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Analysis on Rotor-Propellers Interaction Flowfield for Compound
Double-Thust-Propeller High-Speed Helicopters
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Abstract: An efficient numerical simulation method based on the momentum-source method is developed
for analyzing rotor-propellers interaction flowfield of the double-thrust-propeller configuration (X3 con-
figuration) compound high-speed helicopter. In the method, rotor and propellers are represented by mo-
mentum sources, and the structured grid is applied to the interaction flowfield. Firstly, in order to veri-
fy the effectiveness of the method, isolated rotor, isolated propeller and rotor-fuselage interaction are
taken as examples, and the calculated values are compared with the available experimental data. Then,
by using the established method. rotor-propellers interaction flowfield of X3 helicopter on hover and for-
ward flight is simulated, and the influences of different velocities and different flow angles are analyzed.
Some meaningful conclusions are obtained.
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Fig. 8 Streamline on longitudinal section of propeller
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Tab.3 Rotor parameters of double-thrust-propeller configu-

ration compound high-speed helicopter
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Tab.4 Propeller parameters of double-thrust-propeller con-

figuration compound high-speed helicopter
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(a) Isolated rotor (b) Combined rotor
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Fig. 13 Pressure contours of transverse section of rotor

disc in hovering
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Fig. 14  Velocity contours and streamlines of transverse
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section of rotor disc in hovering
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propeller in hovering
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Tab.5 Comparison of tension coefficient and torque coeffi-

cient of rotor and propeller in hovering
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Tab. 6 Rotor hover efficiency and efficiency of left propeller

in hovering

R B
xR " MR IR B
HE
TR B & 0.582 0.579

e AT B 3 A5R 0.064 4

3.2 BICRBTREE/BERFHENE

Pl 16 25t T e B /W e 2 A A R I N7 i R IR
AR T 3 Hr Ty ZR B0 AT ZR B30 O R AR Ak 11 ket
FeihZk. mTLAE H L E3E hr 7 2 BRI 2 R i
TR B INTT  K OF ELE /N  RE R EER/
BEE 3 4 G 5 P ST e 3R HR A 6 IO ) e 3 ) R 4K
JUF-AHTA o A v s R S i B R B0 LA
ST LS AR /N ESREEE /MR T 2 A A RN ST e B
P W85 RAFAE — 2 22 5 (A AR A Ui B0
AT RATA Ay i B M 5 X 3K B R A
Wi T DL Z00 . DI 16 Ch) ] DL HY i 3L/ 42 i 2
YA 5 ST T8 3RDR A5 X6 107 94 8 33 14 2R B0 R )
il G R LT 2 A Y

P17 251 T e /MR e 3 41 4 5 IR ST B e 2
R S A2 AP BB 2 r ) 2 5 i e i A
ferxt th i 2. AWE AT DU R AT RS

0.066 3

B K /(km* h)
(a) Tension coefficient

B 16 i AT e 3 R R B R B A Y AR
X

Fig. 16 Comparison of tension coefficient and torque co-

Y KHE / (km < h)
(b) Torque coefficient

efficient of rotor in forward flight

(a) Left side

17 T 000 2 i 2 xR 50 B T BE Y AR AR X L
Fig. 17

Comparison of propeller drag coefficient chan-

ging with forward speed

A I B 5 A PSR E 2 ) R R HE R
S SR SIS R /0N T HR 3RO R AT RS
A T BN 114 2 A TR IR e R T AR RCEE L AT R
JRBK I R I H P 1) 22 53 A vp AT IR S T IR
R P A7 A P e S T 2R B A Y i I
HT T O R e 2 i 7 Y TR AL A e e 3T T
JEE TR 7K S R 3 T B2 5 AR A A ORI R A BT
BLI 3 B A M T 52 TR e 2 9 s A

P 18~20 Jy AN [R] Aif s T e 32/ 2 e 2 21
3 ANIRAT e SR 285 368 107 114 2R 58 78 T e Ja 3 2 A
& iy AT O B P A e 3R
LA P A A 000 A 3 1) S AL DX AN B K 2 e
HiT R T i) SO0 XL P o5 4 TR e SR S AT
. M R BT LA A TR QO BE T L e 3/ R
i@ 5 A5 F) e 3R A5 7B T PN Y ) R A
IRALJEFLIE A B AN 7] o A [ 14 3t 75 0 B AE 76 A R
0] SER e AR X 7 1) b A S I ) DX 08K 2 XA ) 3
i) T2 B2 15 2 AT I T L B A R 3
DX IR O 7 v AR TR X B G2 e o W]
o p R A Y Bl B HE AT AR IR SR A B AT 2
A AR D 7 PR X DX P
i [ 3o 22 A BT R 9 L B A A ROE R 3
PN e 2 5 B PR AL S 2 A9 L 0y B LA IX S 7B
WA K.



Hel B T

A UURHE ) R T S My B A2 3 A

T AL /B T 2 o B 161

(a) Rotor/propeller (b) Isolated rotor

P18 1R iR 5 3R /R 2 R I ST E BRI A 2 A A
T T [n] 3 BE 43 A = 5]
Fig. 18 Vertical velocity contours of rotor disc section

of rotor/propeller and isolated rotor in low

speed forward flight
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Fig. 19  Vertical velocity contours of rotor disc section

of rotor/propeller and isolated rotor in medium

speed forward flight

(a) Rotor/propeller

(b) Isolated rotor

P 20 g ST AR E 3R /R 4 RO ST B IR A AR
[EEEES xﬁ?}’%ﬁﬂ.

Fig. 20 Vertical velocity contours of rotor disc section

of rotor/propeller and isolated rotor in high

speed forward flight
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Fig. 21  Velocity contours and streamlines of longitudi-

nal section of left and right propellers in low

speed forward flight
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Fig. 22 Velocity contours and streamlines of longitudi-

nal section of left and right propellers in medi-

um speed forward flight
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Fig. 23

Velocity contours and streamlines of longitudi-
nal section of left and right propellers in high

speed forward flight
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Efficiency of left and right propellers at different

speeds
i/ TE 3L /W e 2 2H & PRA7 e
Gkm b)) &M AW &M AW
86 0.455 0.461 0. 447 0.458
172 0.565 0.629 0.549 0.612
407 0.443 0.579 0.437 0.571
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Fig. 24 Variation of rotor thrust coefficient and torque
coefficient with helicopter angle of attack in low

speed forward flight
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Fig. 25 Variation of rotor thrust coefficient and torque

coefficient with helicopter angle of attack in me-

dium speed forward flight

BV /()

(a) Thrust coefficient

BIHA /()
(b) Torque coefficient
[ 26 A GO i 3 ) R B S AT AR HEE T AL

a0 £ Y A2 A
Fig. 26  Variation of rotor thrust coefficient and torque
coefficient with fuselage angle of attack in high

speed forward flight

R 8 A 2 A8 % T OAL 4 42 S T AR A P 4 o s A T 3
KT SR B X e S T4

B 27 2t 1 A R) AT OsE T e 32/ 2 e 2 21
5 RS BRI AR TS 7 A P SR B T A K
I M2k . B 27 G P FE IR AT R
AT 3/ R E S LA 19 7 A T I ke 2 1) it
73 F KRBT HILIE S Y 3 T A U O 9 HL L Y
FIHHLIR A /N T 17 A e 3 72 A P R e 3



Hel

BT T A UUHE ) R S M R A 4 s o L T ML 3/ MR I T I 3 4 03 163

AL 1 R BEA iy /he W 27 (b, o)
AT LU L A PR AT R AT RS TR A e R
N7 A7 PR e 2 AE BT AL A Ol — 67~ 6° YL [
N AL ) 28 BH e A e B R

B /()
(a) Low speed

B A /(°)

ZEN R TiESE 1 MSE e

BEAHGA /() HIHLA / (°)

(b) Medium speed

ZE R e 2 D T 2

EAHLEA /()

BEFAHLIEA /()

(c) High speed

M 4T A
~ZH &5,

7 LR,
B 27 R A B R 2 A B ) R B
FHL £ A8 1k ith £k

Fig. 27 Thrust coefficient of left and right propellers

changing with fuselage angle of attack at dif-

ferent forward speeds
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Fig. 28 Change curve of efficiency of left and right pro-
pellers with fuselage angle of attack at different

speed
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