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Analysis on Flow-Field Around Helicopter Rigid Rotor Blades Based on
Unsteady RANS Equations

ZHANG Zhenyu, QIAN Yaoru, WANG Tongguang, CHEN Kai
(College of Aeronautics Engineering, Nanjing University of Aeronautics &. Astronautics, Nanjing, 210016, China)

Abstract: For investigating the aerodynamic characteristics of rigid helicopter rotor under high speed flight
speeds , the complex flow field around helicopter rotors are numerically simulated by solving the three-
dimensional unsteady Reynolds-averaged Navier-Stokes (RANS) equations based on multi-block structured
finite volume method (FVM). Here both hovering and forward flight conditions are considered. In the
research, the effects of dynamic flow separation, local spanwise /radial flow and relevant factors are
emphasized. On one hand, we focus on the influence of collective pitch of rotors on aerodynamic loadings as
well as unsteady reversed flow of rotor blades during the withdrawal stage; On the other hand, distinctive
laws of aerodynamic forces on blades under both hovering and forward flight are revealed. Numerical results
show that, the lift over a rotor increases linearly with its collective pitch. However, during a forward flight
with large advancing ratio(AR) , reversed flow will appear at the blade root area in their withdrawal stages,
and these produce totally different pressure distribution compared with conventional ones, which causes the
lift mainly coming from the advancing blades. The numerically results show satisfactory agreement with the
data from wind tunnel experiments.

Key words: rotor flow field; flow seperation; reverse flow; unsteady characteristics; forward flight

e T TR AL T AR O [ PR B AL R — RS T ), O T3 B 400 km /h BLE B R

EEWE LR A s R TRETH .
Wim B :2018-11-11; 81T H#1:2019-03-08
BEMESE KET, B L YR, E-mail : zyzhang@nuaa.edu.cn,

SRR KR T B, ERDG, 4 5 THEE 5 RANS Iy B2 09 W B 3L 32 40 0 [0 ] s B A8 A K R 222541, 2019,
51(2):238-244. ZHANG Zhenyu, QIAN Yaoru, WANG Tongguang, et al. Analysis on Flow-Field Around Helicopter
Rigid Rotor Blades Based on Unsteady RANS Equations[ J]. Journal of Nanjing University of Aeronautics & Astronautics,
2019,51(2) :238-243.



%2

SRR, A B TR W RANS J5 B8 0 K e 382 37 4 40 B 239

HCORAT , HFHILIE R 09 R s M e TR S B L T
) — D R T RLOANE S & % TPl
2 SR JH R R 5% L e 3 o 2 41 R 2 sl L7 B 26 4 )
R T I AR TE BT I BT B0 SR I sl IR A
7= A A AR g AR T R AT B RE IR AR
W BT A T 2 I PR e AR A DR R B0
A1 Jay (1) 25 30 g 27 FVAS A8 g 2 45 R kT 1k 0
HETEHLA 2R . PSR A R T T £
AT 2 1) X-2.S-97 S 4R 3 1 v 3 46 I AL 70 3
75T A% G i BCHH R 2 A JR) i R N 1 B Sz
AR B o 2 0 MR e S A A 1 B LA R

BT 5 OB — AR i ELTHALAE TR I AR TR M
Bt N DB 6 I R L AT AR R e
FLEET N — R Y25 R gl Jy 2 m A, Frp H AL g€ ) Hh
IR LA LA 15, e AT I B i 4R S
Uit B0 T I AR B T 2 e AR i i A2
T A5 B 7 AT e A M ARONE e <3 1 e e
Yo g, FHEOE OB T R I3 AE 5 17 B
B, BT R HT T I n] BRI R A 4R
JE 51 M S ] A 2% 0 R TR R, 1 B )R
0 A TR 80 B A T e B AE S AT B B
SRRV 5 H A0S o B G TN 25 SR W 22
G ) BT B BOE SR I 38 4 8 05 Tk 45
YR I, O HL S AT B BOE 3 <8l 1 S AT By
B A P A 0 5 53 A6, T R e A
Az R BN IR S T = YR AN, B A R T R E R
B TR RE W AR BB B, I DL R e T A R R
B sh Lol B, NS I EMERE,
WP T3 38 2 O o B TR AL RAT IR LT R E Ok
VR o xoF W T 3 1 I i s R0 Bh 1 A R Y R
i 7R A0S B0 2 AT RS i T0 BE  E R R AR e
FEHLIE LI T A0 S B R A — R — TR A 4
AR

X L FE AL i 3 5 45 R i 2 L TR
A 52 W 23 Bl I 2F R R G ME A R AR h B AT
il e T S A e T AL B b 1R T O B
FEml . Ho AR J) % 5 7 (Computational flu-
id dynamics, CFD) 2 MM HEARFBEZ — 5T
CFD J5 ik A 0 #2416 B0 THMLTE sl /i OIRE T Ak
i E WA M S e A5 B . SCER[6-7 143
SR E 38 L P90 A AR R S A B R R A T R
T 1% F ¥ N-S(Reynolds-averaged Navier-Stokes,
RANS ) 3K fiff 7 #5100 S-76 Jig 32 (1 B A5 < sh E g, 40
BT AIF 5T S BE A 100 28 fh 6] i 32 7 T Ty 3245 11 52 Wi KL
At SCHR[8-9]5 T CAMRAD 1T R i #% 5K fi# UH-
60A \SA349/2 H-34 e 3L HT AR M KB HEfE , If
5 S0 I RO R AT N LG, A0 M T ORI E R iR
JE AT AR R B B B s A R R4 5 SCk[10-11]

39K T CAMRAD 1T 3K i %5 5K fit UH-60A & I+
BLHT QR AT 0 A sh 1 MR i 5 0 8 A R
Ahaus 25 AR T UH-60A \H-47 Jig 38 7 € it
(1) CFD 3155 B KU 38 56 iy 00 £ 25040 % B . Yin 5§
N B T By WENO #8328 35 30 % 2 W A% $2
A | Spalart-Allmaras i Jii 5 8 | fa =X LU-SGS 53k
FIFAT 5w 19 RANS J7 #825K i Jr i, SR i C-T Jig
3% SA349/2 g 3Ly AR & R R Rk,
5 AT T Lo ARl T E B e i o B oh
B AV T ol 50 R T R BE AN [) 5 6 AR 7 T
AR Ak R AW T AR R 2% R AN S
JEC R 8 T CFD 7 3 o 4l 412 86 34 5 sl 45 v AT
FEAE TR0 IR e Bk M, DR I o B 3T £ CFD SR
it 28 0 S B M BRI TR JE G

AR SCHE T = 4E ] R 45 RANS A PR A FROR i 2%
WFFE T H T HLE AT K T #E L FT € ARES T WP i
LAY 52 F AR W A R X b XU 4
HEAT T — B AE 94087 T B4R TN B A A
A i 3 7 ) K i AT R Y S e R AR L R
TR T R 3l A 0 K R A A I s AL

1 HEFERITERE

BB B LI % 0 A% X =4 ] TR 45 RANS
7 BRARFEOR ff 28 280, 51 b SST i i 45 7 5 1]
RANS J7 2 X 3 5 & H#CR B = Fy MUSCL #%
2, R B e 2 U ] 2 5 0 P 0] #E F , 4 h O7 R 5R
ik =L (1—5)F R

ad d
a1 T g Lowb)=
ad - dk du; - @
ax{(/x-i-o U )x]}—l-z'[j—,@ oke”

dx;
d d d - Jdw
E(,ow)—#aj(pujw)— axj[(;z—ﬁ—a,a/)axj-ﬁ— .
Ou, ~y Jw dw
oz, Boe" +(p+top)

! al'}, axk

[04

%
Ry, Ty, 5300 IR B BN ) K AR
i IR R R

TR R Ay WP OUTE B T T MILASE AR 1) I 3 2
M, BE BB AR o NACAO0012 38 A1, 142 2.0 m.
BRI R A A S 87,107, 13°, e B JiE 5%



240 Mo ol =

=

%51 %

1860 r/min. I AR HHE L 0.65, JiE 3 fiE
W 1100 r/min, 3 M0 10°,

AL DX 3R 43 kg RS A A I A X35 RS 4
R JH 22 BL 25 0 W) 6 JECFE 5 IO A 2490 2 260 JT 7
TS 19 A% BT (P L & N 3 1820 1, 41 4 440
JI) o PR DX Sl f 25 T 32 LA SMIE |, wT AR i 58 1k
BBt 5 ol B T B O T A T e A bR R N SR R
PR, B 2D(D N AR, &
R 1.5D 5 AN X IR H TR AL AR R B 1 G
Wb B R F R 25D, i s R 9D .

SR ARETHRORG BE AR R AR N —
2 A T ) v BE AR IE y A 1. e B TR AR 4 b
a5k i A% WL 1.

FEAT T B AR R ST R AR v
fif, R T £ % £ % % (Multiple reference frame,
MRF) J5 i Bt ZE 8 R R A AR R T 14 i B s
TIETR, 51 B0 7 CRF IG5 o 3 Y et
GETLEACRB AR bR 2R T VR B T Bl oK A

FERT AR FBE R i sh BBl B v, BiR AT R
i RANS J7 #8276 13X 9 A~ DX 38 P9 43 1) 15 0, 1 P S
DX I Bt i a3 [R) 26 S e A, O EL R X sk ) /Y L
AT ¥4 1 S Aw B A% 3 3 5 1 B% A O R S B

(b) Body-fitted grid
K1 A M
Fig.1 Computational grid

2 HRETE

2.1 BERS

B 245 T 55 1 860 r/min, M FE 10K & F
F14) JHE 35 0T 28 320 X I 22 3 2 45 4 5 XU 3 56 B R 1
FOH o A I e i 2o A v, R o it DI R B 3/ L
Bk, ISR BB R R A VR T S R e AR
T

& 2 b CFD 45 J 55 b il 42 1) 7 e 352 307 2 30

(a) Simulation result

(b) Wind tunnel picture
P2 i 3R e A D DX AR 4 4 (O 1 860 r/min, & BE
f110°)
Tip vortex near blade (Rotational speed: 1 860 r/

Fig. 2

min, collective pitch angle: 10°)

DI S s B4 A% 07 5, (EL 2 o T SR ) 9 4% A
Jey s of Je S B ) A R I, TR AR B 2R R 5
R0 2R B FE R L SE 90 25 1F R IS 2l ad i e i
DX 35 PAY R A% 5 J3E SR v A B2 T HOAS XmT LA 3
b gt R 2% ) L

Pl 3 Ay Tid 3 sk 45 IR A hr ) R B R e R B
AR 2. P REC, R RTC, 7
B

Fz
C= (6)

1 . .
E iOUlZiPTERlZiP

M.
C,=—— (7)

2 3
Bl 0v, TR,

o F RN ML 5300 Sk e 35 B RV R 5 o O SR T
S H W v, N e RS B R, O iEHR
Pz

i 3k 5 AU 6 1 A T 445 SR A X L L 7R 4
4 S BB S BT PR, 7 g ot A T A R B 3ol 448 i A
U O B R W R I =8 Sl S I R | SV N A B A o
SR R (I 2, A 0 s ) 5 R 4 X
Brmg /N T 4 S T2 S 5 KU 5 45 AR 2
KL B — BobE B KM G 58 22 H B 2 B 137, 2
J94.52% .



SRR, A B TR W RANS J5 B8 0 K e 382 37 4 40 B 241

%2
0.020 -
- I EE
A
0.015
£t
W
=
ia
0.010 - /
0005 =950 11 12 13
RMEEA /()
(a) Thrust coefficient
-0.000 5
i
—— R H
-0.001 0
R
W&
ﬁ -0.0015}
=0.0020 A\
8I é 10 1I1 1I2 1l3

BEEA /()
(b) Torque coefficient

P 3 e 3 A5 RS T i R BRI i AR R B AR A
2 P8 (%% 38 1 860 r/min)

Fig.3 Plots of thrust coefficient and torque coefficient
versus collective pitch angle (Rotational speed:

1 860 r/min)
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( Advance ratio: 0.65, pitch angle: 10°)
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