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Robust Aerodynamic Airfoil Design Against Wind Variations for Mars Exploratory Airplane
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Abstract

Robust aerodynamic design optimizations of an airfoil configuration for Mars exploratory airplane against the variation
of flight Mach number have been carried out by using DFMOSS coupled with the CFD simulation. The present robust
optimizations successfully found the airfoil designs with robust aerodynamic performances against wind variations.
Obtained trade-off information between the optimality and the robustness of aerodynamic performances indicated
that an airfoil with smaller camber can improve the robustness in lift to drag ratio against the variation of flight Mach
number, and an airfoil with larger curvature near the shock wave location can improve the robustness in pitching

moment against the variation of flight Mach number.
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Fig. 1 Definition of airfoil configuration.
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Fig. 3 L/D histories against My of one-point optimal
and robust optimal solutions of Case 1.
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Fig. 4 Airfoil configurations of one-point optimal and
robust optimal solutions of Case 1.
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(b) Robust optimal solution with 6o.
Fig. 5 Chordwise (), distributions over the airfoil sur-
face at various M, of Case 1.
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Fig. 6 Comparison of one-point optimal and robust

optimal solutions of Case 2.

-0.08

009 | Tl

0.1 |- 1 T ]

011 | v

CMP
T
'
'
i
.
|

-0.12

SIS T U S O — ]

-0.14 |

— Ipt. oﬁt.
[----- robustiopt. (10)
-----robust:opt. (80)

03 %404
03735

-0.15

-0.16

405

0.4735
M

406 07
0.5735

Fig. 7 Cu, histories against ]\400Oo of one-point optimal
and robust optimal solutions of Case 2.



0000000 Fig. 80000Case 10000O0O0O0DOOCDDO
oboooboooboooOooooobobooboobOoooboOoooon
obobodblesoboOooOoOobOOoOOOOObOOOOOOOODOOd
obooobOoboooboobOoboOoooooboooosseno
00000000000ooD0oOo (0 1B%Wooo)oooooo
O00Sigma Level 00000000000 O0O0OOOOOO
ooboooooog

0.1 T T
— Ipt. opt.

————— robust opt. (1o)
-----robust opt. (80)

0.08
0.06

<

< 004

0.02

-0.02

0 0.2 0.4 y 0.6 0.8 1

xle
Fig. 8 Airfoil configurations of one-point optimal and
robust optimal solutions of Case 2.
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