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REYNOLDS NUMBER EFFECTS ON TURBULENT PIPE FLOW

PART II.

INSTANTANEOUS FLOW FIELD,HIGHER-ORDER STATISTICS

AND TURBULENT BUDGETS

Changwoo Kang" and Kyung-Soo Yang™

Large eddy simulation(LES) of fully developed turbulent pipe flow has been performed to investigate the effect

of Reynolds number on the flow field at Ze_

=180, 395, 590 based on friction velocity and pipe radius. A dynamic

subgrid-scale model for the turbulent subgrid-scale stresses was employed to close the governing equations. The
mean flow properties, mean velocity profiles and turbulent intensities obtained from the present LES are in good
agreement with the previous numerical and experimental results currently available. The Reynolds number effects
were observed in the higher-order statistics(Skewness and Flatness factor). Furthermore, the budgets of the Reynolds
stresses and turbulent kinetic energy were computed and analyzed to elucidate the effect of Reynolds number on the

turbulent structures.
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Fig. 1 Skewness factors of the velocity fluctuations in the near-
wall region; (a) the normal-to-the-wall velocity
component, (b) the circumferential velocity component,
(c) the streamwise velocity component.
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Fig. 2 Flatness factors of the velocity fluctuations in the near-
wall region ; (a) the normal-to-the-wall velocity
component, (b) the circumferential velocity component,
(c) the streamwise velocity component
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Fig. 3 The budgets of the axial Reynolds stress in wall
coordinates with Re.; (a) Re.=180, (b) Re =395,
(c) Re =590
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3.2.1 Budget for axial Reynolds stress
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Fig. 5 The budgets of the radial Reynolds stress in wall
coordinates with Re_ ; (a) Re.=180, (b) Re =395,
(c) Re =590
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Dashed lines ; negative fluctuations, Solid lines ; positive
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Fig. 10 Iso-surfaces of high-speed and low-speed streaks
regions ; (a) /2e.=180, (b)lEeT:S%, (c) Re, =590
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Appendix
The transport equations for the Reynolds stresses and Turbulent kinetic energy
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