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Figure 1. Flow regimes from stack overflow: a) Lossy diet b) Non-abundant diet (Chanson, 1994).
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Figure 2. Flow through a stack overflow with non-slipping mode and segmentation of flow areas (Zaretsky,

and Korchevsky, 1997).
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Figure 3. Cross section of vertical slope and stepper overflow.

S N|=0

SHH, b o u
hoon 1

5> fos ,
s gh‘ pw ghi (-\)

R L P Tl SRSt

sl s Slles (SUl bl 5 0 b
Sl e da o gl el Olsie ol 0L
el o st 1y S e 02 55

S

AH h' L'

H—0=f(;.f.FT) V)

gl cod /R ol bl Vol 0 L

Jsb 4 gl Jsb ced /L 5 by ¢l 4 &l
A2l by

Sl b Gk o S5 SSla IS s

GV IS AP K QL\;J

(kA )

PR IPRNN IS i IRCH LS Jyp JRp I P RN 11|
S35 SNl Oln 5 S b mally b ol oY
Slllas b o35S asie Al e IS SG
SHlel  (144¢) Oy
:JJ\JLS:M{ﬁ)':)JMQAH S sl
LI/ AS YR YSINGIVES [V LS S « Y Ol s &S

wh dob [y o bt B Al

Do (b 225 0 dlw josase o x Py
ey sl N G e S5 s e

0 G5H O il

b3 oo SlaS ol g daly e

f(AHl HO! q; hl ll le o, Nl ul g)



Ol)Se 9 3081 LS javes

|

B SIS ) o 5 Sl —t IS

Figure 4. Schematic combination of barrier stack overflow.

Cere am) wlo 2 sk 5 (20 55 ot Y Bl Sheslinad a3 sae bl Jeld e
S Coie aw) olr w3 Wl ) eslinal —8 3ok oo s (et 5 glakips (ke S L
Ja s dals sla sl b gl tlesT IS ¢ samme 2 Vo o s Wl Sl eslinal cailge 50
Al e sl Vi Sy oL iz 3o aly g3 53 Olejos Oyt
R 5 03 e 25 SRl ) Jad s Sslize 3 i b lesl )
il o 03357 LT ks el o om0l (FR=0.02, 0.03, 0.04, 0.05, 0.06)

(WM)L}QZ&AJJC\y}‘aJLﬁL&‘—Y

0T s Al ol jon 4 gl 295 53 oy p 3550 Sl - Jgds
Table 1. The parameters studied in this study, along with their range of change.
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Table 2. Specifications and Dimensions of the Barriers.

gl ol Sl Sl gl S5 S S .
Number of Sehematic diment Shape h h h/h L L L/L h/L
obstructed chematic impedimen obstructed
1 2 0.17 2 0.07 1
, Slie
2 h 4 0.33 6 0.2 0.67
Triangle
3 L 6 0.5 12 0.4 0.5
4 2 0.17 3 0.1 0.67
5 h i 2 4 0.33 30 8 0.27 0.5
. Thimbles
6 6 0.5 15 0.5 0.4
7 2 0.17 2 0.07 1
8 b = 4 033 6 02 067
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9 L 6 0.5 12 04 0.5
f"b 3l ‘;;an' -0 JSJ’»
Figure 5. A view of the flome.
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Figure 6. Triangular inlet overflow with a 90 degree head, initially flume.
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Figure 7. Centrifugal Pump.

V€0



IFAA (V) 0,lond (TT) s S5 g ol Cilis cla gy s puid

F

S
L
»

?

Bl b G g e S 55 gladi e A JSS

Vi

\ 523
|

Figure 8. Examples of stacked stacked barrier combinations.

23T SO Rl e B ey el
s S i
5 eslizl L Specified Pressure :(¢s5,5 5, )
.Cwd opl 3 use fluid elevation < ;S
Out Flow : =5 ,= j,0 .Y
wall :lae,LS 5 s X
wall .S 5 - 8
5l eslazsl L Specified Pressure NU 3, .0
use fluid fraction <. ;§
Symmetry :S 5L o5 o 3,0 1

5l el U Flow-3D 0 sl Jue lasl s
oS il 5y eddc a5 (Saadl sladute
L Sasl doe e QB L e 5 08

sy glastlesl 3L (iluas 4 bast o 508

€1

)|J'9|rf )‘ oslail L: &):"bj}i U‘i‘ B u.:.«ewA
s a5 S e gileans 4 Flow-3D
3 S amlin (S e b O s e
3 A OV Flow-3D 20, due b (55 luand
sy S CFD  (la fosdl)sias

MLJL;& FIOW-3D bylru.a oslazal R Lg)Lde.d

RS

bug edipbnl Sllae el Cewda =W
S el @l L sl St Flow-3D
Lo s adl oS ol anils |, Sopb sladis
5 Sl S e Sla slas ik
ol el azls pls Kl sl el
3 Skupte 5 adsl Dbl bl Sl e e
ey 5 a8 Oh LlBle S e Lmld e

Sl ol bl 4 Bl 038 6l



Ol o2 g (yguidl LS jipos

ol e oJJJT FIOW-3D Jpl.i) d.,Lc B

U‘i‘ DL ceJ::JLs Gl:) odalie L: Sl Jsb JAL@ A
oxls e RNG JQLJT Jbe 3l oloans

Shsleses & IS8 5o o pd e ealial et o 508

Flow-3D 2, Jdus ;3 0T sk e 5 AutoCAD s SISy 5 5 51 sl 4SS

Figure 9. An example of a step-by-step series mapping in AutoCAD and its placement in the Flow -3D

Mathematical Model.
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Figure 10. Comparison diagram of the relative energy loss in the stack overflow combination with obstacles in

the first step.
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Figure 11. Comparison diagram of the relative energy loss in the stack overflow combination with obstacles in

the second step.
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Figure 12. Comparison diagram of the relative energy loss in stack overflow combination with barriers in two steps.
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Figure 13. Comparison diagram of the relative energy loss in the stack overflow combination with barriers of

different shapes.
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Figure 14. Comparison diagram of the relative energy loss in a triangular barrier stack overflow composition.
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Figure 18. The simulated model with Flow-3D.
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Abstract

Background and Objectives: To pass the excess water and floodwaters from upstream to
downstream of the dams, a structure called "spillway" is used. This structure is vital and integral
as they should be ready for operation at any time. Stepped spillways are introduced as a viable
option for improvement of spillways facing problem when flowing the possible maximum flow
rate. Stepped spillways consist of stairs which start near the crest and continue to lower heels.
Increase of roughness leads to a uniform and continuous distribution energy of the flow over the
spillway. This is of great benefit for designers as is no need to create a power reduction plant
such as a relaxing pool (where energy should be dispersed at once), or in the case of need the
dimensions of these structures will be reduced.

Materials and Methods: In this study, to increase the roughness on the stepped spillway,
barriers are used to increase the energy dissipation. For experimental tests, a flume with a
90 degree bend was used in Islamic Azad University of Ahvaz (IAU-A). y selecting different
models of barriers on the stepped spillway in three forms with three different lengths and widths
and also using barriers individually and in combination with 5 different flow rates, A total of
140 tests were conducted. After analyzing the results, it was found that the stepped spillway
combined with respectively, triangular, rectangular and trapezoidal, reduced the depreciation
and energy loss.

Results: Triangular barriers, on average, increase the energy consumption by 15.9%,
rectangular barriers, on the average, increase the energy consumption by 13.7% and tipping
barriers by an average 11.2% increase in energy depreciation compared to the control model. An
increase in the length and width of the barriers results in an increase in dissipation and energy
loss. The two-step barriers have the highest energy dissipation and loss. By combining barriers
on the two-stair stepped spillway, there is an average of 14.4 percent increase in energy
dissipation. Based on the observations, rise in the Froude number from 0.32 to 1.71 led to a
decrease in dissipation and energy losses that is due to the immersion of the stairs below the
water level and the reduction of the roughness of the stairs and with the increase of the intensity
of the inflow phenomenon. The simulation results with the Flow-3D math model are close to the
physical model and on average only 6.3% of errors are acceptable.

* Corresponding Author; Email: ka57 amir@yahoo.com
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Conclusion: After analyzing the results, it was found that in the combination of stepped
spillway with triangular, rectangular and trapezoidal obstacles, decrease in energy depreciation
and energy loss are noticable. Also, comparing the simulation results and the physical
model shows that the Flow-3D mathematical model find less bias with the physical model and

closer to reality.

Keywords: Energy dissipation, Flow-3D, Obstacles, Physical model, Stepped spillway

Yol



