5539 & 5 4 L7/ R N /A N O S Vol.39 No.4
2025 47 H Journal of Hunan University of Technology July 2025

do0i:10.3969/j.issn.1673-9833.2025.04.004

JERIAUiE R e AL MEAEIESE

=FH, MoK KER', R R, X F?

(1 ITHRHE RS EAR TR G EASARE, 11058 BT 2121005 2. Wi Talb k2 AR TRESARE, IR ARUI 412007,
3. I AR BRA ], BT AL 242332)

B B ATASAER MR EGAHER, RS RLRhEM, KT XFlow &4, *F3kihdk
ARAMMERR | KARTARETRAT TG AN, EWEEITEMT 5hregka b, dddad T2 k4
B bl Bt B 93F . M. A AR RESSRANFIT A RAERT, Kk - AHEGI .
FERERF N, 8-16 vF K AT £ T AR A MR Y LT E WAL YR, HRACE G R R A8 e 46 4L
I AREZHT 18.54%, HEREHT 9.60%, HERINT 17.67%, ZR A EIHAAARL ) T 44 2480
KE, RALKREARE,

KR . Esh e By REAET; Dk R AL, BiFa

FESES: V279°.2; V211.5 XEFRES: A XEHRS: 1673-9833(2025)04-0026-09

BIxci&: ZEW, T A, KER, F. EHMURILZLANAHKALTR[J]. Ad Tk Kk FFIR,
2025, 39(4): 26-34.

Research on Aerodynamic Optimization of the Coaxial Twin Rotor

Unmanned Aerial Vehicle

LI Wenrui', HE Jie’, ZHANG Jiancheng', WU Ji’, LIU Ping" *

(1. School of Civil Engineering and Architecture, Jiangsu University of Science and Technology,
Zhenjiang Jiangsu 212100, China; 2. School of Civil Engineering, Hunan University of Technology,
Zhuzhou Hunan 412007, China; 3. Anfu Dynamic of Aerospace Co., Ltd., Hangzhou 242332, China )

Abstract: In view of a full utilization of the aerodynamic performance of coaxial twin rotors and a reduction of
unnecessary power losses, based on XFlow software, a simulation analysis has thus been conducted on the wing profile,
angle of attack, and number of blades of coaxial rotor unmanned aerial vehicles. On the basis of the initial design and
analysis, the aerodynamic optimization design of the drone is carried out by controlling variables to modify and control
the number, shape, angle, and length of the rotor blades, so as to achieve a satisfactory lift. The research results show
that the 8-16 blade hybrid optimization scheme can effectively reduce the mutual influence between the upper and lower
rotors. The optimized model has increased lift by 18.54%, torque by 9.60%, and power by 17.67% compared to the
initial model. All the aerodynamic characteristics of the optimized model have reached a relatively ideal state, with an
more evident optimization effect.

Keywords: coaxial twin rotor; permanent magnet rotor; small rotor; pneumatic optimization; hovering ability

W HHE: 2024-04-01
E&WH: LA ARG SSERAUF T RIESFEBINE (SICX24-2559)
ERE T 2%, &, TLRRHEORFIULA:, FEATT OS5 J1%, A J1°%, E-mail: lwenrui2022@163.com
BEEE: X OV, B, RO ERIZEE, W, LA, 250 a5 s, ik,
E-mail: liupinghaiyan@163.com



554 1 EERW, F

SERBUIER T ML SIS 27

0 3|5

TENML W LA S SRS, EE 3
by Sty RTINS R iy, Pt
ERURERLTE AL P AH B ESLAG A, AT XU 1 T
B, RIRIRT BT, IR T B R A IIRE
A ZOOUER AT R DL TE T 25 R, H 325 )
PR ILAOOOEE , TE5 5 R e A A e g A
AR R B SR RUE 3R A B A R B
FE RS Z AR PR T, 3 s AR s
SR T T R R EAGIE R R
SIVERE, WO ADLER IR HFE, R i — 25
ST IRAUREREL 1) TR RE -

K. Hayami 5§ " Zp07 T 3LAGIER AL CIRE T
B PERE, B HEE ST R E T, s/
XSUE B2 P B2 R 2 ] o) B AT 7 %o el 2 L A RUE
I HPERE AR, V. M. Pavel % P R AR IR
A iR R BRI TR, A58 TR A
JEABG SRR PE . Liu Z. C. %8 U0 s a2k
PESIAS (INDI ) J5 760 1 TS iie 38 I AL &
griseit, S5ARERUIFEAHEXGEE T, INDI Jr ik
B3 PR R 25 {0k NDI )5k 1 58.3%. JRER 35 ok
JH CED $ AU AR 155 7 74 0t 53 DU e 3 JC A HL
BB R, A3 T AN RN g KOG e A BLT ) RS
SEVE M SE AL . XA U R B A 0y v R e
ik Bt 55 7 A [ 1] R ] [0 B XUBL B A5 7
TEFI RS S EON AR R, 45 1 JC A HL 3 e 32 1)
B T BRI SIS . ARG R,
HEN R TR A PR T —Fh & A A
ORI RAHE R R, R
RO ar e wiRrN D WG IW S N aa s Gl g
25 U S AS TR e 3 ) B Ly i SUBE 3R D AL AT T
BB, S5 RRBIEEE L i=0.385 Ml
RERCHF, AT LM SRR e AL e <A

R e T i AU B TC AL B MR 5
MAETELII AR : 1) i3 B R 2 B0EFE i s LK
35 2) XTI ANLRYRER A AR A e M iy Ty
WD FET BRI, A SCRERR LA e R TC A
HLU, FER AR BT b 0 Sty b X JC AMLIEA T3 8h
tefbiit, R R o . SME .
AR, DI E R HAR, SRR 5T
HzZ .

I EANEE S AT
AU R AL ARER , AP

B LHAERES T 7, L FHLUARAAR R y Bl ko 1t
Hb, I TETCANUGER B SR SRR b4 4 AR
IR /NP I A ESEACSE BN | WATSFi2 50

a) JLAHL=4ER b) JCAHLIHLIE
B 1 HEHXWERGBILTAN=Z4REE
Fig. 1 3D model of a coaxial dual-rotor UAV
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Fig. 3 Variation curves of lift force and simulation time under
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Fig. 4 Initial model aerodynamic calculation results
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Fig. 7 8-16 blades model and vorticity results
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Table 3 Aerodynamic characteristics of different airfoils

B JHI1 N % /(N * m) PIEIY
NACA2212 1063.14 59.35 12.57
NACA4212 1175.89 60.91 13.08
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NACA6412 1 549.85 63.64 16.52
NACA6512 1537.03 62.37 16.15
NACA6712 155091 63.32 15.86
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Fig. 9 Wings with different curvature parameters
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Table 4 Comparison of aerodynamic characteristics of rotors

with different plane shapes

JEAR 5N HIHE /(N » m) I kW
FBRIE 3 132835 58.36 14.66
Ptk 155231 61.85 17.39
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Table 5 Aerodynamic characteristics of rotor blades at

different mounting angles

LA ) F+71 /N A% /(N » m) IR kW
5 1306.06 56.28 6.80
7 1415.89 56.04 7.38
10 1581.85 60.36 7.75
13 1544.03 58.55 6.87
15 1346.33 59.17 7.51
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Fig. 13 Lift and torque of rotor blade at
different mounting angles
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Table 6 Aerodynamic characteristics of rotor blades with

different torsion angles

HEES 1) TN HIHL /(N * m) YR kW
-5 1 425.46 54.03 7.16
-6 1507.55 57.76 7.28
-7 1581.85 60.36 7.75
-8 1523.92 58.69 7.54
-9 1 482.02 57.81 7.41
-10 145930 54.39 7.20
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Fig. 14 Lift and torque of rotor blades at
different torsion angles
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Table 7 Aerodynamic characteristics data of rotor blades of

different lengths
MHKE /mm TN A /(N +m) IR AW

400 132835 58.36 14.66

395 1380.42 58.52 14.79

390 1451.50 59.35 15.58

385 1524.58 63.17 16.97

380 1 504.69 63.87 16.93

375 1480.36 61.02 15.37
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Fig. 15 Lift and torque of rotor blades of different lengths
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Table 8 Comparison of rotor blades before and
after optimization
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Fig. 16 Model comparison before and after optimization
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Table 9 Comparison of aerodynamic characteristics between

the optimized model and the initial model

2 W i ez i TERESET /%
F+71 /N 1328.35 1574.63 18.54
HI4 /(N-m) 58.36 63.96 9.60
TR kW 14.66 17.25 17.67
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