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Experimental and Numerical Study of vibration in submerged structures with
multi-degree-of-freedom and comparing the efficiency of wave's energy
absorption
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Department of Mechanical Engineering, Ferdowsi University, Mashhad, Iran.
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this study, the effects of frequency, height and wavelength of progressive gravity waves on vibration
Received 07 September 2016 and energy absorption of the single- and two-degree of freedom Bristol oscillating cylinder systems
Accepted 20 October 2016 have been investigated experimentally and numerically in different depths of water. The experiments

Available Online 26 November 2016 - - : -
vailable Oniine 25 November were carried out in channel equipped with both a paddle-type wave-maker and wave features

measurement tools. Numerical simulations were conducted in COMSOL software assigned to simulate

VKVe;/VMé?SrgrS]é,gy interactions between physical environments for turbulent flow. Making a comparison between the

Bristol oscillatory system numerical and experimental conclusions compared to the other researchers' results demonstrates desired

paddle-type wave-maker matching in a wide range of waves' parameters. It can be seen in the findings that changes in depth of

m‘(/eefﬁzfi‘;&my submerged objects from free surface of water has considerable influence on their vibration behavior, so
that by rising in depth, the oscillations amplitude increases to a maxima and then decreases. The
obtained results indicate the different effects of relative depth under the submerged buoy on the
efficiency of the single- and two-degree of freedom systems; so that increasing water height causes rise
in the efficiency of single degree of freedom systems, but it does not have a significant influence on two
degree of freedom systems. The results also show that expanding the wave-maker frequency for a
constant height of water in channel causes the energy and height of the generated waves to rise so that
oscillations amplitude of submerged buoy rise in vertical and horizontal line.
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Fig.6 Oscillating systems a) one degree of freedom system b) two
degree of freedom system
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Fig. 8 Enlargement of mesh around the Bristol cylinder
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Fig.9 Bristol cylinder oscillations different elements number
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Fig. 13 The effect of depth and diameter of the submerged cylinder on
its oscillation amplitude in 25 centimeters water height, 1.3 Hz
frequency for single degree of freedom system
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Fig. 14 The effect of depth and diameter of the submerged cylinder on

its oscillation amplitude in 35 centimeters water height, 1Hz frequency
for single degree of freedom system
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Fig. 15 The effect of depth and diameter of the submerged cylinder on
its oscillation amplitude in 35 centimeters water height, 1.3 Hz
frequency for single degree of freedom system
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Fig. 10 Comparing the experimental results of the present project with
other researchers' ones for low sharp waves (H/L < 0.03)
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Fig. 11 Comparing the experimental results of the present project with
other researchers' ones for sharp waves (H/L > 0.04)
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Fig. 12 The effect of depth and diameter of the submerged cylinder on
its oscillation amplitude in 25 centimeters water height, 1Hz frequency
for single degree of freedom system
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Fig. 18 Comparing the oscillation amplitude of experimental results
with numerical ones in 25 centimeters water depth, 1 Hz frequency for
single degree of freedom system (h/L < 0.05)
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Fig. 19 Comparing the oscillation amplitude of experimental results
with numerical ones in 35 centimeters water depth and 1 Hz frequency
for single degree of freedom system (h/L > 0.5)
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Fig. 16 The effect of depth and diameter of the submerged cylinder on
its oscillation amplitude in 25 centimeters water height, 1 Hz
frequency for two degree of freedom system
Fym L zge Guls 3 Lyl s o ikl amels p gl (s g Bos 36 16 JS
@il a0 90 ailolus (5 el 25 T glas |

e -l
- -
1.8 - ™
= - . ~
E 16 I T §
51 A7 A= i, A
5 4 - l.-'.“ ‘."-‘:
£ 12 ’.-l' Tt 4 =4 Vertical oscillation,

D= 100mm

-«-m-- Horizontal oscillation,
D= 100mm

= &~ Vertical oscillation,
D= §0mm

++<&++ Horizontal oscillation,
D= 80mm

0 2 4 6 8 10 12 14 16
depth of cylinder (cm)

Fig. 17 The effect of depth and diameter of the submerged cylinder on
its oscillation amplitude in 35 centimeters water height, 1 Hz frequency
for two degree of freedom system
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Fig. 22 The impact of wavemaker frequency on the vibrations of one
degree of freedom system in 25cm water depth
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Fig. 23 The impact of wavemaker frequency on the vibrations of two
degree of freedom system in 25cm water depth
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