hRgh T (ole dlxe

e (e (pditee
VFY Jls o) o)l XYF o9

152 B10) Sl

&adio b 5107 90 gt 39 § yhiwwo > Wil BRI 3T (ow y 39
0ol (S g s v 3 ST 39 9 (3 (119

iéé‘:.aw s J..‘.'.w j‘vbt’maﬁ ju& 3 oo :\H b\.p.l:-‘ é‘j’: ‘\wS-" S Rt

Sl Ol ey A oKl (o o 5 T pniige 0dS2l ol (slaosla (5585 (5 gty )

ot 3 Silmi ke B s pde Glal Ol e g oA i Jaes 5 O g A1 slul (J ghs iy 55 Y
S5 5 okl sl 4 Sl sols

Sl Olyazr A ol K305 e s 5 O pikign 0 dSCESNS sl Y

S8l Ol ez g o830 (s T 5 Ol pibige eSSl HL00s ¥

J.ahadiyan@scu.ac.ir

VEY/V/YY ,uzﬂ;\e:@)l: \i'Y/'O/\'\ZQMJA@JB

cblis 3 e 5w Gl 5o S Ll Sasdes S Olr S35 Sl gl SIssdaglaeiy o Sy me 5l S
5> ey ol 5l Jol i 551 A 5 RS s e JSa iS5 5 el DU 53 sl el slassle 5 Lasiliss,
sl 5 ] Slaims pm Sl 5 s 505 4 Ol Shail slseslr 503 31 5l3 sl Coeal ST e S| e ool
o blis o 55 58 o ltag) 5 JUIS iy & Oy el e 5 0 LE3 Oli s o 3o 45 i UL Ll 5 S o 5La1 o ST
(Gets ol rl;,_.'l Shdda ey s Sl 4 Candml 53 ) 0L 5 das 2alS 1 LS Olu g pl KlS e G aiee &) s
ool 3505 S ey Ol b clen e la g i 5 Dol (Sisded S (Shis 5 G AR S R 3575 o
Y ol s e soms b bt sl s b gl o3 Lo ialo3 Bl cal &y 30 ol Olinabl Szl 53 s 5 Lao3s
SIS1s ghate o35doma 3 o ge i 4 3 DL ) o) Sl ool gl 28 S el blie B s o 2 Y5 a3l 20 Y
S84 Jlie om0 (immen lodd S 15 Ol Geo St 5 o3l [2alS OF s pde 4 S L 2y Aok s
e 3l A X3 00 Bt Jsb s s T I Y0 Sl sk (651 St o sk i 5 e Ly Ly el oG5 e

Aesls olis g 37 e s 5 Lo e S S ol S i

B s o 3 gl STy whaie (351 3l ialiT amd S ssd 5 (T OB 519

Vo)



Obw‘j&g}}w

e 1S\ daie b iz g i 53 G R S 36 AT )

liwly L3 mlge IS 5 e (05 Sl ealinal b alad,
DL Fn (Shs eon b bt (55 SOl
SHaodd G sk Ol 5 A el Glo s 655
23 O Dlmio g milge Sheslinl bdiisy e
L5 JUS 3 pxese JalS cormse Ols e 12 Oz 2l
2S5 L JUE 5o ool B IS e e [7, 8]
Syt Lol gl s S5 Sl sl oS sl Ol ST
19] 552 0 JUE L3 0L > sla S

SLISE L s 5 by ol 5 sdes Olii
Lsls O (g g 5 (Sa 5 (Mo Oy Al i
Lol o b el 5 550 DT s g SRE S
il S S Ol e iy @l ¢ ey b 10, 1]
Sasda o J S Gl 180 cblie 53 s 65 )
Olakly by oS 2l S1s S a8 5 035 S5m Ol
S SIS S Ced (S S LS
St 53 SIsded G o b s [12,13] o
Sl i e Blasl polie &5 Aesls OLES s
[14] 551> oS dasly i mpo Job b s 035 (63555 (22
0L ol G s el b 25 e 2 o e 02
oS g 3 e alols Gl Sl L as sl
O 5 GOA LSl 5 LAl B manse Ges b sde
ot S0 ) S oS 03 SSL el A L2
Wil SRl a3 b 5l Ll e S
J15] st ls s e =t

S 3l G Dot il s Jlie i Gus
L5 Sl &S Wil o by 28 sl 2laoBel,
5SS s pl eadane Gl 3 s SR
S5 OWl w58 A3 VY Ol U aS csleds 35158
G5 A s b ladlas s [16, 17] Cales S KaS
o3> QLS SIS Sppdes Sy Gus 2 Ot Zox
Al 5 A Al 4 Rl asls e s o &S S
cilise S0k o (o3 b GBI IS G s ol Cor )
gl (B 2l Sl S S Sy s S
SHastea 5o dsb s 655 Sl olle Jsb 0L

yoY

doNdo —

Sdasder oo 2 ey S Olpe 4 Sooda Sy
e e e S e
Cowsimly 03 oIS e 50 SN Ml Bl e
Loy o 5 OIS O ok (al 5 ST soaislaesla
g e atle Slo plglaals 5 aalsy, blis s
Sl U 1] S cblim o 31 Jile b ol s 5 IS
cblie s Sl laams > glsl asle 35U slas sl
S 5 Ol RS Ol o e s 3wl 5 2l ST
Jat STy wblis 5o (S ssden iy ol o dsb
5 Ole S poa 5 anils O g8 Joue a0 o 5 slite
sdalie (V) S L3 &S ub0les LiLe O)linb U
Cewsimly Goe S Sl ey SIS e 0
S Gl Sin g5 oler a s b Ol gl Ok
2] S o s SIS 5 Il

S8 é‘ﬁbéafu)bu:«ﬁ gl s

Fig. 1. Types of jumps in the section of sudden expansion
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Fig. 2. A view of the flume and jet system
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Fig. 3. A view of the sinusoidal corrugated bed
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Fig. 4. A view of the downstream gate of the flume
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Table 1. Characteristics and test variables of the research

e st 53 Ol Sl pled N S

Fig. 6. A view of the flow in corrugated bed
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Fig. 7. A view of the flow in corrugated bed and submerged
jet
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Fig. 5. A view of corrugated bed and expansion
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Delineation Model
sample S1
S=3;t=1(cm) Bl
S=5;t=3(cm) B2
S=10;t=6(cm) B3
Jet disch.:4.5 (I/s)
S=3t=1 B1-J1
Jet disch.:6 (I/s)
S=3t=1 B1-J2
Jet disch.:8 (I/s)
S=3t=1 B1-J3
Jet disch.:4.5 (l/s) )
S=51t=3 B2-J1
Jet disch.:6 (I/s)
S=51t=3 B2-J2
Jet disch.:8 (I/s)
S=51=3 B2-J3
Jet disch.:4.5 (I/s)
S=10;t=6 B3-J1
Jet disch.:6 (I/s)
S=10;t=6 B3-J2
Jet disch.:8 (I/s)
S=10;t=6 B3-J3

Table 2. The process of naming experimental models
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Fig. 8. Comparison of hydraulic jump conjugate depths ratio
against Froude number in the corrugated bed and submerged
jet
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Fig. 9. Comparison of hydraulic jump length in the
corrugated bed and jet
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Fig.10. Comparison of rolling length in the corrugated bed
and submerged jet
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number
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Abstract

One of the most famous hydraulic phenomena to reduce flow energy is hydraulic jump, which is used downstream of
dam overflows in river sections and structures established in irrigation and drainage canals. It is very important to
control and reduce the kinetic energy resulting from this phenomenon at smaller distances from the place of formation.
Among the examples of depreciation structures, we can mention the roughness of the bed and the construction of
stilling basin and making expansion, but it must be said that it causes pressure fluctuations and damage to the bed of the
canals and river. The existence of the submerged jet can reduce this pressure fluctuation and change the flow
downstream to subcritical. The purpose of this research was to investigate the existence of a submerged jet system on
the characteristic of asymmetric hydraulic jump in a corrugated bed so that this phenomenon can be controlled and
ensure the safety of structures and beds downstream. For this reason, the experiments were carried out with a main flow
rate range of 26 to 67 L/s and 3 mutual submerged jet flow rates. They were carried out in a flume with a length of 12
meters, a width of 1 meter, and a height of 0.87 meters. After passing through the peak spillway with a height of 0.6
meters and a width of 0.67 meters, the flow enters, and from the beginning of the divergence section, which is made at
an angle of 22.5 degrees compared to the length of the flume, an asymmetric hydraulic jump occurs. A 1.2m long
sinusoidal corrugated bed is used for this experiment with 3 different corrugated dimensions. The results of this
investigation showed that the corrugated bed in the region of gradual expansion has reduced the length of the jump
compared to its absence and the changes in the flow depth have also decreased. Also, the impact of the opposite jet in
the submerged shape improved this process; So dissipating energy was reduced by 25-30 percent and jump length by 50
percent. Another important parameter in design is the roll length or retaining length; This is because the thickness of the
slab in the basin part of the bed is discussed and according to this connection, design considerations are made to protect
the bed. It has a shorter length than the length of the hydraulic jump. In this research, measurements were made
according to the combination of tests. The results showed that in higher Froude numbers and lower flow rates, the rate
is low and increases with increasing flow rate. However, with the addition of the submerged jet, its amount is reduced
and in combination with the wavy bed, it shows better efficiency and effectiveness. The rolling length from the control
state and the smooth bed compared to the corrugated bed has been reduced by 35% on average. Therefore, the effective
role of this combination of jet system and continuous corrugated bed was shown. Finally, the results showed that the
combination of a corrugated bed and multiple jets against the flow as an energy-dissipating structure was effective to
control the flow pattern and hydraulic jump significantly. As a result, the use of this combined system controls the
hydraulic jump well and prevents possible negative consequences to the downstream structures, and protects the bed.
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