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A study 3D-PTV Measurements of the Wake of fin of a
Goldfish

by
Kyu Sup, Jang

Department of Mechanical Engineering

Graduate School Korea Maritime University

Abstract

Quantifying the unsteady flow structures produced by swimming fishes
represents a difficult task because direct measurements applied to water
environment are not possible. However, using 3D PTV(Particle Tracking
Velocimetry), it is possible quantify the effect of fish fins on water movement.
We used 3D PTV to visualize water flow in the wake of the pectoral fin of
goldfish. Swimming speed is 0.0378m/s. Velocity quantified in three dimensional
reconstruction of vortex structures. Vorticity is spouted out by each fin while
the fin is a rotary motion. Left and right vortex produced by each fin are

predicted to help maneuverability and body balance.
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Nomenclature

A, : Coefficient of area moment

B B . Inverse matrix of 7

C . Fitness for continuous fluid of vector
G Cp G - Plane distance from lens center

D D, D, . Error of calculated 3-D position of particles
D, . Divergence of velocity

Dy - Thresholding value of 2,

a, . Diameter of particle

ya . Equation of observation for x-direction
G . Equation of observation for y-direction
/ . Intensity of particle

7 . Maximum intensity of particle

A, A : Lens coefficient

My My My M, Rotation matrix
Wy W, . Movement value of principle pointMovement value of
principle point

. Original point of photographic coordinate system

Q

. Original point of absolute coordinate system

. Particle on images

N Y Q

. Particle in space



Sy Sp Sz

7RE

X I Z

X ¥z
Xy ¥y 2,
X, ¥y Z;
Xp YV,p 2,

m
Uy

: Standard deviation of 3-D position

: Turbulence kinetic energy(ég2 /)

: Turbulence intensity(V 4?2 / )

: Turbulence intensity(\/7 | )

: Turbulence intensity(V ;72 79,

: Lens distortion value

. Center point of particle

. Deviation of the principal point from the center of image
. Value of the photographic position of particle
. Photographic coordinate system

: Absolute coordinate system

. Center of projection

. Value of the 3=D position of particle

. Rotated absolute coordinate system

. Mean

x direction of inlet velocity
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Greek characters

a, o . Tilted angle for X axis
B, v . Tilted angle for Y axis
K . Tilted angle for Z axis
r ¢ Circulation

- . Time averaged value
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Camera 1 Camera 2 Fitness

Start point End point Start point End point 3D Error Continuity

Table 2.1 Definition of chromosome with respect to camera
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Fig. 3.2 Photo of real experimental system
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Fig. 3.3 Photo of calibrator image
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Fig. 3.4 Photo of calibrator image of camera 1

Fig. 3.5 Photo of calibrator image of camera 2
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Fig. 3.7 Mean velocity profile
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Fig. 3.9 Dimensionless coordinate at the center of fish
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Fig 3.10 Raw image (Q)
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Fig. 3.11 Original image of 3D velocity vector including error
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Fig. 3.12. Remove error vector using continuity equation
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Fig 3.13 Interpolated mean velocity of near fin flow
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Fig. 3.14 The instantaneous vorticity of sphere
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Fig. 3.14 (a) The instantaneous velocity vector of xy plane at 0.53 sec

Fig. 3.14 (a) The instantaneous velocity vector of xy plane at 0.73 sec
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Transverse

Fig. 3.15 Section of transverse vector image
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Fig. 3.16 Dimensionless velocity of image at the x/D=0.1 and y/D=-0.33
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Fig. 3.18 Early upstroke

Fig. 3.19 Middle of upstroke
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Fig. 3.20 Middle of upstroke
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Fig. 3.21 End of upstroke
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Fig. 3.22 Early upstroke
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Fig. 3.23 Middle of upstroke
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Fig. 3.24 End of upstroke

Fig. 3.25 End of upstroke
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