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Analysis of Flow Field around Helicopter Rotors
by the Three-dimensional Discrete Vortex Method
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In the flow filed around a helicopter rotor,the blade-vortex-interaction (BVI) is one of the causes of noise and the
three-dimensional discrete vortex method is applied to analyze the flow field around a helicopter rotor. In the
calculation of vortex methods, the computation time becomes very large with the increase of the number of vortices.
We proposed a method to suppress the increase of the number of vortices by the coalition of vortices. By the use of
our method, the computation time became an order of mugnitude smaller and the calculation results were almost the
same as that without performing the coalition of vortices. Our method is shown to be very effective to the decrease of

the calculation time.

goo d

JddooooooooooooooDooDoDOooOoOoao
000o0DODo000DOOo0obOO000O LagrangeOOOQOQoQ
gdo0oboooobooboOoobooobooooooo
JdoDod0obO0o0oDoOoobOo0oDbOoooooOoooon
JdoodoooooooooO0o0o0000o0ooOooooao
goooooboooo

ooboodoooobooooooobooooooooo
jdodobOO0odooOOooDO0od0bDbOOoOobOOoDooooo
JdoDod0o0ddDoDoOOo0ooOoobOoOoDobOOooooooo
gdbooboobobooobooboboobooooooo
00000D000000o0DoooOoododoDooooBlade
Vortex Interaction:BVIOO 0 000000000 OOODOOO
JododoooooooooOo0o0000o0oooooao
ogoooad

dobDodooooboooooboooobooooooo
JdoDo0dddoDoOo0obDO0oOo0obooOooDboOooooooo
Jdooo0b0O0dbOoobDO0o0o0obooOooDboOooooooo
jogoo00Oo0ooooooooooooo®oooo
gdo0oboobOoooooooooobOoobooooooo
JdoDod0obOO0O0ooOOoobOO0o0oDoDbOooooooooon
JodoodoooooooooOO0o0o00d0oooooooao
oo

gboboboboooobooodg

00000 ooOoOoOobDboOoooobstickboooo
00000OoO0DOo0oDbOOoO0bOOoOoDOoOoOO0O0OOOrig-1
OO000ooO0ooOstickOOOOOoOooooooooooo
gbobobobobobooobobooboboboboobo
gboobobobooobooooi1icobooboboboobo
000O0O0oO0ooDooOoO0oDbOoOo 4000 stickoOoonoo
gbobibobobobooobooboboboboooooo
O@MOo0o0OQ0OOoQoOoQoOoOoOoOgstickbooooooooo
g0oOoO00DO 1000 stickOODO

O0O0Frg.20000000DOCO0ODOOCOOODOOO
goboobobooboboboobobobooboobo
gbobobooooobooobobooboboboboobo
goboobooboobobobooboboboboobooba

gbobooboooobooboboboboboboboobooon
gbooboooooogoo

u, b, =u,n, 1)
O0000OnO0O0ODOODODODDODOO0O0O0O0OuweOOOOO

gbtobuwbhoboboooboboboboooboooboo
god

Vortex Stick

r

Fig.1 Vortex Ring

Wing Span

| Vortex Sheet___ ||

\ SN
ra |\ rb N
I cal b-I' a Vortex Ring
Fig.2 Separation of Vortex at trailing edge

u;

};—_1@“

Trailing Edge
u,

Vortex Stick
Fig.3 Definition of AT of Vortex Stick

Copyright © 2000 by JSCFD



gboboboooboobooboooobobooobooobooon
gboboboboooob v,boboobobobobooo
gAatdboobooboooooooooarogoooboooo
00000000000 u,u00@Fe300000000
gboood

AT :%(uz2 —ulz)At @)

00000000000 ooooooooooooooo
2000 Adams-Bashforth OO OO OOOOOOOOOO
%:(mDD)u+VD2m (3)
Dt
0000000000000 0D0O0OOCore-Spreading O
0000000o0oooooooogostick Dopooooo
ODO000OO0OKelvinOOOOOOoooQd
OO0O0O0O0cO0O00OQ0Od Bernouli OO HOOOODO
Navier-Stokes 0 000 O00COO00OOUOOOOOOOOOO
ooooooo

f[HEre)av+ | Hnme)dA

:—2§DG fuxw)dv -

u O
meda [{0G x )dA+ J’Aswn%GdAH

“4)
0000@®mMO0 Red Reynolds0 WO O OOOOOO
GO Laplace 000 O0OOOOOOO

1
=— ooG=- r
amnr 4rr

3 (5)

gooo@@ooooopoooboogo@gouoooog H
goobobobooobooooooboboboooobooo
O0OO0OReOOOOCOOOOOOOMUUOOO 20000
god

gboo30000 psO00MObOoboOoOoooboonog
gooboboboooooooobooobooboboobooo
gboboboooboob tbobobobobooboAat
gboboatoboooooboobooboboboboobo
gboobooboobooboboobooooboboboboobo
gooboooogoo

tHAt _ ot tHAL _t At t
Xj ij)+ nyj (uyi ij)+ nzj (UZJ' uzj)AAj

P = S inxi(ul =
’ ;4” \/(xj—xi)2+(yj—yi)z+(zj—zi)z At

(6)

vdododododooooooooooo
N 1n

P=S
=

gooood

gboboooboatOOobOOobOobOobOoboobooobog
gboboboooobooboooboobobAtbOoOoooo
gobooooooooonb psOOO0DOOOO0OO0OOOOO
gboobobobooobooboooopsbOb0b0OoOoAtnO
gboboboboooboatgbobobobooboo
gbobooboboobobobobooobobooobooboat
goobAatO0oboOooooooooboobobobooo
gooood

t _, t-At t o t-At to_ t-At
xj(“xi Uy )+nyi(uyi Uy )+nZi(uZi Uy )AAi

S —xF+b,-wf+G,-2F At

U]

gboooooooobd
gbobobooboobooboboboboboooboooboo
gboobooboooooboobooooobobobobooboo
o00O0o00O00O00oOoOoooooboooobooe¢ooo
gbobooooooooboboboboboooboooboon
Uarboooooooooodar, 0o

Ar, = iAri ®)

vbbooooooubogoodboabbonodna,
D(9)DDDD(10)DDDDDDDDDDDreDDDDDDD

goooOoOoOoQoOooooooo@yoooooooooo
OoCkelvinOOOOOOOOOo@Uoooooooo

AL =1 5 aral, )
e I=
o Lol (10)
R
N
Z AT AL, a1
N
Z\Arimi\
W
o, =Y olw,/0? (12)

e e

gbobobbobobobooobooboobooboobog
gbooboobooobo4ob0bbobobobobmoboon
gbooboboobobobooboboooobobobooboon
gboboooobooooboboboboooboobboobonon
goboooboooobbooobobooobboooon
oo

goboboboboboooooboobobobooboolibooo

00000000000000000107°0000000
gbooobooooo

obooboooooooobo
4.100000

000000 rigd0O0O0O0OO0OOO0O0O xyOOOO
Mrad]DCOOO0OO0OO0 20000000000 zODOO
zJ0000bO0bO0b0O0b0b0000b0lwr0DOOOOO
goboboboobobooooooooboooooobann
gboboboboOxgoboboboooooo vy, 0 xyo
ooobooe0UODOOOODOOUOODODOOODOOOO
goooo

Fig.4 Model of Blades for Numerical Analysis
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Fig.9 Pressure Coefficients :Initial Azimuth Angle=0[deg]
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