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A Theoretical and Experimental Study on the Developing Turbulent
Unsteady Flows in the Entrance Region of a Square Duct
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Abstract

Turbulent unsteady flows in the entrance region of a square duct are investigated with a hot -
wire anemometer system. The velocity waveforms, the mean and turbulence components of the
axial velocity, and the entrance length are obtained as a major characteristics of the developing
turbulent unsteady flows.

An inviscid flow theory is presented to describe the developing axial mean velocity profiles. A
good agreement is seen between the measured and theoretically predicted values. The propagation
of turbulence generated near the entrance of the square duct is satisfactorily approximated by an
empirical correlation of the propagation of turbulence proposed so far. The local turbulence intensi-
ty is found to be a little smaller in the accelerating phase than in the decelerating phase. The
entrance length is about 60 times as large as the hydraulic diameter.

NOMENCLATURE f : Pulsation frequency
L, : Entrance length
A : Velocity amplitude ratio P : Pressure
= | Tm,os,1 | / T, ta R, ! Reynolds number
A, : Piston stroke of oscillator u, v, w : Velocity component along x-, y-,
a : Duct half - width and z-axis respectively
D, . Hydraulic diameter X, y,z : Cartesian coordinates of test section
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SUBSCRIPTS AND OTHERS

: Boundary layer thickness

: Molecular kinematic viscosity

: Density

: Shear stress

: Angular frequency of pulsation

8.8 "D < >

: Dimensionless angular frequency
{={(Dn/2Y - (w/v)}

" {=(Dw2) (v}

cl : Centerline value

os : Oscillatory component

ta  : Time - averaged component
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Table 1. Experimental condition for develoing tur-

bulent pulsating flows
xDh F(Hz) ' Ap(mm) Reos Reta A
50 20000 33200 0.6
5 208 1879 115 46900 66400 0.7
50 20000 33200 06
10 208 18.79 115 46900 66400 0.7

50 20000 33200 0.6
115 46900 66400 0.7

50 20000 33200 0.6
115 46900 66400 0.7

50 20000 33200 0.6

20 208 1879

30 208 1879
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115 46900 66400 0.7
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Fig. 3. Velocity waveforms of developing turbulent pulsating flows for Reta—=866400 and Reos=46900
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