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ABSTRACT 
  
Water Kinetic energy downstream the hydraulic structures must be dissipated so as to stop 
severe scouring downstream apron and the failure of hydraulic structures. The shut block and 
sills with different forms are employed to disturb water and dissipate great amount of water 
energy through formation of a hydraulic jump in the stilling basin. 
 Engineers have designed and used many alternative kinds of energy dissipators in order to 
shield hydraulic structures against scouring. The most task of the hydraulic designers is a way 
to dissipate a major part of water energy behind the vertical/radial gates by using more practical 
tools. 
The aim of this study is to get a better place to put the non-traditional sills to dissipate the 
resulting energy behind the vertical control gates. The hydraulic installations resulting from 
high speeds and different flows, which result in the occurrence of scour and erosion of the 
waterway behind these structures. The authors install a sill in several unconventional forms and 
study the efficient in dissipating kinetic energy. downstream hydraulic structures by installing 
it on relative dimensions of the gate Lb / Lf. Where Lf is that the length of the floor, Lb, distance 
from the gate, this was achieved to see the simplest position of the sill, aiming to reach the most 
energy dissipation and also the minimum length for the hydraulic jump. 
Experimental study has been conducted in glassed wall flume with square cross section of (30 
cm x 30 cm) and length of 4.00 m with transparent vertical sides, located in hydraulic lab - 
Faculty of Engineering - Al-Azhar University in Cairo, levels and water depths are measured. 
As well as the levels and depths of scour within the channel sector. The effect of the sill on 
different positions was investigated and also the results were discussed. 
It was found that the best place to install the sill to dissipate the energy within the middle length 
of the floor and also the most effective ratio is (Lb / Lf) = 0. 50. 
 
KEYWORDS: Energy Dissipations, Non-traditional sills, Scour, Hydraulic Structures, 

Hydraulic jump 
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 ملخصلا

 
تبديد طاقة الحركة للمياه خلف المنشآت  الييدوللييية ن  جل  نن  النحر الشآديد للبر ة الرخ ه المي  ة لعاق قن ا  الرم ن  

الأن و البي يجب الإهبمام  يا لذا يبم اسآبددام البل كا  لالأتبا  اا  الأكآياا المدبل ة لبي ي  جا اا البيد ة لببديد طاقة  

زه الييدولليييه لالك ن  جل  اماية العن ا  الييدوللييية ن  النحر. للعد صآمم الميندسآ ا العديد ن  المياه المببعية  عد الع 

الأ  اق المدبل آة ن  نبآدتا  القآاقآة. ل تبملآ  الميمآة الر ي آآآآيآة دي كي يآة تبآديآد لزق كبير ن  القآاقآة المآا يآة خلف الب ا آا   

هذه البحث ه  تواسآة   ق ن  الأتبا  اليير تعليدية لالك كمبدت للقاقة  الرجسآية  اسآبددام نبدتا  جكلر داتلية .ل اليدم ن  

المببعية ن  الع زه الييدولليييه خلف   ا ا  البحيم الرجسآآيةلكذلك تييرخئآآا ق الع زه  المنشآآي  الييدوللييية للحئآآ ا  

ة دي الم آآعا الرجسآآي  تم  تبب غير تعليدية تلي كآآي  و   تا ردعد تم  تلي ط ا دركآآه نناسآآب لاقبئآآاتم. لتلي الك 

  آبي  ا لضآعيا تل   عد خلان  خلف المنشآت     القاقهتبديد   ( لتواسآة الي اقة ديQل ئآف تا رة دي الم آعا الأدعي ككآي  

ن ض  للعببة ل لل ص ا    دض الم ادة ن  الب ا ة ، تم تحعيق الك لرؤية ج  bLه  ط ا ال ركه ،Lf. ايث  Lf/bLلب ا ة ن  ا

ا الحد الأت   لق ا الع زة الييدوللييية. لقد جلريا البجاو  تلي قناة نر عة  معق  ال  جقئآآ  قدو ن  تبديد ا لقاقة لجيضآآ 

جنباو اا  ل ا ب وجسآية كآ ادة  معم  الرم لالييدوللييا كلية اليندسآة  لانعة الأبهر العاهرة ، 4سآم(  ق ا  30سآم    30ك

النحر دي ققآاق العنآاة ل تم اخببآاو الم آآآآادآة الن آآآآبيآة لقآد تم قيآام ننآاسآآآآيآب الميآاه لجتمآاقيآا  لكآذلآك ن آآآآب يآا  لجتمآا   

(. للد جا جدضآ  نياا ل ضآ  العبب لببديد القاقة يي ا دي ننبئآف ط ا ال ركآه.  fL/bL 1.00=،   0.50،  0.25،0.75ك

ا الن بة الأكلر داتلية هيك    Lf bL= ) .0.50/لجيض 
 

 التقليديه , النحر, المنشأت الهيدروليكية, القفزة الهيدروليكية تشتيت الطاقة, الاعتاب غير  الكلمات المفتاحية :

 

 
1. INTRODUCTION 

Hydraulic jump is taken into account as an efficient tool for energy dissipation. Sills and baffles 

are used to stilling basin to extend the energy dissipation efficiency, in order to stabilize the 

hydraulic jump. 

Many studies were conducted to think about the factors that affect these structures, the large 

energy that are generated downstream these structures, where a part of this energy rushes 

towards the run capable of destroying this property. This necessitates the construction of long 

apron to dissipate this energy. 

 

McCorquodale and Khalifa [1] explore the characteristics of submerged hydraulic jump in a 

very radial basin experimentally and theoretically. 

Experimental investigation to check the effect of location and length of roughened beds on flow 

characteristics meted out by Abouel Atta, Nahla [2]. 

Hassn et al. [1986] investigated the local scour downstream of the hydraulic structures. A sill 

is used at the end of the apron to manage and increases the jump stability and consequently 

reduce the construction cost [3]. Numerous varieties of stilling basins are currently used and 

available in literature Hager, W.H. [4]. 
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Aziz F. E. et.al. [5] perform experimental work to check the effect of curved sill blocks having 

different sizes curvatures and arrangements in energy dissipation. They concluded that  

curved blocks when comparing with regular straight blocks have indicated that and for all flow 

conditions, the curved blocks are more practical in dissipating the excessive Kinetic  

Energy of the flow. Additionally, better stability to the hydraulic jump provided by the curved 

blocks.  

El- Masry [6] studied the use of baffle blocks to dissipate the energy under a sluice gate. Two 

arrangements were considered. Baffles height, flow discharge, and downstream water depth 

were the considered variables. The results were compared with other investigators’ results for 

one and double line of angle baffles. 

The main task of the hydraulic designers is a way to dissipate a main part of water energy 

behind the vertical gate by using more practical tools. In 2003, Shri Ram Chaurasia stated that 

a lot of problems within the design of stilling basins require knowledge of assorted elements of 

a hydraulic jump with known values like discharge intensity and therefore the energy loss. 

Double line of angle baffles  and fully angle baffled floor with angle blocks were detected [7]. 

Saleh et al [8] studied the scour characteristics of end sill downstream expanding stilling basins. 

The main characteristic of a hydraulic jump is the sudden transition of rapid shallow flow to 

slow moving flow with rise of the fluid surface also known as a transition from supercritical to 

subcritical flow [9]. The big length of hydraulic jump resulting from the rapid velocity causes 

bed scour in behind of these structures. This scour is one of the major challenges that threat the 

stability of the hydraulic control-structures. So the apron must be long enough to dissipate this 

energy, as well as acts of erosion behind this structure. Scientific and engineering investigation 

in hydraulic jumps has been conducted by laboratory, theoretically and numerically Methods 

over the past several decide due to its great energy and harm impact on the erodible channel. 

A series of measurements to determine the length of the hydraulic jump was made by the U.S. 

Bureau of reclamation.  In these experiments, Froude number varies from two to twenty.  An 

analysis of the experimental data indicated that a good relationship between the length and the 

height of the hydraulic jump existed showing that the length of the jump is 6.9 times the jump 

height. Experimental study of the air-water shear flow in a hydraulic jump had been carried out 

by Chanson and Brattberg [10].  

Mostafa Ali [11] studied the effect of aprons of formed surfaces as energy dissipators 

downstream hydraulic structures. Ashour [12] suggested using curved sill to control and 

dissipate the energy of water behind the vertical gates. Ali et al. [13] investigated flow 

characteristics downstream the radial gate of the New Naga Hammadi Barrages. 

Abdelazim et al. [14] studied experimentally the effect of different shapes of stilling basin on 

the length of the submerged hydraulic jump, velocity profile, and local scour 

Downstream the hydraulic structure. 

Hana Abdelhaleem [15] studied optimum design of staggered concrete blocks downstream of 

regulators. She searched about a suitable basin downstream multi vent regulators to dissipate 

energies through formed hydraulic jump. She studied flow characteristics under the effect of 

end sill with different heights, and baffles blocks with different heights and positions. It was 

found that the optimum location of the baffles is 30% and 50% of the basin length . Lagrangian 

mesh-free method Smoothed Particle Hydrodynamics (SPH) has bed applied by Federico et al. 

[16] to simulate two-dimensional free-surface channel flows. 
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 Jonsson et al. [17] investigated two-dimensional hydraulic jumps in horizontal open channel 

numerically by using Smoothed Particle Hydrodynamics (SPH) modeling.  

Edward [18] presents a statistical submerged solution of the hydraulic jump with sluice gate 

effects. Habibzadeh et al. [19] studied the effect of baffle walls and blocks on submerged jump 

characteristics.  

Sill and baffle blocks over stilling basin were investigated. Experimental demonstration of a 

new extension plate scour countermeasure down- stream of stilling basins by Bar lock R, et al. 

[20]   

This research was initiated with the objective of dissipating a major part of water energy behind 

the vertical gate by using non-traditional sills and more effective tools. 

In this study, the best position, to put the non-traditional sill behind the structures were a 

proposed model is a sill in the form of a quarter of a circle in elevation and half circle in plan 

(Q shape) were examined as a non-traditional sill. The experimental study was conducted in a 

glass flume of length of 4 m. Relative length of apron (Lb / Lf = 1.00, 0.75, 0.50, 0.25) were 

examined.  It was found that the best position to put the sill for the power dissipation is in the 

middle length of the apron and the best ratio is (Lb / Lf) = 0.5. Many records of water levels and 

depths as well as scour length and depth are analyzed and discussed.  

 

This paper presents the stages of work that have been implemented to achieve the goal. These 

stages are as follows:  

 

• Reviewing the literature 

• A theoretical approach 

• An experimental study 

• Analyzing and discussing the results 

• Conclusions and recommendations. 

 

 

2. THEORETICAL APPROACH  

 

A theoretical study was conducted using dimension analysis technique to get the relation 

between the various parameters, and variables for interaction between Q-shape sill and 

hydraulic jump behind the vertical gate. All parameter and geometry are defined in figure(1-a 

&1-b).  

  

The relationships are obtained between Froude number (Fr) and relative lengths of the hydraulic 

jump (Lj /Ljw), Froude number (Fr) and the relative scour depth (Ds /Dsw) as well as the relative 

scour length and the relative scour depth (Ls /Lsw) to Froude number (Fr) with the relative height 

sill (yn /r). 

 

Where: 

Lj      Length of hydraulic jump with Q-shape sill as energy dissipater. 

Ljw     Length of hydraulic jump without energy dissipater. 

Ds     Maximum scour depth with Y-shape sill as energy dissipater. 

Dsw   Maximum scour depth without energy dissipater. 

Ls     Maximum scour length with Y-shape sill as energy dissipater. 

Lsw   Maximum scour length without energy dissipater.  
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yn     Tail water depth. 

 r      Height of sill. 

 

Depths upstream and downstream the jump are denoted by y1 and y2 respectively. 

ΔY is the hydraulic jump height. 

  Δy= (y2-y1) … …………………………. …………………………………………….  (1) 

 

Length of jump denoted by Lj (Bureau of Reclamation). 

 Lj =6.9Δy …………………………………………...…….……...……….…………….  (2)   

 

 

 It can be readily shown that (y2) is given in terms of (y1) for a rectangular channel 

(For free hydraulic jump) as follows: 

      (Bureau of Reclamation)........................ (3) 

But the Froude number (Fr) as follow: 

    
gy

v
Fr =      ………………………………………………………………. (4)            

 If the Fraud's number (Fr) is introduced to equation (3), the Bureau of Reclamation becomes 

)1281(
2
1

2
−+= rF

y
y  …………………………………………………… (5) 

 

(For forced hydraulic jump) Momentum equation is applied in the following form: 

 P1+M1=P2+M2+Ww+Ff+Fp …………………………………………………………..… (6) 

 

Where: 

 

P1      Pressure force at upstream. 

M1     Momentum force at upstream. 

P2     Pressure force at downstream. 

M2    Momentum force at downstream. 

Ww   Weight of water. (Neglect as the channel slope is very small) 

Ff      Force due to friction. . (Neglect as the channel bed is smooth) 

Fp     Force due to blocks 

 

Figure 1 shows the elevation and the plan of the used flume 
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Figure (1-a) Section Elevation 

 

 
 

Figure (1-b) Section Plan 

 

The study variables are expressed as follows: 

Φ= f (Lf, Lb, Lj, r, b, B, y1, y2, yn, Q, ρ, g, μ, S.G, Ds, D50, Ls, Lm, ΔE) …......………… (7). 

Where: 

Lj      Length of hydraulic jump. 

Ds     Maximum scour depth. 

Ls     Maximum scour length. 

Lf     Length of floor. 
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Lb     Distance between vertical gate to the sill. 

yn     Tail water depth. 

 r         Height of sill.    

b        Sill radius in plan. 

B       Channel width. 

Q       Discharge. 

ρ        Density of fluid. 

g       Gravity acceleration. 

μ       Dynamic viscosity. 

S.G   Specific density. 

y1      Upstream conjunct depth of hydraulic jump. 

y2      Downstream conjunct depth of hydraulic jump. 

D50    Average soil diameter. 

 

According to Buckingham Pi-theorem, the general form of relationship between these variables 

is also written as follows: 

      

.(8) 

 

 

Taking the properties of Pi-terms under consideration, the following relationship may be 

obtained:   

 

      

……………………...….  (9) 

 

Where: 

Lb / Lf       is the relative length of floor 

Lj / y1       is the performance of hydraulic jump 

Lm /Ls      is the relative scour length 

r / b          is   the sill ratio 
ΔE /B       is the energy dissipation ratio 

 Ls /B       is the relative scour length 

Lm /B       is the ratio between position of maximum scour length and width of channel 

Ds / yn      is the relative scour depth 

Fr             is Froude number 

yn             is tail water depth 

Finally, it is summarized as the follows: 





















=
s

m

n

sj

f

b
r

L

L

B

r

y

D

y

L

L

L
F ,,,,

1

              …………..………..…………………….…. (10) 

 

3. AN EXPERIMENTAL STUDY 

 

The laboratory experiment was conducted in an iron channel with a sector of 30 cm wide, 30 

cm high and 400 cm long. In hydraulic laboratory of the faculty of engineering, Al- Azhar -

University, Cairo, Egypt, the experimental work was carried out. 
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The flume consists of square steel frame with transparent sides made of polycarbonate material. 

The  polycarbonate sides of the channel allow visual observation of the water surface, as well 

as the soil bed. The layout of the flume is shown in details as in figure (2) and photo (1). 

 

 

The model (Q-shaped) was made from quarter of steel pipe. Q-shaped is suggested as non-

traditional sill for this study. The model has a height equal to its radius of 2.5 cm and has a 

Radius of 15 cm in plane. 

 

 Four positions are installed and model is placed at the positions relative to the inlet gate with 

different relative floor length (Lb / Lf) equal to 1.00, 0.75, 0.50, 0.25) respectively to 

Determine the efficiency of Q-shaped sill to dissipate the energy downstream sluice gate. 

The flume is consisting of bed floor made from sandy soil with average soil diameter (D50)  

(0.55 mm) the soil with grain size distribution presented in figure (3). 

 

 

Photo (1) Experimental Channel 
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Figure (2) the experimental Channel layout. 

 

 

 

Figure (3) Grain Size Distribution 

 

The channel is fed with water through vertical gate with different opening, get its water from 

feeding tank and moves towards the downstream from tail gate to the collecting tank. The 

collecting tank contains sharp edged rectangular weir which measuring the flow rate passing in 

the channel as shown in photo (2). 
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The measuring weir was calibrated in the hydraulic laboratory of the Faculty of 

Engineering, the calibration curve has equation Q = 0.35 H1.5. The flow rate (Q) against 

the head value (H), resulting from the calibration process is also shown in figure (4). 

Finally, the water moved from the collecting tank to the feeding tank by centrifugal pump.   

 

Photo (2) Measuring Weir 

                                                     

 

Figure (4) Relation between Q and H 

 

During the run, the model was placed at a certain position, the required discharge was passed, 

the normal water depth was measured, the hydraulic jump was formed  under condition of free 

flow behind the gate  and the formation of a stabilized jump. Depths and lengths were measured 

as, The sequent depth Y2 and Jump length Lj is measured from 

The leading edge of the jump to a point just downstream from the top roller of the jump. The 

longitudinal scour whole profile was measured at interval distance of 5cm to find scour whole 
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length (LS), maximum scour hole length (Lm) and maximum scour hole depth as shown in Photo 

(3). The measurements and recordings have been reported and discussed. 

 

                                             

 

Photo (3) Scour Downstream apron   

4. ANALYSIS AND DISCUSSION 

 

All measurements, observations and photos were recorded and archived. They were 

analyzed and plotted on graphs. They are discussed from the point of view of the jump length, 

energy dissipation ability and scour length with Froude’s number, as follows: 

  

4.1. ANALYZING AND DISCUSSING EXPERIMENTAL RESULTS (Fr&Lj/Ljw)  

 

Figure (5) shows the relationship between Lj/Ljw and Fr for different sill position. For all 

values of Lj/Ljw are less than one. This mean that all sill position reduces the apron length of 

apron under all considered flow conditions.  

  For all sill position with the different Fr the length of apron reduce as follows: 

❖  (Lb/Lf) = 1.00, it provided a reduction in the length of the jump that ranged from 

34% to 47%. 

❖ (Lb/Lf) = 0.75, it provided a reduction in the length of the jump that ranged from 

45% to 50%. 

❖ (Lb/Lf) = 0.50, it provided a reduction in the length of the jump that ranged from 

52% to 60%. 

❖ (Lb/Lf) = 0.25, it provided a reduction in the length of the jump that ranged from 

45% to 52%. 

For the case of (Q – shape sill) and all considered flow conditions, it is found that the case of 

(Lb/Lf) = 0.50 gives more reduction percent of apron length. 
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Figure 5 Relation between (Fr) and (Lj/Ljw)   

 

4.2. ANALYZING AND DISCUSSING EXPERIMENTAL RESULTS (Fr&Ls/Lsw)  

 

Figure (6), was plotted to present the relation between Fr and Ls/Lsw. From the figure, 

the following were observed: 

❖ As for (Lb/Lf) = 1.00, it provided a reduction in the scour length that ranged from 

8% to 25%. 

❖ As for (Lb/Lf) = 0.75, it provided a reduction in the scour length that ranged from 

20% to 30%. 

❖ As for (Lb/Lf) = 0.50, it provided a reduction in the scour length that ranged from 

30% to 42%. 

❖ As for (Lb/Lf) = 0.25, it provided a reduction in the scour length that ranged from 

25% to 35%. 

 

From the above, obvious was that the appropriate position to the sill, among all the tested cases, 

is at Lb/Lf =0.50. Provided the maximum reduction in the scour length and relative Lb/Lf =1.00 

provided the minimum reduction in the scour length. 
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Figure 6 Relation between (Ls/Lsw) and (Fr)   

 

 

4.3. ANALYZING AND DISCUSSING EXPERIMENTAL RESULTS (Fr&E2/E2w)  

 

Figure (7), was plotted to present the relation between Fr and E2/E2w. From the figure, the 

following were observed: 

 

❖ As for (Lb/Lf) = 1.00, it provided a reduction in the specific energy downstream 

hydraulic jump that ranged from 4% to 12%. 

❖ As for (Lb/Lf) = 0.75, it provided a reduction in the specific energy downstream 

hydraulic jump that ranged from 6% to 16%. 

❖ As for (Lb/Lf) = 0.50, it provided a reduction in the specific energy downstream 

hydraulic jump that ranged from 16% to 24%. 

❖ As for (Lb/Lf) = 0.25, it provided a reduction in the specific energy downstream 

hydraulic jump that ranged from 10% to 20%. 

 

From the above, obvious was that the appropriate position to the sill, among all the tested cases, 

is at Lb/Lf =0.50. Provided the average maximum reduction in specific energy. 
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Figure 7 Relation between (E2/E2W) and (Fr)   

 

 

5. CONCLUSIONS AND RECOMMENDATIONS 

 

Based on the above investigation cases, the conclusions are represented as follows: 

• The best relative location for the sill is at 0.50. 

• The innovative sill form possess a reasonable ability in the energy 

dissipation 

• The innovative sill is reasonable to reduce length of jump, the scour length 

and relative specific energy for all sill position and for all flow condition.  

 

Based on the above, the following recommendations were foreseen and are given, as 

follows: 

• A wider range of Froude number and discharge are to be tested. 

• It is recommended to use sill with different height and relative floor length 

(Lb/Lf) ranges from 0.25 to 0.50.  

• Other innovative sill forms are to be investigated and tested. 

• Study the existence of more than sill and group of sills over the floor. 

• Study the existing sill on nonrectangular channel. 
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