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Figure 1. A simple figure of how to collision of rapidly free jet to hydraulic jump.
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Figure 2. View of a laboratory flume used in this study.

e 3 s Rasse CU.?)l I R GV (MY
A lle 5 abew s 5 W 505 SHB L ulSe
Coged 5 A eslitel bl O5ses 03y (Gl
Ot gla il s Lo assy gl or podies
Sy oodkd okl U ojley (g, &S Tt
S Sl B 0L sbl gl (5, Sl

X3 S eslial JUS glil O 5ee 53 sldslon aze 5s

V¢o

Tt e 3 OLr Sl g
ol s a4l /e n YVA s L Sy xS
A eslial JUS 4 0L 3505 Al s
A gl s & ol Sl oo b cer
Slr i3 8 eslial 3 0l a4 f Jla!
e 33 3 AU Jsb s Ol Ges (5 Sl

3 gl e el b aliee id g el




AT (1) 0jboud (YE) Al S5 g ol Clilis sla g3y 41 i

hc@)b&b%ﬂCdcdhﬁ&chQTJJS Wmiyd (63908 4 ewds Slasie 4 e g Lo
Al e e o A 05 Jls ST 6l plad 53 dd el Vodaly 4 e 5 L s o 2
(b S g S ekl s e S a Sy SIS g Rl >l
(V7 USE) el e 825 O 5 o san A anils

Q = Cyq+/2gh A V)

S v
j&)}; BE el Sy 6‘.‘\5,}} -y JSJ’»
Figure 3. Used roughnessesin this study.
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Figure 4. Created deviceto water jet and its dimensions.
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Figure 5. View of how to measure the angle.
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Figure 7. Changes of start point of jump to jet collision to end point of jump.
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Figure 7. Changes of relative of secondary depth with bed roughness variation at jet collision to end point of jump.
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Figure 8. Changes of depth decreasing D versus of Froude number at jet collision to end point of jump for

various roughness.
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Figure 9. Changes of relative energy loss with bed roughness changes at jet collision to end point of jump.

35,6 3de Sl o boca &S gl (655
(s G23) 0% 5 Spp L= 5o 5 Sl
Olgmeds 33,5 5505 s (ST 4 513) WY\ sl L
Gl e 3 die Plas 5 L e /AY
5 Bl 5558 sue ST oo b car S caibe
w3 O FeS asls) Veowsls b s Ol a0
il e /0N Ol w258 syl 4y (s
5l Ok D Cas S e o S
S8l s b S A 4 by e g Ok
) £33 ¢85 S S s s Bl sy 8 sae
3oly amps (Sl asl3) VY wsls b (e s
Dle o S e AL e Ao s YO Ol 335
Srd Osd s o Osb DI 4 cand Ll

S92 3de Sl b § Jdb 4 by s

Yoy

olas 3 polie o el jasiia W JSE ol

2 A sl 5l S 4 b e s el
el o D G ) SS 5 3 S e s
I 3l 5SS ) G 5 LI CL&J Y
Ol ekl &S AL e (6 25 Ok 5 Cor O
33 5 A 3 5eS asls 5 g oS ol
L oS sgd o odalin Lajlsgod cpl 53 ddl o o
5l e Palsdl (6551 e Bl 55 3 e 2158
Alos asls 5l FeS sbaasly s Co s GRIBIL
S Ao sl 03 s SRalS 5 O s DI o
Ll B (655 O e S s o a sl
oA S e R L s b s s
I L L R

s Cllde 5 ..,b_l_i&a ol 65



AT (1) 0jboud (YE) Al S5 g ol Clilis sla g3y 41 i

G sl s adsl fblie s (55 Yl 4 5
b e il (65 e QT@: 45 Sl
Clp i Sdasded i 655 Sl SRl des s
I s oy s SO as G0l Ol g
SN 5y s 23l 5 (AE/ED* cr Jles]
I bl (AEE) (Glo i 5 oo 05)
Ll 0l iy 25 ((AE/E)*/(AE/E))) i 3
sde Jlie 53 s 28l Gall eyl sl el
03 R Lo 25 Sl S sl ke 55 5

el el = Vo S

Sols eV sl b 0sd = s 5 BBl
SlAda u.,J.,VS Al e doys O/FY Ol pea .»Jf
Srd Osd s S Osb Dl el Ll
55,6 508 (Pl o b cr 8 Hb 4 by e
s Wl b oab D s Sl
gl a0 Al e Aoy VA Ol sea 53,5 5,05
Jlesl b Sopl 4 a5 b o i Ol ol i
ooVl Gty glralr Sl wsly s cor
ot U Ges S (o3 Gl Geer 5 0L
0L 2 &S gadse ol & ar s 5 Ahs SRS
Aaa Cand G55 53 Ol Gas e Sl 23

124 - q=2.5Lit/s ©6j=60,0=0 124 . q=2Lit/s ©06j=60,1=0
] W oj=60,n=2 W oj=60,1=2
n A 0j=60,n=1 A A0j=60,1=1
] 2
U 0 6j=Neutral,n=0 = u Oej=Neutraln=0
114 2 114
= n 2 ej=Neutral,n=1 = 2 - n 2 ej=Neutraln=1
E L] Q O ej=Neutral,n=2 g ° n ~ Dej=Neutral,n=2
- 2 e 6j=90,n=0 = @ g 6j=90,n=0
& 104 & 104
& 6j=90,n=1 < p b 6j=90,n=1
E o o ~ 6j=90,n=2 s o o] 6i=90,n=2
° L4 @ oj=Maximum,n=0 L4 ® 6j=Maximum,n=0
0.94 & A oj=Maximum,n=1 0.94 e A ej=Maximum,n=1
6 65 7 75 8 85 9 95 10  mgj=Maximumn=2 6 65 7 75 85 9 95 10 moj=Maximumn=2
124 n - : ®0j=60,n=0
A q;=3.2Lit/s i
MWoj=60,n=2
- n Aoj=60,n=1
(] A ¥ -
114 8 ™ Oej=Neutral,n=0
= -] A A ej=Neutral,n=1
E u DOej=Neutral,n=2
- & 4 ® 6j=90,n=0
& 104 >
= 6j=90,n=1
k=)
s 0 0 o 0j=90,n=2
° [} © oj=Maximum,n=0
0.94 ®. = A oj=Maximum,n=1
6 65 7 75 8 85 9 95 10 mej=Maximum,n=2

o sl 4 Ca s, p Sl s 5y 8 sue bilae s (AE/ED*(AE/E)) coms (Ol i -V S
Figure 10. Changes of ratio of (AE/E1)* /(AE/E1) versus of Froude number at jet collision to end point of jump.
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Figure 12. Changes ofratio of L versus Froude number at jet collision to end point of jump.
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Figure 13. Bed shear forces changes with various roughness at jet collision to end point of jump.
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Abstract

Background and Objectives: A jump formation in stilling basins has effective roles in
reduction of flow energy in downstream of hydro structures. Hydraulic jump is kind of rapidly
varied flow and converts from supercritical state to subcritical state of flow in downstream by
significant dissipation. In this paper, there have been suggested a new method for decreasing
both values of the conjugate depths and the hydraulic jump's length that was based on using the
specifications of a rectangular free-jet for affecting to the jump features. In fact, fast impact of
the jet into the jump and shifting the momentum value to it, affected the jump's specifications
and situation.

Material and Methods: This research was an experimental study. The experimental setup was
including the flume with the walls of the glass materials in the dimensions of the 1200*30*50
cube centimeter. The depth of the flow measured by two methods of direct and indirect named.
Indirect method included installing the piezometers in the flume bed and reading the height of
the water column in the piezometers by a camera with a high resolution. Then it measured by a
plotter of the flow’s depth software. In order to the investigation of the effect of the discharge,
jet angle and bed roughness on the jump’s specifications, the tests performed in various
conditions by three different jet’s discharges of 2, 2.5 and 3.2 liter per second, the jet’s angles of
60 and 90 degree versus the horizontal direction and two specific angles that their direction
considered toward the maximum displacement from the beginning point of the jump direction
and without any displacement and change at the beginning point of the jump direction. Also,
have been used three kind of roughness.

Results: Results have been showed, at a special jet angle, in the various dischargethe hydraulic
jump had not any displacement and this angle was named as the neutral angle. As the jet’s angle
increased, the jump moved toward the upstream until the angel reached to the extent with no
movement of the jet to the upstream, this angle called as the maximum angle of the jump
displacement. Change in the angle and discharge of the jet has beencaused changes in the
secondary depth, jet length, relative energy loss and bed shear stress. Canal bed roughness was
reduced hydraulic jump characteristics. Using jet with the maximum angle, the discharge equal
to the 3.2 liter per second, minimum Froude number and sinusoidal roughness, the conjugate
depths ratio have been decreased of 45.9 percent. Using a jet with the angle of the 60
degrees,the discharge of the 3.2 liter per second, the maximum Froude number of the flow in the
flat bed,the conjugate depths ratio had increased by 8.7 percent. The maximum reduction in the
jet length (61.3 percent) occurred at the maximum jet angle, 3.2 liter per second of discharge in
the minimum Froude number and the sinusoidal roughness. The maximum increasing in the jet
length (15.7 percent) was happened in the angle of the 60 degrees, discharge about 3.2 liter per
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second with the maximum Froude number and flat bed. Using the maximum angle of the jet,
discharge about 3.2 liter per second and minimum Froude number in flat bed, shear forces were
increased about 17.8 times versus without jet and flat bed. Using a jet with a 60-degree angle,
was reduced shear stress to 6.6 times versus without jet and bed roughness.

Conclusion: Applying the jet to the jump with an angle greater than ineffective angle causes
decreasing in the conjugate depths ratio and jump length and causes increasing in the energy
loss and bed shear forces.

Keywords: Hydraulicjump, Rectangular free jet, Super-critical flow, Energy dissipation
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