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1. Microburst
2. Headwind
3. Tailwind
4, Lift
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. Pan American World Airways (PAA)
. New Orleans

Kenner
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. Delta Air Lines (DL)
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6. Low-level jet plus three-dimensional atmospheric turbulence
7. Large Eddy Simulations (LES)

8. Vortex ring theory
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10. Airfoil
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2. Yawing Moment
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are indicated).
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1. Rolling Moment
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4. Mach number
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1. Snapshot
2. Steady
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Fig. 6. Geometry of Boeing 747-200 Configuration.

VEV-Y oo Sidey oS (6l o sby) oy aSes =Y JSd

Fig. 7. Generated mesh for Boeing 747-200 configuration.

3. GrabCAD 1. Viscous Flow
4. Polyhedral Cell 2. Reynolds-Averaged Navier—Stokes Modeling
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Table 2. Characteristics used for CFD simulation.

CHARACTERISTICS TYPE
Software Ansys Fluent 2024 R2
2 Turbulence model k-omega SST
Incompressible
3 Fluid type (Due to the low flow
velocity of air)
4 Numerical algorithm Coupled type
5 Pressure-velocity coupling Rhie and Chow
scheme
6 Discretization of the Second Order Upwind
advection term scheme
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Fig. 10. Grid independence study for the drag coefficient.
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Table 1. Boundary Condition.

Characteristics Values
Pressure Far-field 1000726 Pa
e 008
Turbulent 1e-5

Viscosity Ratio
Flight Condition #1

Time t1=45.7s
Flow speed V1=79.5m/s
N\ ay= 7.5 deg
Flow direction
B1=-0.018 deg
Inlet Flight Condition #2
Time t2,=46.7 s
Flow speed V=82 m/s
L a2 = 8 deg
Flow direction
B2 =-0.075 deg
Flight Condition #3
Time t3=54.1s
Flow speed V3=85m/s
o az3=9 deg
Flow direction
B3 =-0.013 deg
Airplane’ .
s surface No-slip Vw =0m/s
condition
(wall)

1. Grid Independence Study
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Table 5. Comparison of the Multi-point and CFD
Methods in computation of the lift coefficients.

Ti ACL

ime - . 0

period Aa, Multi- o Difference%
point

titotz | 05 | 0.0485 | 0.029 40.2%

tbtots | 1 0.1032 | 0.0492 52.32%
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Table 3. Aerodynamic coefficients Cp and C.
calculated by CFD simulation.

AOA Co CL
1| aa=7.5deg 0.0483 0.5659
2 | o2=8deg 0.0544 0.5949
3| oa3=9deg 0.0677 0.6442
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Table 4. Comparison of the Multi-point and CFD
Methods in computation of the drag coefficients.

ACp

Time Aol Multi- Difference%

eriod
p point CFD

titota | 05 0.0097 | 0.0061 37.11%
t2to t3 1 0.0197 | 0.0132 32.99%

1. Unsteady
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Static Pressure
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Fig. 9. Distribution of surface static pressure for the flight condition # 1 (V1=79.5 m/s ,a1=7.5 deg) (a) Complete aircraft configuration
(b) Zoomed in on the wing edge.
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Fig. 10. Distribution of surface Mach number for the flight condition # 1 (V1=79.5 m/s ,01=7.5 deg).
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Fig. 11. The altitude of the aircraft for the multi-point and the
Etkin's models during flight through the microburst.
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Fig. 14. The aircraft's sideslip angle for the multi-point and
the Etkin's models during flight through the microburst.
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Fig. 12. The airspeed of the aircraft for the multi-point and
the Etkin's models during flight through the microburst.
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Fig. 13. The aircraft’s angle of attack for the multi-point and
the Etkin's models during flight through the microburst.
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Fig. 16. Generated sideforce induced by microburst on wing,
horizontal and vertical tail of the aircraft
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Fig. 17. Generated lift induced by microburst on wing,
horizontal and vertical tail of the aircraft.
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Fig. 15. Generated drag induced by microburst on wing,
horizontal and vertical tail of the aircraft.
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Fig. 19. Generated pitch moment induced by microburst on
wing, horizontal and vertical tail of the aircraft.
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Fig. 20. Generated yaw moment induced by microburst on
wing, horizontal and vertical tail of the aircraft.
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Fig. 18. Generated roll moment induced by microburst on
wing, horizontal and vertical tail of the aircraft.
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Fig. 22. Aerodynamic coefficient of sideforce during
microburst in multi-point and single-point loading approaches.
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Fig. 23. Aerodynamic coefficient of lift during microburst in
multi-point and single-point loading approaches.
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Fig. 21. Aerodynamic coefficient of drag during microburst
in multi-point and single-point loading approaches.
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Fig. 26. Aerodynamic coefficient of yaw moment during
microburst in multi-point and single-point loading approaches.

Laid g, 5 5l (Sealiadgpl colpd 29 00 01nltio &S ghailon
QB laads SO ybg) g9 009 Hlade gl glalads wix Juo jo
s Caw 29ySole Jlael > 4y gy el )3 15 omss ol dwlono
9y 23k Qe Sy (3855 a5 )3 pas g belgs p > S50 4
Lz gy Ll 9 o 15 (6)glut Lolgn iy g Jb (g0 Sy
@ loglon p3 9 Jb sliwly 3 0L (LS (85 Hlai o L (glabas
pe P EpSedy Ol S e Jos Oolite s
095 9 CawpgySole jl L dbmd b 4 o (Ssaludg ]
Al o odalie LB B9y 53 )3 Laglen 4 ol Jlos

8 5 4
Sllllas ;3 o (gl S5) poes o a2l (Ssaliadgnl sl Jae
15 s Loglon odiomy (glo)ld, (gl Sl o 4385 )5 4y 3
2 Ol At cuslie Caw g Solo b dpalyo b (s o bl
b el 4 lowlyn gl 5 CanpgySele o o Sl i
sl odd oy slalas W Sk Jhe S5l xS
23,5 oo Bl j las g8 & Gingh ol (sba gl
3 o Seelorgpl (slojslisS g lag s cunl 2B Jso ool @
P8 lolid BGan & Lonlgn slial 59y » 1) CanpgSole
Lles 15k ol sla S

Lablon (qwdine ) (5)9ls /
NN 8l NN 5,95 YYYY b

Yo

multi-point model

single-point model

_5 r r r r
20 40 60 80
t(s)

G 95 o laglon Joy psliiS  Seeludgl cupe —YF JSWS
.dIAIaiiJ S5 ) dld.]aii.} NVES d)l;\f)l% dLbLJM » C»w).gg)i';.lﬁ

Fig. 24. Aerodynamic coefficient of roll moment during
microburst in multi-point and single-point loading approaches.
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Fig. 25. Aerodynamic coefficient of pitch moment during
microburst in multi-point and single-point loading approaches.
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