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Abstract. During processing, all dairy products are heated and cooled. In order to analyze accurately the rate and
amount of heat transfer involved, thermal properties of the products being processed must be known. There are many
factors which may affect the thermophysical properties of foods and food products, e.g., composition, density, porosity,
product temperature, heat treatment and other details of the particular substance. Recently, transient techniques have
become the preferable way for measuring thermal properties of materials. In this work, the laser flash technique is
employed in the experimental determination of thermal diffusivity of some dairy products. In this method, the front
surface of a small sample is subjected to a short burst of radiant thermal energy. In this paper, tests were made for the
identification of thermophysical properties of some dairy products. The NETZSCH LFA 457 MicroFlash, of LES/UFPB
was used for measurement and mathematical modeling of transient heat transfer was done numerically using finite
difference method. The results obtained for thermal diffusivity, thermal conductivity and specific heat show good
agreement with the values available in the literature.
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1. INTRODUCTION

Thermal processing of food products, ranging from mild to relatively severe treatments, is a common operation in
the food industry, where physical modifications affecting the structure and stability of the final product are achieved,
mainly to preserve its quality and prevent deterioration. The knowledge of engineering properties, such as density,
specific heat, thermal diffusivity and thermal conductivity, as well as the flow characteristics and the heat transfer
behavior of food processing fluids is very important for the proper design of industrial plants, definition of levels,
product quality and control of manufacturing processes (Afonso et al., 2003).

Thermophysical properties (specific heat, thermal conductivity, thermal diffusivity and density) of food are
important parameters in describing various thermal processes, optimizing the design and the operation of heating,
cooking, freezing and cooling systems (Marcotte et al., 2008).

In 1961, Parker et al. published their pioneering work on the development of a method for the thermal diffusivity
identification of solid materials. Although not specifically devised to, the proposed method also permits the
identification of the specific heat of materials. In the method developed by Parker et al. (1961), a small and thin
specimen is subjected to a high intensity short-duration radiant energy pulse (Pinto ef al., 2006).

The pulse energy is absorbed on the front surface of the specimen and the resulting rear surface temperature rise is
recorded. Parker et al. (1961) calculated the thermal diffusivity value from the specimen thickness and from the time
required for the rear surface temperature rise to reach 50% of its maximum value (to5). Generally, the temperature rise
in the specimen is small, so that the physical properties can be assumed constant during the test.

Therefore, if the thermal diffusivity of the specimen is to be determined over a temperature range, the test procedure
must be repeated at each temperature of interest. Parker et al. (1961) named their test procedure as Flash Method. Such
method is particularly advantageous because of the simple specimen geometry, small specimen size requirements,
rapidity of measurement and handling, with a single apparatus, of materials having a wide range of thermal diffusivity
values over a large temperature range. In order to obtain the thermal diffusivity from tqs, Parker et al.(1961) used a one-
dimensional heat conduction model, neglecting heat losses and assuming that the energy input was instantly deposited
within a small depth of the specimen.

The Micro Flash Netzsch model LFA 457 is an instrument used to estimate thermal diffusivity, specific heat and
thermal conductivity of metals, graphite coatings, composites, ceramics, polymers, liquids and other materials, using a
25 - 1100°C temperature range based Flash method. The thermal diffusivity of dairy products was determined directly
in the Micro Flash Netzsch model LFA 457 for a temperature range of 20 - 60° C.

In this paper, the laser flash technique is used to estimate experimentally the thermal diffusivity, specific heat and
thermal conductivity of dairy products using an equipment model NETZSCH LFA 457 Micro Flash.



Proceedings of ENCIT 2012 14" Brazilian Congress of Thermal Sciences and Engineering
Copyright © 2012 by ABCM November 18-22, 2012, Rio de Janeiro, RJ, Brazil

2. PROBLEM FORMULATION

The direct physical problem is to determine the theoretical distribution of the temperature of a sample of 3-layers
when subjected to a Flash experience to estimate the thermal diffusivity of samples of milk products. The experiment
consists in confining the sample between two layers of the same metal and submits them to a disturbance through a
thermal pulse of short duration in a face and record the temperature change on the opposite side. The physical system is
treated as a problem of one-dimensional, multilayer, transient heat conduction. We can see the outline of the aluminum
cap, containing the test sample in Figure (1) below.
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Figure 1. Representation of the physical model Figure 2. Transient evolution of the temperature in the

anterior and posterior surfaces of the sample

The numerical determination of transient temperature distribution is obtained by writing the energy conservation
equation appropriately for each of the finite difference temperature nodal points, including the rear surface:
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The system is characterized in terms of a nodal network and the system of equations was approximated to form a
finite difference equation by the method of Cranck-Nicolson (Hoffman, 1992). The following shows the finite
difference equations derived directly from the original system of equations for the nodal points inside the layers, in the
layers interfaces and the boundary regions:
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Validation of the model was made to demonstrate the applicability of this method, where an experiment was
simulated using the flash system multilayer geometry of a cylinder composed of three layers constituted as Pure
Aluminum, a Sample and Pure Aluminum. The specimen was subjected to a short laser pulse on one side and the values
of the temporal evolution of the theoretical temperature in the center of the face opposite the thermal disturbance is
numerically calculated by solving the system of algebraic equations obtained from the finite difference method. Figure
(2) shows the temporal evolution of temperature on both sides of the sample.

3. RESULTS AND DISCUSSION

The thermal diffusivity of food products is generally estimated from the knowledge of thermal conductivity,
specific heat and density. The thermal diffusivity and thermal conductivity in the literature are estimated by the method
of Dickerson (1965) and the method of linear probe heating (Vissotto et al., 1997, Simdes et al., 2000, Queiroz, 2001).
These experiments allow obtaining expressions from polynomial regressions leading empirical correlations as a
function of humidity or temperature, or a function of both temperature and moisture content. The correlation for
density, specific heat and thermal conductivity to assess the thermal diffusivity is estimated from its definition, i.e. the
ratio of the thermal conductivity and heat capacity of the product.

The density of dairy products was determined by pycnometer for the temperature range of 20 - 50°C. For the
commercial brands of milk the average value was 1.028 g/cm’. Table (1) presents the average values of thermal
properties for the samples milk for the temperature range of 20 - 60°C using Laser Micro Flash LFA 457.

Table 1. Thermophysical properties of milk

Temperatures (°C)
Thermal Properties

20 30 40 50 60
Specific Heat (J/g K) 4.650 4.689 4.789 4.779 4,753
Thermal Conductivity
(W/m K) 0.340 0.360 0.368 0.400 0.415
Thermal Diffusivity 0.327 0.338 0.356 0.387 0.395
(mm*/s)
Std. Deviation (mmz/s) 0.00440 0.0452 0.0170 0.00246 0.00343
Correlation Coefficient 0.999 0.999 0.999 0.999 0.999

The thermal conductivity, thermal diffusivity and specific heat are shown in Fig. (4), computed by Micro-flash LFA
457 using the Netzsch Proteus software. The thermal conductivity of the samples was determined by the equipment
directly from the values of density, specific heat and thermal diffusivity. The variation of average thermal properties of
milk with temperature is shown in figure (3) and figure (3) cooling curves of the numerical model and experimental.

The thermal diffusivity was estimated for the milk from the experimental values of specific heat and density. The
thermal diffusivity ranges from 0.327 to 0.395 mm*/s for milk. The average values of thermal conductivity of the
samples went from 0.350 to 0.415W/mK for milk. According to Tavman (1999), the thermal conductivity of the milk
found in the literature ranges from 0.278 to 0.491W/m K. The values available in literature for dairy products are
consistent with the values calculated using the flash method.

The estimated values for thermal diffusivity are slightly higher than those estimated by linear regression.

The standard deviation and the correlation coefficient between the temperature signal (raw data) and the model used
to fit the data are also presented in Table. 1. The correlation coefficient is used to determine the best mathematical
model for the thermal diffusivity calculation. Generally, the best mathematical model for the tests conducted was that of
3-Layers with pulse correction, even though all the methods had a coefficient very close.
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Figure 3. Diagram of Thermophysical properties of milk Figure 4. Diagram of numerical model and experimental

Thus, considering the experimental accuracy, the technique used and the quality of the equipment used, we believe
that the results are quantitatively more accurate than those obtained using empirical relations.

4. CONCLUSION

In this study, the estimation procedure was based on a model of transient heat diffusion. Thermal properties:
conductivity and diffusivity are generally determined by the literature method of linear probe, and are dependent on
specific heat and density. In this work, the thermal diffusivity and conductivity were estimated using the flash method,
using the value of the density determined by the pycnometric method and the specific heat values determined using the
flash. Considering the dependence of thermal conductivity with moisture content, thermal conductivity values
correspond to the actual data of the tested product, which are consistent with the values available in the literature. One
can appreciate that the heat diffusion model in three layers is perfectly suitable to estimate the thermal diffusivity of
dairy products through the Flash Method. The study allowed providing values for the thermal conductivity and thermal
diffusivity of dairy products to food code calculations for design of industrial processes.

5. REFERENCES

Afonso, 1. M.; Hes, L.; Maia, J. M.; Melo, L. F. 2003, “Heat Transfer and Rheology of Stirred Yoghurt during Cooling
in Plate Heat Exchangers”, Journal of Food Engineering v. 57, pp. 179-187.

Dickerson, R. W., 1965, “Apparatus for the Measurement of Thermal Diffusivity of Foods”, Food Technology,
Westport, v.15,n 52, p.880 — 886.

Hoffaman, Joe D., 1992, Methods for Engineers and Scientists, 2%ed. New York.

Marcotte Mich¢le, Taherian, Ali R., Karimi Yousef, 2008, “Thermophysical Properties of Processed Meat and Poultry
Products”, Journal of Food Engineering, Vol. 88, pp. 315-322

Parker, W., Jenkins, R., Butler, et Al., 1961. “Flash Method of Determining Thermal Diffusivity, Heat Capacity And

Thermal Conductivity”, Journal Applied Physics, v. 32, pp. 1679-1684.
Pinto, C. S. C., Massard, H., Couto, P., Orlande, H. R. B., Cotta, R. M., Ambrosio, M. C. R., 2006, “Measurement of
Thermophysical Properties of Ceramics y Flash Method” Brazilian Archives of Biology and Tecnology, v. 48, pp.
31-39.
Queiroz, G. M., 2001, “Determinag¢édo das Propriedades Termofisicas do P&o tipo Francés”. Dissertagdo de M.Sc. Escola
Politécnica da Universidade de Sdo Paulo, SP, Brasil.
Simdes, Marcia Regina; Murr, Fernanda Elizabeth Xidieh; 2000, “Determinagdo da difusividade térmica da polpa de
manga”, Acta Scientiarum v. 22, n. 5, pp. 1225-1228, ISSN 1415-6814.

Tavman, 1. H. and Tavman, S. 1999, “Measurement of thermal conductivity of dairy products” Journal of Food
Engineering, v. 41, pp. 109-114.

Vissotto, Fernanda Zaratini; Luccas, Valdecir; Vitali, Alfredo de Almeida; Fadini, Ana Lucia; Gennaro, Isabel Cristina
de, 1997, “Determinacdo Experimental da Difusividade Térmica de Chocolate tipo Cobertura.” Coletanea do
Instituto de Tecnologia de Alimentos, v. 27, n %, pp. 112-8.



Proceedings of ENCIT 2012 14" Brazilian Congress of Thermal Sciences and Engineering
Copyright © 2012 by ABCM November 18-22, 2012, Rio de Janeiro, RJ, Brazil

6. RESPONSIBILITY NOTICE

The authors are the only responsible for the printed material included in this paper.



