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Analysis of Rotor/Propeller/Fuselage Interaction Characteristics of
High-speed Helicopter
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Abstract: The study on aerodynamic characteristics of high-speed helicopter with double-thrust-propeller can
provide the reference for the design and aerodynamic optimization of high-speed helicopter. Based on the mo-
mentum source method. a numerical calculation and analysis method for the rotor/propeller/fuselage interaction
characteristics of a high-speed helicopter with double-thrust-propeller is constructed. The isolated rotor and ro-
tor/fuselage interaction is verified with examples. The disturbing flow field in the hovering and forward flight
state of the double-thrust-propeller high-speed composite helicopter is numerically simulated by using the con-
structed method. The disturbance of the fuselage to the hovering flow field and the rotor/propeller/fuselage in-
teraction characteristics at different forward flight velocities are analyzed. The results show that the blocking
effect of the fuselage on the airflow reduces the lift of the rotor while the propeller is under the rotor, The accel-
eration of the wash air increases the lift of the rotor; the rotor/propeller/fuselage interaction is greater at low-
speed forward flight, which is mainly reflected in the deflection of the propeller slipstream caused by the down-
wash of the rotor and the increase of the pressure distribution on the upper surface of the wing, while the inter-
action is smaller at high-speed forward flight.
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Fig. 1 Double-thrust-propeller composite high-

speed helicopter with X3 configuration

HAT.CFD J5 3k B 80 &2 B T B ML 3
BERLL 25 URE B AL TR S ) CFD A
PUTT U5 F2 A 1 RS 7 3k R gl B IR T 1 P R
KA TR I8 S i B MR SR S TR A
2 ELTHBLBE 3/ HL 5 s etk CFD B 77 %
ZITE R A ROT B A AR S B[R] 4 1Y

A S T 7 B R AU (B 77 7 P9 A% e S it 58
R B 5 1 AR G R A b X i 3/ L B/
YIRS o VI & i R O RS R A PR e
BT R ILC T PR R L (H P L X AR S e S e
E TV B AT 1 20 B s B 0 3 i ROy
TS T A I e 3 R AR MR AR A o
EIHHL(X2 F8) Jie 3 /AL 5/ R AE T i it 507
5 %5 R R SR IR T e 3 IR L 4 i
T Bl YRR 2 IS 5 I 0 T T I e 3 xR e
B 0 o SRR T A AN R Al R R 5
BLIHHLH B B T S T AR s )
PR T X3 M R B /R S T R A
S5 TR T X3 M R A O [R] HiK
JE T e 3855 R e 2 =2 18] B4 A LI L EDI R 5 AL
L] e 38/ R e 2 T e 1R

A SCHETT NS FE A b T B i R 7 A
B X XL 7 88 e 3 A2 4 3y O HIL e 3/ 4R e
X/ HLE T IR BUE T 3 S M 7k TR %
JE T HLER X R L SR A 52 R B S s Y
THOLE: S L AT RARZS T e 3 /R E 2/ L& + 9 4+
P U 0 XU g 88 e 3 52 45 5 i BT PILAY BT
LA it =% .

1 BETESE
S REIR TR I 5 2 BB B BN
EMMER A T B A RO R B

URT ¥R AR P AT Rt e A A% A4 ol ) e
JE T /0 R B L DT 4 L 1 TR I

1.1 #=H7FRE

AR ] = 4 F 2 W RANS 5

%JUHdV +H[D(H> “K(D]dS=0 (1)
v 3

A .H RSFEAE;D(H) R LEEEE;K(H) N
FhME

1.2 HEFRER

A R SR ECE A A RN 2 BR o
B Ceav s O B (ML NS Q)RR U P Ff AR s 2R 5 4t
KAENA



48 fiizs TR #0115
7 [cosA sinBsinA — cosBsinA F=T+7 1D
vi=| 0 cosA sinB X B YR e, DL A 3 A0 ) T A B 2 4
¢ sine — sinBcosA  cosBcosA T 36 PR B4 S 0 3] 3 A XA SF- 1 S 12 A SF

(M — M,
N — N, (2
| Q— Q.

A B 735 o BB A5 S5 BT 5 (ML, N
Q.) K e e vh o A2 1T B A AR bR R Y AR AR
(DAL

v 9 N
A ~ 4
é> A |
B
74
( \ |
¢

2 REEMAIRRMIT A IE M LR R RRE
Fig. 2 Diagram of the rectangular coordinate system of the
propeller disk and the Cartesian coordinate

system of the computing domain
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Table 1 Rotor parameters of validation example
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Fig. 4 Comparison of calculated and experimental
values of dynamic pressure at different

heights below the rotor disc
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Table 2 Rotor parameters of GIT model

E B fH
JEF R R/m 0.457 2
%K c/m 0. 086
£ NACA0015
zent b5/ A 2
WEREARYI R /m 0.123 444
BEH G/ (rad + s~ 1) 2 100
JiE 3R/ () 10

\&

"\:
’ 0.1465R

0.3R },//

2.8535R

Bl5 GIT KA S5
Fig. 5 Parameter diagram of GIT model

BB 2 T A [a] 40T TR R BT S



50 fiias TR

Lt R R

E XL R 3R 3~ 3% 4 FiR, W LU A3
i PO EIT R AL S LT KA T R B A
S5 (5 OB I AR 5 R SO/ HLE
QRE/R=IR RS A R E T

3 W& B RIEEDREBOHAME S KRR
Table 3 Comparison of calculated and experimental values of

pressure coefficients of upper and lower surfaces

. R R W/ %
A p:w O FEE 0 LEE 0 OFEE LR FEM
0.0 0.021 6 0.006 8 0.022 2 0.007 5 2.7 9.3

0.5 1.509 0 0.244 0 1.526 0 0.2510 1.1 2.8
1.0 —0.0470 0.2310 —0.0490 0.2380 4.1 2.9
1.5 0.747 0 0.208 0 0.7540 0.2120 0.9 1.9
2.0 1.636 0 0.040 2 1.6510 0.0416 0.9 3.4
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Table 4 Comparison of calculated and experimental values of

pressure coefficients of left and right surfaces

g T R /%
AR gxm mEm AEE ARE ARE ARG
0.0 0.889 0 0. 886 0.911 0 0.912 2.4 2.9

0.5 —0.1090 0.112 —0.116 0 0.114 6.0 1.8
1.0 —0.0689 —0.148 —0.0703 —0.162 2.0 8.6
1.5 —0.0431 0.031 —0.043 6 0.033 1.1 6.1
2.0 —0.8090 —0.649 —0.8210 —0.655 1.5 0.9
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Fig. 6 Schematic diagram of computational model
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Table 5 Rotor parameters of double-thrust-propeller

configuration compound high-speed helicopter
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Table 6 Propeller parameters of double-thrust-propeller

configuration compound high-speed helicopter

I G
kAR R/m 0.42
%K crg/m 0. 055
] NACA63(2)
AU Ve 3
FLEE/ () —28
B RY) R /m 0. 091

3.1 BERE/MBRER/MNE TS

XU 7 85 2 52 A 2K v L T AL o e 4% ) e
LIRS LAY SR A A 7 e 3 S A AR i 0 A2
A7 BRI A A g 2E AR

D BIE T B A IR A R e 3/ R e 2 /L B A
P 20 0T R E B T R /R A 2 5 B e 3/ IR
TR /B 5y 20 5 REAT TR 45 BB 16 A i JEE 2= (4]
W 7 s AT LLE s =R AL R ) A S s
PEA B R 22501 B e 38T R IAE 0 2 i Ak 4
R DR A A Ak S R PR R T
VPR SR /R e A 2H A SO 3/ SR E 3/ P A
B AL T v B AR X I v AR L B e B AT X
SRR L HEIR T U Y SR AL AE AL B B AT S R T
R A 3 IR D L B B T 0 A 3l L X R
AP ZEMEH.



%1

H R A5« e B TR HLE S /RS /AL B T R 0 51

v/(m s")
1.679¢+001
1.567e¢+001
1.455e+001
1.343e+001
1.231e+001
1.119e+001
1.007e+001
8.953e+000
7.834e+000
6.715e+000
5.596e+000
4.477e+000
3.358e+000
2.239e+000
1.120e+000
5.980e-004

Ca) B BB A5 5 1]

v/(m +s")
2.112e+001
1.971e+001
1.830e+001
1.690e+001
1.540e+001
1.408e+001
1.267e+001
1.126e+001
9.855e+000
8.448e+000
7.040e+000
5.632e+000
4.224e+000
2.816e+000
1.408e+000
1.328e-004

(b) TEIL /B TE A 4 7 B A il

&

NI

v/(m *s")
2.204e+001
2.057e+001
1.910e+001
1.763e+001
1.616e+001
1.469¢+001
1.322e+001
1.175e+001
1.029¢+001
8.816e+000
7.347e+000
5.877e+000
4.408e+000
2.939e+000
1.469¢+000
0.000e+000

(o) TREIL/WEHESE /L5 A BB i =

K7 =G B RS U = X L
Fig. 7 Velocity contour comparison of three

combined hovering state
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Table 7 Tension coefficient of rotor at three combination
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Fig. 8 Longitudinal section velocity contour with

different forward flight velocities
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Fig. 10 Pressure contour distribution on right wing of three combinations with different forward flight velocities
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Table 8 Wing lift at different forward speeds of
three combinations
R/ F+J1/N
(mes™D pmply BER/ILE BRI/ P
) 4.832 60 6.093 6748 —82.07171
30 178.411 79 194.377 078 0 104. 749 36
50 498.150 91 538.900 020 0 438.272 55
70 978.542 71 1 058.183 990 0 970.516 48
90 1623.015 13 1747.239 710 0 1670.010 23
110 2 428.566 10 2 600. 547 900 0 2522.424 40
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