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Abstract
Studying the flow patterns and behaviour of double baffled gates under different flow heads is important to improve their
performance, which could help in widening the range of their application. In the present study, physical and numerical
investigations were conducted on the double baffled gate. A 3D Acoustic Doppler Velocity Meter (ADV) was used for
laboratory measurements of the instantaneous velocity fields in the physical gate model. In parallel with this, the CFD
Fluent package was adopted to carry out a sensitivity analysis for a matrix of geometric parameters of the double baffled
gate. The outcomes of the laboratory and CFD numerical investigations were incorporated in a spreadsheet with the purpose
of informing the design of double baffled gates under conditions of non-submergence.
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Introduction and literature review
Flow control structures have long been used to control the
water levels and flow discharge in rivers, open channels and
waterways. On the one hand, huge research effort has been
directed towards the study of the hydraulics of flow underneath
single controlling gates (whether the traditional sluice type,
the flap type or the radial gate type). Examples of such early
experimental research studies are that of Henry (1950), Binnie
(1952) and Rajaratnam and Subramanya (1968). Fangmier and
Strelkoof (1968) have applied the conformal mapping theory to
the flow underneath a sluice gate. McCorquodale and Li (1970),
Isaacs (1977) and Diersch et al. (1977) were among the first
researchers to apply the finite element numerical approach to
sluice gate flow. Recently, many researchers have carried out
different numerical techniques including that of finite volume
to solve the Reynolds time-averaged Navier-Stokes equations
such as Kim (2007). On the other hand, significantly less
research effort has been directed to experimental and numerical investigation of multiple gates or multiple baffled gates.
Despite the fact that double baffled gates (as an example of
constant flow structures) are classic solutions that have been
used for the past four decades to control outflows from channels (Kraatz, 1975), literature on this topic is quite incomplete
and relevant expertise is not well reported.
In 1990, Larsen and Mishra experimentally and analytically investigated the hydraulic behaviours of a constant
discharge module for field irrigation. The proposed module
consisted of triple straight baffles and the module was designed
to accommodate a design discharge in the range of 2 to 7 ℓ/s,
which is suitable for small-scale field applications.
This study presents an experimental investigation and
numerical analysis of the flow through the free double baffled gate. The gate investigated was quite similar to Nyrepic
Module Gates, currently widely used as constant flow
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controlling structures. The typical design discharge of this system is significantly larger than that used by Larsen and Mishra
(1990).
The study was divided into 3 main stages. The first stage,
the experimental stage, involved a number of experiments carried out at the Irrigation and Hydraulics Laboratory of Cairo
University’s Faculty of Engineering. These were carried out in
a closed-circuit rectangular glass- sided tilting flume, 12 m in
length. A downscaled physical model of a typical double baffled gate was constructed about mid-length with the tail water
depth controlled via a tail gate. Velocity measurements were
conducted using a Sontek Acoustic Doppler Velocity Meter
(ADV) 16 Mhz. In the laboratory experiments different shapes
of baffled gates were investigated and measurements including
instantaneous velocity, water level, and turbulence intensity
were recorded.
The second research stage focused on the use of computational fluid dynamics (CFD) Fluent package (ANSYS, 2006) to
numerically simulate the hydraulic performance and flow structure throughout the double baffled gate distributors. The final
stage involved the analysis of the experimental and simulated
data and the production of a user-friendly spreadsheet to assist
in the design and evaluation of baffled gates.

Experimental work
Flume set-up
All laboratory experiments were conducted in a glass-sided
tilting Arm-Field flume with a fabricated stainless steel bed.
The typical flow section is rectangular in shape with working
dimensions of 300 mm in width, 450 mm in depth and 12 m
in length. The flume is provided with a closed flow circulating
system with a series of water sump tanks located on the floor
and connected with each other. The last sump is provided with
a centrifugal pump that lifts water to the upstream section of
the flume. The flume is provided with a small manual moving
cart that works as a carriage to move the point gauge and to
hold the ADV probe along the entire length of the flume; the
flume is marked with a millimetre scale to help in identifying
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