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Analysis of Fluid-Structure Interaction for Development of Korean Inflatable
Rubber Dams for Small Hydropower

Tae-Gyu Hwangt - Jin-Gu Kim*

Abstract : Inflatable rubber dams are used for controlling flood, impounding water for
recreations, preventing beach erosions, diverting water for irrigations, and generating
hydropower. They are long, flexible, inflated with air, cylindrical structures on a rigid
horizontal foundation such as concrete. The dam is modeled as an elastic shell inflated
with ar. The mechanical behaviors of the inflated dam model were investigated by
using the finite element method. The analysis process such as One Way Coupling
Fluid-Structure Interaction consists of two steps. First, the influences of the fluid side
were investigated, viz, the shape changes of the inflated rubber dam due to the fluid
motions was captured when the height of the dam was 30cm with air pressure 0.01MPa,
at which the pressure distributions over the surface of the dam were calculated. And
next, the structural deformations were calculated wusing the pressure distributions. The
initial inlet velocity for flow field was set to 0lm/s. The structural deformation
behaviors were investigated. The final research goal is to develop a Korean Inflatable
Rubber Dam to be used for generating small hydropower.
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Table 1 Analysis model for nonlinear materials

Characteristics Model Range Remark

Neo-

)0, —
Hookean 3%

It works with
30%- |elastomers  with  strain  upto
200% [200%.  For  example,  rubber
for an automohile tyre.

incompressible
Mooney-
Rivlin

It is well suited for rubbers
such as silicon and neoprene
Upto |with strain  upto 300%.  this
300% [model  provides good  curve
fitting even when test data
are limited.

Incompressible | Arruda

Boyce

works  for any  incompressible
material  with stran up to
700%. This model give better
curve fitting when data from

multiple tests are available.

Upto

Ogden 00%

specifically for
polyurethane

It works
compressible
foam rubbers.

Blatz-Ko -

Compressible
It can simulate any highly
compressible  material  such  as
a cushion, sponge or padding

Hyperfoam -
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Table 2 Property of using material

3% Order Mooney-Rivlin Composite Material
Cio (MPa) 148109 Elasticity
Coefficient 3726924
Cor (MPa) 053134 (MPa)
Poisson
Cn (MPa) 0.04131 Ratio 03
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(a) Rubber dam for small hydropower
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(b) Rubber dam for recreations
Fig. 1 A use for inflatable rubber dam
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Fig. 2 Shape of miniature inflatable rubber dam for
FSI analysis
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Fig. 3 Sketch of rubber dam for modeling
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Fig. 4 Finite element modeling for rubber dam
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Fig. 5 Effect of standard earth gravity for rubber dam
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Fig. 6 Inflatable rubber dam’'s shape at 0.963sec
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Fig. 7 Hexa mesh system for fluid field of rubber dam
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Fig. 12 Total pressure vs static pressure at the end
of rubber dam’s pin
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Fig. 13 Velocity distribution of each components and
magnitude at the end of rubber dam’'s pin

Fig. 11 Static pressure distribution of center of xy
section at 15sec
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Fig. 16 Initial meshed model for rubber dam’s
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(a) Stress distribution

s

(b) Deformation of rubber dam

Fig. 18 Structure deformation of rubber
surface pressure
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(b) Deformation of rubber dam with inner
pressure 0.01MPa

Fig. 19 Effect of inner pressure at deformation of
rubber dam for surface pressure
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