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Compound-wing electric Vertical Take-Off and Landing (eVTOL) aircraft have emerged as the
primary form of urban air mobility in the low-altitude economy due to their high safety and cruise
efficiency. These aircraft typically employ flexible wings made of lightweight composite materials,
which encounter intense interactions between rotor downwash and flexible wings during transition
phases, making them highly susceptible to aeroelastic issues such as flutter and limit cycle oscillations.
Traditional decoupled simulation methods struggle to capture the nonlinear strong coupling
characteristics. This paper establishes a framework for CFD/CSD partitioned strong coupling numerical
simulation tailored for compound-wing eVTOLs. By utilizing overset grid technology to simulate
rotor rotation and integrating the Detached Eddy Simulation (DES) turbulence model, a fluid—structure
interaction analysis is conducted across the entire flight envelope. Through comparative analysis of
aerodynamic parameters and structural deformations between rigid and flexible wings, the vortex—
wing coupling interference mechanism during transition phases, as well as the influence of structural
stiffness and transition rate on aeroelastic stability, are revealed. The results indicate that the maximum
deformation of the flexible wing occurs in the mid—to-late transition phase, with a maximum wingtip
displacement of 8.72 mm. Compared to rigid wings, the lift coefficient fluctuations increase by 12.6%.
Unsteady aerodynamic loads induced by rotor slipstream are identified as the primary cause of wing
vibration instability. This research provides valuable insights for lightweight design, aeroelastic control,
and flight safety boundary determination of compound-wing eVTOLs.

compound-wing eVTOL; CFD/CSD strong coupling; fluid-structure interaction; numerical
simulation; aeroelasticity

H22WA:

FUETHRUBARFESNE, EFEEHE eVIOL RERSHHERERR (MEHKS: wzdzr202632) BMERIEHFTMR;
ANFEEHRUEARZESINE, HHERNEREERATRFL (MBRS: WHSYFZX202401) BIMERMEM AR
WA D% (1999.03—) , F, Wk, BRRMA, FH: KEAH, BRIk Bh#, FEHm: DAL, KETATE, eVTOL.

052 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



IRESGVEHRA T I EBEL RS, W) T2 hsgl (UAM) PR R, HahE B pe W18 SR I as S i s
Hulle HEHE eVTOLA G ZIERTT IR 55 M s HILE, AR E R 2 AT TRER, B BRI R,
SRR & B ERNEG AR R E W TR HES A, fZE WTEER B TR, T iediim AR E T
W, BT S LA RN G, 551 R SRR S . HRTE NN eV TOL B RE R BT 58 2 240 F—T7 T
GPAT, TN E G TARERAR AR B A B R RE BT TSR, o p AR SR A (T BT R P BRI A R i,
ARSCHE CED/CSD SRR KR, U D kAR, A ATIRIERS & T AT d R M S B AR, 57 BBk r e

MU, NEET eV TOL TR RLEHTSIESR LSRR

—. E5E eVTOLhEEENKERE

(—) NiAERI S RIS

ARSI — KA T 32 B (R T SR A A R
eVTOL A ELN S, AR R FA K I e SR b L B HL 4y
BT A I B S BN A I & T2 AV HARA L 5 4
HomAmEANGER, FEEER, REPISHEERER
H, BAWURMKE N E.2 m, BKHN6.8m, FikeVTOLALFN
FRAS TR PRI ETAER R AL, JRIZ N 6.2, AT 3% BT 0%
B GRS, M RS 2 T A S A RE T AR RATRIGE.
9 [ I ERE VI S OSBRSS Hpage B 7L 1 3 X R
MRS, REEEATT IS R AR R — AN RIS, 2 R e
TR BB, FPIR SR AR R, B S AT R,
TE 58 3 DR T 0 G R s, T A2 v T A 4 1 72 0.02
mm, BEERIFH ARSI TR BE TR R I8, W AR 14
AR M N TR AR A R (iR 2, (R S
ABEERET R, BT T WS ICRMERAIE, R TR, Zie
FEVFRLEIAL, VI RSO FE LUK pOAR IR, e Jm il o AT
BE R R 186.4 07,

2 1 WA TERAE TS,

MRS T TR DAY SRR /min
125.7 0.842 0.071 12.5
186.4 0.865 0.068 18.3
248.2 0.867 0.067 25.6

(=) CFD/CSDsia HEHE

ARYEE AR B B CFD/CSD ARG SR 5, ifk
B EEMHRE PR E. T ANSYS Fluent AR TSz
T7R %, DES 73 B SN e &7 RANSHT LES LI
AL, DR R R pE S eI AR P AR R S IR . R L
WIS, G TR 2 ROER TP s . i m
LR T B i R M sl A AL, 7T LATC ] W st e B e 33
TRAHTHE . (R DU B R R P H I R A e
TRER) SIMPLEC 513k, SIHEmUR A Il KAs U BOR AR, AL
HE D T UG TREO BN, RS TR R, BT
TCHSE S MU T R, SO SRR 2 HE

I, BEPERTEN 42 GPa, JRAHCH 0.31, N 1.85 g/em3, #
e IO H TRV =REy v b e s S O DU e BV S AW UR ek o
S, ST, SR Aitken B ARAHMIL LIS A4S XBERE
Ji¥k, RSB R T T 3 ~ SRS, ST RO
FE AT S A B R R SE G, TR GRIE TR &
R SIS0 R SRS R

(=) pEIREE

2 AT eVTOLTE R & B KTt 72 1 B Be S sl i
K, Vsl EARLE, FETER ST RS G . HAE
NI TR R T —, NS R A A
TR — AN X AT A SCAR R ] Bt R A% R 1 1 PR
(101.325kPa,288.15K ) , AL TIRAS RATAYF IR H T AR
LRSI, BRSESHIN T, W R AT SebRn s B
WA R RN AT TR 2 R, A R ki g
M ELHRAA . HRIAAIARAR 2, SERERIL T /AT R P SR e
WA BEREL I N I T B N R S T RN
ELWHL ARG BN FEA AT A SRR S, AR ST
A LRSS A R 7 A& T S T RN AR . )
PEAFRA NI T T AT, SR A B — A R o7 2
WU B 5 R R AT 2 Bl B B I S I DU R B R 1
S THER AT

F2FEIT TS
THEE RS ffﬁf; f%ﬁﬁ; W /O )
1 BRI 6 1850 8
2 BB 12 1520 5
3 B 18 1180 3

—. FEERS5SHEMTENES T

(—) FHRETINEES T

NRRE G eVTOL B BL R WIS LA, 4 & TOUi
SR WA ATHEAT TRBUMT. TEEREN], EEE
B eVTOL Fe Brul T2 sy 14 e 4% 1 g 3275 B [ W i e 1 e
U, et EETLRR, WS RIE, JEE RN E A0 RS

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 053



HUAH T2 | MECHANICAL ENGINEERING

1 (CFRTRI, BEm . eI ) | ThRIFEHE EE
NS TR RR s R e P B e TR
HORES, NIRRT A, T BT A i
FEERE, ARUER A BIHRRERARAES, ENIFE RERm AR
— AR MIMTE R B T e R S eI R DO O e
L ARG RREONE DR, INFRIETEIARI SR, e
YRR SHIBRME AR BRI . 5%, AbG, HIWZERRIE
AL 26.8 m/s, dmihialE K, sl EFUR RS B
BRME; HREIRER TESR L ORI B TR R G K, e
EES TYRRERANTIIIRGY, WRLERIEN THog R i
e, FEHL, TRAIHGETRRE . iU SR A 1T L
[z, W HCBEAHLE R A, NI BT IRS], PUE R R
(RS, TRRNTEIEERAEEI S, et 323
A SHEATEUE, A LA R AR R BRI, B
SSRGS 2 B AR M v I IR T LIS
TiimEh R, SR T A R R AL
(=) &Rt RiRshD IR
NFE 324 A =R L R R LRSS K Bl ) 5 B2 SRk
OFFE MRS . AL AR ERN ). RS S
LR GEB AR RN, T2 BRI, PR AT
FEBR BT p/NEIR B R AT S, A5 A A as iR 3]
ZIVETRG . BRI R S T EOR, IRETHRAEI
NifR, BN AR ok, NSRS AR
JAE T 8.72 mm, FEAAT 0.42° (HHIEASTE, WIS AR U]
B, S EsES; HEUEI RS BT, TER FYem
BAGRER, SEEATREEETRE, MBS A RN, &5
TN SIACFIRE T REs SIS 2 2R, SHISEIRE
H B MO AT EINU IR A PR 12 ~ 18 Hz, SHLEAL
P S AR S TS, TR RS R RN R
%, MM KAEIMERERT, VL4555 2R,
KIS e o, BRIk, EE6H
eV TOL{EFBE KT RN T AR Al
Fe SRMN ALV AL 5 712054

T EAREMNE BKHER, WEFS S SRS
/mm ) Hz 71 /MPa
1 5.36 0.25 14.2 18.65
2 8.72 0.42 16.5 27.32
3 4.15 0.18 12.8 15.48
2

(=) SEhE8RLEIMT

GRS SO I TR T R BT s R, WA EEAL
B FRTEAAT T 22 5 B e Tite ™, Ik
BEHEEAL, REVCE LI, REERE TR, sl
IEER, SIS, TR 0.857, Hifi
W (3.2%) 5 ZAEHLIE PRI S LI = AE
SASHAT NEARE, MR AR B IS, Rl
MIETE SR, T R E /N 0.831,  Hife Ui sl g FEHE N
Z15.8%, HRIMENIELE R 12.6%. PR D RERSEHE
TP RO IRAS, HIE LI R B X B, (EAMLIER T <
TR R, RImBE TP I, IS L 25
ANIETRR S RS S T s R, R R S
BN FURAIUIRSD, B TEENRE . miaEt
ANEHG AT o WAl J e SR S R R sh 5 R T Bl
W, RGP ETREL, WAt 5 a8 LT
MEIEE, R T — I A — A iy
B, ARANIR T /AT d R SRR K

=. Zit5RE

(—) AR

ARICRAT CFD/CSD ity & 7 AT U AT HED
eVTOLF B W T @i B TR ER &5 2L, 3878 T b3l
B, BEILITESRE: B, BB EAR TEhHE T,
WATRENTHE, FUPIRIIIABIET]8.72 mm, fF7E
SRR SR PRI FOK, SRR R B 2R R,
SRMENEM, TR IREREINT 12.6%, #5510 Tk
IR wela, TERFEMTATIRESOE TR R, W
TG R A S B AR T RUR

(Z) TEERE

AL TR R R SIS R R AN, B TS
WA, 7R MR PR SRS TR A & 33k,
BEnEsh s, M - - ERE RS 456 KA R
USRI B, SEE &3l eVTOL At Rda e, I kiTae
gttt ERFOAEAMRESEG T AR RO SR

HE AR

[1]1 2544 . 8L e VTOL KA Tasi B R AEE R SRR T R (U] BEMOTTR TA22Beai |, 2025, 30 (05): 707-722.
[21BRESE , Wkt | SKREARE | FEW] . S263 oV TOL) HeedEih— it (0] AU S5HliE TR | 2024, 53 (08): 49-52.

[BIF AR . E T M P RS AIRES IR eV TOL N VAT IS (D ITREA: |, 2024,

MIT7KAT, T, FME, (B, AP . A3 eV TOL HUIFER OB 1 Bl e RN (). HEEROR | 2024, 45 (03): 212-226.

[5IF7 | RS . HI eV TOL o AUV S CEhiscit (). #ragdiiiizs , 2024, 2 (01): 1-10.

B8l , THEF , ST . eVTOLARZSEHHBUR AL K e (). RATATEL | 2023, (12): 40-44.

054 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



	基于CFD/CSD强耦合的复合翼eVTOL流固耦合数值仿真与气动弹性机理研究

