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After millions of years of evolution, river fish have become highly adept at navigating their gusty
and unsteady aquatic environments. Beal et al. demonstrated the trout’s natural ability to extract
energy from the flow and propel itself forward by placing a specimen in the periodic wake of a half-
cylinder. Further, this energy extraction technique, called Karman gaiting, was not only observed
when the trout was alive, but also when it was deceased [1]. Karman gaiting is therefore of notable
interest from an ecological standpoint as it could alter the consumption and feeding habits of river
fish. For instance, Liao et al. showed that an approximate 47% energy savings was measured for live
Karmén gaiting fish. As climate change continues to affect aquatic environments, the reduction in
flow rate of a river could drastically alter the feeding requirements and food chain of the surrounding
ecosystem [2, 3]. Despite the importance of this phenomenon, the energetics of river fish have yet to
be fully understood, raising the question of whether this is a tunable behaviour. Namely, the extent
of which this energy saving technique is affected by the flow parameters must be studied [1, 2]. As
such, the gust resilience of Albertan fish (e.g. rainbow trout, Oncorhynchus mykiss) is to be evaluated.
This abstract thus outlines the proposed experimental Particle Image Velocimetry (PIV) setup that
will be used to quantify the effect of Reynold’s number, Strouhal number, and reduced frequency on
the energetics of free-swimming trout.

A fish treadmill will be used to simulate the trout’s free-stream swimming conditions. The velocity
of the free-stream can be altered, allowing for sustained testing or "burst" measurements. At the
inlet of the test section, a pitchable aluminum plate will be used to generate flow perturbations (e.g.
aperiodically or as gusts). The chord of the plate and the pitching frequency can both be varied,
directly affecting the reduced frequency and Strouhal number of the flow. Stereo PIV will be used to
evaluate the resulting hydrodynamic forces produced by the trout under these altered conditions. By
comparing between these perturbed swimming tests, the extent of which the river fish can adapt to
the flow and apply their gaiting technique will be evaluated. Notably, the wake amplitude to flapping
amplitude ratio and wake wavelength to body length ratio are of interest.

Typically, when studying biological flows, a whole field measurement is preferred to understand
the large-scale shedding of vortex structures. However, the use of lasers to illuminate a flow volume
presents several issues. The shadows cast by the biological specimen can block critical regions of the
flow. There is also a component of "luck" when using PIV on live specimens: without physically
interfering with the fish’s swimming, one must wait for it to pass through the analysis region (e.g.
laser sheet) [4, 5]. Finally, when considering three-dimensional analysis, traditional methods rely on
the illumination of the entire volume of interest. With the measured trout being around 20 cm in
length, the illumination of the control volume by laser light is problematic for multiple reasons, many
of which are listed above [5, 6, 7, 8]. To overcome these drawbacks, a Trefftz plane measurement
technique is to be applied. Assuming incompressible flow and a fixed control volume in an orthogonal
coordinate system, the following reformulation of the Reynold’s Transport Theorem is obtained [6]:
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Where, f(t) represents the net forces acting on the control surfaces, p is the fluid density, & is the
position vector measured from a fixed frame of reference, @(t) is fluid velocity, dS is the integration
surface, 7 is the vector normal to a given surface, p(t) is pressure, and 7 is the shear stress tensor [6, 9].
From here, the flow inlet and outlet can be directly measured using PIV, allowing for the extraction
of volume integral terms through surface measurements. Overall, hydrodynamic force measurements
for a gaiting trout can be taken using well established Stereo PIV methods, allowing for the study of
river fish energetics for a variety of flows.
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