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اٌّف١ؼبد ػٍٝ خظبئض اٌعس٠بْ                 اخزٕبقاظزخداَ اٌّحبوبٖ اٌسل١ّخ ٌدزاظخ ر ص١س        

 :اٌٍّخض اٌؼسثٝ
اٌّف١ؼبد اٌّخزٕمخ لد رىْٛ اٌحً الأفؼً ِٓ إٌبح١خ اٌؼ١ٍّخ ؽجمب ٌّٛلغ اٌّف١غ ِٓ اٌعد. ٚ لأْ رشز١ذ اٌطبلخ 

٠ؼزجس اٌٛظ١فخ الأظبظ١خ ٌٍّف١ؼبد فزٙدف ٘رٖ اٌدزاظخ اٌٝ رحد٠د ر ص١س الاخزٕبق ػٍٝ خظبئض اٌعس٠بْ ٚثخبطخ 

ؾ اٌّزل١ساد اٌّخزٍفخ اٌزٝ رؤصس ػٍٝ خظبئض اٌعس٠بْ رشز١ذ اٌطبلخ .ٚلد رُ إظزخداَ ٔظس٠خ اٌزح١ًٍ اٌجؼدٜ ٌسث

. ٘را ٚلد رٛطٍذ  flow 3dٌٍّف١ؼبد اٌّخزٕمخ ٚٚػؼٙب فٟ طٛزح لا ثؼد٠خ وّب رُ ِحبوبح اٌزغسثخ ثجسٔبِظ 

اٌجسٔبِظ  ِغ اٌج١بٔبد اٌّؼ١ٍّخ اٌّمبظخ. ثبلإػبفخ إٌٝ ِب ظجك فئٔٗ وٍّب شاصد  اٌدزاظخ اٌٝ رٛافك ع١د ث١ٓ ِخسعبد

خ الاخزٕبق ٌٍّف١غ )ٔعجخ ػسع اٌّغسٜ خٍف اٌّف١غ إٌٝ ػسػٗ يِبَ اٌّف١غ( وٍّب لً الازرفبع إٌعجٟ ٔعج

١ٌٍّبٖ فٟ اٌخٍف ٚورٌه ؽٛي اٌمفصح ا١ٌٙدز١ٌٚى١خ ث١ّٕب رصصاص اٌطبلخ اٌّفمٛصح. ٚػٕد صزاظخ شٚا٠ب الاخزٕبق ٚعد اْ 

θ\2=2.56).يفؼً شا٠ٚٗ ِٓ ح١ش رشز١ذ اٌطبلٗ ٘ٝ 
O

)     

Abstract: 

              Conversed spillway may be some-times considered the best shape from the 

applicable point of view according to the dam site. The main function of spillway is energy 

dissipation. So studying the effect of the spillway conversion on the energy dissipation is 

very important, In this study the downstream width and the angle of conversion were 

tested experimentally. 

             The dimensional analysis was used to correlate the different parameters affecting 

the studied phenomena. Beside that the flow 3d model was used to simulate the data. . It 

was found that conversion decreases energy dissipation and increases downstream water 

depth. The numerical results were found to be in a good agreement with the experimental 

data. Finally, the results of this study could be recommended in the field of applications. 
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1- Introduction

          The large rise in water surface upstream  the spillways generates a large potentional 

energy  upstream spillways beside dams this energy causes scour in the spillway basin and 

the waterway downstream the dam , so many studies have been taken place to solve this 

problem and dissipate this energy to prevent scour and protect the waterway. When the 

water crosses the spillway the flow changes from subcritical flow upstream the spillway to 

super critical on and downstream the spillway. To return to sub- critical flow and form the 

tail water depth the hydraulic jump is formed, this hydraulic jump is the most effective 

way to dissipate energy. Many studies take place to maximize energy dissipation and 

control the length of the jump (A. J. Peterka 1958/1984) , (Mazumder 1988) , (Hager 

1992) , (Christodoulou, G.C. 1993), (Chanson, H. 1994), (Yildiz 1998) ,( Chanson, H. 

2001),  (Jean G chatila 2004) ,( Hunt, S. L., and Kadavy, K. C. 2010a) & 2010b) and 

(FELDER, S., and CHANSON, H. 2011).   

          Upstream dams the water makes a large water storage area and this water crosses the 

dam through its spillway to the river basin which is smaller in wide than the storage area 

so we may need to use lateral constriction through or behind the spillway to reach the 

width of river basin as shown in Photo 1 this lateral constriction may be sudden or 

conversion (gradually contraction). 

          Kathleen Houston Frizell 1990 and his team constructed a physical model of Mc 

Clure spillway. This model aimed to identify the maximum capacity of existing spillway 

without over topping the side wall and propose another stepped spillway to contain the 

over flood. The proposed spillway was stepped spillway with step height from 1 to 4 feet   

and maximum conversion angle 12.68 degrees to satisfy the flow conditions and energy 

dissipation. Hunt 2008 studied a physical model to determine the maximum water height 

beside the convergence side walls for the design discharge. From the measured water 

surface the maximum water height equal three times the critical depth.(Hunt 2012) derive 

an equation for the water depth beside side walls and compared it with the experimental 

work. 

Gamal M. Abdel Aal  etal.,2018  [5]  investigate the over-flow, , physical models of four 

steps were carried out on stepped spillways. Breakers were installed over the steps of 

spillway; So studying the effect of the breaker on stepped spillway on the energy 

dissipation Comparison of flow energy dissipation over the toe of stepped spillway with 

breakers and classical stepped spillway shows that the stepped spillway with breakers type 

had dissipated more energy than the classical stepped spillway type .Reda M. Abd El-

Hady Rady(2011)[10]The study showed that the important variable governing discharge 

over sharp-crested weirs was Ht/tw. Further, the advantages of ―Flow -3D‖ as a tool for 

examining velocity vectors and pressure pattern over rectangular sharp-crested weirs have 

been highlighted. Reza Maghsoodi., etal. (2012)[11]In this recent study we have 

simulated free surface flow over sub- merged weirs using three-dimensional (3D) flows 
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were dominant. The fully 3D, Reynolds-averaged Navier– Stokes equations were solved 

using the model. the standard k–ε equations were used for turbulence model. The 

numerical results obtained using the compressed mesh systems were in accordance with 

the experimental data Le Thi Thu Hien and Duong Hoai Duc (2020) [8] they used Flow 

3D with the Reynolds-averaged Navier–Stokes (RANS) and large eddy simulation (LES) 

turbulent models which included air entrainment to simulate the free surface flow We 

measured the water level, velocity and pressure to estimate the influence of grid size and 

the turbulent model type used. Our results highlight the need to include air entrainment in 

the model simulating rapid flow over a hydraulic construction. With adjustments for 

energy loss, this study shows that walls provide the best results and the optimal distance 

between two walls is 2.8 m.Babak Ghazi , etal., (2019) [4] the three-dimensional model 

of Shahid Madani Dam's spillway was simulated with the Flow 3D software and by the 

comparison of numerical model results with the experimental data, Mehdi Taghavi, 

Hesam Ghodousi(2015) [9] Using different geometrical and hydraulic conditions, the 

discharge coefficient relation in sharp-crested and side channel weirs for the case of 

suspended load can be extracted. Flow3D numerical model is capable of precisely 

simulation the flow containing suspended and bed load in the main channel.  

Hamed Sarkardeh etal., [6]  In the present study, a physical model as well as a numerical 

model was employed on a case study of stepped spillway to modify the transitional zone 

and improve flow pattern over the spillway. RNG model and for free surface VOF model 

was selected in the numerical model. Results of the numerical and physical models were 

compared and good agreement concluded in flow conditions and energy dissipation 

.REZAZADEH Shiva etal., (2020) [12]The purpose of this research is simulate the  flow 

over sharp crested weir and investigate the effect of geometric shapes of  sharp crested 

weirs on hydraulic characteristics of the flow such as pressure, velocity, water level  

profiles  and  discharge coefficients. Thus the limitation and usage range of sharp crested 

weirs are clarified. In this research Open FOAM open source 3D software with RNG K-ε 

turbulence model and Volume of Fluid method (VOF) was used to analyze the hydraulic 

flow passing through sharp crested weir. Shaymaa A. M. Al-Hashimi  etal.,(2017)[14] In 

this study, FLUENT software as a type of Computational Fluid Dynamics (CFD) model, 

represented .The volume of fluid (VOF) method with four turbulence models of Standard 

k–ε, RNG k–ε, Realizable k–ε and Standard k–ω are applied to estimate the free surface 

profile. Saleh I. Khassaf , etal.,(2016)[13]  In this study, the coefficient of discharge over 

the two compound side weirs (Rectangular and Semi-Circle) were modeled by using 

Computational Fluid Dynamic (CFD) to describe the flow characteristics in subcritical 

flow conditions. (Flow-3D) program was used to determine the numerical uncertainty of 

the simulation results.  

Hossein Afshar, Seyed Hooman Hosei(2013)[7]In this study, Computational Fluid 

Dynamics (CFD) model together with laboratory model were used in order to determining 

the free-surface profile of rectangular broad-crested weir. Simulations were performed 

using the volume of fluid (VOF) free surface model and three turbulence models of the 



 

427 
 
 

RNG k–ε, standard k–ε and the large eddy simulation (LES) to find the water level profile 

and streamlines. The computational results showed a close agreement with experimental 

data obtained in the laboratory. Also, results indicate that RNG model has the minimum 

level.A.Ghafourian,etal.,(2011)[1]At present the hydraulic of siphon spillway usually is 

done by physical modeling.. At the same time an available CFD program, which solves the 

Navier-Stokes equations, was run by using data obtained from physical model. The result 

of investigations shows that: Comparison of discharge coefficient in pressurized spillway 

with both free and submerged outlet shows that submerging in outlet is effective in 

promotion of spillway efficiency. Abdul-Hassan K. Al-Shukur  etal., (2014) The results 

showed that the using of different types of steps have the most influence on the amount of 

energy 

losses, they are increased the energy losses by about (1.6%-18.6%) at different runs and 

configurations in comparison of horizontal steps. The results indicated also that the energy 

dissipation rate at configuration of alternative inclined and horizontal steps show increased 

by about (6.2% at q=0.02119 m3/s/m) more than the configuration of alternative endsills 

and horizontal steps and by about (5.3% at q=0.02119 m3/s/m) more than configurations 

of inclined on all steps. Amir Reza Razavi , Hassan Ahmadi , (2017) numerical model of 

FLOW-3D can provide valuable information in this regard. In the present study, flow was 

calibrated and validated using FLOW-3D through physical model The research findings 

revealed that increasing suspended flow load leads to decreasing values of flow passing 

through the morning glory spillways; such that, deceased values strongly depend on 

suspended load.

             In this research the effect of the conversion angle and contraction ratio through the 

spillway on energy dissipation, tail water depth and jump length were studied. 

 

photo (1) Calumet Lake Ref.[14] 

2-Experimental setup 

           Experimental work was carried out in the Hydraulic and water Engineering 

Laboratory of the Faculty 

of Engineering, Zagazig University, Egypt. The used flume is 30 cm width, 46.8 cm depth 

with an overall length of about 15.6 m. The flume is equipped with a tailgate to control the 

tail water depth. A pump lifts the water from a tank to the flume inlet. The water runs 
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through the flume working section then returns back to the tank in a closed circle. The 

discharge was measured by a pre-calibrated orifice meter installed in the feeding pipe line. 

       The used spillway model is made from wood with 24.5 cm height and 30
O
 angle slope 

with the horizontal bed as shown in Figure 1. Different contraction ratios (C= b/B, i.e.100 

%, 83.33%, 76.67%, and 70%) through the spillway were tested under the same flow 

conditions and the same angle of conversion θ/2 =1.65
O
. Then the effect of conversion 

angle with θ/2 = (1.65
O
, 2.00

O
, 2.65

O
, 6.50

O
 and 90

O
) were tested for the contraction ratio 

C=70% and the same flow conditions.The conversion side walls were made of poly-

carbonate sheets supports by wood bars were used  as shown in photo 2. 

 

Photo (2) Experimental model 

3- Dimensional analysis 

           Using the principals of the dimensional analysis, the different variables affecting the 

energy dissipation through the spillway could be formulated in the following 

dimensionless equation: 

)θ,C,
Y

L
,

Y

Y
,(Ff

E

ΔE

2

j

up

2
up

up



 

Where 

C is the contraction ratio, b is the contracted width, B is the width of channel, θ is the angle 

of divergence, Yup is the upstream water depth, Y2 is the downstream water depth, Lj is the 

jump length and Fup is the upstream Froude number 

4- Numerical model. 

Using flow 3d model experimental results were simulated to test the applity to apply such 

models in the program. 

The resultant data were accurate with accepted error ± 10
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Photo (3) flow 3d model 

 

5- Analysis of Experimental Results 

 

The different flow characteristics were analyzed as a function of the inflow Froude number 

.Such as the energy loss, jump length, tail water depth and the bed width contraction.  

 

 

 5.1. Effect of contraction ratios. 

             Fig.1 represents the relationship between the upstream Froude number UPF and the 

relative energy loss EupE for different contraction ratios. From this figure, for the same 

contraction ratio, as Froude number increases the relative energy loss decreases. Moreover, 

for the same Froude number, the relative energy loss decreases as contraction ratio 

decreases. The relative tail water depth plotted against the U.S. Froude no. as shown in 

Fig. 2. From this figure, the relative tail water depth increases as the contraction ratio 

decreases. 

                In non-prismatic stilling basin the jet of flow spread in the vertical and lateral 

direction. In conversed stilling basin the lateral direction is gradually contracted, then the 

flow jet spreads in vertical direction more than non-prismatic case and gains potential 

energy. This causes increasing the tail water depth and decreasing the energy loss. In 

addition as the contraction ratio decreases, the flow jet takes place more vertical transition, 

higher tail water depth and less energy dissipation. Moreover, for the same flow condition 
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as the upstream water depth increases, the flow velocity increases and also the jump 

length. On the other side as the upstream water depth increases Froude number decrease 

  

Figure (1).  Relations between UPF  and 
upEE  for different contraction ratios. 

 

Figure (2). Relation between UPF  and UPYY2  for different contraction ratios 

5.2. Effect of the conversion angle  

              As shown in (Fig.4) the case of (θ\2=2.00ᵒ) and (θ\2=2.56ᵒ) give the smallest 

relative flow depth UPYY2 , otherwise in (Fig.3) the two angles gives the max energy 

dissipation. Energy dissipation EupE  decreases for angles less than (θ\2=2.00ᵒ) or larger 

than (θ\2=2.65ᵒ) and the minimum energy dissipation occurs for (θ\2=90ᵒ).  
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Figure (3) Relations between UPF  and 
upEE  for different conversion angles. 

 

Figure (4) Relation between UPF  and UPYY2 for different conversion angles. 

6- Verification. 

The experimental results were used to verify the numerical results 

          From (Fig.5), a comparison could be shown between the predicted and measured 

Froude number with maximum error ±10%.  

 

 

 

Figure (5). Comparison between experimental results and numerical model results        
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7-Conclusions 

 

           The present study introduced the following results.  

1- The conversion decreased energy dissipation and increased downstream water depth and 

jump length. 

2- As the contraction ratio increased, the tailwater depth and the jump length decreased and 

the relative energy loss increased.  

3- The conversion angle of (θ\2=2.00
O
) and (θ\2=2.56

O
) produced the smallest relative flow 

depth UPYY2 and jump length, and the largest relative energy loss EupE   

4- The numerical results of energy dissipation were in a good agreement with relative error (± 

10%) with the experimental results, so the derived equations can be recommended in the field 

of applications. 
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