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A Study on Flow Characteristics of Developing Laminar
Pulsating Flows in a Square Duct
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Abstract

In the present study, flow characteristics of the developing laminar pulsating flows in-a square
duct are investigated analytically and experimentally. The analytical solutions of velocity
distributions for these flows are compared with the velocity profiles measured by means of
hot-wire anemometer. The following parameters are studied in the entrance region of a square
duct such as critical Reynolds number, vecocity profiles and entrance length of developing
laminar pulsating flows. The equations of velocity profiles are analytically obtained by the
linearization of the nonlinear convective terms in momentum equations for laminar pulsating
flows, and the experimental results are obtained for air flow by hot-wire anemometer with data
acquisition and processing system in a square duct of 400mm (width) X 40mm theight} x 4000mm
(length). The results obtained from analytical and experimental studies are as follows; (1) The
entrance length is a fuction of hydraulic diameter, Reynolds number and dimensionless frequency.
The entrance length is correlated as (Le/Dh)/Re:a=0.081 from steady velocity component of
developing laminar pulsating flow. (2) The critical Reynolds number depends on hydraulic
diameter, velocity Profiles, dimensionless frequency and fluid kinematic viscosity. The critical
Reynolds number obtained is R caer= 170 @ in pulsating flow. (3) The equations of velocity
profiles and entrance length of developing pulsating flows are proposed, and the analytical
soutions are well agreed with the experimental results qualitatively.
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