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ABSTRACT: In recent years, actuator methods in aerodynamic simulations have been favored by
researchers. These methods can significantly reduce the computational effort compared to full-scale
body resolving simulations. They are also more accurate than conventional methods that use simplified
models. In this study, an actuator surface model is used to simulate flow around an airfoil in a steady two-
dimensional incompressible flow. In these models, the geometry of the airfoil is represented by volume
forces distributed along the airfoil chord. For this purpose, the collocated method of mass corrected
interpolation method is coupled with the Actuator Surface Model. To determine the accuracy of the
results, the actuator surface method is compared with the full- computational fluid dynamics simulation
method. Besides, a new study is presented to investigate the effect of changing different parameters
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of the actuator surface model on the accuracy of results. Finally, pressure and vorticity contours are
plotted, and obtained results are compared with full- computational fluid dynamics results. The obtained Steady flow
2D flow

results show that although the actuator surface has a moderate accuracy in calculating parameters such

as velocity and pressure, it can predict aerodynamic forces and flow structures with acceptable accuracy.  Incompressible flow

The method presented in this article can be used as an efficient tool in studying more complex cases.

1- Introduction

A range of methods for performing airfoil simulations
is available which are different in their capability to predict
different aspects of aerodynamics behavior. Navier-Stokes
simulations with fully-resolvedboundaries arenow precipitant.
However, fully-resolved simulations come at great expense in
terms of computational effort, and simulation time especially
when multiple airfoils and structures are present in the flow
field and complex meshes must be generated. Alternative,
less expensive, non-Navier-Stokes models are available,
such as momentum theory methods, panel methods, and free
wake models. These models suffer from assumptions in their
formulation that limit their applicability [1]. It is here that the
actuator concept offers the potential for simulating at a less
computational cost. In these models, the geometry of blades
is represented by volume forces distributed along with disks
or lines, or surfaces. In fact, for all actuator disk, surface, or
line formulations used in the analysis of airfoil aerodynamics,
the surfaces or volumes modeling the airfoil are allowed to be
porous to the flow. The purpose of this paper is to investigate
the main parameter of the actuator surface technique in
airfoil simulation. In this article, the collocated method of
Mass Corrected Interpolation Method (MCIM) is utilized for
solving two-dimensional unsteady incompressible flow at
low Reynolds number [2, 3]. Therefore, the Actuator Surface
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technique has to be placed in the developed Computational
Fluid Dynamics (CFD) solver to be able to predict all
parameters quantitatively.

2- Methodology

The two-dimensional Navier-Stokes solver used here is the
collocated method of MCIM. The code is based on a control-
volume-based finite element method. AS model is included
in the CFD solver, as shown in Fig. 1. But before combining
this model and CFD solver, it was necessary to develop a
CFD solver to add source terms to the momentum equation.
The CFD-AS solver described here is applied on unstructured
triangular grids. The computational mesh extends 14 chord
lengths downstream and 10 chord lengths upstream, above,
and below. To determine the accuracy of results, the Actuator
Surface method is compared with the Full-CFD simulation
method. Besides, a new study is presented to investigate
the effect of changing different parameters of the Actuator
Surface model on the accuracy of results.

3- Results and Discussion

As mentioned previously, in this study, for the first
time, the effects of changing the effective parameters on
the Actuator Surface technique and how to select their
optimal values are investigated. These parameters include
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Fig. 1. Process diagram of the Flow solver (combination of MCIM solver and AS).
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Fig. 2. Comparison of pressure coefficient of CFD-AS
for different Gaussian filters for Re=1100 and AOA=8
deg.

the Gaussian filter, the density of the source terms applied
in cells, and the location of the control point. All of these
observations are shown in Figs. 2 to 4.

Based on the results, the optimal values for the studied
parameters are presented in Table 1.

In Fig. 5, pressure contours and streamlines are shown for
both full-CFD and CFD-AS methods. As seen, the streamlines
and pressure contours are very similar. It should be noticed
that the CFD-AS method does not need a body-fitted mesh.
because The geometry of airfoil is represented by volume
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Fig. 3. Comparison of x-velocity of CFD-AS for dif-
ferent density of the sources terms for Re=1100 and
AOA=8 deg.

forces. However, the streamlines do not cross the chord line
which the forces are distributed along it.

4- Conclusion

In the present work, an actuator surface model is proposed
for the CFD calculation of the flow around an airfoil. This
method, called the CFD-AS method requires less computation
effort than the full-CFD methods. The obtained results were
encouraging. It can be said that the Actuator Surface method,
while drastically reducing the computational cost, has



H. Ettehadi et al., Amirkabir J. Mech. Eng., 54(5) (2022) 217-220, DOI: 10.22060/me;j.2022.20472.7237

| |—a—ins
- AS(X,,=1)

AS(X,, ,, =+C/4)
e dens ASMI(X,, , =C/d)

Lo AS(X p=-1.5) — = ASMI(X, =-1)
— 0= AS(X p =-2)

100 150 200 350

P
Fig. 4. Comparison of y-velocity of CFD-AS for differ-
ent locations of control point for Re=1100 and AOA=8
deg.

250 300

Table 1. Selected values for examined parameters

Parameter Value
Gaussian filter (£) 0.06
The density of the source 100
terms
Location of control point -C
Number of cells 13054

acceptable accuracy in calculating the flow around the airfoil.
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Fig. 1. A schematic of an element control volume and sub-control volume on unstructured grids.

o yize o] ol (slocaeS polis g MLl g Wigis o 43,5 a5
Elateo 153,5 o 05 aissS bl oyl )5 e pus glmdilga 5 ,Lib 4yl
e Slaiie (slaygone 33)5 o0 o pai Glall 2 35 50 13(5577) e
025 0 hledon s S5 o) e ]y baglodl 51 S e
oS ol IS we ) toud g 035 blo)l )3 05 S L e S8
wluos olall 5l JyuS oo 05 o2l ]y 0,5 50 cplplis famd oo JiSis
yglse dgrg ]y 08 ol 4y by J S oo oS A8 o ablol gl
bt obbe @b 5l oS S Ll )3 lacueS polie (sl (ol

Dgad 0dlatul ok o Gysody ilie (lale]]

@zz]vip,nq)n (\)

Ol S5 b6 Ny, g 0392 (el (glao S 53 cueS” polie @ oS

2 odd 4SS 4 Slaske ol a8 cul S5 4 piY e e

sl 0125 o3\l (Joxe Slaisi | g 039 (cages Clato (598 Laly)

Sygo s ledl 51 50 olgsds S o sie (Y) Ayl I (65 e b
Lol dwlee BB 55

)+£94

By oy Olelg ©pots d93me lall g d9ame w2 (Sllse I &S
e tlte glaglall gl V-] 00 5 BL by o S o)
oass glp ) Sl sarwgr daaie ol 5l edlawl .l o saly oyl
Ol S S 0 osliil Sl lai e pdy oSl )t lojlu s
B > & sl ondpMal oz olibe B9y b (amgd dleSTy
asbdl 3 [F 9 0] 3yl J1y8 dgaze ladl lio y dgae po (sla b,
paizie &gl w2 )sS ol (gilwosly 5 SYolee (gjludtunsS (og0

ol 005 01 oy

3980t ol (Slive 308 w2 () 4 (e (gjl danS =) Y
B 235 dtanS Camlie Jo ol ol OVole Jo ol
Gl 5l g 00 diwnS daladl I S g9y yerie SYlee
S Vol ol (ol gobaws (555 5SSl 9 e ol
255 oldl ohen & @Sl ol 5l laiges V JSS 53 0,5 JSis

ol oad 03l lis o] S claemes
15 ol osimd LSt bl ol o ilusbrs (glao 5 4 oyl 5

1 Baliga
2 Patankar



VeAe B V-FY dio MY JL.: A D)LM OHY 0y9d ;)....5).:.91 «&u&n L;""'“\“‘Q(" A_v).u.u

SSV) 3 pdaw 55 (godimd L SSV&Y, i 558 (galayly y> oS
Zolaw &S Cunl S5 & p3Y il e pladl T S w0 (SSY
Glo 1) 015 @8 o JiS slazs ) ygh )5 ulp o (26

Al ged ] 3l 005,38 olayli gl 4 (gilo cl s fanled oo
HLid g sy line KiilysS Y Y

9 Copw Glle (g Sde | b (26l axino Cllug
Gosliel gilodae oigr (Y5 G o) e gl 3 & wslee a8
ol dle > by SR8 (B)SS S  g aey slace
Dobeo > Camlyo Sllog Ko > gl 13,5 ko b pus
Dsleo S 5§ 45 395 oolitl (6,500 gy by j) Stoosey

Lol slace ) (g st o ool il o Cand 41 p 2 g psiias

sl 005 (Bymo 5 (salarly ol (samslone (sl g il o oS

Mom.Eq.—u(Mass.Eq.) =0 (%)

bog o @) (b9, 53 9o odalia (598 Al )5 45 468 Lo

lao Slol & oy 5l (o po by Adles gllad )Ll g Glow S
(oS O30 &g 0ud dpnslone s po a5 (o ol 045 03938 p gt
OgeYga 3 a8 203l Ui )Ll g e S35 1 53 58 ) oy Sl
n3 e 4 |y LS gelsy Usleo b alie (63, ol Lausgs o &)

2lgllbrly 5 (o2 oty 3 e (giloJre —F Y
G > ol lop i giloae cilizee slaby) Gise cpl )
3090 (25 plie can yy 0aSbula b (o2 Sy g 058 bul>

25 0 )13

S py =V =¥ -V
ol Gl gl Jle 90 g gl oddplosl (gaxe glapwyp )
)l 23 G g 52l sl Slwbre <85 5 (ol Sen X9y oy
Py deg &S Aidd o i gl e grpll (sl sud sdmliv Lallaol
DRI e adigilnly 5 eaSbuly ot p siludis 1 S

Slwloe €83 g (o], Kan 2ig))3 )] Sl pox> o (59, sla Shz

1 Convecting velocity

~—

a(p 3 a]vipn 3
— = — D = D . D Y
ox HZ::‘ o nZ::‘ B (
WS SVl (il dtuns -V Y
o) 23 oot el ol g oSl SYola S5l 3
Olgise Iy (gamgd laise Wl ) potias g oy (slas SYoleo I osl

Sl plaled pj @ygon;

o0 _
J; Ed‘%J‘s (Eds, +Fds,)=

L Gds, +Hdsy)+J'v]dv

b 5 0352 gl Jlogs oy csloailze s, ds, 55 Ly, 5

3)S (o0 a e pj Oypody b yiall

0 pu
O=|pu|, E=|(puu+p |,
o (pu)v
o 0
F = (IOV)M G = Tex | (\“-)
() +p Ty
0 0
H=|7, |, I=]s,
Tyy S

s)LiQé P Y 99X ULP PN u&wdl.hi.oj;av g u ‘699 Jagls)).)

Al (b A5 HeuS (slradlse Ty 9 Ty Txx 9 &P
(@) dbleo dapldl 51 S g9y OYolee oKiws LSS jglateay
ol ey sabaly 53 30,5 Jlesl b 38" oo 05 51 o 2 9y b

ol 0ad plool 1 oot S8 oo ) sl diged O g0y S

J' 5—Qd9+j (Eds, +Fds,)=
scvi Ot 55182,

J. (Gds, +Hdsy)+‘[ Idv
§518&2,i scv i

YeOu



VeAe BAYY dorao AF ) Jlo d ojlasd Y 090 ¢ pusS yuol SOl wiins 4 puis

dwlone Byo0 g 0392 '(6D985 b iy Jgbo wlide £ 568 Al ;> 45
Uy ool ons I [0] 2250 5 (t9dw 5 (2 9)loz slaglell sl o
©)ygody laidyge (638 SN0l dals )3 Co g (Jaded ob ol Sl 3

4
ud,ip = Z]vip,n Un (\ \)
n=l

Spot S NS5 i 5 a8 BB slace gy ol 5

o3lesdly b s o5 —0 —F -
9 ol bwly o wb (F) daly o o sodiladl b S o5

D)5 ol g g0

I Sy bgio & 335 0 Jho ligSa lr car 5 >
2] Cawd A gty sy a3yl g (wdYL polie
Uy — U

ou — n up
PI— = PGy —— (V)
Os pAsdn+Asup

Ol gl Sy 80D (L85 dit g Gsb A o oS
JB 35 o dpwlbre CandVl Gy oS o05) ploan 4 g Al
I @b oliiio jloslazal b 35 (V) daly slapy plo ] deles

o sl L5 L8 1S5 51 (Y) a5 o b yne

e g iS5
b Ll o8 ol oy iy Shae (seomio 4355 ol o

i (Bly g8 nl n3Rle Aoy cnl g 298 Olo (o slag s

1 Diffusion length scale

ye0)

Gl ey ylei e dbxy) JM3] Sag loj clopls )3 Loguas

ol 0as pldl (635 LSl sy (g lo o potian Adlre 5l o5 oyl

@bl py ¥ ¥ Y
smdYL Hlade jleslatwl b o by sbiwly j3 ey Bl Hlads

Siledde pj Cogon Geus WolS g0 (655 1S A e

ou  _ Uy~
P4~ = P, (v)
Os v As,,

ol dold As, g consVl dasi ) ey Hlado 1, (59 dlal)
by 5l CaondYl das duslxs (gl il o (505 1, S0) Aot U alass

235 oo odlawl 53

(b p i —¥ ¥ Y
WS Cpgots pyi cpl ilodre pilims s sy Conls
L;lfuu é"?’ )1 odlaw! 1.: u,s‘).:Lu ‘.\wl)w lea.&?.) u.sl., UL"° 9 d')f).o

235 o Al (68 1,8l bl p> gude (pl Hlade

6]9 §4
P o xX,n"n ( )

codpy-¥-¥-v
03) Gyl pj Oypods Copw Y e il iledie sl

Dgui 0

;N2u ~ U



VeAe B V-FY dio MY JL..J A D)LM OHY 0y9d ;).:..5).:.9] «&u&n L;""'“\“‘Q(" A_v).u.u

e N \}
¢ )
\ ~ S <
3 . \ = —
L AVe- Vi -V
NG
|
I
Ue - Ujp - Uy
(B8 l) sNos gado Jao Silows .Y JSW

Fig. 2. A schematic of the Actuator Surface model (airfoil).
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Fig. 3. A schematic of a distribution of body force along an airfoil.
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Fig. 4. A schematic of calculation of velocity at a control point that is chosen to be one chord in front of
an airfoil.
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Fig. 5. Schematic of Gaussian distribution applied to volume force in field solution
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Fig. 16. Comparison of y-velocity of CFD-AS for different for Re=1100 and AOA=8 deg at: a) first el-
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Fig. 17. Comparison of total velocity of CFD-AS for different & for Re=1100 and AOA=8 deg at: a)
first ellipse, b) second ellipse and c) third ellipse
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Fig. 18. Density of the sources terms applied in cells, a) 30 sources, b) 60 sources and c¢) 100 sources
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