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ABSTRACT
The study proposes to examine, by the experimental route, the effect of roughness on the

hydraulic jump length in rectangular channel. A comparative study between the characteristics
of the jump controlled by a threshold with a smooth and rough bottom is proposed. The
results of this research can be applied in the hydraulic load dissipation basins of dams and
also in irrigation lines, using the ability of the projection to raise the water level downstream
of the flow.
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1. INTRODUCTION

Retention structures, such as hydraulic dams, are often subject to severe flooding. During
high water periods, the reservoir being full, the water is returned through a spillway to the
river. The bed of the river is then confronted with a torrential flow with high kinetic energy.
This generates traction forces that are harmful by their erosive nature. in order to avoid major
modifications to the river bed located downstream of the dam, it would be necessary to

dissipate this energy. The cheapest and most practical way is certainly the hydraulic jump.
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The principle consists in transforming the torrential flow into a fluvial flow generating a
reduction in the traction forces. The hydraulic jump being the most practical and the least
expensive means of dissipating the hydraulic load, in particular downstream of a dam, it has
already been widely studied. We can cite [4,5] who studied the hydraulic jJump in a horizontal
rectangular channel, [1,2,4] whose works are relating to the horizontal triangular projection.
Furthermore, [8], studied the hydraulic jump in a rectangular channel. The first in-depth study
of the inclined hydraulic jump was that of [9], who mentioned in their study the surface
profile, the length of the jump and the distribution of speeds. classified positive-sloped jumps
into four main types: type A, type B, type C, and type D. Recent studies concerning the jump
in inclined channels were led by [4], but still in a rectangular channel. [1] theoretically studied
the hydraulic jump in a symmetrical triangular channel with an opening angle of 90 ° inclined
with a positive slope. In 2010, the most important works relating to hydraulic jumps evolving
in a rectangular channel with a rough bottom. The best-known studies in this field are
certainly those of [8], corresponding respectively to the hydraulic jump evolving in a
rectangular channel with a wavy bottom. In the light of this research work on the hydraulic
jump, evolving in a rectangular channel, we experimentally present the study of the effect of
roughness on the length of the hydraulic jump. Therefore, the effect of energy dissipation, for

both jump configurations, is almost identical.

2. POSITION DU PROBLEME

The modification of the conditions upstream (heights, flow, etc.) and downstream (type of
obstacle, its position, height, etc.), can lead to different configuration of jump. The projection
is said to be classic when it forms in a rectangular channel of little or no slope, without
obstacle to the downstream. It is said to be controlled when its formation is conditioned by the
installation of an obstacle downstream of the flow.

In our case, it is a projection controlled by a thin threshold in a rectangular-to-rectangular
channel, with a rough bottom. Different rough nesses have been tested. Indeed, for a fixed
initial height hl, the increase in flow results in both the displacement of the projection
downstream and the increase in its roll length Lr. The distance (x) over which the projection
extends increases

also, and to bring it back to its initial position, that is to say about 5 cm from the exit of the
convergent, the first height threshold s must be raised. Thus, for each value of the flow Q,
corresponds a length Lj of the projection, as well as a height h, downstream of the projection
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and a height (s) of the threshold (Fig.1).
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Fig.1. Spring controlled by thin threshold. hy upstream water height, h, downstream
water height, s threshold height, Lj length of the hydraulic jump

3. DESCRIPTION DU PROTOCOLE EXPERIMENTALE

The physical model that served us as a test bench (Fig. 2; 3; 4) consists essentially of a
rectangular channel 10 meters in length, 25 centimeters in width and 50 centimeters in depth
fed by the means of " a circular pipe 150 mm in diameter. The latter is connected to the
channel by means of a closed metal box, on which is inserted a converging sheet of
rectangular section opening directly into the channel, but the existence of a curved plate and
fixed to the bottom of the end upstream of the canal forced us to place a wall valve (bottom
valve) just after this obstacle. The converging and the part of the channel upstream of the wall
valve constitute the loaded box which ensures the high speed of the incident flow. The
location of this valve will be used to adjust the height of the incident flow hl of the jump but

it caused the overflow of water in the box under load when switching to large flow.
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Fig.2. experimental model

Fig .3. Photograph of the section measurement channel

The whole works in closed circuit in which is inserted an axial pump (Fig. 4) delivering up to
441 / s, drawing water from an accumulation tank, increasing the flow using a valve (Fig. 4).
At the downstream end of the canal, a rectangular weir without shovel height with lateral
contraction was placed, allowing direct flow measurement. The upstream side of the channel

is placed on a screw nut system (thread) to allow us to vary the slope of the channel.
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Fig.4. control valve and pump

3.1. Expérimentation

The Experimental Study focused on the hydraulic jump controlled by a threshold in a
rectangular channel, with a rough bottom. Four values of absolute roughness were tested:
e (mm) = 6; 8; 10; 12. The experiment was carried out under seven initial heights of flow:
h: (mm) = 20; 30; 40; 50. A wide range of the Froude incident number was thus obtained,
corresponding to 2 <F1 <16. The formation of the controlled projection is conditioned by the
establishment of a threshold downstream of the flow. for this purpose, thresholds of different
heights have been used. For a threshold height s placed at the downstream end of the channel
and for a height hl of the incident flow, the increase in the volume flow Q causes the
appearance of a jJump. The couple (Q, h1) also allows the calculation of the Froude number F1
of the incident flow. The increase in F1 involves both the displacement of the projection
towards the downstream and the increase in its length Lj. Thus, to each value of the Froude
number F1 corresponds a value of the jump length Lj as well as a value of the height s of the
threshold. A Sample made up of around sixty experimental measurement points, for each of
the absolute roughness values tested, thus led to significant results. The hydraulic and
geometric characteristics of interest in this Experimental Study are: the volume flow Q, the
height h1 of the incident flow, the final height h2 of the projection, the length Lj of the latter
and the absolute roughness ¢ of the walls of the channel. In addition, attention is paid to the
evolution of the following dimensionless parameters:

I. The number of Froude F: such as:

ii. The relative length Lj / hy of the jump.

iii. The ratio Y = h2 / hy of the combined heights of the projection.

Protocole Expérimental

The main characteristics studied in a hydraulic jump caused by roughness are: the volume
flow Q, the initial depth hl, the final depth h2, the height s of the step, the length Lj of the
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jump. These are formulated in dimensionless form to compose the following ratios: the
Froude number of the incident flow, the ratio Y = h2 / hl of the combined depths of the
projection, the relative length Aj = Lj / hl of the projection. Note that the rectangular channel
Is not very suitable for dissipation basins, but has some practical advantages in irrigation lines.
In fact, the ability of the hydraulic jump to raise the downstream body of water is used for
priming siphons. The literature shows that the rough bottom channel provides the stability of

the projection, its efficiency and its compactness.

4. RESULTATS ET DISCUSSION

This present stage of our experimental study consists in making a comparative study between
the characteristics of the projection Controlled by threshold with smooth bottom and the
projection with rough bottom

4.1. Relative length Lj / hl of the projection as a function of the number of Froude F1
Figure 6 shows the graphic representation of the variation of the relative length Lj / hl of the
projection as a function of the Froude number F1 of the incident flow, for four absolute rough
nesses : (mm) =6, 8, 10, 12.Four distinct point clouds are perceptible, each corresponding to
an absolute roughness. We note that for a fixed absolute roughness, the increase in the
Froude number generates that the relative length of the jump. In addition, for a fixed value of
the incident Froude number, the increase in absolute roughness causes the relative length of

the jJump to decrease.
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Fig.5. Variation of the relative length Lj / hl as a function of Froude number F1, for five
different values of absolute roughness: € (mm) = (0) 0.00 (smooth), (o) 6mm, (A) 8mm,
(x ) 10mm and (e) 12mm

Furthermore, the statistical analysis of the experimental measurement points by the

non-linear least squares method, shows that for each absolute roughness, a linear fit of the
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shape Lj / hl =a F1 is possible. Fig. 5 shows this well.Table 1 groups the
values of the coefficient (a).
Table 1: coefficients to adjustment curves

¢ (mm) | Coefficient a R?
0 12,5 98
6 9,93 96
8 8,7 98
1 7,19 99
1 6,19 99

Table 1 shows that the coefficient ‘a’ gradually decreases with increasing absolute
roughness. Statistical adjustment of the pairs of values (g, a) by the least method Carrés

gives the following linear type relation: a = -0.532¢ + 12.7, this is represented in fig. 6

14

" a a=-0,532¢ + 12,732
R? =0,9864
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Fig.6. Variation of the coefficient ‘a’ as a function of the absolute roughness*’

By replacing the coefficient ‘a’ by its expression in the relation Lj / hl = a F1, the equation
linking the relative length Lj / h1 of the jump to the number of incident Froude F1 and to the
absolute roughness is
Lj/hy=(12.73-0.53¢) F1 )
ForO0<e<12mm
Fig. 7 shows that the relation Lj / h1 = (g, F1) adjusts the experimental measurement points
with good correlation and the latter perfectly follow the first bisector, thus showing the

reliability of the relation.
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Fig.7. Variation of the relative length Lj / h1 as a function of (g, F1). (e)
Experimental points of the controlled projection with rough walls. (_) First bisector
of equation Lj / hy = (12.73 - 0.532¢)

4.2. Ratio Y of the Combined Heights as a Function of the Froude Number F1

Fig. 8 represents the variation of the ratio Y of the combined heights as a function of the
number of incident Froude F1, for the four absolute roughnesses: € (mm) = 6, 8, 10, 12.
First of all, note that for the three roughness, the increase in the number of incident Froude
leads to that of the ratio Y of the combined heights. Also, we can clearly see the influence of
the roughness of the walls of the channel on the relation Y (F1). Indeed, for the same
number of Froude F1s, the increase in absolute roughness generates the decrease in the Y
ratio of the combined heights. Fig. 9 shows four-point clouds, each corresponding to a
well-known value of absolute roughness. The solid lines represent the adjustment of the

measurement points by the linear least square’s method.
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Fig.8. Variation of the Y ratio of the combined heights as a function of F1, for five
different values of absolute roughness: ¢ (mm) = (0) 0,00 (smooth), (o)
6mm, (A) 8mm, (k) 10mm et ( ® ) 12mm.

Analysis of the points of experimental measurements, clearly shows that for each value of, a
linear adjustment is possible, of the form
Y = bF*

Table 2 groups the values of the coefficients of b

Table 2: Coefficients b of the adjustment curves

g(m Coefficient R?
0 1,34 95
6 1,01 98
8 0,8 97
1 0,75 98
1 0,71 96

Table 2 shows that the coefficient ‘b’ decreases with increasing absolute roughness. The
statistical adjustment of the couples of the values (g, b) by the method of least squares gives

a relation of linear type of equation: b = 1,132-0.0556¢. This is shown in Fig.9
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Fig.9. Variation of coefficient b as a function of absolute roughness ¢ for five different
values of absolute roughness: & (mm) = (0) 0,00 (smooth), (o) 6mm, (A) 8mm,(>x) 10mm
et (o) 12mm

The equation linking the ratio of heights combined with the number of incident

Froude and absolute roughness becomes:
Y = (1,132-0.0556¢) F1 )
Pour 0<e<2mm
4.3. Hydraulic jump efficiency
The dissipation of hydraulic energy is defined as the ratio between the pressure drop AH and
the upstream load H1, the efficiency of the hydraulic jump in a rectangular channel, is written
as follows:
2Y @)
Fig. 10 shows that the measurement points of the rough bottom projection are above their
smooth bottom counterparts for a range of incident Froude numbers 2 <F1 <14. However, for

Froude numbers F1> 14, all the measurement points tend to join to form a single point cloud
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Fig.10. Variation of the yield according to the number of Froude F1, for five different values

of absolute roughness: ¢ (mm) = (0) 0,00 (smooth), (o) 6mm, (A) 8mm,(x) I0mm et (@)
12mm

Fig. 10 shows that for a practical range of incident Froude the measurement points of the
projection with rough walls are below those with smooth bottom. Indeed, the hydraulic jump
in the rough-walled channel dissipates the load better than its smooth-walled counterpart. In
addition, Fig.9.8 shows that the dissipation of the hydraulic load increases with the increase
in roughness. However, for high Froude numbers, the measurement points meet and the
effect of the roughness diminishes. This can be explained by the fact that beyond a certain

number of practical Froude, the projection becomes choppy and cannot constantly adhere to

the bottom of the canal [3].

5. APPLICATION EXAMPLE

Either to determine the characteristics of a hydraulic jump controlled by threshold at the bottom
of the smooth channel, and the bottom of the rough channel in a rectangular channel, knowing
the volume flow Q = 5m3/ s, the conjugate depth upstream of the jump h1 = 0.8 m, width of
channel b = 0.5m.

5.1. Calculation of the number of Froude F1

The number of Froude F1 of the incident flow in the initial section 1-1- that is to say at the foot
of the projection this number is expressed as a general rule by the relation Example of
application Either to determine the characteristics of a hydraulic jump controlled by threshold
at bottom of the smooth channel, and bottom of the rough channel in a rectangular channel,
knowing the volume flow Q = 5m3/ s, the combined depth upstream of the jump h1l = 0.8m,
channel width b =0.5m
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The number of Froude F1 of the incident flow in the initial section 1-1- that is to say at the

foot of the projection this number is expressed as a general rule by the relation

re_ QA

' oA oh,

The study shows that this derivative represents the width of the water body whatever the

geometric shape of the flowing liquid profile.

2]

Replace each parameter with its value in the equation F1 =4,40

5.2. Rough bottom jump € =0
5.2.1. Relative length of hydraulic jump Lj/ h:

The experimental results lead to another relationship, relating the relative length of the

hydraulic jump and the number of Froude F1 is written as follows: Aj:i:12,5|:l -107,534
hy

hence the length of the jump Lj =86,02 m.
5.2.2. Report of the combined heights
The analysis of the experimental results of the smooth controlled threshold jump assessing in
a rectangular channel, gave us a relationship between the ratio of the conjugate heights and
the number of Froude F1 Is written as follows:

Y =(1,132-0.0556¢) F1=5,05
5.3 Rough bottom jump € = 12mm
5.3.1. Relative length of hydraulic jump Lj/ hl
The graphical representation of the experimental points of the relative length of the step Lj /
h1 as a function of the Froude number F1 resulted in a single curve:

A = L (12,5-0.53¢)F, =37,03 hence the length of the jump Lj =29,62 m.

5.3.2.  Report of the combined heights

The analysis of the experimental results of the smooth controlled threshold jump assessing in
a rectangular channel, gave us a relationship between the ratio of the conjugate heights and
the number of Froude F1 written as follows: Y = (1,132-0.0556¢) F1=2,07

It emerges from this example of application that for the same numbers of Froude F1s, the
length of the reduced projection in the rough-bottomed projection than their counterparts the

smooth-bottomed projection.
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6. CONCLUSION

The study allowed the experimental analysis of two types of jumps namely: the controlled
jump with smooth bottom and rough bottom. Indeed, it has been found, for the two projection
configurations the relative lengths of the basin and of the positioning at the roughness of the
bottom are not very dependent on e. They are reduced to linear functions Aj = f (F1) for the
two types jumps. The lengths are maximum for the controlled bottom smooth projection,
minimum for the rough bottom projection. The efficiency of the dissipation is expressed by
the function  n = f (F1), corresponding to an increase of n with F1. rough bottom is the most
effective and the smooth bottom jump the least. The rough bottom projection -to- would
therefore have all the advantages: lower.
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