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Abstract

Mathematical Modeling of Mass Transfer during Osmotic Dehydration of Materials Using
an Enhanced Lumped Model

Hadiseh Tondro Safsari

In this study, mass transfer phenomenon during osmotic dehydration of materials was investigated and an
improved lumped mathematical model was developed for prediction of moisture and solute variations during
dehydration. Improved lumped model has been developed based on a polynomial approximation method.
For this purpose, parabolic and power law profile expressions have been used to obtain the average moisture
and solute concentrations in the spatial direction. Analytical solutions of Fick’s second law of diffusion in
infinite slab, infinite cylinder and spherical geometries were presented for prediction of concentration
profiles during osmotic dehydration process. The proposed models were validated by experimental water
loss and solute gain data obtained from osmotic dehydration of infinite slab and infinite cylindrical shape
samples of apple in sucrose solution and spherical shape samples of cherry tomato in salt solution.
Experiments of apple samples were conducted at nine combinations of three solution concentrations (30%,
40% and 50% w/w) and three temperatures (30°C, 40°C and 50°C) while experiments of cherry tomato
samples were conducted at three solution concentrations (10%, 18% and 25% w/w) and three temperatures
(30°C, 40°C and 50°C). The two-parameter model, developed by Azuara et al., was used to predict water loss
and solute gain at equilibrium condition and also the moisture and solute effective diffusivities were
estimated by fitting the experimental moisture loss and solid gain data to the Fick’s second law of diffusion.

Results have been shown that the predicted values of average water loss and solute gain by parabolic
polynomial approximation method fit approximately well to the experimental data. In addition to the results
of arbitrary power law expression for the approximate solution leads to higher accuracy of concentration
distribution over the whole domain of the experimental times.

Keywords: Lumped, osmotic dehydration, parabolic approximation, power law approximation, —mass
transfer.
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