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Abstract: In the present paper pizometric pressure in siphon spillways is studied. In the past and present,
physical models are constructed in hydraulic laboratories to study distribution of pizometric pressure in siphon
spillways, but they are expensive, time-consuming and many difficulties associated with scaling effects and
measurement devices. Nowadays, using computational fluid dynamic (CFD) codes, flow behavior in the
hydraulic structures can be investigated in reasonable time and expense. This paper describes how the kind
of inlet and outlet and longitudinal profile of the siphon spillways influences the pizometric pressure. A
physical model and its several attachments plus finite element computational fluid dynamics software, "Fluent"
(ver. 6.0) is used in this research program. Findings from physical model are compared with computational
results. Ten pizometers were attached along the entire length of the siphon spillway's physical model. Pizometric
pressures were measured for different flow conditions and some part of the gathered data entered into "Fluent"
software as boundary and initial conditions. Results from several runs of software compared with
corresponding experimental data. It is shown that there is a close agreement between physical model and
"Fluent" predictions. As a result, "Fluent" has been recommended for modeling of the pizometric pressures in
the siphon spillways. 
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INTRODUCTION spillway, the pressure must not be allowed to drop too

A spillway is a hydraulic structure that is usually cause cavitations, destabilization of the structure and
provided to release flood that cannot be safely stored in possible failure. Large negative pressures can also be
the reservoir in order to prevent damage to the dam and caused by discontinuities in the crest shape. [1]
it’s downstream. Spillways of improper design or The analysis of flow over a spillway is an important
insufficient capacities have caused failure of dams. In engineering problem. With rapidly changes in
addition, many embankment dams have been identified as computational hydraulic for solving the governing
unable to pass their design flows without failure due to equations of fluid flow, engineers now face the decision
over topping. [1] of which method(s) to use in evaluating existing and

Siphon spillways have been used in many dams; the proposed spillway design. [2-3] 
prime reason is their ability to pass the full discharge over The use of CFD technique in analyzing flow over
the spillway with minimum increasing at upstream head. spillway is relatively new [4-11]. Cassidy [6] presented an
Other advantages of using these spillways are: their early attempt by using potential flow theory and mapping
action has been almost entirely automatic, their good into the complex potential plane. He was able to solve for
capacity for a minimum width of spillway, reliability of the free surface and crest pressures and demonstrated
action, simplicity of performance and construction, free of good agreement with experimental data for a limited
maintenance and operating expenses. number of solutions. Assy [12] used the finite different

Flow through the siphon spillway can pass with free method with a new representation of Neumann’s criteria
surface and/or under pressure state. In free surface on boundary points to simulate flow over spillways. Song
condition, it acts as an ogee spillway but in under and Zhou [13] proposed a numerical approach to study
pressure conditions it becomes as an orifice. In the siphon the  effect  of geometry  on  the  free  surface flow over a

negative. A large negative pressure on the crest can
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tunnel spillway. Olsen and Kjellesvig [14] numerically Physical fluid system provides a large amount of data
modeled the two and three dimensional flow over a more cost effectively with more flexibility and more rapidly
spillway for various geometries and solved the Navier- than with experimental procedures. CFD is able to
Stokes equations with the k-  turbulence model. Chatila overcome many difficulties that the physical model
and Tabbara [11] investigated the free surfaces of the encounters to measure flow quantities and phenomena in
fluid for several flow heads with finite different method inaccessible flow region or due to disturbance caused by
and solved the Navier-Stokes equations with the k- the instrument and/or by the experimental environment. 
turbulence model. Other researchers used the finite In this investigation a longitudinal siphon spillway
element method to obtained better convergence of the pressure profile under various discharges is investigated
solution [14-15]. Olsen and Kjellesvig [14] showed good using numerical and physical modeling. A two
agreement for water surfaces and coefficient of discharge dimensional CFD model (Fluent) is employed for numerical
for a limited number of flows. Tasi and Yue [16], Rahman modeling of the phenomenon. The predicted results by
and Chaudry [17] and Causon et al. [18] Hirt and Nichols the CFD model were compared with the findings of the
[19] discussed the advantages and disadvantages of laboratory physical model. It is shown that "Fluent" is
different free surface calculation methods. highly capable of simulating the longitudinal profile of the

One of the earliest researches on physical modeling water pressure along the siphon spillways.
of the siphon spillway was conducted 1928 [20]. It was
shown the rate of discharge increases with the head and MATERIALS AND METHODS
approaches a nearly constant value for higher heads.
Besides, it was shown there is an increase of the rate of Experimental Setup: A physical model of a typical siphon
discharge when the siphon discharging into air. Houichi spillway as shown in Fig. 1 was installed in the hydraulic
et al. [21] studied the siphon spillway having the Creager- laboratory flume. The model included two parts: the
Ofitserov profile, in four alternative models with various geometry of the spillway profile in bottom part is as per
configurations based on variation of the cross section. the ogee spillway with a small angle shape on the bed.
They formulated the coefficient of discharge as a function Ten pressure taps were installed along the entire length of
of the ratio of the head on vertical dimension at the crown the spillway which is shown in Fig. 1.
of the siphon and the Froude number. Holder and The location of pressure taps from the crest are
Eschimpff [22] determining the discharge capacity of flow presented in Table 1. Pressure of the flow along the
through the siphons was based only on the original siphon spillway physical model was measured for
design data which was theoretical. Further, the different flow discharges in pizometers. Depth of water at
interrelationship of the various discharge structures upstream and downstream was measured using a more
during high flow events was unknown. As a result of accurate point gauge which its error was less than one
these unknowns, it was decided to develop a physical millimeter. Average values of depth were taken based on
model to accurately determine the stage discharge several measurements. To assess the lateral pressure
relationship for this project. Babaeyan-Koopaei et al. [23] distribution of flow, two pressure taps were placed
investigated on hydraulic performance of Brent Reservoir laterally across the model. Observation showed that there
siphon spillway using physical modeling. It was found is no significant difference between water pressures in the
that the most stable conditions are provided by an air slot pizometers. Therefore, the 2D model was considered for
being cut into the spillway hood at an appropriate level. mathematical modeling. A flume with 1.9m width, 5.5m
This geometry provides excellent air-regulated stability. long  and  0.45m  deep  was   employed   for  experimental

Table 1: Distance of the pizometer locations from upstream

Pizometer No.

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10

Coordinate

X(m) 0 0.045 0.075 0.105 0.135 0.165 0.189 0.219 0.249 0.279

Y(m) 0.35 0.34 0.31 0.27 0.23 0.193 0.165 0.126 0.087 0.05
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A: Longitudinal profile of a siphon spillway B: Longitudinal profile of physical model

Fig. 1: Longitudinal profile of siphon spillway, its physical model and location of pizometers 

Table 2: Flow characteristics in the physical modeling in the assumed 2nd scenario

Discharge( m /s) 0.0197 0.021 0.022 0.023 0.0243 0.02543

Upstream head(m) 0.38 0.39 0.4 0.41 0.42 0.43
Downstream head(m) 0.03 0.04 0.05 0.06 0.07 0.08
Velocity(m/s) 1.48 1.55 1.62 1.71 1.76 1.87

Table 3: Flow characteristics in the physical modeling, in assumed 3  scenariond

Discharge( m /s) 0.026 0.027 0.0285 0.0291 0.03 0.0307 0.03163

Upstream head(m) 0.4 0.405 0.41 0.415 0.42 0.42.5 0.43
Downstream head(cm) 0.05 0.055 0.06 0.065 0.07 0.075 0.08
Velocity(m/s) 1.91 1.95 2.02 2.07 2.11 2.18 2.24

study. The siphon section was installed in the flume in an In third scenario the model was working under-
area with transparent side walls so that flow could be pressure state, but outlet was completely free. When
observed. One pump with 36 lit/s discharge supply flow spillway’s conduit was full of water the siphonic
into the flume, with two independent valves to control the action was started. In this scenario discharges were
flow. While conducting the experiments, some 0.026-0.0316 m /s (Table 3). In 3  scenario velocity
measurements were repeated to ensure that the results are reaches 3.24m/s. 
reproducible with the minimum possible errors. 

For a special condition over this kind of spillway The upstream and downstream water levels were
which passed flow in free surface and under-pressure measured using a very accurate point gage with ±1mm
forms, discharges were divided in three parts: error. A micro propeller was used for measurement of the

In the first scenario, free flow was passed over the discharged in a cubic tank with a triangular weir which
spillway; the flow condition was similar to an ogee was used for discharge measurement. Pressure was
spillway. Four discharges were chosen which two of measured using ten pizometers which were attached to the
them (0.00378 &0.01029 m /s) were also used in spillway physical model.3

Savage and Johnson [9]. This choice provided the
comparison opportunity. Velocity varied from 014m/s Mathematical Modeling: First fundamentals: with the
to 0.64m/s. concept of Reynolds time-averaging and rules defining its
In the second scenario flow was at an under-pressure application the present paper turns its attention to the
state. A sluice gate was used to submerge outlet of general conservation equations governing fluid flow and
the spillway. In this scenario siphonic action was transport phenomena as follows: [24] 
started and spillway’s discharge was 0.0197-0.0254
m /s (Table 2). In the 2  Scenario velocity changes (1)3 nd

from 1.48-1.87m/s. 

3 rd

flow velocity (with an excellent accuracy). Flow was
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The basic algorithm for advancing a solution in one time

(2)

conditions or previous time-step values for all
(3) pressure and other accelerations based on the

continuity equation.
(4) Update the fluid free surface to give the new fluid

The variables u  and u  are velocities in the x  and xi j i j

directions. Ø is generic scalar variable;  is the flow For making model, meshing, defining boundary layer
density; g  =acceleration due to gravity in i direction; P is need to use one of supporting "Fluent" program. [32] Ini

defined as the pressure; µ represents the molecular this study "Gambit" program is used. For each scenario,
viscosity of the flow;  is diffusion coefficient; S  is the five grid meshes: 15×5, 30×5, 60×8, 60×11 and 60×20 wereij

mean strain rate tensor; S=source; t=time, finally x  and x assumed. For each individual mesh, pizometric pressuresi j

correspond to x and y coordinates. of P1-P10 were predicted. Predicted pizometric pressures
Details and different numerical methods of solving were compared with corresponding measured pizometric

the above-mentioned equations can be found in standard pressures. The standard error equals to [ |P - P  |/n] and
CFD textbooks [25-27]. The volume of fluid as a method of root mean square error were selected as criteria for
solution evolved from the maker-and-cell method [29], but comparative section. P  is predicted pizometric pressure
is more computationally efficient. [6, 30-31] and P  is the measured pizometric pressure.

Besides solving for pressure and velocity in the flow To find the best grid mesh, several grid meshes were
domain, one important aspect is the accurate tracking of considered. Three of them were 70×20, 90×20 and 120×20.
the free surface. Sometimes multiple free surfaces would The examination of the spatial convergence of a
be involved in the model, in this study when free flow simulation is a straight-forward method for determining
pass through siphon spillway is free surface and closed the ordered discretization error in a CFD simulation. The
conduit. order of grid convergence involves the behavior of the

Second; in "Fluent" three models were considered solution error defined as the difference between the
for simulation of multiphase flow: volume of fluid (VOF), discrete solution and the exact solution. In this study two
Caviztion model and algebraic slip mixture (ASM). criteria were selected for evaluation of grid meshes. One
Besides, a well-known computational technique was method is Richardson Extrapolation; this is a method to
developed for turbulence by Hirt and Nichols [19] is obtain a higher order estimate of the continuum value,
implemented in the CFD code as "Fluent". It utilizes a true from a series of lower order discrete values. E  is the
Volume of Fluid (true VOF) method for computing free estimated fractional error for fine grid which is defined as:
surface motion [21] and the fractional area/volume [33]
obstacle representation (FAVOR) technique to model (5)
complex geometric regions [32]. In the application of the
VOF method some points should be considered: 1-flow
should be incompressible, 2-Cells without fluid have a
value of zero, full cells are assigned a value of 1 and
partially filled have a value between zero and 1. The true
VOF method tracks the sharp interface accurately and
does not compute the dynamics in the void or air region.
The portion of volume or area occupied by the obstacle in
each cell (grid) is defined at the beginning of the analysis.
The fluid fraction in each cell is also calculated. The
continuity,  momentum or transport equation of fluid
fraction  is   formulated   using   the   FAVOR  function.

increment follows three steps:

Compute the velocities in each cell using the initial

explicit approximations of the momentum equations.
Adjust the pressure in each cell to satisfy the

configuration base on the value in each cell.

c m

c

m

1

Where;  is the relative error [ ], p is the

order of convergence [ ], r is the

grid refinement ratio (r = h /h ), h is the grid spacing, h2 1 1

being the finer (smaller) spacing. Regarding this way the
minimum of fractional was calculated for mesh 120×20
equal to 0.0066. Grid Convergence Index (GCI) is the
second  criteria,    to   provide   a   consistent   manner  in
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Fig. 2: Defined mesh for the laboratory siphon spillway in
"Fluent" This study is going to compare original measured

reporting the results of grid convergence studies. The GCI spillway) with predicted pizometric pressures using
is a measure of the percentage the computed value is "Fluent". An evaluation of the pressure tap data in the
away from the value of the asymptotic numerical value. lateral direction of the model indicated that 3  dimension
[33] effects are relatively small and negligible. Comparison of

(6) coefficient of discharge resulting from physical and

Where F  is a factor of safety. F =3.0 for comparisons submerged and free outlet, the same comparison showss s

of two grids and F =1.25 for comparisons over three or that submerging outlet influences the flow discharge. Its

more grids. The GCI for first and second grid meshes causes siphonic action to be started in lower discharges.
(GCI ) is 0.0083% and for second and third grid meshes The effect of discharge on the pizometric pressure along12

(GCI ) is 0.0224%. Finally, GCI values corresponding level the siphon spillway in the free flow condition is shown in23

of accuracy can be calculated equal to 1.008573. It Fig. 3. 
denotes that the solutions are in the asymptotic range of As shown in the figure, more discharge results in
convergence. bigger  pressure.  Pizometric  pressure  in  each  pressure

Based on this part of the study it could be said that tap is also increased. From pizometer No. 1 to 5 due to
the pizometric pressure for the flow through the physical increasing  in  velocity,   pizometric   pressure is
model can be estimated to be with an error band of decreased.  In  pizometer  5 it reached the minimum value.
0.008%. Therefore, according to this grid mesh 120×20was In pizometer 6, due to existing deflector increase of
selected to be used in the mathematical modeling. Fig. 2 pizometric pressure is observed. Due to decrease in flow
shows the selected mesh drawn by the mathematical velocity near the outlet, pressure has been increased
model significantly. Table 4 compared experimental and

For each individual cell, average values of pizometric predicted water pressure along the siphon spillway for
pressure and velocity can be predicted at any discrete two discharges.
time using a staggered grid technique. [31] In the Fig. 4 and Fig. 5 compare measured and predicted
numerical modeling process of the present paper, the absolute pressures using "Fluent" for two different
following boundary conditions are selected: inlet velocity discharges in the experimental study. Maximum relative
as upstream boundary condition (left boundary); outlet error for this prediction is less than 4% and root mean
pressure as downstream boundary (right boundary); wall square error is less than 0.1%. When outlet of the siphon
with zero velocity (bottom boundary) and wall with zero spillway is submerged differences between measured
velocity (top boundary). "Fluent" has two solvers for flow pressures at P1-P10 is insignificant. Fig. 6 presents
equations: segregated and coupled solvers [32] that both distribution of pizometric pressures when outlet is
are according to the control volume method. But solving submerged.

of discrete equations in this two ways are different.
Segregated solver equation is solved periodic, but
coupled solvers are solved simultaneously. 

"Fluent" uses Semi-Implicit Method for Pressure-
Linked Equations, SIMPLE [26], SIMPLE Consistent
(SIMPLEC) and Pressure Implicit with Splitting Operators
(PISO), algorithms for coupling of pressure and velocity
variables. SIMPLEC has a better efficiency to solve
problems. PISO is used for compressible flow. In this
paper SIMPLEC algorithm was applied to incompressible
flow.

RESULS AND DISSCUSSION

pizometric pressures (in the physical model of siphon

rd

mathematical modeling in the free flow shows no
significant difference. Under-pressure condition for
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Table 4: Experimental and predicted pressures at P1-P10 for two discharges, 1  scenariost

Q=0.00378 m /s Q=0.01029 m /s3 3

----------------------------------------------------------------- -----------------------------------------------------------------------
Pizometer No. Experimental (Kpa) Fluent (KPa) Experimental (KPa) Fluent (Kpa)

P1 101.4176 101.4105 101.4213 101.4163
P2 101.386 101.381 101.3842 101.3853
P3 101.378 101.3737 101.3706 101.3775
P4 101.3545 101.361 101.3886 101.3642
P5 101.2685 101.2695 101.2669 101.2679
P6 101.4186 101.422 101.4379 101.4284
P7 101.386 101.3865 101.4005 101.3911
P8 101.3513 101.3505 101.3632 101.3531
P9 101.5107 101.4901 101.5207 101.5001
P10 101.6908 101.6856 101.7157 101.7059

Fig. 3: Variation of pressure at P1-P10 for two discharges, Fig. 5: Experimental and predicted pressures at P1-P10
1  scenario (Q= 0.01029 m /s), 1  scenariost

Fig. 4: Experimental and predicted pressures at P1-P10 Fig. 6: Measured pressures at P1-P10 for three various
(Q= 0.00378 m /s), 1  scenario discharges, 2  scenario3 st

In the case that the outlet is submerged, siphon acts Table 5 demonstrates influences of the outlet
in lower discharge. Rather than previous cases; in submergence on the pizometric pressure and the flow
Pizometer No. 1-4, pressure is negative and for other taps discharge in the siphon spillway model. The maximum
pressure is positive. Under-pressure condition more average error for this scenario is 8.0% and root mean
discharge caused lower pressure. This decreasing in square is less than 0.2%. As can be seen, for the similar
submerged outlet is lower than free outlet. Table 5 upstream condition as 3  scenario, experimental and
presents experimental and predicted pizometric pressures computational flow discharges of second scenario are
for 2  scenario. lower.  For  similar  upstream  conditions  as  3   scenario,nd

3 st

nd

rd

rd
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Table 5: Experimental and predicted pressures at P1-P10 for two discharges, 2  scenariond

Q=0.021 m /s Q=0.023 m /s3 3

----------------------------------------------------------------- ----------------------------------------------------------------------

Pizometer No. Experimental (Kpa) Fluent (KPa) Experimental (KPa) Fluent (Kpa)

P1 100.6251 100.646 100.5803 100.5702

P2 100.7929 100.8023 100.7734 100.7591

P3 100.8465 100.8797 100.7939 100.7799

P4 101.0378 101.0366 100.9888 100.9479

P5 101.4382 101.4275 101.4183 101.4204

P6 101.7799 101.7401 101.7758 101.7963

P7 101.9135 101.8964 101.9293 101.8921

P8 102.2016 102.2089 102.2173 102.2698

P9 102.5132 102.5364 102.5817 102.4783

P10 102.9952 103.0265 103.0517 102.9688

Fig. 7: Experimental and predicted pressures at P1-P10 Fig. 9: Measured pressures at P1-P10 for two discharges
(Q=0.021 m /s), 2  scenario (non submerged), 3  scenario3 nd

Fig. 8: Experimental and predicted pressures at P1-P10 Fig. 10: Comparison     of        experimental     and
(Q=0.023 m /s), 2  scenario predicted pressures for non submerged outlet3 nd

flow discharges in 2   scenario  changes  0.0197-nd

0.0254m /s. Fig. 7 and Fig. 8 show comparison of Under pressure flow with free outlet, when siphonic3

"Fluent"’s outputs for two discharges in the second action starts increasing in the flow discharge causes
scenario. Figures show "Fluent" is able to simulate decreasing of the pizometric pressure along the siphon
distribution of the pizometric pressure in the physical spillway. Difference between pressures at P1-P10 for two
model with an acceptable average error less than 1%. selected discharges is significant (Fig. 9).

rd

(Q= 0.026 m /s)3
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Table 6: Experimental and predicted pressures at P1-P10 for two discharges, 3  scenariord

Q=0.026 m /s Q=0.0316 m /s3 3

----------------------------------------------------------------- -----------------------------------------------------------------------

Pizometer No. Experimental (Kpa) Fluent (KPa) Experimental (KPa) Fluent (Kpa)

P1 100.2026 100.1577 99.6431 99.6321

P2 100.4325 100.4783 99.9541 99.9512

P3 100.3985 100.3714 99.7714 99.7385

P4 100.5366 100.6921 99.8061 99.8448

P5 101.006 101.0127 100.3329 100.3768

P6 101.3867 101.3865 100.7211 100.696

P7 101.5841 101.6005 100.9763 100.9229

P8 101.9036 101.9211 101.2481 101.247

P9 102.2967 102.285 101.5319 101.5312

P10 101.8651 101.8903 101.9555 101.8699

Fig. 11: Comparison of experimental and predicted velocity for under pressure flow (Q= 0.00378 m /s)
pressures for non submerged outlet (Q= 0.0316
m /s) Table 6 indicates "Fluent" is able to overcome3

Fig. 12: Comparison of Theory and predicted pizometer big difference between observed and predicted pizometric
velocity for free flow (Q= 0.0316 m3/s) pressures may be due to reading of the pizometric

As  shown,  submerged  outlet  is  the  cause for a nodal point is decreased significantly comparing to 9
very different longitudinal profile than the second nodal point. "Fluent" has been able to cope with this
scenario in the paper. This could be due to free surface variation very excellent. Comparison of experimental and
flow at the end of the physical model. 3  scenario’s initial the simulated pizometric pressures corresponding tord

and boundary data are entered in the software to be run. Q=0.0316 m /s is shown in Fig. 11.
Several runs have been undertaken and considerable Maximum average error for this scenario is 3.0% and
amounts  of  output  are gathered. Table 6 gives two mean square error is less than 0.1% which both are
series on these findings corresponding to Q=0.026 and acceptable. In all pizometer the amount of velocity at the
0.0316 m /s. center  line  of spillway was measured and compared with3

Fig. 13: Comparison of Theory and predicted pizometer
3

simulation of the pizometric pressure in the siphon
spillway for the third scenario which is very different from
the second scenario. Measured pizometric pressures
along the physical model of the siphon spillway and
predicted pizometric pressures by "Fluent" for Q=0.026
m /s (when the outlet is not submerged), are compared in3

Fig. 10. 
As observed, "Fluent" has predicted the flow

behavior along the physical model very successfully. The

pressure error. Due to free outlet the pressure in the last
th

3
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the analytical velocity that computed according to 2. United States, Army Corps of Engineers Waterways
continuity equation. Experiment Station (USACE-WES). Corps of Engineer

As shown in Fig. 12, in free flow condition velocity hydraulic design criteria, 1952, revised in subsequent
increased from pizometer 1 to 5. in pisometer 6,7 due to years.
decreasing in section area velocity increased, after 3. United States, Army Corps of Engineers (USACE).
deflector with increasing of section area and increasing in Hydraulic design of spillway, Technical Engineering
pressure, velocity was decreased. and design Guides; 1995: USACE No. 12 

As shown in Fig. 13, under pressuer state, from 4. Higgs, J.A., 1997. Folsom Dam Spillway Vortices
pizometer 1 to 5 the velocity point declined, with Computational Fluid Dynamic Model Study,
decreasing of section area. in pizometer 6,7 seen that Memorandum Report, Water Resources Research
velocity  was  increased,  after this section the velocity Laboratory, Water Resources Services, Denver
curve has a negative slope. Technical Center, Bureau Of Reclamation, United

CONCLUSION 5. Kjellesvig, H.M., Numerical modeling of flow over

In the present paper, longitudinal profile of the 1996.
pizometric pressure in the siphon spillway was studied 6. Cassidy, J.J., Irrotational flow over spillways of finite
using physical and numerical methods. First a physical height.  J.  Mech.  Engrg.   Div.   ASCE.,    1965.  91(6):
model including a small flume and a small siphon spillway 155-73.
was constructed in the hydraulic laboratory, SCU. Three 7. Ho, D.K.H., K.M. Boys and S.M. Donohoo, 2001.
different scenarios were assumed. They covered a wide Investigation of spillway Behavior under Increased
range of real conditions. Discharge, velocity and Maximum Flood by Computational Fluid Dynamics
pizometric pressures (10 points) along the model were Technique. 14th Australasian Fluid mechanics Conf.
measured for each assumed scenario. Then, the initial and Adelaide Uni. Australia,
boundary conditions of each flow condition (in each 8. Unami, K. and T. Kawacho, 1999. Two Dimensional
assumed scenario), in the physical model were entered in Numerical Model of spillway flow. J. Hydr. Engrg.
"Fluent". Corresponding to measured pizometric ASCE., pp: 125.
pressures (in the physical model), were predicted for the 9. Savage, B.M. and M.C. Johnson, 2001. Flow over
same locations using "Fluent". Several selected measured ogee spillway: physical and numerical model case
and predicted pizometric pressures were compared. It is study. J. Hydr. Engrg. ASCE., 127: 8.
shown that "Fluent" can overcome all assumed scenarios 10. Ho, D., K. Boys, S. Donoho and B. Cooper, 2003.
flow conditions and its predictions are in very good numerical Flow Analysis for Spillway.43th ANCOLD
agreement with experimental findings in the physical Cof. Tasmania,
model. Therefore, "Fluent" would be a very good 11. Chatila, J. and M. Tabbara, 2004. Computational
alternative for physical model to study water pressures in modeling of flow over an ogee spillway. Computer
siphon spillways. As a final result, "Fluent" is and Structures, pp: 1805-12.
recommended for study of the pizometric pressure profile 12. Assy, T.M., 2001. Solution for spillway flow by finite
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