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2-DIMENSIONAL AERODYNAMIC SIMULATION ON THE GROUND EFFECT
OF THE NACA 4412 AIRFOIL

Y. Kim", JE. Lee’, M.S. Shin', K.J. Kang', J.H. Kwon’

Two dimensional turbulent flow simulations on the low Mach number — high Reynolds number flow about the
NACA 4412 airfoil are carried out as the airfoil approaches a ground. It has been turned out that angle of attack
between 2 and 8 is recommended for the airfoil to utilize the benefit of ground effect. For the large angle of
attack, the increment of lift due to the ground effect is eliminated and negative aerodynamic effect such as
destabilizing aspect in static longitudinal stability are occurred as the airfoil approaches a ground.

Key Words: X|H & 3}(Ground Effect),

W f-8(Turbulent Flow), &|Z23}¥l Navier-Stokes H}732](Preconditioned

Navier-Stokes Equations), GA(W)-2 2)3J(GA(W)-2 Airfoil), NACA 4412 2}3(NACA 4412 Airfoil)

LM E

AREIE W77} AW(EE FH)d 2T et g
3 o] W= ﬁ; & TRCH1). YA HlsgEe) 7
+ ol Fvletn deo| Tadhe ARS ol&sh AT
e o] £ FHE ol &R A2 B w=EAMNE
Awow Q3 FPu|7t Frree Aol dig 472 18
A& T3 =3k

AWEIR= 3ALAA Ao ZN A Gl F=ur
Y 2o Jgog FEEAL. Frugtos 1}
Ehbe Fd d@3o2E Afilfree-stream)7t ‘Eo9h WAL
ol9] g3l Z3oeH Yehhs dstae des &5
- “ram ZH7} glom 2agake] g2 drle] B
HHsHE Yl obF(wingtip vortex)7} AWe] ggo 2 ola)
(Ao oFsf17 o 24) #7| X% (induced drag)o] WH3}she=
e guidn Z+ g A= 9ol FH|(aspect
ratio)o} 1ol wel I g o] wslsie] yehdHI).

1 A3 d, 35d4%a79 ?‘S}]°J=)~]/_\_ego\_};‘(iﬁr1xi
Q*gﬂ%_ ql’i"*’]’@‘}‘ﬂ 3} F9Z=ZAT
A, EFAN7 & % FT$FETHAT

* Corresponding author E-mail: yoonsik@moeri.re kr

olsh o] ARMATE IAVUIYHY A5 Mol X7
) BT ART A NS AL WY BF &
& A4S Bol £SO} B Rolrk B AFINE ol

& A7y APATZ 239 R KBTS FYsi

AHER 99 uyola £3sk= 9 24(Wing-In-Ground
Effect Craft)9] 74 <3 1% WellA 3A A4 grrt o
F3o|th13-5]. el oiFg FHIF Y A
(longitudinal static stability)el] & 42 FAFHY 9,
Folo g3l 48 9 RHE9] ¥, noe] 7] ¢ 9
o] & g wonz B Ao FsuAshe 24
g e FA PR E =3l Fvt e
ey etz e AF dAY FRE Y3 1)
o1& AHET FGel wixFgozH XHF A T T
Wgle Tt & FFE vAA vk wetA LxRs|
o o8 2 wdE w3l 2 FHF 4 (acrodynamic center)
o) W3E 249 HHoR FAH LN ol F A A&
53 AFHolok & Aotk

F3EF [6]o) &R Adadd) o3 FgH ke
Mach% 063 =707 A&ET o] Fole Macha7t S7F &
2 gyt Aadhes @88 B2Aoh A4 #AoL Y F
oA ALF Y] A a2 £%7} Machs 01045 UEL
W QeH78). 282 Bluy FJu7h ZL3 olsh FI&



200 N4 2Ry
IENEER) |

AHsla glge Ja 2= Holrt duiEez & 5740
AT ¢ A=TF FE 9 10mojFte] B} nwel HE 23
3w 0(10')0] 4] 1 Reynolds §¢) Z7 02 wergt}

B EFoAE X Machss - 3t Reynolds 949 5%
of sl NACA 412 2J39] mxst $gzte) wsje] npe
89| W3}, FEF A E(acrodynamic centers)e] W3} Soll o
3 nFET

2. Aujabga 2 Fxe 4 7)Y

2.1 Xjuf 24 @ o =3 I

A4 A5A 59 Al 2549l Navier-Stokes H424)&
dzA3 /NYPe HLsd v Faz el oga g
=3

dq , Of;  Of
T=ot " 3x, = ox, v
P Pu;
q= ul ) f‘.= pului+8ﬂp,
u, puu ;+8 ,p
T pu H
T
fm‘=[ 0, 01761'1’ oii8'2' uioii+k ng )

A oA gE 9, £ 2EZ o]FolR YA B
e g28, £, fue 4T uEA, Y A A (flw)
< dujdnk o] w), o|F7IAAN FdgT 2L FelAe

H=E+p/p8 BA7t Yok I'e Weisss} Smithe] o271
38} 3 (preconditioning matrix){9]2 2] 3)} Zth.
P
®© 0 0 T
p% )
r={#® ¢ 0 -7F 3)
u,©0 0 p —p—;‘,z
HO opu, opu, p(C,——I;)
=L .1 . 1
o= T Tt RT @

U, = min| ¢, max(1UD, KU o, =i, {-121]5)

4 @% O ot $4¢ IRlEt UL 71 4
(reference velocity)24] 52 213} (local preconditioning)]
Held 9% 4gg @tk 4 (9)IA

limiter

U o= min(U , ¢.)°)3, p & p,° 22 B2 ZAH
o A9 AolA e Uepd | p=(p+p,)/28 BA
7b itk U 3 9/ Weisse} Smith7h A|Mg 7% 4=
A AHE g8 F£AsgoI0]. & & dFedE K& 0S5
2 1A

22 Ui ndg

k—w R WRNE e gk

9q 1 + 3f ri—f 1)

37 o =S 6

ar=[ ok pwl 7T, fp=[pouk ouwn)’,

f 1=

)
(0o )5

2 G4y AAF St kst wS APH PF LEE
(D)9 #oz FAH Atk A MDA w,HF u,e 4%
257 2 97 AN A=A 35 24 Age Sutherland
o 98 AAHD *F FY AF n,=o00 ik w)E
AN & dFolAE k—w Wilcox-Durbin{WD+) &
F 2Y2]e Fg4d9n #¥E RE A4E FaRd
[11-13]& F2u@rt

B dPME FFAA GFE Holse aNe EARY]
A3 transitionS ¥3SHA] & fully turbulent modeZ A A
FA o] =gk PukE o2 Reynolds7t A & 73
% fully turbulent mode 3412 FE3] A2 B3 AAE A
THECHM].

23 37 o] M3t 7|

A% 4§48 AREL Aol A HAE ol
392 Roee] FDS 7I¥[15]S HEaHTk ol o, AR 77
HolNe) $7 442 4 ®)F 2ok

F,+1/2=_%(FR+FL)—_%F|AFIAQ (8)
Ar=T "1AM, |A;| =XIA X 7! 9)
A r=diagonal(U, U, U +c’, U —¢’) (10)

AzAsE Al PR AZA5 Bl &l THA}
BAHEE 4 @04 go] AF WY ol A2t 13
g Wgalol Ageln ae) AREE AT 4+ AL E



/ s\

Present Calc.
. Experiment

Fig. 1 Lift coefficient vs. angle of attack of the GA(W)-2
airfoil(M=0.15, Re=9.4x10%)
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Fig. 2 Moment coefficient vs. angle oﬁf attack of the
GA(W)-2 airfoil(M=0.15, Re=9.4x10’)
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