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lowering their costs, one of which is energy reduction. A survey of energy consumption

in stores found that most used energy is due to the cooling system. Therefore, we tested
the protection of cold rooms against air inflow by conducting three simulations: 1.
Without an air curtain; 2. using an air curtain having a common grille; and 3. using an air
curtain with a honeycomb grille. The cold room temperature was set to 1 °C, the cold
room door was 200 x 100 m2, and the air curtain was installed 5 cm above the cold room
door; furthermore, the velocity of air emitted from the air curtain was 6.5 m/s. Warm
air infiltration simulations were carried out using SolidWorks Flow Simulation software,
in order to determine the temperature change in the cold room and the airflow
direction. From the results of the comparative experiments, when using the different
wind grilles, there were differences in the infiltration of warm air. The honeycomb grille
reduced air turbulence in the cold room more effectively than the common grille. As a

Keywords: result, the temperature in the cold room was consistent, and the temperature inside the
CFD; FCU; Cold room; Air curtain; cold room was maintained 10.62% lower when using a honeycomb grille compared to a
Common grille; Honeycomb grille common grille.

1. Introduction

Retail businesses continue to grow, in order to meet the needs of customers who have
increasingly turned to retail during the coronavirus pandemic. Retail business entails both investment
and high competition. The cost of energy used for cooling to preserve food is the highest cost of
electricity for a store. Therefore, much research has been conducted regarding how to save energy
in the field of refrigeration, including the development of environmentally friendly and energy
efficient refrigerants, the development of glass doors for open freezers to save energy, the adoption
of digital scroll compressors to enhance compressor performance, and so on. In Figure 1, the energy
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consumption test results for 30 stores in Taiwan are shown. There are many reasons for the high
energy consumption of cooling systems, including poorly insulated walls, overheating of electrical
equipment inside a cold room, or the infiltration of warm air from the outside.
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Fig. 1. Proportion of energy consumption in convenience stores in Taiwan [1]

Large retailers in Thailand can be divided into three categories: 1. Department stores; 2. discount
stores; and 3. supermarkets. The number of large retail stores exceeded 1000 in 2018, and has been
increasing every year. These retailers have higher energy consumption, in terms of cooling, as a cold
room is needed for preserving foods. As such, retailers that require cold rooms are among the most
energy-intensive stores. One of the reasons for this is the loss of cooling due to opening of the cold
room door. This may cause more heat to be brought in from the outside, and requires energy for
cooling to recover from the temperature loss. Previous experiments have found that the infiltration
of warm air through the cold room door accounts for approximately half of the total cooling load in
cold rooms [12-17].

In response to such problems, a door curtain can be applied to the door to reduce the infiltration
of warm air; however, door curtains can disrupt the loading and unloading of products, cause the
accumulation of dirt, and require regular maintenance, as the curtain can be easily torn during the
handling of materials [10]. Alternatively, an air curtain should be used to prevent the infiltration of
warm air [11]. When the air curtain is installed, it can lead to energy savings of up to 48% [6].

Research objectives, air curtains that use a conventional air grille may enable more air to disperse,
as the grille cannot effectively organize the wind that comes out; in this case, the efficiency of the air
curtain may be reduced. In consideration of the above, a honeycomb grille can be used to replace a
conventional grille, in order to organize the wind before it leaves the grille and increase the efficiency
of the air curtain.

Air curtain research has shown that performance improvements can be made to prevent the
infiltration of warm air from outside of the cold room as much as possible, considering factors such
as the installation position, wind speed, wind angle, and so on. For example, Figure 4 compares the
effect of installation of an air curtain in a refrigerated truck. When the air curtain is installed, it can
lead to energy savings of up to 48% [6]. The air velocity that is suitable for an air curtain installed over
a door with a height of 2 m, during the first 30 seconds, is 5 m/s [9]. Comparing the installation
position of the air curtain between the inside and outside of the refrigerated truck, the installation
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of an outer air curtain showed a slightly better effect [7]. The air curtain grille, with an angle between
0° and 10, should face the front room at an angle of 10° at a wind speed of 4 m/s; in this way, it can

save more than 17.6% of energy [8]. As shown in Figure 2, for a cabinet opening with a height of 1200
mm, a wind speed of 2.6 m/s can prevent the air curtain from breaking [2]. The appropriate location
to install the air curtain for a cold room is at a door height of 1.36 m, and the air curtain should have
a speed of 3 m/s, an angle of 0°, and an opening period of 30 s; additionally, the air curtain's axis must
not be bent into the cold room [7].

When it comes to air infiltration into an open showcase freezer, the infiltration of warm air is
affected by the wind speed, angle, and height [3]. Changes in the temperature of the open showcase
freezer due to the curtain do not affect the infiltration of warm air [4]. This experiment showed that
simply adding an air guide bar can make the air curtain stronger. Air can flow from the top supply to
the bottom of the freezer without the air curtain breaking. This led to the idea, in this research, that
if the direction of the wind is controlled effectively, it could increase the strength of the air curtain.
Cold loss tests, considering the losses caused by the opening of cold room doors in industrial plants,
should use an air curtain to prevent warm air infiltration [11].
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grille grille
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12.0-14.0
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Fig. 2. Measured temperature profiles through
the centre section of a cabinet with a 1200 mm-
high curtain with a discharge air grille width of
70 mm: (a) A sealed curtain with discharge
velocity of 2.6 m sL1; (b) A broken curtain with
a discharge velocity of 1.7 m sL1. The arrow
denotes air circulation within the cold cavity [2]

Figure 3 compares the air curtain flow with and without an air guide bar in an open showcase

freezer. The use of an air curtain with an air guide bar reduced the average cabinet temperature from
4.7 °Cto -0.2 °C. The energy used for cooling was reduced by 34% [5].
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Fig. 3. (a) Air curtain without an air guide bar; and (b) air curtain with an air guide bar. The latter
situation will make the air curtain stronger [5]

Figure 4 shows the results of using CFDs to show the temperature and airflow direction more
clearly. CFDs have been widely used in research presentations—for example, in the simulation of
synthetic jet cooling [18]—in order to visualize the heat transfer more clearly. Alternatively, complex
and costly solid oxide fuel cell experiments require dynamic computational fluid simulations. CFDs
have been used in many studies; for example, an overview of computational fluid dynamics modelling
in solid oxide fuel cells has been presented in [19], and it has been shown that it is easier to see the
flow of natural gas pipelines that are difficult to access through use of CFDs [22]. Fluid aerodynamics
have been simulated to visualize the performance of various NACA airfoils [23]. Fluid dynamics have
been simulated to investigate the performance of a double-stage Savonius rotor [24]. CFDs have also
been used to determine the optimal position to install a boat hydrofoil [25], or to visualize the heat
transfer inside a pipe [26]. Therefore, researchers have widely used CFDs for simulation research, in
order to make the consequent testing easier and more accurate.

(a) (b)
Fig. 4. (a) Temperature distribution inside a refrigerated truck body without an air curtain; and (b)
temperature distribution inside a refrigerated truck body with an air curtain velocity of 5.4 m/s [6]
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2. Methodology

This research aims to test the air curtain's wind direction by comparing conventional and
honeycomb wind grills to determine which grill is more effective at preventing warm air infiltration.
The air curtain tested will be used for the Tesco Lotus type of supermarket cold room. The cold room
temperature is about 1 to 3°C and the outside room temperature is about 27°C. The experiment was
conducted to observe warm air infiltration using CFDs to view the airflow direction and temperature
from the air curtain for easy comparison.

2.1 Domain Geometry

As shown in Figure 5, the cold room used in the experiment resembled a rectangular box, with
internal dimensions of 3 m x 3.1 m x 2.6 m (L x W x H). The insulation thickness, on both the front
and back of the floor, as well as the ceiling, was 0.1 m. The size of the cold room door was 2.01 m x
0.99 m. The air curtain used in the experiment was 1.05 m x 0.245 m x 0.209 m (L x W x H), and its
weight was 14.8 kg. An IP44 enclosure was horizontally installed at the centre, 0.05 m above the cold
room door. The air outlet size was 0.97 m x 0.06 m. The velocity of air leaving the grille averaged
about 6 m/s. An FCU was installed in the upper centre of the cold room wall, with dimensions of 1.28
m x 0.32 m x 0.32 m (L x W x H), having two fans 0.28 m in diameter. The cold room was located in
back-stock, with dimensions of 35 m x 6 m x 6 m (L x W x H). The temperature measurement point
outside the cold room was 100 cm above the floor and 30 cm away from the door.

Air Inlet
g =
\iv‘ } !
Air Outlet
i
100
(@) (b) (c)

Fig. 5. (a) Geometry of the cold room; (b) geometry of the air curtain; and (c) temperature point outside of
the door

As shown in Figure 6, the typical honeycomb grille used in the test was a 0.1 cm-thick painted
steel material comprising a total of five grids, each 85 cm long with a distance of 1 cm between them,
and a total of four sieve strips. All five grips were fixed perpendicularly. Each piece was installed 27
cm apart. The honeycomb grille was designed by adding an additional number of mounting strips.
There were 33 pieces in total, each 3 cm apart. It was anticipated that the addition of a grille
mounting bar would reduce the turbulence of wind coming out of the grille.
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Fig. 6. (a) Dimensions of the common grille (cm); and (b) dimensions of the honeycomb grille (cm)

2.2 Requirements for CFD
2.2.1 Numerical solution procedure

The SolidWork Flow Simulation software was implemented to calculate the CFD results. The
model considered the effect of outdoor air with a temperature of 27 °C, a gravitational pull of 9.81

m/s?, and an atmospheric pressure defined as 1 bar, in order to take the natural heat of the fluid as
the definition of air.

2.2.2 Boundary, initial, and test conditions

The FCU was installed behind the cold room, with a blower wind speed of 3.5 m/s and an outlet
air temperature of -8 °C, and the air curtain was installed above the cold room entrance door. At 5

cm above the door, the blower wind speed was 6.5 m/s and the outlet air temperature was 1 °C. The
air curtain was initially closed, in order to simulate curtainless air heat transfer.

2.2.3 Mesh independence

A mesh was created to calculate the domain area, to ensure accuracy in conducting simulations
in the area that we were interested in. The mesh used was to be more detailed. In fact, the more
meshes defined, the more accurate the simulation [20,21]. However, it was important to take into
account whether the amount of detail used for the mesh was appropriate: if the mesh is set to a
higher resolution, the result will have a larger file size.

2.2.3.1 Global mesh setting

As shown in Figure 7, a mesh was created, which was used to calculate all common areas. In this
research, the mesh slot was set at level 3.
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Fig. 7. Global mesh for the cold room

2.2.3.2 Local mesh

As shown in Figure 8 and 9, the mesh was more precisely defined in the moving area for greater
computational accuracy. Local meshes were applied at the airflow (in and out) areas of the FCU and

at the air curtain. The wind grille area, in particular, needed a high mesh resolution, with the
refinement of cells set at level 7.

Fig. 8. Mesh used for the cold room with an air curtain
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3. Results
3.1 Infiltration Behaviour Without an Air Curtain

From Figure 9 and 10, it can be seen that, when the room was cooled to 1 °C and the door was
left with no air curtain for 1 hour, the mean temperature inside the cold room was 9.1 °C, the average
temperature in front of the cold room was 26.4 °C, and the average air velocity ranged from 0.3 to
0.4 m/s.
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Fig. 9. Temperature for the cold room without an air curtain
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Fig. 10. Velocity for the cold room without an air curtain
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3.2 Infiltration Behaviour With an Air Curtain Having a Common Grille

From Figure 11, it can be seen that, when the room was cooled to 10 °C and the door was left

open when using an air curtain having a conventional grille for 1 hour, the mean temperature inside
the cold room was 6.781 °C, the average temperature in front of the cold room was 27.93 °C, and the

average air velocity in Figure 12 increased from 0.8 to 0.9 m/s.
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Fig. 11. Temperature of a cold room with an air curtain having a common grille
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Fig. 12. Velocity for a cold room with an air curtain having a common grille
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3.3 Infiltration Behaviour With an Air Curtain Having a Honeycomb Grille

From Figure 13, it can be seen that, when the room was cooled to 1 °C and the door was left open

when using an air curtain having a honeycomb grille for 1 hour, the mean temperature inside the
cold room was 6.704 °C, the average temperature in front of the cold room was 27.925 °C, and the

average air velocity (Figure 14)—similar to Figure 12—increased from 0.8 to 0.9 m/s.
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Fig. 13. Temperature of the cold room with an air curtain having a honeycomb grille
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Fig. 14. Velocity for the cold room with an air curtain having a honeycomb grille
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3.4 CFD Temperature Simulation

From Figure 15(a) it can be seen that, after 100 s of simulation, the air in the cold chamber began
to flow out. After 5 m of testing, warm outside air started to flow into the cold room from the top of
the door. After 10 m of testing, the temperature slightly rose. At steady-state, it can be seen that the
average temperature in the cold room remained constant, as the FCU continued to cool the cold
room. The average temperature inside the cold room was 9.17 °C. As shown in Figure 15(b), after 100
s of testing, the air curtain (which just started) was weak, as can be observed from the temperature
curve around the door. After 5 m of testing, it can be seen that the air curtain had less internal
curvature of the temperature. After 10 m of testing, the cold room temperature began to drop again.
At steady-state, it can be seen that the cooler temperature of the cold room was dispersed in the
middle of the cold room; the average temperature inside the cold room was 6.04 °C. In Figure 15(c),
the experiment considering an air curtain having a honeycomb grille showed similar results to that
of the air curtain with a common grille. At steady-state, the honeycomb grille was able to distribute
the temperature inside the cold room more evenly and at a lower temperature: the average
temperature inside the cold room was 5.46 °C.

t=100s

t=10m

Steady
-state

(a) Without air curtain (b) Common grille (c) Honeycomb grille

Fig. 15. (a) Temperature in the cold room without an air curtain; (b) temperature in the cold room with an
air curtain having a common grille; and (c) temperature in the cold room with an air curtain having a
honeycomb grille
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3.5 CFD Velocity Simulation

From Figure 16(a), it can be seen that, when the cold room door was open, there was an airflow
coming out of the FCU, along with another at the bottom of the outer door. From Figure 16(b), when
installing an air curtain with a common grille, air flowed from the grille to the bottom of the cold
room. When it reached steady-state, the wind direction was slightly inclined towards the inside of
the cold room. From Figure 16(c), when installing an air curtain with a honeycomb grille, air flowed
from the grille to the bottom of the cold room, as with the common grille. When it reached steady-
state, the wind direction was straighter, and did not flow obliquely toward the inside of the cold
room.

t=100S

t=10

Steady-
state

(a) Without an air curtain (b) Common grille (c) Honeycomb grille

Fig. 16. (a) Velocity in a cold room without an air curtain; (b) velocity in a cold room with an air curtain having
a common grille; and (c) velocity in a cold room with an air curtain having a honeycomb grille
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4. Conclusions

The first experiment was conducted in a cold room with a temperature of 1 °C, with the cold room
door open and the air curtain closed, and with the FCU operating normally. The result was that the
temperature in the cold room increased and began to stabilize within 100 s, with an average
temperature of 9.17 °C inside the cold room. The second experiment was carried out in a cold room
with a temperature of 1 °C, with the cold room door open and considering an air curtain with a
common grille. The result was that, when steady-state conditions were reached, the internal
temperature of the cold room was 6.04 °C. The final experiment was carried out in a 1 °C cold room,
with the cold room door open and considering an air curtain having a honeycomb grille. In this
experiment, when steady-state conditions were reached, the temperature inside the cold room was
5.46 °C. The results of the comparative experiments between an air curtain having a common grille
and one with a honeycomb grille demonstrated that an air curtain with a honeycomb grille can block
the air flow through the door better, leading to 10.62% better temperature retention inside the cold
room than when using an air curtain with a common grille.
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