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Introduction

Nowadays, we notice that the river cross structures can negatively affect the environment,
which has led to the importance of ways to protect the water bodies and pay attention to the
health of the aquatic ecosystem in water resources. For example, cross-structures prevent fish
from migrating upstream. Side effects of this problem include lack of spawning, reduced
reproduction, and extinction of fish species. The fish passage structures allow fish to cross river
barriers and access their habitats. The hydraulic design of the fishway structure must be
compatible with the characteristics of the fish’'s swimming behaviors to improve the fish crossing
efficiency (Castro et al, 2009, Kim et al., 2016). In designing various types of fish road
structures, attention to migratory fish's biological and behavioral characteristics is of particular
importance. Lack of sufficient information in this field will cause inefficiency in the designed
system and cost a lot of money without achieving the desired result. Therefore, it is essential
first to identify the climatic conditions, swimming ability, and migration patterns of different
fish species to examine the relationship between these factors and hydraulic properties during
design (Mao, 2018). In the previous research, less assessment of hydrodynamic parameters such
as TKE and the knowledge of the performance of the fish passage structure as roughness under
the new structure (W-shape structure) has been studied. Therefore, in the present study, the
strength of structures and turbulent kinetic energy (TKE) in the path of the W fishway has been
done.

Methodology

The present study was performed in the hydraulic laboratory of the water engineering and
environmental faculty, Shahid Chamran University, Ahvaz, in a 10 m long, 50 cm high, and 25
cm wide flume. The slopes tested in the present study were 4, 7, and 10%, the tested discharges
were considered 25, 29, 34, 43 LJ/s, and the angle of the structure was 20. W-shaped overflow
barriers were placed about 5 m from the flume inlet to reduce the effects of the initial turbulence
caused by the inlet flow to them. In addition, the first weir was placed at a distance of about
3.5m from the beginning of the flume. W-shaped weirs were identified as barriers at D/L=3,

D/L=6, and D/L=9 distances..

Results and Discussion

The flow resistance studies showed that the efficiency of relative distance 6 decreases with
increasing flow rate. Moreover, it is determined that flow and slope have an inverse effect on the
friction coefficient reduction, and also the ineffectiveness of the presence of obstacles was
extracted as roughness. However, the effect of obstacles is reduced up to 50% with an increasing
flow rate from 20 to 43 L/s, a slope of 4%, and a relative distance of 9. On the other hand, the
inverse effect of the Froude number on the friction coefficients and reducing the strength of
structures those are as roughness was obtained. Hence, increasing the relative distance between
obstacles decreases the flow resistance.

v
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In addition, with increasing relative distance, the effect of relative depth changes on flow
resistance decreases. In the TKE assessment, the experiment results showed the formation
position of the maximum TKE independent of the slope. The maximum amount of turbulent
energy occurs near the water surface, and the best distance for fish is D/L=9. Finally, a slope of
4% at a distance of D / L = 9 creates the best conditions for the fish.

Conclusions

The reduction of friction coefficients has an inverse effect on flow and slope. The inverse
effect of the Froude number on the friction coefficients reduces the resistance of structures that
are as roughness to flow. By increasing the relative distance between obstacles, the flow
resistance decreases. Increasing of relative depth decreases the flow resistance. Likewise, the
formation position of the maximum TKE is independent of the slope. The maximum amount of
turbulent energy occurs near the water surface. Hence, the best distance for fish passes is D/L=9.

Keywords: Turbulence, w-shaped fishway, roughness of fishway structure, TKE, Flow
resistance

TA



