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Experimental Study on Water Diversion from Bottem with Porous Media

Sasan. Madadi 1, Ali Reza. Emadi2, Ramin. Fazloula®

Abstract

There are several methods for diverting discharge in rivers. Each of these methods has its own benefits
and limitations. Gravity flow intake in rivers is possible in different ways; one of these ways is using
pours media. The present research deals with an experimental model in Sari University of Agricultural
Sciences and Natural Resources, doing 54 experiments to find out the effect of grain size of porous
media, surface slope of pours media and different inflow on diverted discharge rate in bottom intake
with porous media. The results show that discharge coefficient for horizontal intake surface at 11.9m?%/s
and grain size with Dsg 11.5 and 25 mm is equal to 0.053 and 0.068 respectively. It means discharge
coefficient increases with increasing Dso of porous media‘s grain size. Also when flow rate is 11.9 m%/s
and Dsp equals to 11.5 mm, for two surface slope 0 and 20% the discharge coefficient is 0.053 and
0.039; that shows that increasing surface slope because decreasing discharge coefficient. Drawing the
Intake diverted discharge coefficient changes vs inflow shows that discharge coefficient variation
versus of inflow is higher at lower inflows but increasing inflow makes it stable. With analyzing the
obtained data and using dimensional analysis and multiple regression on experiment results, an equation
is proposed for estimating flow and discharge coefficient for this type of intake.

Key words: Bottom intake, Diverting water, Discharge coefficient, Porous media.
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Experimental Study on Water Diversion from Bottem with Porous Media

Sasan. Madadi 1, Ali Reza. Emadi2, Ramin. Fazloula®

Abstract

Introduction: There are several methods for diverting discharge in rivers, which has its own
characteristics and limitations. Gravity flow intake in rivers is possible in different ways, and the use of
porous bottom intake is one of these methods. In this study, to investigate the flow diverted by the
reservoir with the porous medium, a laboratory model was made in the hydraulic laboratory of Sari
University of Agricultural Sciences and Natural Resources and the necessary experiments were
performed to extract the appropriate mathematical relationship. Despite of previous studies, the
deviation current in a channel is parallel to the main current stream, the part of the deviation channel is
perpendicular to the main current so that the laboratory conditions are more consistent with the real
conditions.

Methodology: For experiments, a two-story laboratory canal with a length of 12 meters, width of 0.5
meters and height of 0.6 meters was created in the hydraulic laboratory of Sari University of
Agricultural Sciences and Natural Resources. In this channel, the total flow was measured using an
ultrasonic flowmeter and the remaining flow in the main channel was measured to the nearest 0.01 liters
per second using a triangular overflow. Water depth was measured with a point gauge to the nearest +1
mm. The required length to create the developed flow conditions before the control catchment and the
length of 7.5 m in all tested discharges were deemed appropriate. The channel bed above and below the
porous environment is made of glass. Metal mesh was used to stabilize the surface aggregates and also
in the downstream part of the reservoir to preserve the aggregates. This study investigates the amount
of diversion discharge from the catchment at the intensity of different currents passing through the
catchment surface, different granulations of catchment aggregates and different slopes of the catchment
surface to determine the permeability coefficient in these conditions. To investigate the effect of other
parameters on the flow rate, experiments based on three different slopes of the catchment surface
including zero, 10 and 20% and three different granulations with Ds equal to 11.5, 16.5 and 25 mm
and 6 different total discharges were made in the main channel. The aggregates of the porous medium
were selected uniformly by passing through 30, 20, 13, 10 mm sieves.

Discussion and Conclusion: The diagram of the changes in the deflected flow rate relative to the inlet
flow rate for different aggregate sizes showed that the amount of deflected flow rate increases with
increasing aggregate size. Also, the results showed that the discharge coefficient for the horizontal
surface of the catchment at a flow rate of 11.9 liters per second for granulations with Dsp, 11.5 and 25
mm is 0.053 and 0.068, respectively, which indicates an increase in the discharge coefficient with
increase Dso particles in the intake environment. This could be due to the increased velocity of the flow
through the surface of the reservoir. However, at higher flows, the changes in the flow coefficient
decrease, which indicates that the porous medium has a certain capacity for current deviation, and from
a certain value onwards, the flow coefficient does not change significantly with increasing flow in the
main channel. Examination of the changes of the deflected flow rate compared to the inlet flow rate for
different slopes of the catchment area shows that for all grains of the catchment environment, the
amount of diverted flow rate increases with decreasing slope of the catchment area. Additionally, the
discharge coefficient for grain size D50 = 11.5 mm in the discharge of 11.9 liters per second for the
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level slope of 0 and 20% is 0.053 and 0.039, respectively, which indicates a decrease in the discharge
coefficient with increasing slope of the lower catchment surface. This can be due to the possibility of
water infiltration into the catchment environment at a lower slope than the slope ratio, in other words,
increasing the slope of the catchment surface increases the flow rate through the catchment, which can
reduce the flow rate. By plotting the changes in the discharge coefficient, the flow diverted by the
reservoir to the inlet discharge was observed, which in lower discharges changes in discharge coefficient
is greater than the inlet discharge, but with increasing inlet discharge reaches a constant value. The
results showed that the amount of discharge diverted by the bottom intake was directly related to the
length, width, height, porosity, landing number in the upstream section of the intake and the average
diameter of materials and inversely related to the slope of the bottom intake surface and specific energy
in the upstream section of the intake. By reviewing the obtained data and using dimensional analysis
and multivariate regression between the test results, relationships for estimating the flow rate and
permeability coefficient for this catchment have been proposed. These relationships can be used in the
range of fraud number 1.33 to 1.51 and in conditions of no flow reversal.

Key words: Bottom intake, Diverting water, Discharge coefficient, Porous media.
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