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ABSTRACT 
Hydraulic jets have found universal use in various fields of engineering and industry nowadays. Among the 
applications of various kinds of jets, this article draws on a study of downstream scour patterns for circular jets in 
low-depth receiving fluids. The tests are conducted in a flume with a width of 150, a height of 100, and a length of 600 
centimeters. In each test, the flow rate, length, depth and width for the scour was measured and recorded by means of 
measurement instruments.  
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INTRODUCTION 
Todays, hydraulic jets have found worldwide use in various fields of engineering and industry; they can 
be used in water and wastewater treatment plants, diluents, the transfusion of contaminants into rivers 
and oceans, lowering water energy and recently in dredging sediment washing deposits from rivers and 
reservoirs. Sedimentation, an important setback for hydraulic structures, can be addressed in two ways: 
First, the structure should be designed in a way that minimizes sedimentation. The second way is to 
remove the sediments by means of mechanical or hydraulic methods. In 1981, Rajaratnam studied scours 
brought about by submerged wall jets. Furthermore, Jenkins et al. in 1981 and Dellaripa and Bailard in 
1989 studied the use of submerged jets in order to eliminate sediments from navigation locks. Through 
building a laboratory model, Sequeirosa et al. [1] examined the value of shear stress attritional caused by 
effect of planar jets and circular jets. Mehraeen et al. [2] concluded that the less the angle with the 
horizon, the vaster the scour patterns. Ahadian et al. [3] studied the factors effective on the flow of 
submerged jets in stationary receiving water reservoirs. Furthermore, Ahadiyan and Mousavi Jahromi [4] 
conducted a study on the trajectory geometric characteristics of submerged jets. The studies conducted 
so far cover the turbulence power of jets, their distribution and diffusion in the receiving fluid, and the 
scour brought about by planar and circular jets.  
 
MATERIALS AND METHODS 
Laboratory Model setup 
Since the present research aims to study downstream scours of jets by means of a physical model, a 
laboratory model was built and expanded to facilitate the tests concerned in this research. To plan for the 
tests of the research, they were all done at a constant nozzle's diameter of 1 centimeter, constant particles 
diameter, and three submersion levels of 10, 30 and 50 centimeters, and soil gradation of d95 with four 
different flows. Table 1 shows the plan of the tests conducted for this research.  
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Table.1 List of test scenarios 

Jet NO Sediment Diameter Nozzle 
Discharge(lit/min) 

Submergence 
Depth(Cm) 

1 D95 

1.6 
2 

2.5 
3 

10 
30 
50 

 
12 scour tests were considered according to the table above. Then, based on the test scenarios, a 
laboratory flume was built. The equipment built and used for the tests consisted of reservoirs for the 
water supply reservoir, the floor pump to transfer water to the test flume, the jet water supply reservoir 
and the jet grouting centrifugal pumps, the test flume, the baffled apron drops the morning glory spillway 
for downstream side of the flume end and the related discharge system and equipment, two- and three-
dimensional chariot carriers to measure scour dimensions, a nozzle with a diameter of 10 millimeters,  a 
flume floor drainage system to drain sediments from the flume floor, the bed material, the jet flow 
distribution system, a rotameter to measure flow rates, a laser distance meter to record scour patters 
(made by the German company BOSCH). Figure 1 displays the flume flow diagram, in which the red path 
represents the jet influx path, the green part of the line shows the suction of the pumps, the blue pipes 
represent the morning glory baffled apron drops spillway and the related discharge pipes for the fixation 
of the water level balance.   

 
Figure.1 Jet grouting flow diagram 

 
- Dimensional Analysis 

Considering the parameters affecting the phenomenon of scours caused by jets, and in order to obtain 
dimensionless equations in this research, a dimensional analysis of the parameters effective in the 
phenomenon was conducted. The dimensionless equations were extracted for this phenomenon 
according to Equation.1 and by means of the dimensional analysis of the parameters mentioned above: 

 
(1) 

In Equation 1, the first parameter is the Reynolds number for the jet output, the second parameter 
represents the Froude number for the jet output, the third parameter indicates the densimetric Froude 
number of the sediment particles, the fourth parameter involves the jet submersion number, the fifth 
parameter is the dimensionless ratio of the maximum jet longitudinal profile, the sixth parameter is the 
maximum scour width ratio, the seventh parameter represents the maximum scour depth ratio, the 
eighth parameter is the dimensionless ratio of the central jet flow velocity to the initial speed, the ninth 
parameter consists of the ratio of maximum length to the average diameter of the sediment particles, and 
the tenth parameter is the ratio of maximum scour depth to the average diameter of the sediment 
particles. It should be noted that the tests were planned so that the Reynolds number for the jet flow 
would fall into the turbulent flow range at all times; therefore, the Reynolds number has been eliminated 
from the results presented.  
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The equilibrium time  
Before starting sedimentation tests, the equilibrium time test was used for the sediments existing on the 
bed used for the tests. In order to conduct these tests, the flow was cut at certain time intervals and the 
parameter xm was measured. This part of the tests was highly time-consuming; each test took 6 hours. 
Thus, based on the results displayed in Diagram 1, the balance time for each test is approximately 3 
hours.  

 
Diagram.1 The equilibrium time test for sediments 

 
 
RESULTS AND DISCUSSION 
The Variables Measured 
The flumes for the tests and the manner the tests were conducted in have been previously discussed. In 
this section, the data measured based on the test scenarios and the conducted dimensional analysis will 
be presented. In this research, the jet Froude number range was 18 to 34, the densimetric Froude number 
for the sediment particles was 35 to 68; the jet Reynolds number at the time tests were being conducted 
was in a 5600-106100 range.  
Downstream Nozzle Scour Patterns 
This section concerns the main purpose of this research – downstream nozzle scour patterns. In 1976, 
Rajaratnam showed that the effect of Reynolds numbers in creating scour holes caused by planar jets is 
negligible if its amount is more than 3000. According to Equation (2), the nozzle downstream scour 
pattern is directly related to the densimetric Froude number.  
 

   (2) 

Based on the study conducted by Jenkins et al. (1981), xm and ym – defined as scour radius parameters – 
are regarded as the most important parameters involved in the development of flow patterns.  In his 
research, Jenkins defines xm as rm, and calls it the scour radius. Furthermore, the two parameters xm and 
ym are also considered to be the main parameters involved in the determination the number of series and 
parallels influential in downstream jet scour patterns. In this research, having sketched all of the 
parameters involved in Equation 2, the results obtained by Jenkins et al. was confirmed; and the other 
parameters, , were also found to be affected by them, and thus increased by the same proportion. 

Moreover, another effective parameter which was affected in this research by submersion levels is , 

which will be studied. Having conducted the balance time test and determined the influential parameters 
according to Equation 2, tests were begun with submersion depths 50 times the nozzle diameter and 
various Froude numbers were tested for this level. Diagram 2 shows the longitudinal scour profile for 
submersion depths of 50 on the central axis of the jet. According to Figure 2, depth of scour hole and 
sediment stack increase with higher Froude numbers.   
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Figure.2 The image of the scour pattern at a submersion depth of 30 

 
 
To quantify the longitudinal scour profile for the nozzle with various submersion levels, sediment particle 
Froude numbers have been displayed in Diagrams 2 to5.   
 

Diagram.2 Longitudinal scour profiles along the nozzle x-axis for 50=  

 
   

Diagram.3 comparison of longitudinal scour profiles along the nozzle x-axis for 30=  

 
 

Diagram.4 comparison of longitudinal scour profiles along the nozzle x-axis for h/d0=10 

Jame et al 
 



BEPLS Vol 3 [1] December 2013 107 | P a g e            ©2013 AELS, INDIA 

 
   

Diagram.5 comparison of downstream scour profiles with changes in submersion depth with a 
densimetric Froude of 52 

 
According to Diagrams 2 and 5, by changing the depth of submersion from 50 to 100, it is observed that 
the maximum sediment stack is equal to water level; in other words, in ebb and flow conditions, if the 
level of the submersion depth is less than the sediment stack, the sediment stack will not be in the form of 
a summit, and the summit will be flat.  
 
CONCLUSION 
This research examined the factors influential on circular jet scour patterns in non-homogeneous 
sediment particle bed. The results obtained can be summed up as follows: 
1. As observed, by changing the depth of submersion from 50 to 100, the maximum sediment stack is 

equal to water level balances; in other words, in ebb and flow conditions, if the balance of the 
submersion depth is less than the sediment stack, the sediment stack will not be in the form of a 
summit, and the summit will be flat.  

2. Due to the lack of any significant effects left by the depth of submersion on the dimensions of scour 
holes, it is recommended that leaching in rivers with ebb and flow be carried out at complete flow, for 
not only the depth of submersion has no influence, but the movement of the concentrated flow 
towards downstream is the result of leaching at the beginning of the ebb.  

3. The depth of submersion proved to have no significant effect on the scour hole up to 50 times the 
nozzle diameter. 
 

REFERENCES 
1. Rajaratnam, N.(1965), Submerged hydraulic jump, J . Hydr. D i v . , ASCE, 1965, 91 : HY4. 
2. Rajaratnam, N.(1974), Pani, B. S . , Three dimensional turbulent wall jets, J. Hydr. Div., ASCE, 1974, 100: HYl. 
3. Rajaramam, N.(1976), Turbulent Jets, Amsterdam: Elsevier Sc. Publ. Co., 1976. 
4. Rajaratnam, N,et al. (1977). “Erosion by circular turbulent wall-jets”. J. Hydr. Res., 15(3), pp 277–289 
5. Ali, K.H.M. Lim, S.Y. (1986).” Local scour caused by submerged wall jet.” Proc. Instn Civ. Engrs, part 2, 81, 607-

645 

Jame et al 
 



BEPLS Vol 3 [1] December 2013 108 | P a g e            ©2013 AELS, INDIA 

6. Wu, S. and Rajaratnam, N., (1995). “Free jumps, submerged jumps and wall jets”. Journal of hydraulic research, 
ASCE, Vol. 33, No. 2. 1995. 

7. Hogg, A, et al.(1997), “Erosion by planar turbulent wall jets”, J. Fluid Mech. Vol. 338, pp.317-340. 
8. Aderibigbe, O. Rajaratnam, N. (1998). “Effect of sediment gradation on erosion by plane turbulent wall 

jets.”Journal of hydraulic engineering, ASCE, 124(10), 1034-1042. 
9. Peiqing, L, et al.(1998), “Experimental investigation of submerged impinging jets in a plunge pool downstream of 

large dams”, Science in China (Series E). Vol. 41, No.4. 
10. Karim, o.A. Ali, K.H.M (2000).”Prediction of flow Patterns in local scour holes caused by turbulent water jet”. 

Journal of hydraulic research Vol.38, 2000, No.4 
11. Chen, J.Y. (2001), “Characteristics of check dam scour hole by free over-fall flow”. Journal of the Chinese Institute 

of Engineers, Vol. 24, No. 6, pp. 673-680. 
12. Dey, S. Westrich, B. (2003).”Hydraulics of submerged jet subject to change in cohesive bed geometry.”Journal of 

hydraulic engineering, ASCE, 129(1), 44-53. 
13. Mazurek, K.A. (2003), “Scour of a cohesive soil by submerged plane turbulent wall jets”. Journal of Hydraulic 

Research, Vol. 41, No. 2 (2003), pp. 195–206. 
14. Adduce, C. (2004), “Local scour by submerged turbulent jets”. Advances in hydro-science and –engineering, Vol 

VI. 
15. Ahadiyan, J., and Musavi Jahromi, S.H., (2008). “Investigation of variation of efflux momentum in shallow 

receiving water by using FLOW-3D”. Proceeding of the International Symposium of Water Resource 
Management, Tabriz, Iran, (ISWRMT'), pp: 551-557;2008. 

16. Ahadiyan, J., & Musavi Jahromi, S.H., (2009). “Effect of jet hydraulic properties on geometry of trajectory in circular 
buoyant jet in the static ambient flow”.Journal of applied sciences, Vol.9, no.21, pp3843-3849. 

17. Mehraein, M. Ghodsian, M. Salehi Neyshaboury S.A.A (2009) 33rd IAHR Congress: Water Engineering For a 
Sustainable Enviroment. 

18. Octavio E. Yarko N. Marcelo H. (2009). “Sedimentation Management by Jet and turbidity current with application 
to a reservoir for flood and pollution control in Chicago, Illinois.Journal of hydraulic research Vol.47, No.3 
(2009). 

19. Stefano, P. Dipankar, R. (2009). “Effect of jet air content on 3D plunge pool scour”, 33rd IAHR Congress: Water 
Engineering For a Sustainable Enviroment. (2009) 

20. Jafarinia R. et al. (2010). “Prediction of scour dimensions downstream of siphon spillways”.World Applied 
Science Journal 9(7). 

21. Xue, W.Y. et al.(2010). “Numerical simulation of sediment erosion by submerged plane turbulent jets”. 
9thInternational conference on hydrodynamics. 

22. Taheri, P. et al.(2012). “Study of submersible jet by using Comsol Multiphysics model”. Journal of Archives Des 
Sciences, Vol, 65, No.8;Aug 2012. 

23. Soleimani Babarsad, M., et al (2013). “Experimental Study of Maximum velocity and effective length in 
submerged jet”.Indian Journal of science and technology, Vol. 6, No. 1; Jan 2013. 

 
 
Citation of this article 
Mohammad Jame, Javad Ahadian, Mohsen Solimani Babarsad. Experimental Study of Scouring Pattern due to Circular 
Submerged jet in Shallow Ambient Fluid. Bull. Env. Pharmacol. Life Sci., Vol 3 (1) December 2013: 103-108 
 
 

           
 

Jame et al 
 


