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Abstract
This study investigates the effect of rotor rotational direction on aerodynamic interference between rotors in Mars
environment using computational fluid dynamics (CFD). The objective is to evaluate how the combination of rotor axial
spacing and rotation direction influences rotor performance. Simulations were conducted under various thrust
coefficients and rotor tip Mach numbers. The results show that when the rotor spacing is small, counter-rotation improves
the performance of the lower rotor, whereas in cases of larger spacing, co-rotation yields better performance. It was also
revealed that changes in the swirling component of the flow due to rotation direction have a significant impact on rotor
performance. These findings suggest that the swirl recovery effect plays a critical role in determining the Figure of Merit

(FM). This study provides valuable insights for the efficient aerodynamic design of Mars multicopter.
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DL, d/DB/MSWEEAICE, AR &
ST FMla—%3 Efile—& O FEREE) = %L ¥
—EHBCEULTE 52, d/DI3KEWVEEIZIE,
REHED SR =RV F—EIZHRTH D &5 %
bD. EERIZ, KIOWREND X H1Z, d/D0.S
R CIESEHRD A FHle —2 OFMA3EL, d/D
N05% 2 5 & RIEHEED 7R DTN EWFM % 7~
L7z, Zhbofmik, FRok>2Au—1U %
Y — (swirl recovery) HNRIZL > THMHTE S.
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(] i 7 1) 3 JEE R 43 S0 1% B AR G L B R iE WAL
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o — & i B EECER ) & FM & O BfRIE, i
TONBIZEAEEEFIEA LT T ol E
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() »—XHMEREd/DR/NE L 725 &, Tlle—
20 e — 2 %R OEBEEZ R Z T D720,
HHE y FANED L, v —% 2 KON (FM)
IR T 2Em AR L. L, HZ
HE PAREC, = 0.04, d/D < 0.5D Wi RIEESEIEIC
BOTIE, FMOKRTIRIZEAER N2 -
2. THIE AT — v Y J1 38U — (Swirl recovery)
hRICK Y, Bl —% OfgRlo 3 L ¥—%TF
e —ZNEN L7z EBEXHN5.
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FMMBREL o7, T, v —Z %O kER
FHi e v —Z G OBEENd/DIZIE LT
L, TMle—% OfERx= 3L F—EIL D%
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3) HEHBREORETIE, € =0.02XVCr =0.04
DOEEOHF P a—X ARG I LD Fle —#
FMODFENRKE o7, ZRNITEHASETT
e — 2 PRV SO BE B Ry A AR R LT
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@ FEii~ v O EF (M, = 0.77) 125 LT,
d/DIZ X ZFM O BIRIERE < kL7
ST, BRI FMIEC, = 0.0412 8\ TH
10%IK T Lz, ZAUIERMGTE DRI X 2 HEfE
REBBELENFRZEEBEZOND.

0 — X ERENEE I TWDE5E, v— & fl ik
EREWHTRRBVEREZHROND. 205G, M
FTorr—X%, DITHPENREAT =LY AN —7F)
BERMHECEZLREESOFRERTHS. Lavl,
d/D < 05DEHITIE, n—F A WEESELZ LT
AT =N BN = REZENL, Tl —F oM
REHERFMTFIREL 725, LI~ T, ZHTHEHA
LoD, B—HEREZIERTLHZETRELLTO
PERER EAAL D E WO RBREF D BIE TE S, ks, K
METIEREEOSE G — 2D M7 NT R
ZHE S TWARWD, v L FarZ B\ TiIsnsd L
LT A — R LD NI RNT R BB
3L, Bine—HE TRV RT U REE
LEWoTEHNEZLND., ZOXHIT, KE~
NF a7 rZOE#En —F &Y, v— X R
B, [MERI7m, HESRE L Vo R EEROERN A
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