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Figure 1- Geometry (right half of the PET)
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Table 1- Composition of date juice

components %

Moisture content 23.89+0.007
Protein 078+0.004
Fat 0+0.0000
Fiber 0+0.0000
Ash 0.73+0.0007
Carbohydrate 84.6+0.05

Gsad gl sad S e)ll ails Glhae (xinas
Ak aalas \YVAKG/ME LA s 0

Was sl Goloa ceplie (B S L LS L
Sl S oy (SO slaShy sl
‘/\‘\/\kg/m?’ °3ﬂ$ (5‘..0; 9 LSSJ‘P C_\f‘_\.& “C\ea.ulld
Ol S s 4w S Gl 50 VAAYI/KGK 5 - /VYoW/mK
RTRRS

Lo A 0 yacdi (53538 90 53 ol 95

0529 sle S (WU

ol 4 g, Les Rl b Lesa esud 835 sle S
Ol daaas glos 4 Ssuy ples dels (gl s Lol S

badle Jool (ot Gubo ailb oo (Ao Dlies Slonis

2 Boussinesq

slas ) s (s1on (B G bl (38l Hu (Y
RNITE TS ICRTRIS

99 Sose s Yo 5 o GOIS s (Y
s

b o sad slaol le S 3 Gu S Sl (¢
S8y 5558 (Sasl

Log sl 531 5o Yl oS adla ool H153 (0

pan blasl cusd g a3y sl S GBS s e (1
sl (SOl colaa s Les b sadie

b (20 oslsas 5a ' 5l Sae GBS Ll 5 (V

CBYJL’AW(G
Lol =¥alas -\
‘;.u.u\sﬁ CAYJL’-A
10 0 [
i — =0
—5, PY) + 5 (pu) = 0)
&3 dolas
aT  dT AT [v]
§+ya_T+uE
k1 6( 6T) 20°T
"~ pcy |ror "or) T 922
‘SJJALQJ‘AJJ‘AJ:AMdJL’-A

O 5500 Sobe’ Sadun g (pad3 Gu LS L
g g

SM = —prerg|1 — B(T — Trep)] [4]
(o0 bl i =Y
(0sr=R 57=0) gl ;4 (0<z<H 4T =R) €y 5o

T=TW u=20 y=0
(0<z<H 51=0) L& 5 a0 5o

aT ou
R
{(0<r<R 5z=H) YL s

aT

£=0 u=20 y=0
—® 2 Syseo 4 0<z<H 0<r<R o dal gl by
il
T=TL' u=20 y=O

! Open Boundry



wa Co (g3 ) Loy 0,0 (gl joygiaoly (o Oyl JES! Slaslore SVl Kol (5l JLe

09 dae Ol Jeals il sud S5 slagagoy sl

Olds Jae s o ol sualiine L (550 S5l oCM
9 ulaa oola JESE oo sa (JSE cpl o sud sals
C.u.u‘ sy 4:15;)]5:1_)4 @l%-.'l%
80
70 secesse

60 e®cc”

5
0 gs
40 L

30 | @® ¢
e2cc® € Joo ola sals

Temperature(°c)

20
10 ® iyl glasals

0 10 20 30 40 50 60
Time(min)
Sl ys ouddi (s 3k ae § odinle )l (sLaouls dewslie ¥ Y
O s 31 5 o il O gl
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Figure Y - Specific heat of date juice during the
thermal process
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Figure 5- Position of the cold zone of the pet during

heating at 70 ° C at 10 minutes intervals (right half
of the PET)
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Figure 9 - Average conductiveand convective heat
fluxes in the PET during the heating process
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Introduction: In this study, the two-dimensional equations of energy, mass, and momentum were
solved using Comsol Multiphysics 5.2 software for pasteurizing date syrup in polyethylene
terephthalate (PET) packaging. The importance of date syrup has been quite studied before in terms
of its valuable nutritional values (especially heat-sensible vitamins). Research has shown that the
appropriate heating process is required to maintain these values. Modeling (especially numerical
modeling) is a robust method to predict the product temperature profile at every sample point
during the process. It accurately predicts the slowest heating zone (SHZ), which should be reached
at the pasteurization temperature and remain quiet enough at that temperature. In this way, not only
are resistant microorganisms deactivated and killed but the product's nutritional values are also
maintained. Comsol Multiphysics was applied in this research to predict the accurate position of the
slowest heating zone, the dominant heat transfer method, and fluid velocity.

Materials and methods: Thermophysical properties are necessary for heat transfer models. We
estimated thermal conductivity (k) using the Krischer model. This model estimates a more logical
thermal conductivity because both series and parallel models are incorporated into this model. The
ratio of parallel and series models was assumed to be the same (f = 0.5) in our research. Specific heat
was modeled using a suit model based on the mass fraction of components and their specific heat by
temperature through a parallel model. Density is measured using a defined volume container. For this
purpose, a pycnometer was used, and its volume was measured using distilled water filled in. The
weight of syrup divided into its volume gave the density. The surface heat transfer coefficient (h) was
determined by unsteady temperature measurements. This method measured the temperature of an
aluminum container exactly at the same size as the PET, and h was obtained using the slope of In(To
+Tal) diagram. The container's geometry should be drawn at the first modeling stage. In our case, the
container was a hard part as the container did not have a specific geometric shape and had a thickness
with thermal resistance. Second, the physics based on appropriate equations were selected, followed
by defining initial and boundary conditions. The density, thermal conductivity, and surface heat
transfer values were 1376 kg/m3, 0.4 W/m°C, and 43 W/m?°C, respectively, and specific heat was
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temperature-dependent. Next, meshes were defined. In the present study, the number of meshes used
in the model was 6532 triangular elements, 405 of which were in boundaries. There should be logical
assumptions to be able to model a process. In our study, the assumptions of Ghani were used. Finally,
the model was run. In the experimental part of this research, heating was performed at 70°C for 3000
s. Then, the temperatures of different container parts and syrup were collected using a K-type
thermocouple and a data logger. Finally, the collected data at different parts of the package were used
to verify the model.

Results and discussion: The comparison criteria between the predicted and experimental figures
used to evaluate the goodness of fit, namely the correlation coefficient (r =0.999), indicated that the
model was valid and we could benefit from the model results. The results showed that the cold point
migrated towards the top of the container because of the high product viscosity and the big can
geometry. In fact, the dominant way of heat transfer was conduction. The explanation is that when
heat transfer is molecule-by-molecule, the position of the cold point migrates toward the top of the
container as at the top boundaries. Therefore, vacuum condition at headspace is considered. The
accurate position of the slowest heating zone was at r = 9.5 cm and z = 0. The fluid velocity was
maximum near the can wall and at a lower height and minimum at the beginning and the end of the
process due to less temperature gradient.

The mean velocity value in this situation was 1.562 x10 " m/s. The plots of fluid velocity versus
container radius and height showed that by increasing the height, fluid velocity rose because the fluid
warmed up and flew toward the top of the can. The velocity in the interior radius after about 50 min
of the heating part was more than the wall vicinity because the warmed fluid migrated toward the top
of the can would be immobilized, and heat exchange with the cold parts would occur there. As a
result, the fluid with a lower temperature would return to the bottom. In this process, after about 50
min when the fluid around the wall reached the environment temperature, there would be a
temperature gradient near the core with colder fluid and the wall, which resulted in higher fluid
velocity. The results of fluid velocity during the heating time show that this factor would decrease by
increasing heating time due to the reduction in a temperature gradient. Obviously, the minimum
velocity would be at the beginning and the end of the heating process when the temperature gradient
was minimum. Different velocity plots demonstrated that at the beginning times of the heating
process, the maximum velocity was near the wall (r = 4.5 cm). In addition, at the end of the process,
it was at the interior parts near the center (r = 0.5 cm) regarding the difference in the magnitude of
the temperature gradient at different parts of the fluid. We can also compare heat transfer by
conducting or combining conduction-convection in our model. The model showed that the maximum
heat flux is 320 W/m? for conduction and 30 W/m? for the convection part. These figures indicate the
importance of conduction in the date syrup sample is more than ten times convection. The magnitude
of heat flux in both conditions after around 35 min and by temperature stabilization at 70°C reduced
dramatically.

Conclusion: The simulation showed that the required time for pasteurization was 35 min, and the
cold point reached the autoclave temperature.

Keywords: Comsol Multiphysics, Date Syrup, Modelling, Thermophysical properties



