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Taylor Vortex Flow at Very Small Aspect Ratio
(Flow Pattern Exchange from Anomalous Mode to Normal Mode
and Bifurcation Process of Unsteady Mode)

Hiroyuki FURUKAWA, Takashi WATANABE* and Ikuo NAKAMURA

** Center for Information Media Studies, Nagoya University,
Furo-cho, Chikusa-ku, Nagoya-shi, Aichi, 464-8603 Japan

Time dependent numerical investigation is carried out on Taylor vortex flow between two
concentric rotating cylinders with very short cylinder lengths. When the mode of the flow exchanges
from the anomalous mode to the normal mode, the inner and outer extra cells develop and the saddle
point emerges in the contours of the stream function. The inner extra cell grows, and it covers the
outer extra cell and the saddle point. Two extra cells merge into a normal cell, and the saddle point
vanishes. In the transition process from the twin-cell mode to the unsteady mode, a slight difference
of the Reynolds number causes the drastic exchange of the flow patterns. The critical loci from the
unsteady mode to the normal two-cell mode are determined in the (I", Re) plane. The periods of the
unsteady mode are given at a constant aspect ratio, and they become longer as the Reynolds number
increases.

Key Words: Flow Visualization, Computational Fluid Dynamics, Axisymmetric Flow, Concentric
Cylinders, Taylor Vortex Flow, Small Aspect Ratio, Mode Bifurcation
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Fig. 1 Classification of Taylor vortex flow. Cylin-
der length is finite and both end walls are
stationary.

ESC VLA 7 VZE Re, BIUHNHABLEOHN S
HEIIHT I THDI LR g THSB. ThbE, =
RIEDNT A —F TR TRRD & GEEAITIEEICE
V. EREBIUHRBEDT ARY b A EofNIT,
INETIIELOPERLENTE7=0),
Benjamin®iZ #4 % ¥, Benjamin & Mullin(?%
Mullin®)~ & 5 < SEBHMHIRZIL, HEHESAFRT
Y HEABLESE A OT 1 5 —iBREAOEH LA
FHMMEEHOIZL, KUIRT LI, 745 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

2672 T ARI PHDNEWBEDT A4 7 —l@lih

BFENE EET—F & 2RE—FIZHSELE. £E—
REWX, LA JREER/NSRENGH| LIS
B BRI RN BN DR/ Y—ThY, ZRE—F
X, VA INAEEH DAL EE TAHICHERERE
FEAICEND, FT—FREFRARDBNY—TH
5. FE—FEZRE—NIZ, EHICERE—FEE
RE—Fizmpiionsd. ERE—FLE, ETHE%@E
KBWTAHEALARBAR~DOHNEZFF>E—RFTH
5. BRE—F L, MEomESE, bL XA
WMEICBWT, ERE—F L RBFOHNTH 2HNHEE
A S A E A~ E R >E— R THhb. Naka-
mura & & Toya 500, FmMBEEROSAICHT
HFNAERIZL VA, HHIE, ARRRKRLIC
Bok4 28, ZKRE—FRN, B ZKkE—F
PRT, FE—RICEBTHHBENHDHILERLT
W5, R ENHIROEER B F RO o § R R E
MHRETDHHEIZOWT, Alziary de Roquefort &
GrillaudV, Sobolik & 2hx, MEME o Kk
NABERESESZ L E2R/L, Kuo & Ball'di3,
I T DRMBRET DI o0 T, mih G B
Ni-ENTHoOBENRBERINDZ &AL, HIlD
BEEREINE, LA A XEERINEEE 2 LI
X v, Benjamin & Mullin{™ iz L 0 RH &= EH 4
FLE—FMNGIEH6 /T —F ~D53EE HEI
fErL, EREOBRW—EDE LN LERMAT T
5. ERsONIEEEFBRRAM ZLICLY, F
BEDOT A7 b HIZEIT 5E— N SGBR A FEHIC
FW, (T, Re) FHIPTEE—R XN 2E@H%
ROHTWB.

TR PR 1 BETHET A 7 —Riho
EEMHFEL WL 22T TE& /2. Benjamin &
Mullin 3£ R 1 L E— FOFELHLMIIL, &
R1ELE—-FREAETIEBAZ L. Licke
83 R 1 EALE— ORI E BEMIC IR EE
THRLTWS. Buzug 5070, R8T 5N E B
L, TOWREBNR I A ANEEBETDHZ LE2RFLTY
5. —F, HiEHERLE LT, Streett & Hussaini('®
% Magére & Deville!?%, FE# 2 EAE—FAHE
LTER1IEBEALE—FBENDZLEEHERLTWS.

B & 512, Turing®Om % — U HRICBET 5
WFFELIE, BRE AT I 7 A 2MBELIEEL OHSE
BiREIhTERE (FFC ) LorlFA 57—k
FNICBW T, ML OFNICET 2ERER
L6, i YY — o OEFRIBRRIC DWW T O
72 BBERRZEIX, AR X H12/%5 A—F ZERDIA
ELHoT, TEHH/ITIILINTVARY. ZDXD

22 RIRE T, MBIV B A EETH S, A
ek, HI5C0NC L 2 MR TSR L Shit
M E L DEEMICTRD DI, TARI MEEA 1D
A—4% (0.1=T =16) THv, NEENEEL, 5
M3 & s §R 1k L T A Rfho _—@\mEEIcET S
F A 7 — i@ A BERT L, NEEARET 254
DTN = BRIZHOWTHLMNNITDZ L EBH
L35,

2. i B & #&

Fleh —EHAEORIIIFRTH Y, NABISEERL,
s & A EIEEREL Ty B, ARG R
EZEFRERE, HEMRLE TR TEMSNIANN
RO KJEEE L RFHE, £LT(REKERE)/(R
FKEE ) 2R L LT, 2TOWEELEE KT
{435, RNA/EAATHOERIL, ThEhrn &,
THY, 1, —1; 1 L 1.0 THD. ¥EH L rifro & T
5. HEOESEIEL, 7A=Y R (ro—1:)
THEZbh3. FERMICEILL 2 WREFEEICESS
LA JIVAE % Reg & L, WEEAICZE LT D BRFED
WEBEEEICE S LA JVREUE Re L KT

XHELAFEAUT, AFHEICEL ZHEEESR (v, 6,
z) THRL 7 FETE # it R Navier-Stokes H 23 &
BOXTHD.
ou ou ou v op

ot " T Y9 T 7 T o

+Reo r2  rdr r2 922
v dv v  wv

R T P P

-1 62_”+18_”_1+_6j_"_ (@)
" Reg\ 0r2 rdr 1?2 0922
Cow ow 0w
2 5 T %% +wt9z
_ 0p 1 [0*w 10w  &*w
-‘£+Ee;(w+;5:+ﬁ ®

10(ru) | 0w _
r Or + 9z 0 ()
ZIZT, ot (v v, w), piE, TREH, EKRTO,
B, (r. 0, 2) DFEOHEERS, EATHS.
XEF RO EARAREII MACEICESLS. £
w7V FRRE, RTINS,
o 100 0
or2  roOr 0z2
_uow owow_oudw 100
T 9rdr 0z 0z dz Or r oz
vév v 8D 21_) _wa_D (5)
rOr 7l ot or 0z

T

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

FARY FHOBPEWIBEDT A T —ATN 2673

ZIZTC, DIZ3EERZ MORBKRTHD. X7V
FRAOMREL LT, SOR #& ILUCGS &% A
+ 5. BRSO AA T —BRETHY, HRRICK
QUICK A¥— A, ZOMOBIZIZKRFLESEH
5,

WEIC T AERAEMLIL, TROBLEHFTHD.
AT 2 EREMT, BBFBRADENENL
BERbLOND /A7 &ETHD. HERSIOVME
1%, @FRichbin oL L. t=0ICBNT, NH
HOBRFEEEL T LEEHILIZED, LA /X
% 095 Reg £ TABICHNEES.

HEKRTITRA I — FBRFEZAY, BFREREIES
M —KEThH 5. FEFROKBFEEII80 THY, @
FRIOBRF ST, 7ARZ b 10IICxL 80 &z
DL OICHBIENCTHETS. BTHOZAMHERD
=0, &HE~OKFERE LT, BTE2E
LB FEE2EALE—FBBRNAERLV A /L
XA RO A, BIZL2ho o5& OBERLV A
JNAEEDERITIBRBE ThHho7. Zhiy, K
HETAWEEFARIT+AICREL, BRICKET
BT NEWVWEERD.

TN +oRELL LU TIERLLT, HD
BRT v 7 L FOEBOBB AT v 7B 2HH
i Eic@< My 22 FNENN,, N,y &LT7LET,
(N — Npp_1)/ Ny DA 1074 KT 72 DR AEAS FERA
AT o 7T 100 LA Rk L 2 BB, FhiZEHIC
ELELDO LTS, E—FRIRERRITT 57201
LA I NZEEBLESEIHEEIE, ERRhE 2>
TWBt =t POV EREL, t =t +1t2 £TH
BB S45. BOBKRTLERIX, VA /AVIH
YHEU—EIZERD.

FhE a8 T27-DICEAT D R k—7 2D
BEE ¢ 1L, ‘
19y _ 10y

Y= %9 Y=o (6)
icEns5Exbhd.

A EOKRIT, Nakamura & Toya?ic L > TH
BhTWBERERL BT SH. TOXRREBOHNM
fE¥21T 20mm, AFEFEERIT 30mm, B 9T
0.667 T 5. BMEKOHEIZRIT 5 BRITEROD ¢,
t, 1, COEBOYETEL, ERTHAVWONIZSY
¥ Y L AKBHEOBIKSE (6 x 1078 m?/s) IZ3V TEH
LE=Baic, 500 ERDEICRETDH. HREL
oA N ZXEOEFEIL 100 225 1500 THSD. LT
T, APV RTEDLHDIT, z BEIE, RRREST
HANAMEEEETIIRL, HFoEEEER & (1)
LY ERKTS.

(b) Anomalous (c) Twin-cell -

(a) Normal

two-cell one-cell mode
mode mode (I =0.8,
("' =1.0, (I' =1.0, Re = 900)
Re=800) Re=600)

Fig. 2 Steady patterns of Taylor vortex flow be-
tween two concentric rotating cylinders with

very small aspect ratio.
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Fig. 3 Variation of contours of stream function
around an anomalous cell near the end wal-
1. The aspect ratio is 0.8 and the Reynolds
number is reduced from 500 to 100. De-
celeration starts at ¢t = 1500 and ends at
t = 3000. + : saddle point.
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Fig. 4 Development of the flow field from the twin-
cell mode to the unsteady mode. The aspect
ratio is 0.7 and the Reynolds number is re-
duced from 910 to 900. Deceleration starts
at t = 2730 and ends at ¢t = 5460.
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Fig. 5 Time variation of mean energy E from the
twin-cell to the unsteady mode. The aspect
ratio is 0.7 and the Reynolds number is re-
duced from 910 to 900. Deceleration starts
at t = 2730 and ends at ¢ = 5460.
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Fig. 7 Partial order structure representing transi-
tion processes.- C : Couette flow. N2 : Nor-
mal two-cell mode. Al: Anomalous one-cell
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Fig. 8 Period of the unsteady-mode flow. The as-

pect ratio is 0.5.
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NoEH%, (HLW 2 BAFNh ] LA, AFH
HTIE, M4(h) DL, 281rDHRZLT, 3D
B EEFEHRICENS.

BRI ELE—F, YA ELE—RNEFEEFE—
KX, @B mo g dmic st U It g —
k8o, Pister 5COL, BB OB/ IEXFIIEL B
BRI A YL, £R1EAE—FIIKRELERE
INEVTEVIEA, TR ERSEED T RISEEIC S
L2O008ANHDHEERL TS, ¥HLLDOKRED
BHEODERICIVBRISNATVSN, —FHOFIEA
M ED AR EERRE DO X D 2RI FIEIC L > T
DHBLNTWD. T A 7 —RfHDEERIC BT 5
REBIRTZEROBMAE LT, BEOFEMFMEDIZ
My, BRERLYIMEHOHES MRS S, FEHEAE
BT, HEAF—LAOKMEBRERETONS.
AHBIZBWT, BT VU HFRAOENEH Y EET
BIEZWIZ4 5L, ISR TABEONT.

5. # ®

AfEE S AFEFICE O FEEEGE _'EAMCAET ST
A T —iRfn 2 RERHKEOBMARETHANLER, K
DEEHE 5.
(1) ERE—FDOLERE— F~BITTHHEITE,
W= 7 R b ZiOFEZB O T BB SR I
HRARA L IBENDE. AlloT 27 2 T @RS RE
L, YRARSLS P EAUIT R T REZRINT DT
CIZEY, 2507 R MFiRIX1 DDEREL~E
o T
Q) VA ENE—FPOHEEFE-—F~DOFKIZE
WTIE, b A I AXEOL T REER RO T
WMol R I RT 4y 7 RN OEILE LT,
FEHET—FX, BB RNXREYENRT AFIDK
KB ES ERIT.
(3) EHE—FMOLEH2ENVE-—F~DE—FF
A3 = 2 EEFA% (T, Re) FrnANICE X 7-.
(4) FEEFEMAHROLB AL RD, £hABL A/
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WAEOEME &EBITKEL DI ERRLE.
AEDFITICH ) EF I ESEEMEROE A
JEEBEIRI-TIH B 7. TAAMEO—ZRITEAR
EMiRESFFEM RGBS (FHBIFRK (C)(2), No.
14550146) Ik 3. T ZICRLTHELYRT 5.
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