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A Study on the Rotating Flow in an Annulus
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ABSTRACT

This study concerns the characteristics of helical flow in a concentric annulus
with a diameter ratio of 0.52 and 0.9, whose outer cylinders are stationary and
inner ones are rotating. Pressure losses and skin friction coefficients have been
measured for fully developed flows of water and 02% aqueous of sodium
carboxymethyl cellulose(CMC), respectively, when the inner cylinder rotates at the
speed of 0~500rpm. The effect of rotation on the skin friction is significantly
dependent on the flow regime. In all flow regimes, the skin friction coefficient is
increased by the inner cylinder rotation. The change of skin friction coefficient
corresponding to the variation of rotating speed is large for the laminar flow
regime, whereas it becomes smaller as Ile increases for the transitional flow

regime and, then, it gradually approach to zero for the turbulent flow regime.
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Fig. 1. Experimental apparatus and computational grid.

3-2 A4

2 dFdE 33, HgEA FAd dsly FxdM 48359 CFD-ACEE AM&3}
o Y AMLFAL g7 2e d&5Ads vy wgas AL
Veu=10 (5)
w(v - u) = ——l;vp+uvzu (6)

A HolM u, 0, v, p E 47 FA9 &5, A, FHHAF, 4EE s o xupdd
A oz o) dgsrist HE st A Fol A FEF sl Bel AlgsE
& A 2 Y (finite volume method)E AM&34th di#/3e] oj4tde 14 AF %2 (upwind
differencing scheme)S Al-&3} ).

2 88T F5FY ol AL FAAE Fig. 10 3] =A8tQct. g o 2 200

- 155 -



Ao AREe, WA HAYP] dAAE SLol 14N ARPE TR, B8 @
Auge 3% Anow zdUas FUo,

B AT E 71ES 22 o488 AW 24N Z2E A9 dao] $AAHew A
78 AYHAT. B Aol BAY WHSL R -10mm, R, =192mm, FHF o) 2
-15melth. dolEz4s 4% A4S WHADA FHEAddp/doe AL,
7 2%g wastgc FANNA AAZDE YT FES FA B4 G §9)
JET ASRYR, 27 QPYY 2D FU

4. A¥ 2 AN A

4-1 43 23

A5 FAo EAS HHBA 02% CMC #8499 A% F=Es E9o o 58E eluygl
o} =3 CMC ¢8998 97%2 FFEE BFE #4198 power law model E4& el
At

o] 0~500rpmo.® A £3 P HoA ubHu] 0529 099 AE, FwId F
% 1~60LPM (300<Re<20000)8) 4594 A& F3d5Ad)

B9 AL, dolEasd g EdvkdAse #AE Fig 201 JeEld el udu] 0.9
W73 0529 ggEAET 108 HE FIHEAY v A FHAGAN vpEASFE
74 0529 vlu¥ o Fele 22 FES veliiz A FHeRASFS B A6 052
A97F 099 A$Bwu} 2~3v] Zok wFH 0529 A$, HF AN HF FWelRAS
so) o) 4#2 e Shah & Londonol” AAIg G = 238/Re 23 Axge & 4 Yt
, BE73H] 099 ¢ vl AA EH0AAT FBHL G = 11/Re &2 EHA.
74H] 052, 02% CMC 8989 A 8l3]ld Al Re = 2000 FZolA Hol7b #AgHE
AL, AF F9 FHAAHFIL FUMESFEF Holrl LA E HolwARFrt FASA 600
rpmo 2 A A o 1300 Ax #E /A o] Ao HAnEAFY HolE2rFe B
A& Fig. 30 Ve b3 AA FHAY (Re < 20000014 9] vl A 4312 o] 2utiA
F2 G = 88/Re™ e AXeA gow AYL £ G = 34/Re o wtAAFAL A

T o2 X

(A A LA <)

o

FAANA BIZA Ao A A A] wpFAFHS] A AFF FAFIE 100~
© Fal zell wel 10~48%9 F71&S BAvh

g
g Ju
i
et
O\IIN

b o] 0929 B8 BYE 9hAu] 05280 vdd AEE A ZRA W 97H
Bt g FE5Ae Wste F4d 7 Ud FHELEHS A3 099 F 97t 0528

« W
a O0mpm
e o 100rpm ; 1&)"’“
o e 30mm [ : (!X)m
10’ «a0® ", o 500rpm W' . 5mrpm
@ "o d em
[] D\%
. Ty 0% c' 4]
q " Dh%

3
N
gb
g

O ag
[ =238Re” ’ / "'o_l'lgg
catre 9% 8og

3

w0 L ©* © 10‘10‘ ¢ ” 10*
Re Re

(a) ¢=052 (b) ¢=09
Fig. 2. Skin friction coefficient of water as a function of e at 0~500rpm.
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Fig. 3. Skin friction coefficients of 0.2% CMC solution as a function of e at 0~500rpm.
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(a) axial velocity (b) tangential velocity
Fig. 4. Rotating flow velocities of the Newtonian and non-Newtonian fluid with
axial and tangential velocity
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