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Fig. 1 Formation of a spherical bubble at an inclined orifice
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Vo sin g%gi%-gVBAp—la—%CDpL(v-sin 0)2Af—m’j‘ti(‘v-sin 9) =a—fzt'—(m-'v-sin 9) (1)

Eq. 1)@ m’ & LT Davidson 5¥ 23#HfH L7 (11/16)p Ve A, %o dm/dt= Vgpg,
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Fig. 2 Structure of orifices used

Table 1. Dimensions of orifices

Type A Type C
Orifice d, T/d, Orifice dg d, T
No. [cm] [—1] No. {cm] [cm] [cm]
1 010 8.0 1 0.20 2.0 30
2 0.17 1.5 2 0.30 ” ”
3 ” 4.1 3 ” ” 10.0
4 ” 8.8 4 ” 3.2 3.0
5 ” 17.6 5 0.40 2.0 ”
6 ” 35.0 6 0.60 ” ”
7 0.22 .1
8 0.31 .2 Type D
o 7 9.7 Orifice do ds
10 0.40 9.0 No. [cm] [cm]
2 0.60 ’ * Cooss o6
Type B 0.81 0.80
0.91 0.90
Orifice d,
No. [cm]
"""" 1 0.10
2 0.16
3 0.21
4 0.27

AV 7 4 RALRTF VY LVADBERXEHBRCEELD D TH5, HEEA (0) 13 0.26 rad.
(15°), 0.524(30), 0.785(45), 1.047(60) B XX 1.571(90) kZ&({t &%, T/do=1.5~
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DHE—JLTHD, 4 FOAES Tyde A LR ULKE2Kk, &4V 7 4 2%@EBLTO X
Fig. 1 @WRT X5 CKFENSDODHETHY, do=0.10~0.91cn TH5,
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Fig. 3 Experimental apparatus
1. orifice 2. gas chamber 3. capillary 4. needle valve
5. manometer 6. flow meter 7. gas distributor
8. buffer tank 9. gas supply 10. pick up 11. recorder
12. disital stroboscope
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K[BEH (Ne=4Veprg/mdo?Pe) T3 0.08~30 DEFHTH 5,
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Fig. 4 Comparisons of results of present and previous works, and effects of
orifice angles, type of orifice and surface tension for bubble volume
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Fig. 5 Effects of V¢ and 6 for Vg in small gas flow rates
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Fig. 7 Effects of Re and ¢ for [ in type A orifice (air-water system)
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Fig. 10 Comparisons of measured hubble volume and that of previous works in
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Nomenclature
Ayr ¢ representative area of bubble [cm2]
Cp : drag coefflcient [—1]
dp : bubble diameter {cm]
d, : orifice diameter [cm]
d, : pipe diameter [cm]
ds : short diameter of type D orifice [cm]
g . gravitational acceleration [cm/sec?)
{ : length [cm]
m . mass of bubble [g]
m’ : mass term for displaced fluid [g]
N. : chamber number (4V.dpg/nd.2p.) [—]
Ne¢e @ critical chamber number [—]
P. . static pressure in chamber [dynes/cm?]
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R peripheral length of projected orifice in a plane {cm]

Re Reynolds numder based on orifice (= d.vopr/pr) —1

Re critical Reynolds number [—1

Sk orifice area of type D orifice [cm2]

T orifice length [cm]

t time Tsec]

Vi bubble volume [cm?3]

V. chamber volume [cm3]

Vee critical chamber volume [cm?3]

Ve volumetric gas flow rate [cm3/sec]

T bubble velocity [cm/sec]

To gas velocity based on orifice [cm/sec]

0 angle of orifice [radian]

1 @ viscosity of liquid [g/cm sec]

(un) 20 : viscosity of water at 20°C [g/cm sec]

pe: density of gas [g/cm3]

PL "density of liquid [g/cm3]

dp density defference (pi.—pc) [g/cm?]

o surface tension {dynes/cm]
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The bubble formation at the inclined orifices is investigated at the constant
pressure system (constant pressure supply). It is found that the gas flow rates,
the orifice dimensions, the chamber volumes and the physical properties of liquid
affect the bubble volume. In the regions of the low gas flow rates and the small
chamber volumes, the bubble volume increases with the inclination of the orifice
with respect to the horizontal. The values of critical chamber number, up to which
the bubble volume do not depend upon the gas flow rates and the chamber volumes
is a function of the orifice diameter and the physical properties of liquid.

By the application of Newton’s second law of motion, the various forces acting
on the surface of bubble are related. This model is examined by the experimental
data, and the correlation with respect to the bubble volume is obtained.



