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Pressure flushing is a means of discharging sediments from reservoirs. 
main lateral structures of dams, which are used to control reservoir water press
sediments. Due to the high flow rate a
structures. The present research objective was to conduct a hydraulic analysis of the effect of the depth
to-width ratio of bottom outlets and increased efficiency of flushing through the escalation of eddy 
currents around the gate. This investigates the discharge characteristics of a bottom outlet with a moving 
gate by Computational fluid dynamics. This study also includes the effect of 
the conduit on aeration and flow field downstream of the gate. Changes are applied in three cases of 
constant height (depth) and variable width, constant width and variable height, and both variable height 
and width to make equal gate srea. Results indicated  that more aeration while heightening and widening 
of the outlet. Also velocity increase and pressure decrease is observed while friction head is constant. The 
pressure drop is mainly caused by the increase in gate height by
surface declines and decrease and the Vortex number increase. Therefore, the increase in reservoir gate 
height positively and significantly affects flushing and Sedimentation .It was possible to reduce pressure 
fluctuations and omit negative pressures by placing an air
addition, the flow of air increases pressure relatively and 
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1. INTRODUCTION  
 
Successful design and operation of hydraulic structures require 
variety of problems, including spillways, intakes, or bottom ou
control initial filling, discharge reservoir sediments, release irrigation water, 
maintenance and overhaul. The outlet length in gravity and arch dams is relatively low, but it is increased 
significantly in embankment dams due to deviation inside abutments. A long outlet is normally divided into 
two parts to reduce the length of the pressure access duct. The pressure part is controlled with high head and 
the other part is an outlet discharging the supercritical flow into the atmosphere. The gate is placed upstream 
the cement grout curtain so that the length
of the free surface is highly valued due to the air and water flow mixture, inflow and outflow of air, the 
aeration system, and the potentials for cavitation and abrasion under sediment flo

Based on the above goals, the design of bottom outlets is an important concern of dam designers, 
which calls for adequate certainty about filling capacity and proper performance of hydraulic installations 
and outlets (including gates and hydr
hydraulic performance of the bottom outlet of Jagin dam, the outlet model was built and tested in the Water 
Research Center.  

                                               
1  TBE. Consulting, Head of Civil, Construction   
 

 
 

Iranian Hydraulic Conference, 6 -7 September 2017 
University of Mohaghegh Ardebili, 

Ardebil, Iran 
 

Investigation of Improving the Flushing Vortex Flow E
of  Dam Reservoirs Outlet Gates 

 
Mohammad Reza Kavianpur 2, Saleh Neishaburi

Of Hydraulic Structures ,Tarbiat  Modarres University, Tehran, Iran

Assistant professor ,Civil Engineering, Khaje Nasir Toosi University  ,Tehran, Iran

professor , Tarbiat Modarres  University ,Tehran, Iran  
 

Email: E.mina@modares.ac.ir 

Abstract 

Pressure flushing is a means of discharging sediments from reservoirs. Bottom outlets are among the 
main lateral structures of dams, which are used to control reservoir water pressure and discharge dam 

. Due to the high flow rate and pressure drop, problems such as cavitation can affect these 
The present research objective was to conduct a hydraulic analysis of the effect of the depth

ets and increased efficiency of flushing through the escalation of eddy 
currents around the gate. This investigates the discharge characteristics of a bottom outlet with a moving 
gate by Computational fluid dynamics. This study also includes the effect of the height to width ratio of 
the conduit on aeration and flow field downstream of the gate. Changes are applied in three cases of 
constant height (depth) and variable width, constant width and variable height, and both variable height 

al gate srea. Results indicated  that more aeration while heightening and widening 
of the outlet. Also velocity increase and pressure decrease is observed while friction head is constant. The 
pressure drop is mainly caused by the increase in gate height by which transverse turbulence on water 
surface declines and decrease and the Vortex number increase. Therefore, the increase in reservoir gate 
height positively and significantly affects flushing and Sedimentation .It was possible to reduce pressure 

tions and omit negative pressures by placing an air-entraining system after the bottom gate. In 
addition, the flow of air increases pressure relatively and decrease the risk of cavitation.  

Pressure Flushing, Dam reservoir , Bottom Outlet, Vortex number, turbulence models
 

of hydraulic structures require effective and reliable tools to be applied to a 
including spillways, intakes, or bottom outlets. Bottom outlets are used in dams to 

control initial filling, discharge reservoir sediments, release irrigation water, and reduce reservoir level for 
maintenance and overhaul. The outlet length in gravity and arch dams is relatively low, but it is increased 
significantly in embankment dams due to deviation inside abutments. A long outlet is normally divided into 

to reduce the length of the pressure access duct. The pressure part is controlled with high head and 
the other part is an outlet discharging the supercritical flow into the atmosphere. The gate is placed upstream 
the cement grout curtain so that the lengths of free and pressure tunnels are approximately equal. Hydraulics 
of the free surface is highly valued due to the air and water flow mixture, inflow and outflow of air, the 
aeration system, and the potentials for cavitation and abrasion under sediment flow conditions.

Based on the above goals, the design of bottom outlets is an important concern of dam designers, 
which calls for adequate certainty about filling capacity and proper performance of hydraulic installations 
and outlets (including gates and hydro mechanical installations). Therefore, to ensure the reliability of 
hydraulic performance of the bottom outlet of Jagin dam, the outlet model was built and tested in the Water 
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The present research objective was to conduct a hydraulic analysis of the effect of the depth-

ets and increased efficiency of flushing through the escalation of eddy 
currents around the gate. This investigates the discharge characteristics of a bottom outlet with a moving 

the height to width ratio of 
the conduit on aeration and flow field downstream of the gate. Changes are applied in three cases of 
constant height (depth) and variable width, constant width and variable height, and both variable height 

al gate srea. Results indicated  that more aeration while heightening and widening 
of the outlet. Also velocity increase and pressure decrease is observed while friction head is constant. The 

which transverse turbulence on water 
surface declines and decrease and the Vortex number increase. Therefore, the increase in reservoir gate 
height positively and significantly affects flushing and Sedimentation .It was possible to reduce pressure 

entraining system after the bottom gate. In 

Vortex number, turbulence models 

effective and reliable tools to be applied to a 
Bottom outlets are used in dams to 

and reduce reservoir level for 
maintenance and overhaul. The outlet length in gravity and arch dams is relatively low, but it is increased 
significantly in embankment dams due to deviation inside abutments. A long outlet is normally divided into 

to reduce the length of the pressure access duct. The pressure part is controlled with high head and 
the other part is an outlet discharging the supercritical flow into the atmosphere. The gate is placed upstream 

s of free and pressure tunnels are approximately equal. Hydraulics 
of the free surface is highly valued due to the air and water flow mixture, inflow and outflow of air, the 

w conditions. 
Based on the above goals, the design of bottom outlets is an important concern of dam designers, 

which calls for adequate certainty about filling capacity and proper performance of hydraulic installations 
o mechanical installations). Therefore, to ensure the reliability of 

hydraulic performance of the bottom outlet of Jagin dam, the outlet model was built and tested in the Water 
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In the present research, results of the experimental model of
validating the numerical model on the 1 to 10 scale. The objective was to study the effect of outlet geometry 
on the pressure field in the area under outlet pressure. This goal was attained by changing the depth to w
ratio of the outlet and gates using a numerical model.
 
 
2. Review of Experimental and Numerical Research 
 
Peterka (1953) was among the first researchers to examine the effect of aeration on the decrease in cavitation 
risk. His research revealed that by injecting 2% of air (ratio of air flow to flow rate in the outlet) into the flow 
reduces cavitation risk considerably. By increasing the air content from 6 to 8%, no cavitation
failure is observed. 

Oliveto et al. (1997) studied sewer hydraulic 
ratio, average discharge rate, tail water depth, and hydraulic drop along the sewer. They studied distribution 
of velocity in the outlet and conducted approximately a hundred tests to examine the upstre
number. Their studies revealed that Froude number significantly affects flow mechanism.
(2009) studied a physical model of the outlet, service gate, and the emergency gate of Narmashirdam. 
Following a series of experiments on this
hydraulic conductivity, they studied cavitation. In 2010, the measured pressure in Piezometers  installed on 
gates to study and measure forces and vibrations acting on gates in different op
Soleimanzadeh and Shamsai (2006) provided a numerical solution to the bottom outlet air
problem and measured and compared the forces acting on the gate with and without aeration. Studies were 
carried out on the air inflow ratio, cavitation index, mean air concentration, and axial air distribution at outlet 
depth. Najafi et al. (2008) carried out a numerical modeling of bottom outlets to study the flow of air and 
flow rate in the gate downstream outlet. They also calculated the 

 

3. Model Introduction 
   3.1.  Experimental Model Specifications

 
  Two bottom outlets were placed in the body of Jagin dam at the 114 and 124m elevations and were 
named bottom outlet 1 and 2, respectively. In this 
(1) depicts the experimental model of the bottom outlet of Jagin dam on the 1 to 10 scale of the 
prototype. 
 

Table 
Specifications 
Inlet span floor level 
Gates number 
Service gate 
Emergency gate (inlet) 
Service gate dimensions 
Emergency gate dimensions 
Service gate speed 
Emergency gate speed 

 
This outlet is equipped with a screen, bell opening, a fixed wheel gate (emergency), metal outlet duct, 

and a service slide gate. One of the characteristics of this design is that the emergency gate is n
to the service gate and the inlet bell span is designed in the arch. Therefore, overhaul of the service gate and a 
large part of the pressure duct, which is in the distance between two gates, is possible, but due to the lack of 
stop log grooves in the beginning of the inlet span, it is not possible  to maintain the short inlet. 
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In the present research, results of the experimental model of Jagin dam’s bottom outlet were used in 
validating the numerical model on the 1 to 10 scale. The objective was to study the effect of outlet geometry 
on the pressure field in the area under outlet pressure. This goal was attained by changing the depth to w
ratio of the outlet and gates using a numerical model. 

Review of Experimental and Numerical Research  

Peterka (1953) was among the first researchers to examine the effect of aeration on the decrease in cavitation 
by injecting 2% of air (ratio of air flow to flow rate in the outlet) into the flow 

reduces cavitation risk considerably. By increasing the air content from 6 to 8%, no cavitation

Oliveto et al. (1997) studied sewer hydraulic properties, which included the access duct, end depth 
ratio, average discharge rate, tail water depth, and hydraulic drop along the sewer. They studied distribution 
of velocity in the outlet and conducted approximately a hundred tests to examine the upstre
number. Their studies revealed that Froude number significantly affects flow mechanism.
(2009) studied a physical model of the outlet, service gate, and the emergency gate of Narmashirdam. 
Following a series of experiments on this dam and measurement of pressure head at different points and gate 
hydraulic conductivity, they studied cavitation. In 2010, the measured pressure in Piezometers  installed on 
gates to study and measure forces and vibrations acting on gates in different opening situations. 
Soleimanzadeh and Shamsai (2006) provided a numerical solution to the bottom outlet air
problem and measured and compared the forces acting on the gate with and without aeration. Studies were 

o, cavitation index, mean air concentration, and axial air distribution at outlet 
Najafi et al. (2008) carried out a numerical modeling of bottom outlets to study the flow of air and 

flow rate in the gate downstream outlet. They also calculated the distribution of pressure at the gate.

Experimental Model Specifications 

Two bottom outlets were placed in the body of Jagin dam at the 114 and 124m elevations and were 
named bottom outlet 1 and 2, respectively. In this research, only the outlet no. 2 was modeled. Figure 
(1) depicts the experimental model of the bottom outlet of Jagin dam on the 1 to 10 scale of the 

Table 1- Jagin dam bottom outlet specifications [8] 
Outlet no. 2 
Elevation of 114m 
2 (service and emergency gates) 
Slide gate 
Fixed wheel gate 
2.5mx2m (height x width) 
3.9m x 2m (height x width) 
0.3 m/min 
0.3 m/min 

This outlet is equipped with a screen, bell opening, a fixed wheel gate (emergency), metal outlet duct, 
and a service slide gate. One of the characteristics of this design is that the emergency gate is n
to the service gate and the inlet bell span is designed in the arch. Therefore, overhaul of the service gate and a 
large part of the pressure duct, which is in the distance between two gates, is possible, but due to the lack of 

ves in the beginning of the inlet span, it is not possible  to maintain the short inlet. 

Jagin dam’s bottom outlet were used in 
validating the numerical model on the 1 to 10 scale. The objective was to study the effect of outlet geometry 
on the pressure field in the area under outlet pressure. This goal was attained by changing the depth to width 

Peterka (1953) was among the first researchers to examine the effect of aeration on the decrease in cavitation 
by injecting 2% of air (ratio of air flow to flow rate in the outlet) into the flow 

reduces cavitation risk considerably. By increasing the air content from 6 to 8%, no cavitation-induced 

properties, which included the access duct, end depth 
ratio, average discharge rate, tail water depth, and hydraulic drop along the sewer. They studied distribution 
of velocity in the outlet and conducted approximately a hundred tests to examine the upstream Froude 
number. Their studies revealed that Froude number significantly affects flow mechanism. Husseini et al. 
(2009) studied a physical model of the outlet, service gate, and the emergency gate of Narmashirdam. 

dam and measurement of pressure head at different points and gate 
hydraulic conductivity, they studied cavitation. In 2010, the measured pressure in Piezometers  installed on 

ening situations.  
Soleimanzadeh and Shamsai (2006) provided a numerical solution to the bottom outlet air-water flow 
problem and measured and compared the forces acting on the gate with and without aeration. Studies were 

o, cavitation index, mean air concentration, and axial air distribution at outlet 
Najafi et al. (2008) carried out a numerical modeling of bottom outlets to study the flow of air and 

distribution of pressure at the gate. 

Two bottom outlets were placed in the body of Jagin dam at the 114 and 124m elevations and were 
research, only the outlet no. 2 was modeled. Figure 

(1) depicts the experimental model of the bottom outlet of Jagin dam on the 1 to 10 scale of the 

This outlet is equipped with a screen, bell opening, a fixed wheel gate (emergency), metal outlet duct, 
and a service slide gate. One of the characteristics of this design is that the emergency gate is not placed next 
to the service gate and the inlet bell span is designed in the arch. Therefore, overhaul of the service gate and a 
large part of the pressure duct, which is in the distance between two gates, is possible, but due to the lack of 

ves in the beginning of the inlet span, it is not possible  to maintain the short inlet.  
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Figure 2. A view of the experimental model of the Jagin dam outlet built in Water Research Center [8]

To protect the model from cavitation, in the pilot design, 
downstream the service and emergency gates with 800 mm and 200 mm diameters, respectively. The bottom 
outlet was built using metal in the distance between the two gates with a length of approximately 15m to 
increase protection against cavitation and abrasion resulted from high
maximum height of water behind the outlet is 38.6m [8]. 
 
3.2. Numerical Model Specifications
 
A numerical model completely matching the geometry of the experimental
dimensional model in Auto Cad, and different types of arches and slopes, especially a trumpet
mouth, were created. Afterwards, by extracting the model from Solid work software, meshing was carried 
out and boundary conditions were defined us
symmetrical boundary condition was used, and only half the outlet width was modeled. The result was a 
decrease in the number of cells (Fig. 2).

Figure 3. The geometry and meshing in the 80% emergency gate opening condition
 
 As seen, the model geometry is meshed as structured geometry and mesh cells are smaller near the 

wall. The number of cells does not exceed 50000. The number of cells was calculated usi
calculating the first node in reference [9] and it was optimized through trial and error. An increase in the 
number of mesh cells did not change the results (outlet pressure and flow rate). Ansys CFX was used to 
calculate velocity and pressure fields around the gate. The pressure inlet condition was used such that the 
38.6 m head was secured in practice. The zero pressure condition was satisfied on the outlet boundary 
because it was placed next to the aerator. The wall boundary condition 
assuming a flow velocity of zero at the wall. Raynolds stress was modeled using the standard
mode land renormalization group (RNG) model. Due to the slight difference between results of the two 
models only the RNG results were presented. This geometry is the basis of change, and results were analyzed 
and compared with the following ratios: hgate/b=2.40, hgate/b=2.10, hgate/b=1.60, and hgate/b=1.35. With 
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A view of the experimental model of the Jagin dam outlet built in Water Research Center [8]
 

To protect the model from cavitation, in the pilot design, two air-entraining systems were placed 
downstream the service and emergency gates with 800 mm and 200 mm diameters, respectively. The bottom 
outlet was built using metal in the distance between the two gates with a length of approximately 15m to 

rotection against cavitation and abrasion resulted from high-velocity flows. The predicted 
maximum height of water behind the outlet is 38.6m [8].  

Numerical Model Specifications 

A numerical model completely matching the geometry of the experimental model was designed as a three
dimensional model in Auto Cad, and different types of arches and slopes, especially a trumpet

Afterwards, by extracting the model from Solid work software, meshing was carried 
itions were defined use in CFX  [9] . Due to the existing geometrical symmetry the 

symmetrical boundary condition was used, and only half the outlet width was modeled. The result was a 
decrease in the number of cells (Fig. 2). 

The geometry and meshing in the 80% emergency gate opening condition

As seen, the model geometry is meshed as structured geometry and mesh cells are smaller near the 
wall. The number of cells does not exceed 50000. The number of cells was calculated using the formula for 
calculating the first node in reference [9] and it was optimized through trial and error. An increase in the 
number of mesh cells did not change the results (outlet pressure and flow rate). Ansys CFX was used to 

essure fields around the gate. The pressure inlet condition was used such that the 
38.6 m head was secured in practice. The zero pressure condition was satisfied on the outlet boundary 
because it was placed next to the aerator. The wall boundary condition was applied to the duct walls 
assuming a flow velocity of zero at the wall. Raynolds stress was modeled using the standard
mode land renormalization group (RNG) model. Due to the slight difference between results of the two 

RNG results were presented. This geometry is the basis of change, and results were analyzed 
and compared with the following ratios: hgate/b=2.40, hgate/b=2.10, hgate/b=1.60, and hgate/b=1.35. With 

 
A view of the experimental model of the Jagin dam outlet built in Water Research Center [8] 

entraining systems were placed 
downstream the service and emergency gates with 800 mm and 200 mm diameters, respectively. The bottom 
outlet was built using metal in the distance between the two gates with a length of approximately 15m to 

velocity flows. The predicted 

model was designed as a three-
dimensional model in Auto Cad, and different types of arches and slopes, especially a trumpet-shaped 

Afterwards, by extracting the model from Solid work software, meshing was carried 
. Due to the existing geometrical symmetry the 

symmetrical boundary condition was used, and only half the outlet width was modeled. The result was a 

 
The geometry and meshing in the 80% emergency gate opening condition 

As seen, the model geometry is meshed as structured geometry and mesh cells are smaller near the 
ng the formula for 

calculating the first node in reference [9] and it was optimized through trial and error. An increase in the 
number of mesh cells did not change the results (outlet pressure and flow rate). Ansys CFX was used to 

essure fields around the gate. The pressure inlet condition was used such that the 
38.6 m head was secured in practice. The zero pressure condition was satisfied on the outlet boundary 

was applied to the duct walls 
assuming a flow velocity of zero at the wall. Raynolds stress was modeled using the standard (k-ε) turbulence 
mode land renormalization group (RNG) model. Due to the slight difference between results of the two 

RNG results were presented. This geometry is the basis of change, and results were analyzed 
and compared with the following ratios: hgate/b=2.40, hgate/b=2.10, hgate/b=1.60, and hgate/b=1.35. With 
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all of these ratios, the input pressure is the same. Note 
were obtained by changing the outlet height and it is possible to obtain inversed results by changing the 
width. The “gate” subscript is omitted from references to h in the following. In this resear
higher than the physical model range and two ratios lower than that were used.

 
4. Research Results 
   4.1. Inflow Rate 

One of the main parameters influenced by variations of the depth to width ratio is outlet flow rate. Due to the 
change of outlet cross section and invariance of velocity, it seems a slight change in outlet h/b leads to a 
change in flow rate. Table (2) present the flow rates resulted from the software.
 

As seen, the flow rate resulted from 
experimental model. With an increase in the depth to width ratio of the outlet flow rate escalates as a result of 
the increase in the sewer inlet cross section with invariant head. Since the dam surplus wa
capacity is one of the important goals of building an outlet, the h/b parameter can majorly contribute to outlet 
design. 
 
  4.2. Average Velocity  
Distribution of average velocity along the outlet at different depth to width ratios is depicted
 

Figure 3. 
Based on the Torricelli relation and Figure (5) data it could be concluded that with an increase in 

outlet depth to width ratio flow velocity increases due to the decrease in 
flow rate (Cd).In addition, in the sections in the beginning and middle of the outlet, the difference between 
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all of these ratios, the input pressure is the same. Note that in this research, variations of depth to width ratio 
were obtained by changing the outlet height and it is possible to obtain inversed results by changing the 
width. The “gate” subscript is omitted from references to h in the following. In this resear
higher than the physical model range and two ratios lower than that were used. 

One of the main parameters influenced by variations of the depth to width ratio is outlet flow rate. Due to the 
outlet cross section and invariance of velocity, it seems a slight change in outlet h/b leads to a 

change in flow rate. Table (2) present the flow rates resulted from the software. 

Table 2- Comparison of flow rates 

 

As seen, the flow rate resulted from the numerical model shows a 2% difference from the 
experimental model. With an increase in the depth to width ratio of the outlet flow rate escalates as a result of 
the increase in the sewer inlet cross section with invariant head. Since the dam surplus wa
capacity is one of the important goals of building an outlet, the h/b parameter can majorly contribute to outlet 

Distribution of average velocity along the outlet at different depth to width ratios is depicted in Figure (3).

3.  Distribution of Average Velocity in the outlet 
Based on the Torricelli relation and Figure (5) data it could be concluded that with an increase in 

outlet depth to width ratio flow velocity increases due to the decrease in pressure drop and the increase in 
).In addition, in the sections in the beginning and middle of the outlet, the difference between 

that in this research, variations of depth to width ratio 
were obtained by changing the outlet height and it is possible to obtain inversed results by changing the 
width. The “gate” subscript is omitted from references to h in the following. In this research, two ratios 

One of the main parameters influenced by variations of the depth to width ratio is outlet flow rate. Due to the 
outlet cross section and invariance of velocity, it seems a slight change in outlet h/b leads to a 

the numerical model shows a 2% difference from the 
experimental model. With an increase in the depth to width ratio of the outlet flow rate escalates as a result of 
the increase in the sewer inlet cross section with invariant head. Since the dam surplus water drainage 
capacity is one of the important goals of building an outlet, the h/b parameter can majorly contribute to outlet 

in Figure (3). 

 

Based on the Torricelli relation and Figure (5) data it could be concluded that with an increase in 
pressure drop and the increase in 

).In addition, in the sections in the beginning and middle of the outlet, the difference between 
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velocities is more considerable than the sections at the end of the outlet. Therefore, by changing the outlet 
depth to width ratio, sensitivity to velocity in central section increases.

 
 4.3. Pressure 
 
Pressure at different points on the outlet floor is experimentally measured using piezometers. After 
comparing software pressure results to experimental results, the
width ratios as shown in Figure (4). 
 

Figure 

Note that in Figure (4), x reference to the distance from the drain inlet and L is the outlet length 
(1.98m). As seen, floor pressure decreases with an increase in h/b because as level of water from the outlet 
floor behind the reservoir remains constant (3
escalates as shown in Figure (3) and pressure declines subsequently. 
the h/b states under the control cross section surface equality condition

Figure 5. Longitudinal profile of water surface in the h/b states under the control cross section surface equality 

4-4- Vortex number  
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velocities is more considerable than the sections at the end of the outlet. Therefore, by changing the outlet 
pth to width ratio, sensitivity to velocity in central section increases. 

Pressure at different points on the outlet floor is experimentally measured using piezometers. After 
comparing software pressure results to experimental results, the results were obtained at different depth to 

).  

Figure 4. Distribution of pressure over the outlet floor 

Note that in Figure (4), x reference to the distance from the drain inlet and L is the outlet length 
(1.98m). As seen, floor pressure decreases with an increase in h/b because as level of water from the outlet 
floor behind the reservoir remains constant (38.6 m) and the outlet depth to width ratio increases, velocity 
escalates as shown in Figure (3) and pressure declines subsequently. Longitudinal profile of water surface in 
the h/b states under the control cross section surface equality condition as shown in Figure (5).

 
Longitudinal profile of water surface in the h/b states under the control cross section surface equality 

condition . 

velocities is more considerable than the sections at the end of the outlet. Therefore, by changing the outlet 

Pressure at different points on the outlet floor is experimentally measured using piezometers. After 
results were obtained at different depth to 

 

Note that in Figure (4), x reference to the distance from the drain inlet and L is the outlet length 
(1.98m). As seen, floor pressure decreases with an increase in h/b because as level of water from the outlet 

8.6 m) and the outlet depth to width ratio increases, velocity 
Longitudinal profile of water surface in 

in Figure (5). 

Longitudinal profile of water surface in the h/b states under the control cross section surface equality 
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Distribution of Vortex number along the outlet at different depth to width ratios is 
 

Figure 

According to Figure (5) The development of the bottom outlet by increasing its width and height leads 
to an increase in the outlet length and a subsequent decrease in pressure. The pressure drop is mainly caused 
by the increase in gate height by which transverse turbulence on wa
Vortex number and Flushing  increase
 
5. Conclusion 
 
In this paper, the flow inside a bottom outlet was modeled three
and pressure fields as well as inflow rate were compar
depth while width remained constant). 
of the outlet. Also velocity increase and pressure decrease is observed while friction head
addition, although the reservoir upstream head remains invariant, outlet flow rate changes due to variations 
of flow cross section and an increase in the depth to width ratio of the outlet leads to an increase in flow rate 
with invariant width. Hence, this finding is significantly important in design of outlets for discharge of floor 
from dams with adequate periods of time. It must be noted that this phenomenon is more important in non
uniform outlets, where slope increases or decrease or i
research. Bottom outlet tunnels are significantly important in the performance of dams. Therefore, pressure 
and velocity in outlet tunnels must be calculated precisely to minimize construction, repair, and 
reconstruction costs by increasing understanding of current conditions. 
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along the outlet at different depth to width ratios is depicted in Figure (6).

Figure 6. Distribution of Vortex Number in the outlet 

The development of the bottom outlet by increasing its width and height leads 
to an increase in the outlet length and a subsequent decrease in pressure. The pressure drop is mainly caused 
by the increase in gate height by which transverse turbulence on water surface declines and decrease and the 
Vortex number and Flushing  increase. 

In this paper, the flow inside a bottom outlet was modeled three-dimensionally in Ansys CFX. The velocity 
and pressure fields as well as inflow rate were compared at different outlet depth to width ratios (by chaining 
depth while width remained constant). Results indicated  that more aeration while heightening and widening 
of the outlet. Also velocity increase and pressure decrease is observed while friction head
addition, although the reservoir upstream head remains invariant, outlet flow rate changes due to variations 
of flow cross section and an increase in the depth to width ratio of the outlet leads to an increase in flow rate 

idth. Hence, this finding is significantly important in design of outlets for discharge of floor 
from dams with adequate periods of time. It must be noted that this phenomenon is more important in non
uniform outlets, where slope increases or decrease or inlets are trumpet-shaped, and calls for further 

Bottom outlet tunnels are significantly important in the performance of dams. Therefore, pressure 
and velocity in outlet tunnels must be calculated precisely to minimize construction, repair, and 

construction costs by increasing understanding of current conditions.  
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