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Development of an energy-saving sterilization process
for foods using fluid dynamics technology

Hayato Masuda
School of Food and Nutritional Sciences, University of Shizuoka

This study attempts to undertake the development of a heat sterilization
process for liquid foods, from the viewpoint of fluid engineering. Taylor
vortex flow, which is flow between coaxial double cylinders with the inner
cylinder rotating, is proposed as a method for heat sterilization. Above a
critical circumferential rotational speed of the inner cylinder, pairs of counter-
rotating toroidal vortices (Taylor vortices) appear, which are spaced regularly
along the cylinder axis. This toroidal vortex motion enhances not only heat
and mass transfer, but also mixing. In addition, all fluid elements leaving the
annulus have the same residence time when a relatively small axial flow is
added. Therefore, this flow system enables conversion of a batch operation into
a continuous one. In order to evaluate its performance as a heat sterilizer, the
destruction of spores was numerically simulated, including both fluid flow and
heat transfer.

Process performance was evaluated based on the equivalent lethality, F,.
After simulation of fluid flow and heat transfer, the F, value was calculated
based on the flow and temperature field. The value of F, increased significantly
when Taylor vortices were formed in the annular space. This is attributable
to the fact that the velocity component in the radial direction due to Taylor
vortices improved heat transfer from the surface of outer cylinder. As a result,
sterilization was also intensified. Thus, a Taylor vortex flow system has the
potential to implement further intensification of the sterilization process. In
the future, a more complicated simulation, including degradation of nutritional
components such as vitamin thiamine, will be conducted.



