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Influence of rear rotor diameter on-aerodynamic and
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Abstract: Based on the nonlinear harmonic method and the acoustic analogy model, the in-
fluence of different rear rotor diameters on the aerodynamic and acoustic characteristics of the
counter-rotating propellér was studied. First, the reliability of the numerical calculation method
was verified by the wind tunnel test results of a single propeller. Subsequently, six counter-rotat-
ing propeller models with different rear rotor diameters were studied for a counter-rotating propel-
ler. It was found that the clipping of the diameter of the rear rotor of the counter-rotating propeller

could reduce the pull coefficient and power coefficient of the rear propeller, but the effect on the
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efficiency was not obvious. As the diameter of the rear rotor decreased, the noise of the front ro-

tor at the blade passing frequency changed little, but the higher order noise changed more. When

the diameter of the rear rotor was reduced by 0. 25 times of the diameter, the noise of the blade

passing {requency of the rear rotor was reduced by about 9 dB. The clipping of the diameter of the

rear rotor can not only reduce the noise of the rear rotor, but also reduce the noise of the front ro-

tor to a certain extent. By clipping the blades, the aerodynamic noise of the counter-rotating pro-

peller was reduced by 5~6 dB. The reduction of the diameter of the rear rotor weakened the tip

vortex Interference and wake interference of the counter-rotating propeller, and also mitigated

the potential flow field interference between the front and rear blades, which in turn reduced the

noise radiation of the counter-rotating propeller.

Key words: counter-rotating propeller; rotor diameter; nonlinear harmonic method;

tip vortex; Interaction noise
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Table 1 Parameters of origin counter-rotating propeller
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counter-rotating propeller under different

rear rotor diameters

Woe 26 B0 o B i R - ELAR B0 i
WA AL A T Dk 55

L1 Ay o) e MR 3 R e 1 ELAR A8 AR %)
0z W 8 SR O 1) TR b A A X LG fh LR LU
Xt B e I T HE e 1 e A R B T S R R A
Z B RS2 T o R R e 2 iy HEGE T RS RS
T BB A B A BT, AR A 1A B R
T 76 38 ) 5 Al A 22 AR TR % Ik 5 i AE R P
7 A B BRI TR ) e TR 114 [) TR 2 2 i A Y

‘ o 0 A
WiksT 0 400 800

1200 /1600 2000

(a) AftD

"q-g\.‘s‘- -

(c) Aft_0.9D

LSV aas AR S

- e - - -

(f) Aft 0.75D

(e) Aft_0.8D
11 ARG HERE 7 B AR X % B2 e 2 9 1) % 1m i 12
A%t Ee

Fig.11 Comparison of vorticity distribution in longitudinal

section of counter-rotating propeller under different

rear rotor diameters

PO R — L — T m N R, X X% 18
JiE H AR | S HE - 0 2 2 T8 RN 2 i R U 1 AH
RS (AR TR RO R A S Y L
(U B 25 48 o I HE e 7 AR I 2 0 R X T e
A B 3T 1) 52 2% it sh ke 2 2 AR .
2.3 EHBHHELERSM

UEL e W 7 DA AR 1 DR L T 0 oA i e Mg
FERVGE T MRS o R T e MR S AR AR R R AR AR
— 25 AT X g O JRE B MR far M R IO AR - IR
PR MR R — o R R Y MR A 2t
JEL 1A A b HE 5 ] R 23 A B A Y 2 A R
F 3k R o A AR R 5 O B
P R M VR R et AL 1 A L {0
TiE 3 3 4R b P PG A 5 A A X A2 3 B A L

SRR 25 PSS Ut V5 A5 R 2 v R S R R
M T A 2 S S A 2 LS 8 FHFW-H
TR AT 2R A AR 1275 i 328 1 1) 0 S M s

P EE U A ) M 12 B, DA
A o S RO 7R 2 A 6 m B RS (O 5 F
30°~150°) I, A B 10" B — S g%, Mk e
L3S Al 907 1) 4 [ 52 WL 2%

4

3004 5150°

B,

K12 WG AL
Fig.12 Observer location

P 13 Jhy 25k o Xk A R e SR MR 7 R AR X EE o
P AT, I HE e 1 77 A B M P LRI HE B 1 A Y
WA R, S ETADT A R — B X2 T e
e 1 AN AL 5 B B 1 A G R BE TR R E AR
(L I Y A o S it 7 R QL A I 1R G 2=
e BT AR ) 5 T P AR A A A R
TE M P TR D7 S HE R T A g R SR
F o DT F e e R e 2 014 9 Ak M 7 A
X AT B SR DR A T HE R 5 R 50 AN AR T X e HESE T
(19 B T AR TS M



AR Iy B« IR T AR X A R 3 R R S R Y S 1757

45 8 1
Fri (%)
110 10090 80 44
140 I 40
150 ‘ 30
! 105
—aA— Fwd
—e—Aft v
—r— All 8 85 OP:’?

PRI 13k v o 2 R e A M 75 AR R X L
Fig.13 Comparison of acoustic characteristics of baseline

counter-rotating propeller

2.3.1 iR+

TSRS AR T R i W S HERE T
A A A e T ) B R B AR W HE R A
BB PRI,

T HE e 7 Y W 7 2 R MR S R A
W 7 LA K S5 HE G m 5 T P ok i AR R R
WA ZH . PR 14 15 48 T SR A A Ry T HE L

100

—a—Aft D
05 - —e— Aft_0.95D
\ ——Aft_ 09D
90 Aft_0.85D
i —Aft0.8D
m Aft 0.75D
2 A
2 80
(=™
w 75 S S - \ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
e\lt.
70 - >
65t
60 1 1 1 1 1 L 1 1
645 1935 3225 4515 7 5805

PR Hz
14 WA A BT HEE: TR

Fig.14 Noise at observer A radiated from front rotor

TriAfnIC)
100790 80 44

—aA— Aft D
—v— Aft 0.95D
—eo— Aft 09D
—+— Aft_0.85D 750
—u—Aft_0.8D

—eo— Aft 0.75D

15 i HERE 7 09 B TR 2 A

Fig.15 Directivity distribution of total sound pressure

level of front rotor

T W R HE R T 00 R RS o A, el A
14 0 501, 24 ) HER F EAR N AR B i A3 i
IR W HEFE 7 W L R AR i HERE 7 B g
FAREE K . R TR T ERBEUNG S
HE 5 - 1 34378 7 0T T HE A 00 5 e o 2 a5
T B A R B 1 b e s . g 1 15 ] 80, o 7 v A
S 80°~100°YE Bl N , Bifi % Ji HE 4% F ELAR A 38 /D
HHER: 7 7= A 0 e s AR AN R o N 3k A At o
R B 2 HERG T AR BN R e A
(14 W 75 AT, e KPR 5 T 3K 7 B
2.3.2 JafEF T

Ji HE R 1 RO R S R B MR R S R A
M R L K T A HE e A S R R s R AR
SE R AL IRU16 B 17 L A A S
HE G 1 W 75 R 5 FREG PR R A 1 4 A o
ARl 16 1T AN, 24 5 HERG AR I 0.25 5 B IS
HE 5 (0 0 38 o A0 R W 7R s /N2 Dy 9 dB, ]
I e B R e e AR A, AR R S A5 3 B
FEAS . B 17 0] DLA B, J5 HESE 7 H AR /D,
A DIAR KBRS T AR5 HE e e o IR It it
AfA 9 dBL AV AE 5 7 f Sl 30°~60° T 130°~
150 TH P95 Aft_0.95D  Aft_0.9D [ 5 %% 12 g 3%
Ji HERG AT 7= A (1 e s A 35 o o B D 4 I HE RS T
(14 I 7 A T G R AR L AR R LY S R
ELARR /N, S HESG 7 A 0 M e RN

100 —=—Aft D

95 —o— Aft 095D

90 —a— Aft 09D

—— Aft 0.85D

85 —— Aft 0.8D
% 30 ——Aft 0.75D
=
B 15

70 b N[

65

60 1 : : :

55 | 1 1 l 1 1 1 1

645 1935 3225 4515 5805
Hi#R/Hz

K16 WA A Y5 HE e 7 M e

Fig.16 Noise at observer A radiated from rear rotor

H 5 b 3 T Y 2 A 2 T AR A M A AR
U, S W5 I HE A B B R 2R A 4 A Y 52
w1l 18 F AL 19 45t 1 I HE A+ & 77 1 A J 1
1B 8 I s g i A A 2 R w40 A o F IR AT
L, Je HE T 00 S i R R R, R E R
ek hb o NI AT DL AE R B Bl 5 S HES



1758 it = 3

37 %

Trhifane)
10090 80 4

—v— Aft_0.95D
—o— Aft 0.9D
—+— Aft_0.85D 80
—u— Aft 0.8D

—o— Aft 0.75D

17 5 R 5 By S TR ) 143 A
Fig.17 Directivity distribution of total sound pressure level

of rear rotor

I | [ | [
100 200 300 400 500 600 700

JEF1/Pa

| . . W P
Aft_ D Aft_0.95D Aft_0.9D Aft_0.85D Aft_0.8D Aft_0.75D
FI18  J5 HERE 6 3 1B il e e ) R A 5 A

Fig.18 Distribution of 1st harmonic pressure-amplitude on

pressure side of rear rotor

H | < [ <l

100 200 300 400. 500 600 700

JEJi/Pa

:

Aﬂ;D Aft 0.95D Aft 0.9D Aft 0.85D Aft 0.8D Aft 0.75D
B9 G 70 g 1 3 ) e o) A

Fig.19 Distribution of 1st harmonic pressure amplitude on

suction side of rear rotor

T ELAR N | IR HER T RIS i A Ak 143 T T
W (L R A o 3l e 90N I HlE e 3 B B AR 58 T HE
ek i 5 5 HERE T 0 TR AT, AT LAY R
AR 5 7 % W P YR R BE O T AR 0K X 2 MR e 2
B

20 Sy X B R E 2 S P TR AR 1 1k O A

w43 T T I HER T ELAR 1 AR Ak X R E
HMEFEH B, 5 HER F BN, B R
Gk /N R MR AR B B, S R R T A 5 dB.
A3t 2E T 00 A R 30°~60°35 BBl N, Aft_0.95D  Aft_
0.9D 1 Aft_0.85D I X i 5 it 2 58 ik v Xof ;42 e
A MR AT TR, AR L SR HERE T BRI
PRl /I | R X A R 2 M P AT — i Y R R BUR

Trhifane)
10090 80 44

—n—Af_0.8D
—~o— Aft 0.75D

20 X MR e 75 T L 1) P o3 AT
Fig.20  Directivity distribution ofoverall sound pressure

level of counter-rotating propeller

2.4 {RIUEHEDERTHERSH

IR HE A BRI, &S 805 HE T
V18 T 0/ T T S 80K 2 ME e 2 P T R R i
Ko FERTHERE T30 MR AR G AE B R 3 i i AR
Jri HER F 0 2 0 A Sk TR AN S HERE T ELAR B
WORME Wk . W RS R, 5 HE a2
W S A0°H, AT AR IR Sy S5 HE R - ELAR I /N
S F 7 88 2 BRI 10k o B W e I AR A K
6% . # 3N IEERDFITXT I

K3 BHAERFHL

Table 3 Analysis and comparison of aerodynamic results

RUHEHLE/ JRHEHIE/  AiHE Jr

T X .
(Nem) (Nem)  #fEJ1/N #fES3/N
Aft D —72.54 85.02 —559.62 —627.00
Aft_
. —71.88 101.40  —552.24 —626.40
0.75D _40

P 21 Sy 4 0 AR TR] I 190 7 o0 A R g R A8 2 1Y
KPR QAR PR A AT A PR R AE ) A
I I HESE I R TS AR T LU S R X A 1R
Jie 2 By M P WP R R 4 dB. BEARE il
ik 1A B A R R AMEE Ty 2R A HERE T AR
/N X ) T R i R MR P AT — s Y R R AR



AR Iy B« IR T AR X A R 3 R R S R Y S

1759

Tr{vifnIC)
10090 80 4

—A— Aft D

Bl 21 %o # W e 3 7S R 4 1) P o3 AT
Fig.21 Directivity distribution of overall sound pressure

level of counter-rotating propeller

3 & i

BT RUETHR RS T ) HERe 7 AR p A2 At
Xt Je Wik 2 Sl MR A R RE A9 5 I, 24 B N
kR

1) Bt J5 HEFe 5 BAR B0/ DS , 1 HE B 1 # 4ir
T BB R FZBOLF 84 W B2, )5 HE5 5
IVENPAE I IRV S o WANOR LY -y i QIbEVE S
ARAETEAN T o B A BT BE R 86 O, 0 e BEIE 2 1Y
P71 Z B 3 28 0/ B0 R Se i R i

2) BEE 5 RS 7 EAR R 98N, X IRTE A 1Y
2R T WS, R B J5 HE e SR fif AR 2K
F18) FA44 TR 20 52 W AL i 553

3) B 5 R T AR RIS A AT AR AR
J& HERE 5 AR B MR R T D e E R R b IR
R 77 AR W PR RS RO TR TR
ORI T OL 5 d B

4) 38 i 38 R HE R E 2 A At T LATR Ab
H T i HR A 5 AR /N R B 4 R T R
TEAR [ 4 7 B0 B0 T, 5 HE S8 e 2% AR B BT " T)
SR AT LA IR X e R A W A e R o R Ol 4
dB, PL AR BT " U5k AE AR HE ST R OL R AT
DA 3 R R e 2 g e 75

CESd ¢

[1] MOENS F, GARDAREIN P. Numerical simulation of the
propeller/wing interactions for transport aircraft[R]. ATAA -
2001-2404,2001.

[2] KELLER D,RUDNIK R.Numerical investigation of engine
effects on a transport aircraft with circulation control[J].Jour-
nal of Aircraft,2015,52(2):421-438.

[3] VAN DEN BORNE P C M,HENGST J V.Investigation of
propeller slipstream effects on the Fokker 50 through inflight
pressure measurements[R].ATA A-90-3084,1990.

[4]

[10]

[12]

[13]

[14]
[15]

[16]

[17]

(18]

KINGAN M J, PARRY A B.Acoustic theory of the many-
bladed contra-rotating propeller:the effects of sweep on noise
enhancement and reduction[J]. Journal of Sound and Vibra-
tion, 2020,468:89-115.

PARRY A B,KINGAN M J.Acoustic theory of the many-
bladed contra-rotating propeller:physics of the wake interac-
tion noise critical sources[J]. Journal of Fluid Mechanics,
2019,880:1-12.

SMITH D J.The sustainable and green engine (SAGE):air-
craft engine of the future?[J]. The International Journal of En-
trepreneurship and Innovation,2016,17(4):256-262.
EKOULE C M.Advanced open rotor far-field tone noise[D].
Southampton, UK:University of Southampton, 2017.
HAGER R D, VRABEL D.Advanced turboprop project[R].
NASA SP-495,1988.

WHITLOW J By SIEVERS G K.NASA advanced turbo-
prop résearch and concept/validation program[R].NASA TM-
100891, 1988.

HORVATH C, ENVIA E, PODBOY G G.Limitations of
phased array heamforming in open rotor noise source imaging
[J].ATAA Journal, 2014,52(8);1810-1817.

MBI W) 5 A TR Al S 2 R gl e 2 [T]
B f12E 4, 1987,2(4):299-302.

SUN Xidofeng, HU Zongan.On aeroelasticity and aeroacous-
tics of propfan[J].Journal of Aerospace Power,1987,2(4):
299-302.(in/Chinese)

ARG A PN e W o 2 AR T T ROBILAE BE S TR Y R E A
73 6 SCHTIN A [T). 28 2740, 1993, 14(11):585-591.

LI Xiaodong, SUN Xiaofeng, HU Zongan, et al. A time do-
main method for propeller noise prediction including aircraft
fuselage effect[J]. Acta Aeronautica et Astronautica Sinica,
1993,14(11):585-591.(in Chinese)

XU . 25 AURE 3 B B KR H (M. B 5t - b 5 2 i K
K22 R, 2006.

TR IR T R S LM db st iz Tl i, 2016.
BT WK R e T S Al E RS TR 2 .
Wias 8 )12 4, 2014, 29(4):835-843.

XIA Zhenfeng, YANG Yong. Characteristic analysis of un-
steady aerodynamic interactions of control rotating open rotor[J].
Journal of Aerospace Power, 2014, 29(4):835-843. (in Chi-
nese)

ST AR X e SRR U A RS T LB A ]
B 1154, 2019, 34(4):829-837.

SHI Wenbo, LT Jie.Numerical simulation of contra-rotating
propeller flowfield aerodynamic interactions[J]. Journal of
Aerospace Power,2019,34(4):829-837.(in Chinese)

VSO A AR, BRI, A5 S A B R 3R B IR E R
TP E 3024, 2021, 36(7):1398-1405.

YAN Wenhui, TANG Sijia, WANG Fengming, et al. Un-
steady aerodynamic interactions of contra rotating propeller[J].
Journal of Aerospace Power, 2021, 36 (7): 1398 - 1405. (in
Chinese)

PETERS A,SPAKOVSZKY Z S.Rotor interaction noise in



1760 TS IS I S 55 37 %
counter-rotating propfan propulsion systems[J]. Journal of nese)
Turbomachinery,2012,134(1):011002.1-011002.12. [30] =M, 478 75 i g 32 e ) AT RS KB de 19 CFD 43

[19]

[20]

(23]

[24]

(26]

[27]

[28]

[29]

WOODWARD R P.Noise of two high-speed model counter-
rotating propellers at takeoff/approach conditions[J]. Journal
of Aircraft, 1992,29(4):679-685.

KHALID S A, WOINO J P, LURIE D P.Open rotor de-
signs for low noise and high efficiency[R]. ASME Paper
GT2013-94736,2013.

ELSON T. Computational aerodynamics for open rotor tip
vortex interaction noise prediction[D]. Cranfield, UK: Cran-
field University,2015.

KHALID S A, LURIE D, BREEZE - STRINGFELLOW
A, et al.Open rotor engine aeroacoustic technology final re-
port[RI.DOT/FAA/AEE/2014-04,2013.

VANZANTE D.Previous open rotor research in the US[R].
Lausanne, Switzerland : European Union X-Noise Seminar,
2011.

JAFD, A, E i 2 I U T R S I
A ,2019,40(9):1921-1932.

ZHOU Li, SHI Jie, WANG Zhanxue. Research progress in

[J0. 4k itk 4

open rotor engine[J]. Journal of Propulsion Technology,

2019,40(9):1921-1932.(in Chinese)

DITTMAR J H, STANG D B. Noise reduction for model

counter-rotating propeller at cruise by reducing aft-propeller

diameter[R].Indianapolis, US:113th Meeting of the Acousti

cal Society of America, 1987.

B, B gt AN GE L I IR B T B T

ST S i s HLBRLT ] 50 7 2441, 2019, 40(4)4163-174.

ZHAO Shuai, DUAN Zhuoyi, LI Jie, et al. Interference ef

fects and flow mechanism of propeller slipstream for turbo-

prop aircraft[J]. Acta Aerondutica et Astronautica Sinica,

2019,40(4):163-174.(in Chinese)

ERFE BN TR A5 IR T v B A 3 IRIE 2 A R
B [T % 241 2016, 37(9):2669-2678.

WANG Kelei, ZHU Xiaoping , ZHOU Zhous.et al. Distribut-

ed electric propulsion slipstream aerodynamic effeets at low

Reynolds number[J]. Acta Aeronautica et| Astronautica Sini-

ca,2016,37(9):2669-2678.(in Chinese)

VEFNBS i B BRIE R A A i A ] S 3 g

¥4 ,2011,26(1):148-153.

XU Heyong, YE Zhengyin. Numerical simulation of un-

steady propeller slip stream[J].Journal of Aerospace Power,

2011,26(1):148-153.(in Chinese)

B/, g, FO6%, 55 BRE SR AR GE & I Y e AR

ERUBTFE[T]. 25 T3l 1244, 2014, 32(3):289-294.

YANG Xiaochuan, WANG Yuntao, WANG Guangxue, et

al. Numerical simulation of unsteady propeller slipstream[J].

Acta Aerodynamic Sinica, 2014, 32 (3):289-294. (in Chi-

[32]

[33]

[36]

[37]

[38]

Hr[T0 M2 8 Jy 4, 2016, 31(2):421-431.
LI Peng,ZHAO Qijun.CFD analyses of aerodynamic charac-
teristics of tilt-rotor under typical flight conditions[J].Journal
of Aerospace Power,2016,31(2):421-431.(in Chinese)

M R, 2 KT R T MR 2 2 A 23 A AT
S HEAUT). Fe T2, 2013, 34(3):310-317.
WANG Shunjie, CHENG Yusheng, GAO Xin. Prediction
and numerical simulation of cavitation noise line-spectrum
frequency induced by underwater counter -rotation propeller(J].
Acta Armamentarii, 2013, 34(3):310-317.(in Chinese)
BB RE L B AR L K X Al s i R R 0 T 5
A8 (1), 42 2441 . 2015, 36(6) :1052-1060.
ZENG Sai, DU Xuanmin, FAN Wei. Numerical simulation
and analysis of non-cayitation noise ling-spectrum frequency
of underwatér counter-rotation propeller[J]. Acta Armamen-
tarii, 2015,36(6):1052-1060.(in Chinese )

TR ARL W I B T 0 e R AL B AL 38 43 1T [T,

ﬂ;L*T\AJJ JI%4, 2012, 27(7):1448-1455.
WANG Lei, LIU Bo.Validation of nenlinear harmonic meth-
od in dual=stage counter-rotating” compressor[J]. Journal of
Aerospace Power,2012,27(7):1448-1455.(in Chinese)
YR VL, HERUHT, M B A AR LR R vk TR R AL AR AR 2
FIAT AR I] fEE AR L2016, 37(4):632-639.
YAO Xiaojiang, DONG Jingxin, SHANG Jie, et al. Applica-
tion of non-linear harmonic in turbomarchinery 3D flow field
unsteady~simulation[J]. Journal of Propulsion Technology,
2016,37(4):632-639.(in Chinese)

R, T ACR T Al A I A A A RO AL A AR 2R
Uk [T]. TR 4R, 2009, 30(6):949-952.
WANG Xiaodong, KANG Shun. Nonlinear harmonic meth-
od in unsteady numerical simulation on a low speed axial tur-
bine[J].Journal of Engineering Thermophysics, 2009, 30(6):
949-952.(in Chinese)
DECONINCK T, CAPRON A, HIRSCH C, et al. Predic-
tion of near- and far-field noise generated by contra-rotating
open rotors[J]. International Journal of Aeroacoustics, 2012,
11(2):219-238.
FERRANTE P, VILMIN S, HIRSCH C, et al. Integrated
“CFD-Acoustic” computational approach to the simulation
of a contra rotating open rotor at angle of attack[R]. ATAA-
2013-2242,2013.
WEI Chunhua, JIAO Lingrui, TONG Fan, et al. Pressure
field measurements on large-scale propeller blades using
pressure-sensitive paint[J]. Acta Mechanica Sinica, 2022, 38(2):
121366.1-121366.11.

(B3 . AR Z)



