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A Study on Velocity Profiles and Critical Dean Number of
Developing Transitional Unsteady Flows in a Curved Duct
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Abstract

In this paper, an experimental investigation of characteristics of developing transitional
unsteady flows in a square-sectional 180° curved duct are presented. The experimental study
using air is carried out to measure axial velocity profiles, secondary flow velocity profiles and
entrance length by using Laser Do ppler Velocimeter (LDV) system. The flow development is found
to depend upon Dean number, dimensionless angular frequency, velocity amplitude ratio and cur-
vature ratio. Of special interest is the secondary flow generated by centrifugal effects in the plane
of the cross-section of the duct. The secondary flows are strong and complicate at entrance region.
The entrance length of transitional pulsating flow is obtained to 120° of bended angle of duct in
this experimental conditions.
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Dr  : Hydraulic diameter(=4ab/(a + b))
. . . . | Um, 08, 1 |
Al : Velocity amplitude I‘atlo(:T) f : Frequency of oscillation
cr  : Critical value Le  : Entrance length D
De : Dean number Rc¢  : Curvature ratio (=—;—=2—1;)
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Re : Reynolds number
ta : Time - averaged value
u,v,w : Velocity components in x, y and z — axis,

respectively
Um : Cross — sectional mean velocity
! t (=vx/ab um)
! D(=yla)
P4 2 (=2z/b)

| | : Amplitude of oscillatory velocity

- : Time - averaged value

d2lA 2%
¢ : Deflection angle of duct
) : Angular frequency( =2nf)
®" i Dimensionless angular frequency
(=L o)
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Table 1. Experimental conditions of transitional

pulsating flow
Angle| f(Hz) | Rimm)| w' /Ap(mm) i Deos | Deta } Al
. ! 460 | 0.68
7(177770.33 400 7.478737 717107 | 32(7)7 530 J,O;59
. | | 460 | 0.68
30 0.33 400 }‘ 7.48 40 320 530 }0.59
460 | 0.68
60 0.33 | 400 | 7.48 40 320 5?0 ‘t 0?9
460 | 0.68
90 0.33 | 400 17.48 40 ‘ 320 530 | 0.59
oo Loms| w00 |74 a0 | s | 150 063
120 0.33| 400 | 748 40 } 320 530 k 0:59
‘ 460 | 0.68
150 0.33 ] 400 | 7.48 40 i 320 530 059
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Fig. 8 Secondary velocity distributions along z’ variation in a curved duct for transitional pulsating flow
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Fig. 7 Secondary velocity distributions along 2’ variation in a curved duct for transitional pulsating flow
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