The Society of Naval Architects of Japan

(EE 25118 HAEMELHESBER BV THR) 39

EREME SRR DR X H LT & B EEEEHLE IR

EB fn B ¥ oWw* ra B OH M E
Eg |y O —* g K K*

Frictional Drag Reduction by Injecting High-Viscosity Fluid

by Hiroharu Kato, Member Yusaku Fujii, Member
Hajime Yamaguchi, Member  Masaru Miyanaga

Summary

This paper presents a new concept to reduce turbulent frictional drag by injecting high-viscosity fluid
into boundary layer. When the turbulent region of boundary layer is filled with high-viscosity fluid and
the viscosity of the viscous sublayer is kept low, the velocity profile in the boundary layer should
change substantially. The Reynolds stress in turbulent region becomes less which requests more
velocity gradient there to keep the momentum transfer same. It results in a reduction of velocity
gradient at the viscous sublayer which gives the reduction of shear stress at the wall.

Such a boundary layer structure could be realized by injecting two different fluids from double slits
on a wall. Sugar sirup was used as the high-viscosity fluid at the experiment. The sugar sirup and
water were injected into turbulent boundary layer on a flat plate through up-stream and down-stream
slits respectively. A steady injection was realized by pushing out the fluid in a tank using compressed
air. The shear stress was directly measured by shear stress pick-ups mounted flush on the wall.

The experimental result showed a substantial reduction of shear stress by injecting sugar sirup and
water from the double slits. The maximum reduction rate was more than 50%. A series of water/
water injection experiment was also made to know the effect of injection itself.
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Fig.1 Concept of frictional drag reduction
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Fig. 2 Viscosity of sugar sirup
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Fig. 4 Details of injection slits block
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Fig.5 Details of shear stress pick-up
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Fig.3 Flat plate with double slits
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Fig.6 Injection set-up
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Fig. 14 Results of shear stress measurements
(Water/Sugar sirup, U.=5.7m/s, ss/ttw=230)
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Fig. 15 Results of shear stress measurements

(Water/Sugar sirup, U.=5.7m/s, ps/pw=11)
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Fig.16 Results of shear stress measurements
(Water/Sugar sirup, U==10.1m/s, ts/ttw=30)
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Fig. 17 Results of shear stress measurements
(Water/Sugar sirup, U.=10.1 m/s, ts/ttw=11)
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