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ABSTRACT

In this work, the thermal sterilization process in food cans has been analyzed using Computational Fluid
Dynamics (CFD). STAR CCM+ software has been used in order to develop a numerical model to study the heat-
ing process of standard and the recently proposed toroidal shaped cans. The model has been validated comparing
the results with the ones obtained experimentally and numerically that can be found in the literature. A good
agreement between the obtained numerical results and the experimental ones has been obtained. The results also
agree with other numerical models previously developed in the literature. Once the model has been validated,
taking advance of the possibility to easily introduce movement in the simulations, new variables have been ana-
lyzed in the system using this model, such as rotational movement of the can. The model developed has been used
to study the efficiency of the sterilization process with the two types of cans by means of calculating the tempera-
ture inside the systems and calculating the F, parameter. It can be seen that the efficiency of the sterilization pro-
cess is better in the toroidal cans. It has been also checked that CFD models can be very helpful in analyzing the
temperature profiles inside the cans and making sure that the correct temperature has been obtained inside the
can and the sterilization process has been correctly carried out.
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Nomenclature

t Time (s)

T Temperature (°C)
F F-value (min)

V4 Z-value (min)
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1 Introduction

Sustainability is increasingly a global concern. This is evidenced by the goals for global sustainable
development adopted by the United Nations [1,2]. Several of these objectives highlight the need to
produce food more efficiently, increasing its lifespan and reducing the energy resources needed in this
process. With regard to the use of food, one of the possible options is to increase the useful life of the
products, thus avoiding their discarding due to expiration and making it possible to reach a greater
number of people. There are different techniques to achieve this goal [3], being one of the most common
food canning. In this process, the selected food is confined in a can, usually a metal can, and a
sterilization process is carried out by means of a heat treatment. This heat treatment destroys as many
pathogenic microorganisms, responsible for the food degradation, as possible while maintaining its
nutritional and sensory characteristics.

For proper sterilization of the product, it is important to achieve a minimum temperature in all regions
inside the can. If the right temperature conditions are not achieved throughout the can, there is a risk that the
food will not be preserved as desired [4].

Depending on the pathogen to be eliminated, the minimum temperature to be reached and the time to
maintain this temperature vary. Thus, for example, for Cl Botulinum, one of the reference pathogens,
2.5 min at 121°C are necessary to obtain effective sterilization, while for Botulinum type E, the time
required is 4.74 min at a temperature of 90°C. Additionally, these sterilization conditions also influence
the sensorial quality of the final product obtained, so in some cases a different temperature is chosen and
the time of process changes also [5].

There are methods to compare the effectiveness of heat treatment for each of the pathogens. One of the
most used is the use of the parameter ;. This parameter makes it possible to compare the effectiveness of
sterilization with respect to a pathogen by taking into account different temperature and time conditions in the
process [5].

Food and its properties also have influence in the heating conditions obtained in the product being
processed. Viscosity, for example, influences in which will be the main mechanism of heat transmission
(conduction or convection). Other external parameters, such as movement (can rotation, agitation, etc.)
can also have a profound impact on the rate of heat transfer [6].

The thermal process described above could be carried out in different devices, but they all have in
common that a high amount of heat has to be applied for a certain time. The energy required for this
process is generally high and the efficiency of the process is usually low. Achieving a reduction in
process times would be a major step towards increasing the energy efficiency of the process.

One of the innovations made in these fields has been the toroidal can [7]. This toroidal can has a new
design. It maintains the cylindrical shape but adds a hole from side to side in the center. The temperature
distribution for the conduction and convection heated cases in this new can shape was studied both
experimentally and numerically using Computational Fluid Dynamics (CFD) simulations, which have
proven to be a powerful tool for the modelling and optimization of these processes. The results showed
that the heating rate inside the can was improved, thus reducing the treatment time needed and the energy
consumed in the process. However, the heating process inside the cans varies depending on the type of
food inside it. One of the methods to available to analyse these processes and optimize their designs and
process parameters, are the CFD tools. These tools allow different cases to be analyzed numerically, and
the influence of each parameter on the process can be obtained.

In this work, this new canning system has been analyzed and compared with the standard canning
geometry using the CFD methodology, through STAR CCM+ software. A numerical model has been
developed and validated. This model has been used in order to analyze the thermal efficiency of these
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systems introducing new variables such as the rotational movement of the can. This work also demonstrates
the ability of numerical analysis to identify the optimal conditions of the process.

2 Analysis and Modelling

2.1 Numerical Modelling

The heating process of cans with different geometries has been analyzed. To do this, a computational
model to simulate the heating process of a standard can of 73 x 110 mm has been used and of a toroidal
can of the equivalent volume. In this case, the height of the can is maintained and the radius is changed
to obtain the same volume. The radius of the hole of the can is of 9 mm. More detail of the dimensions
of the cans can be seen in [6]. Both cases have been simulated with the cans in a vertical position and
under static conditions. The simulations have been carried out using the STAR CCM+ software. These
results have been compared with the previously published experimental and numerical results [6,7].

In the two numerical models used, an axisymmetric 2D geometry has been used. The use of this type of
geometry makes it possible to greatly reduce the number of elements to be used and to reduce the time
required for simulation. The selected mesh has been the trimmed type. The numerical models selected
(laminar flow, VOF model, etc.) and the principal parameters (mesh size, time step, etc.) have been
similar to those used in [6] and [7]. In order to be able to make a comparison between the results of this
work and the ones published [6,7]. The meshes used for the numerical modeling are shown in Fig. 1.

Figure 1: Mesh used for the toroidal can (right) and the standard can (left)

The boundary conditions used for the simulations have been selected according to the experimental
process used in [6]. In these experiments, the can was submerged in boiling water in a vertical retort.
With this experimental procedure, it can be assumed that the temperature of the medium is constant. In
all the numerical cases a can surface temperature equal to the temperature of the medium and an initial
temperature of the can contents equal to the ambient temperature has been considered.

In order to make a comparison of the results obtained experimentally and numerically, in this work we have
determined, in the case of the standard can, the temperature at two points inside the can, and in the case of the
toroidal can, the temperature at one point inside the can. In the case of the standard can, these points are located
in the middle of the radius of the cavity and at a height of 5.5 and 8.25 cm. In the case of the toroidal can, it is a
point in the middle of the radius of the cavity and a height of 7.5 cm, as can be seen in Fig. 2. In toroidal can, as
only one point is used, a point with a height between the ones of the other two has been selected.
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Figure 2: Position of the analyzed points in the standard can (left) and toroidal can (right)

2.2 Results Analysis

As mentioned above, one of the main variables to consider is the lethality of the process. One of the ways
to measure this parameter is through the F' coefficient. This parameter allows comparing the effectiveness of
the heat treatment for a specific pathogen and with different temperature and time conditions. When a
reference temperature of 121.1°C and a z-value of 10°C is used, this parameter is called F,. There are
different ways to calculate this parameter and with different expressions (general model, Ball method...)
[8—11]. In this study the general method has been used, which is defined by the following expression:

153

F= /t' 107" - dt (1)

I3}

This parameter has been calculated for the experimental values obtained for both toroidal and standard
cans. This parameter has been obtained from the data of the temperature inside the can at the different points
as a function of the process time. The results obtained for this parameter are shown in Section 3.

3 Results and Discussion

The data obtained for the temperature in the model developed has been analyzed. In the case of the
toroidal can the data obtained for a can full of water has been compared with the one obtained
experimentally and numerically with FLUENT that can be found in [5]. These data is shown in Fig. 3.

Fig. 4 shows the results obtained for the standard can at two different internal points. In this case, a
standard can filled with water and a 10% of air headspace is studied.

The results obtained show that the data calculated using the model developed in STAR CCM+ have a
good agreement with the experimental ones both in the toroidal and the standard can. These results also agree
with the ones obtained by other CFD software for these can geometries. This validates the numerical model
developed for the case of both the standard and the toroidal can in the case when two phases (air and water)
and present.
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Figure 3: Temperature data on an internal point at 7.5 cm of the toroidal can obtained experimentally and
numerically with ANSYS-FLUENT [5] and STAR CCM+
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Figure 4: Temperature data on two internal points at 5.5 cm (left) and 8.25 cm (right) of the standard can
obtained experimentally and numerically with ANSYS-FLUENT [7] and STAR CCM+

In the case of the cans analyzed in this study, no movement has been applied for the model development,
but the movement of the cans (End Over End, rotation, etc.) improves the heating process and helps to
homologize the temperature inside the cans. For this reason, once the model has been validated,
additional simulations have been carried out in the toroidal can, introducing End Over End rotation. The
results obtained can be seen in Fig. 5. Here the results obtained for the 7.5 cm height point in the can
with no movement are compared with the ones for the 7.5 and 5.5 cm height points of the can with a 10
rpm EoE rotation. As can be seen, the temperature obtained in the case of the rotational can are slightly
better. In this case, a higher temperature in the system is obtained in less time. This means that when
introducing the movement of the can the pathogen suppressing process is started earlier so less total
heating time is needed to obtain the same level of sterilization. One can also see that the temperature
profile has more instabilities, but this should be because of the movement of the can that causes a more
mass diffusion of the liquid inside the it. Another point that can be pointed out is that the temperature of
the points at 7.5 and 5.5 cm is very similar. This confirms that the movement of the can helps to
homologize the temperature of the fluid inside the can.
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Figure 5: Comparison of the temperature of the points inside the toroidal can with no movement and
rotation of the can

On the other hand, using the parameter F)), the efficiency of the thermal sterilization processes carried
out on both cans with the same temperature of the external medium and same process time has been
compared using the models developed. Only the heating part of the process, the one simulated previously,
has been analyzed. In order to obtain a complete value of the F,, parameter the whole sterilization
process should be analyzed, including the temperature maintaining and cooling parts, but this analysis of
the heating part can give an idea behavior of the system. In this case, three points in the toroidal can and
two points in the standard can have been studied. As the cans have no movement, a vertical gradient in
the temperature is observed, Fig. 6 so the height is one of the most important parameters in this case.
This is why points with the same height have been selected in the toroidal can in order to make a
comparison with the standard one.
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Figure 6: Temperature distribution inside the toroidal and standard can in function of time

Fig. 6 shows the data obtained for F, parameter for the heating part of the process for both the standard
and the toroidal can.

As can be seen in Fig. 7, in the standard can, at the point located at 5.5 cm, the lowest lethality factor is
obtained, while for the point located at 8.25 cm for the toroidal can is the one, which has the higher
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sterilization value. As can be seen for the results obtained when comparing the equivalent points in both
geometries, the toroidal can obtains better results. This confirms that the toroidal can could be a good
option in order to improve the sterilization process in cans. However, one has to consider that the point to
be taken as a reference is the most critical in terms of sterilization. If the minimum temperature has not
been reached, the sterilization of the product inside the can cannot be assured. This remarks the
importance of how to detect the lowest temperature point, and using this for sterilization calculations.
Experimental data only allows data to be obtained from a limited number of points, whereas numerical
models extend the range of points that can be analyzed. A correct numerical model would allow to obtain
at any time which is the coldest point of the can and to use the temperature of the can to make the
sterility calculations. This would be a more conservative method and would give greater assurance that
the desired sterilization of the product has been achieved.
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Figure 7: Lethality factor F, calculated for each of the analysed can geometries

The results obtained show that to reach the same sterilization point, less time is needed in a toroidal can
than in a standard can. This translates into a shorter treatment time and a reduction of the energy required in
the process, and increases the energy efficiency of the process.

4 Conclusions

In this work, we have compared the results obtained in the simulation of the heating process of a
standard can and the new proposed toroidal can geometry. The results obtained experimentally and
numerically in the literature have been compared with the ones obtained by STAR CCM+ software. The
results obtained show that there are no major differences between the two CFD programs, and there is a
good agreement with the experimental data.

Additionally, the efficiency of both geometries has been compared in a sterilization process. For this
purpose, the temperature data obtained inside the can as a function of time in equivalent points has been
used to calculate the process parameter Fy. The results obtained show that a higher level of sterility is
achieved in the toroidal cans in less time at the same temperature of the medium, and therefore the
treatment time needed with this type of can could be reduced. This would in turn reduce the energy
required from the process and increase the energy efficiency of the process.

It has also been checked that it is important to compute the cooler point in the can. This point represents
the point in which the sterilization level is smaller, and is the one that denotes the sterilization level achieved
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in the whole can. As this point changes position during the heating process, is not easy to measure it
experimentally, but CFD simulations could help to track this point and determine its position to improve
the sterilization process of the cans.

We have also checked that EOE rotation of the can also help to improve the temperature homogenization
of the cans, improving also the efficiency of the process and the quality of the final product. A headspace of
air is also a good option to improve the temperature homogenization in the cans. Adding this parameter to the
simulation could also help to analyze its effect and to optimize the correct quantity of air that should be used
in each case.
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