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Problem

We present a method for simulating and visualizing air
flow around a static bat (order Chiroptera) wing geom-
etry. This demonstration serves as proof-of-concept for
simulating and visualizing air flow around a time-varying
geometry in order to understand the aerodynamic princi-
ples behind bat flight. By understanding the mechanics
of bat flight, we hope to make discoveries in areas such as
biomechanics, aerodynamics, and evolutionary biology.

Geometric Model Construction Figure 1. Frames from an animation of the polygonal
geometric model of the bat shows the skin represented by

We have taken one time step of bat flight motion capturanfinitely thin polygons as well as the deformation which
data from the wind tunnel to the CAVE. After obtain- the model undergoes.

ing motion capture data in wind tunnels using high-speed

digital cameras [1], we created a time-varying polygonal ) ) ]

geometric model. Wings are represented by infinitely® rate of 2 non-dimensional umts on the surfaces of the
thin tessellations of triangles. The triangles provide an’°lume and arate of 0.1 non-dimensional units on the bat

approximation of the normally rounded surface of the balg&0metry. This provided a focus on the more interesting
wing. An example of the model is shown in Figure 1. flow patterns near the bat. The triangulation was used to
By using specially formatted text files to represent theSUPdivide the volume into tetrahedral spaces. .
geometry, the program facilitates the user's ability to .The mesh for the bat Changes significantly over a given
load geometries from different bats of very diverse wingWing beat. As a result, multiple meshes are necessary
form. This research focuses on data from an individuaPNd must be interpolated together in order to achieve a
from a small-bodied (3-§) species, Rhinolophus mega- simulation qf an entlr_e wing be_at. After a mesh is cre-
phyllus. The number of points tracked on bats varied 2ted, a preliminary simulation is run to determine how
For the bat used in this research, markers were placefany frames later the next mesh should be created. Once
on the bat's left side only and mirrored across the ani-2/l nécessary meshes are created, a time-varying simula-
mal's midline to yield the complete geometry. Anima- tion of the flow through an entire wing beat of the bat can
tions from this model were exported to Quicktime and P€ carried out.
could also be viewed in the CAVE.

Simulation and Visualization

The fluid-simulation program, NekTar [3], used the
Mesh Generation aforementioned meshes to calculate velocity field data of

the volume surrounding the bat geometry. We visualized
We imported different positions of the model into the the flow data in the CAVE, a 3D, stereo immersive envi-
grid-generating program Gridgen [2]. A volume of 10 by ronment. The flow visualization software was previously
10 by 20 non-dimensional units was defined around thaleveloped to view blood flow in an artery [4] and worked
bat geometry, which had a wing span of approximatelywell to demonstrate the flow of air within the volume sur-
3 non-dimensional units at its widest. We triangulated atounding the bat. An example of this visualization tool



Figure 2: A Gridgen screengrab. Here, a user specifie
which surfaces should be triangulated.
Figure 3: The red arrow in this photo taken in the CAVE
points to particles moving along curved pathlines as they
can be seen in Figure 3. Pathlines representing the pathove over the bat geometry.
of massless particles demonstrate the air flow. The length
of a given pathline indicates velocity where longer paths
have faster velocities. Using this tool, we were able toACknOWI(:"dgments
see interesting flow patterns around the static bat geomfhanks to Maryem-Fama Ismael Aguirre and Kristin
etry, such as small vortices coming off the back of theBishop for their knowledge of bats. Thanks to Jason So-
wings. bel for his assistance with the visualization. Thanks to
Andy Forsberg for additional visualization. This work
is partially funded by the National Science Foundation

Discussion and Conclusions (CCR-0086065 and NSF-IBN 9874563 to SMS).
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wards simulating and visualizing the air flow around a

flying bat, but also towards learning to simulate and vi-

sualize highly-deforming, time-varying geometries.
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Problem , 7 Visualization

When bats fly, their wings undergo large ai -

plitude motions and deformations. As a con: - ;

quence, simulating and visualizing the way i i - : '

flows around the bat is extremely complex, a /-\ /\ /\
-

biologists have yet to gain a full understandi
of the aerodynamics and mechanics of bat flic
We present a method for simulating and visu

Above, shots of a wing beat taken at every 6th frame demonstrate the
significant amount of deformation which occurs to the model’s wings
during flight.

izing air flow around a static bat wing geon
Geometric Model

etry. This demonstration serves as proof-of-c
cept for simulating air flow around a time-van -
ing geometry in order to understand the ae
dynamic principles behind bat flight. This post 'r
illustrates the steps taken to arrive at this sin u
lation. By understanding the mechanics of | at
flight, we hope to make discoveries in areas si ¢
as biomechanics and aerodynamics.

/) [ i \ \ \ \

Top, a photo taken in the CAVE shows cylinders representing
the paths of particles in the air flow. Bottom, a screengrab in the
CAVE shows orange kelp highlighting flow patterns of selected
particles.

angles. By storing the geometry definition

specially formatted text files, the program f&
cilitates the user's ability to load geometries
from different bats of very diversewing forms.
In the case of the bat used for this simulation,
markerswere placed on the bat'sleft side only
and mirrored across the animal's midline to
yield the complete geometry. We built the
model using WorldToolKit, allowing it to be
ported to the CAVE. Animations of the bat can
al so be exported to Quicktime; sampleframes
are shown above.

‘ Obtain motion capture data in wind tunnel ‘

l Motion capture data

‘ Create time-varying geometric bat model ‘

We manipulated velocity field output
from NekTar to produce a 3D visual-
ization of simulated airflow around the
bat geometry in the CAVE. We used a
visualizationtool previously developed
for viewing blood flow in an artery [4],
shown in the top photo. We al so visual-
ized the velocity path of some particles
using a technique known as kelp [4],
shown in the bottom photo. The color
of the kelp indicates the pressure at that
point. Theuniform color of thekelp sug-
gests that pressure is relatively invari-
ant in this single time-step of an intrin-
sically time-varying process; more
novel and informative patterns are ex-
pected inredlistic time-varying simula-
tions.

l Wing vertex network files

Generate volume mesh for a position of model

Right, a flow | Tetrahedrat breatcsp of the volume
chart

the steps taken to
arrive at the final l Velocity field data
simulation and

visualization. ‘

Simulate air velocity throughout volume mesh

Visualize air flow in the CAVE ‘

Data Acquisition

The Swartz Lab acquired motion capture data
of bat flight by flying more than 20 individuals
of several speciesthroughwind tunnels[1]. This
research focuses on the datafrom oneindividual

of asmall-bodied (3-5 g) species, Rhinolophus
megaphyllus. Two high-speed digital cameras
tracked infrared markers on the bat. Software
interpolated the camera datato arrive at 3D co-
ordinates and converted them to a coordinate
system centered at the bat’s sternum marker.

Left, a possible wing
tessellation. Each color
represents a wing region

which is further broken
down to triangles.

Summary and Conclusions

« At thispoint we have taken onetime step
of bat flight motion capture datafrom the
wind tunnel to the CAVE

Mesh Generation

The fluid-simulation code used, NekTar [2], reqsiir
meshes to represent the bat and the surrounfi
space within the volume in order to simulate the i h
flow around the bat. By importing the model in - demonstrative that we can repeat
Gridgen [3], a commercial grid-generation progra steps for afull wing beat

we created a mesh within a defined volume of 10 Simulation and visualization of bat flight
10 by 20 non-dimensional units, where the bat hgdsfh  in 3D represents an important step in
wing span of approximately 3 units at its wides simulating biomechanical behavior.
point. The surfaces are triangulated such that a - kelp may yield moreinformation on
tex exists every 0.1 non-dimensional units on fn4 the source of the bat’s lift, particu-

Above, a mesh of the

entre voume around — hyat byt only every 2 hon-dimensional units on larly on the pressure distribution

the bat. Left, a detailed

view of the increased i inth . - . .
e nereased volume surfaces in order to focus on the more in Work is continuing on simulation and

bat geometry. esting events which occur closer to the bat. analysis of afull wing beat, including:

- creating more meshes
- refining visualization techniques
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