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Abstract

The hybrid power generation system composed of solid oxide fuel cell and micro gas turbine has a
wide application prospect in distributed power generation system because of its high efficiency and
low emission characteristics. However, the system has the characteristics of strong coupling and
nonlinearity, especially in complex operating conditions, its performance optimization problem is
particularly prominent. In order to realize the efficient and stable operation of the system under
different load conditions, this paper proposes a thermoelectric collaborative optimization method
based on Multi-Objective Particle Swarm Optimization (MOPSO) algorithm, which takes the power
generation efficiency and output voltage of the system as the dual optimization objectives. By estab-
lishing a detailed dynamic optimization model, selecting key decision variables and setting reason-
able boundary constraints, and combining with MOPSO algorithm to explore the Pareto optimal so-
lution set, the optimal operation parameter combination under different working conditions is fi-
nally obtained. The research results show that this method can significantly improve the energy
efficiency performance of the system under typical operating conditions, the maximum system effi-
ciency can be close to 65%, and the output voltage is kept in the range of 0.64 V to 0.74 V, which
provides a theoretical basis and technical support for the engineering optimization and intelligent
control of sofcgmgt system.
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B A A BRI AR V5 BRI 5 SR AT BT, G B R AR I R B 4 R S AL A5 1) ) 24 552
o R A E A YRR I (SOFC) R AR, PR L 5l A R AT 22 FRRLIRIE RIVE,  TE B AR K BRI
A oo . UL SR I BOR 1031, B T I R AR 35 b, 7870 A1 5C
RS2 R E. FREAYRE B (SOFC) /& — M A ELEEE IR B 22 B 5 Ak B RE R SE B . A
L H AR s, SOFC EA B i (1 TARIREE  SEAR I R B e A% LU R SE s I RRHIE R, HLJG 75 MRt
S RVE AT, DR IR R AR 5L N i S R R I 2 — (4]

¥ SOFC 5B 58 Hl(Micro Gas Turbine, MGT)# & TE VR & RS0, HefS SEILIE FA RIS 5 42 R
BRI, REUDBCERTE R —RKEIG. R RAE B 7] 5 G055 Belli n] S VAN G330 B §e ) 2SR = 1)
Wi, SOFC/MGT KRR RUFHIN G ). SR, ZARGIELM F R 2B ERA IR M)
BATA, ZEEZHIIES5HISENEL, BRI EME DIE S TH0 T SEl 2/ sl JUHAE
% Hbr(an8 S i) IR AT S, RV RRH W TG EUSE W . ik, ASCFIANZ Bbrki T
FEAR AL B3 (Multi-Objective Particle Swarm Optimization, MOPSO), #JE RN, F7E s AE
1T T NIRRT E 8T, LAASH SOFC/MGT R4 Reis A7 i B R AL R SRAKHE . Ak, ARSTHTAR 7211
SOFC/MGT B4 8 /1 R ALE BT AR BT K PR A 30 )1 RGBT, M T4 SOFC/MGT 43
NRG, SRR T 2 RS R, R BOEEAR K S E O E SCRRS ] Pl 2 B
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2. ZEFRTFRHALEE

TEACER 22 B ARRAL Im] IS, 38 55 B 2 BAR R BOEAT RIB R . SRT, aX 48 H bR s 3 TR AT AT
FAEREIPRIRR, X R E A A 45 AR R E R . b8, SARA DK
Ji& th 2 P e SR RSRIS, 450 2 RME. BARIRINE LN sR 30555 [6], 752 H AR Ak in & 1B 72
VAR, H AR R HOE H L TSR, BAE R OE AR R A REAR IR — i . AR, AT TJTE
M CLSELNT 2 H AR Ak in) @A 2 () (AT s AR &R . A RS IRRSEE, BRI LR O & O
2 B AL R BRI S TR 2 — (7] R HERA SR % (Particle Swarm Optimization, PSO) H 42 H LK,
DR L SR (PR R 1T 52 2122 R R 2 00 . i Ui 2 B bR PR AL FIATE B 2 H AR R0 1] R 75
TR T B8 Sy s () SR MR 1A

2.1. ZEFRAEIRER HRIE

% H b AL 1) 8 (Multiobjective Optimization Problem, MOP)I& % i o5 (E AL AT FE FP X 2 A B Ar 47
RRAE B ME IR T« PRI, FESERR R B SE DAk 1) R AR SR AT AT 52 30 W BE B 0 45 DX 3R 1) £
WAHE SRR R RIT . Blt, BALRMN L B sl a8 n] 2k g BL R #es g .

min:F(X):[fl(X),fz(X),...,fG(X)]
SubjecttO:Rilower Sxi SRiupper,l.:Lz,"',d
g, ()0, j=12,-,p
By (x)=0, j=12:.q

Kb F(X) —— R BFREE, G——RICERIANEL X = (x5, x,) —— RIEL R,
[ R R | —— bk x, MM BTG, g, (x) Ay (x) —— PR AH

SEFARRZEMN Y = (10 3s0 vy ) TS Z =(2,20,,2,) » TEZ EARBALIE T, fRAHR 2530 %@
it Pareto M3 RHEATIEA, BAKTIE, A Y LR 2 M HACY S Y EHTE HFRE B ERIBUEI A K
TRz, HALEEDS—ANBRR L, Y FBUERART 5 Z U 55— R A A 7R ST P 1
BLRAEAE, MIZARESE A Pareto SR . H1HTH Pareto S HRARA H AR RS E MR HI4E &, BEFR Pareto
T
2.2. ZEFRTFHACEERRRE

2.2.1. RFERHEZEPSO)

HLF B A 5% (Particle Swarm Optimization, PSO) % Kennedy 5 Eberhart T 1995 Efr#g i, ST 3L
BEMEE, WS N R ER BN SEORI L T RGERACEAIR8]. A T3
FSF%, KT R AL(PSO) SN PR B 1 T Atk i) 4 Jmy 4 AL, b1 W) A L WM 5 58 S S B0 4 T
RIS SR, PSO RYN 1 - N Ay, il b FE M 2 [A) o B S A e AR S A L, A
AT RAOEE 1 3845 S5 b S R B B R 9]

FERFGEART, PSO JE8Id ik 4 Ry UKL T, FFAR IS AR AL 71 D) Sl sk g S N, ki 5
FHRTHEE T, B4R R AN P AR A BOA B TR TH SRR B IR

LB B BB FE AN B SH o] R ORI -

v —w. V! +¢ -rand, ~(pbest,.’ - X! ) +c, -rand, - (gbest’ - X] )

X'(Hl) g +V(t+1)
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e w——WERE: ¢, c, — IR, — Bk N ., €(0,4); rand,,rand, ——FENLEL — A
N rand,,rand, €(0,1) ; pbest] ]I t WIEARRLT i FIBMNLE:  gbest' NH 1t YIEAEEANFREPTZ 1)
LRBARBLE: ! AV RLT i S ¢ RIEAR BB R .

22.2. ZEFRRIFRCEERE

% H SR B AL R (MOPSO) R B A6 S (PSO) ) B 1 57, T8 Bl T vk A5 24 H s
PRI ALAL ) R . MOPSO LEAH H IR 75 22 [F] I Ak 22 > BRI S0 H AR, DRI A A — A i — I i
fift, 1M1 —2H Pareto S fLf. MOPSO fRE T PSO MFEAHESE, Hilid 5] N Pareto S JEZFCHET
B E T A SNBAERL SRS, A RS 2 HAREAG ) . X L6 k8745 MOPSO BB TE 4> = i 1 Py 48
KRR, RN ZREER 32 . MOPSO & 12 B T TAELAL . UL AL 28 A K42 40
RGO RS R AR = BT AR . MOPSO ki iR BN ] 1 o

Fh

A

FRERIAAE

3

o fpbest fllgbest(V. 2 |

A

Lk LIl Ay

Figure 1. MOPSO algorithm flowchart
& 1. MOPSO & £ RI2E

R ARSI

(1) JHaa: RN RE 3.

(2) FMEEWIIGA: WIUGAR R I B A

(3) HEHT pbest fl gbest A& : HEHTREARLF IR I AT B (pbest) FIRF A4 1) 42 7 B £E 7 B (gbest) -
(4) EHEEMALE: AR AT pbest Al gbest 5k 1 13 FE AL HE

(5) WERLEEVHE: THEREASKL T IIE SR, AR B AR R EOEAT VR

(6) bR

R 2 F A A Tt 3 B RIEA IR EL Max, WU 59%45

WA LB B AR, WEREIRPDIE 3, gkakdtir T — ikt

(7) 850K 4 &R RAERT, iR
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3. £F MOPSO B SOFC/MGT RE&ZN N ARGz
3.1. SOFC/MGT R A H R G 7S ER

ENAMARAE — RIVQRFA T, W32 6] e SRR AL AL H AR e B B AR RCR M T 1R
SOFC/MGT iR & 811 RGBS MAMER h, ATEL) R SRR . H AR BR B0 E AR AR R A
=AY

R B AERGE AT IS MACII S — 20 . R, AR 2 R Gl M T2
B, BARERE T RGERAT MR . IEMEFERRAR R R REE, FOVEMIa I & 8 R iE g
BT RGN RGBT T, MR Z FU RN RGU K R R B K . ORHRI ]
TR FEARGRCRER, /2SR T IRE3N RS0 AR il n] LS 2 48 1% 2
2, AU AL 1 R AR DA A SR o T TR TR S5 IR T BP, T LA I N R EEAN
RGURHRCR, S RITE BR,, AT AT HHER AR . 3 WORE 55 30 RT3 e 2 3 B HEIA
Bl S im ey A g, IR 2 RN AR G A LR o T TS5 I IR EE RN 1 F 1Y
BN FHELEE . RIERE BN RG AT DS I, I RSN R R, RRREAL
I IE n RE T HEAN RGN SRR KN, BOd K B e — e R RS s i AR . itk A
SCRRELFIRIZR FU < S it 1« WRRSSIEIRITE BP, « 3550 IR JT L BP,, N LI e n , 3X
TN BN RGBSR RFAL &

DLt H b eR B B A AL i rh SRR B G B FE bn - 7E SOFC/MGT W& 311 R GeH, # ILIfe
HAR L R GRS St Dh R 45 fidk H AR SRR 2 28 (K 2L AR B 37 SR 78 76 SRR BEE , SOFC/MGT
RENN RGN IRGH BT HEE A Z MU AR, XA B2 B 7 sh S uiens, W
PRAEHAB YA B ARk B A « 22 58 0 A FE SR R Y P I ) DA 8 HLA D9 A s Ve SR AR RE D5 AL,
AT IR A RS R B A E A AR, SRS 2R SHia 17 I (M iR e F R AN B K
LT

AT RE P 75 BN RS AT I AR EAT AR . £ SOFC/MGT R G311 R G0, — ki
Rgeatt, REENSEEEEEENE TR, URESS AL ER T SR G R SLPRIE1T 2%

.
gL, RGN RGNS AR AL HARATHIE N : Max{SE(x),V, (x)}, HAREKMHRA-
VIR
0.6<FU<0.9
35000 < 1 < 70000
(1) x=4(FU.n,BP,,.BP,.I)0<BP, <03
0<BP, <03
10<7<80
(2) B (x) = R, (1£100)
T, —-1500K
873K T,
()T (x)=1 T,-1173K
AT, —200K
TIT -1173K
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3.2. ZEHFRMUE R

HRHE SCHR[ 10RO T, 454 SOFC/MGT R A& 211 KRG B M AN 5 6 5 )1, KA pareto
FIEEAE S E N 20, EARREL RN 100, BLr=0.5 A, ZHERRE3 N RSIEITE 125 kW TR
T HYJ pareto FIVY, 0K 2 Fiow.
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Figure 2. Pareto front based on system power generation efficiency and out-
put voltage

E 2. BT ARG A BIYEMM L BER parcto BIE

EAW T, BT P ARG LA A T S H 00 A W A2 2 TR SR A R H R S i e L R .
SO MIEMNFRERERE T, RENNRF MR HRMLE. LOBEIEARR T LReT %404~ /g0
e B PR se p fa Hh a, BI 22 H RO AR 100 8 b B SR R e AR A o EDRFHIR G300 R G5 Dh 248 2 T HE T,
o R T SRR AUE PR, T RN B ORI rEME ) AR . B R AR IR
MR B, FMEP SRS FE R, 1RGNS ENR R4 R AR . FIk, RS BRI S
FUR R B PR

T RIS TOURE R, TRE 31 RGMERR L E —MRAE 10%AH . Bk, KA k)
%, AAE TISKW R 125kW TOLR, XA R AR SRR T RS 1S it i R R FE AR .
TR 2 HERIUAL I S U2 A 5 B0 S an 1 3(a) R 3(b)fTas, BARBUEAED 1 fge 2 g, MK
R LLE H, AR RGR AR LEEBIE T 60%. 76 115 kW LR, ZARGMRECREERE
T 65%.

MAE 125kW T T, REEMIKRBMRBLN 64%, XEPIREG RGN R BACREERTH. b, %4
R HEBCRIER AN, W B EETE 0.64V £ 0.74 V IEEKN, F RS H B E X E A
0.64V % 0.74 V.

Table 1. Optimal output point of the system under 115 kW operating condition
F 1L 115kW DRTRG RS

LN A% 0.72257 0.62039 0.65857 0.68416 0.73564
KR % 0.51286 0.6094 0.61872 0.64752 0.65002
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Table 2. Optimal output point of the system under 125 kW operating condition
2. 125 kW TR TRERMEE R

o R/ V 0.7393 0.66799 0.65857 0.65857 0.69335 0.69766
KRR % 0.5644 0.60714 0.61287 0.61872 0.63374 0.63674
0.76r 0.76 1
0.74+ . 074l .
0.72F *
gom- Zan—
= o H
£ 0.68) 2 0.70¢ .
& 0.66| . = :
: & 0.68f
0.64} R
0.62 . 0661 .
060 L 1 1 1 L 1 1 71 VJ 064 1 1 1 1 1 1 L L 1 ]
50 52 54 56 58 60 62 64 66 68 55 56 57 58 59 60 61 62 63 64 65
KR %) LB (%)
(@) (b)

Figure 3. Optimal output point of the system under 115 kW and 125 kW working condition: (a) 115 kW; (b) 125 kW
B 3. 115kW 1 125 kW TRAT RS RMME S (2) 115kW; (b) 125kW
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WERS SRR, 2 H ARk RELAL T A1 2 AL B AR 2 [ R T7 IR B 1, eSO kAS
— 2 5E BN Pareto S UL [FIRT, BTFURIUATIEI I ZHO RGERERIM &2, DR UL AR ZARE AN
H LOLREAT B . A JS B RGUERIEIE 65%, 80U E 1 TR 75 V208 AR B rh i e AT P A S
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&E 3k

(11 RAfH, SER, BT, s AR R G0 R A FEERIR ], -MECR, 2003, 27(12): 71-76.

[2] Singh, B. and Sharma, J. (2017) A Review on Distributed Generation Planning. Renewable and Sustainable Energy Reviews,
76, 529-544. https://doi.org/10.1016/j.rser.2017.03.034

[3] Mehigan, L., Deane, J.P., Gallachéir, B.P.O. and Bertsch, V. (2018) A Review of the Role of Distributed Generation
(DG) in Future Electricity Systems. Energy, 163, 822-836. https://doi.org/10.1016/j.energy.2018.08.022

[4] (2004) EG&G Technical Services, 1. Fuel Cell Handbook. 7th Edition, U.S. Department of Commerce, National Tech-
nical Information Service.

[5] HEWRE, AREGH, TRIE, 55 SOFC/MGT &2 71 R GUHERE 7 M K D R) 42 il S B 70 [0 RBARESR, 2025, 46(6):
79-88.

(6] 0. F TR i AR 7R SR N I FE[D]: [ AR 3], A AL TR, 2020.
(71 A&, 488E. 2 HARsbitteim]. Jbat: st iet, 2017.
[8] Kennedy, J. and Eberhart, R. (1995) Particle Swarm Optimization. Proceedings of ICNN’95—International Conference

DOI: 10.12677/jee.2025.133006 61 AT


https://doi.org/10.12677/jee.2025.133006
https://doi.org/10.1016/j.rser.2017.03.034
https://doi.org/10.1016/j.energy.2018.08.022

on Neural Networks, Perth, 27 November -1 December 1995, 1942-1948.

[91 Boeringer, D.W. and Werner, D.H. (2004) Particle Swarm Optimization versus Genetic Algorithms for Phased Array
Synthesis. IEEE Transactions on Antennas and Propagation, 52, 771-779. https://doi.org/10.1109/tap.2004.825102
[10]  EFN. 3T Hol sl e it AV HL(SOFC-GT) IR & ) 71 R G2 SRS BT 45 [D]: [l 22 Arig 3], Jbat: bt
TR, 2024,

DOI: 10.12677/jee.2025.133006 62 AT


https://doi.org/10.12677/jee.2025.133006
https://doi.org/10.1109/tap.2004.825102

	基于多目标粒子群算法的SOFC/MGT混合发电系统热电优化研究 
	摘  要
	关键词
	Research on Thermoelectric Optimization of SOFC/MGT Hybrid Power Generation System Based on Multi-Objective Particle Swarm Optimization Algorithm
	Abstract
	Keywords
	1. 引言
	2. 多目标粒子群优化算法
	2.1. 多目标优化问题及其原理
	2.2. 多目标粒子群优化算法及其原理
	2.2.1. 粒子群优化算法(PSO)
	2.2.2. 多目标粒子群优化算法流程


	3. 基于MOPSO的SOFC/MGT混合动力系统动态优化
	3.1. SOFC/MGT混合动力系统动态优化模型
	3.2. 多目标优化结果分析

	4. 本章小结
	参考文献

