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Abstract

The air impingement technology has been used in frozen food industry
for decades to achieve rapid freezing that can freeze the food with better texture
than conventional freezing. In the freezing process the determined freezing time
must be selected from the longest time that frozen food temperature is reached -
18°C. To minimize the freezing time variation from different locations along the
conveyor belt’s width, the pressured chamber was investigated using
computational fluid dynamics. The SST, k-o turbulence model was used in this
study. Changing the geometry in the pressured chamber with baffle plates
impacted the exit velocity from impingement nozzles, which can deliver better
average exit velocity and variation. The mixed model of existing with 2 of
P532.5 for 3 chambers impingement tunnel freezer gives a 22.2% better
minimum exit velocity than the existing model, and a variation of exit velocity
2.53 times better than the existing model.

Keywords : Impingement freezer, Computational Fluid Dynamic (CFD),
SST, Pressured chamber, Impingement nozzle, Exit velocity,

Vortexes.

1. Introduction

The freezing rate is one of the
Important factors to the quality of
the frozen food. A slow freezing rate
creates large ice crystals, and
damages the food cellular structures,
which produce bad food texture [1-
4]. There are several techniques to
achieve rapid freezing with smaller
ice crystals such as microwave
freezing [5], ultrasonic freezing [6-

11], impingement freezing etc. The
air impingement technology has
been used in various processes,
such as the drying process of textile,
the annealing process of glass [12],
and the food freezing process, to
achieve better freezing rates by
directing the high freezing air
velocity against the food surface to
break the insulating boundary layer
which surrounds the product [13,14].
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In frozen food processing, the
freezing time depends on many
factors which are the characteristic
of food such as thermal
conductivity, shape etc., freezing air
temperature and freezing air velocity
[15]. In the normal practice of
operation, freezing times for tunnel
freezer are determined by the
slowest freezing rate along the
conveyor belt’s width to ensure the
core temperature of every piece of
the frozen food is under -18°C.

Freezing test on Shushi shrimp: 10 g/pcs

Fig. 1 Shushi shrimp freezing time.

In the example of the Shushi
shrimp freezing process, the slowest
freezing time is 8 minutes and 10
seconds, while the fastest freezing
time is 7 minutes, as shown in Fig.
1. The 8 minute and 10 second
freezing time gives processing losses
which are the throughput loss and
quality loss due to the product over-
freezing at -30°C.

There are many alternatives to
improve  impingement  freezer
freezing performance such as the
nozzle design [17-19], the efficiency
of fan, the pressured chamber etc.
The good pressured chamber design
generates high exit velocity in
Impingement tunnel freezer which

can be between 15-60 m/s. The
numerical simulations are widely
used to analyze the heat transfer rate
in the air impingement technique.
The exit velocity depends on many
factors such as the nozzle design
[16], the pressured chamber, type of
fan etc. which impact the heat
transfer rate.

Changing geometry in the
pressured chamber is the proper
alternative for a quick solution
without any big modifications in the
Impingement tunnel freezer.
Therefore, changing the geometry of
the pressured chamber is the focus
area in this study, and can be done
by air guide vane, air entry channel
[20], or air baffle plate [20-21].
Introducing the baffle plate in the
pressured chamber is the scope of
this study.

2. Material and Method

In this study, the impingement
tunnel freezer contains with 3
pressured chambers with low
freezing air temperature from -35 to
-60 °C as shown in Fig. 2.

Fig. 2 The single module of

Impingement freezer.
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2.1  Numerical Analysis

The numerical simulations are
carried out using the commercial
CFD ANSYS version 14.The air
flow, exit velocity and turbulence
filed use the Shear-Stress Transport
(SST), k-o turbulence model to the
analysis which give an acceptable
prediction [21]in the pressured
chamber as the boundary condition
as shown in Fig. 3. Boundary of
chamber was set as a stationary wall.

Fig. 3 Pressured chamber

The turbulence model was used in
this research. Incompressible fluid
and constant density was also used in
this simulation. Mass conservation
and momentum conservation
equations, as following, were used.
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x.  Coordination (m)
u, Velocity of flow in x-
direction (m/s)
¢  Time (s)
o Density of fluid (kg/m°)
p Pressure of a fluid (Pa)

u  Viscosity (Pa-s)

g, Gravity (m/s?)

B Coefficient of volume
expansion (1/K)

t Temperature of a fluid

(K)

T. Reference temperature of

" afluid (K)

Four type of elements were used
to calculate and compared with the
experiment  results.  Tetrahedral
element was chosen to use in this
research. Because it gave the
minimum error when compared with
the experiment result and it’s also
take less time to calculate.

There are two types of baffle
plates applied to the analysis as
shown in Fig. 4. The baffle plate
dimensions are 433 mm with 20 mm
thickness, while the perforated
baffle plate has 10 holes with 20 mm
diameter. The vertical gap between
baffle plate and the pressured
chamber is 10 mm.

(@)
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Diameter : 20 mm —
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Fig. 4 Baffle Plate (a) Baffle Plate
(b) Perforated Plate

The pressured chamber has 154
nozzles with 20mm diameter. There
are 11 nozzles along conveyor’s belt
width (R1-R11) and 14 nozzles on
another side (C1-C14). The five of
baffle plate models are P192.5,
P227.5, P362.5, P447.5 and P532.5
and five of perforate plate models
which are PP192.5, PP227.5,
PP362.5, PP447.5 and PP532.5. The
numbers of all models are the
distance from entrance edge as
shown in Fig. 5.

(b)

Fig. 5 Pressured chamber with baffle
Plate (a) P (b) PP

Property of air used in this
research shows in Table 1.

Table 1 Property of Air
Property of Air
Temperature -15.0C
Density 1.37073 kg/m’
Viscosity 1.6472 x 10”
kg/m's

2.2. Tools and equipment

The TESTO 545 portable data
logger was used to measure the
average exit air velocity, as shown
in Fig. 6.

Fig. 6 Exit air velocity measuring
device.

3. Results
3.1. Air Flow

All simulation models of the air
flow in pressured chambers show
the vortexes in different locations in
the pressured chamber, as shown in
Fig. 7 and Fig. 8.




46

Y I

AasaanseUs U0 34 aUuN 3 Aueteu 2560

000
may)

Fig. 7 Air flow in pressured chamber
(a) Existing (b) PP192.5 (c) PP277.5
(d) PP362.5 (e) PP277.5
(F) PP362.5

3.2 Exit Velocity

Exit velocity as show in Table 2,
is the average exit velocity along the
conveyor belt’s width of one
chamber of the tunnel freezer.

Table 2 Exit velocity 8 Cutoff
pair interactions on GPUSs.

Exit Velocity (m/s)

Model

Average Variation* Max  Min
Existing 12.29 1.64 1418  9.59
P192.5 13.48 4.12 2341 892
PP192.5 12.98 3.07 20.67 845
P277.5 13.38 3.51 20.02 10.07
PP277.5 13.44 3.51 20.08  9.96

P362.5 13.21 3.04 1754 9.45
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PP362.5 13.07 3.07 1761  9.38
P447.5 13.21 3.04 1754 945
PP447.5 13.06 2.36 16.70  9.80
P532.5 12.78 151 15.15 10.67
PP532.5 12.83 1.64 1534 10.50

Remark: *Variation: Calculated by
standard deviation of average exit
velocity

All models give the average exit
velocity higher than the existing
model. However, only P532.5 and
PP532.5 models give lower variation
of exit velocity than the existing
model.

4. Discussion

All simulation models have a
vortex effect, which negatively
Impacts the variations of exit
velocity. The mixed model for 3
chambers of this freezer is presented
to minimize the variation of freezing
time along the conveyor belt’s width
as shown in Table 3.

Table 3 Exit velocity for 3 pressured
chambers.

Exit Velocity (m/s)

Model

Average Variation Max Min
.3. 12.29 1.64 1418  9.59
Existing
Existing
+ 2 of 12.62 0.65 1344 11.72
P532.5
Existing
+ 2 of 12.65 0.71 1346 1161

PP532.5

The two mixed models, as shown in
Table 3, can deliver better minimum
exit velocity and variation.

5. Conclusion

The negative impact from
vortexes could not be avoided in all
simulation models. However, using
the baffle plate to change the
geometry of the pressured chamber
gives positive results in the mixed
models as shown in Table 3. The
mixed model of existing with 2 of
P532.5 for 3 chambers impingement
tunnel freezer gives a 22.2% better
minimum exit velocity than the
existing model, and a variation of
exit velocity 2.53 times better than
the existing model.
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