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ABSTRACT

Even though the benefit of flight at high angle-of-attack is to be able to reduce the speed
of flight and maneuvers in complex flight environment, the flight at high angle-of-attack,

however, is easy to be in stall which is characterized by sever unsteady flow separation over an
airfoil. Current unsteady numerical analysis using DES was conducted to predict the
aerodynamic characteristics of a NACA 0021 airfoil at high angle-of-attack conditions. And this
provides the comparison with the steady numerical one with the typical turbulence models.
The unsteady calculation by DES is appropriate in terms of predicting the aerodynamic
performance of NACA 0021 airfoil at high angle-of-attack conditions.
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o U2 s EEE fste] ofz] FE9 o] A
Fo] A=A lthAbbott, 1959).

=2 vke7Khigh AOA, high angle-of-attack)ollA]
285 7|(small aircraft) @ F917](UAV, unmanned
aerial vehicle)9] H|9 £4, 45 ¥ 2Z5%(control)
< ¥ W32o] 9Jjt %4 R-a(unsteady flow)l
A g9l s, 54 8/(dynamic stability) 51
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off) 9 EHE0] B} Al&35] Z-(approach)e] 7Fs
SHA Eek. E3E, ERR dEo] mAoA HY AellE
= Qlsto] FFHEKturning)o] BT Al 22 A
HEoR Hoh fA e 9T & Utk

tfEE9 H|FY7] U= a2 10°~15° AlelollA
F5Ao1A A (flow control system) E Y AA]
(high lift device)7} Ylo™ &3] A& (stall)o] R
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o} ool A Cp (lift coefficient)= &3] o]
W9l YA Hr&7H(critical angle-of-attack)olA]
o7t dot. ey 92Zo] B AXH g #9119
52 v feoE WHsH =i, dF oA
ok fa B F99 27 Azt wet ®ist
A "ok E3E AR H(time averaged) FHATE=
HkaZtato] Ay vlE BAE 4A dot v
Fog9 dd F(lifpe] F23 Ws(fluctuation)
4 gH(drag)d] F43 371 52 HA71Y 54 £t
J/d(dynamic unstability) A F7H71A Hct

859 (flow separation)® A3 2JF FEHOA
He] GojA 3-f-5(vortex flow)o] WA =HH,
o] IMRE dF HH IF BAZT Feltur-
bulent boundary-layer flow) 7+9] A2 2H(inter-
action} 23 Wl o4 Ex 9 oF F=of 4
ot G FA "o} &3t o]t 52 FA /5
(viscous flow)d B4 S-5(inviscid flow)e] 733t
AoAgoz Bt vt s SHAIZI

oAy =919 f5 € I3 94 BF dE
= Y5iA &3] FAsiAA] o] ARgHT) olet &
A B ¢ 52 8T = e Ot bR =
(turbulence mode)= W= Qlct Igox B
Skal QoA AERt Ad o] Bt v 759
AoAEE AYS d&sir)olle o44d3] of=gol 3l
THWolf, 1992). & A-ollA= diEAQl vy I
5 oA S ARESI] =2 S 2= 33
% #F57dZ stk

[¢]

E A4 ARESE FLUENTE 2%, 5%, o4
=1 g8kE HE WA 52 ARESto] B ¥
HAY, 7 2 U PSS 22 95 7, €
A 4 is 5 Ode f5 s 3 HE
CFD(computational fluid dynamics) &ZEgo]0]
tHKim, 2015).

=2 W EAE 2= 98 99 fe2 &9] Ex
3 32H B R 52 olETE 759 dlols
Z £(Reynolds number)7} AAH FR(turbulent
eddy)2te] 27171 oA 1L, o] §-52 HH3] sfAlst
7] SloiM= Eok B2 AR v dRRE &
4 AUs] BARE £ Sl v dREHo] B

SHA Aot B2 F9of A9 B&4E $ste] RANS
(Reynolds-Averaged Navier-Stokes) #7412 A&
3t sfAo] ] ARgHTt o] B2 W o s HIAA)
e A F5HoE RASt] thoket w2k
Zk= 9] 5ol tigt -5 Al&5] =3gstA Hrt.

AR AHKim, 2016)9014 He viet o] A4 ¢
5 8=5)|X(steady turbulent flow analysis)oll &3]
AHEEE R 222 du9Pg4(one-equation) W
23} o9 A (two-equation) WHREEo] St

SA Rdl(Spalart-Allmaras model) (Spalart, 1992)
2 W3-8 (turbulent eddy viscosity)oll tigt =5
B A(transport equation)?] GEA Ao, <QtE
Tl (adverse pressure gradient)ollA] ZAAE Wy} 2
2 FJF-2FHaerospace) ¥ FA7|A(turbomachinery)
Hopof|A &3] WAYsl= 759 siAlo] 9] ARG
At

Wilcox?] k-0 &2 ofg] o= E4stal, 1
A At si4 G A(domain)] AR5 Z4(free-
stream condition)o|4t FY ZFA(inlet boundary
condition)ol] 75 LA Ut Menter (1994)
= Wilcox?] k-0 2EZ Hof| 77k AGoA= k-
o BEE fAI51, HojlA] Hojzl G2 k- HE 3
7} HX=E blending <& AREst] BSL k-0 2E
(Baseline k-0 mode)Z HHA|AT} o] BE 7|&
Wilcox?] k-¢ BEHETE 7F715tar Fg&olA =]tk

BSL k-0 @2 74 -0 Etotal, JU4Y
THiE 5 FEf7T ¥ ¥(distortion of velocity pro-
file) =AY f-58=7F Dgske A58l 4R
(turbulent viscosity)2 34 d&sk= EAISE EAYA]
71t} o] AL 8=0] Wi A28 $&(transport of
turbulent shear stress)& TE3}A] b o] & 8
Qlojct. olEgt BAIE shastast dRaAd BA A
A Hlimite)E 7ol HAS dFATSEHY #F%
A= BARH =itk ol#3A dHE SST =g
(Shear-Stress Transport model) (Menter, 2003)<
g a7t Sl 75, 9% 6, AW e
5 T HARE f5delA AR Sl diE Ho
A

£ Aol HollA gt B4
W& Bds tE, A 3R =
¥ 79 5= shastarAt gt
¥9] &2 Reynolds & (high Reynolds number)
BAA) 52 d4517] Yol Spalart-Allmaras DES
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(Detached Eddy Simulation) (Spalart, 1992)& A}
8519th. DES 292 RANS ®541S ARgok= HH
T 9Heddy)d] BIFA LEE EASH= LES (Large
Eddy Simulation) ¥'#& At Aolt}. el 4
A5 2ol H(airfoil surface)oll AT X2 <42
2717} 2L AdREol TR s B8 A= 9
gox SA ¢ SST ZEZ ARESH RANS 4o =2
SiAS sfa, HogReE "] "ol HAS =5

9299 5 249 IxR-ao] AHiARI v
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Fig. 12 & A7 AR-E NACA 0021 /3]
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4 9 v ARE 85k

Fig. 1. Geometry of a NACA 0021 airfoil
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Fig. 2. Static pressure contours around a NACA
0021 airfoil at AOA=12°
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Fig. 3. Comparison of lift coefficients between
the experimental data (Sheidahl, 1981) and the
computational results with three different
turbulent models (Re=2.0x 10
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(a) Time=3.17 [sec]

(b) Time=4.37 [sec]

Fig. 4. Velocity magnitude contours of two
different moments around a NACA 0021 airfoil
at AOA=30° and Re=2.0x10°
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j=] [=] =
w
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Fig. 5. Lift coefficient variation of a NACA 0021
airfoil resulted from DES at AOA=30° and
Re=2.0x10°

7|23}t A9(Sheidahl, 1981)°] 25t ¥} 30°
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(b) Drag coefficient

Fig. 6. Comparison between the experimental
data and the computation results using three
different turbulent models (Re=2.0x10°)
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