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1. Introduction

Channel expansions are common in both natural and artificial open channels. With increasing cross-
sectional dimensions in an expansion, the flow decelerates. Under Subcritical flow and steady flow conditions,
reducing the flow velocity due to increasing the water pressure and adverse pressure gradient. In this study,
the flow hydraulic along the expansive transition of rectangular to trapezoidal under subcritical flow has been
investigated experimentally. Also, a three- dimensional numerical simulation of the flow pattern was developed
using the fluent software with RSM turbulent model. Water surface and flow velocity profiles at different
sections of transition were compared with experimental results. The results showed a good agreement
between numerical and experimental results. Then, the efficiency of the transition and coefficient of energy
head loss were calculated. The results show that with increasing the upstream Froude number, the efficiency
of the transition and coefficient of energy head loss are decreased and increased, respectively. After calibration,
the effect of inflow Froude numbers on flow separation zones, secondary currents, and bed shear stress along
the transition was investigated numerically.

2. Methodology
2.1. Experimental study

Experiments have been conducted in a re-circulating flume having a length of 11m; width of 1 m and height
of 0.8 m. The transition with a length of 1m is connected to an upstream rectangular reach having length of 3
m and width of 0.25 m and a downstream trapezoidal reach having bed width of 0.4m and the side slope of 1:1.

The bed and sides of the flume were made of glass supported by metal frame. Measurement of discharge was
done using an ultrasonic flow meter located in supply pipe and checked with a sharp crested weir in
downstream return channel. Water was supplied from a sump into the entrance tank (Basak and Alauddin,
2010).

2.2. Numerical Modeling

For numerical simulation of the turbulent flow field, fluent software with RSM turbulent model was used.
Reynolds-averaged Navier-Stokes (RANS) equations are solved in addition of continuity equation (Chun et al.
2009). Quick and second Order Upwind schemes were used for solving momentums and turbulence equations,
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respectively Also, standard method was used for discretization of pressure equation (Basak and Alauddin,
2006).

3. Results and discussion

The flow depth increases along the expansive transition. Fr1=0.70 has the maximum water surface slope and
Fr1=0.32 has the minimum slope. It is possible that the increase in the water surface slope is related to the
increasing value for the Froude number and with increasing the inlet Froude number, water surface slope is
increased. Excepting Q=10 lit/s flow was never symmetrical with respect to the center line of the channel. The
maximum velocity line coincided with the center line of the channel, for a short length after entry. Thereafter,
it shifted to the side to which the main flow attached (Escudier et al. 2002).

For discharges above 10 lit/s, velocities at transition corners are negative and close to zero that indicate flow
separation zones are formed there. (Abbot and Kline, 1962). Also, along the transition with approaching to the

transition outlet, velocities values are decreased. The hydraulic efficiency of the transition has been shown in
Fig. 1.
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Fig. 1. Hydraulic efficiency of the transition for different inlet discharges

4., Conclusions

After calibration, the effect of inflow Froude numbers on flow separation zones, secondary currents, and bed shear
stress along the transition was investigated numerically. From transition inlet toward middle transition, circulation
zones numbers of secondary currents increase and with approaching to the transition outlet, circulation zones were
decreased. Also, with increasing the inflow Froude number, bed shear stress along the transition was increased.
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