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Introduction

10 +

Emergence of fish schools by studying
the role of vortex shedding behind fish,
using techniques from unsteady fluid
dynamics.

A m2

| Vo = 1.5 x 1075 [ 12 ]
At29°C

Vyaer = 1.0 X 1076 [%]

—== Fish schools provide hydrodynamic
N o benefits to individuals through flow-
Transport mediated interactions®.

Insects

2000 ~==== _ Fish schools achieve improved

o tr et et e 0m 0t propulsive performance by harvesting

< - - 2 ]
e Ve — energy from Vqrtex wakes enhgncmg
flow o flow thrust production3 or by reducing drag?.
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[6] Katz.J. and Plotkin, A.(2001)


https://www.nature.com/articles/241290a0
https://www.science.org/doi/abs/10.1126/science.1088295
https://pubs.aip.org/aip/pof/article-abstract/26/5/051901/259421/Propulsive-performance-of-unsteady-tandem?redirectedFrom=fulltext
https://www.cambridge.org/core/journals/journal-of-fluid-mechanics/article/abs/optimal-undulatory-swimming-for-a-single-fishlike-body-and-for-a-pair-of-interacting-swimmers/6611B915918A10A3ED65A628A86C86C8
https://daily.jstor.org/how-do-fish-schools-work/
https://www.cambridge.org/core/books/lowspeed-aerodynamics/077FAF851C4582F1B7593809752C44AE

Rapid intro to Inviscid, Incompressible Flow

The vorticity is twice the angular velocity
We have an open surface S, and closed

(=2w=Vxq curve C

foq-ndS:fC-ndS:%q-dl
s s c

Kelvin’s theorem: Rate of change of circulation
around closed curve with the same fluid elements is

Zero Fwake
T irtoi /)
Dr _ Taoil + Twake .
Dl a0 Take a small cross sectional area dS,
Biot-Savart Law: Determine the velocity field gi’rmﬂltofftlhe Vor;“mty’ with direction
as a result of a known vorticity distribution OTLTHE Tramment:
q=VxB ) dl dl x (rog —ry)
¢(=Vxq=Vx(VxB)=V(V. -B)—V’B Vx —S Ve vxT =T 5
1 ¢ lro — 1y lro — 1y lro — 1y
B=L ¢ vV 4= -— [ Vx dVv I' [dlx(ro—r)
4 Jy |ro — 1| 4 Jy lro — 1y “a) m-np

[1] Katz, J. and Plotkin, A. (2001)


https://www.cambridge.org/core/books/lowspeed-aerodynamics/077FAF851C4582F1B7593809752C44AE

Panel Methods

« Technique for solving incompressible potential flow
over 2D and 3D geometries

« In 2D, the airfoil surface is divided into piecewise
straight-line segments/panels/boundary elements
point vortex singularities of strength vy, are placed on
each panel

* Greater number of panels, the more accurate the
solution.

We apply the boundary condition at the control point,
treating the airfoil surface as a streamline. Velocity
would be tangential to the surface, and no fluid can
penetrate the surface

Leading Collocation
edge points

KI‘he net effect of Viscosity\

on a wing is captured by
the Kutta condition, which
requires that the flow
leaves the sharp trailing
edge smoothly, with no
infinite velocities or flow

separation.

o /

Panel Trailing

edge /

[1] Katz, J. and Plotkin, A. (2001)


https://www.cambridge.org/core/books/lowspeed-aerodynamics/077FAF851C4582F1B7593809752C44AE

Related Work

« Allows for computation of arbitrary profile deformation that cannot
easily be defined by conformal transformations:.

« Studied for individuals by developing a fish-like profile, imposing a
deformation parameter such that the profile bends while maintaining
camber length and area'.

Im ¥

|:Hx|
Diﬁs .\/J‘j“

(b) Body frame Fg

« Panel methods are
implemented for numerical
simulations on the giant Danio,
with the caudal fin having
chordwise sections of NACA
0016 shape?.



https://arc.aiaa.org/doi/pdf/10.2514/6.2015-1082
https://www.cambridge.org/core/journals/journal-of-fluid-mechanics/article/threedimensional-flow-structures-and-vorticity-control-in-fishlike-swimming/10ABE5B3B9A61B74F30EEF6C99385DDA

Vortex Panel Method

«  Point singularity solutions 4 4
 Able to discretise y (x) into ) Vo) x
finite segments N ry= [ v
« Influence coefficient i
calculations calculated using _ A 1
Kuethe and Chow?! ™ S o 2
« The following slides follow —
Katz and Plotkin’s formulation X+ kx —x)

« Steady and Unsteady vortex panel methods created for the NACAo012 airfoil
undergoing sudden forward motion (may be extended to pitching and heaving
motions as well)

Choose Singularity Discretisation/Grid Compute Influence Establish RHS Compute Pressures,

Solve the system Loads, Velocities

Element generation coefficients vector

=¥

[1] Kuethe, A, M., & Chow, C. Y. (1097)
[2] Katz, J. and Plotkin, A. (2001)


https://www.wiley.com/en-us/Foundations+of+Aerodynamics%3A+Bases+of+Aerodynamic+Design%2C+5th+Edition-p-9780471129196
https://www.cambridge.org/core/books/lowspeed-aerodynamics/077FAF851C4582F1B7593809752C44AE

Modifications for the unsteady state: Sudden Forward Motion

Kinematics subroutine!

y Xo = —0Quxt XOZ_Qoo
« Z=0 Zy =0
c fO=a 6, =0

X\ cosf(t) sinf(r)\ /[ x Xy
(Z) B (—sinfi'(r) cosﬁ{f))(z) + (ZU)
RHS vector modification!
RHSi= Sil’l(@i - a)
RHSl = —[U(t) + Uy, W(t) + Ww]i *n;

_vilzeg —zwy)
27TTl'j2

w

_ Yilxeg — xwy)
27TT'ij2

Ww

Ul(t) B cosf(t) —sind(1)\ / —Xo —0n
(W(t}) N (sinf?(l) cos B(1) )(—ZU) ox - 2

)

Definition of
Geometry

Flight Path Information

" Xo(n), Zoir), Ulr)
800, B(r), ete.

Y

Calculation of
Influence Coefficients

!

Calculation of Momentary
RHS Vector

!

Solution of
Matrix

[

Calculations of Velocity
Components, Pressures,
Loads, etc.

'

Wake Rollup

Begin time loop

Kinematics
{new subroutine)

Minor modifications
required in order
to update to
unsteady mode

Minor modifications
required in order
to update to
unsteady mode

New subroutine

[1] Katz, J. and Plotkin, A, (2001)

Similar to
> steady-state
programs



https://www.cambridge.org/core/books/lowspeed-aerodynamics/077FAF851C4582F1B7593809752C44AE

Modifications for the unsteady state (cont.)

Wake rollup subroutine!

Ensure that the airfoil’s circulation varies with time (implement Kelvin’s
condition) for unsteady airfoil’s wake shedding.
The local velocity calculated by the velocity components induced by the
wake and airfoil. Measured in the inertial frame of reference X, Z.
At each time step, the induced velocity (u, w); at each vortex wake point is
calculated, then the vortex elements are moved by

(x,2);= (u,w);At

Velocity induced at each wake vortex point is a combination of the airfoil
and wake vortices.

[1] Katz, J. and Plotkin, A. (2001)


https://www.cambridge.org/core/books/lowspeed-aerodynamics/077FAF851C4582F1B7593809752C44AE

Sudden Forward motion

Non-dimensional bound circulation vs. non-dimensional distance travelled

T6(Qut/c)Tw
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—— This simulation
——- Wagner function [Li & Wu (2015)]
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Lift coefficient (C;) vs. angle of attack (a) for NACAQO012 airfoil
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—8— Sheldahl & Klimas (1981)

—8— Xia & Mohseni (2017)

6 8 10 12 14
a (in deg.)
[1] Li and Wu (2015)
[2] Xia and Mohseni (2017)

[3] Sheldahl and Klimas (1981)


https://www.cambridge.org/core/journals/journal-of-fluid-mechanics/article/unsteady-lift-for-the-wagner-problem-in-the-presence-of-additional-leadingtrailing-edge-vortices/7F9F629AE4E61F361481DB5DFDE27006
https://www.cambridge.org/core/journals/journal-of-fluid-mechanics/article/unsteady-aerodynamics-and-vortexsheet-formation-of-a-twodimensional-airfoil/3AEA38FAEB7F044C661003FD8F367663
https://www.osti.gov/biblio/6548367

Pitching motion

cl vs alpha
15
T LoD
NACA 00!2 1.0 * .d‘.
1o} N
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[1] Katz, J. and Plotkin, A, (2001)


https://www.cambridge.org/core/books/lowspeed-aerodynamics/077FAF851C4582F1B7593809752C44AE

Animations

Heaving

0.15 A

0.10 A

0.05 A

0.00 4

—0.05 1

—0.10

—0.15 1

-0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00

Pitching

0.04 1
0.02
0.00 @.
-0.02
—0.044_ ‘ . ‘ .
-0.40 -0.35 -0.30 -0.25 -0.20

[1] Katz, J. and Plotkin, A, (2001)

[2] Koochesfahani (1989)


https://www.cambridge.org/core/books/lowspeed-aerodynamics/077FAF851C4582F1B7593809752C44AE
https://www.scirp.org/reference/referencespapers?referenceid=2081406

Future Work

« Attempt to introduce a deformation parameter to realistically model the
motion of fish

« Integrating viscous forces and LEV in future simulation framework(s)

« Looking at more complex geometries

« Observe the motion of the fish with the deforming tail in the context of
multiple individuals, progressing to looking in the context of a swarm

« Extend model to 3D
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