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Extended Abstract

Introduction

Hydraulic jump is a type of rapidly varied flow in which the flow transitions from supercritical to
subcritical. Incorporating rough beds at the channel bottom leads to the maximization of energy dissipation,
resulting in a significant reduction in conjugate depth and roller length. These results have important
implications for the cost-effective design of stilling basins, which commonly encounter hydraulic
jumps.one feature that has attracted the attention of researchers studying jumps on rough beds is the
velocity profile of the jump on rough beds. In this research, the effect of the arrangement of submerged
vanes on the velocity profiles of the hydraulic jump in a stilling basin was measured for Froude numbers
ranging from 4.8 to 9.14.

Methodology

Experiments were conducted in the hydraulic laboratory in a rectangular channel with physical
dimensions of length 8 m, width 0.4 m, and height 0.6 m. Submerged vanes were used as roughness
elements on the bed of the laboratory channel. These vanes are made of Teflon, and the geometry of a
submerged vane, including its width (w), thickness (t), angle of attack (0), and vane length (L), is one of the
parameters affecting the characteristics of the hydraulic jump. For measuring the flow velocity, an
instrument called a Pitot tube was used. In the present study, for 12 experimental models, velocity was
measured at five cross-sections along the width, and at three points across the width in each cross-section.
Measurements were taken at five points along the depth, with equal spacing ratios from the channel bed to
the free water surface, and the readings were averaged across three different widths.

Results and Discussion

In general, the maximum velocity value decreases with distance from the beginning of the jump and
occurs at a lower depth from the water surface. The bed with submerged vanes causes a reduction in the
flow velocity magnitude, and its maximum value occurs at higher points compared to the classical jump.
The significance of the non-dimensionalized velocity graphs lies in comparing the growth of the boundary
layer across the cross-sections. The average value of &/b is 0.62 and 0.72, and for 50 < x/D1, the ratio d/b
lies above the average line. Due to the low effect of turbulence and secondary currents caused by the
presence of submerged vanes, the boundary layer thickness is greater in regions of calm flow (areas with
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lower velocity). At values less than 50, the ratio 6/b decreases compared to the average line. The results
showed that the value of the non-dimensional boundary layer thickness parameter, 8/b, was 0.72, which
was highest in the parallel arrangement of submerged vanes at an attack angle of 75° compared to angles of
45° and 90°. Meanwhile, this value was obtained in the butterfly arrangement with an attack angle of 45°
and increased from 0.56 to 0.01 compared to what other researchers have obtained.

Conclusions

Therefore, the best characteristic for the non-dimensional boundary layer thickness parameter, /b, on
artificial roughness was achieved with the butterfly arrangement and a 45° attack angle of the submerged
vanes, which proved to be an influential factor. In contemporary hydraulic jump research, the use of
advanced techniques, such as machine learning tools and numerical simulations using Computational Fluid
Dynamics (CFD), is increasing. Simulating hydraulic jumps with CFD is a complex task and requires
careful attention to turbulence modeling, grid accuracy, boundary conditions, and various other factors. It is
essential to employ advanced techniques for comprehensive three-dimensional (3D) velocity and bed shear
stress measurements. Conducting turbulence analysis will contribute to a more refined understanding of the
underlying flow dynamics. Furthermore, the challenge of hydraulic jump stability on adverse slopes
persists. Introducing roughness elements and sills can enhance hydraulic jump stability on adverse slopes.
Investigating the potential effects of scale in such conditions is necessary.

Keywords: hydraulic jump, velocity Profiles, Butterfly Arrangement

Conflict of Interest
The authors declared no potential conflicts of interest concerning the research, authorship, and
publication of this article.

Funding
The authors received no financial support for the research, authorship, and publication of this article.

Data Availability Statements

All information and results are presented in the text of the article.

The datasets generated and/or analyzed during the current study are available from the corresponding
author on reasonable request.

Author contribution

All authors contributed to the study conception and design. Material preparation, data collection and
analysis were performed by all authors. The first draft of the manuscript was written by K. A. and all
authors commented on previous versions of the manuscript (K. A. and M. H.). The final revisions have
been applied by K. A. and Moreover, all authors have read and approved the final manuscript.

Acknowledgement
The authors would like to thank all participants of the present study, especially the teachers and
personal of agriculture engineering department of the Isfahan University of technology which made this

research possible.
® © 2026,The Author(s). Published by Agricultural Engineering Research Institute. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https:/creativecommons.org/licenses/by/4.0/). Which permits

BY

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

https://doi.org/ 10.22092/idser.2026.371801.1637



http://aeri.ir/Main/Index.aspx
https://creativecommons.org/licenses/by/4.0/

Y - V€amhuo/VE+0 fylins /Y ¢ Y 0,lond/ T 0,93/ iSR; 9 5yl (sL05lw owiige ol

AERI

293 o o3
ool 3T Ao s> 10 b 3> g b § ki SleS gl 8595 9 D9l 9 Wl yT il (o
S Y Cwlo g

8000 e gk § Olgs! Luws”

AAEIRRTAR SR W P RN TRl AR 28 JARVA RERWRUR Oy PN gl IR 28 A RVEVAERPSX 5| PP PR R 28 FARVAR ROV [ PRRCY P Iy
oS>

3 oo Sl i Glpug; ar S B9 5 Qlsa ol )3 & Conl @ piie SLOLA £95 5 (Sope Gl b o
Jsb 9 Jlie Gos ;3 a2l (il o donls &5 39 00 y2ie (5551 ST (gjlw ST @ (JUB G5 )3 5 gl gy (ileiS
Slgpid Sy b Yome o 305 Ghely] (sazuogs 8 potiigsie (Db 1y ote Sely @ ol Cuwl by B
Pl o5 ol )3 Sl (g C g £ yo8 Sl 0355 1) 25 pommt 32 (5 Lo 4295 & (S g I (K Nigui o0 d2lge
ouwi (650301 A/VE U £/A 39,8 dlast diold 45 ol dondgn (SWg dud (W Cuf gt GBF powd g (G piiume Wl i)
w915 U 8 ke Wilduo (55190 (wiulyl 33 a5 Cowl « /YT B/ (550 &Y Colbud an g siolyly jladio 15 i B ow o gl .
£0° 3,98 9 agly U (slailgm (yimly)] 13 Jladie (il aSdle 13 ol Aiaily 1y Jlae oy pinio A+° 9 £0° dyglj & Cumnd YO° 3595 1
ool Aaduiie oyt opl pUs Gl Al (i l38] o1 iR g5y HRKud Cliod guld 4 Cownd ¢/+Y U +/07 51 g Wl o0 Cawy

8392)M5 150 Jole Sy U (3 yiame Ooloxiuo £0° 3,98 1 dygl; 9 Slg (il b (g 525 595 /0S50 Y Cualdud amy

!

il Sl ey slagyos ((Sdgrin o L sl S0l

ool Gy 4 Gl 39 5l ol Sl s )
Sl s Y ) e 65y Selaen G 5
(s saS Sz 5 3dse Lsba b b il o)
L GG oyl s ot o2 ) G ol 805 a4 Cod
ol Ce o S| (pl aiS o0 &S > (g oy
58 &5l AW il g olj] maw yo Slasl zals |
ol paw ;o wad (o5 el gy s Soop slaay
sl isu 5l aS ab asles soliT o5 &Y ol cels
b WS el i G 53 Y 9 e oy Sligh
&8 Jloel (nl amst )3 @95 0 )l &Y )0 S
Cope & i bl X Aol & akke 5 Co

Cas e (Farhoudi, 1993) o4 wales (V) JSo

dodio
il b b B30y, Ly JUIS Lo T ol ey
30 ol amibi> ol ol 4 |, JUIS slojloz ¢y
b 5 asl a8l Sl G5 o s 5l and
s b i anlesy JUS ol Candss 5 Slasie
s FB e @ olisS L s 15 bz Gee
o 5351 8l syl yod sty 5 g il
Ol 0gd o ailS az g LB 83lal 4 55 Ce s e ]
5L U o Of bz et ooy 51 (o a5 sy
b i g obO (T el bl 51y ol
o 0yl ol ol G b (Sdsyan o5 05l 052
ool @y i il g5 5l (S e b

Oole ol 5 05800 00y as )5 5l g ks jo &S

Ol eoleiol (el ciaio olSiils «(55,5liS 0aSisls «ol cwdige g pole 09,5 (ool cwaige g pole (51T gmiile T
(Email: heidar@iut.ac.ir :Jgwwe s g™) .yl sl ciyleol ¢ ylgol  iaio olKiils ¢(55,5liS 0aSitils (ol cwdige g pole 05,5 sbiwl




V-V € aoxho/ V€40 ylimn /Y ¢ ) 0,Lowd/ YT 0,98/ (oiSR} 9 (5 W (S0l owiigee ki

OlFss Copm Eyod syl 0o 5l ogd oo QLS B g
o,lal b Al g dien Cepw (g5 0 LY Cwbro
chas b o]y Ce g oS Col glabais glisyl b oS
e e & g a3l e Ay St
SWb)éwwﬁsw)o)&og&ﬂd‘)‘o
@ e Y Aol 5o 5 whiee el @y 5 Sl
QY dihis |, 0 2 Y >rasl oy oo ) o0 yro

Sl ol T Ll ddlass | O<Y<y; &>l g 5 la>

s Bb o Sbx (Sooplete (i 9o L oojls Sl
e S b gladlate (6,508 5 Slow Lol g jo
ol Bk 4 by 50 () S8 Gllae GBS 25w o
Bl 5 69955 Gl Sl G Ol e Oliee IS
LY 4 olyz dgps Jo @ el (nl og sl by
b Ko bz (Swsm @)lhe @lp el 53
ool g A clils walgs ey SBgd Caand oSS
Slp 5 0 Obyr 305 o0 Slo S LSas el Ll
Lol 8 p olyz ol wlise 09294 (Stwsn 5585

(Farhoudi, 1993) Sg uad (i 1 33 €8 g &3395 — Y SIS
Fig. 1 — Velocity distribution in a hydraulic jump (Farhoudi, 1993)

P VY o058 00e b Sy Jsb o g ablie sl
as ol las 9 0,5 o Seslal g, sl L, Al
P Ak S ol g owpeme U e )
addllas 0,108 od Blo iy 4 Cond Sy BF pos
Ui 83, (Ohtsu et al., 1990) ol ISan g gudsl (sbrosls
L (Hager, 1992) Sla iole;l sleosls 5 (SJg,0un
ol oo LS o1 i ol o a5 FI0R 54,8 sue
3 ol S e g SIS o aese ol
B3Il 2ol Sy, pwgmarnali 585 2y 5l e S
WU & ) slsllal, 5 g5 clallas ls o)l sy
&35 o9 Sy aS ol olias 50 (Rajaratnam, 1995
e 25U Gl e Sl 392 Ol )0 e s

D)l e 8l g, (swgmemel

(Bakhmeteff & Matzke, 1936) aSple 5 oso

Al Ce G Seslil pgas,e o sleal,
Olase (Rouse et al., 1959) | Ken o wl, g wols
PSS ) S92 Sae e lp f) Cepe
(Rajaratnam, 1967) sLsll>I, ¢ (Schroder, 1963)
bgie Glae 5 00,5 225 ol jsbar 1) bz o5
Rajaratnam, ) sLsl,l>1, wols &5l 1, jLid g ce s Sl
oS b i 8 e @i Eaee &S 3l (Las (1967
SS90 G (0 E o A dnd PO
Jos 1y Sgpuee i o @iyl 2l Jds ol el
o 5 S STl @ ciie 551 ke
e b gl s cgyl B ol oS B
(Rajaratnam, 1968) sLsl,l>l, |, »; Gl yiws 9,

[y Cepm Hlogad 055 Slllas jo (59 0,5 (5 S0kl



S0 aY Cwlsd p el Goazudgs 13 Gl o b 5 ime SUS 5k 3,95 32 29l 5 al)] p8U (o)

S b duglie j0 a5 Cnl 00,5 anulxe /YY1 a0
oy b (Taslimi, 2021) sl .ol azgs 6 Gl
oy 0 Sdyie Gy o Shy el
ol @ gl e dly g gladined g b il
30 g G MY Culbo late 4 CEl Cawd axS
ol IPY Lsgie jebds 5 /30 b /Y sogume
bogio jobay SIS Gy sln prie Gl &S0
&3, (Mohammadzadeh, 2021) ooljoese .l </VF
adllae (Solgyaee p p S8 (S5 slasSsl 36
ols g glis)) il oS ool 43,5 amgi g oo)S
S (905 53 Co e GRalS el jn 59, o )
Gy (ap A gl ol s s el ous
Al oo Cas p 29595 > s

B Slxio 65 U (o) calllae (pl Sow
2l e 5 (Sdgpaee Jon Jsb o Sy e
syt oo 33 &S wisSilon sl Cypiiy iy |
5 Blo i (59, Orien Oldlae adS wl assS mlie
2 Brriene Slbo 130 4 adllas cpl i ool )
Lol €S0 5 (S y000 o Jsb )0 s e £ e

By g 91ge

o ol SJgjae oKislesl o ool
Olazie b JSo o alaio L JUS 0 lao!
s 2l i IF glisl 5 ¥ pse A Jsb (Sasd
olS Sy Gy5 iz 1 U &S g beolgss Lol
Dg oo Wosls s o Clgp czge a5 Col Blad
Calgl o (6,500 g laml jo (SO Az o g0 glils JUIS
I JU 4 (695,5 of Glime (s YU) Sl &y o
L otalesl 2 slzl sl 1y ps¥ adsl 95,8 sue 5 i
4 aS JU cewoymly aom ol solasul b oS oo ol
de 3 (Selspned Gon 0sdse omly 9 Yl o] SLLI
33,5 oo Couis JUK Job 4o olgzds

JUE w59 6ry Olpe 4 G Slrio
ambo S dwdin ol ool eolaul sl

2 eyisl;l L (Ead et al., 2000) f,Sen ¢ &
Sre S0 ey a5 Wl Jbgse yaew b o)llS
039 Ol bawgie Sae s Sl S S sS (2 95 S ek
gt b W &S ilpee Jods i aeliusls 5 ool
Ead & ) alsl)lal, 5wl ol o 20lS oS oz se pelaws
F o Ay 30§ are wlagss L (Rajaratnam, 2002
S o oS ol (LA pj fw 9y An S
Cspw S Eroe b Lol Wlaline oo b o pu o
as ols las bl ol o Solite 1) yiws (9,
S5 ol dne i WY Sl ) e )
Siye Y 0l Gl b ) g ol Blo s 4 S
Gire Y Culis ade oliize ol wms so il
OLlSes 5 gewle o, 15 F0 1) s
Ghazali ) Ko 4 JI3¢ 5 (Abbaspour et al., 2009)
(Ead o)), San 5 oyl Slisios gl ol L (et al., 2012
OV g |y dm g e Y Cwbkstt al., 2000)
P S S g @i W3S GBIV
(2 b 5y 5 331 Gz sk 5o il (slaal ol
.(Nasr Abadi et al., 2010)c.!
a5 Lawgie wbsS o3l aw 5 65 Job e S
9 5lp g S p Slag e 59, Fae Jsb S350 o
ol mls ab pbxl (Bazzaz et al., 2011) ), Sen
wlie pj w50 Sy dn o SWE yord Wiz yo o5 0l
Slo fiey ;5 S dag Ero0 b T JSS Ll sin
5 2 4 (Banitaba, 2018) Lb o .col oglae
b Gl azmdge o Sy e Sin (Bl Jolos
alizes gLl b slaized (egian 25 9 wgSre
OIS 0y am o e Y Culs Jlade g aisle
s 3 oy 2 3l e (Bagheri, 2018) (g 3L .ules S

Sin Slakie gy, Gytes gl g usSae
UOY 1) s Gie Y Cwbo ke ((Sdgjuue
Pourabdollah Ghafarkhi, ) abla.e ;g .ol 03,5 5,155
95 5 ) B8 Aw e cod aw olojea )il (2019
b Glaplog o Copw E iy 2lel ot aly el



V-V € aoxho/ V€40 ylimn /Y ¢ ) 0,Lowd/ YT 0,98/ (oiSR} 9 (5 W (S0l owiigee ki

205 Job ahie zh 0 Ce e ‘gs‘i‘i‘*"}] Joe VY
sl 00 (5, So3ll JUIS e 5l aladi aw jo xlade
S b oy 2zl 0 Gee lisl) jo abi my
2 G pSeslail 5 ool ST olj] o b JUIS S 51 (g5lume
dﬁfo}\.\sl el 00y s)ju..iaLuo Glisne oy dw
Do 3 e Glapbd Jdoay ol w5 cep
N SN LIE XS J GOSN Ry JUSCINIPYN QTR g

Slarie  p e glojally dex I Gyt
Lgly dOwld W2 ye Jolds g conl (S 000t n
o 5l Olxas cpl gl oo (L) ead )y Job 5 (0)ales
g el V' Jgux o l.:aQT Slasin a5 aiiws yelds
Sl o ools las (V) Ko o L(bo" oleduz 5 dwain
g ol a4 s )l Gl ce 5okl 6l
L awslio lp Lidgh oy, U ol ouls oolaiwl &igig
YU ol maw O abl (LSS LS sl g mls
elis )l Boims ylis A 4 oduwx sladlg) jo vl

slp pol> Gragh 50 ual (Joip bl 50 Sae s Jolao

JUE s ;5 ) )B4 (§ pitne Oloniio Slasudio - Jo
Table 1 - Specifications of the submerged plates used in the channel bed
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Table 2 - General specifications of the conducted experiments
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