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Freezing time of the impingement tunnel freezer enhancement
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Abstract

The quality of frozen foods which have been frozen from the impingement tunnel freezer is not only depending on the fastest
freezing time but also the uniformity of the product core temperature along the conveying belt width of the freezer. In this
study, the modification of pressured-chamber of the impingement tunnel freezer can enhance the uniformity of the air velocity
by changing the wind entry channel. The results of all models which have been analyzed by CFD have vortexes in pressured
chamber. The vortexes bring the negative impact on the uniformity of the air velocity along the conveying belt width which
can create the over freezing problem. To minimized the over freezing of food product, the author propose to use mix models
to use 2 of Existing with DI1237 model that can increase the minimum average air velocity 4.3% with better uniformity 14.72%.
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1. Introduction °c Freezing test on Shushishrimp: 10 g/pcs

Air Impingement technology has not been used only in 2
textile, paper, electronic, glass industries but also in food 10
processing such as drying, baking and freezing [1]. The 0
freezing process using the air impingement technology can 0 |
deliver the high freezing rate. The quality of the frozen food
is strongly depending on the freezing rate. Normally, the
lower freezing rate causes the formation of large ice crystals
which damage the food’s cellular structure, leading to bad
quality in food texture [2]. The freezing air velocity is one
the important factors affecting the freezing rate as same as o
the food dimension and the freezing air temperature [3]. (h1Pos0l ——ch2Pos02 ——cha3Pos03 ——chAPosO4 ——chs Amblens

In production line, the target freezing time of each
product must ensure every pieces of product must be under -
18°C core temperature. The Shushi shrimp freezing times as
shown in Figure 1 are 7 minute to 8 minute and 10 second.
The target freezing time at 8minute and 10 second must be
selected while some product could expect over freezing.

Many mathematic analysis models have been use in
modeling and simulation studies on impingement technology
concerned with rate of heat transfer [4-7] which correlate
with the freezing rate and freezing time

The objective of this study is reducing the uneven
freezing time by increasing the uniformity of the freezing air
velocity along the conveying belt width of the tunnel
impingement freezer that can minimize the food product over
freezing. The CFD is applied to the modification of air entry
channel to simulate the air flow and air velocities which are
discharged from pressured chamber.

Figure 1 Product core temperature along the conveying belt
width

2. Materials and methods
2.1 Tools and equipment

One module of the impingement tunnel freezer contains
with 3 pressured chambers is selected to this study as shown
in Figure 2. The freezer can perform with low freezing air
temperature from -35 to -60 °C. The measurement of air
velocities are collected by the portable data logger measuring
device, TESTO 454.
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Figure 2 the single module of impingement freezer
2.2 Method

Existing model and five of simulate models have been

analyze by CFD,ANSY S version 14. The turbulent fluid flow

is applied to the model with the boundary condition as shown

in Figure 3.
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Figure 3 The air inlet and exit airflow boundary areas in
Pressured Chamber

The freezing air temperature is -50°C with hexahedral
element is applied to the model with 569,982 nodes and
538,063 elements.

2.2.1 Existing model
Using the simplified and mesh model [8] apply to the

pressured chamber of the impingement freezer as shown in
Figure 4.

| Pressured chamber

Figure 4 The section of the impingement freezer
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The pressured chamber has 154 nozzles with 20mm
diameter. There are 11 nozzles along conveying belt width
and 14 nozzles on another side

2.2.2 Simulate model

The air entry channel is the inlet port for the freezing air
from the fan blower entering into the pressured chamber. By
changing the positions of the air entry channel are proposed
to the simulate study. However, due to the limitation of the
physical dimension of the freezer, five models of the new
positions of the air entry channel can be simulated.

(b)
Figure 5 Air entry channel to the pressured chamber

The models are D142, DI1107, D172, DI237 and DI302.
All the numbers in the models are represented the distance
“D” in mm. as shown in Figure 5.

3. Results

As explained above, the entire models of air entry
channel has been simulated with ANSYS with same initial
and boundary conditions [8].

3.1 Air streamline
The presence of the air stream line from all simulate

models show the vortexes in the difference area in pressured
chamber as shown in Figure 6.

Figure 6 Vortexes in air streamline
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3.2 Air velocity

According to Table 1, the vortex phenomenon gives the
variation of the average air velocity along the conveying belt
width of the tunnel freezer.

Table 1 The Freezing air velocity

Freezing air velocity (m/s)

Model Average  Variation* Max Min
Existing 12.29 1.65 14.18 9.59
D142 11.16 1.61 13.34 8.38
DI107 11.08 1.49 13.28 8.35
DI172 11.07 1.56 13.22 8.83
DI1237 10.98 1.94 13.13 7.04
DI1302 11.00 1.56 12.89 8.33

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

Only DI237 model give a higher variation while other
new models give lower than the existing model. However,
the minimum air velocities are lower than existing which
might effect on the freezing time.

4. Discussion

By combine the models for 3 pressured chambers, the 2
of Existing with D1237 can deliver highest minimum average
air velocity and the 2 of Existing with DI302 can deliver
lowest variation as shown in Table 2.

Table 2 The Freezing air velocity for 3 pressured chamber

Freezing air velocity (m/s)

Model Average Variation Max Min
3 Existing 12.29 1.65 1418 9.59
2 Existing + DI237  11.85 1.39 13.77 10.01
2 Existing + DI302  11.86 1.37 13.68 9.84

5. Conclusions

To minimize the over freezing of food product problem,
the author propose to use mix models to use 2 of Existing
with DI237 model that can increase the minimum average air
velocity 4.3% with better uniformity 14.72 %.
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