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The Flow Field in Air-Water Vertical Bubbling Jets in a
Cylindrical Vessel

Manabu IcuUcHI, Hiroaki TAKEUCHI and Zen-ichiro MORITA

Synopsis :

Bubble frequency and gas holdup in bubbling jets were measured by means of an electro-resistivity probe.
The axial, radial and tangential velocity and fluctuation components of water were measured with a Laser
Doppler Velocimeter. On the basis of these results, air-water vertical bubbling jet in a cylindrical vessel
was classified into four regions, i.e., the momentum, transition, buoyancy, and surface regions from the
nozzle exit toward the bath surface. The profiles of gas holdup, axial velocity and root mean square value
of axial velocity fluctuation in each region were discussed in detail. Also, the flow rate, momentum and
kinetic energy of rising water were determined, being necessary for refining previous theoretical models
predicting the fluid flow behavior induced by bubbles.
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Fig. 1. Experimental apparatus.
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Fig. 2. Coordinate system and velocity compo-
nents in a cylindrical vessel.

3

>

= Hold

o° signal Fluctuation

¢ v

Z M\

o ~ V V

>

< u U;: Instantaneous

Mean velocity velocity

Time t

Fig. 3. Oscillation of axial velocity component
about a mean value.

BLTWwh, I uidt3rax—gEllstnltsrd
B, TRBERESL —F KB ERY 5 720, BELK
FHL = —HBROKELLST b L HIEME S 7%
ol BIELLEFTTHY, F—=VIFEFELVbR
Tw5), ZBHEANTFICAMEOF ALY H V.
BEEFTEY 7Y ¥ 7E#kE 100Hz T AD £
L, # 20000 D7 — % % TR ICED & F1%E
Balilhd rms il o, 2RD:. 27 LEA—NF
BB IIEH D S B/,

N
a:glui/N ............................................. (2)

u’msz[%l (u;— @)%/ NJY2 oo, (3)

CCTHWMAF i ADEWLA iHFHOF— %%, N
EH TN rRERT. EEAML L PIEAROF
BEE v, wBLXUTEND rms 8 0,,,,, @, bLE
BRI LCEHE T 5. — @B ToBlE BT 5 R
BEER—NVFETZERVTH 20000 B 7— 2 24ED T

B2 Tmin TH 5,

2-4 FEFE
BRAOTIZDILA D RFIAICHR SN D K0 LRE
WOLAY 2R — ke LOMESEL AV, Ch
BRI ZWE aicEBI AL, addh.L oo 1/2 12
LB EME» SR LM E CORBTH S,

3. XBRBREEER

3-1 BWHhBOXY FIVER

NGO MB 72012, BOLERORERD @
E v EAM LAY PVHE Fig 4 1I2RY. MhoR
i u OFEREOBNL FEME L, THLT u

1.0

Z/Hw

fo 1 J5 S N N N T N T E

r/’R

O : Radial position at which % = 0
@ : Radial position at which « = 2.,/2

Fig. 4. Velocity vectors in an upper part of the
vessel.



K & FE A 8Pk -2

SRR DN

701

=0 L HLEMBELEELTCVAS. H, 3HE, RIE
DEFETHDH. ZPEEIFLEETHOTITEDLAEH
RZHAR S %o TWAH. SR THERTH X I I,
TN OBEE D 7z 8\ ERE OB L & OB b g
PEEFRzoEELLNS. XD SRBELETOWR
DHEEVHBCRDLRD.  OROFEIEHEIBRI,
IR LTWARVS, TVI=yahEEHv-THRIE
DXERL 5 RIIHFT LD o bR L b —HLTw
5.

3-2 KBHE fLEHAK—NWFEPyT a DROWLE

& Ths OEEEE

SR L HBORBEFEL T T H0DICE fr, a8
JURELAEE R L OBERPLETH LA, TR
$¥ frpt allFHBT A, Fig. 5 0BT, ERTRL
72 fp & o DREMEDOEEHEFAIE e < 50% OHHL
BCHBOTERSHIIIITNES. f & e oL EE
fro & aq DRERRO—HI% I BFR LT Fig. 6 1<
RY. fgo it/ XVHOEHETE -7 2IRLOLER
IZRA LTwl. 2 VO EORIGEE R Eoft
EOKELSOREANTETWLIDO»*HALTEETH
5. Q=41.4cm®/s XBFD ) AVHOEED fu 13
B 20~30 fTHY, Thih 1 EORIBEREEH

= >
[N

50 100
/& z=3mm
[ 4 | 1t | I8 | {1
zZ=5mm
| A [ 1NT ¥ [ 14 N IS S N A S

—
Q
o
o

dcl
’ by b
z=10mm *
Lt 1A L1 [ R | L
~1smmA
! L1 1L 1
©
K\z zom,rYA/E\
10
L T 11 i\
r

r mm
a) Bubble frequency b) Gas holdup
D=126 mm, d, =2mm, H, =233mm,Q, =414 cm’/s,
—— Measured, ---- Gaussian error curve
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Fig. 6. Bubble frequency and gas holdup distribu-
tions on the centerline of the vessel.
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