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DIRECT NUMERICAL SIMULATION OF SPATIAL EVOLUTIONAL
TRANSITION IN PIPE FLOW

Chen Jian  Cui Guidiang,  Xu Chunxiao  Zhang Zhaoshun
(Deportment of Engineering Medhonics, Thngfna Undversity, Hedfing 100084, China)

Abstract This paper studies the spatial esolution of the disturbance impesed from the pipe wall in the form
of periodic suction and blowing (PSB) by direct numerical simulation at Reynolds mimber 3000, At critical
amplitude of PSE, the disturbanees are growing rapidly in a short pipe. And in long pipe, disturbaneces deselop
gracually, and then fransition appears, flow develops to turbulence in sufficient long downstream distance.
The results presemted above describe the transition process in a smooth pipe flow with small external
disturbances. At initial stage disturbances are developing by a mechanism of linear transient growth and then
the nonlinear interaction produces longitudinal vortices. After overshooting the regular saturated disturbances
are superimposed to the Hagen-Poiseuilli flow. This flow structure is unstable and will be easily perturbed
with rapid growth. A new type of rregular disturbances is triggered strongly in a canpact region and they
become saturated again after the strong compact disturbances are dispersed downstream where the statistical
properties of the flow agree with those in turbulent regimes. Whole process, which is emerging in sufficient long
pipe, is consistent with the famous Reynolds experiment and it explain the reason why the previous numerical

simmlation failed to observe the transition to turbalence.

Key words pipe flow, peviodic suetion and blowing, spatial evolution, transition, turbulence, direct numerical

simulaticon
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