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Summary We study numerically the thickness film that is formed between the free surface of a bubble and the cylindrical walls around the
injection orifice. The bubble is formed by gas of negligible viscosity and formed into a vertical tube filled with fluid of viscosity . The
calculation is performed under the Stokes approximation by changing the values of capillary number Ca and Bond number Bo. We find
that effectively the thickness film is a function of Ca and Bo, these dimensionless numbers are scaled by radius of the tube where the
bubble is formed. We discuss experiments that validate the numerical results.

INTRODUCTION

The growth and detachment of bubbles generated by the continuous injection of gas into a quiescent liquid has been
very much studied in conditions where the viscosity of the liquid plays no important role [1-5]. The results of these
studies are of interest in metallurgical and chemical industries, for example, where liquids of low viscosity, such as
liquid metals and aqueous solutions, need to be handled.

The generation and dynamics of bubbles in very viscous liquids is also of interest but has not been so much studied.
Thus, while many aspects of the dynamics of bubbles in unbounded viscous liquids are well understood and some
models are in [6-8], the formation and detachment of bubbles in confined systems has received less attention, this can
be seen in [9-11]. Bubbles in very viscous liquids are commonly found when dealing with polymers in their liquid
phases, in the flows of lava, and in processes of oil extraction from production pipelines, among others. In this present
work we consider as a basic investigation the problem of the thickness film that is formed between the free surface of a
single bubble and the wall when the is growing into vertical circular tube filled with a quiescent liquid of high viscosity
in the articles [12,13] shows some these cases and the effect of the walls in bubble shapes therefore the effect on the
thickness of the film. In this paper, we show that the shape of the tube in the vicinity of the injection orifice, or the use
of properly shaped injection nozzles, may cause substantial distortion of the growing bubbles, volume at detachment
and thickness of the film.

EQUATIONS FOR BUBBLES GROWING IN A CONFINED LIQUID

The model used here is for bubbles in a very viscous regime, obeys the equations of continuity and Stokes, whose
dimensionless forms are respectively
V.-v=0,

0=-Vp+V?*v-Boi,
Where p is the pressure, V is the velocity field, i is the normal vector pointing in the vertical direction ( X is the vertical
coordinate) and BO is the Bond number
2
Bo = P92
o
where o is the surface tension and g is the acceleration due to gravity. When the bubble detachment we assume that the

dimensionless gas flow rate is dVo/dt=Ca=ctnt.; i.e., the dimensionless flow of gas that forms the bubble is exactly the
capillary number, given by
Ca= ﬂ

oa’’

In the liquid f(x,t) > 0.

The problem contains the five dimensionless parameters which are a Bond number, a capillary number, the
dimensionless radius of the base and height of the tube, and the contact angle of the liquid with the base. The set of
equations given above will satisfy the boundary conditions of quit flow at infinity, the non slip conditions on walls and
the quasi static pressure balance. The Evolution of the free surface is given by Df/dt=0 [14].
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RESULTS

The values found for the thickness of the film b between the tube wall and the surface of the bubble depends on the
values of capillary number Ca and Bond number Bo. In this case these numbers are based on the radius R of the tube the
dynamics of the film is described by

b _ (c)

R (R?

For small values of Ca and R can be seen in the Fig. 1, we can see that the profiles show some "corrugations", this is
because they become unstable when the height of the tubes is very large compared with the radius tube, i.e. in this case
height tube is 30 times the radius tube. In experiments it was observed that when Ca<<1 the small bubbles be unstable.
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Fig. 1 a) Thickness film between the bubble and the wall with Ca = 0.5, 0.4, 0.3, 0.2 and 0.1, shows that
b — 0, in b) and c) we see the good agreement of the our result and the equation (Ca/R?)?/3, and c) shows that b
—constant for Ca>>1, i.e. Ca=35, 20, 10 and 5 and R=5.

CONCLUSIONS

For small values of Ca and Bo the thickness of the film follows the rule (Ca/R?)?/3 and conversely for the case where
Ca>>1 thickness film tends to a constant value that depends on the radius of the tube. Good qualitative agreement has been
found between numerical and experimental results [14].
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