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Methods: All experiments were conducted in a channel with a length
of 11, depth of 0.7 and width of 0.48 meters using two basin models,
which have a divergence and convergence angle of 8 and 6 degrees,
respectively, and vice versa.

Findings: The results show that at the maximum flow rate, the ratio
of flow depth y,/y; and flow length L;/y, in the first model is 48.6
and 122.9% respectively and in the second model it is 35.5% and
95.8% respectively has decreased compared to the classic basin. On
the other hand, the ratio of energy loss in both models has increased
by 26.8 and 23.7 percent, respectively, compared to classic basins.
The comparison of the results between the two divergent-
convergent basins, showed that increasing the ratio of the angle of
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Extended Abstract

Introduction

Downstream of hydraulic structures, such as
valves, overflows, and spillways, the flow
velocity is high, and the flow energy is
destructive. Therefore, stilling basins are
used to control the energy of the flow
associated with the hydraulic jump. During a
hydraulic jump, the flow transitions from
supercritical to subcritical, resulting in the
dissipation of flow energy. The design of
basins directly influences energy dissipation
and the length of the hydraulic jump.
Consequently, various geometric models of
stilling basins are employed to optimize
these factors. One of the most common types
of hydraulic jumps is the classic jump that is
formed in a rectangular channel with a
horizontal bed. The classic hydraulic jump
was investigated by Blanger (4) who
presented the equations for calculating the
secondary depth of the hydraulic jump
according to the equation of continuity and
the momentum.

Hassanpour et al. (12) studied the
characteristics of the hydraulic jump in a
gradually expanding rectangular stilling
basin. They showed that the sequent depth
ratio and relative length of the jump
decrease with decreasing divergence ratio.
Daneshfraz et al. (5) investigated S-type
hydraulic jump in stilling basins with sudden
divergence and rough bottom. The results
showed that the secondary depth and jump
length in the rough bed are reduced by 20
and 16%, respectively, and the secondary
depth is reduced by 58.5%. In this type of
channels, the energy loss for smooth and
rough bed increases by 23.5 and 28.7
percent, respectively, compared to the
classical jump.

According to the studies, it can be
concluded that most of the researches on
hydraulic jump are related to divergent
basins and some of them are related to
convergent basins. The innovation of this
research is to investigate the influence of
divergence and convergence angles in
divergent-convergent transformations (in
supercritical flow it reduces divergence and
in subcritical flow convergence reduces the

depth) to investigate the characteristics of
hydraulic jump in stilling basins.
Experiments were performed on two
divergent-convergent basins with different
angles and their results were compared with
each other. At the end, the rate of decrease
and increase of hydraulic jump
characteristics in this type of basins was
checked with classic basins.

Materials and Methods
All experiments were conducted in a
channel with a length of 11.0 m, depth of
0.7 m, and width of 0.48 m. In this study,
to investigate the performance of stilling
basin, fourteen experiments with
different discharges were conducted on
both divergent-convergent basins. As
shown in Figure (1), the length of the
expansion and contraction channel was
65-85 cm and 85-65 cm, respectively.
Moreover, the channel width was 30 cm
and 48 cm at the first of expansion and
contraction, respectively.
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Fig. 1- divergent-convergent channel a)
Experimental channel; b) basin model-1;
c) basin model-2

Findings

As shown in Table (1), in maximum
discharge(Q=66.1 lit/s ), the maximum ratio
of flow depth (y,/y;) and jump length
(Lj/y1) in the divergent-convergent basin
(model 1) are 5.32 and 18.30, while these
values in the divergent-convergent channel
(model 2) are 5.83 and 20.83, respectively.
On the other hand, the maximum value of
(AE/E1) in the model 1 and model 2 are 0.77
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and 0.73, respectively. The results show that
with increasing the Froud number the flow
depth ratio (y,/y1) and jump length (L;/y,)
increase in both basins, but both of these
values in the divergent-convergent basin
(model 1) are always less than those in the
divergent-convergent basin (mOdel 2). For
example, for the Frl = 6.96, the flow depth
ratio in the model 1 is 5.31 and increases to
5.88 in the divergent-convergent basin
model 2. Furthermore, for Frl = 6.96, the
L;/y; is 18.30 and 21.18 in the divergent-

To evaluate the performance of the
divergent-convergent (model 1) and
divergent-convergent (model 2) basins, the
results were compared to the classic basin.
The maximum y,/y, and L;/y; in the
divergent-convergent model 1 basin
decrease by 48.6% and 122.9%,
respectively, compared to the classical basin,
while for the divergent-convergent basin
model 2 the reduction is 35.5% and It is
95.7%. Furthermore, the energy loss ratio
(AE/E1) in model 1 and model 2 has

convergent (model 1) and model 2, increased by 26.89% and 23.79%,
respectively. respectively. The results indicate that the
performance of divergent-convergent basins
Discussion (model 1) is much better than divergent-
convergent (model 2) and classic basins.
Table 1-The hydraulic jump characteristics
Q Model 1 Model 2
(I/s)
Frl  (AE/E1)  (y2/yl) (Li/yl) Frl (AE/EL)  (y2/y1)  (Lj/y1)
66.10 6.90 0.77 5.32 18.30 6.68 0.73 5.83 20.83
58.00 6.85 0.77 5.31 18.48 6.05 0.71 5.32 18.09
56.00 7.07 0.78 5.31 19.32 6.24 0.72 5.44 19.11
54.50 7.25 0.79 5.38 17.50 6.50 0.73 5.58 19.53
53.50 7.39 0.79 5.38 16.67 6.61 0.75 5.48 19.05
49.50 7.55 0.80 5.62 17.81 6.58 0.74 5.50 18.75
45.00 8.36 0.82 6.15 18.75 6.46 0.74 5.39 18.95
41.00 8.19 0.81 6.03 19.67 6.96 0.75 5.88 21.18
40.00 8.61 0.81 6.20 18.97 7.43 0.76 6.41 21.88
38.00 8.49 0.81 6.07 19.43 7.40 0.76 6.45 21.61
32.00 8.12 0.80 6.15 21.15 6.89 0.74 6.03 20.69
29.50 9.00 0.82 6.73 21.74 7.94 0.78 6.80 24.00
25.50 10.30 0.84 7.70 26.32 8.31 0.78 7.55 2591
23.50 10.30 0.84 7.80 27.78 8.84 0.79 8.00 28.50
Conclusion with a length of 11 meters, a width of 0.48

Hydraulic jumps serve as a fundamental
element for energy dissipation downstream
of hydraulic structures such as spillways. In
this research, the effect of divergence and
convergence angle on the characteristics of
hydraulic jump in divergent-convergent
stilling basins has been investigated and the
results were compared with each other.
Experiments were conducted in a channel

meters and a depth of 0.7 meters. In order to
investigate the effect of divergence and
convergence angle on hydraulic jump
characteristics, from two types of basins
with divergence and convergence angle 8; =
8" and 8, = 6 respectively (model 1 and

21=133) and 6, =6 and 6,=§

respectively (Model 2 and g—; = 0.75) has
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been used. The results show that at the
maximum flow rate, the flow depth ratio
(¥2/y1) and the flow length ratio (L;/y;) in
model 1 are equal to 5.32 and 18.30
respectively and in model 2 equal to 5.83 and
It is 20/83. On the other hand, the ratio of
energy loss in models 1 and 2 is equal to 0.77
and 0.73, respectively. Comparing the
results obtained with classic basins shows
that the ratio of flow depth (y,/y;) and flow
length (L;/y,) in model 1 is 48.6% and
122.9% respectively, and in model 2 it is
35.5 and 95.8 percent have decreased. Also,
the energy loss ratio (AE/E1) in models 1
and 2 has increased by 26.8 and 23.7
percent, respectively, compared to classic
basins. Considering that the ratio of flow
depth and jump length in the divergent-
convergent ponds of models 1 and 2
compared to classical ponds is significantly
reduced and the energy loss is increased, it
can be concluded that this type of basins
reduces the dimensions and also increases
the performance of the stilling basin. On the
other hand, increasing the ratio of

. 01 .
divergence to convergence angle 0 will

increase the performance of diverging-
converging basins.
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. Q Y1 Y2 Vi
Variables Fr
(I/s) ' (cm) (cm) (m/s)
Range of parameters 23.5-66.1 6.05-10.5 1.8-5 14.2-30 3.6-4.7
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Qb GBes Cand dlex I b ool polie ¥ Jgae
Jsb s cpizzon 5 (AE/ET) 5,00 il e (Y2/Y1)

ol &S GeSilen o Gl |, (Lj/ Yl) Sy oy
(Q = 66.11it/s) o5 Slas y3 ool oas o3y L5 Jois

1552 —1,51g clazsss (5l w oud Cudldy walio-Y Joio

Model 1 Model 2
NO Q (L/s) yl y2 Lj yl y2 Lj
(m) (m) (m) (m) (m) (m)
1 66.1 0.047 0.250 0.860 0.048 0.280 1.000
2 58.0 0.043 0.230 0.800 0.047 0.250 0.850
3 56.0 0.041 0.220 0.800 0.045 0.245 0.860
4 545 0.040 0.215 0.700 0.043 0.240 0.840
5 53.5 0.039 0.210 0.650 0.042 0.230 0.800
6 49.5 0.037 0.205 0.650 0.040 0.220 0.750
7 45.0 0.032 0.197 0.600 0.038 0.205 0.720
8 41.0 0.031 0.184 0.600 0.034 0.200 0.720
9 40.0 0.029 0.180 0.550 0.032 0.205 0.700
10 38.0 0.028 0.172 0.550 0.031 0.200 0.670
11 32.0 0.026 0.160 0.550 0.029 0.175 0.600
12 29.5 0.023 0.155 0.500 0.025 0.170 0.600
13 25.5 0.020 0.148 0.500 0.022 0.166 0.570
14 23.5 0.018 0.142 0.500 0.020 0.160 0.570

LAY :(NE) VA 9 £+ £ .01 mlin _owilige oo}t — ool dolibad



1501515 o )3 (SWgpd (1031 Olhogad p1 SR 9 (1515 aglj U 2l (o) 2

502 —1,515 grazudgs 1 (b &1 bgrje sl )y € Jgaa

Q Model 1 Model 2

(I/s)

Frl (OE/ETL)  (y2/y1)  (Li/y1) Frl (AE/E1)  (y2/y1) (Li/y1)
66.10 6.90 0.77 5.32 18.30 6.68 0.73 5.83 20.83
58.00 6.85 0.77 5.31 18.48 6.05 0.71 5.32 18.09
56.00 7.07 0.78 5.31 19.32 6.24 0.72 5.44 19.11
54.50 7.25 0.79 5.38 17.50 6.50 0.73 5.58 19.53
53.50 7.39 0.79 5.38 16.67 6.61 0.75 5.48 19.05
49.50 7.55 0.80 5.62 17.81 6.58 0.74 5.50 18.75
45.00 8.36 0.82 6.15 18.75 6.46 0.74 5.39 18.95
41.00 8.19 0.81 6.03 19.67 6.96 0.75 5.88 21.18
40.00 8.61 0.81 6.20 18.97 7.43 0.76 6.41 21.88
38.00 8.49 0.81 6.07 19.43 7.40 0.76 6.45 21.61
32.00 8.12 0.80 6.15 21.15 6.89 0.74 6.03 20.69
29.50 9.00 0.82 6.73 21.74 7.94 0.78 6.80 24.00
25.50 10.30 0.84 7.70 26.32 8.31 0.78 7.55 25.91
23.50 10.30 0.84 7.80 27.78 8.84 0.79 8.00 28.50
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Variation between divergence-

Variation between divergence-

Q convergence and classic basins convergence and classic basins

) (model 1) (%) (model 2) (%)
(Lit/s) : :

y2/yl Lji/y1 AE/E1 y2/yl Li/y1 AE/E1

66.1 -48.61 -122.90 26.89 -35.51 -95.79 23.79
58.0 -37.88 -100.40 30.54 -37.69 -104.70 24.96
56.0 -41.71 -98.55 30.35 -38.31 -100.70 24.55
54.5 -40.76 -120.50 30.89 -35.55 -97.58 25.86
53.5 -40.14 -130.80 31.68 -37.79 -101.90 27.22
49.5 -25.84 -98.63 34.89 -28.51 -88.65 30.26
45.0 -15.53 -90.18 36.26 -31.84 -88.20 29.49
41.0 -19.84 -85.14 35.18 -22.91 -71.99 30.05
40.0 -31.27 -123.30 30.78 -27.19 -93.64 25.23
38.0 -35.72 -121.30 30.10 -27.86 -99.00 24.35
32.0 -22.68 -81.97 32.64 -25.11 -86.05 26.79
29.5 -13.52 -80.06 33.69 -12.50 -63.10 29.69
25.5 -17.13 -82.85 28..88 -17.13 -76.43 23.78
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