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Introduction

Thermal processing is an important method of canned food production (Farid & Abdul Ghani, 2004). Estimation of
the heat transfer rates is essential to obtain optimum processing conditions and to improve product quality. In addition, a
better understanding of the mechanism of the heating process will lead to an improved performance in the process and to
some energy savings (Abdul Ghani et al., 1999). Computational fluid dynamics (CFD) is an efficient way to study flow
behavior and temperature distribution of thermal processing in the food technology (Ghani et al., 2003). As the semi-
rigid aluminum packaging market recently has been introduced, there is limited information about the temperature
distribution during the heating process of such containers. In this paper the temperature distribution was predicted and
location of cold zone was determined. The effect of headspace (air and water vapor) in heat transfer mechanism was
investigated.

Materials and Methods
Physical properties

Malt extract properties such as density, specific heat, thermal conductivity and viscosity values are necessary for the
equations solution. Viscosity and density of the sample was measured as a function of temperature (Vatankhah et al.,
2015). Specific heat and thermal conductivity of sample were estimated using the mass fraction of its constituents. For
simulation, the experimental results were applied by piecewise-linear method in the material part of the software to
describe viscosity, thermal conductivity and specific heat.

Experimental methodology

For the experimental, a thermocouple probe was located at point (0, 0, -2.76) in a semi rigid aluminum based
packaging to measure the temperature distribution inside the container. Then the package was filled with malt extract
(°Brix ~ 60) and then the package was sealed at 280 °C using Alcan machine. Another thermocouple was placed near the
containers, in the water cascading Barriquand steriflow retort. The thermocouples were attached to Ellab data logger by
PT100 cables. The data logger was connected to a personal computer and E-val 2.1 software was used to export time
temperature profile of each thermocouple in 1 min intervals.
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Geometry and meshing

Gambit 2.3.30 was used to develop geometry and set of grid (0.2 cm, and 0.1 cm mesh size) was performed. Then
software of fluent 6.3.26 with 3-D, double precision, pressure-based solver, implicit formulation, unsteady time, laminar
flow was applied to solve the system of the governing equations (Vatankhah et al., 2015).

Boundary conditions and initial values

Unsteady temperature function was imposed to all faces of the geometry in 1 min time intervals. No-slip boundary
condition was supposed for velocity components relative to boundaries. The boundary conditions used at top surface,
bottom surface and side walls included: T = Tw, Vx =0, Vy =0 and Vz = 0. The initial temperature was assumed as the
first temperature which was measured by the thermocouple at the starting time of processing.

Solution methodology

Fluent software was used to solve the Navier-Stokes and energy equations simultaneously. A preset convergence limit
of 1072 for continuity and momentum equations and 1078 for the energy equation were used, in order to achieve an
appropriate convergence. The under-relaxation factors were adjusted smaller than 1 to obtain a good convergence of the
numerical solution. SIMPLEC algorithm was used for pressure-velocity coupling.

Results and Discussion

There was no significant difference between predicted and experimental temperatures for point (0, 0, -2.76) in models
with and without head space using t-test (p<0.01). Temperature contours of predicted models (with headspace) were
similar to model without headspace at the different stages of the process. Simulation result showed slowest heating zone
located in (0.02 <X< 0.8, -1 <Y< 0.3 and -3.27<Z< 3.27) for model of malt extract with headspace and in (-3.58 < X<
3.76, -3.44 <Y< 0.48 and -3.46 <Z< -3.05) for model of malt extract without headspace.

Conclusion

The heating process of malt extract in semi rigid aluminum container during thermal processing was simulated
successfully using CFD. The CFD based model showed that the position of SHZ was located in the third end of the
container.
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