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Fig. 1. Schematic of channel and equipment installed
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Fig. 2. Schematic of contraction and -roughness placement
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Roughness  Dso/Ab Q Ys Re
(Ds0) (L/min) (cm) (x10%)
Plain N 1.2-7.31
contraction 4.55-7.63
4.94-8.54
0.032 1.84-2.67
: - e 76.5-159
0.051 600 1.82-2.67 59.238
1.28 cm 0.064 2.2-2.23
0.085 2.68-3.29
0.081 1.94-2.51
2.08 cm 0.101 2-347
0.135 2.1-3.40

Table 1. range of measured
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Contraction coefficient, Cc
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Fig. 4. Vertical sluice gate contraction coefficient for
free and submerge flow

Ysa =Vn— &)
d\}:.,;l Go8  VSA edzm 53 Sl g_j CLAJ)\ Vh A daly s

CM\A dﬁiﬂ))d&ﬁsVA}?uﬁ)}

L gy -F-¥
3 s S5 SNl e sl ailsy S5l G s
aely byl g aslyl cawsVl 5y 3 sae ol zoa e Slasl
el ol a8 s i sls bl 51l oo 4
VelSolver 5 giws SaS 4 JoS1 s Ly, cpl <1 sl
esls Ao ya Yo ui’J'.?‘T Sl Jalii.ll.aﬂ slaesls Loy
oo ool gl e la 5ol sl Sl 0051 gl
L s RMSE ol oSile i Lot (R (Soan
ol S o, Lo, b)) Gl ERelative error o

NG|

Dy Ab y, E,

4Fr’Fr’_’ ’ ’ ’
VA

£ L “)
Ly Ziy_g

Ya Y

g 4wl Gla il F daly (g5l sl L OLL 5o

AL Ll 5 O s 4 A it gla el 51 Al
AE L D_ Ab
—,ﬁ,—],FrBsz(FrA, 50’_) (5)
E, vy, v, Ab W

A3 ST OV lo -T-Y

JUS b haie > (SAiSS (250 (B 2l F 0 03
S e 4 Glamd s 0L 050 b Ak sl s
5 oy 5o 0 K203 S i o S0
S5 ool S o3zl U1y B g A aie (6531 <31 Ol o
Glr s Vel 5l slaie 53 Gas dialons (gl 5 S aloes
A sl A dal, 514 e 53 Ok s e il

©

Stuice Gat

R e R P P > Side

X L
Fig. 3. Submerge hydraulic jump

ALl o Co s oamys Sadsl Olpe d Y alayly o
(Co) o\lil o (291 OLKan 5 550) sl OL >
5 ol Lol r lp s cly Ol Gas

A aloe (F) IS0 el G atee

Ve Vs
AEAB_(yA"'g) (y3+2g) (6)
Y4 =d><CC (7

_Q
V= 4, (3)

£


http://dx.doi.org/10.22034/22.6.65
https://mcej.modares.ac.ir/article-16-55462-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-08-04 ]

[ DOI: 10.22034/22.6.65 ]

8 el e 9 51 RS J g

25 At b S SusSs s g by ARG )

AL gbdu 5 Ll 0 K

Dso=0.8 cm

Dso=1.28 cm

Q=450 LM
Ab=20 cm
D5¢=2.08 cm

T R S |

& 450 L/M
Ab=15cm

Dso=10.8 cm

VY EEN~QEGQEL) y o (10)
JN(Z E2) - EW) N E2) - (Y E.,)

N 11
RMSE = \/%Z (Eopy — Eoy)’ (b

E (12)

exp - cal

E . =

Relatviveerror

x100

g -y
DR LT Slaalio —1-F

Milesl s ets bl gl tlesl 51 bl 0 IS
SOLI L s, 53 0L O S, (S 5 S
Ol o LSS amlis b das o 0l |y Sy sla
wavg&w‘jm&d@yﬁomgp‘sagﬁ
CS eVl G (Spder s a8l l
Cew3 il oond (6550 Sl o3 gl a4 36 5 48
VYA A sl ks b s pllae 5l eslial b adua 50
PRSP WSER RV TR VV/NIA W EN EN S WS PR VPR VAN
03 3dome 3 Eala3T YV slia ol ol ol | (K5 i 3
AT GO s oLl s g 5 VIO B Y/O 355 sue
233 o5 3 e Ol ey 035 5L Lol 4 S ol
glate Conns 4y 5 03 JUB )5 Sl B8 ) po0 4y a2
-5 e 4 b Odews b AS o 28 > SAaKs
ols LS5 S o O s, s SSL S
Ol (S350 (S Gbaolall L 0L 3,55 5 b s
I 5wl oLl shie s 53 T Gee s el slwl
B I el Olaen (Sdpn Gy BSES e
(6 JSK2) sp8 e SAaSS s 53 e 5 Of =l
&lp\;;w@&bbﬁﬁ&ﬂj sbwl coldalin b
il 4ty 4ty S YU O s (S (505 awn st


http://dx.doi.org/10.22034/22.6.65
https://mcej.modares.ac.ir/article-16-55462-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-08-04 ]

[ DOI: 10.22034/22.6.65 ]

VEeN JL /7 o,l.o.&/(-‘,;‘,;...ﬁa,‘,a

w)-bﬂ 0‘,«9 d.«.l.'.y wu}j%—wbdqu

Wl s 25 SRl b (SaaSs shie S (g
chaie S bl Sl Ol il el
SR 5 e e DS oS el el b 5 (SAESS
b Ol Gas

Slasl ( SA2 S S wlan Jan gro b Ol e 21531 L
Gl I s opl b e il & 5 0L > obe
S 23 S L 55 SNl Dlje 2 e a3 30 oS
4 S S llae Jhd oad 5 eas 0bs dals -
1 5 SVl oS 0 SIS

ol s a4 ol b e b O (ST S ey
Cdtpmly Gor 5 655 Sl aailaSs Ol Jodss
-85 53 555 SNl Ulsn oS Gl 4l o 2151
s Ole o b Sa&S balis 53 55 g b Sad
SOT/YA sl sl olas [12] ol Kas 5 5 ,akils Slidss
Sl s e il 0 SaKs s sdo s OF/8Y 5 00/Y0
Sale Vo SUEKS 55 g Ao ,3 /T8 550 /0Y 5 04/FF
Flas Sln o5 a e Pr 5PV 520 Ll
3513 6 re 5l Y/OA 5 VYA /A Jagia a3 L

S [12] 0Lan 5 51 amls Slidws b sl Goiow ol
Slo b SWSL il gsde 5 AR s p a
Godod gl ool ol gl cilastls (5350 Szl
s SOl Ol 625 Sl eslizad a8 sl OlEs sl
OLan 5 51l G b aglie 53 ol 4 1) (5550
sl oals a5l (55 0s) sl S s 5 [12]

Ol 34,5 sde ol 3 eed (655 SVgal Ol s Y JS..’J:

IOWEv
Confraction of 5 cm

L%

Aprw=0.83

a7 i 2 g

83 ® DSHAb=0.032
e T L
_ 8

os } [} & DS0AL=0,051
< a
= L]
= 0 =
-] : DS0AT-0.083

03 1

Simple

0 Contraction

[N S (R EREEP

n

2 3 4 s 6 7 8
Fry

\Al

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

Dso= 2.08 cm

Fig. 5. View of experimental models

L T O Pr NP R I R PPy T

Fig. 6. View of water and air mixing and backwater

profile
e (85 P! & Mgl Y-V
SNl Olses gy 2 ol G ol Gilaal 5 S
ot K5 daie S (505 ol en 4 SWSU SLET s (65
sde il 5o 1y eed (655 SOl Dl s (V) S
s e Olis cewsVl 5 b
el 53 (G551 s Sl Olpe 355 3de Sl L
Oy w3015 S350 5 (Gl Ly Lol Gl sladie
SSKS e Bl 10 Saa &S s 65l Sl
Sl G5 Ol 2o n Jds s pasle ) 50 Sas
Lolaspmn Joe 53 2255 O (S8 phaie o
G S emmes 5 SAaES ol slas s
S el iy Saa&s chie ceVl > (S
ooyedd a5 Ol S 5 Wb (Ll Cel (ST dn
b e SRl (655l s SOl OF dlis


http://dx.doi.org/10.22034/22.6.65
https://mcej.modares.ac.ir/article-16-55462-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-08-04 |

[ DOI: 10.22034/22.6.65 ]

8 el e 9 51 RS J g

25 At b S SusSs s g by ARG )

- K e od (533 S AT slie w5
(bl sl astls o g ol s i sl b s Sl
Sl s RP=0.927 ons o i gl ddaly oS sl oL
s Sl Aoy s RMSE=0.027 o o Sls

(A JS5) el A5 FAAD

e GO Sl AT slie alie A S
Sl 5 AL

0.85 =

og | Ri=om7 KN S
et S

0.7s A T

z _,_“c‘-‘b b gt

§ 7 x XA x

2 nas X T WK

= A

< s w \ﬂlt\

= IR

2 8% W oot X
s "
043 KR
04 L

04 0.45 0.8 055 LX) 065 o7 075 0g 0.85
AE/E, Experimental

Fig. 8. Compare experimental with calculated relative
energy dissipation

39 5 due 1Y
Sleis ¥ dsdor B g A shaie 55 53555508 ) 24 S5
sde a5 das e Ol C?L” Aas e 0L, 58 sue o5l
i sk 4 (SAEE s 5l e w35
S 3 oS ol ol sdias LS S b e SRl (S
V0 SusKs shae 55 b sde 3l op i Ul o
5w Ol LS el O el ol s el (e il
GBS LSS GOl b oL sy e
3 0L Ce (b gla 0Lz s (S
claie 53 0L o 3) e SRl Ll e (2531 O e
e oo 5l pdm 53 b ol Gl g o Seen il
el g JUT Sl andls 6 Kair Sl [2alS 555
St S slaesle cannl s Sk s 5k sus
bl 5l S sk JUS x2S 5 bl b el Ol
dob el 5 (Sl sl (bl 3 e sl
sde Sk ialS aS 505 033 S o lal el ans >
ol o 55 (55 51 SHgaal (Rl b S (605 5l 53 353
daiuda,.ul}g;;};&@\ﬁsséwléuﬁw\.gw\
0 SAa&s jo glosn A Los el b Saa&s

\Al

Contraction of 10 cm

ne
Ab/W=0.66
a4 & L]
07 -
[ ]
LR
- ™ & DS0AU=0.04
= os 4
= " @ DE0Ab=0.064
= 04 -
B % IS0 A= 104
0.3 e
— Simple Contraction
02+
w1+ [Yfolsheea 5t htils
(1}
3 4 5
Fr,
Contraction of 15 cm
0e
Ab/W=0.50
53 2 a §
] : v
[N 3 -
- 8 & DS0AN-D.053
e
o 6 a .45 & DS0AN-D.085
= 2 -
. L P g DS0/AN=0.138
- A et Simple Contraction
s
ol | o T s A
0.3 +
2 3 4 5 6 T g
Fry

Fig. 7. Variation of relative energy dissipation versus
upstream Froude number

Sl VYA Logze 3 Lo 05 36 aS 558 e edalioe
5 Ok by b s Wy 4 (6551 Sl o
5 Sasl (58l Cely aS baails Ol Jb (glab oo
O 31 6,53 e 5 (S soda i b 5 (6551 51 s,k
Sl W) IS8 058 0 Shgras Lz (S350 4hauls
S KS 3 ed $55 l Ole ol 5 G s a8 el
SAESS saie (5 4l By 4 @000 el S
50k (S550m (Sdasdes B WSS L 5wl sl
ol ol (gl cansVL el (655 SVl e (o
\Walal ; Solver | siws SaS 4 JuuS| 55 ( SAEKS5 6 an 5o
Sleesls doys Ve aakaly ol zlAsl Gl el L)
Gbsesls dops Yo bl sl IS8 4 s Kl
@S ks 5 aaly plsl s ¢l 0 AKELST

el ol

AE/E, =0.054(Fr,)"" x(Dy, / Ab)*™" (13)
+0.2426(Ab /WY T


http://dx.doi.org/10.22034/22.6.65
https://mcej.modares.ac.ir/article-16-55462-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-08-04 |

[ DOI: 10.22034/22.6.65 ]

VY Jle /8 e)w/r";}s'.mgo)"b

A o> Sk Sy mavie Sleel Sl i (1) S
e o Ol 1y amms 5 Sl Gose 0L 353 das
Sles! Sl Sl w5 w0z 5 o oAl glajlse
gl e Bl N0 5 ) O e SUsKS 35

e e 0L ) (SAaKS S s a6

G 3l Gose 258 3de g 03 paase Blesl Slas WY Jss

Confraction of 5 cm
[
s ™ ]
=! e e 8
[ ' ; ’
= 9 L
=oaa ] L ® DS0/AL=0.032
-  § ]
© DSHAB-ILOST
0z
VD0 Ab=0.083
Aofw=0.83
0 !
2 3 4 5 6 7
Fry
Contraction of 5 cm
LX
0s s o
- e 8 @
® H
o4 2
& ] * .
Z03 @ B DS Ab=0.032
- E L
© DSWAD-D.051
oz
S DE0AL=0.083
o,k
Ab/W=0.66
[ <
2 3 4 L & 7
Fry
Contraction of 15 cm
[
035 -4
0.3 ]
025
- o
E;. 0z L - B D50 A=0.053
e L a
0.15 = © DSHAD-0.085
@i ® DSHAT-0.138
MRy/W=0.50 z
o .
2 3 4 5 6 7 5

Fry

Fig. 10. Variation of conjugated depth versus vena
contracta Froude number

(Sl O SAEES 53 4 pnegd oo b IS 3 35 L
e 0L &8 pla oo 5o (SIosds by msose Slesl
b s e Sl o5 Do a il Gt amm o
ST STt 2 Gt Sk in s
o300 5 LS 05 4 U MR LB ms5e Glasl
Sl Sy e sl Vo 510 SUaKS 55 s e

45 ey O £ 5l 0L (Sdasdes Ay 4, S

\A)

Vo SAEES s ke A B el e sl
\0 ;.L.:;f.& 03 G AY 8 S 5 e Sl
@y pode el Ol il e oS Wil e e Sl

W\J):SCEL);LBMULJ&J&:JQ;

Cod iyl 35,5 3de (Gl pate 03 gde Y Jod>

sals  Dso=0.8 Dsi=1.28 Ds=2.08

Ab=25 3.23 0.6~2 0.6~2.1 2~3.2
Ab=20 ~  14~15 1.16~2.1 1.88~2
Ab=15 643 1.7~1.9 1.6~1.7 1.7~2.2

Table 2. range of down stream Froud number

Qgﬂ‘j:ﬁ\ﬁ):éauﬂ:}féﬂ.ulalﬁgj AU

amrii bE% un

3
T -.
L3
.
o EPMA)
as 43
E| DN, R
i
B FEC s )
:] PN TR
i
¥
7
&
L3
i DAY
o R .
et ko
= Yo L 20
73 PFTE, Fe 5
L
#*
Conlraclion of 15 cm
&
7
a b
s1
- mTr{4)
[
= FriE), DSU-i.8
ir w FrR), S-1.28
ir ' ; FI(B), DSO-2.08
. ] ] “
S
n |

T LD tan ane aks Fuy

Q. M)

Fig. 9. Variation of Froude number versus discharge
T90 Slosl -¥-Y
sde 4 i Blesl G w6 5 Sy ool LT b

Ab
E) (W :05,066,083)§J\~:(_<~5 g;.w._v 9 4.:“51 J}J,é

.. Do
Syl See Ab


http://dx.doi.org/10.22034/22.6.65
https://mcej.modares.ac.ir/article-16-55462-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-08-04 |

[ DOI: 10.22034/22.6.65 ]

8 el e 9 51 RS J g

25 At b S SusSs s g by ARG )

PRt G S S ks Sl e 5 SRl
U olie s Sssde 5o dsb T (SUsoae

b Jap e s an S s

L;)r:—:)/..ébv\;ﬂlﬁjbﬁj),\?ﬂauiﬁd)b;)lﬂféj.\\‘JS.Z

w5 )
Confraction of 5 cm
18
16
14 L
12 e ° 3
10 .
2 @ DSAL-D.032
- g .
: . & DS0AB-0SE
P s oden g b 03 5dme DS0/AL=0.083
H s e s
UL m 4 O
n
2 3 4 5 6 7 8
Fry
Wonmireviiee w7 10 g
n
- E @
e |- SE a oa
'Q" A
L &
= e
< "
wr g b Crrshinn-Bes
sy
ol Sk g a5 s dous yr IR
ST o 4 B ks
L3 T —+
- L) 3 ® & 7 2
Ky,
Contraction of 15 cm
40
35 s §
s § H
30 P
25 .
-
20 & DENAN-0.053
15 " ® DS0AD=0,085
10 ] S DS0/AL=D,138
5
0
2 E 4 E [ ki g

Fr,

Fig. 12. Variation of hydraulic jump length versus vena
contracta Froude number

b ol s 4l sy 6 e 5l 10 _S0aKs s
& U oM (S S sk el B rtes By
ol s S et e S L s B S s
Ol S250m (SIS (2 Sl b oS el O
ST P a5l Gas s al Al cws YL O b o

\Al

goie Slesl (o3 lBl L s am a3 Jds (e
sl (SAESE Ol (il e il oo (20 0L
el OF ol cpl o 3530 Ol 350 Blasl 153
I S B 45l Ges (SAESE GLIHIL S
Al
S &S ST s Solver gy 3 eslinal b O\ Y alal
YAQ S slas Ol i T35 Bles! polie Lo ys Ve le;,;.,q\
4 zavye Slesl doys Yoy AT e 55 o3l
Sl s a o a ) 5e atily eyl Sl &) 50
Wb (V) IS 5 oad an S b 5s |t sla el
e o Gor AT sl s pr el OF ls g5
Slapatls L add Guha pwlie b (S
R2=0.9817 iyuss s i 113 adaly oS 313 0L (L3
slas Aoy s RMSE=0.010 Sl o 58k s Ut

OY JS8) ol A3 £4/00

Vil v, =1L56(Fr,) > x(Dy, / Ab)"** (14)
+0.423(Ab /W) 32

Slbme 5 AL LT 25350 Glasl slis aglis MY S5

{R*=09817

B

¥4'¥; Calculate

5] 02 03 04 05

¥4/vy Experimental

Fig. 11. Compare experimental with calculated relative
Conjugated depth

S oy Jgbo —-F
S dib e S e ol LT il
3503 (S SAEES S 5 gl 358 500 4 (SIssds
Fra b Slsde i duy dsb ol (V7)o
52 ds e DS ) 60 pp a5 SIEEE f5 4 sl0
S S g sde (el Ve 5 0 SAaKs

G Do 4 SToodes S dsb ol G anes


http://dx.doi.org/10.22034/22.6.65
https://mcej.modares.ac.ir/article-16-55462-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-08-04 |

[ DOI: 10.22034/22.6.65 ]

Ve L /P e)w/r}:jc,‘mﬁe)jb

e Ol s (puikige (Rag5 — (cele Al

5 Sl i LB zasse Slesl ST S5
O S R R PR P
Oba 53 5 ade Gl L (St oy Ik -V
S T S A T R . SRt I
SIS T SIpsds 5 4 G it S5 s

b Jap e i g an S s 4 1l Xy,

&bo -0

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

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

[3] Reinauver, R., Hager Willi, H. (1998).
Supercritical flow in chute contraction. Journal of
hydraulic Engineering, 124(1), 55-6

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

[5] Jan, C. D., Chang, C. J. (2009). Hydraulic jumps
in an inclined rectangular chute contraction.
Journal of hydraulic ngineering, 135(11), 949-
958.

[6] Sadeghi, H., Daneshfaraz, R., Behmanesh, J., Nik
pour, 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.

[7] Daneshfaraz, R., Sadeghi, H., RezazadehJoudi,
A., & Abraham, J. (2017). Experimental
investigation of hydraulic jump characteristics in
contractions and expansions. Sigma: Journal of
Engineering & Natural Sciences, 35(1), p87-98.
12p.

[8] Daneshfaraz, R., Rezazadehjoudi, A. & Abraham,
J. (2017). Numerical investigation on the effect of
sudden contraction on flow behavior in a 90-
degree bend. KSCE J Civ Eng 22, 603-612

[9] Daneshfaraz, R., Rezazadeh joudi, A.,
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.

[10] Daneshfaraz, R., Sadeghfam, S., & Mirzacereza,
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) .

Yo

S 5 domis ¥

ol 4 SLSL Suas g5 sy Sldlas 05SL

Conl B 4 5 el 43,55 2y SAESS g S

Geiosd 52 2,5 1 E b ar g s AL g adse ol

S S S L eles GLEL SUASS 0 5l

ARl S a Slads Ol 655 Sl

LBl YL AT Jte 23S IE s 3

bste B3 b6 8T 5 Bl )0 50 SSL

ol s ‘jm_iuchia;ssjs sl Y/OA VYA /A

Sl Sl b SlmGss O Wss s S5l 5,2 1/0

2 bl S Sl 53 68w plnil e Sl Y ol

I b sVl & o (653 31 SVl Ol oo a5

T e @l e Bl Sl eVl 0L 55 s

el 5

Sl ol ety Ol aleT (glaesls il -
WJUS 5 e SaaKs Ol Lol L 5 5 Sl
Al ol

e S 53 g5 3l eslinal AT s il Y
L e 55 Sl Ol ((SAES
a3 g Rl S i sk sV

) el N0 Saa&s s 55 Sl Y
Sl b e S0 Se&s o cand (Jals
SVINVA Y0 L 5 4 e sl YA 5 VYA /A
sl 2aS Ao 3 YEIAO

o) el Ve SUKE s 3 SVl F
Gl b jele Ve SUEEE 6 e (el
S FYTY FO/FY O 5w e Sl YA 5 VYA /A
sl 2aS A3 FY/AY

(ks SIl=) jze Ble O SUaKs 55 655 Szl -0
VYA /A g b e ole O Sass 4 cons
dous o 5OV OO S5 a e Sl Y0A
sl S

533558 3 Gl b (ST oy o Slesl P

S kol s Joanalsy 2alS Wy, 6 anee 0L >


http://dx.doi.org/10.22034/22.6.65
https://mcej.modares.ac.ir/article-16-55462-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-08-04 |

[ DOI: 10.22034/22.6.65 ]

S ol g 9 5 A J g,

25 e b L Suss 5 Sdgyae b ARG )

[22] Esfahani, M., & Bejestan, M. S. (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.

[23] Neisi, K., & Shafai, B. M. (2013).
Characteristics of S-jump on Roughened Bed
Stilling Basin. Journal of Water Sciences
Research, 5(2),25-34.

[24] 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.

[25] Daneshfaraz, R., Majedi Asl, M., Mirzaee, R.,
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),
119-128 (In Persian).

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

[27] Daneshfaraz, R., Najibi, A. (2021).
Experimental Investigation of Supercritical Flow
Energy Dissipation in Sudden Contraction with
Wall Roughness. Journal of Hydraulics.

[28] Rajaratnam N, Subramanya K, “Flow
immediately below
submerged sluice gate”, Journal of Hydraulic
Engineering, 1977, 93(HY4), 57-77.

[29] Belaud, G, Cassan, L., and
Baume, J. P. (2009). Calculation of Contraction
Coefficient under

Sluice Gates and Application to Discharge
Measurement. Journal of Hydraulic Engineering.

[30] Daneshfaraz, R., Sadeghfam, S., Aminvash, E.,
and Abraham, J.P. (2022). Experimental
Investigation of Multiple Supercritical Flow
States and the Effect of Hysteresis on the Relative
Residual Energy in Sudden
and Gradual Contractions. lranian Journal of
Science and Technology, Transactions of Civil
Engineering, 46, 3843-3858.

[31] Aminvash, E., and Daneshfaraz, R. (2022).
Experimental Study of Hysteretic Behavior on
Residual Energy in Contractions of the Cross
Section. International Science and Innovation
Congress, Turkey.

\id

[11] Nayebzadeh, B., Lotfollahi-yaghin, M.,
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. doi:
10.22060/ceej.2019.16493.6265 (In Persian).

[12] Daneshfaraz, R., Aminvash, E., Esmaeli, E.,
Sadeghfam, S., 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

[13] Daneshfaraz, R., MajediAsl, M., Mirzaee, R.,
Tayfur, G. (2020). Hydraulic jump in a rough
sudden symmetric expansion channel. AUT
Journal of Civil Engineering, -. doi:
10.22060/ajce.2020.18227.5667 (In Persian).

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

[15] Nayebzadeh, B., Lotfollahi-yaghin, M.,
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. doi: 10.22060/ceej.2020.17779.6671 (In
Persian).

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

[17] 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

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

[19] 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.

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

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


http://dx.doi.org/10.22034/22.6.65
https://mcej.modares.ac.ir/article-16-55462-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-08-04 |

[ DOI: 10.22034/22.6.65 ]

8 el e 9 3RS J gy 25 e b L Suss 5 Sdgyae b ARG )

Experimental investigation of hydraulic jump in sudden
contraction with rough bed

Rasoul Daneshfaraz™!, Mir Amir Najibi?

! Professor, Department of civil engineering, Faculty of Engineering, University of Maragheh, Maragheh, Iran.
2 M.sc student, Department of civil engineering, Faculty of Engineering, University of Maragheh, Maragheh, Iran.

Daneshfaraz@maragheh.ac.ir

Abstract

One of the most important problems that exist downstream of hydraulic structures is the destructive kinetic
energy of the flow. Experts always try to design properly and reduce the effect of this destructive force
downstream of hydraulic structures. The present research was conducted with the aim of investigating the
effect of sudden contraction along with the roughness of the bottom of the contracting section on the amount
of energy dissipation in supercritical flow in a rectangular channel. Three types of contracting with widths of
5, 10 and 15 cm and three roughness with average diameters of Dso = 0.8, 1.28, 2.08 cm and the range of
Froude number 2.5 < Fra < 5.7 and relative contraction 0.5 to 0.83 and with the porosity percentage of 11.6,
18.5 and 30 percent and rough bed in the contracted section, it has been implemented with the increase of the
average diameter of the material of the contracted bed, the friction between the flow and the aggregates
increases. Meanwhile, the effect of material diameter on the amount of energy dissipation with rough bed is
high compared to the control condition, but changing the diameter of the bed materials relative to each other
has little effect on energy dissipation. As the average diameter of roughness particles decreases, due to the
reduction of porosity between aggregates, energy dissipation and downstream depth increase. A number of
270 tests were analyzed in the Froude number range of 2.5 to 7.5. The laboratory results showed that with the
increase of the descent number of the upstream flow, the upstream relative energy dissipation (AE/Ea)
increases. Also, by using roughness on the bed of all three contracting sections, it was observed that the energy
dissipation increased significantly, so that the highest energy dissipation with 78.35% increase related to the
contracting of 15 cm and the lowest energy dissipation with 43.35% increase related to the contracting is 5
cm. The reason for this is that with the increase in flow rate and the collision of the flow with the contracting
elements, with the formation of hydraulic jumps and turbulent flows, the flow speed decreases and its depth
increases. With the increase in depth, the flow regime in the downstream section has become subcritical or in
some discharges, the Froude number has decreased significantly. Among the effective effects of reducing the
number of landings in nature and downstream of hydraulic structures, we can mention the reduction of erosion
and destruction of the channel, preventing the creation of destructive waves in the tailings, scouring
phenomenon and reducing the length of the stilling pond. According to the dimensional analysis, the jump
depth ratio depends on the initial landing number and the contracting ratio (0.83, 0.66 and 0.5). The
relationships extracted to estimate the relative energy dissipation showed that its results are in good agreement
with the laboratory data with a correlation coefficient of 0.927 and a normalized root mean square error of
0.02. And this indicates a very good agreement between the experimental data and the extraction of the
presented relations.

Keywords: Relative energy dissipation; Sudden contraction; Rough bed; Froude number

'A%


http://dx.doi.org/10.22034/22.6.65
https://mcej.modares.ac.ir/article-16-55462-fa.html
http://www.tcpdf.org

