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Aerodynamic investigation and optimization of airfoil geometry and
oscillation parameters in the plunging motion using RSM
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this research, the plunging motion of an airfoil is simulated by a numerical method based on
Received 07 April 2014 finite volume method and various Reynolds numbers; however, the effect of thickness, amplitude

Accepted 26 April 2014

Available Online 01 November 2014 and reduced frequency of the airfoil are investigated on the aerodynamic coefficients. In this

process, SIMPLEC algorithm based on implicit solver, high order scheme and dynamic mesh

technique are applied for unsteady simulation which the flow is supposed to viscous,

Keywords:

p||_¥r‘:‘;ing incompressible and laminar one. The simulations are done in three Reynolds number, 1000,
Dynamic Mesh 11000 and 50000 in accordance with the flight of the insects, small birds and pigeons. Moreover,
Airfoil Thickness the study is carried out in two different amplitudes and three reduced frequencies. Consequently,

Amplitude, Frequency the present results are compared with the published data to confirm the validity of research.

Furthermore, the pressure distribution and vortex shedding around the airfoil depict that the
thickness variation of the airfoil delays vortex shedding and the time-averaged thrust coefficient
is slightly changed. The results of this study also demonstrate that the reduced frequency and
amplitude of oscillation play an important role; but the reduced frequency is much more effective.
The response surface methodology (RSM) is subsequently used to optimize the plunging airfoil.
The optimization results illustrate that an airfoil with 0.29% thickness in the plunging motion by
3.08 reduced frequency and dimensionless amplitude 0.5 reaches a maximum trust coefficient.
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6- Response Surface Method (RSM)
7- Adaptive Neuro-Fuzzy Interface System (ANFIS)
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1- Plunging

2- Pitching

3- Flapping

4- Strouhal number
5- High-Fidelity

102


www.SID.ir

Oblen 9 5)3L Hual

Thow gawly (g b 39,3 9 51)8 S ya )3 Woylgll Silwgs 9 wid Sl kel G)lwdisg 9 Swels39 3T w0

Sl Oy 4 5,5 LSl Gl 9 lse el jo aS Sl e sy,
4 ks goas o gl gl oo eolaiul goue s, I wal e SIS
ploil Sgazme pxa g, 5l eolatwl b aS” o ls 59> SV¥oles (gjluaius
Mdslwl%omwpzysobﬁ@‘&dawbiﬂ.op@
ol s 0,055 b sl 5550 45 L uitie dem 45 (5 sb a4y o
& o SIS s (5555 ol o555 a aas sl S¥olas
(03l ceep sloadlge Wlgs oo 45) B iie y2 gly g 00 o pdams
il o0 10 alal) o5 4y S¥oles IS IS

I, =1, + 1, — I, = Sp6v (10)
& 8985 o il e 585 05 5 alr Alr o5 oS | S (g y5bay
e o Jobo gl sl 1, OF Olise 5 998000 Ol 535 0 SO aloss
0,5 oo 11 alal, & jg0a 3 IS 4o

12 = Do(¢pp — ) =S¢ (11)
&S col ol e g 8l LS polB axgi 4 ol als (Lo gileanaS
p5 s 4 Llas ool ons Gilisne Lol glag,b anusi g5ige
The Sy 2 ) ean s Seels &S ol ¥ wil e plralr
il i b Jsles o (55, 55 e opums oee Ll ooyl ey Jshos
Slr it Gl s, ;b e a4 isdoe 03d sk S0 05
D18 0525 Jsku zrhaw j3 ool ke 051 ey

12 e 05 4 ol g sl sl 4l L

1§ = (pVA) D, = EQ, (12)
S 5083 Be 5 Joko v axly 10 0ad > al> g3 eaias luiFe oS
= ilize @laghsy Gk 3l ) ol Jlade 5 el oo gl o cools
Sgai o5 ol 18 L sl oas eolitul sl wl> slap 5 o3 sl canse
ol 13 alaly o8 @y o5

apQ)p = am®m+St

0 (13)

m=E,W,N,S
Sl @S b Jlally oo il g 358l o Jold @ a5 555k 4
OYobee 3o cpl 50 0503 Jo 1) oSl b,z Glsi oo oSl SYoles
a8 gy bl e 395 0 @il dinnsS (393 Jonlljgiws 5k oS>

. 1,z <

R e e e e R
ol o0l oolazul cield Jl38le 55l gilwancds (! Ho canl [S3 4

(RSM) e ey 595 -3
S 098958 8> 0 Slags o)lell (giluage jslaie 4 B onl o
oS ol Gl il 55 pF clsl ool ot oslinal Plans Gy 3,
A v 20,5 aseie loaiSogaze 5 b (sla e (Boa &l
hb sl e sy 0aiiSsgae milsi g Bos Al polde a5 cul
wd I 5k 5o Bae i plsie 4 (Bl Gy (Bein Gl )0 00,5 alxe
5 o)l Culid i o loss anals wagdlS LulS 5 sl e 5 o0l
3 eauiSoguoe @b aniboe (Ahb Glopiie plpie @ jalsn) sae
W23 g |y Pk st 8 (93,Sles odgame 5 Wil b g5
b Gl 5 ) cupd o Py dbl) g & ol

1- SIMPLEC
2- Response Surface Method
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1- Linear or quadratic polynomial

2- Neural Network

3- Adaptive Neuro-Fuzzy Interface System

4- Fuzzy

5- active-set

6- Karush-Kuhn-Tucker(KKT)

7- Quasi-Newton

8- Broyden—Fletcher—Goldfarb—Shanno algorithm(BFGS)
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