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ABSTRACT: When a flying vehicle approaches a surface of water or land, changes occur in the pattern
of the fluid flow field around it. This change in flow field eliminates the direct effect on aerodynamics
and control of the vehicle. This is more common when the vehicle is landing and taking off, as well as
flying at low altitudes, which is called the surface effect. In this research, the phenomenon of surface
effect and its effect on aerodynamic coefficients and flow pattern around NACAO0012 airfoil in the static
incompressible subsonic regime have been investigated numerically and experimentally. Experimental
tests were performed in the incompressible subsonic wind tunnel of the Ghadr National Aerodynamics
Research Center of Imam Hossein University with a cross-sectional area of 80 by 100 cm. The
simulation of the phenomenon is a fixed ground with the minimum possible thickness of the boundary
layer in the wind tunnel. Solve the flow field numerically based on Navier Stokes equations along
with the Transition-SST viscous model. The impact of the surface effect phenomenon on the change of
aerodynamic coefficients has been investigated by considering different distances from the surface in the
static state. The pressure distribution on the airfoil surface is measured by an accurate pressure sensor
and is due to the surface effect phenomenon at close distances to the surface. The results of the static
analysis show an increase in lift force and a decrease in drag force.
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1- Introduction

During the flight, when a flying vehicle approaches the
surface (watery or terrestrial), changes occur in the pattern
of the flow field around it, and necessary arrangements must
be made to keep flight. This change in flow field has a direct
effect on the aerodynamics and control of the flying vehicle.
This is especially true when the flying vehicle is landing and
taking off, as well as flying at low altitudes. The sum of these
events leads to a phenomenon known as the surface effect
[1-3].

Studies show that the main researches in the field of
surface effect are related to the study of the effects of
airfoil geometric parameters and flow parameters on the
aerodynamic behavior of airfoil in static mode. The study
of the aerodynamic behavior of airfoils with oscillating
movements near the surface has not been considered in
previous studies.

2- Subject Definition

When two-dimensional airfoils are placed near the
surface, depending on the shape of the airfoil curve and
its angle of attack and the distance to the surface, different
positions can occur and different aerodynamic behaviors
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can be observed, especially in the force factor. For airfoils
whose bottom surface is convex and at a low angle of attack,
a similar situation is created between their bottom surface
and the wall of the venturi nozzle. Another situation is the
effect of the current hitting the lower surface of the airfoil and
increasing the resulting pressure, which results in an increase
in the lifting force. This situation occurs for airfoils that have
a flat bottom surface or a high angle of attack.

3- Numerical Study

In addition to the experimental study, the existing
numerical commercial software has also been used to analyze
the problem. The flow field model and its dimensions, as well
as the boundary conditions considered for the solution, are in
accordance with Fig. 1. Shown distance of the airfoil from
the ground (/) measured from the trailing edge of the airfoil
to the ground. The airfoil chord (c) is assumed to be 0.15 m.

The suitable boundary grid is created layer network on the
surface of the airfoil and the surface of the ground model, and
inside the field, a triangular grid has been used.

4- Experimental Study
Wind tunnel test is used to analyze the flow field around
the NACAOO012 airfoil under the considered conditions. All
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Fig. 1. Boundary conditions and dimensions of the solution domain
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Fig. 2. Wind tunnel schematic Fig. 3. Three-dimensional and two-dimensional view of
NACAQ012 airfoil model
tests are carried out in an open circuit, suction type low-speed 5- Conclusion
wind tunnel. The dimensions of the test chamber are 80cm x In this study, unlike conventional airfoils used in flying
100cm. Its operating speed range is 5 to 95 meters per second. vehicles facing the surface effect phenomenon (airfoil
Its turbulence intensity is less than 5%. with a flat bottom surface), the aerodynamic behavior of

NACA 0012 airfoil with a length of 0.6 m and a chord of NACA 0012 symmetrical airfoil adjacent to the surface
has been statically investigated. The results show that

the drag coefficient decreases and the lift coefficient
increases. For airfoils with a convex underside, height
reduction can have different effects on the lift force
coefficient. Also, the type of airfoil surface curve leads
to a different distribution of pressure coefficient in the

0.15 m was used for this study. A view of the airfoil model
used with the position of the pressure points prepared on its
upper and bottom surfaces is shown in Fig. 3.

In order to prepare the surface effect phenomenon simulator
in the wind tunnel by the stationary surface method, the surface

effect phenomenon simulation plate was installed in the wind lower surface of the airfoil in the face of the surface
tunnel test section. To have the lowest boundary layer effect effect phenomenon, which is due to the formation of a
and provide a suitable and uniform flow, some modifications venturi nozzle between the convex lower surface of the
are made to the plate, including angling the plate against the airfoil and the plate below it. The pressure coefficient of
flow by 2° and adding a wedge piece in front of the plate. the airfoil adjacent to the surface changes with the angle

The following are the test results of the NACA0012 model of the airfoil, so that it decreases with decreasing angle
in static and pitching oscillating motion. of attack.
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Fig. 4. Variation of pressure coefficient on the lower
surface of NACAO0012 airfoil at v=30 m/s, 0=0 and dif-

ferent h/c
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Fig. 5. Comparison of the experimental and numerical
pressure coefficient results for NACA0012 airfoil at h/
¢=0.2, =0 and V=30 m/s

References

[11H. Liang, L. Zhou, Z. Zong, L. Sun, An analytical
investigation of two-dimensional and three-dimensional
biplanes operating in the vicinity of a free surface, Journal
of Marine Science and Technology, 18(1) (2013) 12-31.

[2]H. Lu, K.B. Lua, T.T. Lim, K.S. Yeo, Aerodynamics of

0.15 ‘ ‘
i —&— Cd
B —=A— CI
0.1 ] @  Cmf

U T iam

0.05

-0.05
-0.1F
-0.15
0 0.2 0.4 0.6 0.8 1
hic

Fig. 6. Aerodynamic coefficients of NACA0012 airfoil
at V=30 m/s, =0, and different h/c

'
-

P TR I B
0.4 0.5 0.6 0.7

x/c

1 T T
—&—— a=5
0.8 —A—— a=0 [ |
—— & a=5

0.6 ¢

¢
04 E

<@

0.2

F e

=3 ok <
o = N °

02 by 000 64 oo o oo
04 B ——

- N~
b el Lot

F ﬁ:‘; L& =

o TAA A A
0.8F L =

0 0.1 0.2 0.3

Fig. 7. Comparison of pressure coefficient distribution
on the lower surface of NACA0012 airfoil at h/c=0.2,
V=30 m/s, and different attack angles

a two-dimensional hovering wing in ground effect, in:
17th Int. Symp. on Applications of Laser Techniques to
Fluid Mechanics, 2014.

[3] M. Holloran, S. O’Meara, Wing in ground effect craft
review, DEFENCE SCIENCE AND TECHNOLOGY
ORGANISATION CANBERRA (AUSTRALIA), 1999.

25



M. Hadi doolabi et al., Amirkabir J. Mech. Eng., 54(1) (2022) 23-26, DOI: 10.22060/mej.2021.19844.7130

HOW TO CITE THIS ARTICLE
M. Hadi doolabi, M. Bakhtiari Far, S. H. Sadati, Experimental Study of Aerodynamic Behavior

of NACA0012 Airfoil near the Surface, Amirkabir J. Mech Eng., 54(1) (2022) 23-26.

DOI: 10.22060/mej.2019.15465.6128

26




75 ool SlSo (owigee g pui

YFF BAYY Clbxio AT ) Jlo ) ojlads OF 093 ¢ pusS yuol Sl i 4 puis
DOI: 10.22060/mej.2021.19844.7130

s Su335 )3+ VYBU Jogd ! (Suolizdgl U8, (2,05 anllbas

U’s’bl.w Oy s ¢33 v o fu.g\faa 2 u.&la..a.n

Ot eyt szl Slo znin oKl dsblon _wtino 015l

18,5913 ey ,U
AARRYERVA I
VEe o o0V 1,55k
Voo 0NV 1 bl

A RRIRINAY R H PG

1605 Clols

gaw Slony
246815 ©gogile
Y L

s adllho

SINE

ot o Bl Sl 0l glve 455 3 09300 S35 (B b ol s S &y 0y alousy S & olSin WS
5 o S )3 1y Egd90 cpl DS o it 0y J358 5 Seolidgnl 2 ol plise s ol o0 2928
Ay s lonsy gy ol )3 ialiice (b S, o 4 S o g 2905 o5 €851 39,8 S50 59 5 g sl s
g0ty (Sl o 1 2 3eS15 Siguoigole wa) )3+ WISL oghal Sl oy (6801 5 (Sealiangl ol 5 o
olStily ;8 Salipagal o lidos 35 50 iilieS5 Siguopygole sl Jig5 5 (275 (ig0]] sl 005 g (228 5 548
S b g i (mej pgods oy (Sl ded ol 00 bl yio (Bl Vee )3 Ar glaiie o L (g) (o plol gal>
e oo &y (S grslgl S¥lao (pululy (6338 ©ygo ol e S A8lioe b B )3 (e (550 Y Cuelies
s ) cilisre uolgs i85 Jaiyo b (Sasliadg] colpd s 2 eans i ooy y5G el 005 plos 5l b3S )
ol )3 g sl 0 (5 S0jlil JLid (383 jguias gy gl o (59 JLiS @5 el 00D gy p (Sl > >

el g (53565 G0lS 5T 9 el o o5 (Sl Lo ol o s 3 sy § b s &0 S5

s3boo o)l 9 Jb o) e o Isp ()05 03,88 5 wgeme S 1 1
dud g s ol j e e Fy e il Aol Eals Bl gy oS
O S5 B ()b g e bl b pj 3 lee Swill S
g 1593 3031 bz )3 Slap & s T b Sy slaalsS ixdaw 4
alox aysly @ > gl o5 Jb 59y “UBj998 s 5 00D hund
Jb Sy slaals)s 51 ials 31 56 by (2als b Gl 33
S 980 J5 Gl 0l cage Coles 3 o cunl” Ul Loy
b e 4 S0 g9 590 93 0 by s i ¥ S 5 )
o o sloosiyy olgiien 1y (s Slodsy Sl 2,8 g0 S

byd JB g Je 0 ceyo Gl 4l by b ey L
A8 1y (63,500 5 s2)gilsm o aliold 5 AST 39l Bl e |,

S0 b a5 By ogasa Wyl oYL ()l g 2l Ky i en

4 Tip vortex

5 Downwash

6 Induced erag
7 WIG

Aodde —

(SB b ) o a0t sty Sy &S S5 lon plSin
Bl 299t Sl o SLbl by e 580 )3 29500 S35
Mo ysiS ol 9 4t 7Y Sliged (il &8> ashl gl &S
E9090 ol DS oo s Bl 0k 1S g Seslidonl 2 ol
3905 o5 WL 59,8 Slo 35 5 0% Cuwld g it s 5> it
Ly O] LY dgud o d\oJ%J.,i ch» S Bl O:{‘ Egoe ..\;Su.o |.\~s
D] sl . \u):.‘am Sl olgis

FoS lalols )3 o)ley G aw (S35 Jb S &S el
Gl o] (Seoladgnl S8y 5 yuis 93 0,5 0 )8 Sl Jobo s ]
Ol e Cales o & Ty Ll (5,505 5T al3Bl (S bl e

O3l Cal 3)90 53 1o Jols (orbaws il sy 2950 g 41 1y G

1 Ground effect
2 Lift
3  Drag

mhadidoolabi@mut.ac.ir ;e Jsoage oriwg ™

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )

)y



T S5 Alold 3 JL Soi gty 5.7 IS

Fig. 2. wing tip vortices near the surface
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Fig. 9. Wind tunnel schematic
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Fig. 11. Contour of speed changes inside the test section at the start-up speed of 30 m/s wind tunnel
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Fig. 12. Curve of changes in velocity inside the test section relative to the wind tunnel fan speed
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Fig. 13. Three-dimensional and two-dimensional view of NACA0012 airfoil model (c=15c¢m)
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Fig. 14. Location of pressure points on the upper and bottom surfaces of the airfoil (I=600mm)
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Table 1. Location of pressure points on the surface of NACA0012 airfoil
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Fig. 15. Pressure hoses on the airfoil model
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Fig. 16. Honeywell 140PC series pressure sensor
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Fig. 17. Calibration of 140PC series Honeywell pressure sensor
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Fig. 19. Boundary layer rake
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Fig. 18. Installation of a surface effect simulation plate
in the test section with the boundary layer rake
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Fig. 20. Boundary layer changes before (a) and after (b) of the plate modification, at different
flow velocities inside the test section
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Fig. 22. Variation of pressure coefficient on the lower surface of NACA0012 airfoil at V=30 m/s,
0=0 and different h/c
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Fig. 21. Installation of NACAO0012 airfoil model near
the plate in the wind tunnel test section
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Fig. 23. Changes in pressure coefficient measured with boundary layer rake behind NACA0012 airfoil
at V=30 m/s, 0=0 and different h/c

1 [ [ [ [ 1 [ 1

Upper Surface-Experimental
Lower Surface-Experimental
Upper Surface-Numerical
Lower Surface-Numerical

orom

0.5

Cp

| [ 3

-0.5

anst

L] 4

st

]2
o0 »
o0 b

L 2

Q¢

QC

00P¢

08 09 1

06 07

04 05
xc

gt
0 01 02 03

We=e/Y g0=+ cV=Y'+ m/s,5 + VYU Jygd pl (gde Jo gl b 3k Bigh Cand ,Lid Loy g5 g o VF S5

Fig. 24. Comparison the experimental and numerical pressure coefficient results for NACA0012
airfoil at h/c=0.2, ¢=0 and V=30 m/s
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Fig. 25. Comparison of the pressure coefficient distribution on the lower surface of the airfoil at
h/c=0.2, a=0 and different velocities
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Fig. 26. Comparison of changes in measured pressure coefficient with boundary layer rake behind NACA0012
airfoil at h/c=0.2, 0=0 and different velocities
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Fig. 28. Comparison of pressure coefficient distribution on the lower surface of NACA0012 airfoil at h/c=0.2,
V=30 m/s and different attack angles
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Fig. 29. Comparison of changes in measured pressure coefficient with boundary layer rake behind
NACAO0012 Airfoil at h/c=0.2, V=30 m/s and different attack angles
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