738 g% & 5 78 4 (1992) &£ 5 F

© 1992 ISLJ
X KB RIKIR & UM IS K D s NG
FQﬁJ’*%ﬂﬁbwflfﬂ@ﬁiﬁfﬁﬂ
HA HIE® - 50 %2« A *s
ARHEFZERR*2 - ki -},k*‘l

Video Image Analysis of Mixing Flow in a Cylindrical Vessel Agitated by a
Bottom Blowing Bubbling Jet

Tomomasa UEMURA, Manabu IGucHl, Fujie YAMAMOTO,
Zen-ichiro MORITA and Wataru MIZUKOSHI

Synopsis :

The Particle Tracking Velocimetry (PTV), which is one of the quantitative flow visualization techniques,
enables to measure both instantaneous velocity distributions and traveling paths of fluid elements in rela-
tion with the condition of the whole flow field. And hence the technique is believed to become a useful tool
for the measurement of mixing flows.

In the present experiment, the binary correlation method, one of the PTV algorithms, is used in the
measurement of the strong mixing flow in a cylindrical bath which is agitated by a bubbling jet from the
bottom. The distributions of liquid phase such as instantaneous or short-time averaged velocity and those
of RMS values of fluctuation are measured. Also velocities and sizes of rising bubbles are simultaneously
measured.

Key words : image analysis; bubbling jet; injection metallurgy ; velocity distribution; PTV.

BORNEEICERT 5 LAREHEOERRS b #ME s h

1 # TwaD,

onj

AR BERETTF CRERIC N 2R 2 IR& A A, ZOXK,
X B EBSHREFE L T — o BB R BT
BIG%4T>TWwWah, ThoOFNOREIREOMZEICS
WTKETFTVERFITORAEEE LT, BREBOE
BRTREHLIZCVEI Lo o»0fE, $4bb
MBS v ERBlgECE L L, HRTHMTESLZ &
LEBBHIFOND.

JEEIR & 58I X D OB 3 FE0RE N Th 5.
ERATAREAPRHCEBEEML L, A TREMD
WEFEHFETVE, FORKRELLTHERNORIIRED
ERBIC 5 7 ESRE L BEEHY O TR K AKX
PEBRE AR ST 10 O PR 1Y 72 ZEBh B AShN b » CHIME 7%

RAEBZOFTHNRER D> SFIH ST b HllEE
(L ——iEE, SRR E, RS 2 &) I ED A
DBEBOBBZALZRETAICEEL TV AL, WED
@ﬁ%%?ﬁFﬁﬁ”&—V@%W’uﬁwTw&w
SHICH LT EEREL CEBEEBTE2FIAL K
NOFHIEIHRNIGEROREIREL IR L o>, BB
DEREGAE EEBNICHET L LATELDT, BE
WD XS IHERE RS 2 PHEE DS IRED
sHlICE L TWwAb, L L—F T 2 L8 FY
HEOFHMICRIKEOH B 2B THLEND H 720
BERmEr > BB OIS ED SR Ty
5.

AIIKEEE L TWA. S5I, »AHENHT ClBHIR L O BRICE R O HE & € &M ICEHET 5

ERTTE 10 ARKHEHRASICTRE EH3IE 8 A 26 HZfF (Received Aug. 26, 1991)
*  KBRRFEBELSE TH (Faculty of Engineering Science, Osaka University, 1-1 Machikaneyama-cho Toyonaka 560)
*2 KRKZETZ#EH TiE (Faculty of Engineering, Osaka University)
*3 BHAKFEILEE TiE (Faculty of Engineering, Fukui University)
* R EE ¥ (MR MM (Plant Engineering Department, Sumitomo Metal Industries, Ltd.)



A -ZEEURIEIK & SIAMEHEC X D B S h B ISR SM A O E{RETR 739

BV OPREINT VB, &H»THHFEHE
(PTV, Particle Tracing Velocimetry) &3 TIZ—# T
H3RTOFRNEH? ST TH Y, LikOREEHE
HOFHCE LTS, PTV dEEHORT (ML —
H+—) KEBL, ZORTFIEREEZOFOBET O L
DRFTHAHH RFOMIE) Z#5 L CRFHEE (=
KoFwEERRT) *UETHHETHH. HEFHEME
BTHREZSNABHEMA TR FORIEEZITI V20D
PTV 7 VT XA HERSHTW5HHEDOHTH AR
e eV 2 ELHBEED R RFTONF oMy — v D
HUBL» ST ORI EHEET HHETHY, N—VF
NIV a— ¥ — L CEECBEN TR D A.

Z Tk 2 ELMEEIC X B PTV x ARERIASEHND
R & KA LA BAERNOFHICEE L, BREEES
A, SEEREIEES A, [iao LARE, [ES,
BT OEBER % & OFHIERA R ICOWTHET
5.

2. ERKBELRBGE

2-1 KEFINOERER

EREBOBMESY Fig. 1 IORT. N 200mm OF
a7 7)) VBTREOMEAERICES 300 mm (3EKE
W7z L, EHRSRIBICERT 72AE 2mm O 7 AV HHZER
IR &AL, EERRIEANE (2~30) %10 °m?/s D#E
BT - 7. HEHEONRET EEATHRETH LD
B4k % 280 % 280 %460 DEHFEO K ISR, HD
WEEAS SESH 10mm 2 v M THEEH* &G
EEHE BB T % (Fig. 2).

zm_j
' Air Flow
ﬂ F o
)

]
]
=

2 i

@

Smoke
Generator
e e =

Fig. 1. Dimensions of experimental apparatus.

2-2 HRBEH AT A

FR LTS A7 2% Fig. 2 BICRY. BAlHEIC
BEALZHFR»SY v v ¥ —HEEft &0 CCD % X 7 Tl
NEREL, 5474 <—CHIRIC ms BTl %
#EXAA, WoltA VIR ICESFET A, 2E(LHEEEG
NeVFNaAVvEa—F—bTL—2XE) =IO
BhiN—Fy 2720 TCRERBTPTETHS. VIR
MroEE SN 1/60s BEOWE{E % 16 Hm&EHt L T
256 X256 X8 ¥vy bOFT 4 VEBICEBRLTT L—
ARAEY —(ZEEXAR, Y REEFEEO 2 BT A
SbETHBITLE. 20 0.255s53DF— % 2T LT
BA 15 MR U 7= RS 0 HE 5536 2 R85 O 7 —
B LENDL, BENRZ NVSH 1S 720 OIEROE
Wik 4s BETH 5.

3. FhORRL & ERBADTE

3-1 RhOR{RIL

RO & RERED 720 IFEEFEH 0.9 mm D
HWw79AF v 78 (JWE#H 1.05) 2 bL—H—tL
TRAL, FL—H = RETH L) ICAETKD
HEXRAELTWVS, R v PETKkPORIE T BT
B RIS R T % 5 < U L TREIIC R
CHBZWEERF-2BE R, 20T ITRRIEDE
HETFRICBETER A, FITRIBOTELIERHEIC
T 50 ZRPIERRALCHB LK@ EE
B EICEST, [AEEIFHLRZAIHITLT
5. 8512, BAVWH—LEXRELE» LTRET AL
SIAOTRPIERE IR TEDL Z LW Th o 1.
Bekr—EICBELCEEMMEUET S 2 L0E

Acrylic pipe Back Light

VCR

Personal
Computer
I \ Light
Frame '
Memory .
CCD camera Slit
Smoke || l
Generatorl IFlow Meter Rgulator
hie Filter
Compressor -

Fig. 2. Schematic display of experimental appa-
ratus.



740 % r W BT84 (1992) 5 B

T LW, BEEOZEM GO ME & BREE & EER D
FRFAIE S REETH 5 & 2SR TR, PRI, -
REER L 3EAICHEI L CHE L /2. Photo. 1 13 LR
DEFIAONHULEETH 5. BEEBO/NRISII KR
DHEROBEIZEE L HDTHS.

3-2 [BEi&REIR

AN EOBEBITORNIK* Fig. 3 12RS. @B
K&L SF“IVt&:ﬁ}&)‘%h& FAIERE TS A%, A
BEBHTEOEDL ) 0h s, H1BRERAR b
V=4 — g il 5 REEOLEOESTH Y,
COFDPEEHON—F 27 TUEST AL HTE
AH. B2EMECIERBENEITS. 22 C2HEROR

Q=30cm®/s  h=300mm

Photo. 1. Picture of smoke bubbles.
I Frame Memory J
Gray Level * Picture
| Thresholding |
Binary Picture
{ Labelling |

Particle Data

[ Grouping J

Local * Distribution

Al

‘ Cross Correlation J
I

Particle y Pairs

I Double Check I
|

Velocity ' Vectors

[ Velocity Distribution I

Fig. 3. Flow chart of the image analysis.
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Fig. 7. Traveling paths of tracer particles.
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