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Bio-inspired elastic thermal conductive wall
for drag-reduction

|nspired by the fluid control mechanism of the elastic and boundary heating abilities

of dolphin skin, we prepared a new kind of elastic thermal conductive composite
using graphene as the filler and silicone rubber as the matrix. The drag reduction
mechanisms of thermal conductive elastic wall (TEW) depend on the elastic
deformation and the thermal conductivity. TEW have a better drag reduction
performance than that of Elastic wall (EW). TEW could delayed the aging process and
increase the service life of the fluid machinery.

Types of TEWs with different thicknesses were prepared to study the drag

reduction performance among elastic and rigid walls. Fig.2 was the results of
mechanical and thermal properties of the walls. To study the performance of the
walls, internal flow equipment with a testing system (fig.3) was designed based on

differential pressure measurement.
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Fig.1. (a) Dolphin skin texture. (b) Samples of TEWs and EW. )
0.0 4

EW 0.17wt%TEW 0.33wt%TEW 0.67wt%TEW 1.34wt%TEW
Composite materials

Results and concl Fig. 2. Mechanical and thermal properties of the TEWs.

1. The thermally conductive elastic wall exhibited the most optimal drag reduction
effect, the maximum drag reduction rate of the elastic wall reached 8.54%.

2. The elasticity deformation increased the boundary layer thickness and decreased
the velocity gradient, reducing the shear force.

3. The heat produced by the elastic deformation of the TEW was conducted at the
boundary layer and decreased the viscosity, resulting in drag reduction.
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Fig. 3. Schematic of the experimental setup. Fig.5. Water droplet shapes on TEW at different temperatures.

9% -
o - .| @ g y W
or " -3 0.99u o |
= Jop [ 0-17W%TEW = 0
S AL 0.33WtUTEW P U,
©o6%[ v 067wWt%TEW P A .
"g 5% —* 1.34WtNTEW .- /‘: {/’ S,
5 o

Ba%r - 4 il
hadl L - g o
%3% o i‘, :;;r / o
s F & 'A""',J/./ V4
0O 2% |- i';’l'

74 74 / 1 <l
u5=0 N T ¥

o |
1% g 1 1 1 1 1 1 Eg L (0]

0506 07 080910111213 1415
V (m/s) Fig. 6. Schematic diagram of the dynamic deformation

Fig. 4. Drag reduction rate of the TEW and EW.  and the velocity gradient: (a) RW and (b) TEW or EW.

Engineering applic

Based on above results, we apply the thermal

conductive elastic composites to the impeller surface
of pump. After running the same time and observing
impeller wear condition, we found that the impeller of
the bionic pump has less wear and better flow
characteristics, compared to the prototype pump.
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Fig. 7. A bionic coupling impeller.
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