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3. Geometry

4. Laser scanning

5. Computed tomography scanning

6. Computer vision

7. Reverse engineering method based on surface cross-sectional
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Table 1 Chemical composition of sample

Chemical composition Pertf/l: )t age
Moisture 87.3+0.20
Protein 1.35+0.15
Total lipid 0.5+0.11
Ash 0.37+0.14
Total carbohydrate” 10.48

+std100-(Moisture+protein-+lipid+ash)

Table 2 Parameters used in the model

Parameter Value
Initial freezing point -0.59 °C
Thermal conductivity 0.582 W/m.°C
Specific heat 3.875 kJ/kg.°C
Density 1038 kg/m’
Convective hqat transfer 401.5 W/m2°C
coefficient
Initial temperature 25°C
Ambient temperature 70, 80 and 90 °C
0.7
T 0.65
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Fig 2 variations of thermal conductivity predicted by
series and parallel models as a function of
temperature
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NOMENCLATURE
Bi Biot number S e
G, Specific heat (kJ/kg K) (kV/kg K) o355 gl S
h, Convectiye heat traznsfer =l ;Ju'ﬂ S Sa
coefficient (W/m°K) (Wm’K)
I 1, Bessel functu;r; (;)et; zero and first e 3 s 53 s
k Thermal conductivity (W/m K) — (W/mK) s\~ el
1 Axial coordinates S Dlaises
L Length (m) () Jsb
N Number of observations Slalia sl
r Radial coordinates e
R? Coefficient of determination s 2 2
RMSE Root mean square error o ey o 0S0le 4
T Temperature (°C) (°C) s
t Time (s) (8) ol
X Mass fraction of fruit oy Syl a8
component
Greek Letters
M Thermal diffusivity (m?s) (°/5) 5l 356
v Volume fraction of fruit e Gls] e S
component
N Density (kg/m”) (kg/m’) iy
Eigenvalues (or roots) of (le a2e)) 025 polie
H equation SYoles
0 Ambient L
Subscripts
i Initial, ingredient sl eadsl
exp experimental sialasl
pa Parallel Silse
pre predicted ekl S
se Series S
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Quality losses during blanching can be minimized by adequately selecting the time-
temperature schedule. In this study, the blanching process of blackberry fruits at 3
selected temperatures was investigated. The thermophysical properties were
estimated based on the chemical composition of the sample. Convective heat
transfer coefficient was also estimated using a new novel technique called inverse
problem method. In order to determine the best model that can describe the shape
of the fruit and predict accurately temperature changes during blanching, three
analytical models based on solution of Fourier's second law for heat transfer on
regular shapes (sphere, 2D rectangle and finite cylinder) and a numerical model
based on the real geometry of the sample were developed. The results showed that
among the analytical models, the two-dimensional rectangle can better predict
temperature changes at the center point of the sample than others. However, the
developed numerical model was recognized as the best model due to the highest
coefficient of determination (R>>99) and the lowest root mean square error
(RMSE=0.37). By applying this model, temperature variations in the fruit can be
predicted with high accuracy as a function of internal (thickness, and chemical
composition) and external variables (temperature, and water bath velocity).
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