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Abstract 

This paper presents to analyze the current characteristics in channel’s junction and their upstream and downstream based 

on hydraulic jump due to junction. In this case using two rectangular flume with 1 and 5 percent slope to production of 

current with different landing number in upstream of channels, double-width proportion of secondary channel to main 

channel, three proportion in discharge of secondary channel to total flow, and finally two total flows and connection angle 

of 90 degree, is considered. By comparing the result, one can find out various parameters affect on width leap and its 

distance of production location. In other word, when the size of total flow, proportion of secondary channel to total flow, the 

width proportion of main channel to secondary channel, and linear slope of two channels increases, the hydraulic jump 

width and its distance of production location could be increased. Generally, in 12 cases been analyzed, in some cases is 

noticeable, although in different cases is negligible. Also, the separation zone in all of cases could be observed. 

Furthermore, the FLOW3D could provide more ideal results than experimental model. 
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Introduction 

Hydraulic jump is a fast variable flow which is in various 

applications. That is the suddenly switch of flow from over 

critical to under critical situation. In this process, the depth of 

flow in a short distance increases noticeably. It causes not only 

the considerable decrease of energy and aging, but also the 

considerable decrease of velocity. In this situation and with ratio 

of jump, the turbulence is observed over the water. When we get 

to end of the jump, the tension could be decreased and because of 

transformation of energy to heat, the water’s energy goes down. 

The connection of the channels is a phenomenon which is existed 

in natural rivers, transmission and distribution of irrigation 

systems, drainage systems, and gathering systems
1,2

.  

 

This connection causes the fluctuation of flow and hydraulic 

jump. In point of connection, due to collision of two currents 

with different directions and make a novel current with various 

characteristics, the special hydraulic phenomena could be 

occurred. In the previous literature, the effect of different 

parameters on current characteristics is evaluated. However, 

there are a few researches on hydraulic jump caused by 

connection of channels.  

 

Taylor calculated the depth of upstream and downstream of 

current in a channel. Also the newest research of subject has been 

done by Shabayek and his colleague. The main difference of 

these articles is in way of control volume selection. There are 

many assumptions to simplification of problem due to high 

complexity and various parameters
1
.  

 

The main experimental researches in this subject as follows: 

Bestand Reid studied on channels connection with angle of 15, 

45, 70, 90 degree. They used a constant width for main and 

secondary channels (i.e. 0.15 meter). The current conditions in 

all of experiments were sub critical and landing number of 

channel was between 0.1 and 0.3. They also represented the 

variation of dimensionless parameters by curves. For example, 

the variation of 
�

�
	,
�

�
, 
�

�
	in relation to Qbd and secondary branch 

momentum to main branch momentum could be mentioned.  

 

Also they observed that S/Wd and L/Wd could increase, if Qbd and 

m increase. And by increasing of collision angle from 15 to 90, 

this variation could be signified. Another study was the 

comparison of width separation zone with other obtained values 

in different articles. They formulated the flow in connection 

channels using conformal mapping and obtained results for 

dimension of separation zone. Hager by formulation of 

continuous equations, momentum, and energy in connection 

channels location obtained a formulation for compaction factor 

in separation zone location as follows: 
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He compared the amount of μ obtained by Best and Raid
3
. He 

inferred that the (1) for small angles has a good performance. 

However, if the angles increase the accuracy of this equation 

decreases. Chrustodoulou analyzed the hydraulic jump by using a 

model with collision angles of 90 and 17 degree and less width 

for secondary branch. In this case, the current situation in 

upstream of secondary channel and main channel were sub 

critical and over critical, respectively. Hsu et al checked the 

experimental flume with connection angle of 60, 45, and 30. 

Furthermore, they can obtained results about depth of upstream 

to downstream channels and plunged energy factor in sub critical 

current 
4, 5, 6

. 

0.9
ud

Q0.1    
ud

0.912Q0.149δcos <<+=        (2) 

 

Due to importance of problem which can be useful in designing 

of channel connection, it is crucial to have a new research on it. 

Analyzing of hydraulic jump in connection of channels based on 

reduction of flow‘s energy and protection of downstream 

equipment is necessary.  

 

Consequently, the main purpose of this paper is the simulation of 

hydraulic jump in connection of channels using FLUENT and 

FLOW3D software. 

 

Given that the accuracy and configuration mode have affected on 

the results from the analysis and problem convergence time and 

stability of the solution and also the computing time, hence 

configuration mode around sensitive places and locations that 

require extra attention, are more important. In this model has 

tried to identify these places and network quality and network 

congestion at those places will be higher. To software calibration 

has been used existing models. Twelve models were chosen and 

were performed for all sensitivity analyses. The desired main 

channel has 12 m length, 4/0 width and 6 m height. In the main 

channel path and at a distance of 4/4 meters from the beginning 

of the main channel, accessory channel with 5/1 m long, 4/0 wide 

and 6/0 height is connected with connector angle 90 ° to the main 

channel. In the analyzed models accessory channel’s width and 

both channels’ slope within have changed. Mentioned geometry 

in ICEM CFD and FLOW3D software were produced meshed 

shown in Figure-2
7-10

. 

 

  
Figure-1 

A view of the mesh  

Case Study 

In this study the effects of four variables on the flow properties 

of the channel connecting the hydraulic jump was investigated. 

These variables include (Qd) total flow rate through two channels 

with amounts of 15 and 20 liters per second
10-15

. i. Ratio of 

accessory channel width to main channel width with amounts of 

0.5 and 1. ii. Ratio of accessory channel’s flow rate to total flow 

rate with amounts of 0.4, 0.5, and 0.8. 

 

The longitudinal slope of the channel with the amounts 1 and 1.5 

percent that was used to create flow with different landings in 

upstream of two channels. In hydraulic jump issue, 

characteristics 1-jump width, 2–jump distance from the bottom 

edge of junction, were examined which results are presented 

separately. Meanwhile, the parameters used are as follows: 

 

Wj: Width of Hydraulic Jump (part of the channel width in 

downstream of the connection point at which the jump occurs.  

 

Lj: distance of jump location from the bottom edge of junction.  

 

Y: currents depths in different points of the main and accessory 

channel. 

 

Width of Hydraulic Jump 

Flow inters to the connection area from main and accessory 

channels and after merge, passes part of its energy through the 

compact area with supercritical state and decreases its depth with 

movement to toward downstream and hydraulic jump occurs at 

encounter with sub-critical flow in downstream. 

 

In this scenarios, the separation zone is formed on the side of the 

main channel that accessory channel is connected to the main 

channel from same side. Therefore, the downstream flow rate is 

higher at the edge of the front wall and for this reason the 

phenomenon of hydraulic jump in the front wall of the main 

channel is more clearly evident. Part of the main channel width 

in downstream is called Wj where jump is clear. To evaluate this 

issue, the impact of different variables on the jump width is 

investigated. The effect of two channels slope, total flow rate and 

ratio of two channels width on hydraulic jump versus flow rate to 

total flow rate ratio are shown in figure (2) to (3) respectively. 

The results are obtained from FLUENT and FLOW3D software. 

In 8 following cases, the 90% of hydraulic jump width versus 

flow rate in FLOW3D software are higher than the results of 

FLUENT software. These results are more accurate, so this issue 

can be specified from graphs. Overall, the following results can 

be obtained of this graphs
7-15

: i. Hydraulic jump width decreases 

with decreasing flow rate, but its amount is very low. ii. The 

slope has an effective and important behavior on jump width, 1% 

and 1.5% are supercritical slopes for total flow rate of 15 and 20 

liter per second and jump was possible in these slopes if the 

intersection phenomenon was not and the channel was direct.
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Figure-2 

a) comparison of jump width ratio versus flow rate in the first, second and third scenario - total flow rate of 20 b) 

comparison of jump width ratio versus flow rate in the fourth, fifth and sixth scenario - total flow rate of 20 

 

  
Figure-3 

a) comparison of jump width ratio versus flow rate in the seventh, eighth and ninth scenario - total flow rate of 20 b) 

comparison of jump width ratio versus flow rate in the tenth, eleventh and twelfth scenario - total flow rate of 20 

 

  
Figure 4 

a) comparison of jump width ratio versus flow rate in the first, second and third scenario - total flow rate of 15  

b) comparison of jump width ratio versus flow rate in the fourth, fifth and sixth scenario - total flow rate of 15 
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The width of the jump increases with increasing total flow 

rate. Its reason is reduction of the compression cross section 

with increasing flow rate. The current after more contraction 

in the compaction cross section, will has more disruption in 

its downstream and creates jump with higher width. 

 

Reducing ratio of two channels width increases the width of 

the jump due to large reduction of compression cross section 

with reduction of ratio of two channels width. The ratio of 

two channels width in high flow rate (Qbd=0.8) has more 

effect on jump width. 

  
Figure-5 

a) comparison of jump width ratio versus flow rate in the seventh, eighth and ninth scenario - total flow rate of 15 b) 

comparison of jump width ratio versus flow rate in the tenth, eleventh and twelfth scenario - total flow rate of 15 

 

 

  
Figure-6 

Comparison of jump width versus ratio of flow rate for channels’ different slope  
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Jump distance from the bottom edge of junction 

The following figures show effect of channel’s slope, total flow 

rate and ratio of two channels width on jump distance from the 

bottom edge of junction (Lj) versus flow rate ratio respectively. 

The results are obtained from FLUENT and FLOW3D software 

for 6 initial scenarios shows in two flow rates of 20 and 15 

liters per second. It should be noted that the downstream 

landing of main channel has a significant effect on Lj. Almost 

in all below cases, the values of jump distance from the bottom 

edge of connection versus flow rate ratio in FLOW3D software 

is greater than results of FLUENT software. However, this 

amount is very small and more precise results so that it can be 

detected of graphs. 

 

Overall, the following results can be obtained of these graphs: i. 

With decreasing flow rate, Lj decreases. Its reason is that as 

flow rate increases, the upstream current velocity of hydraulic 

jump increases and causes push back of downstream sub 

critical flow and increase of Lj. ii. With increasing slope, Lj 

increases due to increasing landing of connection point’s 

upstream current and transferring it to this point and it’s 

downstream. As a result, the current velocity in upstream of the 

hydraulic jump is increased and increases Lj. iii. With 

increasing the total flow rate, Lj increases due to reduction of 

compression cross section. As a result, the current velocity in 

upstream of the hydraulic jump is increased by increases Lj.  

 

Conclusion  

In this study the effects of four variables on the current 

properties in the connecting channels, hydraulic jump and its 

characteristics were studied. These variables include: two total 

flow rate (Qd), two width ratio (Wbd), three flow rate ratio (Qbd) 

and two channel’s longitudinal slope (S) that the results from it 

are presented. 

 

Hydraulic jump width has a direct relation with ratio of flow 

rate (Qbd) and total flow rate (Qd). Slope effect on the jump 

width is different. It has enormous effect on the jump width at 

the slopes of 1 and 1.5 percent due to the high landing and the 

probability of a supercritical current. Width ratio of the two 

channels only has significant effect on jump width in high 

ratios of flow rate. In ratio of flow rate higher than 0.7, 

reducing width ratio of two channels increases the width of the 

jump. Variables Qbd, Qd, S and Wbd have most effect on ratio of 

jump distance to bottom edge of junction (Lhj) respectively and 

among of these variables, Wbd has opposite effect on Lj. 

Increase in channels slope and consequently increasing the 

upstream landing of two channels and decreasing channel width 

ratio (Wbd), increases the hydraulic jump’s conjugate depths 

ratio (depth before and after jump), and are produced stronger 

jump. FLOW3D software output results are far more accurate 

and closer to the experimental results, which perhaps its reason 

is that FLOW3D model is purely hydraulic and for commercial 

uses and has not the complex setting parameter of FLUENT 

model. 
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