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Fig. 1 Geometry of distributed-propulsion-wing
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Fig. 2 Schematic diagram of geometric parameters of
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Fig.5 Distributed-propulsion-wing test scenario
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Fig. 13 3-DOF moment measurement data from balance
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Fig. 20 Aerodynamic characteristics of coupled lift and
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x7T BEEHEETFRE
Table 7 Lift increment due to flap deflection

S R ARITE NI 8 ] ]

R/ (emin™D N ke H/N TR
4100 124.66 158. 36 27.03
6 700 254.12 324.79 27.81
8 000 362.18 442.67 22.22
9 300 481. 46 554.28 15.12

T #2534 N, A9 300 r/min T2 88 1 A ¥4 79 KE 4
Tk 3 e KAB A 481. 46 N, #8538 {5z J 4l 4 T) g 348
T 2973 No R, B8R I B 3ot of 08 3 ff 7 i
B FE 3B R R AR RS T L 5 5 o A
W S % RS A T B = A K, A B T L B
N
MR 13 o Hr 4 B R 4 A T 2 ) 31
o G 8 T S RS T O R sh i S R T
Tk BB 2 XU A B, 1 T

132807-10



i J5 A A T 7 1 i 3 W) RS A BH O
B .

PRI 38 2o i 7 1 08 3 T DU R R
7 % J M R B R AT R )l i Bl O 4 A A R
8 FE S B A B T S R E o RS A R
T3, FE W Wy BRI A B B bk ek . 3 i R
W B 7 B A K R B O AR, T Y
PE/ B A R R RLGE BN [ A RAT AT S
BR

4 ERBIEAT R B R

R T2 Ay B E A BLA R R Y 4 A B
JIF IR LR 5 R R 5 3T S R e A
e/ SRR 8 R 2 A o A B B A
B AR X AT KR TR R A T
G BHL 7 VIR A g R A8 Ak B | 3 50 2% 14 328 5 e 1
AR 3 A 4100 .6 7008 000 r/min. KK 5 %
580 3R — B, 8 5 A N o i RO IR
KA £ B B AT R0 . I R R 21
Fin, 8h 1 345 B B 5 B AR S 50T 4
], K- B AN 22 fR o

e el Y

21 HFIEA oA X8 1 Bl 5

Fig. 21 Distributed-propulsion-wing test scenario with
tandem-wing
{ 800 500
e e —
ST
500 800 i
A7 mm

[ 22 RPN ERER

Fig. 22 Schematic diagram of balance installation positions

4.1 FRESESH

9 B AT R 1S 3 2 ) — W AE TR B2 4R R
G, 25 G PR S /B G RN, B
T2 03 0 FH B R PR AR AR R 2 . RE SR Z
() RAT AR B S 4 28 Ty FACR T 58 4 A [ i A
R 2 H Bl ) 3R AR 00 AN e B U ) HR 81 3R
iR W PLPERE . S O B S 2L 43 B 5 51 3 A0 )R
i 32Tz B o A X 3h ) AR S T )
AR A B 25 5P 2 2L EHao 0 E, 15 5]
TCHil 5 FFA S T BRE G THBE ) R

TE RN A5 0T, 2% i H 2 38 A Jay i s 3
TP w2 g A B AT A T B R RS
FBEL 3 6T e 5 SR an 18] 23 B .

TE TR XU % 3l 8 000 r/min T F , K%+

1 600
1200 |
Z
R
= 800
4z
B
400
-10 0 10 20 30 40 50
W)
(a) BAETHITR T G
600
200
Z
R
g
T 200
B
-600
-10 (l) 110 210 310 4IO 50
HF/°)
(b) HEA B IR
/i) = HHiEET
o BEFEA 100 T/min - o #5334 100 r/min
#E3E6 700 r/min #5356 700 r/min
- §48 000 r/min #EES 000 r/min
& 23 miJE AR A3 RS TR T 4

Fig. 23 Coupled lift and drag characteristics of

propulsion wing under tandem-wing interference

132807-11



fn =

¥

P bt 2 1k BOR & TH B AR AR TSRl 51N/ (),
ZFMIEHEARE 46 N/C), FHET 14. 81 % s 781K
B XU B3R 6 700 r/min 00T, K52 T £
PE B A T 1 Bl R AR A1 N/, 2 T
PeJG BEARE 36 N/, FRET 12, 2% ; 76 1 18 X
B 3 4 100 v/min TALF , R T it £k B
AT I BEID f AR R R R 33 N/ (), Z TR
FEACE 21 N/CD, R T 36.36% . A UL7E £k 1
B B A AT R AT S T A A W AR T
AT v B S 2 T AR S
BB A TE 5 B, RS ) T4
A B E T 1.

R BEL AR SRR A T ) AR B, AR 4y
T E G E TR E /N AZ T
Yo 18 B0 o Bl A B B 0 R A BH T A A B
B AR AR R A7 TP BRI AZ T P A O
K-35

HRAE 1 3R 5301, v] D43 A 2 8 1 3 4 B 4 L
SR AR JRy A TS I A AR A TR BE R S
B B AR A TERR AR AR — B, A h Tl
J& 3 1 3 Z A BT RS B ) B R A

4.2 DA ERE S

il A AR R e A — E RS T
W, 25 4 AL AR E P o AR HERE /S A
BRBLAE R Z R O 2 A g A o
Ais 33l 1 3 A Je O 1w #AR E R R AT A
VO 2 X O BAR B iz o A X Eh 1
A7 B9 90 ) F A E R U R A R MRS T
Y AR E TR, B1ACI A B R 42 L) g BE AT
.

A8 AT AT R AR Ay B A A Al 45 SR G
B 24 7, 0 AU 6 80 TRAT e A MLRRE PR AT
BRI, CATHAE 10°0 Ffy DLN LA BB LR K7 i
R 58 5 MAE 10°~20° 10 1 X ] 4 K AT 4% 4 ) T o
SERGAE S IR T3 FEAE /N B AU Bl 5 £l HE 20710
F e AR 3 AR A L S A o R XU B i
ARFAD 3 ) 52 Wiy 52 24 2274, X DR IR AN (] 5% T 2%
PER BN AR 2 Pk o TR AR R O i A R AR
SERFPERY PR A T 1 A B L

0
—— XU 34 100 r/min
—— XU 6 700 r/min
-20F . RUSHEHES 000 r/min
C
Z 40
8 -
\j—:i -60 | \ o
= U
g0k /
» 1 1 1 1 1
10015 0 10 20 30 40 50
M F/)

P 24 HR S0 I AG R IR ) AR R
Fig. 24 Pitching moment characteristics of

tandem-wing layout

4.3 FMAEH/STBEUNHNRERHRETE

h T DL b AR e MR AR A MR
it A E) 5 3, A W A I RS 350 AR DLAE 5% R
T 4R AR Sk Ty K 5 A8 . IR 19 8K
P m] DL R 3 gk AR R T B TR XU A ] D) R
AT A A T+ 7 IF A8 JC 3 o MRHI 9% D B 42
H — T ) T 53 A =X 2l o 3 AE /RS RE G R0 A
WRAT A GN I RS E M 0 O i, O il i AR A g
VL IHIZ T W AT AT 1

120 55 43 ) VR B S i S 2 T T G X e
AN TE B & F L HE 3l ) e L IR 3l ) e IR
1 300 r/min. 3% B 56 45 148 53 51 ki 1ok 1 X
B 4 100.5 4006 700 r/min, J I 18 X i
K 5 400.6 700.8 000 r/min, a5 0 & 15 2 1Y
DRAR T 4 45 R an &1 25 Fi s o

HR A DL 1 Bl A T i T R A
B B, e AR AL S ) AR RRE R AR W AR AR
2t PR, RATERAE 10700 A LA /N I S
R, 7E 1073 A1 J5 N [R5 o 45 10 T I R e Pk A
R DRI TR] o | T 4 ) Bl B A i St AR Pk G R
Ak, DKL I Bl 2 2 T A Sk D) s g . A
3P 3 T 0 B A A B 0, G e R R A
B . X A XU % R 4 100 r/min ()
B B8 s A E XU % 1 300 r/min 5 iR
FE M X B 2 A KA 15730 A b J 51 20730 £ o
XiF 0 3 XU §5 398 5 400 r/min B 0, B80S
0] 368 3 XRS5 3 1 300 r/min J& , 10°~20° 10 £ [8]

132807-12



¥ R

fn =
Y i

20 F *
Z -oof |
b R
R -100 F N
& "
E

~140

~180 1 1 1 1 1

-10 0 10 20 30 40 50

A/
—— i UL 4 100 r/min, J5 XUE%E8S5 400 t/min
—— FT KU S 400 r/min, J5 XUSEEEEG6 700 r/min
B XUSEEG 700 r/min, J5 XUEFE#S 000 r/min

P 25 8l ) 3R IE XU TR 22 SlUR 00 0 R e
Fig. 25 Pitching moment characteristics of ducted fan
with distributed propulsion wing under fore-aft

differential motion

() T SRR E PR DCBE BR L RAT AR AE 10°~30"H
N R R T . X T E KR R
6 700 r/min [ T 60, 35 s 00 A 8 XU R
1 300 r/min J& , 10°~15"3 £ A1 20°~30° 3 £ [A]
(R G ] AS R DX S0 T B, AT SR AE 107~ 30731
N PR R R AR E

MR L b 5307, 38 ok B AR i 2l g 32 TR 0 XU
Mol L R /0N T B O R A TR A I X S B T Y
T, BEFUET T eliiRat HHm
BRSO X I P 5K 2 30 1, o RAT 4 e I R
KA RATANE T A R &

5 4F 8

1D £5 28 A9 Ml T 27 80006 P 3 7R $E 0 SR
17 v O S BT o A s /RS A 5
PRI 30 T 7 A 5 RO A BT O Y AT
Fr P, D% 26 TRAT A = 2/ U3l W A R R T Al 23
Prmnicit gt T A MEN S % . RSt
G JUS MR 56 45 4 2 00 Bt X L, i — 2P
Ik R B A A R

2) oy A 33 1 3 AR R IE KU TR IR R B
B3 9 2R SRR, A AL 2R SO A AT SE 2 307, I
TARGLIE E R . H T 3k B Ik /SR
RN A8 T 7 156 D 5 5 A T IR E XU
1, J5 SR X i ) R — 2P AT B R

DR CE R B) Ak e iR S N E 8
3D {0 KR B X A AL A R R A R E
S 308 o A ] A R S T B T
P AR T R R 2E T 9 A AL AR A BT
I A S A, S TRAT PR AR A TR A L A
4) 50 FEAG R RS 32 A AE R IR R
I, JEHAE R AT 5 51k 5 342 Ak 4,
SRR AL o T TS R XUR O 22
s, R R e AL AR E T, AT A
I R R I A LB AT S5 4R M T R SOHE

& % X #t

(1] s . A s e R LB R SR [T ], il =5 % 4l
2021, 42(3): 624037.

HUANG J. Survey on design technology of distributed
electric propulsion aircraft[ J]. Acta Aeronautica et Astro-
nautica Sinica, 2021, 42(3): 624037 (in Chinese).

(2] RISA, Bkt , %, 5 A 20R G A ek e A7 8%

HAR I a4, 2022, 43(7): 025556,
ZHU B J, YANG X X, ZONG J A, et al. Review of dis-
tributed hybrid electric propulsion aircraft technology[J].
Acta Aeronautica et Astronautica Sinica, 2022, 43(7) :
025556 (in Chinese).

[3] Zuk. 2024 4z itk Rge ik R[], i3l Ji, 2025
(1): 39-43.

LUO Y. Progress of aviation electric propulsion system
in 2024 [J]. Aerospace Power, 2025 (1) : 39-43 (in
Chinese).

[4] KIM HD, PERRY A T, ANSELL P J. A review of dis-
tributed electric propulsion concepts for air vehicle tech-
nology[CJ// 2018 AIAA/IEEE Electric Aircraft Tech-
nologies Symposium (EATS). Piscataway: IEEE Press,
2018: 1-21.

[5] HOOVER C B, SHEN J W, KRESHOCK A R. Propel-
ler whirl flutter stability and its influence on X-57 aircraft
design[J]. Journal of Aircraft, 2018, 55(5): 2169-2175.

(6] petfl, XU, £, & . Tk i1 i 4

oKL B 1 A (T 9 B R 2026, 47 (2)
232-239.
PANG SZ, LIUH, WANG HY, etal. Power yaw con-
trol for distributed electric propulsion aircraft based on
reinforcement learning[J]. Journal of Propulsion Techno-
logy, 2026, 47(2): 232-239 (in Chinese).

[7] DEERE K A, VIKEN J K, VIKEN S, et al. Computa-
tional analysis of a wing designed for the X-57 distributed
electric propulsion aircraft[ C]// 35th ATAA Applied Aero-
dynamics Conference. Reston: ATAA, 2017.

132807-13



[10]

[11]

[12]

[17]

Wz, R, BRI, AF B RN GO I A3 A 5 A
HE LS Ty G i T4 R L. S A, 2025, 46 T
1): 732305.

HE Z H, KOU P, LTIANG B H, et al. Powered yaw pre-
dictive control of distributed electric propulsion aircraft
considering slipstream effects [J]. Acta Aeronautica et
Astronautica Sinica, 2025, 46 (Sup 1) : 732305 (in
Chinese).

RO W, B e, ROTH, 45 oA i e L) o
etk 2 SIEAET]. ®AT J12%, 2023, 41C6): 16-20.
HAO Z Y, DUAN C L, SONG W Q, et al. Analysis
and evaluation for dynamics characteristics of distributed
electric propulsion aircraft [J]. Flight Dynamics, 2023,
41(6): 16-20 (in Chinese).

REEL J L., BALTADJIEV N D. Using computational
fluid dynamics to generate complex aerodynamic data-
base for VTOL aircraft[C]// 2018 Applied Aerodynam-
ics Conference. Reston: AIAA, 2018.

ERME, R, I 3 ) IR ITAREE S B Ik AT oY
B g ik [ T]. fias 244, 2025, 46(9): 131150.
WANG K L, ZHOU Z, LI M H. Research and experi-
mental validation of loose coupling design method for pro-
pulsion wing unit[J]. Acta Aeronautica et Astronautica
Sinica, 2025, 46(9): 131150 (in Chinese).

DE WAGTER C, REMES B, SMEUR E, et al. The
NederDrone: A hybrid lift, hybrid energy hydrogen UAV
[J]. International Journal of Hydrogen Energy, 2021, 46
(29): 16003-16018.

SIMMONS B M. System identification approach for eV~
TOL aircraft demonstrated using simulated flight data
[J]. Journal of Aircraft, 2023, 60(4): 1078-1093.
SIMMONS B M, MURPHY P C. Aero-propulsive mod-
eling for tilt-wing, distributed propulsion aircraft using
wind tunnel data[J]. Journal of Aircraft, 2022, 59(5)
1162-1178.

ZHAO C C, WANG D, YU T, et al. Direct numerical
simulation of tandem-wing aerodynamic interactions at
low Reynolds number[J]. ATAA Journal, 2024, 62(12):
4732-4750.

WA, S, XIRE, % 5 5E AP BN
B GREEE LT fitzs 2440, 2025, 46(9): 131056.
YANG P Q, CHEN Y T, LIU J H, et al. Aerodynamic
and operational characteristics analysis for tandem wing
cargo UAV at high angle of attack[J]. Acta Aeronautica et
Astronautica Sinica, 2025, 46(9): 131056 (in Chinese).
JONES R, CLEAVER D J, GURSUL I. Aerodynamics
of biplane and tandem wings at low Reynolds numbers
[J]. Experiments in Fluids, 2015, 56(6): 124.

ST, BIE, ANV, SF L RBLIG S AT ) AT 7Y R A

[20]

[21]

[23]

[26]

132807-14

[T, Mtz TR R, 2022, 13(3): 74-85.

ZHANG Z J, ZHAO T, SUN Y, et al. Review of the
study on high-angle-of-attack flight problems of aircraft
[J]. Advances in Aeronautical Science and Engineering,
2022, 13(3): 74-85 (in Chinese).

ERE, EM, s, A s T RS 1/
SR RELT] A 224, 2024, 45(2): 128643,
WANG K L, ZHOU Z, GUO J H, et al. Propulsive/
aerodynamic coupled characteristics of distributed-
propulsion-wing during forward flight[J]. Acta Aeronau-
tica et Astronautica Sinica, 2024, 45(2) : 128643 (in
Chinese).

ST, R, AN, A e LK R SRR [T,
filas 24z, 2024, 45(9): 530114,

ZHANG W G, TANG M, WU J, et al. Overview of
wind tunnel test research on tiltrotor aircraft [J]. Acta
Aeronautica et Astronautica Sinica, 2024, 45 (9) :
530114 (in Chinese).

PAPATHAKIS K V, KLOESEL K J, LIN Y, et al.
NASA turbo-electric distributed propulsion bench [C ]/
52nd AIAA/SAE/ASEE Joint Propulsion Conference.
Reston: ATAA, 2016.

SRR, S IELL, W, A A0 A R L)
AR R B [ T]. iU as 24, 2022, 43(8): 125389.
ZHANG XY, GAO ZH, LEI T, et al. Ground test on
aerodynamic-propulsion coupling characteristics of dis-
tributed electric propulsion aircraft[J]. Acta Aeronautica
et Astronautica Sinica, 2022, 43(8): 125389 (in Chinese).
VRN, XUBE, (LA . BT RUREME OC R B R IR TR 3)
filt & RUL 080 [J]. o0 25 3 ) 22 4, 2025, 40(7) :
92-101.

LIJS, LIU T, WU X. Rolling bearing RUL prediction
based on Pearson correlation coefficient statistical fea-
tures[J]. Journal of Aerospace Power, 2025, 40(7): 92-
101 Cin Chinese).

WARESE , TRUE, MIARVE , 45 . ORI AR 5 R BT S Al T 7
S ) BRI LT 2244, 2025, 54(7): 1206-1214.
HUH W, SHEN C, LIU L T, et al. Pearson correlation
coefficient time delay estimation applied in acoustic orien-
tation [J].
2025, 54(7): 1206-1214 (in Chinese).

B, TR, 2RI, AR oA s ) 3 - S S i A -
B G BB T]. Az 24, 2024, 45(10): 129252.
ZHAO Q F, ZHOU Z, LI M H, et al. Propulsion/aero-

Acta Geodaetica et Cartographica Sinica,

dynamic coupling modeling for distributed-propulsion-
wing with induced wing configuration[J]. Acta Aeronau-
tica et Astronautica Sinica, 2024, 45(10) : 129252 (in
Chinese).

INER, W, 2, % ARl T 3l = S0



fi = % &

ma M S LT]. i as 244k, 2024, 45(6): 629368. with target aerodynamic characteristics [J]. Acta Aero-
SUN P B, ZHOU Z, LI X, et al. Influence analysis and nautica et Astronautica Sinica, 2024, 45(6): 629368 (in
optimization of distribution-propulsion-wing parameters Chinese).

(FriEsm . TH0)

Vehicle-mounted test of propulsion/aerodynamic coupling in a
distributed-electric-propulsion tandem-wing layout

LI Baiyang', ZHU Xiaoping', ZHOU Zhou??, LI Minghao®?®, WANG Guichen®®, WANG Rui***

1. School of Astronautics, Northwestern Polytechnical University, Xi’an 710072, China
2. School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China
3. National Key Laboratory of Aircraft Configuration Design, Xi’an 710072, China

Abstract: A systematic ground-based vehicle-mounted test study is conducted to investigate the propulsion/aerody -
namic coupling characteristics of a distributed propulsion tandem-wing configuration aircraft at high angles of attack.
Utilizing a self-developed high-precision vehicle-mounted testing platform, aerodynamic performance tests are per-
formed on both a distributed propulsion wing section and a full tandem-wing configuration model under various rota-
tional speeds and angles of attack. This yielded comprehensive data on coupled lift, coupled drag, and pitching mo-
ment. The research revealed the significant influence of ducted fan rotational speed on the stall angle of attack , maxi-
mum coupled lift, and longitudinal static stability. Notable aerodynamic interference effects between the front and rear
wings in the tandem-wing configuration are also identified. Furthermore, a method for adjusting static stability through
the differential rotational speeds of the front and rear ducted fans is proposed. This method effectively expanded the
stable angle-of-attack envelope of the aircraft, providing crucial experimental evidence and data support for the aerody -
namic design and control of distributed propulsion vertical/short take -off and landing aircraft.

Keywords: distributed propulsion; tandem-wing configuration; propulsion/aerodynamic coupling; vehicle-mounted

test; propulsive wing aircraft
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