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A Study of Aerodynamic Characteristics of Rotary Wings
by the Three-dimensional Discrete Vortex Method
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The vortex method can handle the moving-boundary-problem easily not to use grid, and will be superior method
when apply to appropriate target. In this study, the three-dimensiona discrete vortex method is applied to analyze the
flow field around helicopter rotors as the moving-boundary. We calculated the flow field around rotary wings, thrust
distributions on the helicopter rotors. The results were presented aerodynamic characteristics of rotary wings and
behavior of vortices. Our method is shown to be effective to analyze the flow around helicopter rotors.
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Fig.1 Vortex Ring
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Fig.2 Separation of Vortex at trailing edge
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Fig.5 Shape of Wing

Copyright © 2001 by JSCFD



gooo0oooboooooobozobooooooooooo

OpPfO000000000O00OO0 CGOODODODODO
P

C7=ﬁ ©)
Epvtips

0000000000000 ROODOOOOODDOOOO
0000 SnRO000D0

0000 CUD000D0DPOODOODO 2500000
0000000000000 D0D0O000000000000
0000000000000 DOND00Doonong
0Oo0o000000DO0ooOoo

aC, _ Cgm _C'l:—At
ot 2t

0000000 coOooooooDboooMouooooo
gbooboooooboobboboboboboobobobo

(10)

acT - C-}— _C'}'_At (11)
ot At
gooooo

gbobooboooboo1b00b00b0ob0ob 10000
gboboboooooT=100000 100000000
RN

gboboboooood
goboobooboboobobobobooboboobooo
goboobooboobooboobooobooboooboobooo
0oooo0ooooOoOoOoOoDOooooooo@oooo
gbobobooboobooboobob NODOoDOOoDboobo
ar,0oooooooooooar,0oon

AT, = i AT, (12)

i=1
DDDDDDDDDDDDDDDDNEDDDDDDDa'eD
(13)DDDD(14)DDDDDDDDDDDreDDDDDDDD

0oooo0ooooooooo@)oooooooooooo
OKevinOOOOOOOOO@eOOOODOOOO

l N
Al = A—ZAI’iAIi 13)
e i=1
N g?|AlL |
o = i |28 (14)
¢ ;\NJ
N
r:;mnmm 1)
e N
> |aral|
i=1
N
o, =) olelo} (16)

gboboboooooboooboobobobo 1000000

0000000000000 10°00000000000
goano

obooboooooboo U,=016x R dxOODOODOOO
ooooo u,0 xyOODOOODeOOODODOOOODO
goboobobooboboboobooobobooboobooo
ooooogT=80000 300ooobooooooooono
gboboboboonD 3% ogogn

MethodADOOOOOODOOOOMethodBOOOODOODO
000000000 0OrFgeO0O00OOOOOODOODOODOOO
gobooboboobobobooboooboboooboobooo
goooboobobooboobooboooboboooboooo
gooboboboooooooobooboboboobo

Fog7O0O0OOOOOoOOOOOOOOOOOOOODOOO
gbooodoboboooboobobobooboobobooboo
gboooobooooboobobobobooboboo
OO00DOOo000OOO0Oo0ODOoOO00ODbDOO00bOOOOFg80O
gbobobooooboobobobobooooodg
gbooodoboobobooboobobobooboobobooboo
gbooooboooobooboboboboboboboo
gbooooboooobooboboboboboboboo
gbooodoboobobooboobobobooboobobooboo
gbooodoboobobooboobobobooboobobooboo
gooo

3

—Method A |

i
-2 ' ~~--Method B
0 1 2 T 3
Initial azimuth angle:0[deg]
Fig.6 Pressure Coefficient
(25%Span from tip, Leading Edge)

c

2

B

=]

©

>

T

g

[a

Initial azimuth angle:0[deg]
Fig.7 Pressure Fluctuation
(25%Span from tip,Leading Edge)

0.005 . : . .
G

0.004+ -

0.003

0.002r- -

—Method A

0.001 ----MethodB A

0 1 2 -|-3

Fig.8 Thrust Coefficient

Copyright © 2001 by JSCFD



gboboboooobooboboboo
ooob u,=016x R OxO0ODOOOOOOOODO U,
OxyOOOOODOOeOUOODOOODOOOODODODOOODO

000O0o0o0DbO00D0,Tablel1 OOODOOOOFRQ9 O 5

goboooooobbbooobobboooooobbo
000000 @0 cycicpitchcontrol DO OO OOOOODO0O

goboobooboboobobobobooboobobooo

00 (b)O cyclicpitchcontrol OO O OOOOO0OOOOODOO
gooooooooooooooooo

Fig.10 O cyclic pitch control D OO OO0 OO O r/R=0.150
rMR=0.6500 0000000000000 000O0O00MmMO
0000000Do0ooo0ooooooooooooooon

00000D0000Fgl11 O 50000 dcyclic pitch control

000000000000000000000000000
000000000000000000000000000
000000000 Dazimuthangled 0.0[deg]0 000000
000000000000000000000000000
0000 90[degl 0 0000000000000000000
00000000000®ImO00000000000000
0000000000000

ooo o

goooboooooobbooooobbooooooo
goboooooobbbooobobboooooobbo
goo0o0dooooobboooooboobboooooooooo
goo0o0dooooobboooooboobboooooooooo
gl oo o

00000000000 0DO0O00Ocyclic pitch control O O
goooooooobboooooboobboooooooooo
gooooooooosvioboooooooooooooo
goboooooobbbooobobboooooobbo
goboooooobbbooobobboooooobbo
oooooo

oooo

() 0000000000 1400000000000 (2000)

(2 DO000000D0D0DOD060-572, B(1994), p.p. 1110-1117.

(3 DO 0000OD DD DD 63-606, B(1997), p.p. 378-386.

(4 0000000 300 The 27th JSASS Meeting, (1996),
p.p.84-85.

(5)Tadghighi, H., Hassan, A. A., Charles, B., AHS 46" Annual
Forum, Washinton DC, May 1990, p.p.38-47.

TN
o ©

.

Nl NP

W (= e A RS ] Vs ([ =1 o PR R P ]
Case A Case B
Fig.9 Thrust Distributions

Table.1 Operating Conditions

CaseA CaseB
Collective pitch 10.8[deq] 10.8[deg]
Lateral cyclic pitch 0.0[deg] | 0.7358[deg]
Longitudinal cyclic pitch 0.0[deg] | -2.939[deq]
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Fig.11 Thrust Fluctuation Distributions
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