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Abstract: In order to improve the aerodynamic performance of the rotor propeller, aerodynamic design of
a rotor propeller based on the blade element momentum theory (BEMT) and computational fluid dynamic meth-
od was implemented. The aerodynamic performance and flow field of the rotor propeller in the cruise and hover
status was calculated using CFD method , and numerical results were compared with wind tunnel test data. The
research conclusion show that the numerical results are in good agreement with the experimental data after con-
sidering the grid independence study. The average calculation error of design point is about 3.0%, and the
CFD method has high accuracy and reliability for practical engineering application. The designed rotor propel-
ler has good comprehensive aerodynamic performance with higher than 80% cruise efficiency and 70% hover ef-
ficiency.

Key words: Rotor propeller; Aerodynamic performance; Numerical simulation; MRF approach; Hover

efficiency

W B 2021-09-07; EITHH: 2021-11-18,
EeWH: Sl A ShPLerE T 3E4E (HKCX-2019-01-005) .
PEZ I ESOH, Wit mRCTRIm, TRE S k.
BIREE: TrbH, B4, BT R, SRS WAL AT, B A,
SIARE: FSOE, T, EmBH, & HER BRI SRS S RN 1], FEEHOR , 2022, 43(8):210622.
(YAN Wen-hui, DENG Jia—zi, WANG Xiang—yang, et al. Aerodynamic Performance of Rotor Propeller in Cruise and
Hover Status[J ]. Journal of Propulsion Technology, 2022, 43(8):210622.)

210622-1



Fa43% Hisl i

#HoR

2022 4

1 35

005 i 3 TROBILT O T R R T RAL Y —
Aifr, G AR R el 32 2R TR AT A% BAT M T B K S
R4 s v AR A5 R v R RO YRR . PRI A e
SLHORTE B T A S A 52 00 i
LM T 2 A Ay 1 B i B ML Y L R A R R X R
QAT 1 R F A AN R B 2R S R R R
BHRREIEWEN.

H T e B R E 2 T I 1 AT DAL 2 2
SUHE AN A Z 0 A Bl 0] AL, ok 2 Ja) R R LA
(1) Jig L W% e 2% B 2 A = i ke g A T 42 it ) = T
I3, CEAE A A R ST R X R 2
HAR iy R sh st ok 73 Ry e . HASME &
TR T AL E S5 [ 3B A AR R L g A e
(2) Jié 3 W2 i 3¢ 5 ML 3L ) A7 75 2 4% 10 <0 3h T3, 1R
KWW BV T UEE R S m LR st ae , HLE
{14 BHL 2 1 FH b 2 5% ) M e 2 1) sl MR L (3) 7E
LT AL 2 1) i 3 AT AR A 4 ) 0 o 3 S R
rh i B B E R R LU PR B R AR BN AL A A OC R
S HN AR E w AR AT N R, DA
SRR g Ak R R e R A Hh R 15 Y i B IR
JiE e BT B 05 B R 525 g6 uE AT R B
R 2 AR 3 SR TR R FH 4

T BRI Y Ah A R e 3R 1 <
Bt AR RN T AT T R
A 5¥ . Christian 55 $& 1 T 25 S8 R E 22 0 HL 3 <
SRR R B 2 2 BB HE SR T & T HLIE - 1R
e A B MERE T AR T, JFR H S S5 4 AT
AE AL B AH 45 5, A7 250 1 A5 400 L 38 0 R e 5 3 O K e
MSZI . Waqas 5 LTt R -2 A S5 HIg T L T
Jo N HLIRiE 2 3l v SRR AL, %458 Y R A% T A W)
Ui T W IR e sl Jy g JE L i i 5 S DA K
BT EAY LB IE W] TR B A P o Alexandre
SEHENLE SN T P O B g B Ak L 4R T —
Tl WAt 23 A O ¥ L OF T — b e AT 0 T R
KBTI Ko 5 AR E R A L, BEAR T e i o
B o TR RE s Vigevano Z Y EHT BT T Erica %%
Ji@ 3 KA, X 2 B M DL IR e 3 5 PILEL B R
BT AL A ESFEAT T AT ST, O A T R e T
S ERER R T AOR . Andrejs S5 P T —Fp A
TR 5 AT T SR E A G o A
B0 B, 3 1 IRBE 2R n B MR L OF A A IR T IR
JiE 2 W L A AN BT T R T KL 7 iR S5

il

BRI, BT AR EIS T T IR R RS MR L
ok % MR E 2 1 b T IS BT TR E R R RE S S
7 A F AT B i — BOrE IR IR 2 T DL
AHLB AT AR S By 55K o TR S5 TR 6 45 7 1Y
AT BRI L B AR R ESE, SR
T — PR BT T v LT I RE S T B R
SRR 3 1 JUAR] R P L O3 ak 5C(E T B3 R XU 5
BOUE TZ Bk A Ak o SRR ZE AR H T TR
& CFD & IE 1y B2 e 2 PRl B 5 v |, JF % — KB Bk
T B IR E 2 BEAT T 1% 0 1k R AT M T R
TR 2 i ) BEOR T HRBE R AOCR A — e s .
A AT A R R T N BIL A T R AR PR S X
Wi 2 R RE A AN R) 5K, O e 1 B R A 0 Y
BB 2 v Tt 3E e S BG R T ARG UE TR IR T 9 e
R R ESR . RSB R R JiE 3 SR E A T
FET P BETE A R 2 2 I A1 MR e 2 A 41> Bl
B AU TAEPERE . b AR R T — R AR AT
B 8 T Ay A B T B MR 2 PR R Uy vk
b X — A BT Y R E PR BE AR, U W% ) Tk e
% AR 45 25 12 B A o A R AT RS B BT A R 22 N
i1 7.0%.

LR SR T B A & WS BRI T IR e
BRI+ L A AR 3383 7, O HLA 2 M 3l e 1
R g SO UL A I AR A B, AT 2 U A
Ok g SO UL Y VR U KON I B, AT B B TR i 2
O 2% W U A RE L ERE Tl T RN TRALER A T A
1A A% RHL I a2 e M 2 I AELPEI S . Droandi
SFTRIE YT OE L AR E A el TR LA K 4 B R AL
2 i 2 e 3 RO AIL 38 R E 3 2 1) /% sl T 4 I
B3 ST A LR XU L RS T T A g B
S B B R SR ) R B RE . X B P AR
i 11T ¥ B B A% 19 CFD J7 ik DL R S 56 T Be, X B gy
Br 1 AN [ 30T g B2 T B9 6 MR R T ) R Tl R
PR, UE BT TR 4 52 W) AL B i S b T RN X i
TE MR E 2 T M R SR S Y B PR RE A B R, A
PEAT B M B AR I BT I R R, BN
SEPIE T AR SE A IR A AR S A SR RS T
W TE 2 2 g R T R MR E K 9 I X TRAIL AR B R R 1
M, MRBE RN ) R AR R B S RS
B o MG A5 R SR AR A i o AT 0TS G R B
L T TR E R R R % 7 S MO I 5
s TSR BN T DR S R 2 T R 0 LB
KB FEPERZ ,

AR SCH T H Y N-S 7 (Reynolds Aver-

210622-2



a3k sl

Jie B BER T 3 18 A B B 4IRS B R T Y

2022 4F

aged Navier—Stokes, RANS) Jy 3% , X} % i1 i) — 3K g L
WRTE R HEAT T CFD BB TR JF 5 S0 B AT T
XFLE A3 B o WFSE T 1530 IS X &5 L 1 5% i, E I gk
Bitlh 1, 0T 12 e 8 R HE 2 114 B 4 DR A R SRR 2 43 i)
HEAT T HE RS T IR E R BB R R R R
RORBYAS A A . A CFD 33 Bt 5 XU 3k 56 19
X, & 3012 T 3 B e 2 11 20K A 850 8 R R 4 0 R A
Py, B B 255 B PERE , A ST R 0 8K
E 3 i B I 1 TR ] S RORS
2 F &
2.1 RMSEEITRER

AR SOV ) e B R e 2 1 3 A R A R 0.25,
SEHTHE H R 2.92, B0 E A% 1.05m, 28 4% 0.12m,
R BR 3, ASCHEME R -3 A A B it it
FE b, DLASKAL T 000 S BE M , 70 0 2 1) e 32 8 e 2 1 JL
] 2 80 R 3 i 2% w3 AL Y AR T L w AR T
AL I S S (I Ay o £ o IR R o = 3 2 Y L )
A PRI R AR AR A 20%,
60% S 90% 32 42 0 B (1 3R QN 1&] 1 7, 40 )
T GOE434,GOE255,AG24 R 5 B A Ik 147 T —
EMEA . BT R-gh i 4 A3t B A, 7 F
TR AT e B R E 2 TR AE R MR | KR E
Pb A B 0 15 0 5 7 2B R FERAA T e 31 B iE 2K
TARTE /NIRRT IS 00 o O T 4 i IR
BER MG AR BN TR & B R A&
1) 5% A R 2 I 08 HH 2 R R B 24 2R 0 ) DA B R 11

02

0.0 02 0.4 0.6 0.8 1.0
x/c

(a) Airfoil at 20% radius of blade

yle

02

0.0

yle
—

02

0.0

yle
—
1 L

x/c
(¢) Airfoil at 90% radius of blade
Fig. 1 Airfoils at different radius of propeller blade
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Fig. 2 Airfoils and blade of the rotor propeller
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Fig.3 Sketch of the design of the rotor propeller
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