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 In this study the phenomenon of wave's perpendicular to the flow in the flume was 
evaluated by constructing barriers. In this study the phenomenon of wave's 

perpendicular to the flow in the flume. laboratory flume by 6 m in length, 72 m in 

width, and 60 cm in height with 0.005 grades is modeled. It was evaluated by 
constructing barriers. Barriers to the flow direction, a wooden cylinder with a diameter 

of 5 cm and a height of 35 cm on a metal plate mounted on the bottom of the flume. 
Tests did in 3 steps and smooth vertical simple plates put between rows of barriers 

zigzag form, every other raw, and mixed. By changing the hydraulic conditions at 

different rates with different conditions in the wave flume was formed.In the wave 
resonance mode, a direct relationship between the wavelength of the waves and the 

arrangement of flat plates were laboratory. In this study, the frequency of the wave's 

perpendicular to the flow, a non-parallel arrangement and zigzag barriers compared. 
The results showed that the waves generated in a zigzag arrangement mode are lower. 
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INTRODUCTION 

 

 Waves are divided two groups: water surface waves and water internal waves. Water surface waves are 

usually made by wind and have 3 to 25 alternation period and made main external specifications of coast areas. 

Internal waves are created by motion cutting on fluid. Knowing these waves and forces arising from them in 

order to designing coast projects is necessary. These waves are main determining factors if coast geometry and 

they play an efficient role in some cases like programming and designing anchorages, waterways, coast 

protection methods, hydraulic factors and other developing and martial activities in coasts. Estimating waves’ 

conditions mainly is necessary in all studies about coast engineering. Perpendicular wave on current is a kind of 

internal waves and is a hydrodynamic phenomenon that is created in open conduits due to run fluid currents 

around barriers have put in fluid way. Vortex is created because of existing barriers in fluid way in open 

conduits like wharf and legs of the bridge and plant cover. These vortexes cover each other and consequently, 

transversal waves are made. At downstream some divided stream line may cause that wake and vortex will been 

happened at figure (1) schematic formation and other parameters of flow around bridge pier will appear.                                 

 
 

Fig. 1: schematic form of flow around bridge. 
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 Transversal waves generated in open conduits can cause to erode river coast and also destroy legs of a 

bridge and make many social and economic loss. Therefore men’s effort to avoid of generating these ruinous 

transversal waves can decrease resulted loss.  There are many cases in open conduits that stable current flows 

among fixed barriers existed in current way. In order to strike fluid to these barriers, a boundary layer is formed 

on top edges and separated lines of current are formed on lower edges of barriers. Therefore, forming a 

boundary layer and separated lines can made vortex. Transversal waves generated because of vortexes covering. 

First study about vertex formation have been studied at Gas Condition: struohal [1],figured at noise from wires 

at wind blowing have direct relationship with wire diameter .Another studies about Gas fluid had been done by 

[2,4,6] and [7]. Besides, about vortex and its formation at flow many researches were been done. First study is 

about wave's production at open channel [8]. had studied some oscillation phenomenon about bridge pier had 

studied about some wave distribution come from bridge pier. Jim and Ackerman, proposed a new formula in 

order simulating maximum length of waves as none dimensional  (A⁄L) equation.[12] have studied about wave 

between two- cylindrical blocks at open channel [13]. have studied reason of some vertical wave production at 

flow channel and a new formula non dimensional equation and calculating struohal number have been proposed. 

About possibility of formation and Investigation of vertical wave at flow conditional. When flow passed and 

some blocks existence at flow path didn’t study yet. kamanbedast,A. et al Investigate of height preventing 

structures for vertical wave against flow in open channels by physical modeling. 

 

Materials and methods-Specifications of a laboratory flume: 

 A laboratory flume used in this research, was a flume with a rectangle cut and variable slope that in tests of 

this research flume draft has been fixed 0.005. Flume length was 6m, flume width was 72.5 cm and its height 

was 60 cm. a schematic façade of a laboratory flume has been shown in figure 2. 

 

   
 

Fig. 2: a schematic façade of a laboratory flume. 

 

To build cylinder barriers: 

 To do these tests 50 wooden cylinders by 25cm height and 5cm diameter were made. These cylinders 

should be so that can install them vertical on current way. In order to install these cylinders on steel plates’ 

bottom of flume, on bottom of pedestal centre of cylinders and just vertical on the surface of the pedestal was 

drilled a 3mm hole by a legged drill and 4mm gimlet and then to install wooden cylinders on steel plates were 

used twisted wires by 4mm diameter and 4 cm length. A sample of used cylinder barriers is shown in figure 3.  

 

 
Fig. 3: made cylinder barriers. 

 

Making steel smooth plates: 

 After making wooden cylinders and steel plates, smooth plates are made in follow dimensions (35*10). To 

make these plates we used steel smooth screens that their nets diameter survey ratio of the screen grid diameter 
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is about 80% (computation method of survey percentage of screen grid diameter to screen closed survey that 

used, do by opening area). Smooth screen plates in various sizes were cut like figure 4. 

 

 
 

Fig. 4: smooth plates.  

 

 In order to place cylinders and plates between the fissure of it and also plate's stability against current, 

plates’ edges were nailed like figure 5. 

 

 
 

Fig. 5: barriers arrangements in tests. 

 

Required parameters in a test and measuring method: 

 The object of tests done was to void of covering vortexes arising of barriers during forming waves with 

maximum range (wave's resonance condition) by using smooth plates. For carrying out tests, mean depth of 

current, minimum and maximum oscillations of water surface were noted before installing plates. Firstly, in 

every step barriers were drowned and then in order to forming transversal waves and aggravating them, end gate 

was brought down 3 to 4mm every time. After observing maximum oscillation of waves arising of barriers, 

smooth plates were installed between cylinders unparallel and zigzag form and maximum and minimum 

oscillation of water surface and mean depth of current was measured again. 

 

Tests of the first step (every other rows arrangement of smooth plates):  

 In this step setting smooth plates in every other row between cylinder barriers was surveyed. Here like 

previous situation distance between cylinders in continuous rows and between barriers rows along flume was 

chosen 10cm (unparallel arrangement) and after flowing current with different discharge( l/s) and setting current 

depth trough existed window in lower part of the flume, waves vertical on current were generated. After 

generating perpendicular waves on waves arising of cylinder barriers and measuring waves’ oscillation, smooth 

plates were placed shrewd and via unparallel between barriers rows like figure 6. 
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Fig. 6: barriers and smooth plates in second step tests. 

 

Second step tests (zigzag arrangement of smooth plates): 

 Second step tests were begun when distance between continuous barriers in every row and distance between 

rows of barriers along a flume was chosen 10cm (zigzag form). After flow current by different discharges( l/s) 

and arrange current depth through the existed gate down of the flume, conditions for generating waves vertical 

on current was provided. According to the aim is to generate wave by maximum oscillation, at first the window 

of the flume was raised to drown all cylinder barriers ( in this situation wasn’t generated any wave), then the 

window was brought 3 to 4mm in every time to generate waves with maximum oscillation. Maximum and 

minimum oscillation of waves was measured in 3 points of the flume (in beginning, between legs, at the end) by 

a ruler installed on the wall of the flume that the mean number is used in parameters. Then, smooth plates put 

between rows as zigzag form like figure 7 and then minimum and maximum oscillation of waves was measured. 

In index b have came barriers and smooth plates. 

 At first step of tests, distance between continuous rows and distance between rows along a flume was 

increased and tests repeated by zigzag arrangement of smooth plates again. In figure 7 have shown pictures of 

barriers arrangement and smooth plates in the first step of tests. It is necessary to say that in this step, after 

setting smooth plates as scattered form between rows, generated waves frequency was observed ,ore than first 

and second steps; figure 8. 

 

 
 

Fig. 7: setting smooth plates between cylinder barriers in zigzag form. 

  

 
 

Fig. 8: the method of measuring wave in both models (unparallel and zigzag). 

 

Result and concluding: 

 According to tests in hydraulic laboratory of KWPA of Khozestan has obtained results that will come 

following. In first step that smooth plates installed unparallel between barriers rows and was covered by smooth 

plates, decreasing rate in wave frequency .Comparison of the wave without plate and unparallel, first step tests 

in Figure 9. 

 
 

Fig. 9: comparison of the wave without plate and unparallel, first step tests. 
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 In second step that smooth plates installed between barriers rows as zigzag form and 100% area that 

covered by barriers was covered by smooth plates, decreasing rate in wave frequency more. Comparison of the 

wave without plate and zigzag, second step tests in Figure 10. 

 

 
 

Fig. 10: comparison of the wave without plate and zigzag, second tests. 

 

 Furthermore, investigation of relationship between percentage in wave in first step test and second, 

illustrate that the wave frequency with zigzag is less than the unparallel plate, because influence area is much 

more than the another. fig11.  

 

 
 

Fig. 11: comparison of the wave in unparallel and zigzag model. 

  

 Observation shows that by 50% increasing in numbers of smooth plates between barriers (zigzag model), 

can decrease approximately half of transversal waves frequency, while arising of covering barriers’ vortex more 

desirable condition and better output. 

 In additional, it is important that relationship between percentages in wave in a bend of flume shows that 

the wave's frequency generated in the inner and outer arc. Figure 12. 

 

 
 

Fig. 12: comparison of the wave in the outer and inner of bend. 

 

Summary: 

1- According to decrease velocity and specific energy cause to increase water depth, therefore each one of 

these smooth plates cause to decrease velocity and energy of water. After setting smooth plates mean depth of 

water was increased in any step of test but wave frequency was decreased. 

2- Studying shows that decreasing in numbers of smooth plates between barriers, can decrease half of 

transversal waves frequency, arising of covering barriers’ vortex and obtain more desirable economic condition 

and better output. 

3- Relationship between percentage in wave in a bend of flume shows that the waves frequency generated in 

the outer bend. 
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