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Frictional Pressure Drop - ResultsFrictional Pressure Drop - Results

10-110-1 Single-phase flow : follows
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Turbulent flow

Laminar-turbulent transition
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Milky bubbly flow :
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Increasing α10
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Increasing α
Significant reduction in wall friction   

(provisionally called as 

pseudo-laminarization )

Laminar-turbulent transition
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Two-phase Reynolds number Re
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Laminar-turbulent transition

α=0.2%    Re ~  4,000

α=0.3%    Re ~  5,500

Possible applications

・low drag fluid transport in pipe line     

without chemical additives

α=0.5%    Re ~  7,000
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�WHY� such significant 

reduction occurs?

without chemical additives

No pollution

・towards smart fluids
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Liquid Velocity Profiles - Results

Flow conditions (friction factor)
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(Re = 4,900)

Flow conditions (friction factor)

Re=4,900 Re=12,000 Re=22,000

α =    0 % turbulence turbulence turbulence

α = 0.3 % pseudo-laminar transition turbulence
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<α> = 0.5 (%) α = 0.3 % pseudo-laminar transition turbulence

α = 0.5 % pseudo-laminar transition turbulence

Liquid velocity profile �experimental evidence

turbulence profile at all conditions
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Why  still  pseudo-laminarizaion ?

Radial position r (mm)
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A Change of Laminar Sublayer Structure ?
(Comparison with Universal Velocity Profile)(Comparison with Universal Velocity Profile)

Single-phase water flow : well correlated by the von Karman�s  universal velocity profile                        

Milky bubbly flow : turbulent flows follow the universal velocity profileMilky bubbly flow : turbulent flows follow the universal velocity profile

psuedo-laminar flows are far from the universal velocity profile.

not on the extension of the velocity in the  laminar sublayer

transition flows are intermediate between the twotransition flows are intermediate between the two
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