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Study on optimized design of coaxial helicopter
Luo Xing Cao Rongfu Xia Runze
China Helicopter Design and Research Institute, Tianjin 300000
[ Abstract ] According to the aerodynamic characteristics of coaxial helicopter, the multi-target optimization study of rotor airfoil is
carried out based on genetic algorithm.First, establish the calculation model of aerodynamic characteristics based on CFD
method, compare the results with the reliability of the calculation method.Considering the aerodynamic performance of the
coaxial helicopter in the forward flying and hovering state, the multi-target aerodynamic optimization design of the coaxial

helicopter rotor wing is developed.The optimization results show that the optimized airfoil has a larger resistance divergent
Mach number and a lower torque coefficient compared to the reference airfoil while maintaining the lift-resistance

ratio.Based on the coaxial rotor based on the optimized airfoil, the calculation results show that the optimized airfoil
effectively improves the aecrodynamic performance and operation characteristics of the coaxial helicopter rotor.

[ Key words ] Coaxial helicopter; rotor airfoil; CFD method and pneumatic optimization design

155

TSI BB L0 T TR RER R , N TiEFE A bt
WA AT, BRI e BT R 2 B, R R
bR R BER A, A RE R IER BT, PHAERE
HIS SRR, BT R A ST SR B AR A
SR TAE, Bt AR HE iR R S 2 TR, i1
TAET, RERF TAEE SO Fhes Al itifs, 58T
—LERERIAEIR, IR TSR EAL L, KRISRET
HIHLEERE, WSEEAY SC. VR RINFEA, KEA 0A R
FIEAL, AR W) TsAGI RFIFEAL, H[ER CRA ( China Rotor
Airfoil ) RFIFER", TEHER BRI SR HFFT 08 £ R
BB ITEELL M CFD 771, Jones S B T f& AL 2T
THEBMBARTT, RE TR RETE JL) R IHE
R EIEE TR R | e RS T s 3 A
WATRMBET, BT T EANSIMERE; [, A
LR TR R AV AT, B2 T O
FERIT A AR . Zhao SR H T —Rhkifiin £ A
FRAA i, R T i B UE s R S ah ki it
HETE R B U S A SR BT R SR
B BT UESE S AT R s IR L BT

2 A TR A AR

122

2.1 JeSEen-flii <@ e

el g LR Sl SURE ST R ik 1 2 <3l
A Jey , TR ETT G 32 AT T35 AR AR A A0 BR A 7 2 a2t
T MEF Rl ol Je SR s ) I 2 ) 2D AT R v e 3
HLE D, 0 BT HHLAY Al AN AR, it
FORBESL A3 B AT B AR K B A [y T3
o B TR BE RIS 7 22 LSBT 6 609,
RS EBE T, T8 SR B AR, X TR R 4
HEOR, N BIERERARINERE , Rt 2R e i 38 3 2 AT
BARBI IR E o Lo Hral A, H RTRESR S A B A2 fH
J1 RS BER ] , 2 TH SR ) AR AT LA S0 Ve
ARPERIAT AT, T SIRE ) R B R, T LA R T
FUTARRGEIRE], ST A ML 2R, A T E Tt
BRI AT €

g5 LA, A SO LR R i it H s
PRI T LU RTEE T, PRI R R AR, P13
FEL3 S B

R AR R DU B bR R R

Witds Wit R AEE Y EAp S
. Ma = 0.7 o IC..| <]C.0l

C =0 minC, K> K,

Ma = 0.5 c,|<L|C
2 minC,, ‘ d‘ ‘ do‘

C, =0 K > K,




P\

REiREn. Modern Science and Technology Research MRXRHZR £ 5% F 2 #2025 £

2.2 e Eh AL 5 B

BB R Z BT Z HAR . 2L
AR 3R A B T B A (R AR R, KRB & ik
RS o DRIARSCE I AR s A3 R a5 L JLfE H
PR BT A

3 BN

3.1 RAESEERSY)Ti%

R FHEE T 2540 AR B BUEAR LTS A R )
M, IR ZAS R E A SR

T A TN Navier-Stokes JrR", (RBEELE
I, AWM AR, e RAEEE R N-S HE%
oyl

oW OF, OF,
-t (1)
ot 6xl. 6xl.
0
puu1+p5 7,6,
B pu2 - " puy + ps, [ Fi= 7,5, (2)
(PE+ py, B
Hrp WKL, u, ARREE, pRIES, EH
B TR S RE, T,jjﬂ* PR3k, O B JER RS

i R TR T (RANS 515 ) X N=S R,
RANS J5 0 I G F BRI X N=S  Jy Rkt ] o7 3515
FITRUOTII R, 256 ST MR B MBS ) i R AST AR 3 4]
JifE, IR R 5 . T RYE T k — o SST
T AR

3.2 UGS IR

ARICRH NACAO012 AN FAWE RS RISIER B, 43T
B NACA0012 (TH 2% PN REL. T RO 50"
XFEG, XF SR T EIFR . IWE ] DU A S
WIEHT, UL T ASOR RS AV Sh BRI Y ] Sk

LI A
o . it

it ffy /o

Fl 1 NACA0012 3 A 0.5Ma IR S R0 RME S5
BB b

4 FUMRAEBEIFSE

4.1 RARRAEE T L

ARSCREEREAKICR A 300, H ikt B2 it kAR %k 200,
FIENAS XER Dy 0.9, ZEFMER 0.1, X NACA23012 3
RIF LAY, S ikt R MBI LR A AINE . i1k
SR IR R LA R 2R AN R A R 2,
v i e R A e AR B v AT PTG o

SFFET RANS HF20 CFD it s Ak
FRI AN b, LT RH E X AR BT R
MEHRET A L, I SRR TRy, g nlm ATt
BH L IEAANAS X F AL AT , 3 AP A B A R
B R SRR R 3B K T HeAT — e 8

—a— B R
—e— {iL{L A
R}
||r.|‘: *
104 E
:—__' 04 o
= < "
= 91 —g-uw -’
at: L | \ :
< ° -4
W
o g
60+ ....'

80

/e
2 NACA23012 ik BNt
XF AR AL Fi S S A T 5 R B SRR, i
E iR, MEIFRALIE, Pi b3 BRI e RAR L, A5
TERAY T A 2, 1T LA 3R A T e 0 %o 1o A
U SEMERRLA T h LIR30 3 T A i) R

—a— AR
i —— (AL

3 ARARSAL S B AL T SRR [
SN I EE SRR SIEPIEN Ui Ry Ve X I I
FIER . EIF AT LA Y, SRR T RER A, HAY
SRAE TR ) 28, A S R A SR

123



P\

cacaec) Modern Science and Technology Research MRXRHZR £ 5% F 2 #2025 £
—.— LA R —a— HEE W
0. 050 = —e— {RILRA 129 —s— {R{LhEH
0. (45 =]
0, 040
0, 035 4 ] 10+ ./=‘_‘.‘\
O 010 - / ?_: /'/ _h.‘“‘::::.
B 0.025 1 /_ ,:- .
% u:a;-\— ./' 2 ;:-i
T oo0d 8 = _—:'__._./ =
10, (05
0, 010 T T T T T T 1 1 T T T T 1
0.3 0.4 0.5 0.6 07 0.8 0.9 0.1 0.2 0.3 0.4 0.5 0.6 0.7 (%}
%A Ma it e
KW £ SiERSR 2 SRS IWIES Joulid K5 Jedd htEReExt e

4.2 (RACHER TR CITERBA LY

AR RN T TR, A0 5 ki
SUEHIERE LR (L AR IR MORCR . 5% 507 1
FPLBERZTAGRARRST R ", L FRRIAN 4 1) HERET 2 F R SR R R L
I, ESCEEE Resm, L RREREHDY O.15R, RIPE o bty BOAHGE B s TS0 T DLIERER
K 0.06R, HMHAHEE R-10° , FHEMAN 200 o HE S S RA ST ;
T%f?’ﬂlﬁﬁ%ﬁ?&?E"J%%N“’ﬁﬁﬁﬁfﬁ%, er‘ Hﬁ%‘{ﬁﬁﬁﬁ 2) ﬁ:}’fr”ﬂ?ﬁxﬁgﬁﬁﬁgﬁﬂ%fﬂ1jﬁ{t&ifﬁﬁ%, "j:fm
FRACTEE R ERE, XTHLEE R R . Ak iEd FIITFREASE . SRR ) R SO Y 2 S BT
MSTERRE S FACRER RIS, MRR S 3) 6T ORI A L SRR FLAR B 09
ey DEALHESEAEE PALHEREIUATSRT BEAORITAN . ey g ooty e OB LR, R ARAT
PEFHOR AR R, FEERE R 5 KFHBEEE R 9.65, fifbiER S, S O R A AR T T R TR 0 S

BATHBHEE M 10.01, HE RIS
B ik

[RAW, R TSR MAK &R SR 2 s A4k, 2021, 39 (3): 1-10.

[2JALLEN L D, LIM J W, HAEHNEL R B, et al.Rotor blade design framework for airfoil shape optimization with performance
considerations [C] // ATAA Scitech 2021 Forum.Reston: AIAA, 2021: 0068.

[BILHARIET CFD Jr ik iy BT R AE— T T A RV ERE TS B S AR R, 2010

(415K DR, PMRIE, fRISE, 5 BRI SBO SR A 2 a2 a4k, 2021, 39 (6): 136-148, 155.
[SJONES B, CROSSLEY W, LYRINTZIS A.Aerodynamic and aeroacoustic optimization of airfoils via a parallel genetic algorithm[C]
// Tth ATAA/USAF/NASA/ISSMO Symposium on Multidisciplinary Analysis and Optimization.Reston: AIAA, 1998. 4811.

[6)E3, 87 S T AL RS MLE & AT HI LA 3 71774l 2016, 31 (6): 1486-1495.

[7ZHAO K, GAO Z H, HUANG J T, et al.Aerodynamic optimization of rotor airfoil based on multi-layer hierarchical constraint
method[J].Chinese Journal of Aeronautics, 2016, 29 (6): 1541-1552.

BIARH, e, Mk, e AmAEL HAR SO AL s R a4, 2022, 48 (1): 95-105.

(9175 . e ELTIALA R BRAR | %5 S5 08 )] B s WA MR R4, 2015, 47 (2): 173-179.

(0178, RICHE, #hibfe, S esii L AR AR i I s 4, 2012, 33 (7): 1218-1226.

TR 2%, HAAEA: 19979, 55, FESCAMARIET . WIRsRMH, R 30, WK BYBETRN, ~A55. BFeE, o
B BEEATTETT I (5 TARMDR ) B3z 317

HoRE, AR 19895, B, EEDTARBIATI . VIORERML, ROFR: D0, WURR. mSCTARRIN, Sphr. BESEAE, cEAn W,
BT (5 TARRSR): Teda sl i

B, WA 19939, 5, FESHARRIE T IRTEMN, R DL, HARK: TR, SeM. BRSeAE, cefn. W,
FEOTI (5 TARMSE ). e <sh e,

124



