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Abstract
Local energy losses occur when there is a transition in open channel flow. Even though local losses in subcritical open
channel flow due to changes in channel width have been studied, to date no studies have been reported for losses due to
changes in bed elevations. Steps are commonly used in engineering applications to stabilise the flow in open channels.
Hence, it is important to estimate local losses for design purposes. The aim of this study was to formulate the local energy
losses at positive and negative steps in subcritical open channel flows. Flow rates and water depths before and after the step
were measured for varying step heights of abrupt and 45o inclined steps. Empirical equations relating the local losses to the
Froude number on the step and the relative step height are proposed for positive and negative steps. In addition, practical
values of local loss coefficients are determined.
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specific energy
Froude number
gravitational acceleration
total head
local energy loss due to step
local loss coefficient for positive steps defined in Eq. (4)
local loss coefficient for negative steps defined in Eq. (5)
local loss coefficient for positive steps defined in Eq. (6)
local loss coefficient for negative steps defined in Eq. (7)
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Introduction
The energy losses that result from local features such as weirs,
gates, cross-sectional changes or changes in alignment are
called local or minor losses. Local losses may be computed as a
fraction of the velocity head (Chow, 1959). This fraction is usually termed as the local loss coefficient and is usually obtained
experimentally. Although the local loss coefficients are well
determined for pipe flow, there are only a few cases where
local loss coefficients have been studied in open channel flows.
These are for the abrupt expansion or contraction in width of a
rectangular channel.
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Steps are often used in control structures like stilling
basins; in order to design these properly, the amount of head
losses should be known accurately. In the present study, local
energy losses at a step in a subcritical open channel flow in a
rectangular channel were studied experimentally. The effects
of the step shape and step height as well as the flow properties
were investigated.
Formica (1955) conducted experiments on various designs
for subcritical flow passing through sudden transitions. He
presented typical flow profiles and energy lines for the design
of expansions and contractions. Since velocity cannot be measured easily, because of the turbulent condition of flow, near the
section where the transition takes place, he simply extended the
energy lines. Formica also showed that, in general, the sudden
contractions have higher head losses than the sudden expansions; because in a sudden contraction the flow is first contracted
and then expanded. He stated that a process of conversion from
potential to kinetic energy is followed immediately by a process
of re-conversion from kinetic to potential energy, and that, as
a result, much less energy is recovered in a sudden contraction
than in a sudden expansion. Formica concluded that this loss of
energy could be greatly reduced by modifying the sharp-edged
corners of the entrance of the reduced channel.
Skogerboe et al. (1971) studied the head loss occurring in
open channel expansions. They presented a comparison of various methods studied by previous researchers, and showed that
the coefficients used in local loss calculations are not constants.
Morris and Wiggert (1972) and Brater and King (1976) determined the constant empirical local loss coefficients for channel transitions in width. Binnie (1975) performed laboratory
experiments on the flow of water over a downward step in an
open channel, focussing on hydraulic jumps formed because of
the abrupt drop.
Vittal and Chiranjevii (1983) suggested a rational method of
design for open channel transitions. In their study, the existing
design methods for the design of transitions between rectangular and trapezoidal channels for subcritical flows are carefully
examined. They suggest a new and rational design method for
such transitions.
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