L 2% Bl 1R

Aeronautical Science & Technology Feb. 25 2025 Vol. 36 No0.02 102-110

232 33 YA

JET QPSO-LSTM #iiZ: e

A 5 AR gy 1k

B BB, 0
1. iR B A, i 201315

2. RPOERRHE IR ATBR A 5], e 2RI 430205

3. EHOEREE, 1105 Rist 210037

B BBz As s R A AR ET S, AEAL

B R EA Y DB E R R A

2 71 AL, T
ﬁ’ﬂfbi PEARBLAR T, 7 IR AR . Wb, AR — M 2T 8 T8 F 8 48 ft—K 8 13212 (QPSO-LSTM) ## £ %]

BwhdE R A B B . UUNACAOOIR Z A Zsh W B H AN R £, @ R AN TRAS BTN E
Wﬁaﬁa%#% WA . BB ITAR PR LSTM 4 & W 4y ZEab 82 AL 4% Jg Al Al QPSO & 3% 1t LSTM 4 £
BWBEB, W EWETAK L BFEKERINEHA KA, FREFFRNA,QPSO & % 547 H 1% & LSTM # 4 W 4 4
SR 1 A R St fif ;s QPSO-LSTM L AL b, % #1161k 22 B 25 (RNN) o LSTM B AL 8 WG Fo AN E TN S50 1 At A B
T BRI A AT e A B O R R OR TS A R R A R A sh o T

K#ia):QPSO; LSTM; & M 4% k2% ; Ao h

FEDES:V19 MERFRIRRS A DOI.10.19452/j.issn1007-5453.2025.02.009

SRR AT BN R BB 2 — K
Bl 7/ 715 B HER LN PSS AL A A T o R LR, 2
REAHLE 8 J5y J7 B AR 45 1) DM AR AR, 1911 4,
Bryan | I B vk g or. T &S shB < sh i
HSHCOR AN — (IHFRTC R AR IR BB A PR SE
LVERBOCR . KIEZRS LR IR 2 i Asi 7l
— )N T LR AR e e g SR B
PR RHLIY R e  HLahPE e g = 2 3 WIT A K, §
T35 A A5 R3O A SR A AR 2
HRFYE AR U ST AR E B RS IR KA AR BT e
PRADURIL A Sl LA i S,

BT A SN B A RS e ¢
a2 Sl 12 BRI R e 2 I R 1 576
FrRES BN R EOE R s Tobak ™R IR ME RN 3h R AL
Feik R B (Al RE A — RGBT BR SR B RN, Sy T AR AR
FE WS BB BRI M AR T . Goman SRR A 25 (8] iis

IRFSEHA: 2024-05-23; BIEEHA: 2024-10-16; RFABHA: 2024-12-23

EEmE: EEmiIAZ1E1(22PJ1420900)

FUTGI Ffy AR BB i e Lo, %07 RE
5 B At IR AR 2 R P R TR ST HR R
S0 A RSl 23 S R S R R R 0, SR T A ST
TP A AR E TS AL, il i KRR H 1%
Tk e —E R B RO IR B RE WS
Mo SRR MLy 12 B AR B SO, (HR 454
POy B, 0 T — SR R 2 M ELRAIN )2 AL AT 00 , i
AN [E1 Py BRI A 22 395, 3205 VR AR B, ELXH e 5t
I EOREG

Hr T WA A N TR RS W RIRE A 1 1) R R, ke i 2
AT S N B3 1) )N T3 RE DT S B A %07
AT ER A 2 i 2 s 1AL, A TR e
PR R0 I B A MU, B A IR R
By SRR A% Gt 2 0 2 A0 1) A4 47 A S A R
e 23 Sl AR ST T 5 B2 A =2l 2 o 2 A Y
P WU ) 4 J2 M 22 O 28RS T 1 1 Pl SR I A

SIF#&l: Wei Xiaofeng, Wei Wei, Li Peng. Method of predicting unsteady aerodynamic force based on QPSO—-LSTM neural network[J].
Aeronautical Science & Technology, 2025,36(02):102-110. 28/, 3858, =HE. 2 F QPSO-LSTM 182 B ETI I EES s H

BYFEL ] SRS K, 2025,36(02) : 102-110.



MU 75 LT QPSO-LSTM e W 2 4t vl o LAl BRI Uy 1% 103

TA A £ S5SNI AT AR A TR AR R R
Marques 5! FH W 27 2] (4 J5 v ek 1550 ALY <
SIS UEA TR . Bouhlel S5EUMFI A B 3 45 1 A T g
ol 25 P 245 S I B R [X SRR ) R B R A T R
AT . 5K it B AU FH Al 22 X 48 %) X-31A FTF-18 kAL
T A AR F RS T I LUOZ AT G A |
LM BRI I R T T IR0 . A5 A2 SR SRR RG22
P 2% (RNIN ) Xof 5 AL A A sl A e, &6
JEF W] RNN XFEE 8 5 sl ) A, WS BRE B & o SR
RNN TE I A B (8] 77 51 1) 508 s 25 5t SR 32 el
B RE AR, SO St BRSNS, O T R P A I
Hochreiter S 4 H T AGHHCIZ ML (LSTM) il 77 51
TERA LSTM #1225 [ 2% AH A8 RNN 7E 2 57 JE 1 08 kil
B ELA B (ARG FL 2 ISk, (U2 LSTM B 48 I 2% 11y
TR LA Kz A BE 1 45 ) 52 3] W 8 A8 1) S 402 ) L 4
PR TOAEL AN Z 28 255 7 S0 B BE RN Rtk RN
o — ISR LSTM #h & M 2K SEWFIE N B 2 56 01 T
BAY  XRE R ARAE I S50 2 SR e

AR T —Fh I B R R AR J A v
22 M 2% (QPSO-LSTM) & 7 Ak 2 # sl IR 5 i, 1%
D5 BRI TR R REL AL (QPSO) B3 AT R LSTM
22 N 45 S EL A Ry e LR SR T T NACA0012 327
IR iz SR 8 H sl B A TN 25 f 3 BRI 240
A i A RRAE L 000 38 78 32 Bl 1) 2o i b i A2 B < 8
J1, 8 T BAERET QPSO-LSTM fyE A A b , 5 FL it 2%
5 HHLAY RNN A LSTM B 25 4T 1 X Hb 2 HT o

1 LSTM&XE

RNN 7EEH S8 G 0T , 25 25 Hh B0RR 2 R d el &
Tofs JEE R O A () L, e A AR I SR AN BRSBTS T M o
IZIA) A, LSTM 30 1 I T 43 5% D3 50 A5 i A
S G E S AT PR U A el 2 o 28 R [
SN HA P IICAZ I REN

Pl 12 LSTM ft 28 ) 45 14 B A BT 254, HAZ O S 4L
FEONAMOIRT ¢, i RS b, A=A 1 oC GRS T
BTV T]) o O] PR 3 B2 AR A )
(AR ¢, TR MR Iy s 5 L R S o 3 IR 2
L (1) Y sigmoid PRSI, XY sigmoid PREI R 0
B, RO EA I 20 B A IR ZSERAS CR B i 1R S
B, R A 2 A AR A A O B

Si=oWilh,_,x,]+b;) (1)

A, o o sigmoid IS BB, W b4 B iR T ] AL ER
FRHOHE A O R I

BT TRVE R AT B #0122 i s Z0 i A M x,
A5 B IR AR S 0 AT TR F Tl AR 1 4, 32 2558 2o
sigmoid PRIEN 2 HTET 204 A x A1 ASB ZI A B, 51T
PRk AR 3R A5 5 7 24 0T 22005 1 40 bR 245 ¢, UL T tanh
PR ESONT 1 7 B 220 0 AR X RSB 2 A oA, R TR
LM AR RS ARG R (4) B3 S HTE ZI A RS ¢,

i,=c(Wilh, \,x,]+b;) (2)
¢, =tanh(W,[h,_,.x,]+b,) (3)
e, =(fie,,+i,c,) (4)

R, WALD, 2350 D AT TR R 2R KRl B R, W A b,
390 A A AT A AR R ORI U2 D R

i HE T IO 2 R AR LSTM P2 I 45 (1 i o 4
T B s i AR i o, JE 38 i sigmoid pR BN 24 i S 20 B A KL
it 0 EASIE 205 b, FEATARZRE AR ARAT R s T S BT
Z\ it h, WA 2 (6) 1 56 X 2 i s 220 40 IR 285 ¢, BEA T
tanh BR BSR4, SR PS5 A ) RO 4R R AR o, HEAT AR
GE

0,=c(Wy[h, \,x,]+b,) (5)

h,=o,xtanh(c,) (6)
2, W, b, 350 Ay 4 T A R O e R

it @)

[Pt ]

Fl1 LSTM A sotify
Fig.1 The basic units of LSTM model

2 EFHRFERE

Kennedy 55" 1995 4F- 4 1 28 ok HEAL 4k (PSO ) 53
B A PR R TR T WA — AL A SA 0, O EEA AL
BT 2B R B AT, TE AR R Ak S B A T
Ry 22 1) 4R B V- Aok 2k AR R AR 7 2 18] P B e
ek T 2R & . PSO FILA B — M r RISk B



104 LIRAEE L P N

Feb. 25 2025 Vol. 36 No.02

A 5 F I SHOR /DRSO = RS PRk B
B Il ) S 2 PR 5 , 1203 U B B NS B 12 SR s
S e e 2 A [

N T e FIRMAE, Sun Jun ZER T SRR R
PEh T QPSO ML AHE A L PSO B4 1%:, QPSO FyL U T
B B R sy ) JE M SRR 07 B BB SR g R
18 SAT EHOCHME: , ORI RERLE , [
QPSO B3 51 AN Y57 B S50, 48 ok 7 18] 1 B B
J1. M PSO Y, QPSO B B S8 Hi /b Ik sik
BREEPR, BT 4 R 4 R R A R AR ) LA KA B B Ry
PR AR P, AT

p(t)zepzbcsl-‘r(l _Q)Gx(t) (7)

mbestzﬁ* Z]Pibest (8)
PO+ | My x| (~Inp), 1>0.5

x(t+1)= (9)

PO B| My =x(0|(~Inp). #<0.5
K, p(O) AR UL R Do W 11 R R
ML E, 0 M0, 112 BN, G () AR AR T, m,,
TR &, MR S5, x(e+1) R YRR A7
BB MR IR T E S LT, <1781, 1 R[0, 112211
BERLIE -

3 QPSO-LSTMHRYEIFFIIERIEE

P T LSTM 128 [0 2% 5 K (14 2 55 b A 22 (AN o )2
M2 T D S A B T B At kRN )
TS BE 25 5 2 3 SE 8 S H0E 0, NS A TR 28 5
B LA, i FLAS R B & Rt S B 6.
SHUNAL B bR TR IR 2 B AR 2 1 2 09 245 1) 73
DIHERE X — b B AR A i R S U, T AR AL Y
AU 5 25 (CTOME RN I ZRAE AR LA Z R 2206 @A
SRR S HUE , AR R 22 5 Mk

AR F QPSO Bk A Ak LSTM #1228 [ 45 (18 2 54
AL AT LIAT R e LSTM i 445 ) 45 (14 000 R 132 R )1 2
R0 H 2080 Ok TR SR A I 25 1 52 R . QPSO-
LSTM B} [0] [5G BT (4 s 20 R F

(1) BRBUEEE % S sh et s AR s RATIE S ik i A
I A RRIESHOE 8 BRHE B A 0 —1k, I AT R LR
A1 RER Gy R AR AL R A IR U A R 4 I e
G UFSE

(2) FE3r LSTM Mg 45, I 7522 QPSO F kit fk
R 28 Do) 45 R S50, U0 LSTM o 22 I 2 )2 80 32 M 4% i 28

I a s QT 4 €718 N A ULV €718 N AT B2 Ny & DRI
KK/ (batch size) 55,

(3) W1t Ak QPSO FHIESEL , A -4k B Uk Fh i
KN (LSTM i 8 o 28 5 ZE A AL i S 40 e Rk AR IR
FIE

(4) R R0 B S BRI ZR LSTM # & M 4%, IF i
ERERYQI[EZS Aw S (UBT VS-S A a N TUR I TSk Gl XS uR
H I iR 2E  HERE AN

S Gy (10)
A NI REAI 8y, IR IS5,
Wi

(5) WU T3 B A0 A0/ 8 A 0 o
LA A%  FERLAR R (0) R -9

(6) MR T3 B (/LR A OB 2 7
B AR A2 U6 DS - B LSTM
B RIZ4 R AT (7) 8 IR 2 26
BN (4)~(6) 5.

(7) HESIDRL T 5 2k A LSTM M8 RO -3 7
12 IR S50 40 QPSO-LSTM M2 %S08

4 BIUFERSIMFHEEAREE
4.1 BRI ALIE

Y ST AR RE W SRR AR A SOR TS
1K 7724 (CFD) flf EH AR X NACA0012 38 71 (R MR 42 12 5
B R AT T BB AL, NACA0012 AU (155K
1m, HIM A58 1/4 55K AL iR N

a(t)=a, +a, sin(kr) (11)
=1tV _/C o (12)
V.=Ma-c (13)

K, a(o) WIBITE IS 20 A1), a, A 4E , a, 300 Ff1 4k
WEE L k AR IBAR A , o R AR — ], ¢ IR, v, PRI
T, ¢ pog WFRIGZ P T,

I T HE A S 5 e 1/4 5% AL 30 A 3 (E a, FBUEE
Bl Ry [0°, 57, T8I B o 10, 380 41 W a0, 1) JBCAE 318 161 A [2.5°,
10.0°], a1 A 2.5°, 4 Vi A % & O HUE A 0.05.0.08.,0.12,
B Ma 19 UL 3 591 4 0.50.,0.60,0.70.,0.75. 0.80, 0.85
0.90.0.95, MR T 576 HARRR SR S REARWE , FAH S
SREA KR 1SR S5 BN 2 AN a2 Sl R, TR
KAENRIE K 1/240 (FHMIz 35 H 8

8 R SEAF PR A A OSSO 400 3 WA S ik 101 R



BUDIE 2% JE T QPSO-LSTM BRI 4t vl i 56 Ca BERL I iy ik

105

BRI ETS D PR B R L 0 10 B B | AR
T R 25 A5 5% K, TAARSECR: F A 2546 A0 A A i, 3 A 3%
T P A IR SE s il £ 1~8mm Y 1], 55 — 2 10 L2 RO v
0.05mm, ¥ K5 1.2, IR IR A 40 )2, B s 55k 4.7
T3, B AN A AR oA an iR 2 R

TIAER R Ik A5 28 B B R f i SST h—w 7R FRAR A
RN PR UL R 15k 288.15K , R Ui 7 ) S /K- , AL fy
A0 1) JE 932 B R 3 A Jr ki S B, BT s SRy 2500
PR IR A Ry 000 Kot 97488 4 19 2 HOR B 2 Roe—~FDS
R B EE TR F i/ N 3 O 2, 28 ) B HCR FH By
0 RS X ) B OR A OO 1) A — BBk o . Fsemd
]3RS — I 2 3 A i 17240, R TR )
TRt G, ARSI A A 0 SRR A A sh g
AR T 7

1\ r i of
o IR
155>
1‘&,
+
A
H 9
S R R :
o T T H x
ZEiaiE: i T
| T HH -
s G
by A H
LA
s \
, 4,’)(( -\» A

K2 NACA0012 AL I pA%
Fig.2 The close-up meshes surrounding NACAO0012 airfoil

9T B iE CFD {5 LA HERf 4 , % 32 7R LIRS 300 A
920, K3 Ma 2 0.77 B LA 705 BATHER I8 3 AT LLR
th , CFD {5 ELARAS 1 328 8 T8 He 7 43 A 0 R 126 i A

G, HOKE B R 24974 93%, Ui B CFD 45 I S 8l 1 5

AT LA I A A R 2 I 28 U1 255 B UE PR R AR B A
4.2 HUEBAREREIER S

T THBRAN R RAE R 2 ] 0 20 2 0 A AR Sk 1 52
M), 5 X AN R R AIE ) 25 R A — 4B b 3 . AR SCR ) min-
max JH— Ak 7 oA AR 1) S8 R B i 4 20 [0, 171X
], min-max H—fLA AR

3= (00 =X i (X e = X)) (14)

-1.0

-0.5

0 0.20 0.40 0.60 0.80 1.00

TR [ V] Ex/c

(&3 AR S 53 A%
Fig.3 The comparisons of pressure distribution at NACA0012

airfoil surface between CFD and wind tunnel test

o, 2 AR — 105 BB, x A RS RAE B LA 2
it X0 B FFIE B (14 5/ ML, B SR SCHTE 1) B
PN

ARSCHE A T )2 LSTM M6 o 45 B R — o2 4 i 2 )22
SR J5 I QPSO ST A 2 19 25 A5 700 fy R 2 00« I o0 i
K (LSTM Hft 28 [0 45 A3 2 4 28 S0 AN ORI 2R B0 it vk ok
NG B 2SR DL SR A Ma A o (o) R T
AT R C, BT R EC, R I s R B C,, DIl
FEARE A Ma 0.50, Ma 0.60, Ma 0.75 . Ma 0.80 . Ma 0.85 Fll
Ma 0.90 3 6 214 , TSR 35 3 25048 W) 4 Ma 0.70 F1 Ma 0.95
PIAIEHE . LSTM #i 28 W 45 (1 800G R ECH Relu, YN ZRid F
VR 2k R4 MSE, 1Ak 75 4 adam, QPSO B34 i kL 1
B 10, 00 FHERE Ry 4, 475K 1 B=0.6.

Yl 25 47 1) QPSO-LSTM A5 7 SR F] S 35 48 X} 3% 2%
(MAE) FIAHXT F 43 b5 2% (RPE) /R R AL I b7 4, RPE
FIMAE {H 8/, UL WA LT

1 —~
MAE:NE?LJ.V;' =y (15)

1 —~
NZiV:](yi )

S

4.3 HEERSHHR

ASSCHHERE LSTM i 28 I 28 AR 1 8 228 1 ] 21
FRITSE , BRI TPT)Z LSTM S N7 I P i 22 R 245 25y, SR 1)
P2 4120 LSTM 2 i Hh A 45 SR AL A AT 55 B (9
B FRE TR IS R B S R 1R R



106 LIRAEE L P N

Feb. 25 2025 Vol. 36 No.02

LSTM JZ M4 & 122 Z [0 % 372 (dropout) HH 57
FoN 0.2, T LSTM 25 [0 4% ity F 0K F85 Xof A 704 ) 2
R TR Can iy s B B (LSTM #t 22 e 4 I
R KN ), A SO QPSO S 3E R S S5 T A 3l
b DA B T sk B A BB A 5, 601, )22 LSTM A
25 TCAN B BRI B A [10, 2007, Y125 A HE /N S
FElR[30, 200]. e RILBUR , LSTM #1445 (e S 80
WNFE 4 iR, B s BAE T R 38, 55 —J2 LSTM #4044
R 125, 55 )2 LSTM U2 5080k 134,08 F iR s LM 4%
ZERATEA LSTM i1 22 X 28 F1-05 T S sh R A Bt #E 4 71
Z:R115 3] QPSO-LSTM £ 48 #5110

AR A [(None, 38, 7)]
A
i [(None, 38, 7)]
Y
N [(None, 38, 7)]
LSTM/JZ1
iy [(None, 38, 125)]
Y
A [(None, 38, 125)]
LSTM/Z2
i [(None, 134)]
Y
A [(None, 134)]
FF :
(dropout)
A th [(None, 134)]
Y
A [(None, 134)]
ESUE I
i [(None, 3)]

K4 QPSOFIAILILIE I LSTM BRI S 4L
Fig.4 The hyperparameters of LSTM model optimized by
QPSO algorithm

T B UE QPSO H ik 1 f Ak R, A SR QPSO-
LSTM 57 (1 AR 5 AR Ak i) RNIN ST T LSTM #5278
PEAT R HE, Horh RNN R LSTM B 2 80 % B 2% 1 ] %
SOIRTTE, BT MOk 64, A0 B T
3, D5 B R 100l =AU AF BT T
B Ma 0.70,k=0.05, a,=0° , a,= 2.5° Y FEAEHG 004 7 il , iy
5~ 7 0] LA SR E LSTM . RNN il QPSO-LSTM

BRI AR B AL T4 S RS 3 3/ 40 R B AR A R H, 1E 4250
FA VG PY , QPSO-LSTM 57U [y Fl i 45 SRR RE 45 ir W AT &5
CFD fjj FLZ5 5L i LSTM BRI G £ AR Tl
T Z BB ) R BCAAT BRI 2, RINN AL D6 0] g )
T RB BRI 2

R T IR AR TR (g SR TN AR, I AR AR X
Ma 0.95 .5k=0.12 . a,=0° , 0,=5.0° T 50 FEA 7 i . ¢y el 8~1&d
10 ATLAF Y, ZEAME TR, QPSO-LSTM A #4210 #1115
FEl A AR BEH A1 T3 00 CFD 5 ELESCHE 5 T RNN AR 7E I £ 95
FI[-5°, =311 T ) RECH SRR 22, BAE I AEFIN,

— HIH
---- LSTM

---- RNN

- QPSO-LSTM

0.3

0.2

0.1

-0.1

-0.2

-0.3

-2 -1 0 1 2
al(%)

K5 ORIRCT R RSB TN ) T 2280 CFD iy L4521
Xt Eb(Ma=0.70,k=0.05,2,=0°, 0,,=2.5°)
Fig.5 The comparisons of lift coefficients obtained from
Al models and CFD at the condition of
Ma=0.70,4k=0.05,0,=0°, ,=2.5°

— HSH
0.013F . LSTM
) ———- RNN
0.012} -——- QPSO-LSTM
0.011}F
Q
S 0.010k
0.009}
0.008}
0.007}

-2 -1 0 1 2
al(®)

K6 AT RER AL TN A RH ) £ %05 CFD fj K45
¥ (Ma 0.70,k=0.05, 0,=0° , a,= 2.5°)
Fig.6 The comparison between drag coefficients obtained
from Al models and CFD at the condition of
Ma 0.70,k=0.05,0,=0°,a,= 2.5°



MU 75 LT QPSO-LSTM e W 2 4t vl o LAl BRI Uy 1% 107

0.0100

0.0075 } ~==- LSTM
---- RNN
0.0050 } === QPSO-LSTM
0.0025 |
U 0
0.0025 F
~0.0050 }
~0.0075 |
~0.0100

> 0 0 i B
al(®)
K7 SR BER AL S5 I ) D400 3 4 2 505 CFD T
S5 (Ma 0.70,k=0.05 , 0,=0° , ,=2.5°)
Fig.7 The comparison between pitching moment coefficients
obtained from Al models and CFD at the condition of

Ma 0.70, k=0.05, 0,=0°, a,= 2.5°

0.4 F — E_i{ﬁ
-=== LSTM
=== RNN
02k === QPS0-LSTM

—0.4F

" = 0 2 3
al(®)
K8 AT RN p T ) 22805 CFD fij 45 R
X H(Ma 0.95,k=0.12,0,=0°, 0.,= 5.0°)
Fig.8 The comparisons between lift coefficients obtained from
Al models and CFD at the condition of

Ma 0.95,k=0.12,0,=0°, ,=5.0°

TIOR3 2R R AS R HRAR 5 LSTM RS 704 U] 75360 £ 3 ]
[-5°, 3°THIRH ) R ECH BRI 2%

R T B IIASTR) o 22 X 288 760 S A AL B0 i P o 1
HEINY X B SR SRR AR 2 N 1 SRR BT
W1, MR2MEIALIE 76 T00 Ma 0.70 #E4 7 4
i, QPSO-LSTM AR X T 1 245 B R EANHI 7146
B TR R 22 BN T 3%, 24 R 2 pl 2 0 Koy s E R 150,
200 Fi, LSTM B ) P4 RE RS it T QPSO-LSTM A AL, RNN
BREAUVE RERE S Bl 2 ORI B I SR, 2 RNN AR 20
H0or 5120 150 #1200 FF, ASEHRY T4 RE T B 5, RS2 RNN

0.150F — Sl
---- LSTM
0.145F ---- RNN
---- QPSO-LSTM
0.140F
0.135F
S
0.130f
0.125F
0.120F
0.115F

a/(°)
19 AR RERCRL TN A BE ) 5 %05 CFD ) HL45
X H(Ma 0.95,k=0.12,0,=0°, a.,= 5.0°)
Fig. 9 The comparisons betweem drag coefficients obtained
from Al models and CFD at the condition of
Ma 0.95, k=0.12, 0,=0°, a,= 5.0°

. — HSH
0.075 ---- ISTM
---- RNN
0.050 == QPSO-LSTM
0.025
g0
0.025
0.050
0.075

—4 -2 0 2 4
al(°)

P10 IR REASE Y T g R4 3 6 22 4005 CFD i .
ZELTH(Ma 0.95,k=0.12,a,=0° ,a,=5.0°)
Fig.10 The comparison between pitching moment coefficients
obtained from Al models and CFD at the condition of
Ma 0.95,k=0.12,a,=0°,a,= 5.0°

(200) KLY, 75 T FF 7 R BT, 1225 #5914 25.3%. £ T80 Ma
0.95 4 FAMA T , QPSO-LSTM AR T+ 1 R AL BELH1
BRI 13 R 2 B0 000 15 22 #8/NF 1.5%, LSTM(150) il
LSTM(200) 4 Tl i iff 2] AR T QPSO-LSTM ALY, [
RNN BERSLESG fipf 2 TCE00 , PERE T Bt , RNN(200) Tl
ARFAT 3R AR 25 R 3A 15.8% X 1t A LSTM #1459 2 FIl RNN
(RS HE B SRR REA R M R, SEbr itk
SO AR REOC R , Al IS i 2T AN O A R B

e AT RE



108 LIRAEE L P N

Feb. 25 2025 Vol. 36 No.02

&1 ANEHENBOBSHIRE

Table1 The hyperparameter values of different neural
networks
Wik il IO I TP
K Mz | MaEIT

RNN(64) 10 64 64 100
LSTM(64) 10 64 64 100
RNN(150) 150 150 150 100
LSTM(150) 150 150 150 100
RNN(200) 200 200 200 100
LSTM(200) 200 200 200 100
QPSO-LSTM 38 125 134 100

&2 ANRAATBEERZIFANRENLE(Ma 0.70)

Table 2 The prediction errors of different Al models under

Ma 0.70 condition
C C C
RPE/% MAE RPE/% MAE RPE/% MAE
RNN 4.024 0.022 1.564 0.001 10.204 0.006
LSTM 4.876 0.028 2.896 0.003 4.158 0.002

QPSO-LSTM 1.566 0.009 1.443 0.001 2.781 0.001

&3 ANEATEBEARTEIFANRZENEL(Ma 0.95)
Table 3 The prediction errors of different Al models under

Ma 0.95 condition
c c c
RPE/% | MAE | RPE/% | MAE | RPE/% | MAE
RNN 4.008 | 0018 | 0862 | 0.001 6.822 | 0.008
LSTM 2585 | 0.013 1.013 | 0.002 | 2332 | 0.003
QPSO-LSTM | 1.093 | 0.006 | 0455 | 0.001 1.532 | 0.002
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Method of Predicting Unsteady Aerodynamic Force Based on QPSO—-LSTM
Neural Network
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Abstract: Aircraft aerodynamic parameters are highly nonlinear and exhibit significant unsteady characteristics,
making traditional modeling approaches complex and technically demanding. Leveraging artificial intelligence (Al)
methods can bypass these complexities, lower the technical barriers, and enhance modeling efficiency. This paper
proposes a method of predicting unsteady aerodynamic force by using QPSO-LSTM neural network. The QPSO—
LSTM model is constructed by initially employing the LSTM algorithm as the base neural network model, followed by
the application of QPSO algorithm to globally optimize the neural network hyperparameters. The hyperparameters
include the number of neurons per network layer, historical length of training data, and batch size during the training
process. To validate the effectiveness of the modeling approach, the neural network is trained by using aerodynamic
force data obtained from numerical simulations of NACA0012 airfoil under various periodic pitching motion conditions.
The results indicate that QPSO algorithm is a good choice for optimizing LSTM neural network hyperparameters,
which could effectively search for the global optimal solution and avoid human factors to influence the results in
setting the hyperparameters. The QPSO—-LSTM neural network also demonstrates the capability of precisely
predicting unsteady aerodynamic force coefficient across various flight conditions, solely relying on limited flight input
parameter. This feature could make the modeling method to be conveniently deployed. Furthermore, compared to
conventional RNN and LSTM models, the QPSO—-LSTM model demonstrates superior accuracy and enhances
generalization capabilities in predicting unsteady aerodynamic force coefficients in both interpolation and extrapolation
scenarios. This approach holds significant potential for applications in unsteady aerodynamic force prediction within
the aerospace sector.
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