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Abstract  Zinc coatings are widely used because of their environmental friendliness and high
performance. In general, the coating temperature is a major factor in determining the coating layer
thickness and coating quality. In the case of a zinc coating, a uniform and appropriate coating
temperature is required. In this study, a thermal flow simulation of the air flow was performed to analyze
the temperature distribution of a zinc spray coating room in a natural convection state. Using
SolidWorks, modeling was performed for two spray coating rooms, a preheating room, and a drying
room, and a thermal flow coupled analysis was performed using ANSYS-FLUENT. As a result of the
analysis, the temperature distribution characteristics in the spray coating rooms were determined. It was
found that the present temperature was below the target temperature of 25°C. Simulations were
conducted for two different boundary conditions (one with a heater added and another with the open
part closed). The simulation results show that the method of closing the open part is better than adding
the heater.
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1. Introduction

In accordance with the EU Restriction of
Hazardous Substances Directive (RoHS), the use
of hexavalent chromium (Cr+6), which is an
environmental regulation substance, has been
since 2007. Therefore,

Cr-free coatings such as bolts and nuts is actively

banned research on
conducted [1-2]. Among them, the zinc-coated
steel has excellent resistance to corrosion, which
can withstand corrosion in the atmosphere,
prolonging the life of steel, and being widely
the
advantages such as low price, no smell and

used throughout industry due to its
harmlessness of human body [3-4].

The spraying method is widely used as a
method of the Zinc coating. In general, the
coating temperature is an important factor in
determining the coating layer thickness and
coating quality [5-6]. Therefore, the optimal
coating temperature is also required for spray
coating. Temperature control for the uniform
temperature distribution of the spray coating
room is a very important process element. Kim et

(7]
characteristics through the thermal flow analysis

al. analyzed the temperature distribution
of the spray coating room and studied ways to
obtain the optimal temperature distribution.

In this study, the temperature characteristics
in the natural convection state, in which the fan
is not operated due to the noise, as a part of the
study on the improvement of the temperature
distribution in the spray coating room was
analyzed. The preheating room, the drying room
and the partially open structure existing before
and after the spray coating room were modeled,
the
convection state by the heater was performed.

and heat flow analysis in the natural

2. Analysis Model

The process sequence of the spray coating is
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shown in Fig. 1. (a) to (d) are the preheating room,
the first spray room, the second spray room, and
the drying room, respectively. The preheating
room (a) is a place where the heater can be used
to preheat the air and to set the optimum
temperature for the spray coating. In winter, the
temperature of the coating object(substrate) is
very low, which is not suitable for coating. The
temperature is adjustable from approximately
150 °C to 190 °C. (b) and (c) are the first and
second spray room, respectively, in which the
coating material is sprayed on the substrate in
spray form. (d) is a section for drying at 220 °C
in order to evaporate the thinner attached to the
substrate coated. In the figure, each room is
partially open. In the preheating room (a) in Fig.
1, an inlet for charging the object is opened.
Opener 1 & 2 are opened in the first and second
spray rooms, and a drying chamber door (Opener
3) and an outlet are opened in the drying room.
Fig. 2 shows the actual appearance of the

mentioned open structure.

Open part

Open part Open part

Fig. 1. Simple schematic figure of Zinc spray coating
process; (a) Preheating room (b) First spray
room (c) Second spray room (d) Drying room

(©)

(d

Fig. 2. Each opened portion of spray coating process;
(a) Inlet of spray coating process (b) Entrance
of spray gun (c) Drying room door (d) Outlet
of spray coating process
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Fig. 3 is a schematic view of a process in
which the coating is spray coated. The substrate
is suspended from the 3-stage round bar and
transported by the rail. The transferred object is
stopped at the spray gun inlet, and the coating
operation is started. Simultaneously with the
rotation of the round rod, the spray gun moves
upward and downward to spray the coating

liquid.
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Fig. 3. Schematic figure of coating process in Zinc
spray coating room

Fig. 4 is a model of the preheating room, the
first spray room, the second spray room, and the
drying room using the Solid Works program

Fig. 4. 3-dimensional modeling of spray coating
rooms

This study deals with the heat flow by natural
convection. With fluid being Newtonian, three
dimensional conservation equations for mass,

momentum and energy are as follows.
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where u, v, w! x, y and z directional velocity
p: pressure
T temperature
9. 9, 9.° %y and z directional gravity acceleration

o diffusivity.

The following three cases were considered as
boundary conditions.
e Case 1: Considering the current state of use
with open space
* Case 2: Same as casel but a heater is added
to the bottom of the preheating room
e Case 3: Changing the remaining open
space except inlet outlet to closed
The outside air temperature was set at 5°C,
which is the temperature in the winter factory.
The boundary conditions of the three cases

are given as shown in the Fig. 5.

Exhaust Pipe(Open)

Dry room
pen

2nd Spray room

1st Spray room

(a) Case 1

Exhaust Pipe(Open)

Dry room
pen

2nd Spray room

1st Spray room

(b) Case 2
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2nd Spray room

1st Spray room

(c) Case 3

Fig. 5. The boundary conditions of the three cases
for numerical analysis of the heat flow in the
natural convection state

3. Results and Reviews

ANSYS-FLUENT,
program, was used to

the thermal flow analysis
investigate the heat
transfer characteristics due to natural convection
in a spraying room. Since the temperature
distribution in the mid-vertical plane of each
(Fig. 6) of the

three-dimensional distribution

room is representative
temperature
analysis through analysis, the result of the
analysis shows the temperature distribution in

the middle vertical plane.

Fig. 6. The mid-vertical plane of each room.

Fig. 7’s (a), (b), and (c), respectively, shows the
result of the numerical analysis of the three
boundary conditions (Case 1, 2 and 3) in Figure
5. Al the highest

temperature room and

analyses show

the
gradually heat transfer to the first and second

three

in preheating
spray rooms. This shows that the heat source in
the preheating room is gradually transferred by
natural convection. Fig. 7 (b) is the analysis that

adds a heat source to the bottom of the
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preheating room, indicating that it improves the
temperature of the preheating room and the
temperature of the first and second spray rooms.
Fig. 7 (c), with simply closed the open area
without adding heat source to the preheating
room, show the highest temperature distribution
of both the preheating room and the first and
second spray rooms. For all cases, we can see
that the 1% spray room in both spray rooms is
always higher than the 2™ spray room, which
means that the 1% is

spray room heavily

influenced by the preheating room and there is

less space open in the 1% spray room.

(a) Case 1

(b) Case 2

(c) Case 3

Fig. 7. Numerical results for temperature distributions
of the boundary conditions of the three cases
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Tables 1, 2 and 3 show the temperatures in
Fig. 7 (a), (b), and (c), respectively, at the top,
middle and bottom positions of the first and
second spray rooms. All results show the highest
temperature at the top position and the lowest
temperature at the bottom position. It is also
shown that temperatures of case 2 are higher
than those of case 1 and temperatures of case 3
are higher than those of case 2.

Suitable temperature for spray coating is 25
°C. In the present state (case 1), the temperatures
of the spray rooms are very low, indicating that
it is not suitable for coating. Case 3 is the most
suitable of the three boundary conditions. It can
be seen that closing the open part is more
effective than adding a heater to the preheating

chamber.

Table 1. Temperatures of spray room for case 1
boundary condition

Position 1™ spray room 2™ spray room
Top 187 °C 9.7 °C

Middle 16.1 °C 9.2 °C

Bottom 13.6 °C 8.6 °C

Table 2. Temperatures of spray room for case 2
boundary condition

Position 1* spray room 2* spray room
Top 23.1 °C 12.2 °C

Middle 19.3 °C 11.1 °C

Bottom 15.6 °C 10.1 °C

Table 3. Temperatures of spray room for case 3
boundary condition

Position 1% spray room 2™ spray room
Top 33.8 °C 21.7 °C

Middle 30.9 °C 199 °C

Bottom 15.6 °C 10.1 °C

4. Conclusions

In this study, temperature distributions due to

natural convection in the winter spray coating

rooms were numerically analyzed. The following

conclusions can be drawn from the study.

1. Numerical analysis of the heat flow
distribution due to natural convection in
the spray coating room was performed and
the temperature distribution in the spray
room was obtained. In the preheating room,
the temperature rises due to the heater, and
the temperature of the air passing through
the preheating room is decreased by the
external temperature(5 °C).

2. Both spray rooms show the highest
temperature at the top, and the
temperature decreases in the order of
middle and bottom. We can see that the 1*
spray room in both spray rooms is always
higher than the 2nd spray room, which
means that the 1% spray room is heavily
influenced by the preheating room.

3. For the three boundary conditions (current
state, adding heaters to the preheating
room, closing the open space), we found
that closing the open space is a better
method than adding heaters to the

preheating room.
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