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ABSTRACT  

 

  In this paper, the effects of three different angles of two jets flow attack on turbulence 

introducing are discussed. When two jets flow angle of attack is large and their velocities are 

so high that they cut together, turbulence and energy dissipation are increased.  Turbulence 

and energy dissipation decrease due to two jets flow opposite attack. Because random 

collision and scattering of fluid particles introduce more turbulence and energy dissipation, 

which is not such conditions on opposite attack of two jets flow. 
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INTRODUCTION 

 

Hydraulic jump is formed due to the collision between supercritical and subcritical 

water flows in the same direction which causes supercritical flow kinetic energy changes, roll 

up the supercritical flow and eddy formation. Thus, the energy of water will dissipated as a 

result of the collision between two jet flows. This is the most effective way to shorten a 

stilling basin without the addition of appurtenances in the basin. 

 

Two multi-particles systems collision change the momentum of the systems. It result 

an external force on the systems.  

F=d p / d t             (1) 

 

This external force changes resultant force acting on the system. Thus, mean velocity of the 

system is changed.  

∑F=m d v / d t       (2) 

 

Kinetic energy difference before and after collision is converted to heat.  

E
′ 
k- E k= Q

′
             (3) 

Energy dissipation increases with increase the angle of collision. Maximum energy 

dissipation is occurred when the angle of opposite collision is π radians. Moreover, scattering 

is generated exceed turbulence and conversion of energy to heat (Alonso & Finn, 1967).  
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Energy dissipation in hydraulic jump results in part from the generation of large scale 

turbulence and the related conversion of energy to heat (Fiorotto and Rinaldo, 1992). 

The velocity, direction of motion and streamline curvature are changed due to 

collision. Fluid particles scattering and rotation introduce regions with high vortices and 

shear stresses which cause energy dissipation. 

Several studies have shown that there exists an optimal slant angle in terms of 

minimizing vortex and drag for the rear part of the roof or rear wind-screen (Ahmed, 1983).       

Highly turbulent air-water flows skimming down a large-size stepped chute were 

systematically investigated with 22
˚
 slop. Turbulence manipulation was conducted using 

vanes or longitudinal ribs to enhance interactions between skimming flows and cavity 

recirculation regions. The results demonstrated the strong influence of vanes on the air-water 

flow. An increase in flow resistance was observed consistently with maximum flow 

resistance achieved with vanes placed in a zigzag pattern (Gonzalez and Chanson, 2005). 

 Turbulent flows contain an organized part, the coherent vortices, and a random part, the 

incoherent background flow. The separation into coherent and incoherent contributions is 

done using the wavelet coefficients of vorticity field and the Biot-Savart kernel the coherent 

and incoherent velocity fields. The evolution of the coherent part is computed using a wavelet 

basis, adapted at each time step to resolve the regions of strong gradients, while the 

incoherent part is discarded during the flow evolution, which models turbulent dissipation. 

The CVS method is similar to LES technique, but it uses nonlinear multiscale band-pass 

filters, which depend on the instantaneous flow realization, while LES technique uses linear 

low-pass filters, which do not adapt to the flow evolution (Farge and Schneider, 2001).  

The RVM was used to describe the strong dynamics of the flow due to the interaction 

between an inner jet and an external flow separated by two symmetrical flat plates. The flow 

was unsteady two dimensional (plane) and incompressible. The study was oriented toward 

the characterization of the formation and transport of eddy structures in the flow domain. 

They observed that, in spite of the random nature of turbulence the creation of vortical 

structures downstream of the obstacle, their mutual interaction just before the separation from 

the obstacle and their transport by the main flow follows a quasi-coherent logic which can be 

analyzed by instantaneous observations of the fluid patterns (Mortazavi and Giovannini, 

2001). 

The model of (Younis et al. 2004) is capable of directly reproducing the effects of 

streamline curvature on the turbulent scalar fluxes without recourse to ad–hoc modifications. 

A complete description of a viscous, turbulent, trailing vortex requires solution to the 

full Navier-Stokes equations. Analytical solutions to these non-linear sets of equations are not 

possible, whereas numerical solutions are deterred by formidable computational costs as well 

as building satisfactory turbulence models. Closed-form solutions for vortex flows can only 

be obtained by further simplifying the governing equations (Burgers, 1948; Newman, 1959 

and Ogawa, 1993).  

Several semi-empirical models have been developed and have been applied to the 

modeling of trailing vortices with generally good results (Vatistas, 1998 and 1991). The 

strongly self-similar structure of the tip vortices suggest a further simplification based on the 

assumption of an axisymmetric flow. The vortex length scale dictated by the viscous core 

radius can then be modeled empirically and independently from the representation of the 

velocity profile.  

A common approach is to represent the induced velocity using a desingularized 

algebraic profile, with a constant viscous core size or a diffusive core growth with that is 

based on the Lamb-Oseen model. Algebraic models for the vortex induced velocity profiles 



 3

are popular in engineering applications because of their simplicity and computational 

efficiency. 

The diffusive growth of a viscous vortex has been modeled using an extension of the 

classic Lamb-Oseen core growth model with an average apparent or eddy viscosity correction 

for the effects of self-generated turbulence. The apparent viscosity parameter, as given by 

Squire’s hypothesis, was estimated based on several sets of experimental results documenting 

the characteristics of trailing tip vortices. A family of algebraic models for the three 

components of velocity induced by a viscous trailing tip vortex has proposed. The velocity 

components were determined by solving a simplified form of the incompressible Navier-

Stokes equations (Bhagwat and Leishman, 2002). 

In the present work, the study is focused on attack-induced turbulence due to collision 

between a jet flow from an orifice which located on horizontal plane in the toe of the weir 

and the nappe of water flowing over the weir in Ilkhanipour model for diversion dams 

(Ilkhanipour, 2007). 

The roles played by turbulence in Ilkhanipour model for diversion dams are similar in 

the atmosphere and oceans which can be classified into two categories: momentum transfer 

and scalar mixing. In transporting momentum, turbulent motions behave in a manner roughly 

analogous to molecular viscosity, reducing differences in velocity between different regions 

of a flow.  

Scalar mixing refers to the homogenization of fluid properties such as temperature by 

random molecular motions. Molecular mixing rates are proportional to spatial gradients 

(Smyth and Moum, 2001).     

 

MODEL STUDY 

 

 A series of model studies over the discharges (62 and 77 lit/s), P=36
cm

 and tailwaters 

(150-300 mm) were conducted by Ilkhanipour. A rectangular flume with a horizontal floor, 

1
m

 wide, 7
m

 length and 0.60
m

 deep was used in the investigation. The flume side walls were 

Plexiglass sheets. Numerous experiments were performed by locating the orifice on 

horizontal, inclined and vertical planes 6
cm

 above the flume bottom in side by side with the 

place of lower nappe impact on flume bottom (on discharge equal 77 lit/sec) in an effort to 

obtain the best angle of orifice position plane(Figure 1). Orifice dimensions were 93.5 × 3 cm 

occupying the width & length of the flume respectively. The orifice had two spans relatively 

similar to crest two spans between the middle pier and abutments. The pier and abutments are 

not shown in Figure 1.  
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Figure 1: Ilkhanipour model with orifice location on a) vertical plane; b) inclined 

plane; c) horizontal plane with upstream-hinged gate on it 

 

 

 

CONCLUSION 

 

Just before the collision, according to Euler equation, tangential acceleration 

component will be equal for two jets flow. The gravitational and external forces acting on the 

nappe of water flowing over the weir are almost in the opposite directions whereas the 

gravitational and external forces acting on the jet flow from orifice are almost in the same 

directions. Therefore, after first collision, the accelerations of motion of the jet flow from 

orifice and the nappe of water flowing over the weir are increased and decreased respectively. 

Also, due to first collision, the curvature of the nappe of water flowing over the weir is 

changed and the curvature of the jet flow from orifice is increased. First collision create a 

large eddy structure, which rotates in the anticlockwise direction (left side view) on the lower 

face of the jet flow from orifice due to its roll-down as a result of collision. The outflow from 

orifice is divided to two parts, downward flow and backward flow. Trailing vortex is created 

between the downward flow and the nappe of water flowing over the weir. Therefore, a 

bubble is formed between two jets flow. Schematic and photographs of two jets flow attack 

induced-turbulence zone are shown in figures 2, 3. . 

 

                                          nappe of water flowing over the weir 

 
                                       horizontal orifice 

 

Figure 2: Schematic of eddies formation mechanism 
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Figure 3: Photograph of the boat shaped waffle floor flow pattern for condition of 

without any tailwater at the downstream of weir 

 

Backward flow increase with an increase in the angle of attack. Backward flow will 

rotate in clockwise direction. The temperature of the backward flow water is increased due to 

collision and conversion of the kinetic energy to heat. Just before the place of collision, 

backward flow water temperature will be more than the temperature of water flowing over 

the weir. Backward flow cuts the nappe of water flowing over the weir alternately, and exit 

from the back of the nappe of water flowing over the weir due to the temperature gradient. 

This action causes scattering and other random collisions with other fluid particles which 

create air-water flow regions with high vortices. The boat shaped waffles are formed between 

two trailing vortexes. Trailing vortexes merge in the direction of fluid motion. Permanent 

flow velocity in high vortices region is generally lower than that in the boat shaped waffle 

region. Because of this velocity gradient, a shear layer is created at the interface of two 

regions (Ali, Hosoda and Kimura, 2007). The shear layer causes momentum transfer in the 

lateral direction from boat region to the two sides’ high vortices regions. Two jets combined 

flows will have boat shaped waffle floor pattern with zigzag waffle and damped oscillations 

in the direction of motion Figure 4. Around the waffles contain air-water regions with high 

vortices. Photograph of flow pattern for condition of some tailwater existence at the 

downstream of weir is shown in Figure 5. 
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Figure 4: damped oscillations flow pattern in the direction of motion   

 

 

 

Figure 5: Flow pattern for condition of some tailwater existence at the downstream of weir 

 

Experimental tests results in term of hydraulic jump distance from the crest of weir, 

confirmed the presented theory to this type of stilling basin and it was found that the orifice 

should be located on horizontal plane, to increase the angle of collision and energy 

dissipation due to two jets flow attack-induced turbulence Figure 6 (Ilkhanipour, 2007). 
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Figure 6: The effects of the orifice outflow inclination on horizontal distance from the 

crest of weir to the end of hydraulic jump at different tailwaters  

a) Q= 77 lit/sec; b) Q= 62 lit/sec 
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