APPENDIX
Numerical scheme for the permeation-diffusion-reaction model 

1. To ensure that the O2 concentration cannot become negative due to O2 consumption (
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), the respiration term in the permeation-diffusion-reaction model was modified for the O2 and CO2 in the solution: 
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 are described by Eq. (1) and (2).

Analytically, there is no O2 consumption when O2 reaches zero. Therefore, the O2 concentration should never become negative. It is clear that when the O2 concentration is positive, the reaction terms are the same as the original model. The solution, therefore, will be physically consistent. 

2. Transformation of the governing equation

An exponential transformation of the main variable was used to impose positive values for the O2 concentration:
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Hence, Eq. (7) for the O2 was transformed into


[image: image9.wmf](

)

(

)

(

)

(

)

(

)

(

)

2

2222222

expexpexp

O

OOOOOOO

U

UUDUUR

t

a

¶

×+Ñ××=Ñ××Ñ+

¶

u


(14)

At the boundary 
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The permeation model (Eq. (9)) was transformed into
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Similarly, exponential transformation of the O2 concentration was applied in the respiration equations (1) and (2).
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