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ARTICLE INFORMATION ABSTRACT

Original Research Paper The growing and diverse applications of low Reynolds number operating vehicles have compelled
Received 15 April 2017 researchers to study them more accurately. Optimization is an important part of computational science
Accepted 18 June 2017 that can improve the performance and increase the efficiency of the initial geometry. Most of the

Available Online 13 July 2017 ! ance anc In { - M
vailable Online 13 July 20 research studies on aerodynamic optimization were focused on high Reynolds number airfoils. But for

aerodynamic devices that have small dimensions, like MAVs, usually the flow speed is low and thus the

Keywords: A N N o

Unsteady Adjoint Method unsteady effects caused by boundary layer separation cannot be neglected. In this article, oscillating
Optimization airfoil with pitching motion in turbulent and low Reynolds flow has been optimized with the continuous
Low Reynolds Numbers adjoint method. Lift to drag ratio was chosen to be the objective function and free form deformation
Turbulent Flow parameters is adopted for the surface geometry perturbations. Since aerodynamic optimization generally

Unstructured Grids consists of two parts, first, solving the flow equation and then computing the gradient of the objective

function, in this article in order to evaluate the accuracy of the optimization process both have been
validated. The results show that the adjoint equation converges well and with specifying the suitable
constraints, the designed shape approaches the most optimized level without the loss of performance. In
a way that the ratio of lift to drag coefficient increases to 84% in such a case.

JO) S5 y50 ez 2yl JES 5 90 O el 5 eads Jo ool dodio -1
ol g 50 eols opl 5l e g o dle (g Jiogesil dowlsn 390 o IS 5 ojlil Lululy Wil oo cdel it piacs G 8,Slas
Slwbre OVl Sealus lagty, weboe odlitul ludw SO Gl oslhae S s Sz 50 3ledinge diey 005 )13 o)z

T1] gm0 o & (3botine Sommn 50 I kel gy ol o S e ik sli) o] LS il G b gl b par
Sesbusgnl (b wnl s siluans Glaghs) jleslanal £ly) b Oidgy |y (Flmslre 055> o plad a5 (laSls 1 bz 1 S S¥olee

Please cite this article using: s lod oaliu] B3 @yl 5l o ol 4 gla ] (610
M. Ghaffari, A. Tavakoli Sabour, M. Passandideh Fard, Continuous adjoint shape optimization for low Reynolds number oscillating airfoils in viscous flow on unstructured
grids, Modares Mechanical Engineering, Vol. 17, No. 7, pp. 161-170, 2017 (in Persian)


http://mjmec.ir/

Ol 9 s )lat Soxo

liiols A 5 Akigay LR g H o 3Lianl by cypaply S3gis) 332 b 230 Ulrd )3 iliwgs Jasd il il dist

[ Baseline |
| Geometry/Mesh | |7 \
H Geometry
2 | Deformation ‘
Xq L )
Mesh
Deformation

:

Aalaysis ‘
o
J
Sensetivity
Analysis

4y

—{ Convergence? — X ;]*
\ no | ) yes

i

Fig. 1 The flow chart of gradient based optimization methods [1]
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