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Controlling the excess flow energy when using the inclined chute to
transfer water is always one of the important hydraulic issues. In the present
study, the effect of determining how the shape of the blocks and the
longitudinal distance between them affects the energy dissipation under
various angles of chutes was evaluated experimentally. The experiments
were carried out on three chutes with angles of 20, 23, and 26.6 degrees,
five different geometric shapes of blocks, and three different longitudinal
distances of 1.5H, 2H, and 2.5H (H is block height). The results indicated
that the energy dissipation rate on smooth chute models was between 21.38
to 66%. The baffles on the chute create the flow resistance, and the
difference between the energy dissipation rate in baffled chute models
compared to smooth chutes is between 21 and 61%. By increasing the angle
of the chute from 20 to 26.6 degrees, the energy dissipation on smooth and
baffled chutes decreases by 22 and 6%, respectively. Increasing the
longitudinal distance between the blocks reduces energy dissipation in all
models. For the superior model, a 66% increase in the longitudinal distance
between the blocks decreases the energy dissipation rate by 10%.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
paper distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

even eliminate them. Even though a lot of
research has been done on inclined chutes and

Inclined chutes are constructed with or without
blocks. It is critical to reduce the energy flow
downstream of inclined chutes to avoid erosion
and the formation of a pit in the downstream
channel. If a major part of the energy is
consumed during the over chute and before
reaching the downstream river, it will reduce the
dimensions of the downstream stilling basin or
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the necessity of using these types of structures in
irrigation and drainage channels is clear to
researchers, little attention has been paid to the
geometric and hydraulic parameters affecting the
performance of these structures. Therefore, the
main object of this research is to investigate the
influence of the chute angle and different
longitudinal distances between the rows of
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baffled blocks in different geometric shapes on
the energy dissipation of the flow over a baffled
chute. In this research, the factors that affect the
amount of energy used by the flow over the
baffled chute were also found and evaluated.

Material and Methods
The laboratory tests were performed in a
rectangular flume of 1.2 m in width, 0.8 m in
depth, and 12 m in length at the hydraulics
laboratory of Maragheh University.

had glass walls to improve flow visibility and
reduce friction (Fig. 1). Flow in the flume was
supplied by a pump with a maximum capacity of
55 1/s and was pumped into the flume’s head
tank. An ultrasonic flow meter with a precision
of £1 15 was used on the transmission pipe to
measure the discharge. Two screen plates were
used for flow relaxation, and also one floating
Styrofoam plate fixed along with the flow was
used to reduce water level fluctuations.

Fig. 1 Schematic view of the experimental setup: a) Riprap apron, b) Chute, c) Point gauge, d) Hydraulic jack,
e) Pump and f) Flowmeter

The flow depth was determined by a pointer
gauge with an accuracy of +1 mm. The flow
depths were measured at a distance of 2 m from
the upstream of the chute and after a hydraulic
jump into the stilling basin. The experiments
were carried out on three chutes with angles of
20, 23, and 26.6 degrees; five different geometric

shapes of blocks; and three different longitudinal
distances of 1.5H, 2H, and 2.5H (H block
height). A total of 322 tests in different hydraulic
condition were examined. The hydraulic
characteristics of the flow in the experiments of
this research are presented in Table 1.

Table 1 Parameters of models investigated in the present study

. -, Upstream Longitudinal Transverse

Model Chute slope, 6  Discharge, Q Critical denth. H Froude Distances of Blocks Distances of

number ©) (Ifs) depth, y. () P, Fy Number, Fr (-) Blocks, Sw

(m) Si (m) (m)
M1 20-23-26.6 25.2-52.8 0.028-0.049 0.061-0.103 3.1-10.6 0.135, 0.18, 0.225 0.108
M2 20-23-26.6 25-53 0.028-0.05 0.062-0.105 3.15-10.7 0.135, 0.18, 0.225 0.108
M3 20-23-26.6 25.1-53 0.028-0.05 0.06-0.103 3.12-10.6 0.135, 0.18, 0.225 0.108
M4 20-23-26.6 25.15-53.1 0.028-0.25 0.061-0.105 3.14-10.5 0.135, 0.18, 0.225 0.108
M5 20-23-26.6 25.2-52.9 0.028-0.05 0.06-0.103 3.15-10.8 0.135, 0.18, 0.225 0.108
Results increase in the chute angle, the energy

In Fig. 2, the variation in energy dissipation for
chute models at three different chute angles is
presented. It can be seen that in all models, the
energy dissipation increases with the increase in
the Hgam/yc ratio. In other words, the energy
dissipation on the smooth chute models is higher
at low flow rates (low yc). In addition, with the
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dissipation increases at a higher rate. The energy
dissipation varies between 21.38 and 66%. Fig. 2
shows the variation in energy dissipation in terms
of the dimensionless ratio of L/yc. It can be seen
that with the increase in the length of the chute,
the flow velocity and its flow energy increase,
and due to the greater contact surface of the
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Effect of Block on Flow Energy Dissipation

water with the bed of the chute, the energy
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Fig. 2 Variation of energy dissipation on smooth: a) versus Hgam/Yc; b) versus L/y.

The effect of the longitudinal distances of the
blocks in the chute on the energy dissipation is
shown in Fig. 3. It can be seen that by increasing
the distance between the blocks in the

example, for the chute with an angle of 26.6° and
the M2 and M4 models, by increasing the
longitudinal distance of the blocks from 1.5H to
2.5H (H is the height of the block) by 66%, the

longitudinal direction, the energy dissipation decreases by 10 and 7%, respectively.
dissipation decreases for all models. As an
1 ~
0=26.6°
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Fig. 3 Comparison of energy dissipation on baffled chute at different longitudinal distances and angle of chutes

Conclusions

In this study, the effects of the angle of the chute
and the different geometric shapes of the blocks
on the chute at different longitudinal distances of
the blocks were studied and compared with the
smooth chute. The results indicate that the
energy dissipation rate on smooth chute models
was between 21 and 66%. The baffles on the
chute create the flow resistance, and the
difference between the energy dissipation rate in
baffled chute models compared to smooth chutes
is between 21 and 61%. By increasing the angle
of the chute from 20 to 26.6 degrees, the energy
dissipation on smooth and baffled chutes
decreases by 22 and 6%, respectively. Increasing
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the longitudinal distance between the blocks
reduces energy dissipation in all models. For the
superior model, a 66% increase in the
longitudinal distance between the blocks
decreases the energy dissipation rate by 10%.

Data Availability
All relevant data are included in the paper.
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Table 2 Parameters of models investigated in the present study

Upstream Longitudinal Transverse
Model Chute slope,  pjgcharge, Critical Froude . distances of
o depth, H; distances of blocks,

number 0 (°) Q-(I/s) depth, y; (m) number, Fr (-) blocks Sw
(m) Si (m) (m)
M1 20-23-26.6 25.2-52.8 0.028-0.049  0.061-0.103 3.1-10.6 0.135, 0.18, 0.225 0.108
M2 20-23-26.6 25-53 0.028-0.05 0.062-0.105 3.15-10.7 0.135, 0.18, 0.225 0.108
M3 20-23-26.6 25.1-53 0.028-0.05 0.06-0.103 3.12-10.6 0.135, 0.18, 0.225 0.108
M4 20-23-26.6 25.15-53.1 0.028-0.25 0.061-0.105 3.14-10.5 0.135, 0.18, 0.225 0.108
M5 20-23-26.6 25.2-52.9 0.028-0.05 0.06-0.103 3.15-10.8 0.135, 0.18, 0.225 0.108
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Table 2 Results of energy dissipation (percentage) for M2 as a superior model at different longitudinal distances
and angle of chutes

Longitudinal Q (Ifs)

Angle Chute dls'zz?)ces 25 30 35 40 45 50 54
Smooth - 5139 49.15 46.60 4051 38.06 29.37 19.38
266 0.135 7555 7391 7099 67.22 64.61 57.94 49.03
' Baffled 0.180 7266 7023 67.77 6494 6049 5505 47.13
0.225 70.92 67.09 6312 6150 57.45 5027 40.24
Smooth - 60.33 57.10 5354 5091 43.32 39.07 30.08
’3 0.135 76.34 7525 7234 69.43 66.74 60.35 48.73
Baffled 0.180 7313 7106 6828 66.93 62.38 57.41 47.56
0.225 7187 69.45 6580 6461 60 5320 44.84
Smooth - 66.22 63.26 59.19 5751 5250 47.54 42.84
20 0.135 80.16 77.89 7485 7135 6879 63.09 56.44
Baffled 0.180 76.34 7354 7159 6951 6530 61.02 49.95
0.225 7410 71887 68.48 67.04 6249 5801 47.18
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Table 3 Increase of energy dissipation (percentage) for M2 as a superior model compared to smooth chutes at
different longitudinal distances and angle of chutes

Longitudinal Q (Ifs)
M2 :
distances (m) 25 30 35 40 45 50 54
0.135 31.97 3350 3463  39.77  41.09  49.31 61
26.6 0.180 29.26 30 3153  37.62 37 4663  58.88
0.225 2753 2674 2649 3414 3375 4158  54.12
0.135 2096 2412 2559 2666 3509 3525 3827
23 0.180 17.49 19.64 2159 2392 3054 3193  36.75
0.225 16.04 17.77 18.63 21.19 27.79 2654 3291
0.135 17.39 1887  20.92 21.28 23.67 2464  24.09
20 0.180 13.26 13.97 17.32 17.26 19.59 2209  14.23
0.225 10.63 11.99 13.53 14.21 15.98 18.04 9.20
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