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Inversion of thermal parameters of aircraft fuel tank based on
particle swarm optimization
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Abstract: In order to obtain the thermal parameters of aircraft fuel tank for quantitative evaluation
of flammability, relying on the assumption of establishing fuel tank thermal model with lumped parameter
method, the inversion of thermal parameters of a certain aircraft central fuel tank was explored based on
particle swarm optimization algorithm and flight test data. Four different parameters were selected as the
objective functions to study the influences of the selection of the objective function on the inversion results
of thermal parameters. Results showed that the output value of the fuel tank thermal parameter model was
consistent with the experimental value, which proved the effectiveness of the method; the maximum
deviation between the model output and the experimental value was 2.62 K; finally, adding a penalty term
to the overall mean square error could make the inversion thermal parameter model meet the requirements

of airworthiness regulations.

Keywords: fuel tank thermal model; thermal characteristic parameters;

particle swarm optimization; flammability assessment; flight test

Vol. 38 No. 1
Jan. 2023

— L LA, SRR AR KR BV B R RALAY R
T4 gttt Dok 2 sk )R AL
KA 18 B TRALBR AR AR L R, 1 O A
HMEN, T 1996 4 TWAS00 fiii BE €47 i 9 J5
FENLF) RAUCT i B BRI AR K 5 R R,
% AF H 3 FAA (Federal Aviation Adminis-

I %5 B #A: 2021-07-10

tration ) JT 43 F ALK T AT B4 75 2 75 gk ) ) A0S
RZ I AT H MR AN TS, FAA A BLSEEL
R 0 1 i DR A 22 2 L 8 K 05 IR i K T 148
TR R O S ) A AR B TR 2RI
FAA 555 LI A ML & 48 1E 58 R )38 5 1) 72 X
F& T BRI AR DA A S i EOR, B TRALIA TR A

VB & 8 e FLWAZS(1992—), 5, TR, B, 3SR R G Wt mige .

SIA AR ALIAZS, B0K, SREN, 45, JL TR S0 A LB TR AR A S B [T fias 30 712441, 2023, 38(1): 250-256. DU Mingjie, LU

Xufei, WEI Jinzhou, et al. Inversion of thermal parameters of aircraft fuel tank based on particle swarm optimization[J]. Journal of

Aerospace Power, 2023, 38(1): 250-256.



513

FEBHZRGE: AT T RERE B0 R LRI AR SRR 251

S 2 n] R P 2% #%% % FAFE(flammability average
flammability exposure ), 7] A 223K B i A A 200%
TE T4 JR) B SE B9 SR R 1% 77 (Monte Carlo) %44
AR AT APEEAT E i . 2010 4F, FAAfEEL A
(19 V10 WA B A b, ST 1 R A AT AR PR AL
7% V11 Bt FTFAM(fuel tank flammability assess-
ment method) . % 5 WAL J& H FIME— 1 € & 73 B
PRI AE P BRTE 2 88 R Tk

FAA £ i i) FAFE B #E 3 L & FTFAM 2 LA
X2 1 B A 56 B Y Ol SR BT, SR A FT-
FAM X “RAILHL BRI 48 PRV 047 2 5 43 AT I
R B — A~ B R R) AT PR A BB, R TR R
FHEAR AT BE MR it (FRMD 193 A, R FH AT P
SRR« B 22 1T I 220 R R e 7 AR T A SRR

PAs DR IHE 3R 0k 99K 3ot A 3 B 2 T L A A =
OIS E SR

i [ R T BB CCAR-25-R4™ () Jff 5% N25.3
PRINAR AT R VE 22 88 20 M 5 b W 1 AR IBURR I A
AR ER (& 12, B« HF Monte Carlo 43 A7
RSB ER R 2 € TN A S A T Y R s
B B 3 b TR RN AT 9 A 0TI ) dih A s
RURAS

BT T MR S M R, RS B GE R
SR R TE ARSI 53 BT 1) 7 0k R AR AR R T iR AR
R, PAR S 2 09 2% 5 30 AT T 2L A 5% o
ke Fs A . X AL % CCAR 25.981 45328 i i
SRS ESREET T R G, s T A ]
WRPERT A e 7 15, AR PPAS AT A M B X S FE T
AR TR E SRR, 45 B TR
BURII A AR B 20 BT BRI AR A S B0 5
25, T2 T TR A PSR A T ATl
56 1) PR A S B0 BT 15 5 I X R Tl A R PR T
J& T EUED BEATIY . B E SN ST T ST A
Do £ 3 () RATLBR I A A R ST BT A AR

N B RX FTFAM #5477 — & I WFSE,
X} FAFE H il K B BRI A PSR 47 3 31550 0 A
5T, AHJ2 R RAT IR P AR A K o A5 oK i
BRI A PR S BOE R A TRA R RN H

B HEOE AL 2L PSO(particle swarm optimiza-
tion ) J& T i G A s AR Bk, HER AR 1k M ik
R O AE 2 AU BT I, A B AR ) 1
P28 R 28 SRR AR LB 32 4 i S 50
U PSO FE LR B H R B T R4
(38 FH P o

T b, SCTE LAKE AL QAL Sy S Sk A 5T X

4, Z I8 FTFAM DUAE vh 2 B0k i S 08 i A s
TR R, DL RAT I R D B Bl al ek
SR PRI S BOHAT RGBT o 2L A7
S SR e SR IBCRT T AT AT AG B4 AL 4
BRI RS R

1 HEFENE

1.1 EHSHE

AR B A2 5 28 RALBR T A — P8R F 2 Ak X
SRTE S 45 K, Sy T A A ek 7 i 1 AR T DR R R
S8y, WE AN E — B SCEA. EAER
g RN, RATH RHLAY IS AR LB % S
o % I A A R B, L 25 R iR B R
B, BRI IR B AR — B, I DA 2
2B B 43 I A R R R 25 B BT, T 28 Y
PSRN L B 114 23 [R] 43 A 25 5% o

B X B iR A 5r Hr BR T, 7F FTFAM 19353 2
Ferf, b TR AT s AR S0 N Tk A A
AL R Ry R i1 P F AE ] — s 20 34 ek T ] —
TR, %R e T AR AN =X (1) B R

dT;

gAi—h (T-T,) AcszcE D

Kb g MIRAIGL, 40 0 R, A, 9 5 5M 5
BB, T, R R, p BRI B, ¢ i HEk
7, T BRI EE, VAR R

V) W e A
Tfn+1_Tfn (=A
’ : =1- G 2
(To +AT) T, ¢
A Ve
H S Sy B ]
HrpAT hAC\T hAC\tjj [

FTFAM ¥4 AP0 HE . RBLAR T 465 48 F %
TH1 SR PR A B 52 i A Ak 3 7 A T 2% (AT) 1
FRI[R] £ (o) v, P ad 2k A [RPIRZS T 1
FASEL, BT SRIBCCAT A By B iR B . AT LU
HE AT A AR R IR R AR AT A R BOR B
A
1.2 NFEEX

PSO 55 Hi Kennedy Fl Eberhart - 1995 4F-4#
SR PR AR . SRR Y AR i U B
PLWI IR A —FERL T (WD ), AR H A ok 25, 8 2ot
AR BT o A2 B AT, bz 7 3 5 A7
ORI (3) A (4) IR, R A
BRL I SRIBT T 42 Jay 18 2 R0 SR R4S 2R, BIDRL TR R
U AR R RS 4R R B e ) HA R
A 2 1B B4 R P R 1 ik



252 o= s h o il i 38 &
Xt =l v (3) 2.2 HIEFIAE

V,»:a)XV,-+clr1>< (pbesl’,-—x,-) +C2r2X (gbest—xi)
4

KON BIERE N 5 ¢ e, Br TIN50 8
B i ASKL TR BERY j 4k o)t xd RRL T 1 Y AL
() AE7r 85 sy N[0, 1] N B BEHLEL prey, I HE
5 i P IR AL g WALT SR I NLE
2 XATIKIGE 4T
21 HER

ARSCHIBITSENS G 0 He R B LA ) v e A4
(WL 1) o B HLRR I A 22 GE XS FR 20 A, S0
WRUAR 73 S vb S AR | DL AR A A . B
0T FE, HLIE AR A RR 0 75 NG | S A PR
I R B AR AR IV £ 308 LA R SR A

| g | [hseang]

W N [T

i

ki

P BEEIHLINAG R G En

Layout schematic diagram of an aircraft fuel tank system

T TR ISR, R AR P AL B N 5 /D
Rl Y AW g €/ BT WL | M TV e S L A )
R T RR R AR AT R T, LR A SRR A
A4 ik BF i, TG R A 2 R T 299.8 KD 1y il 5
AR SCHEH 9 BRI B R AR R B B R, kK
iy 450 Flt-1~F1t-9, 4520 C 42 v 9 2 A (5 8 n
PR, MR 1 AEAR SO 0 R 4R
WET EARKEE AT, AR,

F1 UTRBESEE

Table 1 Essential information of flight tests
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Table 2 Definition of equilibrium temperature difference
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Table 7 Comparative analysis of model output values and test results
e iS5 Flt-1 Flt-2 Flt-3 Flt-4 Flt-5 Flt-6 Flt-7 Flt-8 Flt-9
RIR2/K 2.68 2.81 2.81 2.81 2.66 2.28 1.17 0.61 0.68
R B R J5 26 /K? 1.93 1.78 2.14 3.27 2.53 1.72 0.40 0.09 0.09
%A1
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£, /min 32 0 39 62 38 40 0 0 0
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R
¥r 25K 0.77
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FRAm2E/K 221 2.90 2.52 3.11 2.22 221 2.07 0.97 0.72
ol 3 BRI KI5 25/K° 1.16 1.44 1.44 1.44 1.39 1.10 1.44 0.33 0.17
R .
Y05 22/K2 1.17
£,/min 17 0 28 0 23 0 0 0 0
R Am2E/K 0.88 1.87 0.92 0.61 0.83 0.47 1.74 0.49 0.29
R B R J5 251K 1.02 5.22 1.06 0.83 0.96 0.33 3.65 0.31 0.18
M4 ,
¥ 2E/K 1.30
£,/min 0 0 5 0 0 0 0 0 0




256

= B

A=

i 538 %

I AE AT I 2 R . XA 1, KR 22
Jh2.81 K, BRI I B 0 T S 1.67 K 1Y
B ] B 4 282 B ] 5 39 min, AH 7 19 45 1F 2 B4
i B R 31 min, £5F 3 MOHFSE ] R 28 min, k{4
4 BIFFZEIFIR] 2 5 min, AT LS 4 PF 4 B3
T JE T TR P R 25 R o R AR SO Je il AR A
SR B )8, AR AE 2 AR 4 B R T4
Xof L U BH S 2o o) A A 38 5 22 EA TS Y Y Ab B, BB
8 Al 11 55 X 6 (72 R A — SO Y s I
i FEL T AN B X VAR (1 R

4 &

1) DERAT I IR S S 3K B, H T PSO i 1%
TR AR IS RO AL, AR A e (E S S (E
AR AL I — B, R B TR0 R A R AR SO
ST AR AT PO 5 & B AR A S B it
2%,

2) X FASCHESE B ST AE, DAASFF A G A
BORFFE I G S BAE NS %, X BAR Y 5
ZE A INAEST R A0 Ab R, BB 0 f S 3 S I A Y 1
FAE 5 IR I (E A AL AL — B R A L, W2
T AL BT TRV AR g K

S Z Bk

(1] BRAA ML AR AT R4 2 B2 74 9F 58 (D). K v [ R
MR, 2013
WETI shuyou. Aircraft fuel tank flammability exposure evaluation
research[D].Tianjin: Civil Aviation University of China, 2013.(in
Chinese)
[2] Federal Aviation Administration. Reduction of fuel tank flammabil-
ity in transport category airplane:Amendment Nos. 25-125[S].
Washington DC: Federal Register, 2008:14-15.
[3] Aviation Rulemaking Advisory Committee.Fuel tank harmoniza-
tion working group final report[R].Washington DC: Aviation Rule-
making Advisory Committee, 1998.
[4] Federal Aviation Administration. A review of the flammability haz-
ard of jet a fuel vapor in civil transport aircraft fuel tanks[R].DOT/
FAA/AR-98/26, 1998.
SUMMER S M .Mass loading effects on fuel vapor concentration
in an aircraft fuel tank ullage[R].DOT/FAA/AR-99/65, 1999.
SUMMER S M.Ground and flight testing of Boeing 737 center
wing fuel tank inerted with nitro-gen-enriched air[R].DOT/FAA/
AR-01/63, 2001.
CAVAGE W M, SUMMER S.A study of flammability of commer-
cial transport airplane wing fuel tanks[R].DOT/FAA/AR-08/8, 2008.
o R 25 % 32 i 25 KHLIE T AR E :CCAR-25-R4[S].L
HUrpE R A ZE R, 2011:256.
gk EGAE, X A, XA, S I8 i 28 RBLRR T AR TR P S

[51]

(6]

(7]

(8]

(9]

[10]

(1]

[13]

[14]

[15]

[16]

[17]

(18]

LA & 1 7 1 (9. i 28 30 3 24z, 2020, 35(5): 1099-1108.
ZHANG Ruihua, LIU Weihua, LIU Chunyang, et al. Flammability
and airworthiness compliance method of fuel tank for transport air-
craft[J]. Journal of Aerospace Power, 2020, 35(5): 1099-1108. (in
Chinese)

AL, R TRE, L, S5 CHLRR AR TR e o BT R
RN A A S B0 5T O IR BT (0], R RLIR T 55T, 2011
(3): 20-22.

GUO Junliang, ZHOU Yusui, WANG Shu, et al. Study of fuel tank
thermal data calculating method for aircraft fuel tank flammability
quantitative analysis[J]. Civil Aircraft Design and Research, 2011
(3): 20-22. (in Chinese)

FRZEE R TCHLRR T AR R P B O LA A T R R
2013, 43(1):65-68.

GUO Junliang.Numerical simulation on fuel tank thermal charac-
ters for civil aircraft[J].Aeronautical Computing Technique, 2013,
43(1):65-68. (in Chinese)

B AR 3, KRR, 55 TCHLIR AR B AT RIS (D). 4
B A, 2015, 36(1): 61-67.

LU Yaguo, REN Guozhe, LIU Zhenxia, et al. Thermal analysis of
fuel tank for aircraft[J]. Journal of Propulsion Technology, 2015, 36
(1): 61-67. (in Chinese)

FHAR . T RE B D AR B30 122 9 K T T A S92 i AR L R e AR
WF5E[D]. M R I - I /R I8 B2 K 2%, 2008.

ZU Wei. Real-time path planning system based on PSO for under-
water vehicles[D]. Harbin: Harbin Engineering University, 2008.
(in Chinese)

R, VR, SR AR RL T R -IORY Rl R LA N R
MR AAEPURS B 3 n T8 AR, 2020, 62(2): 47-50.
HAN Yan, XU Yan, ZHOU lJianping. A fusion algorism of particle
swam and ant colony optimization for robot path planning[J]. Mod-
ular Machine Tool and Automatic Manufacturing Technique, 2020,
62(2): 47-50. (in Chinese)

S e, SELE T BT Bt AR TR O A A R e I 2% 2 )
L[] AL R 2 22 40 (A AR B2 ), 2011, 47(2): 238-244.
LIU Kun, TAN Ying, HE Xingui. Particle swarm optimization
based learning algorithm for process neural networks[J]. Acta Sci-
entiarum Naturalium Universitatis Pekinensis, 2011, 47(2): 238-244.
(in Chinese)

CHRISTOPHER K M, KEVIN D, SEPPIJ.Bayesian optimization
models for particle swarms[R].New York, US: the Conference on
Genetic and Evolutionary Computation, 2005.

g, FELL, AR, G TR AR L 0 4
IUA [ b4 Ak 3 2 2 B0 8000 B (). 0 4R O 2 22 4 (A SR A
2£HR), 2021, 61(7): 747-755.

WANG Feng, ZHOU Yihong, ZHAO Chunju, et al. Thermal pa-
rameter inversion for various materials of super high arch dams
based on the hybrid particle swarm optimization method[J]. Jour-
nal of Tsinghua University(Science and Technology), 2021, 61(7):
747-755. (in Chinese)

FIRVE, WL, YPOCIE. BTE S BUE Y S A BT E T Y
LT RE S 0], BR324 (FF B AL iR, 2021, 46(4):
510-519.

WANG Leyang, JIN Xibo, XU Guangyu. Particle swarm optimiza-
tion algorithm with dynamic inertia factors for inversion of fault pa-
rameters[J]. Geomatics and Information Science of Wuhan Univer-
sty, 2021, 46(4): 510-519. (in Chinese)

(h#E: 22 3E)


https://doi.org/10.3969/j.issn.1674-9804.2011.03.008
https://doi.org/10.3969/j.issn.1674-9804.2011.03.008
https://doi.org/10.3969/j.issn.1674-9804.2011.03.008
https://doi.org/10.3969/j.issn.1674-9804.2011.03.008
https://doi.org/10.3969/j.issn.1674-9804.2011.03.008
https://doi.org/10.3969/j.issn.1674-9804.2011.03.008
https://doi.org/10.3969/j.issn.1674-9804.2011.03.008
https://doi.org/10.3969/j.issn.1674-9804.2011.03.008

	1 计算方法介绍
	1.1 集中参数法
	1.2 粒子群算法

	2 飞行试验简介
	2.1 试验对象
	2.2 数据预处理
	2.3 计算参数设置
	2.3.1 反演参数设定
	2.3.2 目标函数


	3 结果分析
	4 结　论
	参考文献

