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Figure 1. A simple figure of how to deal the quick release jet with hydraulic jump(14).
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Figure 2. A view of a laboratory flume used in this study.
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Figure 3. Made to create a jet of water and its dimensions.
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Figure 4. A view of how to measure the angle.
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Figure 5. Primary changes of the jump relative with the angle jet.
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Figure 6. Secondary depth changes by increasing of jet angle.
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Figure 8. Changes in the Dparameter decrease the depth in front of the Froude number.
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Figure 9. Changes in the relative length of hydraulic jump with an increase in jet angle.
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Figure 11. Changes in the relative energy loss of jump by increasing the angle of the jet.
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Figure 13. Changes in shear forces with increasing jet angle.

StV ety G o S I e
asly plp oo asly 1 amen 358 e buls
Je A Sl e pde e 3L S

LS ad St S S5

S 5 o

I T IRCIC DU PR NS T
w5l Gas o Jold  (STgyd By Slasis
Fol @l w3 S s $3A S Ly Jsb

pls OLES s cpl
Sty Sl fp &S > Col c
B8 Ol el 5 0Ly sl
sl b e sl b Sdsde oy Sgsba

v

Dt S el Canily ol Sy USE ol

i Sl SRl el Lol o asls
RS w3 P oaly s aS g sba 338 e
Cod pl g PV 250 o o3 ST 5555 e
wsly o3 s Ll el co osn D o
Spd- Lo oo Sl 555 s0e RS Sl
oIl Sel S Oy DI 4 cd s VA
Sles et i Sl 5335 B slass
;Jb—bgtijij 38 o dlesl gx asly Lo oS
oS o asls S eplals il pln o 05
(sop Slag s rals e AL S o asly
2y e S5 Ceinl Cesa S

AL e sl Sl S e Co oasly S S



OySed o (Jlyghwd (sage

0% 5 S e Sl @y froaly b
Cxoaly Ol Sk e ss5 sue Slas
Bydin Gi) s 3l ralS 5 nlsl el
o (25 P e s sde Sl 53 S(g)sba
IV Olgeeds g (5550 S ST 4l s
5 (25 S 39 dde Plas s g Sl
LaL o /08 550> B s (65 51 I P 4l 5o
S Bl 5 Jals el Cor asly Sl
w3 Peoasly 53 Sosba 35 e e S
FIV 250 S o> Sl 5 553 sde JJ;{’S
225 b e el o Ol Sl 4 cd
> S 5 553 sde S S 4l
Lol Cor Oy A 0 il ol VA S

23,5 A Slas 3 Sl

wsli 50 5 Sl Cwwas S oasly Sl S6S
.:.sj_f&a ol VL Gt ol S e
Gas Sull g Al el G oagly 5y Ol s
5> Sgosba 38 e Sk b asl
GRS 3 S 23 A S sl Sl
Lo YO/Y s3> U 4l Gae Sl 23,3 sde
w13 Sl FeS S arn Proasly 5o 5 b e lals
Mo ppSe 5 S @3 S b ke Sl
Q\mﬁ L .Jﬁ,tfua J;u"\}é\ o33 AV 394> 35,8
Cor Osd By 4 Camd P dsb Cxasl
g')'i\ S 20 U,L.:\J.e\ JubL;a Jgﬁ\}é\ 9 ui.AlS
Sl sl S5, sba AS e LS BRGEFWes,
;S\.,l;- @ Lﬁf Aoy YA 590>~ U ULA[S Q\J-.:,a
5598 3de Pl 5 S 05 S e (S asl)

@ by Aoy Y4 ssu- U G058 Ol ST

1.Abbaspour, A., Hosseinzadeh Dalir, A., Farsadizadeh, D., and Sadraddini, A.A. 2009.
Effect of Sinusoidal Corrugated Bed on Hydraulic Jump Characteristics. J. Water Soil Sci.

19: 1. 13-26. (In Persian)

2.Ahmadi, A., and Honar, T. 2015. Assessing Effect of End Sill with Different Forms on
Hydraulic Jump Characteristics. J. Sci. Echnol. Agric. Natur. Resour. Water and Soil

Science. 18: 70. 135-145. (In Persian)

3.Belanger, J.B. 1828. Essai Sur la Solution Numériaue de Quelques Problémes Relatifs au
Mouvement Permanent des Eaux Courantes. Carulian-Goeury, Paris, France. (In French)
4.Ead, S.A., and Rajaratnam, N. 2002. Hydraulic jumps on corrugated beds. J. Hydr. Engin.

ASCE. 128: 656-663.

5.Gohari, A., and Farhoudi, J. 2009. The characteristics of hydraulic jump on rough bed stilling
basins. 33™ IAHR Congress, Water Engineering for a Sustainable Environment, Vancouver,

British Columbia, August 9-14.5.

6.Jam, M., Mardasht, A., and Talebbeydokhti, N. 2015. Evaluation of Hydraulic Jump on
Dentate Blocks Stilling Basin. J. Hydr. 9: 1. 1-10. (In Persian)

7.Mohamad, A.H.S. 1991. Effect of roughened-bed stilling basin on length of rectangular
hydraulic jump. J. Hydr. Engin. ASCE. 117: 83-93.

8.Najandali, A., Esmaili, K., and Farhoudi, J. 2012. The Effect of Triangular Blocks on the
Characteristics of Hydraulic Jump. J. Water Soil. 26: 2. 282-289. (In Persian)

9.Neisi, K., Shafai Bejestan, M., Ghomshi, M., and Kashefipoor, S.M. 2014. Investigation of
Hydraulic Jump Characteristics at Roughened Bed of Sudden Expansion Stilling Basin. J.

Irrig. Sci. Engin. 37: 2. 83-93. (In Persian)

10.Parsamehr, P., Farsadizadeh, D., and Hosseinzadeh Dalir, A. 2013. Influence of Sill and
Artificial Roughness over Adverse Bed Slopes on Hydraulic Jump Characteristics. J. Water

Soil. 27: 3. 581-591.



1190 (F) )l dTF) dls S 5 f clis gla iy} s puls

11.Rajaratnam, N. 1968. Hydraulic jumps on rough beds. Trans. Eng. Inst. Canada, 11: 2. 1-8.

12.Shafai-Bajestan, M., and Neisi, K. 2009. A New Roughened Bed Hydraulic Jump Stilling
Basin. J. Appl. Sci. 2: 1. 436-445.

13.Silvester, R. 1964. Hydraulic jump in all shapes or horizontal channels. Proceeding of the
American Society of Civil Engineering. J. Hydr. Div. 90: 23-23.

14.Toozandehjani, M., and Kashefipour, M. 2013.Laboratory Investigation of the Effect of
Diversion Dam Underflow on the Hydraulic Jump Characteristics. J. Sci. Technol. Agric.
Natur. Resour. Water and Soil Science. 16: 62. 205-216. (In Persian)

15.Valinia, M., Ayyoubzadeh, A., and Yasi, M. 2014. An experimental study of the effect of
baffle blocks distance from a gate on the hydraulic jump length and energy dissipation. J.
Water Soil Resour. Cons. 3: 3. 1-10. (In Persian)

16.Varol, F.A., Cevik, E., and Yiiksel, Y. 2009. The Effect of Water Jet on the Hydraulic Jump.
Thirteenth International Water Technology Conference, IWTC 13 2009, Hurghada, Egypt.

17.YUKSEL, Y., Ginal, M., Bostan, T., Cevik, E., and Celikoglu, Y. 2004. The Influence of
Impinging Jets on Hydraulic Jumps. Process of the Institution of Civil Engineering, Water
Management 157, WM2, 63-76.

YYA



Gorgan University of Agricultural
Sciences and Natural Resources

J. of Water and Soil Conservation, Vol. 23(3), 2016
http://jwsc.gau.ac.ir

The impact of water rectangular jet angle on the characteristics of hydraulic jump

M. Dastouranil, *K. Esmaili’ and S.R. Khodashenas®
'Ph.D. Graduate, Dept. of Water Engineering, Ferdowsi University of Mashhad and Assistant Prof., Dept.
of Water Engineering, University of Birjand, “Associate Prof., Dept. of Water Engineering, Ferdowsi
University of Mashhad, *Professor, Dept. of Water Engineering, Ferdowsi University of Mashhad
Received: 09/09/2015; Accepted: 11/29/2015

Abstract

Background and Objectives: Hydraulic jump is one of the common methods of dissipation of
energy of the super-critical flows in open channels. This phenomenon is a kind of rapid, varied flow
that exists when the super - critical state of flow converts to the sub-critical state. It causes to
considerable dissipation in value of the energy. In this research a new method introduced for
decreasing both values of the conjugate depths and the hydraulic jump's length. This method 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. A contorl gate used to fixing the situation of the jump, in the downstream of the flow.
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 heigth 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 and jet angle on the jump’s
specifications, the tests performed in various conditions. These conditions include of the three
different jet’s discharges of 2, 2.5 and 3.2 litre 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.

Results: The hydraulic jump at a special jet angle had not any displacement that 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 resulted in changes in the
secondary depth, jet length, relative energy loss and bed shear stress. At the maximum angle of the 60
degrees and the discharge equal to the 3.2 liter per second in the minimum Froude number, the
secondary depth ratio increased by 25.4 percent. Using a jet with the angle of the 60 degrees and the
discharge of the 3.2 liter per second in the maximum Froud number of the flow caused the increasing
in the secondary depth ratio by 8.7 percent. The maximum reduction in the jet length (e.g.48.3 percent)
occurred at the maximum jet angle and discharge equal to the 3.2 liter per second in the minimum
Froude number. The maximum increasing in the jet length (e.g.29 percent) happened in the angle of
the 60 degrees, discharge about 3.2 liter/s and the maximum Froude number. In the maximum angle of
the jet, discharge about 3.2 liter/s and minimum Froude number, the maximum relative energy loss,
increased about 0.76 and finally using the jet’s angel equal to the 60 and 90 degrees caused decreasing
and increasing of the bed shear stresses , respectively.

Conclusion: Applying the jet to the jump with an angle greater than ineffective angle caused
decreases in the secondary depths ratio and jump length while increasing in the energy loss and bed
shear forces.

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

* Corresponding Author; Email: esmaili@um.ac.ir

yya






