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Introduction

Obstacles such as piers of a bridge inflow confuse and disturb its natural form. With passing
the flow through these obstacle disturbances create downstream, called the Von Karman
Street vortex shedding. When the frequency of the microwaves is equal to the natural
frequency of the current approach, the resonance will form. If the flow walls are constant
such as a flume, this phenomenon may see as a transversal wave. Actual examples of this
phenomenon created near the bridge piers in a canal called the Delta Mendota, as well as in
the New York canal around the 1-84 Bridge (Schuster, 1967).

Numerous people in this field have done research that mostly with variables such as channel
width, shape, and placement of obstacles in the channel to study different wave characteristics,
including its amplitude and frequency. Zima, L., and Ackermann (2002), Ghomeshi et al.
(2007), Jafari et al. (2010), Meile et al. (2011), and Sarkar (2012) tried to find the maximum
amplitude of the created wave by using obstacles with different diameters. Zhao et a. (2014)
performed their experiments to measure the coefficient and tensile force created in the vicinity
of obstacles while transmitting transverse waves.

This study aimed to find a relationship between the percentage of obstacle immersion and
wave characteristics.

Methodology
The experiments in this study were performed in a flume with six meters long and 75 cm
wide with cylindrical barriers 30 cm long and 25 mm in diameter. The experiments were
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defined in four different scenarios. The difference between which were the arrangement of the
cylinders in the flow path in inline and stagger and also in the distance between the obstacles
(120 and 60 mm) (Figure 1). At the beginning of each stage, the characteristics of the
transverse wave due to non-submerged obstacles were recorded in two modes of 1 and Il. Then
the flow depth is kept constant, and then step by step, the obstacles are submerged by a
percentage of average flow depth. At this stage, the transverse wave characteristics were
recorded and the process of changing its properties were recorded. Table 1 provides a
summary of laboratory data related to various parameters.
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Fig. 1- A view of the arrangement of the cylinders in the various stages of the experiment

Table 1- Summary of data collected from different laboratory stages

n T, P(mm) A(mm) f; hsp R S n T, P(mm) A(mm) fq hsp R S

| 120 11 117 0 3474 0.210 ] 60 48 071 0 3276 0.132
o | 120 10 119 5 3474 0.213 % ] 60 4 073 5 3276 0.140
21 120 8 118 10 3474 0212 | % | Nl 60 47 075 10 3276 0.143
E | 120 1 12 20 3474 0216 | 2 | Il 60 48 0.73 20 3276 0.140
4 120 32 073 0 5367 0.085 2 | 60 24 115 30 3276 0.220
é | 120 295 078 5 5367 0091 | = |1 60 21 118 40 3276 0.225

1 120 20 080 10 5367 0.093 | 60 8 117 50 3276 0.224

1 120 5 0.79 20 5367 0.091 | 60 12 107 0 2492 0.269

| 120 3 103 0 3423 0188 | ., | | 60 25 110 5 2495 0.276
S| 120 10 101 5 3423 0.185 g | 60 2 115 10 2492 0.288
% | 120 1 099 10 3423 0182 | 2 |1l 60 43 071 0 3500 0.128
21l 120 27 160 0 5166 0194 | ¥ |1l 60 34 075 5 3500 0.135
(:) | 120 15 159 5 5166 0.193 é ] 60 20 0.75 10 3500 0.134
=l 120 4 159 10 5166 0.192 | 60 9 0.70 20 3500 0.125

1 120 1 157 20 5166 0.189 ] 60 8 0.70 30 3500 0.125

Results and Discussion

Critical parameters that affect the characteristics of transverse waves such as amplitude A, fs
propagation frequency, n wave mode, and A oscillation wavelength (1 = 2B/n (Dean G.D. and
Dalrymple (1984))), can be the width of the flume B, the natural frequency of the flume f, average flow
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depth h, number of obstacles in a row of channel width N, flow velocity U, the diameter of obstacles

D, depth of immersion of obstacle hs, the distance between obstacles in width of channel P, the distance

between obstacles in the direction of channel T, gravitational acceleration Earth g and the kinematic

viscosity of the fluid v. Therefore, the variables governing the transverse wave formation phenomenon
can be presented as Equation 1.

A fs,f,n,A4,B,h, N, U,D,

o= gy ) @

v
Jeh
number S, and according to the percentage of immersion of obstacles (hs, = % * 100) and Equation
7 is obtained using Buckingham theory and dimensional analysis.

Using dimensionless numbers, Froude number F, % Reynolds number R and fSTD Strouhal
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Fig. 2- Comparison of the relative amplitude obtained from the experiment and calculated
using Equation (2)

In Figure (2), the relative amplitudes obtained from Equation 2 are compared with the relative
amplitudes obtained from the experiment.

Conclusions

Finally, by analyzing the collected data, a relationship for predicting and estimating the transverse
wave characteristics in the laboratory conditions of this research was presented according to Equation
7. In four experiments, it can be concluded that with increasing immersion depth of obstacles, mode,
amplitude, and frequency of the transverse wave also decrease. The highest percentage of immersion
was related to the third stage experiment, in which, despite the immersion, 68.6 percent of the mode |
transverse wave with 2 mm of amplitude was formed.
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Fig. 3- Schematic Figure of the flume
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Table 1- Summary of data from different laboratory stages
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n TPmm Amm fs hgp R S n  TPmm Amm) hgp R S
| 120 11 117 0 3474 0.210 I 60 48 071 0 3276 0.132
| 120 10 119 5 3474 0213 1 60 4 073 5 3276 0.140
. | 120 8 118 10 3474 0.212 § 1 60 47 075 10 3276 0.143
% | 120 1 12 20 3474 0.216 é I 60 48 073 20 3276 0.140
§ I 120 32 073 0 5367 0.085 é | 60 24 115 30 3276 0.220
" 1 120 295 078 5 5367 0.091 | 60 21 118 40 3276 0.225
1 120 20 080 10 5367 0.093 | 60 8 117 50 3276 0.224
I 120 5 0.79 20 5367 0.091 | 60 12 107 0 2492 0.269
| 120 3 1.03 0 3423 0.188 | 60 25 110 5 2495 0.276
| 120 10 101 5 3423 0.185 . | 60 2 115 10 2492 0.288
% | 120 1 099 10 3423 0.182 _%’ 1 60 43 071 0 3500 0.128
é I 120 27 160 0 5166 0.194 E I 60 34 075 5 3500 0.135
é I 120 15 159 5 5166 0.193 " I 60 20 0.75 10 3500 0.134
1 120 4 159 10 5166 0.192 1 60 9 0.70 20 3500 0.125
1 120 1 157 20 5166 0.189 1 60 8 0.70 30 3500 0.125
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