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DNS of turbulent concentric annular pipe flow

Seo Yoon CHUNG, Gwang Hoon RHEE and Hyung Jin SUNG

Key Words: Concentric Pipe (¥4 #38%), DNS (A5 X EA}), Transverse Curvature Effect (3

g 38 a3

ABSTRACT

Direct numerical simulations (DNS) is carried out to study fully-developed turbulent concentric annular pipe
flow with two radius ratios at Repn = 8900. In case of Ri/R; = 0.5, the present result for the mean flow is in
good agreement with the previous experimental data. Because of the transverse curvature effects, the distributions
of mean flow and turbulent intensities are asymmetric in contrast to those of other fully-developed flows (channel
and pipe flow). From the distributions of skewness of radial velocity fluctuations, it can be identified that all of
the characteristics of channel, pipe and turbulent flow on a cylinder in axial flow can be appeared in concentric

annular pipe flow.
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Fig. 1 Schematic diagram of concentric annular

pipe.
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Fig. 2 Two-point correlation coefficients of

velocity fluctuations (@ = 05 ).
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Fig. 3 Two-point correlation coefficients of
velocity fluctuations ( @ = 0.09).
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Table 2& BF #5539 F&vgE ded Ho

a 05 0.09
L, 188 188
L} 2747, 2605 37258, 2574
Lot 4795, 4545 2275, 1797
Ly~ 958.75, 909.25 | 2501.96, 1976.69
AzF 143, 136 16.97, 1341
(R, 46)" 3.75, 355 1.18, 0.94
(R, 460)" 7.49, 7.10 13.03, 10.30
Arf 0.25, 0.24 0.3, 0.237
drr 0.25, 0.24 03, 0.237
Arta 12.96, 12.29 15.37, 12.15
(N1, N2, N3)l (65,128,192) (65,192,192)
Table 1 Grid resolution.
a 05 0.09
Wall Inner Outer Inner Outer
Rep, 8900 8900
Re; 3355 3497
Re, 151 144 181 143
C; [941%107|8.49+107 | 1.32%107| 8.26+10™
ulu, | 2209 23.26 19.33 24.46
Uy, [u, | 1465 15.43 12.30 1556

Table 2 Mean flow parameters.
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Fig. 4 Mean velocity distributions.
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Fig. 5 Mean velocity distributions for the law of
the wall.
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Fig. 6 Root-mean-square. velocity fluctuations.
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Fig. 7 Root-mean-square velocity fluctuations

normalized by friction velocities.
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