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Abstract: To achieve improved aerodynamic performance of the half-rotating fan-wing (HRFW) . a
novel active impeller fan-wing, this paper investigates the effects of bi-wing layout optimization through nu-
merical analysis. The aerodynamic variation patterns among different airfoil combinations are identified ,
and the influences of wing spacing and height difference on the aerodynamic characteristics of the front and
rear wings are examined. The results indicate that the aerodynamic coupling effect formed by different air-
foil combinations affects the formation and stability of the eccentric vortex behind the rear wing, and conse-
quently alters the lift-thrust distribution of the bi-wing system. Variations in wing spacing and height differ-
ence show negligible influence on lift but significantly enhance thrust. Compared with the sum of the aero-
dynamic forces of the J-type and C-type single wings., the J-C bi-wing configuration yields a 7. 8% reduc-
tion in lift and a 20. 6% increase in thrust.
Key words: fan-wing aircraft; half-rotating fan-wing; bi-wing layout; airfoil combination; aerody-
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Fig.1 Working principle of half-rotating wing pair
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Fig.2 Parametric configuration and aerodynamic

principles of the half-rotating fan-wing
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Table 1 Structural parameters of type-C half-rotating

fan-wing

GRS HfH B S HfH

HIZIT /() 25 e i # 0/ (%) 30

JRGIF I 8/ (%) 35 JEK /m 0.5

542 r/m 0.14

,/r”‘-k ,r”"/\

W W

(a)C-JRY

\\_X
\\_X

™
N

/|”"I\_ /I”"/\_

\-A\‘

(b)C-CHY
oy

(c)J-JRY

— <

~

\\

s

/f /|

)(
L
\A K‘I
(d)J-CH!
5 BIEEEAREAS

Fig.5 Classification of front and rear wing airfoil

sy

\\,X

\

combinations
#1000, 1250,1500,1750,2000 r/min T f4 J# 3 7
J1 E RS Fo 905 e FORF AT S SE 5
B AN 6 i . 35 5 55 50 18 728 Ak FHH 1]
AR R 2278 1026 LA, R W] T A SCBUE THRE 5
DA R . W EAR R 5 Uk 2025 0,
3 1750 v/min B 4 7 520 (85 TH (At ) B4
K255 3X AT e IR T KU S5 36 20 45 4% 1 A8 2 il 4
iR SR 22 S BN LA .

2 WERWREALRAE KI5
N

21 EMBBEMNESHNE
WmE 7 s, JEEE TR RN, 5 EE >0,
2 h<<0, HHE M d N 3r~Tr(r N 742
- 1658 -

20 F —=— CRR0IERIE

2 —e— AICHHHAE
K
R
W+
10 ' : ' s
1000 1250 1500 1750 2000
$5% n/(r » min")
(@Fh
9 r —=— HRI201 L5 (E
-] AV AR
3
g s

31000 1250 1500 1750 2000
B3 n/(r + min™")
(b)iHESs
Bo IRHESHETELERILR
Fig.6 Comparison between experimental data and

numerical calculation results

| d o
| ol
Feii : ,/I/ f.\/'\
: A | 4
Rauhrs —N— =
PO ?L L s
$ &— —f— — \_\,/—/
il ERR

T 3
B7 C-CEMBEGRMNESH
Fig.7 Position parameters diagram of type C-C

combination

)h;@ 0.57~0.5r, LMl S ME et R R ik A

iR . EMRA SR CRI L 4 m/s 4%
aaﬁ%ﬁlzoor/mmﬁ A3 AT RUSE 5 Atk 0 A =) 1
SR Ty R AR AL A

C-C B EL A Jy (1S3 01 Bl A B 2 800 A2 4k
WK S, 3IAIFE d="6r, 5 ¥ 22 h=0.5r N C-
CHRIEME S RN RS, ME2PR,C-C
AU A J5 B A3 L AR Z s A .Sl
N EREMELILMAFEIS I ERK. 5H
MBS S Z M, C-C B A i AR T 5
W 9550 HE S LT AR AR

ik — LB GE ] 8 i T g I e B 22 AL IR]
i dAF LB HLEE , DL A 0.5 d A 3r~Tr hy il i
T3 5 i S5 RN 9 B

(DT F1 BT 53 M o AR b - 3R JES A 1)
R R A KR S 2% ki AT . d=3r
BF o R A A A e I 3R A AR vh i S B
Ao A o 3 R AT UG DX 22 A IR IJH:ﬂJ‘J
BN, BB J BRI J5 3 w0 0 8 TR E TR
SRR IR R YKL T B AR

(2)HE ST Wi 53 Bt o e 9 35 0 .0 163 78 7K



2 A o B XA Jmy % Bl R ) 52 )

EFEL ERE

UNLEE

F5 FUN

B 4
@F+71

10, . . . !
3r 4r Sr 6r Tr
Hn) B d
(b))

B8 C-CEARSINMBERERBIEMNTL
Fig.8 Aerodynamic force of C-C layout varies with
wing spacing
F2 CCEBEMREREMNNBAENSHN
Table 2 Type C-C fan-wing front and rear wings and

their corresponding single wing aerodynamic force N
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Tab.3 Aerodynamics of the front and rear wings of the

J-C-type fan blade and the corresponding single wing

(d=5r, h=0.5r) N
T F, )1 Fy
J-C AV & (w3 13.27 9.41
J-CHRA G a3 14.73 5.50
TR 12.78 9.53
C s 17.61 2.83

L4E R JT, d="5r I BT A Je 3 AR BE T B O i o (2

(d)d=5r, h=0

(e)a=3r, h=0.5r

2 TS HE AR 0 168 7 AN [ 5 RS A
T J B P R 3R 3 O W 1] A2 R
B8l . h=—0.5r [, J5 3 05 P A AR fR o0 1
Ut T JES A 3 SR R T RO A A 7 TR R
VT AR 1) A 1 g S S B A 1 b o
K FBURHE T S

g LAk, 5 C-C Rt L J-C )5 32 7 77 0k
JIN I 2 B DR s T R A X S R R R KON DA
B Ja B S0 TR R AR T B0 R U 25 0
AN HE S HE R R NS SRAER RS
R HH SO R I R AR

o R ——.
X

(H)d=5r, H=0.5r

El14 JCENEELTRMESH THIEE
Fig.14 Speed of J-C type wings under different position parameters

32 B I-CREESHIFERIE

J-C RURUE Wy ARS8 1 22 Ak an 18] 15 TR . d
TR AR T T3 AN Wi 38 O, HE 7 O T 80 5 A Y
K, T F 38 K HE 10N 5 T-C B T Iy R 28 K
T C-C A, J-C BUHE ) W AE d<<6rif KT C-C A,
5 C-C AU I . J-C BIAE d="5r h=0.5r {1 T} J1 14
K369 AT HE K A%, i J-C R XUEL A Jag 1) 52
AR NI E.

PUE R EE DT SR8 A I E N N
A R E R AR JE ' i b, Rl 15 fr
R J-C BB (1 B AR S 3 ) i TR RS
M FRTE 1, 8 1) 0 0 gy B 22 L[] 52 o) XU 3L 1) R
ROR WL BARG 5 R T 22 AL O iR 132 Bl
ST AR A BRI . RO T R
B, R R ) 28 38 KL TIOR3 A7
B Ja CG) 7B BT JE R 2238 K RO e 4
M 5 2 O 0 i 32 s 1) EL AR5 i ] & B, 3
o] BE d /N R B 22 h<O W} . J5 B Z A
M) F 1T AR K i AR B B 2 L O R 1) S
J5 iz 2y (4 [5) i 52 51 8% AR T ) bz gy, 5L e
i O O i AR P R AR R & 2 B AR, n A

- 1662 -

HHE d
(@)FH

HHE d
(b)#fi Sy
—=—J-CHl, =05r —e— J-CHI, h=0
——J-CHl, h=05r —=— C-CHl
E15 JCRASGEREXMNGEESHTIANTN

Fig.15 Effect of type J-C combined wing spacing on

aerodynamic force
Tda iz » BOWER T S 8/ e Bk . B3 32 10)
o 558 B 25 h i3 R L 5 32 R A AU v Y
S /] o DAL S S R AT 3 TP A Al O R 1R A
07 ) s 8% 00 S fe 2 RS E T R RO D T A



20 J SROOLSRLATT Jry XS BN R 1) 5

%

B, W lde B 1410 s L 5 324§ E RO TR B
8 LA O R A A AL B R RS, IR, J-C Y
WU AR T ) AN Wi 38 3 1 AN W)

4 H#
1) X B A 22 B B BT 555 % T 10 £ X 4

AR E NG QR LYt R SR SNV S
1A A T D7 5% i) S5 3, i C BU 5 g 3T ) B i
BOR . DRIE 38 o /S 3OS [F) 38 RO A B
TE ] A 00 3 U A Jeg 1) S AR T4 a0 A

2) WS B R A 32 B 3R 0 IR Y
B RaE TR 3 SRR LT R Z A 1R R
M), KR35 50 (B () R vy 8 22 ) %) 372 e A
PR Y ST IR EPO R E R IV N I N

M,
3) 5 R X N B BN B LR Bl ) 2 FUAR L T -
CRIRE (0, =507, B=40", 2y =230", B, =70°) FE &

] B 5, 8 B 25 0.5 B BEAR T J1 080/ 7.8 %6, B 4k
e 718K 20.6% , il J-C B2 XU A J&y v ol 4

R AET S, J-CRXGE A R b S
ST JE B 5 AR ST 00 L (R 3
J1ARAFH KA T

B30k

[1] SEYFANG G R. Fanwing--Developments and Applica-
tions[[CJ //28th Congress of International Council of the
Aeronautical Sciences. Brisbane: ICAS, 2012: 1-9.

[2] sk, mokaR . w3 AT SR IR M RELT ). mURIE L
bR 2244 . 2017, 49(4) 2 95-100.

MENG Lin, YE Yongqiang. Short Take-off Performance
of Fan-wing Aircraft[J]. Journal of Harbin Institute of
Technology. 2017. 49(4): 95-100.

[3] KOMAROV B, ZINCHENKO D. Influence of Wing Shape
on Characteristics of Fan-wing Aircraft Power Plant [J].
Aerospace Technic and Technology, 2023(4) . 10-27.

(4] ZRG SRStm. BRN. % B3 AT SRR ik
BT &g 12224, 2017, 35(6) : 879-882.

LI Renfeng, LE Guigao, MA Dawei, et al.
Design for Aerodynamic Performance of Fan-wing Aircraft
[J]. Acta Aerodynamica Sinica, 2017. 35(6): 879-882.

[5] BENFERHAT S, YAHIAOUI T, IMINE B, et al. Ex-

perimental and Numerical Study of Turbulent Flow around

Optimization

a Fanwings Profile[ J]. Engineering Applications of Compu-
tational Fluid Mechanics, 2019, 13(1): 698-712.

[6] COSKUNSES C E. TUNCER O. Experimental and Nu-
merical Study of the Aerodynamics of a Cross Flow Fan
Embedded Wing Configuration[J]. Journal of the Faculty
of Engineering and Architecture of Gazi University, 2023,
38(1): 1-14.

L71 sk, MKER, 248 . B3 AT 8 A B 50 ik
[T]. Mz 224t . 2015, 36(8): 2651-2661.
MENG Lin, YE Yongqiang, LI Nan. Research Progress
and Application Prospects of Fan-wing Aircraft[J]. Acta
Aecronautica et Astronautica Sinica, 2015, 36(8) : 2651-
2661.

JF Ji2 5 107 FH i 5

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

DUDDEMPUDI D. YAO Yufeng, EDMONDSON D,
et al. Computational Study of Flow over Generic Fan-wing
Airfoil [J]. Aircraft Engineering and Aerospace Technol-
ogy, 2007, 79(3): 238-244.

ASKARI S, SHOJAEEFARD M H. Numerical Simulation
of Flow over an Airfoil with a Cross Flow Fan as a Lift
Generating Member in a New Aircraft Model[J]. Aircraft
Engineering and Aerospace Technology, 2009, 81(1): 59-64.
ASKARI' S, SHOJAEEFARD M H, GOUDARZI K. Ex-
perimental Study of Stall in an Airfoil with Forced Airflow
Provided by an Integrated Cross-flow Fan[J]. Proceedings
of the Institution of Mechanical Engineers, Part G: Journal
of Aerospace Engineering, 2011, 225(1): 97-104.

A R AR AL R B AT KU I A
BAa LIl ”ﬁﬁ]ﬁ?ﬁ'ﬁ%%» 2008. 26(2): 6-10.

NIU Zhongguo, JIANG lJiali, LI Zhoufu. Numerical Anal-
ysis of the Effect of Fan Blade Deflection Angle on Fan-
wing Aircraft[ J]. Aerodynamic Research and Experiment.,
2008, 26(2): 6-10.

WAL A, RBE, AF L B 3 RAT 2R LI A R B 5T
(). Mz Rk d A L 2009, 20(3) : 30-35.
JIANG Jiali, NIU Zhongguo, LIU Jie, et al.
the Wing Composition of Fanwing Flight[ J]. Aeronautical
Science and Technology, 2009, 20(3): 30-35.

RS P AR IR K B FE AT I 2R A 2R 4 ] £
ERTILT ], firzs %4 . 2016. 37(6) : 1781-1789.
DU Siliang, LU Zhiming, TANG Zhengfei.
Simulation on Boundary Layer Control Method of Fanwing

Research on

Numerical

Aircraft Airfoil[J]. Acta Aeronautica et Astronautica Sini-
ca, 2016 37(6): 1781-1789.

FEESE Sad . BEIE & AT Sk /N Y b 3 S ek
B R 2 B L], b 500 28 A K K 2 2= 4. 2020, 46
(5): 870-882.

DU Siliang, FENG Chen, TANG Zhengfei.
Simulation and Analysis of Aerodynamic Characteristics of
Fan-wing Airfoil with Leading Edge Winglet[J].
of Beijing University of Aeronautics and Astronautics,
2020, 46(5) : 870-882.

EFE I BRI, TERL, S — ol Bk A e B R Y
BUE AT ] HERERA . 2023, 44(1): 125-136.

WANG Xiaoyi, CHEN Hang, WANG Sheng, et al. Nu-

merical Analysis of Aerodynamic Characteristics of a New

Numerical

Journal

Type of Half-rotating Fanwing[J]. Journal of Propulsion
Technology, 2023, 44(1): 125-136.

W AR B, A B0 s 3 SR i Bl R
BUHDFSELT]. Mizs 24, 2016, 37(10): 2922-2931.
SHI Zhenhai, YANG Weizhu, LU Xiuru, et al.

cal Investigation into Flow Characteristics of Tandem Fan-

Numeri-

wing Configuration [J]. Acta Aeronautica et Astronautica
Qinica, 2016, 37(10): 2922-2931.

R, FFIE T, BOCHE . 55 G a0 3T R AL
RS e [T db 50 28 i K K 2 2 4l . 2018, 44
(6): 1164-1175.

DU Siliang, TANG Zhengfei, ZHAO Wenjing. et al. Nu-
merical Simulation and Test on Aerodynamic Characteris-
tics of Tandem Fan Wing[ J]. Journal of Beijing University
of Aeronautics and Astronautics, 2018, 44(6): 1164-1175.
WIS, 2 SO R LR -— Bz Z 0 Az HLI 1 4 1 e
HA s SR ELT] MUARE 7 5 HOR, 2011, 30(4) .
600-604.

QIU Han, WANG Xiaoyi.
Biomimetic Mechanism of Animal Motion and Its Basic Mo-

Half-rotating Mechanism: a

tion Characteristics[ J]. Mechanical Science and Technolo-
gy for Aerospace Engineering, 2011, 30(4): 600-604.
(FEE1672T1)

- 1663 -



