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Low Cost and Good Accuracy
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Our goal is to create a fast aerodynamic simulation algorithm,
enabling designers to design gliders with interactive feedbacks.
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Aerodynamics Simulation Algorithm

Interactive Glider Design System
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Computational Framework

Aerodynamics Simulation Algorithm

- Precomputed panel method (x10,000~W

Interactive Glider Design System

nnnnn

Aerodynamics Velocity

H.XIE@QJAIST 7



SIGGRAPH2018

Flow Assumption

airflow
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Pa nel MethOd [Hess and Smith, 1967]
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Panel Method [Hess and Smith, 1967]
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Panel Method I
. \ 1
- Why we still need panel solver nowadays A=
- Fast, Robust, Accurate in aircraft design A\ 0
- Suitable for many applications . N D

[AIAA conference, 2010]

[Journal of Aircraft, 2014] [AIAA conference, 2013] [AIAA Journal, 2013]
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Computation Issue

for each frame: 6.000
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Operation

Interactive design: 0.01 seconds

Standard Panel Method: 400 seconds
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doublet
v body state
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Precomputed

(;x we compute torque in similar way)
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Precomputed Process

Precomputation: 120.( Runtime: 360.0s
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Computation Cost
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Computational Framework

Aerodynamics Simulation Algorithm

- Interactive simulation pipeline

Interactive Glider Design System
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Aerodynamics Velocity
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Full Simulation pipeline
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Wing Recognition

Mesh Segmentation:

— convex shape decomposition
[O. Kaick et al, TOG2014 )48

0.014

Extracting wing parts:
— bottom-up clustering process

0.015
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Full Simulation Pipeline
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Aerodynamics Precomputation
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Full Simulation Pipeline
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[Kobilarov et al, TOG2009]

Kinematic Equations:

R = Ro,

Dynamics Equations:
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Aerodynamics Simulation Algorithm

Interactive Glider Design System
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- Assembly-based user interface

Aerodynamics Velocity

H.XIE@QJAIST 29



Aerodynamics Velocity

5

Assembly-based modeling

Added Mass

OOg

8g

Flight Shapes

Wing Shapes

Fuselage Shapes
FPS: 87

16 g

30



e e wa G aaN
e —————— S
x é’/ — '\§§\§‘
= =
== S
\// 2

Computational Framework

Aerodynamics Simulation Algorithm

Interactive Glider Design System
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- Glider design and fabrication x

Aerodynamics Velocity
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Glider Design
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%Ier Fabrication

added mass

launching device

launching hook
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Fabricated Gliders
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Insert a coin into the glider slot



Results

Aerodynamics validation and glider design.
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Results

Aerodynamics Simulation Algorithm

- Aerodynamics validation
- Simulation comparison

Interactive Glider Design System

- Glider design (stable & unstable)
- Bird glider design
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Validation: Sphere Pressure Distribution:

Flow around a sphere
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Influence of AoA

Boundary layer separation @UAF Physics 211
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Wind Tunnel Visualization
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Validation: Comparison e

Saqqgara Bird: about 2,200 years old, excavated in 1898 from a tomb in Saggara, Egypt.

Source distribution | Pressure Distribution | Fabrication Results

- I

not stable,

no tail design tumbling a lot
\ =. nhot stable,
ewikipedia  small tail design tumbling few
)\; ‘ h ‘F‘ stable,
big tail design no tumbling
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FP5: 1572.67

Gliding simulation

No tail design:
not stable
tumbling a lot




Results G

Aerodynamics Simulation Algorithm

Interactive Glider Design System

- Glider design (stable & unstable)
- Bird glider design
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Glider Design

Single-wing gliders Tandem-wing gliders
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Glider Design unstable

our simulation

captured trajectory
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Launch Angle: 0°
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Bird Glider

A normal glider fuselage with bird wings
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Conclusion

Precomputed Panel Solver
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Interactive Glider Design

Flight Design
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Limitations

leading edge e mEmEmm———————
We assume potential flow, so cannot handle \ T b it
unstable turbulences T TN 399

-y

Mesh segmentation can be wrong, leading to
Inaccurate simulation.

We assume forward flight. It cannot handle _{”"‘“th
flying in other directions. *\
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Future Work
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