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Wind tunnel test of variable speed rigid rotor performance and load

LIU Shiming, YING Xucheng, LI Deng’an, SHAO Song

(Nanjing Research Institute on Simulation Technology, Nanjing 210000, China)

Abstract: In order to study the influence of rotating speed variation on the performance and
vibratory load of rotor, a scaled hingeless rigid rotor was developed. The dynamic scaled and Mach
number scaled hover test and wind tunnel test were carried out. Rotor trim, performance, blade and pitch
link loads, hub loads and some other aspects were studied by changing the thrust, airspeed and rotating
speed. The credibility of the test results was proved by the repeatability and periodicity of the performance
and the vibratory load. Results indicated that the power required can be saved by reducing the rotor speed
for both hover and forward flight, and lower thrust showed higher effectiveness. The amplitude of
vibratory hub load was not obviously increased by reducing rotor speed. The frequency of rotor rotating
speed vibratory blade load and pitch link load increased, because the cyclic pitches were greater in
trimmed condition for slower speed, which was adverse to the fatigue life of the rotating parts. Natural
frequencies of the rotating blade should be avoided for varying the rotor speed to prevent enlargement of

the vibratory load caused by the resonance.

Keywords: rotor; aerodynamic performance; figure of merit; vibratory load; wind tunnel test

Jig 32 B TPl RO AR IR, A g 3L A I 7 A o ke 3 T RODR S AT A T 1 SR R, R
SR TP IR sh R, ﬁﬂﬁa%l;ﬁzﬂﬁs@lﬂ il T EIHHLA K AT

R, PR B L THIL LT S ) e 3R 4 o A . fH [ SR 23 e LT AL . AT TN BT HILAE
JE [ 5 ) e 3 e AN BE PR UE AR K | RAT ﬁiﬁﬁT”’“%LﬁffE’éﬁﬂi i SE = ) A160T, V22,
S5 S BOLACI e 3R 1 ROCRER AL TR OIS, I HL DKL 19 X3 L TR BIL A, A0 e o e A e 3

15 %5 B #1: 2021-05-07
ST : e 238 12 15 S0 S W TP (RAL20200403)
1B & 18 A= XUW1(1991—), 5B, @2 TARW, T, B M B FHHUREIRE IS .

SIS X1, AL, 228042, 4. 78 i s I 1 e B 1 e 5 8 XU 3 (). 0 %S 3 ) %41k, 2023, 38(2): 354-363. LIU Shiming, YING
Xucheng, LI Deng’an, et al. Wind tunnel test of variable speed rigid rotor performance and load[J]. Journal of Aerospace Power, 2023,
38(2):354-363.



523

-k B A AR 1 e L 5 iy LR 1o 355

B, DLk B 58 Ml ol R BR A L B S e AR S H
(o Hor X2 SRy et 0Use B #E ) IR e 2 A
R = o E AL, 76 R AT H R AR T 24 20% 1958
S T DAS/INE AT 20 2 00 TR A, DTG A 2% 28
RGP e K RAT R B Y BRI o S e 3 KA T
i V22 1E B A RN AT CORAS B BE R T AR R TR
BRSO BT, DL i e ol A 4R itk ¢
T AL T, A CRAS R R R, i 3 DL
R = A R A AT RS AT CRAS A REALBE ) .
X3 S WUIR e 3 A A0 5 X o B T PIL, TR R
SARE AT IR A, e 3 e A o TR B /AT
Frits o BB Ty, 7 Ml RATBY B, ALE AR Y
FE 7 i L3, e 3R AELY 70% Tt T, FEARTE
FLI TR A 85% e e ol W REAINHTAT 1 28 0% S b
B, HEZ PG A, B K RAT U IR R T 470 ks
A160T by A8 55 i Ui Jo N ELTHIIL, AR e 6 5
L CATHE B IRSE SEOR B A S A,
e B 0 2 A R s e A%, TR EL A R 8 ) e A
fiE . A160T ff % AR Ak i Bl T K, S IR T AR % il
A 85 7 e Y 50%, A B AR AE B8 A T AR X
IE1] P e 3 40 AN 23 & AR By ) 2 IR, 2 LR SR H
O T T AR, 0% e I e ok e 3 1 R
TR e A IR 5| & 11 )y 1 2 Il R

] A2 3 (1 B30 A 40L 1) Ty 128 o A B ke 3
B 5 8l 2R AT T i), IR AE KU
TEJ T 4 AR 70 i 33 56 AT 5 AR B ol U ) T
PERE . ShEkfr SFReECT P L T A I BT
PLA 5 5R F AR S i 3 B R, R 41 ok B M 2%
R A Bt AT B T LT 5 R AR, AR Bl
PR A RATRREDT S I E TR T K
WS, 4 2E 26 MEN SR . iRty
AT, T T 25 T R R 2 o A8 T 3k e 38 174 4 i AR 2%
AT T — RIS 90T RGN WF
T W R B 56 A I T e T KU R e F 5 L B
FE T B AT S 00 4R 2 A R s B R TR
AU 5 J foff FH 2P i U 3 AN IR 2 i T A
eS8 e el e 3 1) M e A 5 RVTG By 28 A
WS, a0 0TI T 270 A 0 e 3 e g ) 4 T B
X P sh 2R A 152 o DT P9 A AT 5 1 50 1T DL
H, ARFE HUE SR oY B TERE L BCOF L 2
W ang  PEAT AR | ST A T T, E AT A
W5 22 DLBeHE X sl i iR 2 A i e e Ui 38 S v 42,
/00 B I T e DRI 3 6 114 S s A, L
1%, RABMME 2 TR BOAH AL . T 32 44 8 F 5y
AR R AR AR X BF 9 2 R 2 38 1) 41 3 3 A
PE A3 B, 2R R EIORE AL 1% 2 SR R 401 B 5K

Jie 3P REAR A 00 2, A I T JR b AR L) . 3
T3 REARK 8 T i B A 1 6 0 4 P e 3L )
RE . BCF B0 5 RAF 2 | 2 8% 0 25 O T
17 R G BAT BB

AL Bl Iy 2 AR AU L S i B ) i o 2 =X
P i SRR g Xof R T e XTI I B T 5, W58 )
A5 R XU I 2 e 3 0 e 3 - L e 3
PERE . 2R 5 RT3 | RBET SF 2 D7 Y
SR, B2 M e A 2R TN 91K B 284 I e 3 A
B AE AL UL, S RS 788 5 S P e 3 A0
Rt=% .

1 THEEEEERXIE N A

11 RESHEESH

DAL T FroR (4 4 7 28 it P T 3 4 LA AL R
B, 7E 8 mx6 m KR (Hh E = K sh s 5 &
J& b, FL-13 KU IF J iR 56, AF 5% A48 5 5 Wi
T3 i PERE S AT AR, IR SEULE 1.

(3 ey i
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Table 1 Rotor model parameters
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Table 2 Distribution of airfoil and chord
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Table 3 Structural parameter of rotor model
i Wt or B/ VRSN B/ PPN B/ HIELRIEE/ LB/ PSR/ BRI/
mm (N'm?) (N'm?) (N'm?) (kg/m) (g'm) (g'm)
1 60~254 20 000 12 000 16 000.0 8.000 8.000 8.000
2 254~282 11368 369 845 15575.0 7.615 0.668 10.070
3 282~400 4820 257769 6589.7 5.129 0.415 5.061
4 400~650 1612 57476 2115.8 1.630 0.129 2.076
5 650~1 050 740 32961 1077.4 2.178 0.070 1.942
6 1050~1250 209 14 541 291.7 0.827 0.019 0.608
7 1250~1 650 208 8914 208.9 1.179 0.018 0.660
8 1650~1900 68 4020 90.1 0.809 0.010 0.344
9 1900~2000 39 2201 47.0 1.146 0.009 0.288
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Table 4 Blade natural frequencies
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Table S Influence of performance of rotor in hover with

variable speed
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1500 24.6 14.6 10 40.7

2000 30.6 214 9.2 30.1

2500 37.6 29.8 7.8 20.7

3000 45.6 39.4 6.2 13.6

3500 55.0 49.5 55 10.0
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