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Dissipating the energy downstream hydraulic structures is the main concern of 

hydraulic engineers when designing such structures. Many authors examined the 

dissipation of energy downstream hydraulic structures in the laboratory by using 

different tools such as stilling basins, blocks, increasing the bed roughness and 

using pendulum sills. Most authors studied how to dissipate the energy 

experimentally while few used mathematical models. Mathematical models are less 

expensive and time consuming than experimental work. In this study, Flow 3D 

software is used to examine the effect of installing a vertical screen downstream 

hydraulic structure as an energy dissipater device. In order to verify results of the 

mathematical model, a comparison between an experiment carried out in a flume in 

the hydraulic laboratory at Zagazig University and Flow 3D software results, has 

been carried out.  After verification, water surface profile was studied using the 

mathematical model and  also energy dissipation under different flow conditions. 
 

 

 

1. Introduction 

Energy dissipation downstream hydraulic structures 

is one of the main targets of the hydraulic structures 

designers. Control structures are structures provided 

by a device such as a gate to control the flowing 

water. Downstream hydraulic structures, a hydraulic 

jump (free or submersed) is formed in which the 

supercritical flow is transformed to subcritical flow 

combined with energy dissipation. Design engineers 

always provide the structures with a device to 

increase energy dissipation downstream the structure. 

There have been theoretical and experimental studies 

to understand the energy transformation process and 

consequently the applications of energy dissipaters 

[1-4]. 

 In this study flow 3D software is used to study the 

effect of using vertical screen with fixed height and 

width and number of holes as a device to dissipate 

energy and to study its effect on water surface 

profile. The software model is verified by comparing 

with experimental test carried out in a flume located 

at the hydraulic laboratory-water and water structure 

engineering department- Zagazig university. Flow 3D 

software results is very close to the experimental 

results with maximum deviation of 13%. After 

verification of the software, the location, height and 

width of screen is fixed as recommended by Suzan et 

al. (2021) [5]. Series of tests are carried out with 

different Froude Number and gate opening in order to 
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study the effect of screen on energy dissipation and 

on the water surface profile. 

2. Literature review 

The main requirement demanded downstream 

hydraulic structures is the dissipation of water 

energy. This can be attained by expansions as by 

France (1981) [6], steps and roughened bed as by 

Bejestan and Neisi (2009) [7], pendulum sills  as by 

Aya O. K [8]. (2018), Samah et al, (2019) [9] or 

using screen as by Suzan et al, (2021) [5]. 

The screen shape was studied Rajaratnam and Hurtig 

(2000) [10], experimentally showed that a single wall 

or a double wall screens with 40% porosity are 

effective  in energy dissipation through small 

hydraulic structures and better than classical 

hydraulic jumps. 

Cakir (2003) [11], experimentally for  Froude 

numbers range of 5 to 18, porosity ratios were 20% to 

60%, and different screen locations. energy 

dissipation was better than classical jumps. 

Balkiş (2004) [12], Studies energy dissipation using 

inclined screen. 40% screen porosity with different 

Inclination angle, screen thickness with different 

locations with 100 times range from the gate. The 

screen inclination results have an insignificant effect 

on the energy dissipated compared to vertical 

screens.   

 Bozkus et al. (2006) [13], studied the jump behavior 

for triangular and circular screens experimentally and 

studying the effect on the hydraulic jump 

characteristics and the energy dissipation. The 

experimental work showed that vertical and inclined 

screens dissipate energy more than classic jump for 

studied Froude numbers that were 7.5 to 25.5. 

Bozkus et al. (2007) [14], studied the effect of 

Vertical screen, it was found that the vertical screen 

was more effective from the energy dissipation point 

of view.  

Mahmoud et al. (2013) [15], experimentally studied 

screen with circular and square holes through 

experimental. He concluded that the performance of 

the screen decreases with increasing of Froude 

number for both types of holes. The results also 

showed that the screen with square holes dissipate 

energy better than that with circular holes. 

Sadeghfam et al. (2014) [16], studied experimentally 

the double screens for variable Froude number, 

screen arrangements, and screen porosity. The 

studied Froude numbers were in the range 2.5 to 5.8, 

porosity ratios were 40% to 50%, and distances of 

double screens between 1 and 5 centimeters. The 

double screens jump dissipated more energy. 

specially The double screen of 40% porosity. Hence, 

Froude number was found to be the most effective 

parameter, 

Fathi-Moghadam et al. (2017) [17], used 

mathematical models to simulate the perforated sill as 

method to control the hydraulic jump. 

Rasoul et al, (2017) [18], analyzed numerically the 

behavior of flow through screens to study the water 

surface profile and energy dissipation. 

The supercritical Froude number varied in the range 

of 2–10 and screens with porosities of 40% and 50%. 

Numerical water surface profiles and energy 

dissipation were validated by author’s experimental 

data. They derived a set of equations in terms of 

depth ratio of hydraulic jump through the perforated 

screen for submerged and free hydraulic jump. 

Abbaspour et al. (2019) [19], examined the hydraulic 

jump characteristics on the reverse bed with porous 

screens. The study results showed that the adverse 

stilling basin with screens having the ability to 

dissipate energy greater than that corresponding 

stilling basin without screen The screen porosity was 

studied by Daneshfaraz et al. (2019) [20], to 

determine and select the best screen porosity that 

improve the characteristics of the hydraulic jump in 

the prismatic stilling basins. It was found that a 

screen porosity of 40% to 50% gave energy loss more 

than that of other porosities. 

El-Tohamy E. (2019) [21], examined by using both 

experimental and using Flow 3D the improvement of 

performance of Gabion spillways under different 

flow conditions. He concluded that Flow-3D program 

gives results with ±5% error in upstream depth and 

energy dissipation. This ratio indicates accepted 

accuracy to use this program in similar cases 

simulations. 

Rasoul Daneshfaraz et al, (2021) [22], investigated 

the effect of dual horizontal screens on a vertical drop 

equipped with experimentally. the relative critical 

height was ranged from 0.077 to 0.242. no effect for 
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the relative screens distance on the residual energy. 

The results also showed that the dual screens cause 

subcritical flow instead super critical of downstream 

the drop.  

Rasoul Daneshfaraza et al. (2021) [23], investigated 

experimentally the effect of vertical screens pore size 

on energy dissipation located at the downstream of 

vertical drop.  

3. Experimental Setup 

In order to verify the Flow 3D software, experimental 

tests were performed in a re-circulating flume of 0.30 

m in width, 0.468 m in depth and 15.6 m in length 

with working section of 12.50 m in length as shown 

in photo (1). A centrifugal pump lifts the water from 

a sump tank to the flume inlet. The discharge of the 

flume is measured by a calibrated orifice meter. To 

adjust the required tail water depth, the tail gate can 

be gradually screwed until the considered depth. A 

point gauge was used to measure the water levels 

with an accuracy of ±0.1 mm.  

 

Photo (1) Photo 1 Used flume 

Screens 22 centimeter in width and 3 centimeter 

height having 24 holes of 1.00 centimeter diameters 

and with relative holes’ area 0.285 cm2 were used to 

compare the water surface profile resulting from both 

the experimental work and Flow 3D model. The 

vertical screen model was built from clear Perspex, 

then placed at a distance of 10 centimeters from the 

gate in a sudden expanding stilling basin with a 

constant expansion ratio (e=1.35) downstream the 

vertical gate. The water level is measured along the 

centerline of the flume.  

The comparison between the experimental and Flow 

3D results as shown in figure 1, showed that the 

difference between both results did not exceed 14% 

from which one can consider the results from Flow 

3D is acceptable.  

 
 

Figure 1 comparison between experimental and Flow 

3D results 

 

4. Materials and Methods 

Flow-3D provides a complete and versatile 

computational fluid dynamics (CFD) simulation 

platform for engineers investigating the dynamic 

behaviour of liquids and gas in a wide range of 

industrial applications and physical processes. Flow-

3D focuses on free surface and multi-phase 

applications. Flow-3D delivers high accuracy 

simulation results faster by using the industry-leading 

algorithm True VOF. Flow 3D software solves 

numerically the Naiver-Stokes equation by finite 

volume method. A pioneering volume of fluid 

tracking method, True volume of fluid continues to 

set the industry standard for flow accuracy since its 

inception since 1976.  

A three-dimensional model was prepared for the case 

study flume and screen. All stages of model 

construction were conducted in AUTOCAD 3D. The 

used units in the model is (centimeter in lengths, gram 

in masses and second in times). 

  

5. Equations Software Flow 3D  

Continuity equation in three-dimensional Cartesian 

coordinates (x, y, z) is given by: 
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Where, ( ,  ,  ) are the velocity components in the 

coordinate directions axis (x, y and z). (Ax, Ay and 

Az) are cross-sectional areas of flow in the coordinate 

(x, y and z) directions,  is density and PSOR is the 

source term and    is the volume fraction of the fluid. 

 

Three-dimensional momentum equations are given 

by:  
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Where, P is the pressure of the fluid, (Gx, Gy and Gz) 

are body acceleration in the coordinate direction (x, 

y, and z), and (fx, fy and fz) are viscosity accelerations 

in the coordinate direction (x, y and z). 

In order to model a free surface, the boundary 

between water and air, the volume of fluid function 

(F) should be defined to meet the following 

governing equation, If F (x, y, z, t) is equal to 1, the 

control volume will be full of fluid, and if F is equal 

to 0, no fluid will exist in a control volume. 

Furthermore, in the case of a free water surface, F is 

shown to have a value between 0 and 1. Applying 

function F to the equation: 
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6. Turbulence Models 

Flow 3D offers several types of turbulence models 

such as: Mixing length model, k-ε equation, RNG 

model and large eddy simulation model. Turbulence 

models that have been recently proposed are based on 

Reynolds averaged Navier–Stokes equations. This 

approach involves statistical methods in order to 

extract an averaged equation related to the turbulence 

quantities.  

7. Numerical Simulation Algorithm 

The equation discredited using a finite difference 

method, whereas, a Flow-3D adopts a finite volume 

method using a finite difference method plus a 

Fractional Area and Volume Obstacle Representation 

method. The calculation is carried out based on a grid 

unit. That is, the velocity can be computed for the 

given pressure at each grid and using the velocity, the 

value of a pressure equation in the form of a Poison 

equation can be calculated. Then, the velocity can be 

adjusted to the computed value. The volume of fluid 

method for Flow-3D adopts accurate pressure and 

kinetic boundary conditions and describes movement 

between two fluids using a special numerical 

difference method in order to prevent the boundary 

face from smearing. A difference equation of the 

governing equation can be solved with an explicit 

method except for pressure terms of momentum 

equation and flow velocity term of a continuity 

equation. 

8. Boundary and initial conditions 

The boundary conditions were defined as walls in the 

bed and both sides, volume flow rate in the upstream 

varied in each model to simulate experimental 

discharge which taken as (6, 7, 8.29, 9.03, 9.99, 11 

and 12 l/sec) in this work, gate opening (which taken 

as 1.0, 1.75 and 2.5 centimetre) and tail water depth 

at the downstream which fixed as 17 centimetres in 

this work.  

9. Results and discussion 

The results include both the water surface profile 

along the centreline of the flume and the relative head 

losses in the energy due to the screen located at fixed 

selected location and height as followings:         

9.1 Water surface profile 

For the water surface profile and for the seven 

selected discharges, it is found that due to using the 

screen to dissipate energy the water surface profile 

just downstream the gate is decreased compared to 

the normal water level at the tail, then the water level 

increased to be higher than the tail water level. The 

water surface start to be normal without the effect of 

the screen after a distance depending on the gate 

opening for gate opening 1 centimetre the distance 

for water to be stable is 7.0 the tail water depth (as 

shown in figure 2). 
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Figure 2 Water Surface profile with different 

discharges at gate opening 1 cm 

For gate opening 1.75 centimetre the distance for 
water to be stable is 8.25 the tail water depth (as 
shown in figure 3). 

For gate opening 2.50 centimetre the distance for 
water to be stable is 9.50 the tail water depth (as 
shown in figure 4). 

 

Figure 3 Water Surface profile with different 
discharges at gate opening 1.75 cm 

 

 

Figure 4 Water Surface profile with different 
discharges at gate opening 2.5 cm 

9.2 Froude Number 

It is well understood that for the same discharge in 

the flume as the water depth decreases Froude 

number increases 

Froude number start to be constant along the canal 

centreline when the water surface profile starts to 

become constant. Figure 5 through figure 7 show that 

the distance in which Froude number is constant 

which is 7, 8.25 and 9.5 times the tail water depth. 

 

 

Figure 5 Froude Number with different discharges at 

gate opening 1.0 cm 

 

Figure 6 Froude number with different discharges at 

gate opening 1.75 cm 

 

Figure 7 Froude number with different discharges at 

gate opening 2.5 cm 
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10. Effect of head losses 

As shown in figure 8, the relative head losses are 

affected by the gate opening and as the gate opening 

increases the relative head losses are increased. 

 
Figure 8 Relative head loss with Froude number For 
different gate opening 

11. Conclusions and recommendations 

From the experimental work it is clear that using a 

screen downstream vertical gate is an effective tool to 

dissipate energy. The only disadvantage of the screen 

as an energy dissipation tools is its effect on the 

water surface profile. It was concluded that the water 

levels increase according to the gate opening as it 

reached 20% of the tail water depth for gate opening 

2.50 centimetres and 40% for small gate opening 1.0 

centimetre. 

 

Notations 

CFD  Computational fluid dynamics 

VOF Volume of fluid 

cm Centimetre 

References 

[1] C.Y. Wei, J.E. Lindell. “Hydraulic design of stilling basin and 
energy dissipators”. In: Mays LW, editor. Hydraulic Design 

Handbook. Chicago, IL, USA: McGraw-Hill; pp. 18.1-18.55. 

1999. 
[2] H. Chanson “Energy dissipation and drop structures in 

ancient times: The Roman drop shafts”. In: Proceedings of 

25th Hydrology & Water Resources Symposium, 2nd 
International Conference on Water Resources & 

Environment Research, Vol. 2. Brisbane, Australia; pp. 987-
992. 1999. 

[3] R.F. Carvalho, J. Leandro “Hydraulic characteristics of a 

drop square manhole with a downstream control date”. J Irrig 
Dain E-ASCE; 138: 569-576. 2011. 

[4] P.H. Burgi “Hydraulic design of vertical stilling wells”. 

Journal of Hydraulic Division 101: 801-816. 1975. 
[5] S. Elaswad, E. Elnikhili, O. K. Saleh, “Effect of different 

screen widths on the submerged hydraulic jump 

characteristics” The Egyptian International Journal of 
Engineering Sciences and Technology, Vol. 34, 1–10. 2021. 

[6] P. France,. “Analysis of the hydraulic jump within a 
divergingrectangular channel”. Proceedings of the Institution 

of Civil Engineers, 71(2): 369-378. 1981. 

[7] M. S. Bejestan, , K. Neisi, “A new roughened bed hydraulic 
jump stilling basin”. Asian journal of applied sciences, 2(5): 

436-445. , 2009. 

[8] A. O. Khairy “Flow Through Sluice Gate with a Downstream 
Pendulum Sill“ M.Sc thesis, Ain Shams University, Egypt. . 

2018. 

[9] S. H. Abd El Ghany, M. Abd El All and O. K. Saleh  
“Evaluation of Energy Dissipation Downstream Sluice Gate 

”22nd International Water Technology Conference Ismailia, 
Egypt 12:13. 2019. 

[10] N. Rajaratnam, K. Hurtig, “Screen-type energy dissipator for 

hydraulic structures”. Journal of Hydraulic Engineering, 
126(4): 310-312. 2000. 

[11] C. Pınar, “Experimental investigation of energy dissipation 

through screens”, M.Sc thesis, The Middle East Technical 
University, Citeseer. 2003. 

[12] G. Balkiş “Experimental investigation of energy dissipation 

through inclined screens”, Doctoral dissertation, Middle East 
Technical Univercity, Ankara, Turkey. , 2004. 

[13] Z. Bozkus, E. Güngör, M. Ger, , “Energy dissipation by 

triangular screens”, Proceedings of the Seventh International 
Congress on Advances in Civil Engineering, Yıldız 

Technical University, Istanbul, Turkey. 2006. 

[14] Z. Bozkus, P. Çakir, , A. M. Ger, “Energy dissipation by 
vertically placed screens”. Canadian Journal of Civil 

Engineering, 34(4): 557-564. 2007. 

[15] M. I. Mahmoud, S. S. Ahmed,  A. Al-Fahal, “Effect of 
different shapes of holes on energy dissipation through 

perpendicular screen”. Journal of Environmental Studies, 12: 

29-37, 2013. 
[16] S. Sadeghfam, A.A. Akhtari, R. Daneshfaraz, G. Tayfur, 

“Experimental investigation of screens as energy dissipaters 

in submerged hydraulic jump”. Turkish Journal of 
Engineering and Environmental Sciences, 38(2): 126-138. 

2014. 

[17] M. F. Moghadam, S. Kiani, P. Asiaban, , R. B. Rad,  
“Modeling of Perforated Sill-Controlled Hydraulic Jump”. 

International Journal of Civil Engineering, 15(4): 689-695. 

2017. 
[18] R. Daneshfaraza, S.  Sadeghfam and A. Ghahramanzadeh, 

“Three-dimensional numerical investigation of flow through 

screens as energy dissipators” Canadian Journal of Civil 
Engineering • 17 , https://doi.org/10.1139/cjce-2017-0273. 

July 2017 

[19] A. Abbaspour, T. Taghavianpour, H. Arvanaghi,  
“Experimental study of the hydraulic jump on reverse bed 

with porous screens”. Applied Water Science, 9 (7): 155. 

2019. 
[20] R. Daneshfaraz, S. Sadeghfam, , A. Tahni, , “Experimental 

investigation of screen as energy dissipators in the movable-

bed channel”. Iranian Journal of Science and Technology, 
Transactions of Civil Engineering: 1-10. 2019. 

[21]  E. E. El Tohamy, “Improvement of the performance of 

Gabion spillways under different flow conditions” Ph.D 
Degree in Engineering Science (Water and Water Structures 

Engineering, Zagazig university, Zagazig, Egypt. 2019. 

[22] R. Daneshfaraza, A. Ghaderi and N. Khajei, “Experimental 
Study of the Effect of Vertical Screen Diameter on Energy 

Dissipation at Downstream Vertical Drop” Environment and 

water Engineering, Vol. 7, No.2. 2021. 

[23]  R. Daneshfaraz,  M. Majedi Asl,  S. Razmi, R. Norouzi &  J. 

Abraham,  “Experimental investigation of the effect of dual 
horizontal screens on the hydraulic performance of a vertical 

drop” International Journal of Environmental Science and 

Technology  volume 17, pages 2927–2936. 2020 
 

 

25

https://cdnsciencepub.com/doi/10.1139/cjce-2017-0273#pill-con1
https://cdnsciencepub.com/doi/10.1139/cjce-2017-0273#pill-con2
https://cdnsciencepub.com/doi/10.1139/cjce-2017-0273#pill-con3
https://doi.org/10.1139/cjce-2017-0273
https://link.springer.com/article/10.1007/s13762-019-02622-x#auth-R_-Daneshfaraz
https://link.springer.com/article/10.1007/s13762-019-02622-x#auth-M_-Majedi_Asl
https://link.springer.com/article/10.1007/s13762-019-02622-x#auth-S_-Razmi
https://link.springer.com/article/10.1007/s13762-019-02622-x#auth-R_-Norouzi
https://link.springer.com/article/10.1007/s13762-019-02622-x#auth-J_-Abraham
https://link.springer.com/article/10.1007/s13762-019-02622-x#auth-J_-Abraham
https://link.springer.com/journal/13762
https://link.springer.com/journal/13762

