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A Study on the Flows in a Concentric Annulus with rotating inner cylinder

Young-Ju Kim’, Nam-Sub Woo", Hyuk-Jung Kwon" and Young-Kyu Hwang" "

Key words : Helical Flow( &2 7 -5), Concentric Annulus(& 852, Pressure Loss( 9 & £ 4),

Skin-Friction Coefficient(3£ B v} & A<

Abstract

The present experimental and numerical investigations are performed for the characteristics of transitional flow in a concentric annulus
with a diameter ratio of 0.52, whose outer cylinder is stationary and inner one rotating. The flow field of an annulus has been
numerically solved using a finite volume method. The pressure losses and Skin-friction coefficients have been measured for the fully
developed flow of water and 0.2% aqueous solution of sodium carboximethyl cellulose (CMC), respectively at inner cylinder
rotational speed of 0~600 rpm. The transitional flow has been examined by the measurement of pressure losses to reveal the relation of
the Reynolds and Rossby numbers with the skin-friction coefficients. The occurrence of transition has been checked by the gradient
changes of pressure losses and skin-friction coefficients with respect to the Reynolds numbers. Consequently the critical(axial-flow)
Reynolds number decreases as the rotational speed increases. Thus, the rotation of inner cylinder promotes the early occurrence of
transition due to the onset of Taylor vortices.
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Fig. 1 Schematic diagram of experimental apparatus
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Table 1 Variation of Re, with respect to N and Ro

N water CMC 0.2%
(rpm) Ro Re, Ro Re,
0 o 2300 0 2000
100 1.83 2170 4.29 1900
200 0.89 2100 2.06 1700
300 0.53 1900 1.00 1600
400 0.37 1730 0.94 1500
500 0.27 1590 0.72 1400
600 0.21 1500 0.53 1300
10°
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Fig, 3 Skin-friction coefficients of (a)water and (b)0.2% CMC solution

as a function of Re at 0~600rpm
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Fig. 4 Relation of CRe with Ro for laminar flow in (a)water
and (b)0.2% CMC solution
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Fig. 5 Flow characteristics at 100rpm
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(a) 100rpm ( Re=18) (b) 300rpm ( Re=18)
Fig. 6 Results velocity vectors of the flow used for particle
tracking studies; note the location of the vortex
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Fig. 7 Skin friction coefficients of water as a function of Re
in a laminar region
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