Question:

A spherical Helium bubble of diameter d*=2mm is trapped inside a spherical glass bead of diameter d=5mm. The Helium is initially at 1 bar and escapes though the walls of the glass bead to the surroundings, because of the solid’s solubility (or permeability) to the gas. The Helium and glass bead are both at 300K.
Solution:

We can write two governing equations. The first one is for the conservation of total mass, or the continuity equation, but this is superfluous since ur = 0, or better, ur is so small that it can be neglected. Hence, there is no advection and any mass transfer is solely due to diffusion of Helium through the glass bead.
The second governing equation is one for the conservation of Helium (denoted by subscript “1”) mass, here used in terms of its mass fraction even though the partial density (with ρi = ρYi) could have been used instead:
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The final equation for Y1 is not really required in this question, but is the cornerstone of most transfer problems.
There is no further equation to consider.
We are interested in the change (decrease) in the mass of the Helium inside the bubble as it escapes through the glass bead to the surrounding atmosphere. Physically, the diameter of the bubble remains constant in this case. Hence, we will need to relate the rate of loss of Helium mass, denote this by m, to the mass flow rate of Helium through the glass bead, [image: image11.png]
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This statement is entirely equivalent to [image: image14.png]mcdT/dt




 in heat transfer.

The mass flow rate of Helium is equal to its total mass flux, G1, that is only diffusive in nature in this question, multiplied by the area perpendicular to this flux, which in problems with spherical symmetry is 4πr2:
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Hence, we see that we need to know G1. By definition, and from Eqn. 1:
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Substituting Eqn. 4 into Eqn. 3 gives:
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Note that this equation may be written at any radius away from the bubble and inside the glass bead, since the mass flow rate (not mass flux) of Helium away from the bubble and inside the glass bead is conserved, which manifests itself with the right hand side in Eqn. 5 as well as Eqn. 3 being a constant, i.e. 4πa.
The final aim is to find a, and this will be done by considering boundary conditions.
Apply boundary condition at [image: image20.png]d/2
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Apply boundary condition at [image: image24.png]d/2
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Substituting Eqn. 7 into Eqn. 6:
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Substituting Eqn. 8 into Eqn. 5,
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but we need to be careful that even though ρ1,o is constant, the partial density of Helium just inside the glass bead on the inner wall, ρ1,i, is not, [image: image35.png]P1i=pPY1;=5p]



, where S is the solubility of the glass to the Helium that is indeed a constant and [image: image37.png]


 is the partial pressure of the Helium inside the bubble that equals the total pressure inside the bubble since there is no other gas there.
Finally, if there is no Helium in the surrounding atmosphere, ρ1,o = 0.
Hence,
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where c = mo is the initial mass of Helium enclosed in the bubble.
