E I i
IR A N T TLAE Y, A K
IR LSS e N I S PSSR AV
GTCC ML AR G, BT AR IR A A FATL ™ AE 1)
L, OB i N B 2 A By TR 31K
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135 [ 00
I 75% AL 5 4 %

1.20 | [ 50%HAHL S fiff 25
| I 2594 1 5
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