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Numerical Analysis of Vortex Breakdown in a
Confined Flow Generated by a Rotating Disk

Hitoshi SUGIYAMA®*® and Fumitaka OOISHI

*3 Graduate School of Engineering, Utsunomiya University,
7-1-2 Yoto, Utsunomiya-shi, Tochigi, 321-8585 Japan

Numerical analysis has beén performed for three-dimensional and time-depending vortex
breakdown in a confined flow generated by a rotating disk. Vortex breakdown in swirling flows has
been the subject of much attention sine it was first recognized in the tip of deltawinged aircraft.
Under certain conditions vortex flows undergo sudden structural changes near their rotation axis,
called vortex breakdown, which are characterized by the existence of free stagnation point upstream
of a region with reversed axial flow. In the numerical calculation, boundary fitted coordinate system
has been used for this flow in order to predict asymmetry vortex breakdown. Calculated results of
mean velocity are compared with the experimental data in order to examine the validity of the
presented numerical method. It has been pointed out as a result of comparison with experimental
data that the present method can reproduce vortex breakdown reasonably and predict well mean
velocity profile except for the mean velocity profile in the vicinity of rotating lid. Besides, additional
calculation has been done to examine the asymmetry vortex breakdown by inclining rotating axis.
Calculated results of steam function profile suggest that a pair of vortex generated in symmetric
confined flow gradually transforms into asymmetry vortex with inclining rotating axis. By contrast,
pressure distribution, that drives the vortex breakdown and shows the existence of adverse pressure
gradient followed by positive pressure gradient, is not affected by inclining rotating axis. These
results have implied that flow visualization method using dyes is not suitable for clarifying the
mechanism of vortex breakdown, because pressure distribution, that is driving force for vortex
breakdown, is not influenced on inclining rotating axis.

Key Words: Numerical Analysis, Vortex Breakdown, Swirling Flow, Three-Dimensional Flow,
Separation, Boundary Fitted-Coordinate System
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Fig. 11 Calculated results for H/R=2.5, e/R=0.002
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Fig.12 Calculated results for H/[R=1.5, e/R=0.002
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Fig. 13 Calculated results for H/R=2.5, e/R=0.02
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Fig.14 Calculated results for H/R=1.5, ¢/R=0.02

WNBEES A, EWATIRE R b fERLIzD 30 BADOEEHICTERE L, T, EFAMANRZ bV
DOTH5, FEOBE, MEMEBRI—ETHD, & BRICR SN ERIE, FRAFAHEENE L 5 %EE
WAL E L, ROESES AREETEbTs LD BMERLTWS, ENoMmzR5 L, KR4 wWRLZR
KERELHERTFEREL T3, BhBEEIHIL ¢ LEEBEOBEDENSHER—TDH Y, BFAED LR
= ¢max(/15)°, ¢=¢mn(i/15)* DR T i=1~15& L7z CIEES 2 S8, MEHZSESED SND, £,

NII-Electronic Library Service



1050 FEAM AN O i IR R O B {E#E AT

N7 P NVERED S & ¥ A ED 2 FHETICAER S LiREE
HRDFEERREL TS, Lhl, inBEioms
Rz y, ENFHOBMBEREINTVRE I ERby
%, AEHBRRMAEERO ETHRO BESREEE I X

D IEFRIBREEEDS R T 5 2 L BRL T B,

BB, 23 LIIBREEERERY, £ RLUZIBEN
IO/, HHES IS RO RS MICERT 2
CEERERBTLE, ROUBEEZIOWECKREL LSS
Fo K BR2ENAHICEIT 2008 kb5 & 2
A2TH5. K13, HLiROLE® ¢=0.02R & L1z
BOENS, BB, FRARBESZ L
BREOHBEEREZRLILZDDOTH S, wTFhoEikie
BWTH, ENDHARAKELSERTZI %L, B
BEEOBE AR ERL TS, FERAFEE
DS BOEMHEENEET LI L LY, LA ELZ
NIZFE S BREEMER IS 2 EBb»3, Ihb
DIERE»SRLEEARELTH, HASEHROKN
BEOAREPKELEAT 2 L3R NI EPHERS
na, LarL, hBEESHE RS &, MR
RENLWMBEHHRER L B> BB 3HNEEHL
T3 ZeEETE S, MR- %E
BMEBKT 22 %L, MNWBERAAEENEL 2
DI BEEESE, Db AT R LIRS N
ANRA T NARDTENEEK T B, T LIAL TV
Ko, FERIFR 24> BHERC BV T IEHRE®
ShTway, EEAMEEHNTORBES ERICEL
TRIEIN TRy, HEIZ IS LA IR
DENDBEEENLAEEOHL 2 FRHL T
3.

M EofER &, xtfrimaasiz b TR P.OAEO
RLEZEEINVRLENRE SR ONT, XK
FEEE D S IENFRERER A L L T, &5,
RLEERET &, MABEBSHETHE T 5mhiE, K
ELET B LS TRRTY, HheXidd 2E15
Fid, COBOBENEBMOT2EENZ > i, ¥E
HZomERL, £k EAm, ERAREEOHT
YEEL, BABERNORHEERFEL TVw5, T4b
B0 & ¥ 2 WSEEEIR & B o H
WiT22nEdAE S BES, Lob, BOESKS
& HBHBEORHIHERIINET 5.

2O LETERERAEET S &, 6K o AR
ROFBHFEE L THY SN 5 %I L 2 T#LF
T, LT UL RBAERRKROER A =X LR D D
ZTREDFERTH S L3V T, LB E&ROER
KRERPLERZ &, BRERRORNEN 2/

FHET HENSAEIL, SEIO L D B EEBREEE
TREFEINRRZVWIECEZSTHY, sl LT
WBEEBRRREETHS 2 L 2HERBRIEITIRL T
2bDEHFEZHND,

5. #&

TP P RSP ) YR R BB e BTN L SR &
H#R L, & o SR S B L TR LT
Dt =57z,

(1) BRBSEEEEOERT, U Hng e
URRAT T 3 RBUERR TR, FHRAFEE, ME S
ISR % MR, FREC TR Lo, FIRR I 1
S b RIFICHERLT,

(2)  AERATEI EEEMIGLES O FL & BHC
FHT 2 BES RV, HBRUBEREs ¢ 2 L&
Bl HET 5. |

(3)  _EFFRPOLE R0 S € 7 RS
PRI C I B B & FERTFRER 2 TR T 2. & 5 1(R
CEREHINES 2L, LEAEERESETZL 5%
A4 FIWVROFENEERT 5 Z L 2 FHIL 7.

(4) BHEEHKICBOTRIBEENZ SBEEBEN
TORMSEB L TEEL, oL EAERE, LR
[ DR ¥ OBB RS 5, 5 LIBHREE
DEEPFAELTHEMT 22 L n S NEL, EHS
IR ELCEEI N W,

(5) WABKATEE, FOBEICBURTH 20
AT BAEEROBER G LT & $ A S 5%
gz, Lizoio THABSS M, MET 2 &k
2z & A b FREOB RO A EESLETH
5,

S

X [

(1) . Peckham, D. H. and Atkinson, S.A., Aeronaut. Res.
Counc. Tech. Rep., C. P., No. 508, Tech Note, No. Aero.
2504 (1957).

(2) Sarpkaya, T., J. Fluid Mech., 45 (1971), 545-559.

(3) Faler, J. K. and Leibovich, S., Phys. Fluids, 20-9 (1977),
1385-1400

(4) Vogel, H.U., Max Planck Inst., Bericht, 6 (1968).

(5) Escudier, M. P., Exp. Fluids, 2 (1984), 189-196.

(6) Spohn, A., Mory, M. and Hopfinger, E.J., J. Fluid
Mech., 370 (1998), 73-99

(7) Fujimura, K., Yoshizawa, H., Iwatsu, R., Koyama, H.
S. and Hyun, J. M., Trans. ASME, J. Fluids Eng., 123
(2001), 604-611

(8) Lopez, J.M.,, J. Fluid Mech., 221 (1990), 533-551.

(9) Lugt, H.J. and Abboud, M., /. Fluid Mech., 179 (1987),
179-200

(10) EHEHE - RILEHE, #5, 66-643, B (2000), 747-754

NII-Electronic Library Service





