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Bubbling-jetting Phenomena in Powder Injection into Liquid

Yasuhisa OzAwA, Katsunori SUzUK1, and Kazumi MORI

Synopsis :

To know the effect of injecting powder with gas on the bubbling-jetting transition, an experimental
study has been made on powder injection into a liquid. The gas-powder mixture was injected into a
water bath through a nozzle of 0.2cm in I. D. and 2cm in O. D. installed at the vessel bottom. The
powders used were glass beads of 105~149y, 177~210p, and 350~420,. The mixture jet behavior
was photographed by a high speed cinecamera. The injecting pressure at the entrance to the nozzle
was measured.

It was found that injecting powder with gas produced a drastic effect on the bubbling-jetting tran-
sition. The critical gas flow velocity for the initiation of Jetting, which in the case of gas injection
was just equal to the sonic velocity, decreased in gas-powder injection with increasing powder to gas
mass ratio. This decrease in the critical gas flow velocity was found to become more extensive for
powders of smaller size. These findings could be ascribed to the fact that the velocity of sound of
gas-solid mixtures decreases with increasing the mass ratio and this decrease in the sonic velocity becomes
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more extensive for powders of smaller size.
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1, 2, 3 Needle valve 4, 5, 6 Ball valve 7 Three way valve
8 Float meter 9 Powder dispenser 10 Bypass tube 11 Water
bath 12 Nozzle 13 Powder trap 14 Pressure gauge

Fig. 1. Schematic diagram for powder injection
system.

7 R A B3k FAARE Pxi2 OREDICDHI=
K ad v buEEREL, ENE % ¢ 1/4inch (0.635cm)
P CRLE L. FO®HT T 4 & =T v, Bk
FEHNEHC A D D&

ARSI A T v v ART, FgERERCER C.2
cm D 4 ODILE ST TRERBLOEEY b el
IHEHGE R DERE S AZALT 2RAY, 4001 b
BEEBRNAAD, BEEHREbI e, REblLe
EMEVI AR DAV 7 4 A b7 4 @Y IR
L, F0O%, 432 10 ¥@EABLTCEEREIALE
WMLT, KHE I EEHER~NR XA T WA
MEIHEBREROA Y 7 4 ARE A SAEFEES,
Table 1 IR L7z X S icfllaBhes o LIt X h ELS
7. BMARES 13 3ARE 10! oRYV =51 vEl O
BT, AR ERED DAV D THS.
2-:2 REFAHAYRGE

W XAL BB, R 105~149, 177~210
L 350~420p D3 FEEOWRN 77 A — XM\
Foo HIAE—XDOMER Y —FHKIZ A, FBER
2.5g/cm?® TH5A.

2-3 RBRAZE

W EX 50cm DY KDOIE AR XAK, KIEIE
T b 80cm DIEFCEHRE LB EE» 2 5 TREY =
y FPRIEAE,DBRE L. BREEEL 1500 frames/s,
BB 3~4s Cholz. Tl ENFH 4L/
XA RRETBK XALE Py 2HE L. sk
s By Table 1 R LR ZhO FRICOWTO
HATE & BEEHREOBGRE R THRER L b Rdi.
2 Py OFIEMNSE, T78b5 Fig. | © A JEBNTRFARHENT

Wac®, Py ORIEMERBHEIERTOR IRAAFETIRIZL. U
L, T TOERKREE, AVvIBOOK6 FriZ2>TWn5 1w,

Py AR B AABFCGRNEEZEA T, CCTIE Py 2REAH
EET5.

Table 1. Powder feeding systems.
Type Orifice diameter Bypass tube diameter
(a) 0.2cm 3/8inch (0.953 cm)-
(b) 0.2 1/4 (0.635 )
(¢) 0.3 3/8 (0.953 )
(d) 0.3 1/4 (0.635 )
(e) 0.2 1/8 €0.318 )
(f) 0.3 3/16 (0.476 )
(8) 0.2 —
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Fig. 2. Relation between powder flow rate and
gas flow rate. Powder feeding systems (a)~(g)
(Table 1).
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(a) M'—0.93 p=0
(b) M'=0.96 p=7.4
M’ : nominal Mach number

e solid to gas mass ratio

Photo. 1. Photographs showmg the eﬁ'ect of injecting powder w1th gas on bubbling-jetting

phenomena.
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Fig. 4. Plot of nominal Mach number against
solid to gas mass ratio showing bubbling-jetting
transition.
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Fig. 5. Relation between critical injecting pressure
for bubbling-jetting transition and solid to gas mass
ratio. '
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(c), (e) (Table 1, Fig. 2).
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