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Experiment on flow mechanism and aerodynamic

interaction characteristics of tilt-rotor aircraft
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Abstract: With use of experimental methods, aerodynamic interactional characteristics
between rotor and wing of a tilt-rotor aircralt were measured both in hover and transition
modes, partly revealing the interactional flow mechanism. The shrinking of rotor downwash
was found to be more intense and roll-up vortex was more severe, in its large collective pitch
states compared with the small one, based on the result of flow measurement via 3D-PIV
(particle image velocimetry) technology. The generation mechanism of “fountain effect” was
revealed and the position of “fountain” center influenced by the induced effect of rotor, var-

ied visibly with the changes of collective pitch and the interval between rotor and wing. Then
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the aerodynamic interactions between rotor and wing in different configurations and state pa-

rameters were measured, and during the measurement, tilt-rotor’s lift was found to be in-

creased either by reducing the vertical or horizontal distances of wind and rotor, bringing to

wing the increasing downloads at the same time. A particular configuration at last was se-

lected to perform an interaction experiment in its transition mode to obtain the relationship

between the comprehensive aerodynamic characteristics of wing, rotor and the angle of attack

of the wing. It is shown that, in large angles of attack of the wing, the encumbering effect of

the wing on rotor downwash, acting as a lift-promoting effect on the rotor like “ground

effect”, is promoted, but this effect is enervating with the turning of the wing; and the wing

lift tends to go up firstly then down with the increase of the wing angles of attack.

Key words:

tilt-rotor aircraft; flow mechanism; aerodynamic characteristics;

fountain effect; transition state; PIV technology

B Jie S AL IR HL B THPLEE B R e 3R
B AL B BE ) (H 2 i 3 5 AL Rl sl T
Pt E AL R I R RZ R . B LR
32 3 B A R e e X o T BE SR R VR R 0
BT T HEOILE s Y = 4E BH JE A
I s [ B pR G T B AL I HIL B A1 )R O\ ) Bl
LA S ARRRE B AL b5 SN R
J& 5 1w 3k 1) AR I A8 AL B % Bk T AH I L 2 05 R
] Fi8 3l . SR J5 SRR e 3 WA (i 5 e e 3 11 <
PEREREMT. XU AR TR AR T ke
Jiké S ATL 19 A 28028 7 TG 1k i T R O e X 5 e 3R
G51 N RV B 7 L1 B A 7 W 2 4 O 127 N 7 3
PR UL K 8 52 1) R R

ANz FF R T — R A B X A i F AL 30
TR A B E AT 5. 1981 4 Maisel
AEIE XV-15 FF R T — R R s i T 15 5
TSR PR B G A [ Ak 5 v JEE AR A R 1
SRR R s M RE KR . 1987 4F . Felker 25 1)
V-22 4 te A S X G 3R AT TS PR A B 6 AT IR
B, 25 T e EE A AT L PR UL R R AL 3R R B ) e
F R )53 A 5 PEREBHE . Tadghighi %54 g 57
T B A i@ S AL A U A I I 34 3 2l AR Y Y
CFD K f# %% . Johnson" X} 9% 37 5 % g 32 19 < 3l
oy 5 Bl BRI R T XU IR 5 0 5t R
ERPEATXT . Ruith™ 3£ F Fluent JF R T i §%
JiE AL B Ji 3 5 AL A4 B 4 n e = 1l g < sh
. 2002 4F, McCluer #1 Young %517 £ NASA
U &R XF 42 38 8 TRAM (tilt rotor acoustic
modeD) A5 Y T P8 B0 5 | 45 44 2 Ao L < B A R
W R R S 1 R TR 9 . Burley 5%
050 5% T 3 1 W 75 KRR R AT T SR 0 9 0T S AR A

LGS R EAT T % . Yamauchi 0 0 i T PY
AR T 1/4 48 L0 i V-22 {00 5% Tié 32 1) %
JFE 30 . [F) i A HE AT T B T IO . Reddy
SEUY R T RS BRI AT R Y K Bh T ) R 4
Y 1) TR B AT T W A . Matos 55 FE AR 8RR
Hh T T ARG AR e 3 5 [ E 2 ) i Bl
TP WSS T 44 SR B XML L 24 ) 52 e
H TR Y 2 S A T B T BCME B LA [/ T R
FLIHHLESE o DX ke 0 A 1Y) e 3 R 0 A B ) 1 ] 52
B . Komerath 21 S I A FR 8 7 35 400 25 1
Ty Ml xod 2 AW I BU#E AT R AL TH A B By AT
JiE 3 /AILEL AR A HUIR TS 893 3l 8 far F ik oe 45
RE—EMWEE. BiZhEhzE TRk
B, HOR G GE R AL ) B = R A Y Gl ] P
Meakin' "' 3 F 12 2y itk 25 N A% J7 12 X (0 5 i 3 AL
HEAT TRUE AL, BESE T V-22 i3 5 0L 5 454
Z R A X 2 B A S I G L 0 A A T e
AL R 0y JE P SR DL R U 5 4 A R
Potsdam HI Strawnt"™ 3L F CFD J7ik &R 5 Hu 447
TRAEARE IS L |2 31 e / 4 3L R i) sl 1 g
IR T FE R

[ PN SR BIF 90 20 A e L 4 7 1 T 3
BLA B R PR X5 5 T RS T — Se L ST 5
AEUOIIN BT B AR A TR e 3 TT AN ML 3R 3 1 Y
JEJ1 AR R #EATHER /PLEE T m ik, 28
A ST I R T B A IR AS TR I e AL e B/ BIL 3
TS & E R BT R BT 8
ALy S0 BT B A5 RS AN TR B 2 A R e
B AR AT ROIR AN W) ATL B 42 2 A O R
S IR A5 1R A 2 e 3 T O L HLE DL LR I
TR RS A AR T A R E R
X YO0 FLEEL % 1) T 2 fer AT DU T SY . Ut



2902 i o= 3

no iR 533 %

A FEBE Ay 1, 258 A5 SR T CEFD Jy ik 3t
BT RAFARAS T /AL A TR KR . A
G5 v ) 20 48 R W RO R L B S 2 T
PR 25 00 5% e 3 AE € W s FE 9 CFD 43
Br B R ML AR . oF A R
CED J7 kA7 7 AP LT Y i 5% e 32/ BL 3
B TR 5E . 45 T TP 00 T 14 e 32
PAWAR K SR T

MR, TR B A AR e B Y 2 AR
T A RS i e B AL 3L/ ML B B TR
PE 7 95 S S LR D HL G5 A8 5 i S R oY
N2 X RS A e 3 /AL B AR 3 T P A A
REZUFEBE LT, X TFEERESTH
JiE 38 /AL 3L B g AR A A Ry A5 B e 0 —
HWUE ., ST RSO R T e/ AL TR
AR E H I S ALER RS . FEAIL B X R T Ak Y
3 2 TR A Ry e AR AL Y 3 AR R i i
JiE 3 AR AR AL Al I T LA (R AL ER LA R HIL B A A
YR 440 5% 32K F P1V (particle image velocim-
etry) £ AR 2 e 3 /L3 7EAS [ 7] BEAR ST 19
PR A5 B TR 41y IR B T i
JiE 382 /AL 3L 2Z 8] 5 48 5 DL K i B AR 51 R
()W SR RN o 38 I T R AN [ e B/ L 3 i L)
R0 K Y- 1] B X6 40 4% g 38 / #1132 1] <08l 1 48 52 i)
g0 B 5 A SRl /N T B/ AL 3 e B sl K - ] R
Y81 mT {40 2 T 3 0% SO A i G K (EL 2 R RE 3
PLEEL 32 3 (0 e 32 B Ve fr . e Ja s 2% ik D 2t 3 A
b AR T e /AL TS A AR AE

1 RBEBSHHE

1.1 REAEZE

A 56 2 R T R S R R A L B
B 3 2 [ G 0 e S s A [ gt AT X P B
rP R U e 3 UG ok T R . A E RS &
P55 43 3l S SR Je B2 %) 7% 3 20y R e 3 ek 14
s M E S ALK B, F AR A R A R F B LA
B, TSI e B T B R R R R ) AR Ak e
JE Il 1 7 45 ) & 48 R B DSP56F8013, A
SEPAT R ARL fA BE G A Sha Fah il K1 g
T AR LA
1.2 WEE/NE/HBEER

AR 0 v 10 e B ARE T py = R 5 A
Bt ARG R Ay BB E OA R 53 AL, Jig 3
AR 1. 1 m, i 329K 3 i g AILF% 3 ol 750 ~ 868

i — s

3

Uil 5 A R o 5 2 337 A [

Fig. 1 Allocation of platform and experiment model
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Fig. 12 Titl-rotor characteristics varying with
horizontal and vertical distances between
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Main parameters of experiment model
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Fig. 18 Variation curves of rotor torque with
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rotor/wing
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