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Abstract: Hydraulic Energy dissipators are devices to
protect downstream areas of basin from erosion by
reducing the velocity of flow up to an acceptable limit. The
stilling basins are transition structures fabricated to
dissipate excess energy confined by flow with high velocity
at the outlet of conduit or tunnel so that the flow beyond
the basin does not threaten the firmness of bed and banks
of downstream channel in structures like culvert spillways,
canal, etc. from scouring. Henceforth proper attention
needed by hydraulic engineers for t he design of energy
dissipators so as to obtain optimum energy dissipation at
outlet. The type of stilling basin most suitable at a
particular location mainly depends upon initial velocity of
flow and initial Froude Number. This paper describe about
the different type of energy dessipators with different
appurtanances used in hydraulic structures for protection
work.
Keywords – Energy Dissipation, Stilling basin, Froude
number, Outlet work, scouring.
1.

Introduction

Water flowing over a spillway has a very high
kinetic energy because of the conversion of entire potential
energy into kinetic energy.If the water flowing with such a
high velocity discharged directly into the downstream
channel by spillway or p ipe outlet, serious scour of channel
bed may occur.The scour is not properly controlled, it may
extend backward and may endanger to the dam and
spillway. Energy dissipator are any device design to protect
downstream areas from erosion by reducing the velocity of
flow an acceptable limit. An outlet works is a combination
of structures and equipment required for the safe operation
and control of water released fro m a reservoir to serve
various purposes (i.e., regulating stream flow and quality;
releasing floodwater, p roviding irrigation, municipal, and/or
industrial water).
The outlet works typically resides of an intake
structure, conduit, control house, gate chamber, regulating
valve(s) or gates(s), and an energy dissipation structure [5].
Flowing water emerg ing fro m an outlet works can be in one
of two states: subcritical or supercritical. With subcritical
flow, waves travel upstream. With supercritical flo w, all
waves migrate downstream. The transition between these
two states is called “critical flow” .When water at high
velocity (supercritical) d ischarges into a zone of lower
velocity (subcritical), a rather abrupt rise (a step or standing
wave) occurs on the liquid surface. This Abrupt rise is
called a “hydraulic ju mp” [5]. The hydraulic ju mp is a
commonly used method of energy dissipation. The cross -
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sectional flow area of the rapidly flowing water increases
(which, in an open channel, appears as an increase in
elevation), converting some of the init ial kinetic energy of
flow into a lower kinetic energy, an increased potential
energy, and the remainder to irreversible losses (turbulence,
which ult imately converts the energy to heat) [5].
The phenomenon depends upon the initial velocity
of the flow. If the initial velocity is below the critical
velocity, no jump is possible. For relat ively low init ial flow
velocities, above the critical velocity, an undulating wave
appears. As the flow velocity increases, the transition grows
more abrupt, and at high enough velocities the front breaks
and curls back upon itself. Th is rise can be convoyed by
eddying, violent turbulence, air entrain ment, and surface
undulations [5].
Stilling basins are used to reduce the high velocity
of flo w of water fro m the jet as quickly as possible in order
to minimize the scour of downstream river bed. A nu mber of
stilling basins like hydraulic ju mp type, hump type, jet
diffusion type, free jet type, impact type and a combination
of two or mo re are emp loyed in most of the hydraulic
structures . The energy dissipators for culvert outlets that are
designed to operate at the streambed level and re-establish
natural flo w conditions downstream fro m the culvert outlet.
They are also intended to drain by gravity when not in
operation. Some of the examp le of are: Contra Costa basin,
U.S. Bureau of Reclamat ion (USBR) Type VI impact basin
,manifo ld stilling basin, USU stilling basin.
2.

Literature Review

In this part of report deals with a review of past
research work in the field has been compiled to enable better
understanding of the research in various region methods of
analysis on the experiment subject:
Bradley and Peterka (1957) developed impact type
stilling basins.In this study it is found that the energy
dissipation is not dependent on tail water depth, but the
performance of stilling basin can be improved with a
moderate depth of tail water. This study resulted with the
development of a new stilling basin which carries higher
discharge through constructing the mult iple units. Authors
also advocated that new stilling basin has restraint up to
discharge of 10m³/s and velocity up to 9m/s.
Garde and Saraf (1986) designed the energy
dissipator centred on the principle that the jet is made to
spread over the width of stilling basin and then made to
frag mented into number of smaller jets which further diffuse
thereby dissipation of energy takes place in the shortest
possible length. The energy dissipator evolved has been
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acclaimed for circu lar outlets whose invert level is
proximate the river bed into which it is discharging.
O.S Rageh (1999) studied effect of baffle block on
a radial hydraulic ju mp (R.H.J.), with the aim to derive the
limit ing design parameters for this type of ju mp in
expanding channels. The restraining design circu mstances
state the radial hydraulic ju mp, when it occurs entirely on
the horizontal bed, with a sill liable to move in both vertical
and horizontal directions.
To obtain non-dimensional
relationships between the design parameter of radial
hydraulic ju mp for different height of local baffle blocks this
study was carried out in the laboratory for Froude number
ranged fro m 2 to 6.5.
Goel and Verma (1999) studied on the
development of efﬁcient energy dissipators as compared to
Garde’s energy dissipator for pipe outlets. The
recommended designs were laboratory tested on s cale
models with pipe outlet diameter of 10 cm and 7.5 cm for
Froude number ranging fro m 1.70 to 5.50. The performance
of the new dissipator imp roved tremendously by using new
shapes, sizes and locations of the appurtenances for the same
length of stilling basin. This was possible due to better
spreading of efﬂu x jet by using a proper splitter b lock. The
formation of a strong vortex in front of the solid impact
wall, in place of a grid, and an additional horizontal shear at
the bottom produced more ﬁne grained eddies and
turbulence, which ﬁnally reduced the energy of the outgoing
ﬂow. The low bottom velocit ies at the end of the basin
resulted in reduction of the scour. The performance of
various models has been compared by estimating the scour
index based on maximu m depth of scour and its location at
the end of run time.
Goel and Verma (2000) experienced that splitter
block has very effective performance in spreading the jet of
water over the width of the stilling basin within a shorter
length. In this study investigators used the wedge shaped
splitter blocks having a vertex angle of 1500 in the stilling
basin for pipe outlets for effect ive performance of basin.
Goel and Verma (2001) used grid type of baffle
with solid one and a curved splitter with wedge shape block
toreduce the length of the stilling basin. The experiment
resulted with a significant improvement in the performance
of the stilling basin.
Verma and Goel (2003) conducted experiments
for two pipe diameters with Froude numbers ranging from
1.70 to 5.50 to develop an efficient stilling basin with the
floor at the invert elevation of the pipe outlet. Experiments
were conducted with the use of different appurtenances such
as splitter block, impact wall, baffle block and end sills with
the specific d imensions. The performance of the stilling
basin were analysed by performance number which is the
function of constant experimental running time and erodible
material used in experiment The experiment resulted with
the comparison between the new developed stilling basin
and USBR impact type VI fo r the pipe outlet for the defined
Froude number .In this study it is also found that for the
better performance the length of basin was reduced up to
25% As compared to impact type VI stilling basin.
Neg m et al (2003) investigated scour
characteristics downstream of abruptly enlarged stilling
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basin by using lateral central sill of limited width. The study
resulted with that the effect of sill position and the sill height
are comparatively sufficient for the energy dissipation. The
study emphasized the fact that downstream the sudden
expanded stilling basins scour are asymmetric and thus
protection of side slopes, both bed, and banks are imperative
when using such basins. The key features of the scour
patterns are tested in presence and absence of the central
sill. The prime location of the central sill that recovers the
flow behaviour, dimin ishes the magnitude of scour process
is found to be function of the flow reg ime and the height of
the sill.
Verma et al (2003) studied about the
development of new designs of stilling basins for deep and
narrow openings used as outlets. Appurtenances such as
wedge shaped blocks, grid, stepped wall ,Impact wall,
wedge shaped blocks, weir wall, sloping end sill are used to
study their impact on the hydraulic performance of the
stilling basins with a purpose to propose efficient stilling
basin models. All the models were tested at inflow Froude
number Fr = 4.89 keeping a constant run time and same
erodible bed material for each stilling basin model for
comparison of the performance. By observing the maximu m
depth of scour and its location after the end sill the
performance of each model was evaluated. A non dimensional number named as Scour Index has been
evolved for comparing the performance of the different
stilling basin models. The use of wedge shaped blocks as a
splitter block and baffle b locks reduced the depth of scour
indicating a significant dissipation of energy and good flow
conditions, downstream of the stilling basin.
Sameh et al (2010) investigated that in certain
condition, the flow pattern is asymmetric although the
geometry of a rectangular basin is symmetric. The
experiment shows that the basin geometry influences the
structures of large turbulence behaviour and the flow is
rather delicate to the geometry shape. When the addition of
suspended sediment is done to the turbulent flow over a
plane bed the following was observed: (a) compared to clear
water flow the large coherent structures disappear with
similar flow properties and (b) under certain condition with
reduced width of the reservoir flow pattern is asymmetric
and when reducing the length of the reservoir it disappears.
Tiwari et al (2010) experienced that the stilling
basins are transition structures assembled to dissipate excess
energy limited by high velocity flow at the outlet of conduit
or tunnel so that the flow beyond the basin does not threaten
the stability of bed and banks of downstream channel. This
study shows that ,in a stilling basin kinetic energy causes
turbulences and it is ultimately lost as heat and sound
energy, there are several types of stilling basins which are
used in various hydraulic structures like dam, canal, cu lvert
etc. The type of stilling basin most suitable at a particular
location main ly depends upon initial Froude Nu mber and
initial velocity of flo w. Th is study results with design
principles and features of various stilling basins used for
outlet works.
Tiwari et al (2013) studied about scour pattern
downstream of stilling basin for non-circular pipe outlet
using end sill o f different geometry. The study was
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conducted by designing new stilling basin models in a
rectangular shaped pipe outlet with three inflow Froude
numbers namely,Fr=1.85, 2.85 and 3.85 to study the scour
pattern downstream of stilling basin. The study indicates
that a significant effect of the shape of the end sill geo metry
on the reduction of scour depth downstream of end sill for
the pipe outlet stilling basin.
Flammer et al (2012) studied the relation between
tail water depth, outlet flume floor elevation, the height of
boils in the stilling basin, width of stilling basin and amount
of free board as a criteria for designing a stilling basin to
work as transaction from closed conduit flow to open
channel conduit. This stilling basin was limited to use for a
fully submerged pipe outlet. The effectiveness of structure
has evaluated by the relative boil height and unsteadiness of
water surface .The study resulted with a new stilling basin as
a short pipe energy dissipator which is located and designed
to providing a maximu m energy dissipation for the specific
basin .In this study the length of stilling basin was
established by the use of shear drag, pressure drag and
diffusion action of a submerged jet. The study shows that for
the maximu m energy dissipation the optimu m dissipator
pipe ratio was recommended W/D1 =0.5, D2 /D1 =2 and
L/D1 =1.
Tiwari (2013) inspected the energy dissipation by
varying the gap of baffle wall in the stilling basin to protect
the downstream structures from immense scouring.
Experiments have been carried out for Froude number 3.85,
2.85, 1.85 with keeping the baffle wall at same location.
Experiments resulted with much effect on the performance
of the stilling basin by changing the gap underneath the wall
fro m the basin floor due to change in floor pattern. During
the study it was found that the flow condition as well as the
scouring pattern in downstream of the stilling basin affected
by the gap of impact wall in the basin.

3. Conclusions
During the literature v iew it was reported that much
work has been carried out by past researchers related to
design of stilling basin model for p ipe outlet .It is observed
that in so many cases normal depth is not always available
downstream of a stilling basin .Hence there is a need to
design the stilling basin other than normal depth and also
height of the exit of pipe outlet over floor of the stilling
basin should be change for designing a new stilling basin
model for different Froude number
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