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ABSTRACT: In the present study, the hydraulic characteristics of vertical drops with screens and Review History:

the gradual wall expanding downstream using FLOW-3D software are investigated. For this purpose,  Received: Jan. 23, 2020

two porosity ratios of the screens of 40 and 50%, 5 gradually expanding with 3 vertical drop heights  Revised: Feb. 08, 2020

in the specified discharge range were used. It was found that the numerical results are closer to the  Accepted: Feb. 09, 2020
experimental results with the RNG turbulence model than k-¢. By increasing the drop height, the AE/E; ~ Available Online: Mar. 10, 2020
due to the jet floor impact intensity increased and yp/P value decreased. The maximum AE/E for 25 cm

height was 51.60% and the lowest for 15 cm was 44.25%. For a constant drop height with increasing  Keywords:
discharge, the AE/E decreased and yp/P increased. The gradually wall expanding causes turbulence ;. . . drop

on the edges and a non-uniform distribution of yd/P and by increasing yp/P and yd/P, it caused a 25% Porosity rafi
orosity ratio
increase in AE/E . The presence of screens increased yp/P, y /P, and AE/E | by 44%. The simultaneous Y

use of gradually walls expanding and screens caused a 46% increase in AE/E and a decrease in yp/P and  Turbulence models

y/P values. It was shown that the contribution of screens is greater than the gradually wall expanding, Gradually wall expanding

with their simultaneous application increasing AE/E up to 33.5%. FLOW-3D
1. INTRODUCTION AE
- =4V B 25 )
Vertical drops reduce the natural slope of the earth to the E, 'Y P
design slope. Thus sudden transfer and falling of flow over
drops case decrease the energy flow [1-3]. Also, the relative depth of the pool and the relative depth
In the present study, the energy dissipation with gradually downstream the screen are expressed defined as:
expanding walls and different porosity ratios of vertical y
i i L= f5(V.B.ZE) 3)
screens downstream of the vertical drops under different P f5(N,B, P

hydraulic and geometrical conditions is investigated using

FLOW-3D software. 3. METHODS AND MATERIALS

3.1. Governing equations

The FLOW-3D® software uses the finite volume method
to solve the three-dimensional Reynolds averaged Navier—
Stokes equations of fluid motion. These equations can be
written in a Cartesian coordinate system (X, y, z) and are
referenced to Ghaderi and Abbasi (2019) [4]. In this study,
AE =f1(p,u,8,.9W ,P,N t,d,y., 1 RNG and k-¢ turbulence models were used to simulate

YosB.yasy,) M) flow characteristics under turbulent flow conditions. The
turbulence models equations are referenced to [5-6].

2. DIMENSIONAL ANALYSIS

Fig. 1 shows the important parameters of the present
study.

Important parameters on energy dissipation can be written
as:

where AE is energy dissipation, p is mass density, u is

dynamic viscosity, g is gravitational acceleration, Q is flow 3.2. Computational mesh and applying boundary Conditions
rate, W is channel width, P is drop height, NV is porosity ratio, The numerical models’ simulation was performed
t screen thickness, d distance between screen and drop, y. according to the specifications of the laboratory model [7].
is critical depth, y, is upstream depth, B = b/ b, is gradual Table .1 lists th.e geometric and hydraulic conditions of the
divergence ratio, y, is downstream depth, and v, is pool depth. numerical SO]UtlQH. .

Finally, according to the Buckingham-theorem, the relative Based on this mesh-refinement study, a computational
energy dissipation can be defined as: mesh with 1620785 elements was selected for further
*Correspondi , o calculations, with the selected appropriate mesh results in a

ponding author’s email: bnayebzadeh@yahoo.com relative error and RMSE of 3.40%, 0.18 cm.
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Fig. 1. Vertical drop with vertical screen and gradually expanding

Table 1. Dimensional and hydraulic numerical parameters
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Fig. 2. Comparison of free surface profiles from numerical
results and laboratory [7]

4. RESULTS AND DISCUSSION
4.1. Data Verification

To select the appropriate turbulence model, compared the
free surface profiles at 600 L/min in numerical solution and
the experimental results with RNG and k-¢ turbulence models
(see Fig. 2).

The results of the numerical solution with the RNG
turbulence model provide closer data to the experimental
results. The highest percentage of relative error and RMSE
values were 3.99% and 0.01 m, respectively. Model validation
was performed by comparing pool depths obtained from
FLOW-3D results with laboratory results.
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Fig. 3. Comparison of pool depth of numerical and laboratory
values

The maximum relative error of the pool depth from
numerical solution and RMSE error were 3.78% and 0.018,
respectively. Therefore, there is a good agreement between
the numerical and laboratory values.

4.2. Effect of gradually wall expanding and vertical screens
on flow over of vertical drop

It is observed that by increasing the drop height, the depth
of the pool decreased, and the amount of energy dissipation
increased. Increasing the drop height from 15 to 25 cm
reduced the depth of the pool by 7.5% and increased energy
dissipation by 4.5%.
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Fig. 4. Energy dissipation at three different drop heights
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Fig. 5. The effect of the presence of gradually wall expanding
and vertical screens on energy dissipation
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Fig. 6. V-shaped and classic hydraulic jump in low discharge

The simultaneous use of the gradually expanding wall
and screen plates due to hydraulic jump and flow turbulence
increased the energy dissipation to 46%.

It can be seen that, with a constant gradual expanding
wall, the hydraulic jump tends to upward in the screen 40%,
while in the screen with the 50% porosity ratio, the hydraulic
jump moves downward. The jump formed after the drop is
V-shaped despite the screen plates.

5. CONCLUSION

1- Numerical results with the RNG turbulence model
provide closer data to the experimental results than the k-¢
turbulence model. The highest relative error percentage and
RMSE values were 3.99% and 0.01 m, respectively.

2- The gradually expanding wall created downstream of
the vertical drop causes turbulence on the jet sides as well as
the uneven distribution of depth below it and increases the
depth of the pool and the downstream depth on a drop below
25% of energy dissipation efficiency flows.

3- Applying for gradually expanding wall and screen
plates, on average, increases 46% the efficiency of the current
energy dissipation downstream of the vertical drop.
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Table 3. Numerical Model Variables
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Table 4. Boundary conditions used in the present study
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Fig. 2. 3D geometry of vertical drop with vertical screen and gradually expanding in FLOW-3D

$9333 350

\x

Goiino 9 (5330 bl p Jlosl Y S
Fig. 3. Applied boundary conditions and computational mesh
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Table 5. Flow depth results for discharge 7+ + L/min in upstream of the vertical drop

RMSE MAPE polie (5 Sile ol 0y Sileo
0,
(cm) (%) 1 oz Bas Pk es e eolaw b
13 2 1 G X o =X i N bl ol .
\/—Z(Xexp ~X ) 100x— e T v mls ARl mls iy
n na X
- (cm) (cm)
“IVE VYoV oAt aIvy A NS
Nial VA0 o/ oIvy B
-19¥ VY4 b/ay aIva C
<IYA oIYo 0I6) aIvy A anvesy
<0 fIVE oloY aIvy B
<IYE flov oloy a/va C
<Y AR oIt aIvy A VPYevAD
A Y/¥ A oIvy B
<IVA \AC ofY /YA C
Silodand lp i Gloj Bpo 9 VU jlop b a4 aiojls VY- VAD ey

osls olaxi 71 g (go3e sloosly |laie : Xoum ‘sblixz.al.aﬂ slrosls jlade :Xexp

4*7.5cm

(VY] oo ol 30T cpr (4l 5 cawdYU slodios cadils g Joxo P S
Fig. 4. Location of measurement upstream depths for mesh sensitivity analysis [YV]

b oo ol sl 2Bl mls L FLOW-3D 18l s 5
5 pileyl 5 oae @l 5l Jol> polie £ S o el
Qe o plii ] e o] acslis 51 ol slallas
Jol> il Ges polae Ol Wiy, a5 00,5 o0 cunline
IS 0 cdo Lol oo pBibel s ssles gooe @ls |
S 00,5 oo i (25T 5 o0 polie S5le 4 by
g3 Jor ) Sl 5 Bae i sl il e 25T
25l oo VA g 3oy YIVA s 5 4 RMSE slbs jlode g

D15 092y alisle;] g goae J> polie fyo o95 Gollas 14

YYvyy

Jol> Ol s & e @l £ Jgoz 90 UKo .ol 00 ooli!
s oo lii |y ekl mbs s FLOW-3D

Joe b oae J> 5l ool s bl a5 00,5 s cunlin
Condy 2Bislej] mls a4 55 o035 sl esls RNG  Suasl
iy & RMSE JJsie 5 (coni slas 000 0 iiien 080 oo
oolaiwl by Jow plo sly cplpl 0l o yio o/+) 5 00,0 Y149
@l @) 65 Sy s &S @l RNG (siasl Jas
s kg Siasl Jow a4 cons ool

=l 5l Jols Bl Ges annlio 55,k 5l oo v Cors



YYIVA B YYYY o VFer Jlo A ojlodd @Y 0,90 ¢ oS juol ylpas wdine &y il

free surface elevation
0.258
0.216
0175 Flow
0.133 -—
0.092
0.050
0.009
J 0.3
=—Drop 025
——Experimental Data
~o—Numerical-RNG 02
——Numerical-K-¢ FIOW 0.15 g
bl
F o1
0.05
T T T T T T T 0
16 14 1.2 1 0.8 0.6 0.4 0.2 0
X (m)

GREAT Ja0 59 1 038 S 31 908 0l el €0 [YA] 08 Le3T 5yl i (g2 S dumilia & JS
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Table 6. Percentage of relative error obtained from the numerical results for the two turbulence models
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