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Aerodynamic Characteristics Analysis for Hovering Coaxial
Rotors in Ground Effect
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Abstract: A free-wake model is developed to analyze the aerodynamic characteristics of coaxial rotors sys-
tem based on the time-marching method, and the aerodynamic characteristics of coaxial rotors operating
in ground effect in hover are studied by using the surface panel method. Weissinger-L. lifting surface
model, which is included in the free-wake model is used to simulate the blade three-dimensional effect
considering the aerodynamic interference between the rotor/rotor and rotor/ ground. The algorithm is
verified by comparing the simulational results with test data of wake geometry and induced velocity val-
ues. Then, the wake geometry of coaxial rotors, the induced velocity distribution and aerodynamic load
distribution of coaxial rotors in ground effect are calculated and analyzed. The results show that the
strong aerodynamic interference exists between the upper and lower rotors in hover, and the phenome-
na, which are the rotor wake geometry expand rapidly in radial direction and roll up in ground effect, in-
fluence the thrust of the lower rotor obviously.
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Fig. 1 Schematic drawing of free-wake of coaxial rotors
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Fig. 2 Blade aerodynamic model and near wake

A Kutta-Joukowski & B 15 21| 2 M- fill Bz 1)
T4 5 AR v R R TR B A T A AR B R] A5
B & F 2t B WA B AR R

[I—1,.]r=A 4

S L Ry B 0 R o 6 o 4 I 4 i A 1) 5 )
R FE A Sy B I R iE 352 000 0 Ml T T OC R Y
M 28 ) BRI o SR b3 5 B R T LA B i %
B R B AR
1.3 RMEZFEHFE

R P IE Z) R M RS AR BEA B T
B Fr 2 I AE A [ 1 BsF ) BT AL 8 S B PR B A [ g 3
B P B I HE I8 Bl U5 R AR ST oK . RIS
Wk Sy W AR T T 7L B RN PR PR AR A R
ACAR /N o T AAS SCAL A3 A e v 4 s 5l . W P2
M-SR S T R IR

. . M,e ©’

B =1t 2, (5)

iﬁtﬁ:Z%:%;u§:<1+4615@+1§52>j7;gn+§gw7
a 8

— (RS [ RIS w0 = b, /100 [ 28 38 0 [ 0
sk, HARBEBCTRE WL s 5, R TUHE S 5 T, g 2 m %k
FESE AL AR AR 5 Sy SR 20 0] 5 R £ Ak 1 R
e 35 B Al
1.4 MEETEE

T 5 b, TS50 (97 22 0 vk v s R R L B T
W7 5 A3 R BRAGTE F AR T A Sk . BRI R
b 7E T DA R CE — AN R A S S e R Rk —

PR B FR R o A B T 545 2 M i Y 35 1)
N E LY AN BN BRI A
RS B S0 7 352 A — > 45 0 ol fiE
T AU 10 3 25 A s JL R T B AR L TE R B
15 2308 7 BEAT-fik 25 18] o TR0 45 3 114 52 o i ] 2
HAES % B e 3 Rl W m A bR . AN A R
KB %75 BUE 3 R LA IR AR A B B
[ L

TGk (R aF 520 Je— MR R J7 1 - At
W HCBCR G . A 3 B FE i _E A B — RS
8RB - T A T A — A B {EL 23 A F T T T
(1 4 253 b IR REAS 1A JL ] Ho A B — A
Ao FETE T T ) 5 52 R /Nl 3o 4 o G 5 B T 5
FRA .

5
3 p MR
A
I ||
I T e
m)ayinp-Al]
3 Y > = x/R
J L j ) i ) | P4
1
Il
!
2
!
3

P 3 T T G o A 7 T

Fig. 3 Schematic drawing of ground panel distribution
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Fig. 4 Flow chart of free-wake of coaxial rotors in ground effect
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Fig. 5 Location of tip vortex varying with wake age of

single rotor in ground effect
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