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Abstract

Introduction: This paper presents an experimental study on a proposed dissipation structure
consisting of a series of cross beams tested in different geometric configurations and hydraulic
conditions. First, the effectiveness of this system was analyzed in terms of uniformity of flow
and bed velocity. While observing the dissipating mechanisms, in the next step, the system
performance under variable tailwater conditions by describing the three-dimensional flow
patterns observed in the downstream channel with a gradual decrease in downstream level to
70%, 80%, and 90% of tailwater depth in the conditions the reference experiments were tested.
Measurement of three-dimensional velocities to determine the parameters of flow uniformity,
momentum, and energy coefficients, analysis of three-dimensional velocity distributions,
turbulent kinetic energy, supplementary studies on the development of isothermal line
concentration and drop energy losses of reference experiments, and optimal case compositions
were examined. The results showed that in addition to the similar qualitative trends of 3 and
a, the flexibility of the dissipation structure has high efficiency in the effective homogenization
of the flow in the abrupt expansion channel, even in the downstream water level conditions.

Methodology: The experiments were performed in the hydraulic laboratory of Shahid
Chamran University of Ahvaz and in a horizontal rectangular open channel with a length of
12 m and a width of 1 m with a height of 0.87 meters. Flow supply was provided through an
open tank with dimensions of 7 m by 5 m at the height of 2.5 m. Hydraulic S-jump was
performed with sudden expansion and design and construction of ogee weir. With the
formation of S-jump, the conditions for the depth of hs downstream in the end control section
were set, equal to 0.19, 0.15 and 0.11 m, respectively, to create three 7.4, 8.7, and 9.5 Froude
numbers. Measurement of longitudinal velocity at a fixed height of 0.5 cm from the bottom of
the canal and longitudinal sections of 0.25 from each other in the first 2 m of the downstream
canal, and the other ones at distances of 2.5, 3, 4, 6, and 8 m from sudden expansion. Finding
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the best configurations to achieve a uniform flow and reduce the velocity distribution was
done in most of the critical areas downstream of the structure. For the levels of reference
experiments, 54 geometries of the energy dissipation system with different configurations
were studied. Experiments showed less effective energy dissipation for downward system
orientation. Therefore, 162 experiments were performed using the structural system in the first
part of the laboratory study. For further studies of the performance of the energy dissipation
system under variable downstream conditions, which gradually reach 70%, 80%, and 90% hs
with downstream water level decreasing.

Results and discussion: The results showed the values of Bv and vme?. v calculated for three
Froude numbers and different geometric parameters of the system, which means the absolute
distance of 1.65, 1.85, and 2.55 meters from the expansion section for P =0.4, 0.6, and 0.8 meters,
respectively the effectiveness of the system (beam configurations) in homogenizing the flow
and reducing the bed velocity is clearly evident, even for the worst performance settings.
When using the structure, the mean 3b is almost less than 1.1 with vmv?; the corresponding 3o
was measured to be approximately 0.1 m?/s2. According to the observed efficiency of the beam
system, 3 of the best performance settings of the structures were selected for Fr = 9.5 to the
flow characteristics along with the flow and downstream of the structure. Energy dissipation
should be fully described. According to research results, the qualitative trends of 3 and o are
similar. Three-dimensional velocity distribution analysis showed that this type of structure
has the flexibility to effectively homogenize the flow in abruptly expanding channels, even in
the conditions of downstream water level varieties.

Analysis of the turbulence kinetic energy indicated that smaller vortices contribute to
turbulence at the surface and promote mixing in the flow interface until they reach maximum
value during the study period. This period was from x = 0.3 m to x = 2 according to the
definition of the ratio of energy losses to initial energy as a relative energy loss or jump
efficiency (n).

Conclusion: The use of different geometric configurations of cross beams shows the
effectiveness of beams' contribution in homogenizing flow and reducing bed velocity. Study
of the effect of crossbeam system distance from expansion (P), an essential parameter in the
effectiveness of geometric configuration of the structure, was presented. The concentration of
turbulent flow caused by the jet hitting the beam system, particularly the first beam, leads to
a significant energy loss in the area between the first and 2nd beams. Before leaving the main
system, the bubbles, leaving the system energy in the same evacuate the area and saw a calmer
flow in after areas of the structure. The study of turbulent kinetic energy showed that the
conversion rate of the high state from the mainstream after the beams (Conversion of mean
flow) to turbulent flow occurs in some cases. Also, in all Froude numbers of reference
experiments, the trend of increasing the relative energy loss to a cross-section of about 2.5 m
after cross-section expansion is increasing. Hence, with a steady, almost linear trend, it extends
to the end of the section, and with increasing Froude number, the amount of energy loss
increases, which is the case with Neisi and Shafai Bajestan (2013) agree that the relative energy
loss in expansion sections is a function of the initial Froude number and the ¢ ratio.

Keywords: Sudden expansion, cross beams, hydraulic S-jump, flow patterns, energy
dissipation, stilling basin.

© 2023 Iranian Hydraulic Association, Tehran, Iran.
'@ @ | This is an open access article distributed under the terms and conditions of the
Creative Commons Attribution 4.0 International (CC BY 4.0 license)

(http://creativecommons.org/licenses/by/4.0/

Journal of Hydraulics
18(1), 2023
20


http://www.iha.ir/

Oln! Sgyuad (pozxl b3y allio
ot
Slg yod dg i S5 https://doi.org/10.30482/jhyd.2022.333263.1595

S,
o
Iranian Hydraulic Association

DR A 00 qblie Sy oile zib (AELLIT vy
S Sl 519 ablao S E Okl

POl  Slad 3g0mm0 § f 9 3395wl 3 BT M S8k pucodww ¢ TOb IS Slg ! I e Sl e

Ol lsal oyl pazasgd olKiils Wy bume 5 ol (waige 0aSiils « o (sloejlu 0,5 ST (sloojlu (55 Joamedl &4l -
Ol leal ol pezaed oA s ) bamme g Sl o 00zl ¢ ol sloolu 0,5 jLosils -

Ol Glsal ol rezranged oRalS (i Jame g ol (cwiige 0aSiisls (ol (loojlu 09,5 Lokl -Y

Ll L Aquila, Via G. Gronchi oKils « g lore 5 Cuns ) bame ()] joe cwdige 09,5 jLolwl -F

Ol Gleal oyl pazasg olBisls W s e 9 Ol (cwiige 0aSiils (o (sloejles 05,5 oliwl -0
" j.ahadiyan@scu.ac.ir

www jhydihair (S 4 pm o8y $EE VEVANY bk A F YT sl

sy 2l bl 5l (B 50 (J onl bl (il slaazeoge SIS (l38l (6l cmmlie Jo of) Wil o phaie blusl oduS
as allie cnl o9 SLL (JUI) dnlpl o piioy (oaidge Sy 35 505 g 0y lEL b2 4 e Wl e b2 (55lLL ogllaals
iz (Sgpann Lulid g cwsis slaganeaS 5 0 el Giolojl cablite (sla s (g pm diz jl ool b 26 Gz S plosl
L bl byl o aileln )15 .0l Jdos g 4y 500 mlﬁyl):.w')o O PR - PEL W = IV DY W) R eI ‘)'Lé] BTy
O3l @y bl 3o OLb Gos TA- 5 TA Ve 4 il Ol s (05 2l L sam a by slagSl iogs
&59 Jelod 5 a2 (655 5 piiege by (Olyz (S8 Sl dziil ) s 6l om ds Slo Sy (655 ol
stabesl Ll 55 B 65 Sl 5 (i o bslas 55505 dnngh (oSS 5l (o o SRST stz 5550 v an gl s
S5 el Sl b a5 g B asilen (S Wy, 938l A5 ol LS S alh (e eatite Sl s S S g a2 e sle
3 655 280 o5l oS uh csaliive (rizres wiili oo Ol FEIESS (o) 2 (bl Slaazinl B plgie ) piege 5 (A
ojbos 5 g @25l Gy 5o el gisllae o Shos (Sl 5 pite s Gl Sl gl Ll S s (S il Fse il (Sen
iz 551 Slopd ki g Wb dslone (s g (0058 (Bl SLl) )0 Sty (sla Glugi ¢ At G S 5 A 5 D 99,8 6]
ey 3 3l 513 13N SLL b TKE (ljee o s 35 505 cdndh (s ioe 5 0 03ls Lis ZIYt plp 8 (TKE) (S|
Al o o 1y by (S sl i 6550 sl e (55 9o, VEIFA g0 0 TKE S /¥~+/8 slo o)lje ¢S o5 bghas
Laslio ;0 9 ¥ (gaiucaS 5 0 (65,80 8l iy aS ol lias ablise (sl o 5l oslaswl b (b (oand (65,50 2l Jdow colys jo
FEIVA oo 4 alin jobo as e0,ls oSl VY)Y ot b e ¥ alols 5 ()T jo o (65,0 2l 33l s, a5 g yo Lasl,
Db S, 51 5em s (e yo 5 adaite bluwdl 9929 b (6551 €8 00 ojles (pl 1 050 co cge |) (o (5531 28l 20581 0o )

Ped (oo dposi

il sbamsy> o551 cd,pum ol lasS slalols g am S ablite sl ( SSE blus! 10y 51gauls

559935 Ol aslpl awain 4 (Sdgpaee Sip S dodilo —)
OISl 5 53)lyoy0 Sl iy anlpl DU Ll el )| slaazos> 5 (Sl sloiy sl oS
S Sy 000 o S sl 5l 050 o el o 3 6l Lads ol cnpiise s ol 5l S0
az—ds> &S 0 Omly sl sl L ojlad ogg ool sl o ol Silew 65,50 o p
Sl b o ol) Sy it 480 4y 55 il s sl B35y g gl oy ) aile gy

Journal of Hydraulics
18(1), 2023
21


mailto:j.ahadiyan@scu.ac.ir

VoY o) Sod 3 J5 ole o2l

bl Gap o3l b (BB Lo3T (w2

azy oS el Ol Gos el Y aS wes e 2
Ol yoaS e YL o bladl sy Caas 4y o g
3 Sy 4 dn b il b 4 ol > S
S g el 00 35 et bl g e SO olacl
S o Sl e By 13 55 (AT esSxo oy
bl 3 il el S Gop Sl azg b
it a3 a5 S ogilly 381 o o b
s oo 5 ol avlnl o (Ysb ojly o a5 Vb (xdse
ol dzog> o )lgs 5 S 50 cely wlgi e
sl ly it 2Ll 9 iz 4 5L b 0
il Gl Caz 5l 2d))0m sl ol g L)Ll
DS e azs |y Gin el ol gz ot
&5 iy 00 sloan] B Ldie; onl o oo,
Sl Ll b sbaanl 1] 3 a5 sloslus 7,k 5l b
Bremen and « Jlws job 4 .ol oo ploil s oo &,
z=l=,o Zare and Doering (2011) 5 Hager (1993)
o ailin] Gl ool wisls las 095 la )
bl Jisn cwopml 0 &ly ose plei b 535
ol ool b olz slacShy sge o il
Ao bl avlnl (655 0 b3 (el 55 o)l & j5—o
Neisi and Shafai Bajestan ;S0 laame 05— 2dlg
Torkemanzad et 5 Hassanpoor et al. (2017) ((2013)
3 05 sle s 655 cod, 0 eo3l al. (2019)
D0, e |y SLSL bl s slaaal
—p Sly 7 Liegi G Scorzini et al. (2016)
| adolite sl 5 51 ISt ailelus S (slns 3550
Ll b anl )] S s by slosSl sgme sl U5
bl S o e /FAL il bl e b GLSU
Geios mliipli wads S bl | axls 60959 ol
G0lS 5 sz 1Sy slie el IS ol
wols Gl g 63,8 (bl |y paws S e Jobo (2S0lee
Ol Ll b Ssre 50 WlgS oo (oli—iiny o)l &5
50§75zl 2o il 3 Shoe LG anl 415

3 Transitional Hydraulic jump or T-jump

ol eolanwl iz Sem (9,0 (65,50 cdl 1 lialsl
Herbrand, 1973; Hager, ) .cwl SkSU o,e blal
.(1992; Bremen and Hager, 1993; Omid et al., 2007
Lgl.ﬁo.\.x.\.a. su_)La.La. d,o.c uaL? Ja.s‘)_w 6‘)" sJL‘? L)"‘ La.
(il gl ol @bl asile psllaals
g il oz 5l (3l slaplus 5 oz Sadlr
50 Ailgs oo oduay (ol 095 cwoirul anlpl jo
Lsul.bu.ulﬁj.n DS C) )...u l.(bc\.ﬁ‘)j )‘ LS)‘%-.'%?& .L:J‘)_..u
i Sl ) (B e 5 05—doe S Az
(Scorzini et al., 2016; Hajialigol et al., 2021)

Olog bz sl sle 4l Jols 515 sl ol >
anlpl (65050 clpSOl bl 5 5 ol g0 sle
ol g lid cow b bl s gl il ce bl
Lo odlsn aiile olo,aie (bl anlyl o Slw )
(8 slo g, ;550 Liolen do casSTas g Lo Gl il
)‘(.5]"‘§5j‘> 6‘;)45&.)&._“ ‘Ssl.b o)L_m d.x_mycbjm
(Blevins, 1984) &g, o )5 4 oy laeb b > oyl i
=y ebladl Ghls sloax b4 5l ool wl a0
S ax b9 ;o Sy, S 9,90 50 AlSe o
.(Bremen and Hager, 1993) ¢l oo plxl oSl
el by 4 bles ( SLSL bl Lol ali
5 Sl O S5 e o ls (K Jle g0 4 a5 cl
ol Jsb s an 990 (nl 8999 S o5 e
S Sa gl e ol (B o a5 oo o) LELS
‘|9,:a l_xs_;‘ 0)9:5).35 p.b)b L)"‘ AS jo RELY < J_o.c
Jae Swd b 4 g oasd bglsee O L lsa 5l oz
sgbien il e slacla IS8 @ Cole )0 5 09d (o0
L glodanlyl o (Slgpae glagsy (IS cdl> o
bl Ges s g9 a4 oles o 1) SLSL bl
Hasdls (Sdgpuee Gip Jeld (S amly SanBse
L JUE! B Tl s sl Al ald (Sl oy
Eia S 53 (Sdgpanm oy 08 gon abb Tl

1 Repelled Hydraulic jump or R-jump
2 Spatial Hydraulic jump or S-jump

Journal of Hydraulics

22

18(1), 2023



\f.¥ )LQJ. Al c)l.o.{;') dA 099

Sy yuad

Toe oo slaas, ol ol plasel y e sl Juus
S Sy o5 Jelov g 0ad (o) p Bl 52518
by a5 b ojlw (g S 5 (Slgyaee g i
slacl 31 6 558,53 o5l g 3,20 Scorzini et al. (2016)
Alizes GlagancaS 5 (o) b e 0D g A5 093
b o sl otz Lyl 5 b gdaie 09,8 slael g b oL
dilome 3 g0 S5 Sl p o] sloaige dogy )y
G..uL..u‘ GLQAM‘)S (GO dw @u_wu.c)_..u las R
JrsS o adled poas o o Logasy caS 5 oyl
P 1S1s ablis ;oS o)Ll 5y 5l (b Sl 3
28l fign s SSE blucsl byly 8 Lo 3,
g, g olgo =¥

Giblf..i’..;l.oﬂ Ol ez —V-Y

Oz g olKitils Silgjum olSilesl jo o ioles]
5 e VY Job au a8l Lbat v 5L anlpls g slsal
S5 iy ool jie LAY gli5 )b e ) e
Gkl fe VO elasl )0 ye 050 e ¥ oslal g s,
009 e anl I (609,9 dJg) 4 g0V g8 S alg) ailalis
wal ] glsl jo .o als oage w1y pgls Ly u‘-‘L 3
ozl sl g dhewgy Sws 0l 5l Ol S
e o aloel e il A x) e+ olal by g LulS Sk
oo 0> 50 Gl (Vb Gl g a0 gl
oty S5 0005 sl B ol 3 o3l S5
Babzs opl j0 (aBlinle] Slipms a5 74k )

el 00l 00l ULW.:

Gz (Sdg s glvaziol 8 -Y-Y
@ axgi b GLSU bl b (Sdgyoae oy sl ¢l p
5 b au pladl ‘@Muji aslpl (639,9 i35 ol
b 2ol ) L Gl 20t Tig 895 51 5 ol
0dgaste 45 b >l g )b e il £ gl
30 gools ulig [, VYT L O/D 59,8 slael 5l (gloo i
o) e b 5o Joione 993 slael 4y az g5 b Guiios ()]

D9, )5 4 o alold

ol sloan Tty Jlos (Gaios cpl 5l Sue
slo sun w5 slr olyr slessl g 55 wd) 0
SIS s b anl ol )8 oo coss ablie ;5 pwaes @l
Slidos asels LeT,0 glaie (ol gl cwl SLSL
b, Scorzini et al. (2016) lawgs oo plosl (S5 5u8
397 4w 81y ez o sloptalesl plasl 1 g 5 0
Gles LT 5S 55 i sl U0 5 AIV V/F alises
bld) Cad b (6550 0aipo a0 (60, (noix
S0t adwdin (n S Hge (99,9 tul b (paiz 9 Dglite
balys jo alebes [, (o) 2 sl SLL SloGes e
e wiad Gilesl o b Ll 5 5l eglane
Sy ool cely Bados ol 0 ooliiwl 0550 sl o5l
503w Yl g 55l (ot o5 > L o> LIS ol
5 obym o o8 ol el 55l ey sloalols b
s gty (Sloj g (S il B gy i Bl
b6 Ll ol Lo G938l CiS e I o
S o ojlil JUsl e s bl 5 e LY
Sdgyaap slo (b po axi bl by e b e
sl 0l (23l 5 sy S)laddyy Gl Lags O3]

aS 0ooe Jliixe i w5 Rouse et al. (1958)
Selgpies Jin Sq e ) e 385 slacs pSesll
Sl3T S g 0w slo iy 0 oW sl aisls plel
Olyd pg—al i ookl b iy i
(LDA) ,L1s 5,5 gl {Lin et al., 2012) (PIV)
IS s ce s 9 (Veeramony and Svendsen, 2000)
Mignot and ) o—& —w,,s (ADV) Sz oS
.(Cienfuegos, 2011; Liu et al., 2002

5 S bl sles .50 ;lal Habibzadeh et al. (2016)
orh Bl saSoh b 3 ks (Sgyome slatn
S yie o cx) DS) ), j0 a5 aadl e 5 ais S
Sy (TKE) 4555 JoB ata ] i (65,50 (o0
Sd))ae Coyw g 99— oo Sbml oS sl S by
TKE gy o3lg,8 4 e 45 sl 0l L TKE

9 0k SFES el 4o )8 (3o (ol 5 09d (e

1 Ogee Weir

Journal of Hydraulics

23

18(1), 2023



VY oy Ko g J5 e ool

- gbliin (gL 05lw z b (BB LT )y

S slp s o170 Jsb g e o/ gLl L
LU cedlS'S 55 oy slp a5 T 5S sl in
Iy Doy 4y olgs TW Gas 5 Cwd iyl aze yo oo
a5 1,81y ahaie lgs b o Ll alatie s 500 50

Casls

2 MO g MY VT 59,8 olael ¢y 35ve Lo Loyl jo

o
Lol cyals g 50y 51 o (S Sl S Sl (61
(7ol o Sl slodb shaial o SLSL 2151
ol Sy (39 5l eolaiwl b slacel ax g Sl 4y pladl

Water supply

Outlet Pipe10”

&

2 Electronic Control Gate

P
Pump Station < u

Inlet Pipe10” ﬂ

Calming Inlet Tank

1 m Width

MOTA

i [ 1 \
1 ! 1
1
| 12m Flume <) 2 | ! L
! Ogee Weir
Outlet Tank Beams Device | ' S
1 1 1 !
i ' Abrupt'Expansion '
' : : :
i ! 1 !
1 h 1
| .‘i ! 1 !
1 1 ~ 1
<& B
i |
-
1

Fig. 1 Experimwntal Schematic plan in this Research
a8 ool 0 Lsmli.i;iu)"l Oliges aibele IS 7 b Y o

azy 55,8 (o9 Ssp—ive L as (S-Jump) Ll se
S 5 Ui sl Blcdl oo clo 0,65 51 Sy o Lo
Sloazmal$ ) o)leb Jouz)s iy Oj5o
el sals sla ialejl 5o eo i solawl SJg,0um
elas )l ous &l I He (glo )50 sl 00 &3l | i
2 ool 5550 (slo aziwl)d g5 ) CwoVl bl

il e b il
RS s 3 s Gl e sly S by bl

Guiod 3L 0590 6 S0 jludl -Y-Y

565 A oy ST o Gl (0 @ mSejlad ol
Wl ALBNS S pold Jobo (g0 A g o Lilatie
Py 3l eoliiwl b Zales 53 9 ) e cnl 5l eoliinl L a5
3 090 slaed pgld azg 90 50 (om0l
2 ialesl

5 (Fr1) 09,8 olael s Jolss SG5.8 Jow 6)‘Lmool.J
e et iS50 Bl = (o0 alal) sl 2 20
Sloiy g9 Js—id slp ol azn o (Fos—i5

Journal of Hydraulics

24

18(1), 2023



\f.¥ )Lerj Al B)Lna:) dA 099

Sy yuad

B=0/67 35S g9 oy slp ool sla [ialesl jo ouis oolimwl 54,8 slacl jo Sdgjoue sloaziul 3 Jgus

{Table 1 Hydraulic Parameters in Froude numbers used in refernce experiments for S-Jump and B=0.67

He (cm) Q (m3/s) y1 (cm)Basin y1 (cm) S-Jump V1 (m/s) Fr1
12 0.03688 72 15 3.67 9.5
13.7 0.04447 73.7 1.8 3.68 8.7
155 0.05634 755 2.35 3.58 7.4

V5o Vimh ey 5eSilee e oo 9 V(X) (J5bo s o aiie
Ll 0 (o AL yio < /YO alade ¥ JS5) outsles alaiie
2l g ead o pSelail anlpl s 51 e le <10 <ol
e 4 (gl (Stisgy S > o lia) fip o) el
Gle o o glis) axly 5o (Seslyd (5950 05

29 (o8 (B2, PV Ay b a5 end

B joBv(x).|v(x)|dx

Y =

1)

BV,

abaly Gl 5o
ahass yo 50 Job e puni V(X) sl anlp] 5, B
bl g anl T iS50 0l 2 5eSiles oo e Vi
Lok 530 wabse osaline ¥ JSS jo a5 5k e
98 slael sl oy90 4w o 30 S o lal p c
o g ails slael (500 VY pgls Ll b oo yioles
5 Sy e S oobel b ol az o 4y 065 5l

—10.00
800
6.00

4.00

3.00

st w6505l el Canay sal Lo 99,8 sae
Sy g S 19585 S5 51 0l 2 05 et sl Jsbo
Sl et b adge 5,500 aliwsy fis (S035) ke
NixOn Jowe v ol ,2) 03 (6 S 03lil el 9 o5 s s
(st Yo Slojojl G j0 g oaly e s TV D i L

s ol
2 ok S U oy 6l 4yl slagiales]
olaciael )3 59,8 sae a (o3lw (y99) S-IUMP &> 1o Loyl 5
sl gtalel 5 Gio oal po (V JS2) w ploxl pgld
)y (Seald s, Jol8 ovalive 5 0l 2 (o5 g p23
Sy S pSoilal il azmdge (slools 5 i
g anlpl s 5l e ol /b ol oglayyl o Job
bl 40T gl ¥ 3 505 1170 e slagdaie
Bl 5l gye A 5 # 5 8 V0 oo alols o 4k
Aol b dye g o i slls ke o 5 ST

Fig. 2 Longitudinal plan for reference experiments and asymmetric jet jumps along the channel

Fri=7.4 S-jump

Fri=8.7 S-jump

Fri=9.5 S-jump

JUIS sl 5 2 a5 b 05l i 5 o slaialegl plas Jobo b ¥ S8

Journal of Hydraulics

25

18(1), 2023



VoY o) Sod 3 J5 ole o2l

bl Gap o3l b (BB Lo3T (w2

g abii 2 LT L g oad cusloy sland) Cons
> o cpl bl ply ol pbl besls 1Sl ()
e Ol 18 Jlre b bawase (5 g0 5l (S
Lulpd 5o (o5l 28y 0 abile 15 gan Glaow) 2
IV Gliee 4 bl mhaw (205 LTl g eiie SLL
Sl oS oy gl wiuls Gl hs 74+ g A+
T Sy G 3l oslainl boojle cewsmmly jo b
G S o3lail o aly Ceps £ LY B0 LT e blieg 1Sl
Y50 oo @l canl T 51 sy ez 0 Gamdns ey
Foo ooy 4o dyyam ojle sl cwws ol e Y g ) /0
odalie 54l VY. U Jlgie slagyley ,I,S5 L as) asl
ploul (s ools aseis caslio loj (pl (1925 g
s (o o)+ Y alolB L) (golue aaii O B Y 2 (gl p 0
o o masan § Lo elas )l g 0 a5 O Ges 4
boplp g el 8 6l X joome 05 ojlail slaahais oS
s 5o e 1) alols L) o plsl g e sla il
Bgo piiege 5 st 55l gl oo (ol

s Coriolis oy asliy)

slco,e lae 4
S She aS L5 asiuld g0 laie 4 (Boussinesq
SERgs @i o oS 23Sy Sl ol
Chow (1959); Hamidifar et al. (2016); :o>
4 el o odnline Keshavarzi and Hamidifar (2018)

1wl 00U oalo UL.M.» 2y OHge

A zl d
o Jo YO oo "
Av;
V). vl dA
PR A' 2| ©
W

Ole Vin 5 0Ly ghalie mhaw JS A Laly) cul jo oS
25 Po 9B o G Dolis 4 STl (b e
oaipd HLis 90 ;o ax ST ix8ly )0 a5 54l o cdlive D4l
ey Sl 4 Jol Lol casiiin by Bl (g o
I Q—‘ 90 &S Jl 0 ol o)lil alade maw IS0

0)5](5@ )Lo.w L d.b‘).:] ;nSu)ﬁl?ua )o LQ..’

2 ACM3-RS3 (JFEAdvantech, Takahata, Japan)

Sl om oiely] dm o9 o 98 yp p0 ata il b >
a2 S G IS5 5l (o Gl Byl ) e
L Jy colsin oo Siales]l /0 g AV  VIT 54,8 sue

2 odaline pite oo g,y Jobo

olgarghlito Lo o pls (5928 F-Y

S50 ST o lw
L ablite slapn dwain gy 00 oS 5 (et sy
Feha 3 SSlESE Cepm @iy b gl evelis
sy 6[@&;50)&.3‘ ‘o)‘L...‘ wau.ql.‘ ‘511)99 slast
Kz 0 S idu (6 Sl cuslie alols Lol ploxl
sloalols o b, Ll csalie b g adgl skl
ud).\.«.uf slast @L.ulw &l ol sleal 5l calises
w25 sly Sk osdll) 5,5 b slace
sloie Sl 5o baools (gy9le,5 o Sl (alaie
5heslatul b Ol mhaw (65505l Jolis a5 oo Ciy ya5
Gly o pll e o ) CBo b s o SO
dw 5 (s gl iole;) az e b OLL slejls
Gl 0 dlebu dwsasa OF oo o Lal (5349 ,4 oby=
Seds e Jle lgie @) S dapn sloalold alise oS 5 L
S5 2,08 ol JS Job Sul & 4z b N oy
Sl )l g (ol ails a5 ol o <1V jo b e o
0 wbolo oo g P oLl anlpl jo Jgl aw coxdae b
A gy sl Sl ptalejl plgin (F S 5 Y Jsuz)
el Bye bSO e S ol 285500 o5l o3> 50
54.:@‘/,.;1 WP S o ‘hbqu&ﬁb AFTAERRVIA
ol 3 adbioe (ol Gl by )o s3g0e ok @
Vo oo @y ailols Jlocads slags oS cuzr s Goios
Scorzini lawgs ool ools ylid ol 4SS L (Y US)
&5 B, 0m ol lis a5 was iele;! etal. (2016)
O Gmb 4 gy wbbe 625 Cox Gln S Foe
ailolw 5l eolatwl b iolesT VEY g, cpl 51wl oo ools
oS wd bl (pBalosl (o sl i 50 o ol
oo I eolawl by Cepw (g puSojlail Jols
b Y ley oS o ol /0 glay | o aidgeg ,Se

1 Point gauge

Journal of Hydraulics

26

18(1), 2023



\f.¥ )LQJ. Al c)l.o.{;') dA 099

Sy yuad

4.5
T ®—® Fr=7.4
4 : bt ®-® Fr=87
N it ® @ Fr=9.
L
]
- ,f -
P - -
ey Lo
CRE -
- L
1
0.5
0
0 2 4 6 3 10 12
X[m]
7
*—® Fr=7.4
® ® =87
6 o T o ® F=9.5
R
50
= o
g "f-.
=1 i3
w |
o Lol
23 g
RN
= %
"~ th
1 3
8ot 2
0 B e e
-1
0 2 4 0O 8 10 12
X[m]

Fig. 4 The values of By and vmp?. Bb recorded in
measurements along the flume for S-type jump control
test modes
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Table 3 Geometric parameters of optimal beam
configurations in controlling asymmetric jump current

Configuration P(m) N 0° hb (M)
1 0.8 5 11 0.05
2 0.6 3 11 0.07
3 0.8 3 15 0.05

Table 2 Tested hydraulic conditions and geometric
parameters for Dissipator

Tested geometric Tested hydraulic

parameter

parameters conditions
P (m) 0.4-0.6-0.8 F=7.4,87,95
N 3,59 R=0.94, 0.74, 0.62.10°
9 (degree) 7,11,15 hs=0.19, 0.15,0.11 m
hp (m) 0.05, 0.07 -

Fig. 3 Typical geometry of tested cross-beam dissipator
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Fig. 7 3D velocity flow fields measured in the channel downstream from the dissipator, under variable tailwater conditions: Configuration 1
(P=0.8 m, N=5, 3 =11° and h,=0.05 m)
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Fig. 10 Relative energy looses and dimentionless distance from abrupt expansion section for three Configurations of Fr1=9.5

and Sections 30, 50, 100 and 200 cm from Device
5 F1i=9.5 &y Loy o st (s 5 a slagiales] (sl SLSU 1515 aaie Sl o (o alold 5 (655 (s 281N0 S
alolos 5l e il Yoo g Ve B0 Ve sloalold

UD 5 AVYIE ((IE oSl i 51 1,55 adaiie sl
SIS Bl 4 Gl 09,5 paseie (sl b Sl
oilil Job slocae o ¢ iny S5 el S s
ey g V(X)) Job Co s ghaiie Sl £ pod D (15
b o = 1Y0 gl conisles adaio V¥ )0 Vi sy (5eikeo
anlpl jies 5l e ole /0 ol glas))l jo e A

w&‘bé‘f Bb 0 43|)| A.L:.sb ).")Jj 0l (_g)..fo)‘..b‘

G aoms ¥
S0 )l8 b (oltalojl (65le 4 4y s o o
Gl waie iz gancaS b war ojle
Sz o Jb sleys ) Glaegee &jgo 4 ablite
wzlsy SSU ISy ablie S g5 o)l A p S5
Slis p baialejl jo 0,05 LB (Fry) 59,8 slacl .

sWo,lgn0 51 s g (ol 3oy Sb o 0ad LSS by

Journal of Hydraulics
18(1), 2023
32



\f.¥ )LQJ. Al c)l.o.{;') dA 099

Sy yuad

Sy yazie sl Sy 5l5LE W aas e las
oo Sy
Llol gl glaan ol 1o by Jige g5l Sen
e sl O g Ll o 2 o S

Sl QLS
55 5| bl (slaps wlols alold 3G o)
(e (S8 S (A5 S 50 cates 4zl B (P)
Gk S 55 95 ol anglin b sl o o5l

O Zdy0e ol (g pdSlasl

g axadl b, 35 60 a5 ab edaliee Yy ¥ aige
b a5 e albelu 4y cr 555 5l A6 alaze]
Om 4>l 5o 3k 655l Sl e Jol o 21>
odas ibelw 3l zg,> 51 LB g 00l ¥ 9 ) slags
ab lon ;o 1) wlobs g5, ezl olowl b ol
ol g8 se o3l 1 e sloa>l o 5 00,5 a s
o5 s el obyr

2l pl 5o Gandn Sepw bz slapliee (o)
Sl e Lalyb jois5 5l 2d) om0l Caws ol
OIS 5 it SlagiacaS 5 sl 00l (5 xS eIl
Ok Foe 3lepSen 3 oile cnl 6 pdy Sllasl |
byl o g oSS bl Jb s slaanlpl jo
Syl 1y (he) Cews b ol zlaw s

bl iz 5l Cdyy0e Gl ey 5
sor sl ojl ahade sl 5 > s (TKE)
e 03k 5l o eI (o3l 51 e (L Y4)
ez $ipl B (el Yeo0)
eV cdle o g Ll o suslis Suas]
Conversion of mean ) e 5l w Lol b~
a0 7, b Cdb Sy aall L >« (Flow
Cimen 5 b (Sis] 5 Wb ) ol oS
Slo 50 8 ey slyp LS 5 SVl
el IS Sl s ang

ey XY amio s XYy Jlie j0 ZIY b Julos
sl 6V lpe0 nngs 45 G5 555 slo dair
olaial 03L sl b 28 g o sel ol jo 15 o2
5 Banerjee et al. (1968) anb,3 0l 5l olas )l
JyS ool j0 a8 s,ls Lamont and Scott (1970)
5on plos o alo,S lags  S2a8T Jlis s
3 N) bS5 50 25,0 slapem Jled (o) 2

(f

@

d

v

A

ale Boe )0 gl wly po (Senlud 5555 5059
Gir S (P Sl (e o pup bl b oS b
Loty g anlol pgld sleil 0,8 dac a2 10 S ) laels
o 30 0 3 £ZaE 0l 2 5 (S Eae S ol L
ogas Ghalod s 1) oy 5l e Giel] >
calizes oS 5 b 65,5l 8 yum dielolis dwasa VPV Lo
Conbge By £, N oy ) S Lo pos cslo Jold
Olsie a4 @ bl o 5 P bl anlpl o ol o
o 5 b3l g enn el adyl Gle ialej]
Slos p o (oyp Sl Awin (5 9o 5l (S0
9 Bo Oliee aieS )0 B, pVE, aminl$ as (5e S
Gonr §b (o) slp B wiad Sl bz SIS
Gl e Sl Ll 5 (55,0 200 a5
hs 1e 5 TAe IV 4 e sl o s oy
Jeolsd 1o (gass aw slacue juo (5503l b g 0l iy ya5
s & 5 gl o5l ailolis 3l g 2o ¥ 5 ) co/O oo Y

2wl

-/ (JyuS alaie,s Po Vmp? 9 Po ol dewle ()
S 5 S ol sl sl e
i le asil g g 09,8 o A lp oud
Alre (gois oS 5 i il lad casleln Calises
B Rt R R
L0 s S s
5 Sy ,ae ole glp A sleganaaS s ol (Y
Po azewl )b awle b (4l > (31560 oliee slie
sl GlesT b ply (b3 gew S, g 00d (Byee
09,8 olael byl jo g abliie slopw sl adsl
Ls‘)) 03 43‘)| Awdd le.u..a rnE Lgl.b UwJLQ)T
3 @b S el S o lael Sy JpaS
SN 5o Al g pese lacurs n 5o
3 6lp wglae 3llhe slaylade b oax 51 daojles
Oy P A slasy; dwyoo a4 o o5 5
S L VIR RPN VNI SN RN VL SIS VE DV S DOV
9B sl oo b (wdlioe g2y Glalesl LL Bes
Iy adol (YIA-Y/+ g VIF-V/F 00g050 yo ol j @

(¥

Journal of Hydraulics
18(1), 2023

33



VoY o) Sod 3 J5 ole o2l

bl Gap o3l b (BB Lo3T (w2

lelOVrib (mzs_z)ﬁw)‘ a>ly 5o (Seelind (59,
N POV
S (Moo alols
h, (Mt £l
P 151y adaio 5 o5le 9,0 alols
0 Bl s
A M) byz i gl S
Z (Mol 19,0 Ol Gos
Y, (MLl Gos
X M)1 31y abaie 5| alols
AE (M) &350 <4l
n s 8550 &l
i sls e

P kgm®) J&
LIS IYY

exp 151 edaie

1l

Ll 9 5yl iSwlbow -0

g Sis plil Jb sl coles s & lwjes G

disled go G0,08

3 ;_j Olesle g 5lenl )l dps ol Sy Jrora

b 2o —
Alhamid, A.A. (2004). S-jump characteristics on
sloping basins. J. Hydraul. Res., 42(6), 657-662.
https://doi.org/10.1080/00221686.2004.9628319.

Banerjee, A.K. (1968). Influence of Kkinetic friction
on the critical velocity of stick-slip motion. Wear,
12(2), 107-116.

Blevins, R.D. (1984). Applied fluid dynamics
handbook, Van Nostrand Reinhold Co., 558 p.

Bremen, R. and Hager, W.H. (1993). T-jump in
abruptly expanding channel. J. Hydraul. Res., 31 (1),
61-78. https://doi.org/10.1080/002216893094988
60.

Bremen, R. and Hager, W.H. (1994). Expanding
stilling basin. Proc. ICE Water Marit. Energy,
106(3), 215-228.

oA;LJ;)o GJS.JGLQM)L«;th 4 Cos +1Yhs
S )0 a5 Gyge 0 0pS o0 )8 ol w5 s
oatein dibl oo ol mhw ) ew aes hs UL
G o S ol as Ls"li;“"’ e cpl o o
S (050 auls 5 Ll Sy S o0 0555 5 Lo
Cosi 1) SRSy gogee slaals 57l 0,5 e
4 ke Culedys a5 Wigd oo S5 jaiil g oS e
S Ol Gee o /Yhs CLL cll> ,8 a5 aes e
Sl 5095 1 s sod o) Liol (ol 4 dxg o5l
O 3l oD 5l 095 5 ead Cewsmly o
& o sloialesl sl islesl 59,8 olacl 4 o (4
5o Y10 sgax ahatio b oo (651 il il 38l g,
bsA} JS g9 00y ‘5..».:‘)9‘ ‘é]aﬁ.a @‘;‘5 )‘ o=
;).33) g_i) LJ L?u] )‘ 9 od.z.....:) ;)59.' Cs‘ LY X/xexp =4
slaiel CLL g alato ol U o> gog0> b ol
ol 655l S8l (e 99,8 dae al 3L g Wb oo
Neisi and Shafai Bajestan zls L a5 wb
sahis )5 (655l od 8l a5 Je (2013)
Byls glstran ail go

baslis W).Q.‘B -0

b M)V anl ] 5 e
B (M)ws Gl anlpl 5ye
& blogsl e
DS sl G pnte e o
TKE M Hacasl iz o551
T, (MLL Gos
Fr 39,8 dae
He (M) sl 5250 SVl Gos
h, MGy JSeid crgo 45 CLL Gos
V(x) M) 23,5 (o0 gz po Ll pd jo5 (Sgj0em

Ms™h) Jsb e
Vinp (MS™) s Sleo s s
Py bz GBS, Azl b

Journal of Hydraulics

34

18(1), 2023


https://doi.org/10.1080/00221686.2004.9628319
https://doi.org/10.1080/002216893094988%2060
https://doi.org/10.1080/002216893094988%2060

1FoY 5l o) o)l VA 0590

Sy yuad

Kordi, E., and Abustan, I. (2012). Transitional
expanding hydraulic jump. J. Hydraul. Eng., 138(1),
105-110. https://doi.org/10.1061/(ASCE)HY.1943-
7900.0000479.

Lamont, J.C. and Scott., D.S. (1970). An eddy cell
model of mass transfer into the surface of a turbulent
liquid. AIChE Journal, 16(4), 513-519.

Lin, C., Hsieh, S.-C., Lin, I-J. (2012). Flow property
and self-similarity in steady hydraulic jumps. Exp
Fluids, 53, 1591-1616. https://doi.org/10.1007/
s00348-012-1377-2.

Liu, M., Zhu, D.Z. and Rajaratnam, N. (2002).
Evaluation of ADV measurements in bubbly two-
phase flows. Hydraulic Measurements and
Experimental Methods. In: Paper Presented at the
Hydraulic Measurement and Experiment Methods
2002, Proceedings of the Specialty Conference July
(2002).

Mignot, E. and Cienfuegos, R. (2011). Spatial
evolution of turbulence characteristics in weak
hydraulic jumps. Journal of Hydraulic Research,
49(2), 222-230.

https://doi.org/10.1080/00221686.2011.554208.

Neisi, K. and Shafai Bejestan, M. (2013).
Characteristics of S-jump on roughened bed stilling
basin. J. Water Sci. Res., 5(2), 25-34.

Noseda, G. (1964). Un fenomeno di instabilita del
risalto lungo una corrente veloce in espansione. [An
instability phenomenon of hydraulic jump in
enlarging supercritical flow], L’Energia Elettrica,
41(4), 249-254. (In ltalian)

Ohtsu, 1., Yasuda, Y. and Ishikawa, M. (1999).
Submerged hydraulic  jumps below abrupt
expansions. J. Hydraul. Div., 125(5), 492-499.
https://  doi.org/10.1061/(ASCE)0733-9429(1999)
125:5(492).

Omid, M.H., Esmaeeli Varaki, M. and Narayanan,
R. (2007). Gradually expanding hydraulic jump in a
trapezoidal channel. Journal of Hydraulic Research,
45(4), 512-518.

Pagliara, S. and Palermo, M. (2012). Effect of
stilling basin geometry on the dissipative process in
the presence of block ramps. J. Irrig. Drain. Eng.,
138 (11), 1027-1031. https://doi.org/10.1061/
(ASCE) IR.1943-4774.0000505.

Rajaratnam, N. and Subramanya, K. (1968).
Hydraulic jumps below abrupt symmetrical
expansions. J. Hydraul. Div., 94 (2), 481-504.
https://doi .org/10.1061/JYCEAJ.0001780.

Chanson, H. and Gualtieri, C. (2008). Similitude and
scale effects of air entrainment in hydraulic jumps. J.
Hydraul. Res., 46(1), 35-44. https://doi.org/10.1080
/00221686.2008.9521841.

Chow, V.T. (1959). Open channel hydraulics. New
York: McGraw-Hill.

Elsayed, H., Helal, E., EI-Enany, M. and Sobeih, M.
(2021). Impacts of multi-gate regulator operation
schemes on local scour downstream. ISH J. Hydraul.
Eng. 27(1), 51-64. https://doi.org/10. 1080 /09715
010.2018.1511386.

Ferreri, G.B., and Nasello, C. (2002). Hydraulic
jumps at drop and abrupt enlargement in rectangular
channel. J. Hydraul. Res., 40 (4), 491-505.
https://doi.org/10.1080/00221680209499891.

Habibzadeh, A., Loewen, M.R. and Rajaratnam, N.
(2016). Turbulence measurements in submerged
hydraulic jumps with baffle blocks. Canadian
Journal of Civil Engineering, 43(6), 553-561.

Hager, W.H. (1992). Energy dissipators and
hydraulic jump. Dordrecht, Netherlands: Kluwer.

Hager, W.H. and Li, D. (1992). Sill-controlled
energy dissipater. J. Hydraul.Res., 30 (2), 165-181.
https://doi.org/10.1080/00221689209498932.

Hajialigol, S., Ahadiyan, J., Sajjadi, M., Rita
Scorzini, A., Di Bacco, M. and Shafai Bejestan, M.
(2021). Cross-Beam Dissipators in  Abruptly
Expanding Channels: Experimental Analysis of
Flow Patterns. Journal of Irrigation and Drainage
Engineering, 147(11), 06021012.

Hamidifar, H., Omid, M.H. and Keshavarzi, A.
(2016). Kinetic energy and momentum correction
coefficients in straight compound channels with
vegetated floodplain. Journal of hydrology, 537, 10-
17.

Hassanpour, N., Hosseinzadeh Dalir, A,
Farsadizadeh, D. and Gualtieri, C. (2017). An
experimental study of hydraulic jump in a gradually
expanding rectangular stilling basin with roughened
bed. Water, 9(12), 945. https://doi.org/10.3390/
w9120945.

Herbrand, K. (1973). The spatial hydraulic jump. J.
Hydraul. Res., 11(3), 205-218. https://doi.org/10.
1080/ 00221687309499774.

Keshavarzi, A. and Hamidifar, H. (2018). Kinetic
energy and momentum correction coefficients in
compound open channels. Nat. Hazards, 92(3),
1859-1869.  https://doi.org/10.1007/511069-018-
3285-0.

Journal of Hydraulics

35

18(1), 2023


https://doi.org/10.%201080%20/09715%20010
https://doi.org/10.%201080%20/09715%20010
https://doi.org/10.1080/00221689209498932
https://doi.org/10.1080/
https://doi.org/10.1007/s11069-018-3285-0
https://doi.org/10.1007/s11069-018-3285-0
https://doi.org/10.1061/(ASCE)HY.1943-7900.0000479
https://doi.org/10.1061/(ASCE)HY.1943-7900.0000479
https://doi.org/10.1007/
https://doi.org/10.1061/
https://doi/

VoY o) Sod 3 J5 ole o2l

bl Gap o3l b (BB Lo3T (w2

Rodi, W. (2017). Turbulence models and their
application in hydraulics: A state-of-the-art review,
Routledge.

Rouse, H., Siao T.T., Nagaratnam, S. (1958).
Turbulence Characteristics of the Hydraulic Jump.
Journal of the Hydraulics Division. ASCE 84(1), 1-
30, https://doi.org/10.1061/JYCEAJ.0000161.

Scorzini, A.R., Di Bacco, M. and Leopardi, M.
(2016). Experimental investigation on a system of
crossheams as energy dissipator in abruptly
expanding channels. J. Hydraul. Eng., 142(2),
06015018.https://doi.org/10.1061/(ASCE)HY.1943
-7900.0001088.

Torkamanzad, N., Hosseinzadeh Dalir, A., Salmasi,
F. and Abbaspour, A. (2019). Hydraulic jump below
abrupt asymmetric expanding stilling basin on rough
bed. Water, 11(9), 1756. https://doi.org/ 10.3390/
w11091756.

Vaghefi, M., Akbari, M. and Fiouz, A.R. (2016). An
experimental study of mean and turbulent flow in a
180-degree sharp open channel bend: Secondary
flow and bed shear stress. KSCE Journal of Civil
Engineering, 20(4), 1582-1593.

Veeramony, J. and Svendsen, I.A. (2000). The flow
in surf-zone waves. Coastal Engineering, 39(2-4),
93-122. https://doi.org/10.1016/ S0378-
3839(99)00058-7.

Zare, H.K. and Doering, J.C. (2011). Forced
hydraulic jump below abrupt expansions. J. Hydraul.
Eng., 137(8), 825-835. https://doi.org/10.1061/
(ASCE) HY.1943-7900.0000369.

Journal of Hydraulics
18(1), 2023

36


https://doi.org/10.1016/
https://doi.org/10.1061/%20(ASCE)
https://doi.org/10.1061/%20(ASCE)



