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Fig 1 Differential Control Volume in the
Conduction Heat Transfer Equation in a Cylindrical
System
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Table 1 Physical and Thermodynamic Properties of Peas, Spinach and Eggplants in the Studies of
Cevoli et al. [6]

samples  Temperature heat transfer coefficient density heat capacity
(C) Wm'k™) (kgm™) (kJ.Kg™)
-20 1.32 513 263
" -15 1.26 518
§ -7 1.04 535
-3 0.8 590
3 0.52 620
-20 1.51 360 306
§ -15 1.25 366
R= -7 1.12 379
) -3 0.89 389
3 0.51 392
" -20 1.2 190 300
<8 -15 1.15 192
= .2 -7 1.08 195
5 8 3 0.71 207
i 3 0.48 209
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A: The results of the study by Cevoli et al [6]
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Fig 3 Comparison of the results of (A) Cevoli et al. Research and (B) Modeling in ABAQUS software.
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Fig 6 Meshing of Cylindrical modeling of potato in ABAQUS software.
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Fig 7 The 3D shapes obtained from the analysis of simulated cylindrical potato specimen in ABAQUS software
in full view and longitudinal section are shown (A) initial state of specimen (B) after 5 minutes (C) after 10
minutes (D) after 15 minutes.

Yivy


http://dx.doi.org/10.52547/fsct.18.116.337
https://fsct.modares.ac.ir/article-7-37329-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-04 |

[ DOI: 10.52547/fsct.18.116.337 ]

eyl Jlal ijjﬁ &3 (olwans

ODen 53,8 oo SIAs 125

NTi1
+1.013e+02
+9.741e+01
+9.355e+01
+8.968e+01
+8.582e+01
+8.19%6e+01
+7.810e+01
+7.423e+01
+7.037e+01
+6.651e+01
+6.264e+01
+5.878e+01
+5.492e+01

Fig 8 3D view of temperature variation in the

CaISL Lol Ll s s sl Sl miy Sl Lo
S el tals e Slss &5 assbeddbe s Ol
Sl e Vo) 2l gl L@ e 4 A 0L
Cannd sl 53 S3RG asS 558 e edalie Je 3 (515
Jlos plasl a sV es );LA;Q\J_::;;'CJJSQM\J_\
TR R VNCIN PRV S VNS e
ildde JS oles Ol oas doys £ 35a o ol

] a;l:C)

120

Temperature (C)

0

0 100 200 300 400 600 700 800 900 1000

500
Time (Sec.)
Fig 10 Temperature variation diagram at the edges

of the numerical cylindrical potato model

S S 4o — 4
55 Lo sl 8 S 5,8 bland s 0155 0 Y s Sl
3gden ol 153l 0 03 s el gl die slaad
o SaTand 28 s Jla glacand 53 sSUT
OLesl 8 il o o dd (s3lud e &gl (slaad L3 o354 OF

center of the cylindrical potato model after 15 minutes

©3de Jde 55 e 53 Les Ol is Sl sed Q) S5 s
Gldae culesls OLES Jlows Ol 53 e o (1S 52l
Lo 0l U e 550 (slos ot Sl scalceney gl
Jde 5 e 5o Les 0Ll S Sobke il ey culiaglbVer
4&.@14&&@[5&;&\}::5&cla_»)'\obﬁ)}>4>.-jjb.
Wl Yo Gl e ls el s OBl SSs S LG
J-Sf);l.nui.i\)é\éjj L;}\};iiwty}ﬁiﬁ\éw\
S 30lads ol o SUT 35l 53 gileans il
a;ﬁ;l)f&ﬁl.w«q-);\‘ sgde aslbVer Oley U Loy Ol s
ov mm o SLL Ol B Ve Olog a8 s el

.wl;l)fgﬁuq-);\‘o sed Loy Ol s il

60

50

Temperature (C)

0
0 100 200 300 400 500 600 700 800 900 1000
Time (Sec.)

Fig 9 Temperature variation diagram at the center
of the numerical cylindrical potato model

Jiee sl slaad 53 by Ol oas Jlssed (V) K3 s
el a0l s bes 0Ll S s s sdaline &S 5 5b0lea


http://dx.doi.org/10.52547/fsct.18.116.337
https://fsct.modares.ac.ir/article-7-37329-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-04 |

[ DOI: 10.52547/fsct.18.116.337 ]

\i"# NA 09> ARNS d‘)LQ.A:'

Ol e mlo 5 psle alons

[3] F. Chemkhi, S. & Zagrouba,
“Characterisation of Potato Slices During
Drying: Density, Shrinkage, and
Thermodynamic of Sorption,” International
Journal of Food Engineering, vol. 7. 2011,

[4] C. Cevoli and A. Fabbri, “Heat transfer
finite element model of fresh fruit salad
insulating packages in non-refrigerated
conditions,” Biosyst. Eng., vol. 153, pp. 89—
98, Jan. 2017.

[5] T. Fadiji, C. J. Coetzee, T. M. Berry, A.
Ambaw, and U. L. Opara, “The efficacy of
finite element analysis (FEA) as a design
tool for food packaging: A review,” Biosyst.
Eng., vol. 174, pp. 2040, Oct. 2018.

[6] C. Cevoli, A. Fabbri, U. Tylewicz, and P.
Rocculi, “Finite element model to study the
thawing of packed frozen vegetables as
influenced by  working  environment
temperature,” Biosyst. Eng., vol. 170, pp. 1-
11, Jun. 2018.

[7]1Y. E. Lin, R. C. Anantheswaran, and V. M.
Puri, “Finite element analysis of microwave
heating of solid foods,” J. Food Eng., vol.
25, no. 1, pp. 85-112, Jan. 1995.

[8] S. Sahin and S. G. Sumnu, “Thermal
Properties of Foods,” in Physical Properties
of Foods, New York, NY: Springer New
York, 2006, pp. 107-155.

[9] Manual ABAQUS, “Getting Started with
ABAQUS.” 2016.

[10] E. C. M. Sanga, A. S. Mujumdar, and G.
S. V. Raghavan, “Simulation of convection-
microwave drying for a shrinking material,”
Chem. Eng. Process. Process Intensif., vol.
41, no. 6, pp. 487-499, Jul. 2002.

Yio

(asB Ve Ol B adsl Oleg 5D plawl lagles 55 sles
L el Ol 5D Jdos lalle) plo & Cos o
Lol 3l as jsbolen .cul 5 gumms (45640 0L
ol Jla! &5 ol yadeie Ol > Jlil 4 by e
e 255 o gl et )8 D s il plad o
L e 4 0As G s sl 55 5e 5l 0SS L
Sl L0l 53 frmmen Al e Sl Ly is £ 5 O
Slalgal Jds slaad 5 (dag g asBA Ol 5D L
T Rt K U el U R PRI T
Sl s 534S (g sbolen ey e 5l 5 Sle
e gl dde S50 50 Loy 0Ll S s S ealie
el gl Jas glaad 5o (558 Sle ax ot o5
e ol o 58 (Sl amps A 5o (e fiem
Jde lgaul sl mshan 53 Loy ek 5 238 8 s
o) 5 g s g 51ty e o

05 elal Jie glaad s Ko g dlazla

@\J.a—o

[1] 1. LAMBERG and B. HALLSTROM,
“Thermal properties of potatoes and a
computer simulation model of a blanching
process,” Int. J. Food Sci. Technol., vol. 21,
no. 5, pp. 577-585, 1986.

[2] A. N. CALIFANO and A. CALVELO,
“Thermal Conductivity of Potato between 50
and 100°C,” J. Food Sci., vol. 56, no. 2, pp.
586-587, 1991.


http://dx.doi.org/10.52547/fsct.18.116.337
https://fsct.modares.ac.ir/article-7-37329-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-04 |

[ DOI: 10.52547/fsct.18.116.337 ]

JEFST No. 116, Vol. 18, October 2021 ABSTRACT

Iranian Journal of Food Science and Technology .3

Homepage:www.fsct.modares.ir

Scientific Research

Numerical Simulation of the Heat Transfer Process Potato
Subjected to high temperature with Finite Element Method

Khodakaramifard, Z. 1*, Hosseinzadeh, M. J. 2, Shirazinejad, A. 3

1. Ph.D. student, Department of Food Science and Technology, Sarvestan Branch, Islamic Azad University,

Sarvestan, Iran.

2. Lecture, Department of Food Science and Technology, Sarvestan Branch, Islamic Azad University,

Sarvestan, Iran.

3. Assistant Professor, Department of Food Science and Technology, Sarvestan Branch, Islamic Azad

University, Sarvestan, [ran.

ARTICIE INFO

ABSTRACT

Article History:

Received 2021/03/ 13
Accepted 2021/ 05/ 26

Keywords:

Finite Element,

Heat Transfer,
Potato,

Numerical Modeling,
Foodstuffs.

10.52547/fsct.18.116.337

*Corresponding Author E-Mail:
khodakaramizahra@yahoo.com

In this paper, the issue of heat transfer in three-dimensional solid objects, a special
form with cylindrical geometry, is investigated using the numerical finite element
method by the commercial software Abaqus. Heating and cooling in food processing
are common activities, heating food for a variety of purposes such as reducing
microbial aggregation, inactivating enzymes, reducing the amount of nutrient water,
modifying the functional properties of a particular compound, and cooking when
heat transfer is performed. It plays a central role in all these operations. In this
paper, a cylindrical geometry specimen with a temperature of 200 °C is used to
investigate the temperature variations of potatoes in high-temperature oil. The
results of numerical modeling of potato slices in high-temperature oil show that the
rate of changes in the edges of the model is higher than in other parts of the model,
which is a factor for the burns of potato edges. Also, the temperature variations in
the center of the model have the lowest changes in the logarithmic distribution of
heat transfer in the cylinder radius. In addition, with the increase in an exposure time
of potato samples in high-temperature oil, almost all models reach the same
temperature conditions.
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