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facilitates real-time updates to aerodynamic coefficients by

resolving the aircraft's six degree of freedom equations of motion

Single-point model amid temporally and spatially evolving wind shear. Simulations
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1. Microburst
2. Headwind
3. Tailwind
4, Lift
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. Pan American World Airways (PAA)
. New Orleans

Kenner

. Louisiana

. Delta Air Lines (DL)

. Dallas—Fort Worth Airport
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6. Low-level jet plus three-dimensional atmospheric turbulence
7. Large Eddy Simulations (LES)

8. Vortex ring theory

9. Folding tips

10. Airfoil
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1. Lanzhou Zhongchuan
2. Lidar

3. Yinchuan

4. Xining Caojiapu

5. Micro-downburst
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3. Local Sideslip Angle
4. Local Dynamic Pressure
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Fig. 2. Specifying a point along the aircraft wing.
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3. Mean Aerodynamic Chord
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1. Drag
2. Sideforce Coefficient
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Fig. 5. Wing projection on the airplane xy surface (the
longitudinal and transverse distances of the assumed point to the
C.G. are indicated).
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2. Yawing Moment
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Fig. 3. Wing projection on the airplane yz surface (the

transverse and lateral distances of the assumed point to the C.G.
are indicated).
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Fig. 4. Wing projection on the airplane xz surface (the

longitudinal and lateral distances of the assumed point to the
C.G. are indicated).

1. Rolling Moment
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3. Static pressure
4. Mach number
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1. Snapshot
2. Steady
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Fig. 6. Geometry of Boeing 747-200 Configuration.
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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
et 008 %
Turbulent 1e-5

Viscosity Ratio

Flight Condition #1

Time t1=45.7s
Flow speed V1=79.5m/s
L a1 = 7.5 deg
Flow direction
B1=-0.018 deg
Inlet Flight Condition #2
Time t,=46.7 s
Flow speed V=82 m/s
o a2 = 8 deg
Flow direction
B2 =-0.075 deg
Flight Condition #3
Time t3=54.1s
Flow speed V3=85m/s
L a3 =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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2. Contour graph
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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| oaz3=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

titotz | 05 0.0097 | 0.0061 37.11%
t2tots 1 0.0197 | 0.0132 32.99%

1. Unsteady



Ladlgn (codign 5 (59l / o1l
¥ Blad Ve 8y9 AT Jlo

29505 S 9 (53050 o

Static Pressure
[Pa]
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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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Mach Number
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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. 23. Aerodynamic coefficient of lift during microburst in
multi-point and single-point loading approaches.
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Fig. 24. Aerodynamic coefficient of roll moment during
microburst in multi-point and single-point loading approaches.
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microburst in multi-point and single-point loading approaches.
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