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ABSTRACT
Hydrokinetic vertical axis turbines (VAT), suitable for rivers and estuaries, are a promising alternative to traditional
hydropower schemes to meet the increasing global energy demand while minimising environmental impacts. To
date, there are major research gaps in quantifying the impact of VAT turbulent wake hydrodynamics on fish swimming
behaviour and passage. Here, we investigate fish behavioural responses to a single VAT in a confined laboratory
environment by relating fish body position and swimming kinematics to the surrounding flow field. Initial results show
that although fish passed from downstream into the upstream area, they spent most time within the turbine wake
area, which was characterised by a region of low momentum immediately downstream of the VAT and regions of
high momentum on either side of the turbine. These experimental observations will contribute to the commercial
development of VATs as sustainable renewable energy technology with low environmental impact.
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1 INTRODUCTION

Due to rising energy consumption, an urgent need for sustainable and environmentally friendly energy tech-
nologies exists. So far only 11% of the world’s consumption is provided by renewable energies with hydropower
being the second largest source (REN21, 2020), yet its full potential is not used. The environmental impact of
traditional, large-scale hydropower projects has driven the development of small-scale alternatives such as ver-
tical axis turbines (VAT). These turbines can operate in low to medium velocity flows, making them suitable for
shallower waters typically found in rivers and estuaries. Their versatile deployment may be particularly beneficial
for small, remote communities in low-middle income countries with limited access to the energy grid, allowing
the generation of continuous sustainable energy. Despite the potential of VAT, only a few studies have examined
their impact on fish passage and swimming behaviour. These studies reported changes in passage, spatial,
and schooling behaviour (Castro-Santos et Haro, 2013; Molloy et al., 2017) but no injuries when colliding with
turbine blades (Castro-Santos et Haro, 2013), which may be attributed to the turbine’s open design and low
rotational speed. Behaviour changes might be associated with noise and near wake alterations (Molloy et al.,
2017), however, much remains unknown about their extent and causes. This research examines the interaction
between hydrodynamic flow structures generated in the near-wake of a single VAT and swimming behaviour of
juvenile rainbow trout (Oncorhynchus mykiss) in a confined laboratory environment using motion tracking.

2 METHODS

A first set of experiments were undertaken in a recirculating flume in the hydraulic laboratory at Cardiff University,
UK. The experimental set-up comprised of a 10m long, 0.3m wide and 0.3m deep flume with a constant discharge
of 0.0013m3s−1 and flow depth of 0.23m. At 4m downstream of the flume inlet, a three-bladed vertical axis turbine
with diameter and height 0.12m and NACA0015 blades of chord length 0.03m, was mounted in the centre of the
flume, constantly rotating at 59rpm for an optimum tip speed ratio of 1.9. A test section of 0.75m was delimited by
honeycomb flow straighteners 0.25m upstream and 0.5m downstream of the turbine (Figure 1) and illuminated
with spot lights on either side of the test section. A camera (60fps, 1920x1080px) was mounted approx. 1m
above the flume to record the behaviour of fish swimming individually (5cm standard length) for 5min. A 0.01m
thick Perspex plate was placed on top of the water surface, ensuring a clear view of the test section. Fish
behaviour was analysed using an adapted version of the Matlab-based Sensory Orientation Software (Gomez-
Marin et al., 2012), to identify the fish centre of mass (COM), as well as head (yhead(t)) and tail (ytail(t)) position
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in each frame (Figure 1 (right)). Based on these time-dependent variables, we recorded spatial preference,
head and tail kinematics, covered distance, and swimming speed. Near-wake hydrodynamics for this VAT were
measured in a 10m long, 1.2m wide and 0.3m flume under similar flow and rotational conditions, using Acoustic
Doppler Velocimetry (sampling time 180− 300s, sampling rate 200Hz).
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Figure 1: Flume test section used for fish behaviour experiments, comprising a single VAT, upstream and downstream mesh.
Individual fish were released furthest downstream. Fish behaviour and kinematics were recorded over time, including the
lateral position of the head and the tail, and centre of mass (COM).

3 WAKE HYDRODYNAMICS AND FISH BEHAVIOUR

Wake velocity measurements showed a region of low momentum immediately downstream of the turbine, with
a wake asymmetric about its centreline. This region was accompanied by an increase in velocity on either side
of the turbine, as indicated in Figure 1. Blade induced vortices were convected downstream along the edges of
the low-velocity region. Although fish spent most time downstream of the turbine within the low velocity region,
they also occupied both low- and high-velocity regions. Despite the increased streamwise mean velocities on
either side of the turbine, fish passed from downstream into the upstream area. So far, no avoidance behaviour
concerning the turbine was observed as fish swam even close to the rotating turbine. Tip and dynamic stall vor-
tices, generated during the upstroke and downstroke rotations of the turbine, did not negatively impact swimming
stability.

4 CONCLUSIONS

The application of a motion tracking algorithm generated useful insights into fish behaviour adaptations in re-
sponse to a single VAT, namely spatial preference, attraction and avoidance behaviours. Fish occupied both
the low- and high- momentum areas of the VAT near wake and swam unimpeded when passing the turbine.
This may help to improve turbine arrangements, operation, and design, and to foster VATs as an environmental-
friendly technology. Future research will test more fish and analyse swimming behaviour in the wake of VAT for
a range of discharges and turbine rotational speeds.
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