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Abstract

Introduction: One of the most important problems in hydraulic structures is the kinetic energy
of the flow. If this destructive energy is not controlled, the structures downstream will be
damaged and cause significant damage. One of the functions of energy dissipator structures
is to change the flow regime, reduce the flow velocity and eliminate excess flow energy. One
of the methods that can deplete the flow is to create a narrowing along with the roughness in
the flow path. By creating a constriction in the flow path and using roughness in the
constriction wall and forming a hydraulic jump, a significant part of the destructive energy of
the flow can be dissipated. Hydraulic jump is a common phenomenon downstream of
hydraulic structures that increases the flow depth by rapidly converting the flow from
supercritical to subcritical and plays an important role in influencing hydraulic parameters.
Examining previous studies on stenosis with natural wall roughness, what is certain is that no
laboratory and numerical studies have been observed so far.

Methodology: To perform the experiments, a laboratory flume with a rectangular cross section
5 meters long, 0.3 meters wide, 0.5 meters high and with Plexiglas floors and walls was used.
Two pumps each with a capacity of 450 liters per minute enter the flow into the flume and the
flow inlet flow is read by two rotameters with an error of + 2%. A point gauge with an accuracy
of one millimeter was used to measure the water depth, and a construction meter with an
accuracy of one millimeter was used to measure the length of the jump length. To create
narrowing in the cross section of the channel from glass boxes with fixed height of 0.5 m,
widths of 2.5, 5, 7.5 cm on each side and to create supercritical current upstream of the section
Narrowing A valve with a width of 0.3 m, a thickness of 3 mm with an opening of 2 cm, which
is located at a distance of 1.5 m from the narrowing, has been used.

Figure 1, schematic of the canal and the equipment installed on it and Figure 2, an example of
stiffening placement, hydraulic jump formed in the flow path and rough placement method
with three average diameters of 2.08, 1.28, 0.8 Shows centimeters on the wall.

Results and Discussion: In order to achieve the objectives of the present study, flow path
constrictions have been provided using glass boxes and sand materials have been used to
roughen the constriction walls. In total, 270 experiments were performed in the range of
Froude number 2.5 to 7.5 and relative contraction range of 8.9 to 12.42. By adjusting the
laboratory model and opening the pump, the flow enters the channel supercritically after
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passing through the vertical valve and moves towards the narrowing section.

As the downstream Froude number increases, the relative energy dissipation increases and
this amount is greater than the energy dissipation in the constriction of 15 cm. The reason for
this is that due to the collision of supercritical flow with the constriction section, the backwater
profile at the point of water collision with the sides of the constriction elements and also the
formation of hydraulic jump upstream of the constriction section increase turbulence and
climate interference and consequently it increases the relative energy dissipation.

Changing the diameter of the rough particles has little effect on the amount of flow energy
dissipation. But it can be seen that the effect of roughness with an average diameter of 1.28 cm
is slightly more than other roughnesses. The reason for this is that the roughness of 1.28 cm
has more contact surface with the flow and also the empty space between the grains increases
the surface tension and shear stress. Therefore, some of the energy is wasted by hydraulic
jumping and some of it is consumed by the backflow of the flow.

Conclusion: Comparison of the models with each other as a control showed that with
increasing the amount of narrowing of the channel width, the relative energy consumption
increases. According to laboratory results, the use of roughness significantly increases the
relative energy consumption relative to the upstream. Energy dissipation in 15 cm constriction
is 25.48%, 20.88% and 23.83% less than 0.8, 1.28 and 2.08 cm roughnesses in control mode,
respectively. Energy dissipation in 10 cm constriction is less than 44.34, 43.68 and 40.63% in
roughness compared to 0.8, 1.28 and 2.08 cm roughnesses, respectively. Energy dissipation at
5 cm constriction is 50.75, 51.19 and 40% less than 0.8, 1.28 and 2.08 cm roughnesses in control
mode, respectively.

Keywords: Relative energy dissipation, Sudden contraction, Roughness, Hydraulic jump.

© 2021 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
16 (4),2021
80


http://www.iha.ir/

Oyl Sy el by allie
e
Sl gy 4y g %5 https://doi.org/10.30482/jhyd.2021.290706.1532

S,
o
Iranian Hydraulic Association

3 Slemld Ol G5 gl ARLLIT Wy
031520 (& 525 of ey HFH TS

YW )ﬁ.o')ﬁ.o Al j‘ﬁé'o Jg.w)

&)l)"‘ ‘A.C‘)o ad&ll..n oKisls ‘&5““'\"'9(4 9 &5‘5 ouSlisle ‘ul).a..c ‘5,..:;\.‘.@(4 os)f wobewl -
Ol el o gl e oBiils ¢ cwdigee g (B 0SNS5yl jas i 05,5 «( Sy ae slaojle g ol Al owlils )15 gomiils Y

* daneshfaraz@maragheh.ac.ir

www jhydihair «Ss s i o080y $EE VF el i bk VFe e[ YV szl

Olz S5 (UG Jles 50 5 5 005 Gl YL 5l a5 5 ez po oty T (sl ol sloalis aloxr 5l oanS
30 (S ab5 alml (65,5 Sl gl canlin sl o3l 5l 0gd o o)l Cews ol b ojle @ ez Ll sl g ea]
P T S RSNt S S [ NOSEUN R ASRUNIE SIS PC ST JE N
it sl by FABEE £ ad olatl ol s 551 Sl et 0z 525 b ored oS LI 30
o3gama s VYD 5 o[ AD c+ /- OF Vo) o[ FF oK i AN [oOY /oYY (Kiloe o sl lE b s ) 8 AT 5 +[FY ([0
salls Glgieds 65 g (SaBSES 55 dw (6550 Sl ST 50 0l cany w VYFY B AR s (5Ll 5 VIO B Y/ 59,8 sas
PEilejl @bt b 03 IS anlpl ( FadSS o)lnd 10 60 £98 A (SIESI o sl lejl arwgi ln Bl S (o)
S5 SNl a5 g 59bay by o 33 (AE/EQ) cewsVL s (55 Sl ccawd¥l )b > 59,8 sae iol38l L as ols las
3 1 BE 1 D) (o i (55 5 Sl (i Al e (s im0 5 V0 AL i e e 10 AL o
oosls b o] gl a5 ol Lt oo (65,31 Sl 35051 slyr 0 il clvalnly sl o bas s 530 5 yides +/-AD

Ails <[+ Y e (Jleypgole Slasye (1Sl jdo gllas g /A0 Y Kiiad o0 b K0S b oo Sloen a8l

Selgen G 1625 1 UL AL 1 oo (5551 SOl 1B Slgunls

23,8 Seine 1) 0l 2 5b; 65505l (e OLLS Ao dodiio )
ALEL 0byz e p3 ailgioe b glaal Jos o osle 13 S by o 45 coge slralins alox |
ol alasly & (FABST 95 jf S oll S5 iz (G5l 05 518 Ay 0j5e sl (Slgyae
05SE 351 Sl 5952 0)lpd 62 ol e 0 S Ll 5l onl &S Sy yo il ob,>
oddi osalie (iS5 (Jae sla)l5 j0 5 42555 ploxil 5 ol 5 0S50 s Cewd by sloosle g
G 5l eslaiwl saisl o as Wyls ol B o5 Lol .ol oo 5,15 alex 5| "’)5—‘6" b s obls el
2 e Jp sloal dbvly 4 (SadSS S o 0alS (b 125y et 065 5] 00isS Slgine slaojlo
SHgpded Jhp 05 )3 Az 990 5 e a5 oz Sle @5l howi b oy w5l g bz Sy
2Bbes Sy ien sboojle Cuws by ol lowsy 5,8 Shgtes |y Gb> Olsiies a5 ol s, 5l (S ol
o (Slzgd & Gl Bl ol @ hosh &S bl Gly> e 53 6) olyod 4y (SOss sl
SIS S Glime )3 (sote A g 03l I oL > 3 6 3 esliiul 5 lm s 5o (SSES slow
290° L’ .D)‘O gii"js)w Lng()M‘)L’) 4'>r"‘w‘)3 SS9 u‘ys‘o Gi..lj)m U”")) L.S.Mu W 9 L;..\.wu.i;;: o)lﬁo

Journal of Hydraulics
16 (4),2021
81



e+ ciorand 3 1yl

e ol (551 S (B Lol (o) 2

Ve Ve B e e lo V00l anl ] oye Gubis
L agly S spsbay <l ialS e le V1-
LS 05 4z 0 YV/AT B Y V/Y ooz ;0 0,lgs0 4y S
39 (o (65081 S Mgzl 9,8 dae yiol38l L as sls las
oRIR L e 8L Al L 2Ll 5 Loyl e
Sall (Sdgpap iy o Jsb anlpl WS o
JSKo 56 ow,, 4 Sadeghi et al. (2013) .wb o
Sy Jin sl 5o 1Sy b slae s
$0,lgp0 ol Jgbo ell 4 caS ols L Lol bs ausls
Tr oS g Cepu Jials cel boylgo sboul ¢ hous
el Selopded hn S
»&iole;l ow,,» L Daneshfaraz et al. (2017a)
5 SABET [0 (658 Gy ,ue AT Waw, A oyl
oeolS sy AMVE (il job 4 ol )8T5 b anslis
©ous O,g04 Daneshfaraz et al. (2017b) ool oo

&5

S5 909 baz ;0 8 o b > )8, SLSL LA
ols lis bl 60,5 cwyp ) Em Jome 0 (SasS
Celaz 0 U my Jow jo (Sas S5l eolatul a5
el s aml ol o jLas el gl

S (Sab S5 5 655 Szl (pBRlejl )
Olyee a5 0l Las Daneshfaraz et al. (2018) lawgs
Gl e SLSL (Saa K ) (AU 6551 Sl
4 S (555 gl &S5 55y ail o (Slg o0
A Cawd ol 4 Gl 9 2o )0 VY/FY e 4y eVl
ROWA N Y ISV ASRVES JURS{ IICT-WURR VSIS ) VIR g VN
Fos 9 251y ol5ee ,5U Daneshfaraz et al. (2019)
S)ge Sy Sp sl SRy Gorn ) b bedd g
ol sleazmog> as ol lis mls Wis)S swyp
(S Sk Slauns saee ;o pj yw b SLSL 1S
@ lo i b @ISy bavslie 0 1) b zgose Bes
A2 o SialS a3 VLY Sle jsb

s Sicwd o sw,,m L Nayebzadeh et al. (2019a)
Ol (% (2T b @8 Stis amio 4y pme 318
2S5 5 St lramio 5l oslinal 45 W, ams

el Gas (uolS g (658 Sl ol 8l ey o lgss

S b olyer (SULSES 0y90 y0 aLBAS laem
Sy 035U Sl ol ezl o jlgpo ;o (anlo
G 4 Olidios Lol ot canlie go0e ¢  alKioles]
ipl Sl 5 (Sgyonn (o a0 glos S
sl Shtee S by 4
(SISL S gloamio iael)] slaazog>
ol o sl 5 SIS 5 o ool (slo S
o L5 oy Slihod &y Glgion o] aloz las conl aid 3

o,5
PEiole;l & g0 |, sla ), Hager et al. (1985)

aile 35l

6999 Ok 4gl; wile (pwsin glaazinl 3 250 5, 0
eoor ol @0 2l Ll sk g S (295
Jsb oial33 b 65,50 Slgzal ols oyl LT s .is,S
L Yasuda & Hager (1995) .wb oo (ildl ol
oz slr o (S el o)
—Jsb b IA g +IF e IF Y o all cons b Syl 8
L aS wio,S odalie yio oo VoA g V00- VoA oo
5 R gl sloges (oWl (> 098 sue sl
Reinauer & Hager .l oo ioli8l (ol b sle]
(chute) wes & a&isle;] ow,p L (1998)
Olyee 23 Rl b oS Sy azeil (ol &y andly oLl
bl (SRl ag) 0l (s Bes
Oz 2,95 2 S5, s, & WU & Molinas (2001)
s onl 4 by, anlpl 5o elisS LA L Sl )
ALl Jome (Saih Cons 5l (99 o pd aS Wi,
AR NS I NP Olee a8 Spdy oo ook b
) b l1zadjoo et al. (2005) .l o -/0F I
Sladijed lasny boad pj yn ;o (Sdgyae iy
Sl g oy omnd Job S W) 4l nl @
L Dey & Raikar (2007) .l oo (ial38l (S 5,
sly GYsb Ll S o (Sl (pBlejl o) 2
Jolie Gos S Wowsy azs cnl & Slyg b by
g a8l Ll ahie Sadil Cond Srals b (Soe]
Jan & Chang .l oo ial38l ¢ pgmy O3 o3l o33l
D9l So o | 35 Sl 5 (SIg 000 2 (2009)
Ol 90 0,8 gy s PLEN L (ks Lo

Journal of Hydraulics

82

16 (4), 2021



1Feo OL{.A»A} g c)l.o.{;') NP 099

Sl yaad

O (S9yym  swyy LTokyay et al. (2011)

bl b ysiie 65 5 Jlozse i a3 Sl
adlh ;e (Sdgyen in sl SRy 2 6)ls s S
32,0 YO s mge 625 55 (Slgysen oy Job &5
OO B YD oy S15S05 syl 50 g 0uo,0 Fro g le il
S 1) 351 S8 Gl ) s 9 Wb o0 ABLS 2o 0
Nasr .a2s o Gwli8l o Ve b Y SIS oy @
» =,y b Esfahani and Shafaei Bajestan (2012)
SHodep Shp g Job a5 wisls plis pj e 9,
OA Glo s, g a0 FY S (i b aslie (o
Neisi and Shafaei Bajestan ..l oo (ialS ooy
Pt b &S p omyp b b s 612 (2013)
VoBYF 29050 Boo Cummd o5 St ai (il @ )
sl SEalS SeedlS (Sl yoee (i L aalie o 0o
Badizadegan et al. ..l oo ioli8l ao s Yo o3l
rge by 55, (SHgned S o) n b (2014)
Toe wed At lag e a5 wisls (lis (B pwginn
AN E905e Gas o (£l )0 Sslite b w5 s
el el (liae S 4 09050 (55 Alie Elgil
Lgd oo 4196 Gac

56 2&isle;l o, » 4 Daneshfaraz et al. (2020b)
Sl Sy 0 Wieepsd GlaBjed Slapax b pj e
Gopide yob ebias sloanly] o anns by
e sleanl o @S ol plis Wil mlbs o,
Sl el (65980 sloanl pl b anslie )3 (5, gdte
G Job (Rl s gl Gee Al (b i 655
gl oo (Selg e
e > 48l AL slaglaiie JoSi5 Sl 4 4z g5 L
sladole sbml Sl s cwl (Sen a5 Slzul B 0>
Sl oS e slagpd i by b sloal 9z
drlne D950 5 00 anl ] (L0ye lake (Fui S
S b Sl ol sk 5o 655 Sl Gl
Oy Sleiod () b il (o0 atein ]y (Sl
diej 5o i a8 S plwl slaow)n o5 0l caalive
4 65 Sl 9 gl (om0 Sy g 1S
oWl jo .l 0o oS Slgine ;500 alws

5 Sdin grasan 1 oolatwl gl Cewd b Ges g
celb sy a gl 5l Glosed solanwl 5 ol STy o le0
Pl Slgiwl o3l gawo,s FA 5 FF YOl
20,5 oo

bl 136 goae o, L Daneshfaraz et al. (2020a)
oolaiwl b oV b5 Y/ 04,8 o0gazms ,o ( Slpmal,d b >0
Oil38l b &S oy 4z ol 4 RNG  Siais] Jaw
b omlF @5l Sl (SanSs e
OSboad (633 o, 4 Nayebzadeh et al. (2021b)
N 28l g Stin srazio jpax 0 W6 o
GBS pl o ans) e sl Jaw aiBls, o)l
&5 Sl wlo lias bl mls a5 wog RNG Jow
iy 53 5 SVl 2 0)lgns 136 g Wl oo
oLl yy Sladsd 4 lei o PRI NS RV APRVAR
o,

‘) )MAA) l.: d..m‘)j Sy L: Rajaratnam (1968)
G 4l Bes g Gop Job g Slle Job a5 sls las
S5 iz sebods Blo i b avnlie 10 25 o 59, »
&9, adllas L Mohamed Ali (1991) .ol oo Lol
Seal 623 b 2 S Goon SHsee Sin Jsb
Sy 4z (pl oo Ve Lol (ST LSS aSe
b oo GRalS FYIT B YVIY Sdgoue Gy Jsb oS
5 Abbaspour et al. (2009) .Tokyay et al. (2005)
25 Sy Elgil (59,5 o, » L Elsebaie et al. (2010)
YL 09,8 olael jo a5 Wi ) s ool 4 Ll anolio g
Cit & S 25 Sl s )3 (g Bos 20l (e
,o Pagliara et al. (2009) .54d o yiies SIS
@lizes glo cod o ol Jow colo b og> sl o)
Sipl Gl gy A e aSis O jgeay (VTGN
@l a3l ol cod b (S slo ool (55, 2
&5 Sl e g5 oslail el L as ol las Lyl

Journal of Hydraulics

83

16 (4), 2021



e+ ciorand 3 1yl

e ol (551 S (B Lol (o) 2

Sz 5 Ol ey 00l S (s jaee
TN YA FIA oFile b 4w b 55 s lSls

o3gaze N Jguz e oo lid |y o)lge o e il

B2 co lid |y el (6 S oslail sla e

Fig. 1 Schematic of channel and equipment installed on
it

OT S9yr o..\...:u.\a.: U‘MBM‘):T ‘éiféla.w‘ J&&

©
. IR—
: ] } J AL
Sikand 2 L
Lm....+m., o
| |
i = ; > : ! } Side
i I I | ro
| I I | [
| I I | 1|
| | | ] 1 I P
| | 1 | [ .5 R
| | i | | = Z =
i i |4 \ D30=2.05
! i i | i | DS0-128 !
- Plan D50-0.8 |
| | | + | [ |
R I O Y| | :
! | I | |
| |
| | |
RN |
T T T
® O ® ©

Fig. 2 Schematic of contraction and roughness placement
&1 9 ‘;Mg_iu Lg)L'.\i).L?- @‘ﬁi ‘;SLSLMY J&w

oads (5 pSo5lal sl yusiio 00gamme V Jgu
Table 1 Range of measured

Roughness Dso/Ab  Q Ye Re
(Dso) (L/min) (cm) (x10%)
Plain 1.97-2.31

contraction 4.55-7.63

4.94-8.54
0.032 3-4.26
0.8cm 0.04 300 2.35-3.55 75141
0053 7 212312 O
0.051 600 2.95-4.07 59-238
1.28 cm 0.064 1.85-4.38
0.085 2.12-3.49
0.081 1.89-2.22
2.08 cm 0.101 1.86-3.17
0.135 2.1-2.82

6 a&isle;l ow,» 4 Daneshfaraz et al. (2017)
Blo oylgo b SainSo o a0 5l SanSs alols
=, 4 Daneshfaraz et al. (2020) ,oren ai>ls
Blooylgpo b SonSs banlpl oie s 36 goue
Daneshfaraz et . o0 ol aslol o .azls, SLSU
o e FasXs 50 goue o,y asal. (2021d)
bl 3800 Ay 0 S, kit gl oy b
Elgl 5l eolazul o (65, Szl mal3dl 51 las gl
Lwg aS aion Sladss 4 ax g Loyl ], b SasSs
odd s, Daneshfaraz et al. (2017, 2020, 2021d)
S350 OPSU (S ABSE Joro 01920 )3 (6 25 b e
ol o W el a5 el Sdsjans sladsel
o)lp3 30 625 5 SUSL (SIS plajer 13 Bobow
Dygots Gl bz e @Al Sl p Gl
Sef b @l s eademyn SR

Lol 00l dslie Daneshfaraz et al. (2020)

o

Lo 59, g Slgo ¥

P bo 3T &l g —¥ -9

chie b alel ol I datale] elnil (sl
Sl gl i ¥ ose e O Job 4 (bt
oslitul ¢ WIS (oS izl alaojlnes 9 S L
azdo o ud FO- 4lgr b oplaS o ey 90 onl 00
b Gl $99)9 (29 9 WS e el 3l |, (L
g g0 08ilg do )0 Y llaz L (;elig ) w529 99
o b glabis giwges 5l ol Gee g pSojluil sl
S ol gl el sa ooliul e Lo
L slatds Gla(puSl) amz 5l dalpl oye alaoyo
31 e silo VIO O YD sla s, «yte 10 ol glis)|
e CewsVlys Gzl b by slml 6ln g S5k 52
Vcals e Y o 4 azm e Sl (Sal S
7o V0 alols)s a5 e tlo ¥ (Sabib by e
el o ool s 515 SuncK

G o i Sl 5 anlpl (ISl ) S

Journal of Hydraulics
16 (4),2021

84



1Feo OL{.A»A} g c)l.o.{;') NP 099

Sl yaad

el Shgeds daly leasiul 3 culgs e
ooy &l 0 ably by wmy (g0 Jiins (sloazinl 8

D,, Ab
—_—,— )
AW

m‘%

>

Fry, = f5(Fr,,

-<|—<

>

ooliiwl )90 sldakul, -Y-Y
Ok S5 n b Sl (S e F SS 4 arg L
(09 o0 Biins o o S WS ghate b (Slp2ul B
Sy (FABSL (B2 &5 plagle) o e ohay
LBSsA sahio o 65,8 cél s so il ol
ale LB F alaly &b 5l g (6350 Jol 5l ool

2 2
A =0y ) (e + 32) @
B g A ghie o cepw VV 8 bl o a5
Sy sl B g A ghais 10 Ges csia Vg ¥V,
FB oad sty (Sibe Gee by B ghie o
0 A g )3 ey drulre gl Js el dle
5 0 dnslma Voabaly nln A glaio )3 oz Gos 5K
big A alaly ply ghie ploa 0 by S e

Bl oo Cawsas ¥ akal) 5l osel Cawsds s 6, >

Y,=dxC, )
W xY,)
®
- sS4 e - {E
Contraction :
$:¥sa e
P x ............ SRR L ........ s

Fig. 3 Submerge hydraulic jump
G (Selgyaem (b VS

Pl p Co g azu,s (Sadil olieed 1ol o a8
(Co) oLl oo Belaud et al. (2009) sl b >

9 o‘ﬂ LsL:c L)l..):> 6‘)-.' sy ;0 u...«...s ;.)—| d,o.c >

ol s -Y-Y
r Slp Sdgsep g gwain e slaasiul b
@ l50 6 pj belyen FSobSS 50 by 655 Sl
el g Oy90 4
fl(vaa giﬂ)WyAbvaa D501
Y Ye Y, En Eg L XV, V) =0
cls g iJlbw JB> o by 20Q il o a8
2t Wi Sols oS gllimazsyd o ¢ 2l S
Dso ¢azy,0 Saiib @ ( SasSs o,e AD wal,l
Oz Gloel i 54 YB 5 YA 0100 (625 (Seilis 5lad
Eg s Ea o Sl ol Goe Yh B 5 A slaalaio ;o
ol X B 5 A gloghie ;5 ogae 55 i
Vs 9VA OIS ahis Job L ‘G?.\M_i.., b azy o

M

sloasiul 3 lein Yag ¢ 0 slaasinl 3 35,5 Lo
plSXiSbg olul Judos (g, 5l eolaal b g (5|55

o,5 C‘).?.!.'L.w‘ Iy aw oy glodsinl 3 ng‘f

f2(Re,,Fr,,Fry,— W a Ab D5°
Y Y Y
)
Y. Y, Y, E, EB x L

O 9 SeaSe p baziuld Gl (S e L
ol el ¥ oabal; pl el 5l (S g5lueols

t3(Re,, Fr, Fr, . 2 Do

Ya Ya Ab "
Yo Ex Bs Xy_
yA yA yA L

azads) ) e sle oo aen jo by Sl 4 axgi b
S el Yoo 51 s jadaiy ) s 0dgdome g Al o0
Daneshfaraz et al.) wo,5,kicé 0 RE asiul s
s WIYA @IYA sloasinl b pimen .((2021a,b,¢,d))
W o (Sadil e og <ol Jdoa wJ.muX/L
Ol 3l (SO SIS B a0 alold 5 a0 (o0 (e
Qs g a5 Wadh Bl da (g sleasiwl )8

ol oals SI1F adasly Bl See

D, Ab Y, E, E;

f4(Fr,, Fry,—>2,— 2 —A —B8)=0 ()
(Fra 5 Ab WY, Y, YA)

Journal of Hydraulics

16 (4), 2021



e+ ciorand 3 1yl

e ol (551 S (B Lol (o) 2

o (NT ) Ew)Y Ea) . O
INGEZL) - E) NG EZ) - En)?
1
RMSE = \/sz (Ewxp — Ecar)? Q)
E. —E
EReIatviveerror = |exp—cal Xloo (\ Yl)
exp

Gy g b =Y

Gblfu.ul.oﬂ sooalin -V-Y

o el b it gla( aSb)amas jl eolitul b ol >
L ord lae 5l (SadSs slaojlons 035 25 sl s
5‘/‘f c’/’/\\ "/‘A\ 5‘/‘\"\‘ Ls:uua.’ C},:i)l.:da LgLQ)B
xoys bg sNNYA 5 +[-AD c[-OF /V-) /5T
el o0 oslital aope VVIF 5 VAID e sl
VIO 54,8 dae odgame ;0 Gialejl YV Les S <> o
w55 Aol VYIFY b A s oLl eogamma 5 VIO
Oz ey 0955 5k s lialel Jae pelais b ool
anlyl o)ly Glmld Oygo 4 @ azy ol jsee 5l am
PR 5o (b JB8) Gl e O JSKS )3 a8 (oo 25 >
slagby glal g (SabSS Glayaic g gz Loy
sanlin |, 2lisle;] ailols ;o sad Sis Sy 0
5 SWL S ghie 4 ol G, b 0S
alasly 4 g od JSas (Sdoyond iy ool b o955
SO SaST gl paic 5 pux b ol 3595
8l oLl alade 9,0 0 gJ ok g 00 olx! L >
ol cel (Sdsjae by LSis b e Gl
Plpogbce SABS 9,9 50 19a g Ol S35 5 Wb
Ol Hlad sl g 0lesd 40 (5,5 Sl (sleosslive
J)l.:‘sa UMJ‘)B‘ w) w) Cawd yb s_j Gos ‘°)|9‘.’.‘> GJL\AA

9biss § b 551 Sl el &5

o (531 S SMogun! ~¥Y
Sl o pdy yeis £ IS (ool o ol

a5 obaple; ,oad Al F S sl ks
A ghie 10 ol @b Jas el §ates by
Rajaratnam cplplo .col jlgis (b ,> Gos (5 uSoslul
Iy a0 40 (5w Go e % alasl, ol etal. (1977)

591 Gty a3 Saty O gl 5l ool b

-
. !
®  Experimental data KL
Free flow /n
075 | <=~ Submerged flow 4

0.00 0.20 0.40 0.60 0.80 1.00

dly,

Fig 4. Vertical sluice gate contraction coefficient for free
and submerge flow (Belaud et al., 2009)

sbaob,z slr (2928 4y LBl oo ¥ JSS
(Belaud et al., 2009) 5 yxiums ¢ of;]

Yoa= Yo =5 ®

o YA oo cuiy ol gl Yh Y akal, o oS
)}])QjW‘Aé’d.M)Q&J)MEVABM)Qd‘)M‘
JB N abal) G,k 5l G s Glatn sl 6550 <

V,2 V.2
AE g :(YSA+£)_(YB +%) ()

L)l sl —F-Y

G55 Sl el plvabal, (oS (nlye
Sloaziul 3 as coul oals &)l zg05e sloGos 5 (oo
A Sl slaaziul gl (ol ©jpe 4 atus
oS & ST 5o nalasl cpl ] (gl ] o0 i 5
Slp 2Rkl slo sols asys Ve Solver giwo
Lol 00l (5035 y9e;] (sl osls s o e g bjgal
G s R? Sien ye bl gl asls )
&y ERelative error (e Uas RMSE &l o 5500
ol o 4355 o0 Wb, L)

Journal of Hydraulics

86

16 (4), 2021



VFee Glio o oylos VP 0,90

ok 5 p el gl dle ol i e gile
Joe 50 (8 0lz ((FESL ghis 4 2l
5 SIESE gloyaie 5 puz sloo)iS b ol 0,55 5
i CewdVl o (Sgjane Bp LSS ioren
5 ol Rl cel Sy tn Sl (Sas S
551 st Sl Bl @ 4 5 00 Iy 5 O S5l
hr o5 bl e s 5l eslital b oo I
Ole SRl mzmen 9 o)l 05 5 Olr Ol
oS el b,z s bolsys bbaliSin e Skl
—omb 39,8 0u g 0ad (b > Gee Il g e p (0
sl e Gali8l b aes o rals a4 | cus
by Ombe Slasl ( FusEs oylsys wlas (Sl
28U S cd I s ol il ialdl easlaSens
A 4 Cond 625 b Sl o dlae s b
A S 0ylged plae Hhd s Jg 00 oL wall
L oaizmed 0,05 (6551 Sl p Glaiz 256 Souss
S als s (55 DS (Sile Sl o oS
Cewdymly o g iali8l 63 5l SHlpwl laaslaSiws )l
Slidod L Geiivd @mll (ol Geizen oo Sl
5 2&isle;l w4 a5 Daneshfaraz et al. (2020)
alazsls o550 gl 5 SLSL olal goue
ooliisl 45 ol Lt ol 3 s Cansl o0 duylie
dnlie ;5 Bab 1) (65 5l (o SVl Gl 16 25 5]
el ools o153l Daneshfaraz et al. (2020) a0 L
2 Sz 86 s s Hhs s oS ol i bl
S Ol Js o)l ol 6550 SHleiul Glies
3 i (o5 e il VYA (550le (a8 b (6 05 U
ol VIYA (605 45 canl T s el s o i
6lad Grizmen g anils by b it wled o
oot g SKhasl il cel bals (Lo J&
Ol 5 (SIgyen b p bawgs (65515l (Sle I 095 0
058 Shtes by (S350 ablsa O 5 6%
Sl e ol o0 SU e A canl ol S Y S
Sy o)l 33 [ AD (o (SABSS )3 (s 555
il o b S0 K5 a5

=25 cm

Dso=0.8 cm

Q= 450 L/M
Ab=20 cm
Ds=1.28 cm

_0=450 L/M
Ab=20 cm
D50=2.08 cm

"Ab=15cm
Dso= 0.8 cm

|BY

Q=450 L/M
Ab= 15 cm
D5o= 1.28 cm

Q=450 L/M
Ab=15 cm
Dso= 2.08 cm

Fig. 5 View of experimental models
2Eislesl sla oo 5l oles OJSSS

09,8 dae JlEl b oo )8 o blaul S 5l assls
Gzt ) sl Joe den ;o (65,50 (cmd Sl 50
&5 Sl 51 Gl cnl 2,18 o920 5 (2l Bl s,
Vo 90 (SasE0 4 Camd o le VO (SadXs o

Journal of Hydraulics

87

16 (4), 2021



e+ ciorand 3 1yl

e ol (551 S (B Lol (o) 2

o - Ds0/ab=0.032
DS0/Ab-0.051
s . DS0/Ab-0.081
w1 s $ H AB=2Scm Simple cont
4 B o
] i b4 s/ 01
o6+ l —D50/Ab-0.064
£ us 1 H DS0/AL-0.101
K " - AB=20¢m Simple Cont
(TS . " - DS0/Ab=0.053
] . ) .
1250/Ab=0.085
03 .
i . DS0Ab=0.138
w2 AB=15cm Simple Cont
#Ds0/Ab=0.032
o et et
N N A < M M g DSVAL-0051
Fra Ds0/Ab-0.081

Fig. 7 Investigation of energy dissipation versuse
upstream Froude number in all models with rough
wall

35,8 308 4y Comud (65,51 SMgnl (cwypp ¥ IS
0,139 5525 b ol o oalade saas Cowa¥l

085 —
og } R*=0/9196 -~

075 T
o7 T
0/65 1
o6 1
055 T
o5t
/45 T

AE/Eq Calculated

0/4

AE/Ej Experimental

Fig. 8 Compare experimental with calculated relative
energy dissipation

&3 el plRaloj] polie anslio A S
Sl 5 lisle;l s

39,8 due -Y-Y
Ol 1, B g A ghila 93 )0 393 sue (o) 4SS
4 Sawdimly 9958 dae ojb slags pdy ki 45 wad o
U5 51 a5 jobrlan ol oad L1 Y Jodz o i
Voo 5hom Sess Gml 50 9958 sae 398 o0 bl
Alse U 6 pSeir jsba ( SSL (FAnSS ¢y
o)lpd 50 s loyer b (SALSE WU (95!
Oty ol (00 G 0 aS v el SanSl
Jdo il oo gyl VO ahato (o 04,8 sae 4l
e b Olz 90,55 5 (29 GG S sl Tl
5 Selpaed G S5 b (SaiSS glayaie 4
O Gos 5 2ol bz co iy bl sl Oy
ghie ;o 0l w3) Fes GRIPl L b SIS
doos 5l (pam ,o b oad (Slg b 4 has el
aloz 5l il atils Ko [l el 04,8 sac
Swwdipml )3 992 dae pSeda hall la St

0/8
o7 1 Ab/W=0.83
_e 8 o a
0/6 °
o/s “
- ® DS0/Ab=0.032
; 0/4 P DS0/Ab=0/0512
- o — s o 0g
o3 y D50/Ab=0.081
simple contraction
02 - Danshfaraz et al. (2020)
0/1
0
2 4 6 8
Fry
o8
oo 1 Ab/W=0.66 .3 b
2
-
L]
0/6
- . ®  D50/Ab=0.04
5 ors | D50/AD=0.064
D50/Ab=0.101
o4 ¥ Simple Contraction
o - Daneshfaraz et al. (2020)
0/3 ;
02
2 3 4 5 6 7
Fry
o/9 C
o 1 Ab/W=0.50
H
-
o7 4 -
® DS0/Ab=0.053
E: o/e + - DS0/Ab=0.085
= L D50/Ab=0.138
ofs 1 Simple Contraction
o/a 1 ~——— Daneshfaraz et al. (2020)
0/3
2 a 3 8
Fry

Fig. 6 Variation of relative energy dissipation versus
upstream Froude number: a) contraction of 5 cm; b)
contraction of 10 cm; ¢) contraction of 15 cm

2 53 e 6551 Sl slas pdy s F Y5
B e Bl O [ FainSs @ sVl ()b, 89,8 sue
JEOREH VR VAR WAL S (VIC IR IV R XV 3%

2Raslesl slaosls ausyo LY+ 5l eolawl L NV akl,
s s Szl 0y515 lp (Bola O jgon
&lp 2Bislesl slaosls sy Yo g ol &l cewoYl
ol ool aid 3 L o ouls &Ll abal, i Coro
e 555 Sl allilesl slogliee oy 2 sy
Lo ot o i loglie b (S35 ol
oy s alal, o5 ol lis (bl le asls
Sluyp ol i s R=vaan ow
aib o EAAY i glbas aoy0 g RMSE=1/0vq
b azyo ol ol gl oad &) abl, (A JS)

el 00 C‘)M‘ (;M&.u

AE/ EA _ —33536( FrA)ﬁ.Ogsl X (D50 /Ab)0.02185 + (\ f)
3.2098(Ab /W )%™

Journal of Hydraulics

16 (4), 2021
88



VFee Glio o oylos VP 0,90 Sl g youp

a0 25 5l Gases Ol 998 00 pln 3 (g w275 g Gl B RS 4 Gl oo (S yuee slaole
Sl iy 4z g o« glaloges ams o las | L;ﬁ...‘.wﬂ oy bl o ,LL; zlasl sl 5l Aile wal
Vod Sla SanSS gaie slages s ndy s )5 0yl eyl azsg> Job 2alS

oylg yo aid, S (65 a2 glp ) o Bl VO g
Mbs&: L;M;i») Cawd il 35,8 dae (5lo ke 00guze ¥ Jgu
Table 2 range of down stream Froud number

Simple _ _ _
channel Dso=0.8 Dso=1.28 Ds0=2.08

AB=25 3.23 0.6~2 0.6~2.1 2~3.2

Contraction of 5 em

/58

< 1Ab/W=0.83 .« 3 AB=20 ~ 14~15 1.16~2.1 1.88~2
.
0145 - . . AB=15 6.43 1.7~1.9 1.6~1.7 1.7~2.2
- . .
Z o : ©D50/Ab=0.032
003 s ©D50/Ab=0.051
o3 D50/Ab=0.081 Contraction of 5 cm
028
02 a
2 3 4 5 6 7 8
Fry
Contraction of 10 cm
" TAb/W=0.66 ")
s o . HFi(B). 0/8
s o = Fi(B), 1/28
e 035 .
2 . 3 e ®D50/Ab=0.04 Fr(B). 2/08
= o . . #D50/Ab=0.064
o2 . D50/Ab=0.101 |
o2 X X b 300 350 400 450 500 550 600
s 3/5 415 5/5 65 75 Q (Lit/min)
Fry
Contraction of 15 cm Contraction of 10 cm
0/4 7
o5 1 AD/W=0.50 p
o3 s
s ¢ . 5
2 o . . © D50/Ab=0.053
¥ opss L © D50/Ab=0.085 £ ! E(A)
o1 =0.138 3+ HFr(B). 0/8
of0s C 5 BFr(B).1128
o ; ; , F1(B). 2/08
2 3 4 5 6 7 B 1
Fry
o .
Fig. 10 Variation of conjugated depth versus vena 300 350 400 450 500 550 600
contracta Froude number Q(Lit/min)
. . M = &
a8 plp 0 g905e Slages slag pdy i Ve S50 Contraction of 15 cm
a3 23l Some 992
ey B e den ;0 aS 00 bl by JSo o cdoly I
. . .. BFi(B), 0/8
as g_;lL“gs.") e g;i.f'lﬁ)"":'“ O TSP SrGas w0al WFr(B).1/28
Fr(B), 2/08

SalS Jg5 g0t cal (§ e azm 0 5l o (b

PR A G (Sdgpoen b bos b Jy wb o

300 350 400 450 500 550 600

L ‘5“"L’ Q‘j-,eﬁ &9l T9Or (_QLQéA.C ol}—l ‘;,Jj)_x_.,_a, Q(Lit/min)

Fig. 9 Variation of Froude number versus discharge
L5~"> ).3‘).3 )O l.(bb]a.v.c »)5)5 ola;l ‘_gLQ:(_g).n.\a ).».».suﬂ J.iaja
ok~

HLo VO (SO 50 098 0 (§3920 5 X5 (o0 395
ok Sgnee Gin a3 )00 gla oo 4o )3
ORIBIL 6 2 dm 32 0 S5 (et g 0092 3 ins g9
Gl e b o Gl Ol a0y Blesl (20 9330 Blocl -¥-F

n or sbges bl O S

Journal of Hydraulics
16 (4),2021
89



e+ ciorand 3 1yl

e ol (551 S (B Lol (o) 2

b e Gl

Ol sy 3l eolil alKilejl s i =Y
sobay casoVl 4y i 1) el (658 Sl
A3 oo il (6 et

0 e gl VO SainS o (65,3 Sl =T
Sl VB (Fab S 4 il (525 099 2ol
w5 4 Rl YIeA 9 VYA /A Glag s L
a5l o yiaS woys YYTAY 5 Yo/AA YO/FA

oy i il Vo SaESD s gl Szl -F
Fotiler Ve (FABSE a Cond (52) O9) Sald
A el YeA g VYA A slag ;L
il e yaS aoys Fo/PY 5 FY/PA FEIVE

oy e il O (SUBED o (65,1 Slgiasl -0
Fo (Bl B (FodSE 4 S (625 Gg) wals
e 4y yio il YA 5 VYA oA slo o5 b
bl yieS oy o g D1NA DV

358 008 Galll o Silspoen (o @s05e SlaGes -7
Oz 5y abls Laals W) §yxiee 0Lz o
359U gsope slages ST (g (o b

Lol 48 5 so5ay 1) (49520 g Sub ol 5ue

pa)Lc w).eﬁ A

a €cm) azy ;o jw)b
Dso M) glas (il s
Ea (M) A ghie pyase 5355
S M) ghie jpgase &35!
E M) Y ghic jogase 55!
Es M) B ghis (pyass 555l
(ms?) zl,5 ols

(OM) (Fa555 oo Jsbo

Q M) by 20
Va (Msh) A alaiie ;o s o
Vi (Ms?) V aladio jo Coyun
Vs, MSH Y ahaiio ,0 oy
Vs (Ms?) B alaiio ,0 & yun
w cm) anlpl 5,e

Ol s slages Rl cel (SanSS (e
205 oo

able Sl zedpe Glosl laglime glel 51w
slabal ) ( JuST o solver b, 5l eolitwl b o alKioles]
SHoder Jin ety el @lp 10 akul, plp
ool sl VY s o Ty bogs e jloges g 0o z! el
Shlo V0 alayl,y a5 ols las Sbsyl sl el ol
Slaye oSl Hio s RPZAPAS ooni oy
Aol e FUVE s sl aoys 9 RMSE=:/:av
SASE b azm e cob alold gl ouss &l ala
ol 00 Sl

Y, 1Y, =16(Fr,) > x16(Dy, / Ab)*” + ()
0.632(Ab /W)

0/55
05 3 R?*=0/9686 «

Y, /Y, Calculated
j=) o j=)
5 2w 2 =
A =
X

oz} X
o1s ¥
01

0/1 015 02 025 0/3 0/35 0/4 0/45 0/5 0/55
Y,/Y, Experimental

Fig. 11 Compare experimental with calculated relative

Conjugated depth
5 2Bislesl z5050 sl ges olime auolie V) S

& 35 4 - F
5 Sl 2 HeSH AL S kol 2
Joe sl oy (2EELT & pg0a Sl b ol
Gre sl V0 gV e B SLSL plal Y b alKalk;!
ol Yo A VYA e TA (ooSloo Sl b s 05 9 ¥ s
Obyz Wge azmys 5l gy VB alol wojlps o
Al ol yie Ole ¥ oojlasl 4y cob Sl b Glyel 8
Vil yme AMELST @l oy S Sl s a5
Obyz 99,8 sae ol Lo cawoVl 4 s (65,
RO PR P Tl Lt RN I | IILIWRR N E
Ol Gl L 4 ol las S0 L o oo danglia =)

s (S5l gl anl o SonSs

Journal of Hydraulics
16 (4),2021



1Feo Ol.u».n} g o)l.o.{;') NP 099

Sl yaad

Vertical Drop. Applied Sciences, 11(9), 4238.

Daneshfaraz, R., Aminvash, E., Ghaderi, A., Kuriqi,
A. and Abraham, J. (2021b). Three-Dimensional
Investigation of Hydraulic Properties of Vertical
Drop in the Presence of Step and Grid Dissipators.
Symmetry. 13(5), 895.

Daneshfaraz, R., Kaya, B., Sadeghfam, S. and
Sadeghi, H. (2014). Simulation of flow over ogee
and stepped spillways and comparison of finite
element volume and finite element methods. Journal
of Water Resource and Hydraulic Engineering. 3(2),
37-47 .

Daneshfaraz, R., Majedi Asl, M., Mirzaee, R. and
Parsamehr, P. (2020). Laboratory study of the effect
of rough bed with non-continuous trapezoidal
elements on hydraulic jump characteristics in non-
prismatic rectangular channel. Sharif Journal Civil
Engineering. 36.2(2.1), 119-128. (In Persian)

Daneshfaraz, R., Rezazadeh Joudi, A. and
Sadeghfam, S. (2018). Experimental Investigation
of Energy Dissipation in the Sudden Choked Flow
with Free Surfaces. Journal of Civil and
Environmental Engineering. 48.2(91), 101-108. (In
Persian)

Daneshfaraz, R., Rezazadeh Joudi, A. and Abraham,
J. (2017). Numerical investigation on the effect of
sudden contraction on flow behavior in a 90-degree
bend. KSCE J. Civil Eng. 22, 603-612.

Daneshfaraz, R., Sadeghfam, S. and Mirzaeereza, R.
(2019). Experimental Study of Expanding Effect
and Sand-Roughened Bed on Hydraulic Jump
Characteristics. Iranian Journal of Soil and Water
Research. 50(4), 885-896. (In Persian)

Daneshfaraz, R., Sadeghfam, S. and Kashani, M.
(2014). Numerical simulation of flow over stepped
spillways. Research in Civil and Environmental
Engineering, 2(04), 190-198 .

Daneshfaraz, R., Sadeghi, H., Rezazadeh Joudi, A.
and Abraham, J. (2017). Experimental investigation
of hydraulic jump characteristics in contractions and
expansions. Sigma Journal of Engineering &
Natural Sciences. 35(1), 87-98.

Dey, S. and Raikar, R.V. (2007). Characteristics of
horseshoe vortex in developing scour holes at piers.
Journal of Hydraulic Engineering. 133(4), 399-413 .

Elsebaie, I.H. and Shabayek, Sh. (2010). Formation
of hydraulic jumps on corrugated beds. International
Journal of Civil & Environmental Engineering.
10(01), 37-47.

X (cm) SasXs b asy,o alold
Ya CM) A ghis o 5l ,> Gos
Y, €M)\ alaie 1o (b > Ges
Y, CM) Y oo jo (b > Ges
Ye €M) B ghis ;o o> Gos
Y (€M) a8 Cody o Bos
U kg.sm™) gy cog3)
p kgm™) J&z
Ab €m) SasXs o,e

&l Sl -

S5 dlie 3,5 ;0 a5 Gl aen 5l dlis Basns s

QS oo (S0 ,a8 Wloo S

o oo -V
Abbaspour, A., Hosseinzadeh  Dalir, A.
Farsadizadeh, D. and Sadraddini, A.A. (2009).
Effect of sinusoidal corrugated bed on hydraulic

jump characteristics. Journal of Hydro-Environment
Research. 3(2), 109-117.

Badizadegan, R., Saneie, M. and Esmaili, K. (2014).
Comparison of Hydraulic Jump Characteristics on
Different Types of Corrugated Beds. Iran. J. Irrig.
Drain. 8(2), 220-232.

Daneshfaraz, R., Aminvash, E. and Abbaszadeh, H.
(2021d). Numerical Simulation of Energy
Dissipation in Crescent-Shaped Contraction of the
Flow Path. lIranian Journal of Soil and Water
Research. 52(5), 1299-1314.

Daneshfaraz, R., Aminvash, E., Di Francesco, S.,
Najibi, A. and Abraham, J. (2021c). Three-
Dimensional Study of the Effect of Block
Roughness Geometry on Inclined Drop. Journal of
Numerical Methods in Civil Engineering, 6(1), 1-9.

Daneshfaraz, R., Aminvash, E., Esmaeli, E.,
Sadeghfam, S. and Abraham, J. (2020).
Experimental and numerical investigation for
energy dissipation of supercritical flow in sudden
contractions. Journal of Groundwater Science and
Engineering. 8(4), 396-406.

Daneshfaraz, R., Aminvash, E., Ghaderi, A,
Abraham, J. and Bagheradeh, M. (2021a). SVM
Performance for Predicting the Effect of Horizontal
Screen Diameters on the Hydraulic Parameters of a

Journal of Hydraulics

16 (4), 2021



Voo (o g 3yl

e ol (551 S (B Lol (o) 2

Enlarged stilling basins. pp.5042-5050. 33rd IAHR
Congress, Water Engineering for a Sustainable
Environment. 4-9 Aug. Vancouver, Canada.

Rahmanshahi Zahabi, M. and Shafai Bejestan, M.
(2012). Experimental investigation of the effect of
chute bed roughness height on energy dissipation.
Journal of Water and Soil Science. 22(2), 96-101.
(In Persian)

Rajaratnam, N. (1968). Hydraulic Jumps on Rough
Beds, Trans. Engineering Inst. Canada, 11(a-2), 1-8.

Reinauer, R. and Hager, W.H. (1998). Supercritical
flow in chute contraction. Journal of Hydraulic
Engineering, 124(1), 55-6.

Sadeghi, H., Daneshfaraz, R., Behmanesh, J. and
Nikpour, M. (2015). The effect of shape of walls of
expansion on the characteristics of hydraulic jump.
Sharif Journal of Civil Engineering. 31(2), 57-62.

Tokyay, N.D. (2005). Effect of channel bed
corrugations on hydraulic jumps. EWRI. Water &
Environmental Resources Congress. Anchorage.
Alaska. USA. 8 p.

Tokyay, N.D., Evcimen, T.U. and Simsek, C.
(2011). Forced Hydraulic Jump on Nonprotruding
Rough Beds. Can. J. Civil Eng. 38, 1136-1144.

Wu, B. and Molinas, A. (2001). Choked flows
through short contractions. Journal of hydraulic
Engineering. 127(8), 657-6 .62

Yasuda, Y. and Hager Willi, H. (1995). Hydraulic
jump in channel contraction. Canadian Journal of
Civil Engineering. 22(5), 925-933

Hager, W.H. and Dupraz, P.A. (1985). Discharge
characteristics of local, discontinuous contractions.
Journal of Hydraulic Res. 23(5), 421-433.

Izadjoo, F., Shafaei Bajestan, M., BINA, M. (2005).
Hydraulic Jump Characteristics on A Trapezoidal
Corrugated Bed. The Scientific Journal of
Agriculture (SJA), 27, 107-122 .

Jan, C.D. and Chang, C.J. (2009). Hydraulic jumps
in an inclined rectangular chute contraction. Journal
of Hydraulic Engineering. 135(11), 949-958.

Nasr Esfahani, M. and Shafaei Bejestan, M. (2012).
Effect of Roughness Height on the Length of B jump
at an Abrupt Drop. International Research Journal
of Applied and Basic Sciences. 3, 2757-2762.

Nayebzadeh, B., Lotfollahi-yaghin, M. and
Daneshfaraz, R. (2019). Experimental study of
Energy Dissipation at a Vertical Drop Equipped
with Vertical Screen with Gradually Expanding at
the Downstream. Amirkabir Journal of Civil
Engineering. 52(12), 7-7. (In Persian)

Nayebzadeh, B., Lotfollahi-yaghin, M. and
Daneshfaraz, R. (2021). Numerical Investigation of
Hydraulic Characteristics of Vertical Drops with
Screens and Gradually Wall Expanding. Amirkabir
Journal of Civil Engineering, 53(8), 4-4. (In Persian)

Neisi, K. and Shafai Bajestan, M. (2013).
Characteristics of S-jump on Roughened Bed
Stilling Basin. Journal of Water Sciences Research,
5(2), 25-34.

Pagliara, S., Carnacina, L. and Palermo, M, (2009).
Energy dissipation in presence of block ramps with

Journal of Hydraulics

92

16 (4), 2021



