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Five layers in turbulent pipe flow

Junsun Ahn', Jinyul Hwang'

Abstract Five layers in mean flow are proposed by using the direct numerical simulation data of
turbulent pipe flow up to Re, = 3008. Viscous sublayer, buffer layer, mesolayer, log layer and core
region are investigated. In the buffer layer, the viscous force is counterbalanced by the turbulent
inertia from the streamwise mean momentum balance, and a log law occurs here. The overlap layer
is composed of the mesolayer and the log layer. Above the buffer layer, the non-negligible viscous
force causes the power law, and this region is the mesolayer, where it is the lower part of the overlap
layer. At the upper part of the overlap layer, where the viscous force itself becomes naturally
negligible, the log layer will appear due to that the acceleration force of the large-scale motions
increases as the Reynolds number increases. In the core region, the velocity-defect form is satisfied
with the power-law scaling.

Key Words : Turbulent pipe flow(tH+ O]~ f-5), Mean flow(*H+ &), Direct numerical
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Fig. 1. Profiles of the (a) mean velocity and (b)
mean velocity-defect form.
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Fig. 2. Profiles of the (a) log law and (b) power
law indicator functions.
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Fig. 3. Ratio of the VF to the TI for Re; = (a)
180, (b) 544, (c) 934 and (d) 3008.
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Table 1. Five layers in the mean velocity of
turbulent pipe flow.

Layer y or yR Velocity scaling
Viscous N
<5 U =
sublayer Y
Inner iJ; 1: o + B
+
layer  Byff Kalog 2,
<y <30 K = 0.177,
4 B, = 4.556
for 5 <y" <15
= C(y*)“/
C = 846
+ o 05 ,
Mesolayer 30 <y~ < 3Re, — 0145
for 90 < y* < 3Re’’
Overlap v
layer 3561 <
y" and y/R U =
Log layer < outer site of lAalog(y") + B,
kD" K = 0392, B =5

/R = 0.18)

U.~U" = (R,
x =75 vy=177
for 0.2 < /R <08

Outer Core  y/R > outer site of
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ghol 271 jHo] opd B WA U = CpY (C
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