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Abstract: Based on the Blade Element Momentum Theory (BEMT ), the inflow distribution of the rotor
of a coaxial rotor system was determined and the aerodynamic model for these coaxial rotors was estab-
lished in this study. Next, the aerodynamic characteristics (thrust, torque and power consumption) of the
coaxial rotor system were measured and verified by the designed test platform. To explore the optimal
aerodynamic layout, the influence of varying the rotor spacing on the system performance in a hover at dif-
ferent rotor speeds was emphatically analyzed. The results show that varying the rotor spacing has no sig-
nificant effect on the total thrust in the coaxial system, however, the lower rotor produces a smaller thrust
than the upper rotor, which is approximately 43. 8%-45. 1% of the total thrust. In conclusion, improving

the collective pitch and blade twist angles of the lower rotor aids in enhancing the aerodynamic performance
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in the coaxial rotor system. Moreover, the area of the actual wake boundary of the upper rotor is approxi-

mately 15% larger than that of the theoretical boundary as the lower rotor greatly restrains the contraction

of the upper rotor's wake. In addition, the aerodynamic layout is optimal when the rotor spacing is 0. 40R

owing to the largest thrust produced by the lower rotor and the lowest net torque.

Key words: coaxial rotor; calculation model; rotor spacing; aerodynamic characteristics

1 51 =

VT AR, /N AL 3 TC A AL GRS H AL 3 R
e F R R RS AT A RE ) LE ARl A R L b
B H 7 S8R R AR DU 25 45 Dy T B T2 4
RS TR 3 e Al OUE 32 T8 L AR EE R R e
WoRAT A A R e, BARRIA R
FH Al sz 1) Jie B ) BB A R, B SR A Y
LA AR BLAHCTH | JC 75 1% 40 i 2 20 B[ e 5 i pok
SRR, AT DA/ R T BH D I B AT g i 45
o B B s W ] LR AR R DB AL,
FEREANTE I R G, e 3 0 WU VR AR e T R
A BR, T8 IAR e X, BRL O 3 AT DL — 5 4y
B9 BEE I ot 7, ] B 3R ) AF A I B 6% 4 ] 2 O
18 B, e AT 2 It 1Y BB S 430 2K, 75 D) B A (6] 19 155
LR AR TR B H T, 4 AL R ROR s
A TR TE X R A Bl 0 2 R AGR B T 1R
PPVER] A6 B8 1 2 B AR S M A R M TR 4
PRI I T T Al 0UE 3 T8 AN AILAE 45 1T L IR T AR
P2 3] T8Ok B 2 1 A .

Ak XU 38 A Ay T Al O0UE B S N HL Y
FH RGNS HAA R R A 32 e
A RAT AR PERE A G . H AT, A I B 2 I R
BEAY N CFD FO{E AL 3] WU 5256 451 1= P9 4
3 o8 Bl XUE L 4 U e R R AT T R R A SY
e 7 HAL B B ay LI . 5B R A
Bl 5 B X AR AR AR T o BT A9 /0 8 A il X
WP ICIPL ) WA SR AT TR I L 45 G %
BB U 20 A 1 A TR A R 0 H A3l M AR Y 2
Mt R SR AR AL [ R R T ) ik
ST R 3 A S AR, 322 B e 3 Y L AR
SO FLRAFYERE 09 52 e JF BEAT T AR AR BT
Ramasamy & I Ht 4 XU 3 5 G b Jig 32 bt 5 (8]
N A N RalE W Ll NI < K VA3 BN § S & s I 121

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

Z > 0.15D I, F Ge b RS 52 e 32 (8] BE (5 ma
SR, T Al XUje 3 2R 48 vh P e 3 22 18] 1 <8
TN DT T A D R B AT A A, T
HORAN TR BB A PE T, T e 38 %L e 38 R 0 Wi e
4 52 0 A B2 o AS SR gl i K B TR A 2 BT
TS A O, H a7 A b XUjie 3 A <3l B
B I LI Dy A AR T 38R 1 S i XU 3 4 4 e
TR Ik . TR TR ABLEIRI A BT B B, i i 2 g
A58 AT LA g PR M T H AR OG s BT, I LA
1M oA il T4 18 I i UUE 38 QAT AR BRI AT R
Sb il i 15 i 22 D BE sl 8 o £, 0 L ik
XUJE 3L 14 4 RO 45 U BE RS R AT T — R A, 15
L i R VPIRCE LU NI B L R a
(ELEAT XF LB UE I IE B i 1B IR A T
L BURE 3 R SR A SR IR R
e TS 1] LAY AR AL XS R G S PR RE RS

2 RATEBRE A SEAR

2.1 HEHHWERET AR

ERIERE 1 DAG A5 W NE 51 W 22 B ol e BTN % NI B =
BLE Al OUIE S F5 i AE A DL B P 28 4 R 43
g B, FEARE RS TR (o 3 =y 38 5000 ) an 1 1 BT 7, i
UL R e PR TS BN SR 1R .

AR 3 A S TR T 3 il SURE 3 T8 ALY 3 T
73 F &8 B At 0UlE 32 1 3l ek AT 4 A AR
2 A AT B AR R 6 0 N IR
2.2 HEpWEESFER

A X2 AR Sy Tk T S il UBE B R AT AR Y
BT R G0, Kol aih R AR LR S
faf H 8 By LAl o 2l OBURE 3R] DA LR I R
ke 3L Aty 1) 2 T K, HLFE 2 Oy ) A S, S R AR
HHCTH A G AL W 2 s, e I 46 R
iR B TRE L A AL

http://www.cnki.net



A1) ) n7e s N
2142 e K LR % 29 %
Central agregate set
................ TJ,/VL’
Upper T, }/’
motor+rotor i u
L T V0+V|“
Duct Rotor
B T, / spacing
ﬁV J'/Wm* P’n [
Lower Tt
B motor+rotor Il r
: W/
Rudder | o
Wl ol
| Campre contraction Votv,

Undercarriage
PT TR TE  Al OUE 35 TE B A
Fig.1 Prototype model of ducted coaxial rotor unmanned
aerial vehicle(UAV)

F1 HEMEREITSH

Tab.1 Geometry parameters of duct and rotor

Parameter Value
Duct airfoil NACAO0018
Duct inner diameter 386 mm
Duct chord 260 mm
Duct lip radius 3.5 mm
Rotor airfoil NACA4415
Rotor diameter 380 mm
Rotor average chord 30 mm
Rotor No. of blades 3
Rotor hub diameter 30 mm
Rotor blade angle at tip 10 deg
Rotor blade twist angle —20 deg
Rotor solidity 0.15
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Fig. 2 Flow model of coaxial rotor system
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Tab.2 Calculation results of region of lower rotor affect-

ed by wake
Rotor spacing Equivalent radius Ideal boundary

S/R r. 7
0.25 0.949 0.865
0.30 0.937 0.848
0.35 0.917 0.833
0.40 0.925 0.821
0.45 0.921 0.81
0.50 0.902 0.8
0.55 0.913 0.792
0.60 0.88 0.785
0.65 0. 887 0.778
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