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Recent results of thermophysical research applied to bio-
based materials are very important because these materials 
go through the thermal manipulation during storage and 
processing to final products. Thermophysical parameters 
are significant characteristics that can be used for improving 
of technological processes. If we know the basic thermal 
parameters, we can determine optimal storage conditions. 
From changes of thermophysical parameter values during 
temperature stabilisation, we can predict structural 
changes of bio-based materials. These facts are very useful 
in agriculture and food industry for detection of materials 
quality. 

Characteristics of flour
The flour that is used in baking comes mainly from wheat, 
although it can be milled from corn, rice, nuts, legumes, 
and some fruits and vegetables. Different types of flour are 
suited to different items. In Slovakia, soft wheat flour, middle 
cut wheat flour, and whole wheat flour are mostly used. Our 
research was focused on measuring the selected soft wheat 
flour thermophysical parameters because this type of flour is 
usually used for baking. Fine texture is typical for soft wheat 
flour. One hundred grams of soft wheat flour contain 10.6 
g of proteins, 74.1 g of saccharine and 1.3 g of fats. Energy 
content per 100 g is 1,474 kJ (Danster et al., 2008). 

The thermophysical parameters of the sample were 
measured by the thermal analyser Isomet. Measurement 

by the thermal analyser is based on two types of 
thermophysical methods – the hot wire method and 
plane source method. In this case, mainly the plane 
source method was used for measurements. The hot wire 
method was used for data reliability comparison. These 
methods are shortly described in the following text, and 
detailed description of methods can be found in literature 
(Božiková and Hlaváč, 2010; Božiková, 2008). The range 
of the plane and needle probe was chosen according 
to the thermophysical parameters that are known from 
literature. During the measurement, the probe is placed 
into the measured material. There should be very good 
contact between the measured sample and probe. The 
thickness of the measured material was 10 mm for the 
plane source method. The volume of the sample for the 
hot wire method was 300 ml, and the probe was placed 
in the centre of the sample with a cylindrical shape. Heat 
was generated by the probe, and there was analysed 
the temperature relation in time. The thermophysical 
parameters – thermal conductivity, thermal diffusivity 
and volume specific heat were calculated from the time-
temperature relation. 

The hot wire method is a standard transient dynamic 
technique based on measuring the temperature rise in 
a defined distance from a linear heat source (hot wire) 
embedded in the test material. If the heat source is assumed 
to have a constant and uniform output along the length of 
test sample, thermal conductivity can be derived directly 
from the resulting change in temperature over a known 
time interval (Davis, 1984). 
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The wire probe utilizes the principle of the transient 
hot wire method. Here, the heating wire as well as the 
temperature sensor (thermocouple) is encapsulated in 
the probe that electrically insulates the hot wire and the 
temperature sensor from the test material (Wechsler, 1992). 
The hot wire method can be applied in several experimental 
modifications (Vozár et al., 2010). 

The most used method is the simplified hot wire method 
described in the following text. For an infinitely long metallic 
wire (length/radius ratio >>200) heated at time t >0 with 
a constant heat flux per length unit q and immersed in an 
infinite homogeneous medium (thermal conductivity and 
diffusivity: λ and a) with uniform initial temperature, the 
temperature rise ΔT(t) of the wire is given by Eq. (1) (Carslaw 
and Jaeger, 1959):

  (1)

with C = eγ = 1.781, where γ is Euler‘s constant (γ = 0.5772) 
and F0 the Fourier number defined by Eq. (2):

   (2)

Equation (1) is the analytical solution of an ideal thermal 
conductive model valid for F0 >> 1 and without convective 
transfers (Healy et al., 1976; Wakeham et al., 1991; Tavman, 
1996). From this ideal model and with known q values, 
thermal conductivity can be calculated by Eq. (3):

   (3)

where:
dT/d(ln t) – a numerical constant deduced from experimental 

data for t values which satisfy the condition 
F0 >> 1

The second method used was the plane dynamic source 
method. This method is based on using an ideal plane 
sensor. The plane sensor acts both as a heat source and 
temperature detector. The plane source method is arranged 
for a  one-dimensional heat flow into a  finite sample. The 
theory considers ideal experimental conditions – an ideal 
heater (negligible thickness and mass), perfect thermal 
contact between the plate sensor (PS) and the sample, zero 
thermal resistance between the sample and the material 
surrounding the sample, zero heat losses from the lateral 
surfaces of the sample (Karawacki et al., 1992). If q is the total 
output of power per unit area dissipated by the heater, then 
the temperature increase as a function of time is given by 
Eq. (4) (Beck and Arnold, 2003):

    (4) 

where:
a –  thermal diffusivity
λ –  thermal conductivity of the sample
ierfc –  the error function (Carslaw and Jeager, 1959)

We consider the plane source sensor, which is placed 
between two identical samples having the same cross 
section as the sensor in the plane x = 0. The temperature 
increase in the sample as a function of time conforms 
Eq. (5):

  (5)

which corresponds to linear heat flow into an infinite medium 
(Karawacki and Suleiman, 2001). Thermal conductivity can 
be determined from the time-temperature relation.

The measured sample was stored in a cool box with the 
internal temperature 4–5 °C. Values of thermal parameters 
were measured during the temperature stabilisation for the 
sample of soft wheat flour Špeciál 00 Extra.

The values of thermophysical parameters – thermal 
conductivity, thermal diffusivity and volume specific heat 
presented in Figs 1–3 were obtained by thermophysical 
measurements in the temperature range 5–24 °C. 
Temperature changes simulated the process during 
the temperature stabilisation from the minimal storage 
temperature to the maximal storage temperature. There 
were analysed the influences of temperature changes on 
basic thermophysical parameters. The numerical results 
represented by regression equations in Tables 1–3 showed 
linear increasing dependencies (Figs 1–3) for thermal 
conductivity, thermal diffusivity and volume specific heat for 
the sample of soft wheat flour Špeciál 00 Extra. All presented 
dependencies have high coefficients of determination in 
approximate range 0.97–0.98.

Figure 1 Temperature dependance of thermal conductivity 
for the soft wheat flour Špeciál 00 Extra in 
the temperature range 5–24 °C during the 
temperature stabilisation
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Table 1 Experimental values of thermal conductivity for 
the soft wheat flour Špeciál 00 Extra in the 
temperature range 5–24 °C

t in °C λ in W/m.K t in °C λ  in W/m.K

5 0.065 15 0.090 

6 0.067 16 0.092 

7 0.070 17 0.093 

8 0.073 18 0.096 

9 0.076 19 0.098 

10 0.078 20 0.102 

11 0.080 21 0.106 

12 0.081 22 0.111 

13 0.085 23 0.113 

14 0.087 24 0.117 

λ = 0.0261353t + 0.0511038
Temperature average: 14.5 °C
Thermal conductivity average: 0.089 W/m.K
Coefficient of determination: 0.989613

Figure 2 Temperature dependance of thermal difusivity 
for the soft wheat flour Špeciál 00 Extra in 
the temperature range 5–24 °C during the 
temperature stabilisation

Averages of thermophysical parameters were calculated 
for data comparison, and results can be summarised in 
the following numbers: the average of temperature for 
all measurements is 14.5 °C; the average value of thermal 
conductivity for the soft wheat flour Špeciál 00 Extra is 
0.089  W/m.K; the average value of thermal diffusivity is 
0.171.10-6 m2/s; the average value for volume specific heat 
is 0.5382 J/m3.K. 

Experimental values obtained for the sample of soft 
wheat flour Špeciál 00 Extra are in great agreement with 
values known from literature. In literature, values of thermal 
conductivity of soft flour are in the range from 0.085 W/m.K

Table 2 Experimental values of thermal diffusivity for the 
soft wheat flour Špeciál 00 Extra in the 
temperature range 5–24 °C

t in °C a in m2/s t in °C a in m2/s

5 0.131.10-6 15 0.177.10-6

6 0.136.10-6 16 0.181.10-6

7 0.138.10-6 17 0.183.10-6

8 0.142.10-6 18 0.186.10-6

9 0.148.10-6 19 0.188.10-6

10 0.151.10-6 20 0.193.10-6

11 0.163.10-6 21 0.195.10-6

12 0.166.10-6 22 0.198.10-6 

13 0.170.10-6 23 0.201.10-6 

14 0.174.10-6 24 0.204.10-6

a = 0.00390301t + 0.114656
Temperature average: 14.5 °C
Thermal diffusivity average: 0.171.10-6 m2/s
Coefficient of determination: 0.978414

Figure 3 Temperature dependance of volume specific 
heat for the soft wheat flour Špeciál 00 Extra 
in the temperature range 5–24 °C during the 
temperature stabilisation

to 0.091 W/m.K. In case of some differences between values 
presented in literature, it can be caused by different types 
of experimental apparatuses, different laboratory settings, 
or some differences between samples. For soft flour, known 
values of thermal diffusivity presented in literature are in 
the interval from 0.168.10-6 m2/s to 0.174.10-6 m2/s. Our 
average for the thermal diffusivity of soft wheat flour is from 
the right middle of this interval, so obtained values are in 
agreement with literature. For the third parameter – volume 
specific heat, there are not known literature values, because 
authors present mainly values of thermal conductivity and 
thermal diffusivity, but if we know the density of measured 
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material and basic thermophysical parameters, we can easily 
calculate volume specific heat. Values of volume specific 
heat were calculated from density and basic thermophysical 
parameters according to different authors, and the interval 
of values for volume specific heat is from 0.510 J/m3.K to 
0.542 J/m3.K. Our average value is 0.5382 J/m3.K, so our 
result is acceptable for the soft wheat flour. 

Conclusion
For many structural materials, including also bio-based 
materials, it is important to know the relationships between 
temperature and thermophysical parameters. For these 
reasons, in most of experimental observations, there were 
performed measurements of dependencies for the selected 
thermophysical parameters (thermal conductivity, thermal 
diffusivity and volume specific heat) on temperature. In the 
implementation of experiments, the temperature interval 
was chosen in view of the measured sample and also with 
regard to the purpose of usage of results obtained. All 
relations between thermal parameters and temperature 
had a linear increasing progress (Figs 1–3), and coefficients 
of determination had very high values, in the range from 
0.978414 to 0.989613. Experimental values obtained for the 
sample of soft wheat flour Špeciál 00 Extra were compared 
with values presented in literature, and we found out that 
they are in accordance. 
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Table 3 Experimental values of volume specific heat for 
the soft wheat flour Špeciál 00 Extra in the 
temperature range 5–24 °C

t in °C cρ in J/m3.K t in °C cρ in J/m3.K

5 0.400.106 15 0.553.106 

6 0.433.106 16 0.559.106 

7 0.461.106 17 0.581.106 

8 0.422.106 18 0.589.106 

9 0.451.106 19 0.601.106 

10 0.462.106 20 0.611.106 

11 0.472.106 21 0.621.106 

12 0.503.106 22 0.645.106 

13 0.511.106 23 0.673.106 

14 0.532.106 24 0.684.106 

cρ = 0.0144421t + 0.328789
Temperature average: 14.5 °C
Volume specific heat average: 0.5382.106 J/m3.K
Coefficient of determination: 0.980661
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