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Abstract: Windcatcher louvers are designed to capture air flowing outside a building in order to
increase its natural ventilation. There are no studies that have designed the shape of the louver to
increase the natural ventilation efficiency of the building. This study aimed to conduct a computational
fluid dynamics simulation and mock-up test of a Clark Y airfoil-type windcatcher louver designed to
increase the natural ventilation in a building. The following test results were obtained. The optimal
angle of attack of the airfoil was calculated via a numerical analysis, which demonstrated that the
wind speed was at its highest when the angle of attack was 8°; further, flow separation occurred at
angles exceeding 8°, at which point the wind speed began to decrease. The results of the mock-up
test demonstrated that the time required to reduce the concentration of fine particles in the indoor air
was 120 s shorter when the windcatcher was installed than when it was not, which indicating that the
time to reduce particles represents a 37.5%reduction. These results can be seen as reducing the energy
consumption of ventilation in the building because the natural ventilation efficiency is increased.

Keywords: windcatcher louver; building ventilation efficiency; indoor thermal comfort; computational
fluid dynamics

1. Introduction

An increasing number of people in the modern world spend as much as 80% of their time indoors;
therefore, the quality of the air they breathe should be high [1]. According to the World Health
Organization, approximately 40% of the occupants in buildings worldwide experience health problems
caused by contaminated indoor air [2] and the National Institute for Occupational Safety and Health in
the United States has announced that ‘lack of ventilation’ is responsible for 52% of the contamination
found in indoor air [3]. An effective method for improving the air quality in a building is to increase
the performance of its ventilation system, which helps dilute the contaminants in indoor air, such as
fine particles and bioaerosols, with an inflow of fresh air.

Because natural ventilation in a building is based on the indoor-outdoor pressure differential,
wind pressure, and gravity, a high ventilation efficiency is difficult to achieve if there is a neutral zone
in which no inflow or outflow of air occurs. However, if a building receives wind from outside or if the
difference in the temperature inside and outside the building is large, a high ventilation efficiency can
be achieved. In addition, if the windows are not designed to support cross ventilation, the possibility
of wind-based ventilation is eliminated, which further decreases the ventilation efficiency [4].

However, the natural ventilation rate (5.14 ACH; air changes per hour) is approximately 40% higher
than the ventilation rate of an air conditioning system (3.02 ACH) when the outdoor environment
is excellent (pressure differential, wind pressure). Further, when natural ventilation is utilized,
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building energy can be effectively saved [5]. In other words, applying natural ventilation efficiency
enhancement technology to buildings without an external environment is a manner in which building
energy can be saved.

Furthermore, poorly designed natural ventilation systems installed in buildings may negatively
affect the health of the occupants, due to the accumulation of harmful substances caused by the reduced
ventilation efficiency [6]. Therefore, the efficiency of natural ventilation systems should be improved
to minimize the potential for health problems.

However, natural ventilation exhibits a limitation of lower efficiency than mechanical ventilation.
To compensate for the low efficiency of natural ventilation, mechanical ventilation should be
considerably increased, which increases building energy consumption. If the natural ventilation
efficiency can be increased to produce an effect similar to that of mechanical ventilation, building
energy consumption can be reduced by approximately 30% [7].

An airfoil is a two-dimensional airplane wing-shaped section [8]. While several studies have
applied airfoil shapes to automobiles or wind power systems, such architecture is rarely found in real
life [9-13]. Examples include a study conducted by Liu et al. who installed a general windcatcher
louver on the roof of a building to analyze the corresponding pressure distribution and air currents [14].
Kang and Lee conducted a wind tunnel test and computational fluid dynamics (CFD) analysis of a
louver-type vent installed on the roof of a factory building [7]. Chiang et al. conducted a mock-up test
and experimented with changing the ventilation flowing into a room by varying the width and length
of a horizontal louver mounted in a window [15]. However, thus far, to the best of our knowledge,
no study has employed an airfoil louver as a windcatcher.

The effect of applying a simple right-angled louver on natural ventilation and airflow has been
studied; however, the effect of an airfoil-shaped louver on the natural ventilation efficiency has not
been studied thus far. In other words, this study is the first to utilize an airfoil-shaped louver for
improving airflow speed [14,16].

In the current study, the performance of an airfoil-type windcatcher louver designed to increase
the efficiency and performance of a natural ventilation system was evaluated. First, the optimal angle
of the airfoil was determined via a CFD simulation. Then, a mock-up test was conducted to evaluate
the ventilation performance of the louver. A flowchart of the structure of the remainder of the paper is
shown in Figure 1.
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Figure 1. Flow chart of the structure of the remainder of the paper.
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2. Literature Review

2.1. Windcatcher

Windcatchers are architectural elements that were used in ancient Egypt to naturally ventilate
indoor air. These elements are still used in Middle Eastern regions, including the small Arab states
of the Persian Gulf, such as Dubai, Pakistan, and Afghanistan. Windcatchers can be categorized as
one-directional, two-directional, and multidirectional, depending on the direction used to catch the
wind. They can be further categorized based on their design, i.e., whether they utilize descending or
ascending air currents. Windcatchers designed to use descending air currents compress the air and
lower the room temperature. The top part of the tower is installed in a high place, such as a chimney,
and is blocked on all sides but one, which has an open structure to draw in the wind. The wind coming
through the open side creates a descending air current that falls toward the room center and cools
the room. A few advantages of this approach are that a separate process is not required to cool the
incoming air and the cooling efficiency increases with the speed of the descending air current [13,17].

2.2. Airfoil

As shown in Figure 2 [18], an airfoil resembles a two-dimensional section shaped as an airplane
wing and has a streamlined shape that includes a round leading-edge and a sharp trailing-edge.
The most commonly used airfoils in the United States are those utilized by the National Advisory
Committee for Aeronautics (NACA) and Clark Y [19-21]; however, other airfoils are also utilized,
such as the low-speed ultralight Aircraft (ULM) wing, airliner, propeller blade, and supersonic
interceptor shapes, which are depicted in Figure 3 [22-29].

angle of attack

of—

relative wind .

chord line
g camber line

Y

max. thickness
max. camber

Figure 2. Basic concept of an airfoil [13].

Low-speed ULM (1 m) Airliner (8 m)
@

Propeller blade (15 cm) Supersonic interceptor (2 m)

Figure 3. Cont.
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Blackbird (6 cm) Turbofan blade (80 cm)

Dolphin flipper fin (10 cm) Turbine blade (8 cm)
Figure 3. Various airfoil shapes [22-29].

Most existing airfoils help increase the sub-atmospheric pressure by changing the air flow of the
leading edge via a slat. In such airfoils, air is blown from the leading edge at high pressure toward the
tailing edge along the upper surface until it is drawn into the vent at the corner of the tailing edge.
The addition of an air current on the upper surface of the airfoil can increase the sub-atmospheric
pressure on the top surface even at low pressures. In contrast, the Co-Flow Jet (CFJ) Airfoil proposed
by Lefebvre et al. [30] changed the aerodynamic characteristics of an airfoil without using a slat.
This configuration is depicted in Figure 4.

Injection

Suction

/ Inlet Outlet

HDF High Pressure
(High Density aluminum Foam) Cavity

Figure 4. Operating principles of the CFJ Airfoil [30].
2.3. Clark Y Airfoil

The Clark Y airfoil was designed by Virginius E. Clark in 1922 and is now widely used in the
design of general-purpose aircraft as it has a simple design with a flat floor. A Clark Y airfoil has a
maximum thickness of 11.7% and a camber of 3.4% at 28% and 42% of the chord length, respectively.
The cross section, lift, and drag coefficients of a Clark Y airfoil are shown in Figure 5, and the X and Y
coordinates of various points on a Clark Y airfoil are listed in Table 1. Ideally, the blade size, tip speed
ratio, etc. of an airfoil should be based on the Reynolds number; however, this is typically neglected
and a value of NRe = 100,000 is employed instead. The lift of a blade depends on the angle of attack,
which is based on the relative direction of the wind, current length of the blade, and line angle. A Clark
Y airfoil achieves its maximum output when the angle of attack is set to 8°, and although the specifics
of the various types vary, no significant errors arise if the lift coefficient is set to CL = 1 and the angle of
attack is set in the range 4-6° [12]. If the angle of attack exceeds 8°, flow separation may occur along
with a rear vortex, which will disrupt the flow of the air current.
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Figure 5. Cross-section, lift, and drag coefficients of a Clark Y airfoil (a) Cross section of Clark-Y,

(b) Clark-Y lift and drag coefficient [12].

Table 1. Data describing a Clark Y airfoil [12].

Y [%]
X [%]
Upper Bottom

0.00 3.50 3.50

1.25 5.45 1.93

2.50 6.50 1.47

5.00 7.90 0.93

7.50 8.85 0.63
10.00 9.60 0.42
15.00 10.68 0.15
20.00 11.36 0.00
30.00 11.70 0.00
40.00 11.40 0.00
50.00 10.52 0.00
60.00 9.15 0.00
70.00 7.35 0.00
80.00 522 0.00
90.00 2.80 0.00
95.00 1.49 0.00
100.00 0.12 0.00

The airfoil-type windcatcher evaluated in this study was a Clark Y airfoil designed to be suitable for
openings, such as those in windows. The designed airfoil helped increase the size of the sub-atmospheric
pressure region by allowing air to be ejected from its top, which then flows along its surface.

3. Simulation

3.1. CFD Analysis Conditions

A CFD analysis using the Star-CCM+ (ver.13.03) software suite developed by CD-Adapco (Melville,
NY, USA) was employed to assess the natural ventilation performance of the designed airfoil when
used as a windcatcher louver. A K-epsilon model served as a turbulence model as it exhibits a low error
rate even for relatively large models due to its support for tetra grids in indoor-outdoor air current
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analyses [7,14]. The following three-dimensional steady-state incompressible flow equations [15] were
used in the analysis:

31/[,' o

ox 0 1)
0 J ok
g_xi(Pk“j) = &_xj(“kﬂeff&_xj) + G+ Gp — pe )

where x: direction of flow, u: velocity (m/s), p: density (kg/m3), k: turbulent flow energy (m?/s?),
p: viscosity coefficient (Pa-s), us: the value of effective permeability, Gk: variable by mean velocity,
Gb: variable by buoyancy, ¢: turbulent kinetic energy dissipation rate (m?/s?) and i, j: vector of flow.

The parameters used in the CFD analysis to determine the changes in the pressure and wind
speed around the airfoil are listed in Table 2. The base size of the mesh was set to 0.01 m and the target
size was set to 50%, which translates to a minimum step size of 0.005 m and is sufficiently small to
accommodate the target model used in the simulation. The grid was configured as a polyhedral mesh
to facilitate three-dimensional analyses, and the inlet value was set to 3.6 m/s, which is the average
wind speed measured at Seoul in 2017. The ‘K-epsilon Turbulence’ model was used to simulate the
vertical louver to analyze the variation in airflow corresponding to the installation angle. The ‘K-omega
Turbulence” model was used to simulate the horizontal louver to analyze the variation in airflow
corresponding to the variation in the angle of the Clark Y airfoil louver.

Table 2. Simulation design.

Item Settings

Space Three Dimensional

Mesh Polyhedral Mesh

Base size 0.0Im
Mesh Size
Target size 50% (0.005 m)

Time Analysis of windcatcher louver by angle Steady
Fluid state Air

Flow Segregated Flow
Viscosity Turbulent

Horizontal louver: K-epsilon Turbulence
Reynolds-turbulent flow

Vertical louver: K-omega Turbulence

3.2. CFD Modeling

3.2.1. Installation Angle of the Vertical Louver

The variation in airflow corresponding to the installation angle of the vertical louver was analyzed.
For the angle of the louver, an additional 45° was considered along with the generally installed 90°.
Three analyses, including the base model, were conducted. The base model is a general window
without louvers. The building model considered for the analyses is shown in Figure 6, and the wind
speed was set at 3.6 m/s, the average wind speed in 2018 in Seoul, South Korea. The modeling of the
installation angle of the louver is shown in Figure 7.
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ww.

Modelling

Figure 6. Window modeling for simulation analysis.

(a) Base model

(b) Louver installed at 90°

(c) Louver installed at 45°

Figure 7. Modeling of the installation angle setting applied to simulation.
3.2.2. Clark Y Airfoil Shaped Horizontal Louver

As the CFD analysis was based on the wind speed recorded in Seoul in 2017, the louver was
installed with the leading edge facing toward the west, which was the main direction of the wind in
2017, and the length of the cord was set to 220 mm. Even though the characteristics of a Clark Y airfoil
vary depending on the shape, performance that is almost optimal can be achieved without a large
error if the lift coefficient is CL = 1 and the angle of attack is in the range 4-6° [13]. In the simulation,
the angle of attack was set to 0, 1, 2, 4, and 8° for comparison purposes (Figure 8).
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(a) (b) (c)

(d) (e)
Figure 8. Diagrams showing the angles used in the simulation. (a) 0°, (b) 1°, (c) 2°, (d) 4°, (e) 8°.

A total of 327,841 cells were generated in the meshing phase during modeling. Each cell comprised
tetrahedral cells (12), hexahedral cells (5480), wedge cells (210), pyramid cells (8), and polyhedral
cells (322,131). Interior faces were generated into 1,878,532 cells, which exhibited triangular (93,022),
quadrilateral (567,154), and polygonal (1,218,356) shapes. As shown in Table 3, through the validation
function in the Star-CCM+, it was confirmed that more than 99.9% of faces are valid.

Table 3. Mesh validation diagnostic result.

Face Validity
0.80 <=, <0.90 0.03%
0.90 <=, < 0.95 0.021%
0.95 <=, < 1.00 0.036%
1.00 99.913%

4. Mock-Up Test

4.1. Design and Built of the Windcatcher Louver

The Clark Y airfoil in this study was a maximum of 1200 mm long, 220 mm wide, and 30 mm high,
which allowed it to fit into the window used in the mock-up test. The schematic of the external structure
of the windcatcher louver is shown in Figure 9, while the interior and the direction of the flow channel
are shown in Figure 10. The high-pressure air ejected from the vent of the windcatcher louver flows
toward the tailing edge along the upper surface, thereby increasing the area of the sub-atmospheric
pressure formation region.



Energies 2020, 13, 4459 9 of 19
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Negative pressure
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Figure 9. Clark Y airfoil windcatcher: (a) cross section, (b) overall shape of the windcatcher,

and (c) pressure distribution.

<Ny

"

(a) (b) (c)

Figure 10. Internal shape of the airfoil and the corresponding air flow patterns. (a) Overview of airflow,
(b) Airflow inside the louver, (¢) Airflow on the louver surface.

4.2. Mock-Up Test

Two mock-up test rooms were constructed in Seoul, South Korea, to analyze the natural ventilation
performance of the windcatcher louver. The rooms were identical, and each had dimensions of
2500 mm X 2500 mm x 2500 mm. The roof and walls of the setup were constructed of sandwiched
panels 100 mm thick, and a window with dimensions of 2000 mm x 2000 mm was installed in the
south-facing wall of each room. The specifications of the rooms are summarized in Table 4.
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Table 4. Specifications of the mock-up rooms.

Parameter Contents
Height 25m
Number of Floors 1st floor
Building Direction facing south
Floor Height 24 m
Room 1 6.25 m?
Floor Area (12.5 m?)
Room 2 6.25 m?
Room 1 no airfoil present
Envelope of Roof
Room 2 airfoil present

Windcatcher louvers were only installed in Room 2 at a location 50 mm away from the top and
bottom of the window to facilitate an efficient flow of outside air and to compare the ventilation
performance without (Room 1) and with (Room 2) louvers. During the tests, the concentration of fine
particles and the air current, temperature, and humidity were measured. The outside wind direction
was set as either from the west (incidence angle of 0°) or south (incidence angle of 90°), depending
on the test conducted. These wind directions correspond to the prevailing wind directions in Seoul,
South Korea, and the building orientation was such that the south wind with an incidence angle of
90° flowed in a direction perpendicular to the wall and directly into the window. The measurement
methods and a summary of the results are provided in Tables 4 and 5; Figure 11 shows the plan and
perspective view of the mock-up rooms. Table 6 lists the measurement instruments used in the tests.

Table 5. Experimental method and location of the windcatcher.

. Wind F1
Experiment Number Room Number Windcatcher Louver nd Fow
Wind Direction
3.5m/s
1
OO
1 not present
3.5m/s
2
90°
3.5m/s
3
OO
2 resent
3 3.5m/s
4
90°

The purpose of the tests was to measure the time required to reduce the concentration of
contaminants in the air with and without the windcatcher. After the concentration of fine particles
in the air in the mock-up room was set to approximately 1000 jg/m?, the window was opened in
each room and the time required to reach a concentration of 30 pg/m® was measured. The test was
conducted as four separate experiments to compare the results of different configurations; the wind
speed was set to 3.6 m/s for all tests. The direction of the wind was from the west (0°) in Experiments 1
and 3, and from the south (90°) in Experiments 2 and 4. The windcatcher was not used in Experiments
1 and 3 but was present in Experiments 2 and 4 (Figure 12).
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2500mm 2500mm

Room 1 Room 2

2500mm
2500mm

|
H

Wind direction 0°

4

Wind direction 90°

(a) (b)

Figure 11. Plan and perspective view of the mock-up rooms. (a) mock-up plan view, (b) louver
application location.

Table 6. Specifications of the measurement equipment used in the tests.

Particulate Meter Airflow Measurement
Measurement Item Thermo-Hygrometer
Measurement Instrument Instrument
Name of the Equipment TSI DUSTTRAK 8530 SATO SK-L200T KIMO AMI310, SOM900
Concentration Temperature Temperature
0.001-400 o -15-65 o 20-80
(mg/m?) O O
Range Humidity 4 1509, R
. . - (%RH)
Particle Size 04-10 Humidity 10-99.9
(um) o (%RH) e Wind Speed
0.00-5.00
Measuri (m/s)
easuring
inst.rl'l.melnt Temperature i3% of the
specification 01°Cat -99 to e leading value
Temperature 6.5 0°C 1 °é +0.25°C
+0.5% of factory set point (°O) e C/ ) at Humidit
Accuracy internal flow controlled ~10°Corless o y +1.8%RH
(%RH)
(Flow Accuracy)
- 0.1% RH at 15.0 to - +3% of the
H(‘;“l‘{‘g‘)ty 99.0% RH, 1% RH W“}‘ijsl;eed leading value
° at less than 15.0% +0.05 m/s

(b)

Figure 12. Setup of the mock-up experiment. (a) measuring device, (b) louver application.
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5. Results and Discussion
5.1. CFD Simulation Results

5.1.1. Installation Angle of the Vertical Louver

The variation in airflow according to the installation angle of the vertical wind-up louver was
analyzed. The analysis results helped verify that when a collection louver was installed, eddy currents
were generated and adversely affected the airflow into the room. As the airflow collides with the louver
and returns, a back-pressure gradient is generated, resulting in vortex and wake. Eventually, the flow
separation occurred, and the velocity of the airflow entering the room further decreased. The same
result was obtained even when the airflow speed decreased to 1/10th the existing speed. The simulation
results for the base model are shown in Figure 13, those obtained after lowering the airflow velocity
are shown in Figure 14. These results demonstrate that the installation of additional louvers other than
the Clark Y airfoil-shaped window frame has an adverse effect on improving airflow speed.

o S AGI)

(c) Louver installed at 45°

Figure 13. Result of the installation angle setting simulation. (a) Base model, (b) Louver installed at
90°, (c) Louver installed at 45°.
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(a) 3.6m/s west wind (b) 0.3m/s west wind

Figure 14. Wind speed change result. (a) 3.6m/s west wind (b) 0.3m/s west wind.

5.1.2. Clark Y Airfoil Shaped Horizontal Louver

The pressure distribution and variation in the air current caused by the Clark Y airfoil-type
windcatcher louver were analyzed to determine the optimal angle of attack for the louver. In this test,
the angle of attack was set to 0, 1, 2, 4, and 8°, and the area of the sub-atmospheric pressure formation
and the wind speed were found to increase for large angles of attack. However, at angles exceeding
8°, flow separation occurred and a rear vortex appeared. When the angle of attack was 0° and 8°,
the maximum wind speeds were approximately 4.8 m/s and 5.7 m/s, respectively. In other words,
the area covered by the sub-atmospheric pressure formation expanded and the wind speed increased
for larger angles.

As the angle of the louver increases, the negative pressure forming area (circle with a red dotted
line) on the louver surface increases proportionally. In addition, as the negative-pressure-forming area
increases, the wind speed increases (red square), whereas the positive-pressure-forming area increases
at the lower end (Figure 15). Based on the results of this CFD study, the angle of attack to be applied to
the mock-up louver was selected.

5.2. Mock-Up Test Results

In the mock-up test, the concentration of fine particles in the air in the rooms was increased to
approximately 1000 ptg/m3. Then, the time required to reduce the concentration to 30 pg/m? for various
louver configurations and wind incidence angles was measured to determine the natural ventilation
performance of the louver. The results of the test were as follows. In Experiment 1 (no windcatcher;
wind incidence angle of 0°), the time required to reduce the concentration of fine particles from 1001
t0 29.9 ug/m?® was 6 min (360 s) (Figure 16). In Experiment 2 (no windcatcher; wind incidence angle
of 90°), the time required to reduce the concentration of fine particles from 1007.3 to 30 pg/m3 was
5 min 20 s (320 s) (Figure 17). In Experiment 3 (windcatcher present; wind incidence angle of 0°),
the time required to reduce the concentration of fine particles from 999.9 to 30.5 pg/m> was 5 min (300 s)
(Figure 18). In Experiment 4 (windcatcher present; wind incidence angle of 90°), the time required to
reduce the concentration of fine particles from 1003 to 29.5 ug/m3 was 3 min 20 s (200 s) (Figure 19).
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le of attack

(a) Pressure distribution at 0° angle of attack

(b) Airflow and wind speed at 0° an

(c) Pressure distribution at 1° angle of attack (d) Airflow and wind speed at 1° angle of attack

(e) Pressure distribution at 2° angle of attack

(f) Airflow and wind speed at 2° angle of attack

(8) Pressure distribution at 4° angle of attack (h) Airflow and wind speed at 4° angle of attack

Figure 15. Cont.
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(i) Airflow and wind speed at 4° angle of attack (j) Airflow and wind speed at 4° angle of attack
Figure 15. Analysis of the pressure distribution for different angles.

Experiment 1
(Windcatcher : unapplied, Wind incidence angle : 0°)

1200.00 :
! 6min i
] I
E 1000.00 4= 1000pg/m |~~~ 77T TT T m s mmm o g
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T 800.00 | ]
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& 20000 | i
& 1 1
: | 30ug/mi st
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Figure 16. Results of Experiment 1.

Experiment 2
(Windcatcher : unapplied, Wind incidence angle : 90°)

A | 5min 20sec

1000.0 —1 000pg/m'

800.0

600.0

400.0

Particle Matter(ug/m’)

Figure 17. Results of Experiment 2.
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Experiment 3
(Windcatcher : applied, Wind incidence angle : 0°)

1200.00 .
= S5min
S 1000.00 1 000pg/m'
£
0 800.00
£
W
S 600.00
0
5 400.00
=
& 200.00
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00 CO CO 00 00 00 CO OO ©) ©O OO 00 OO ©O OO CO ©O OO CO CO OO OO
Lo B R B R e T O T o IO R O o O TR T o TR B R O o R B B B |
Time
Figure 18. Results of Experiment 3.
Experiment 4
(Windcatcher : applied, Wind incidence angle : 90°)
1200.0 -
- 3min 20sec
e 1000.0 1.000ug/m'
B
=5
T 800.0
[
b+
m 6000
2
L 4000
=
T
k2000
m 3
0.0 30pg/m E——
O © O O O O U VU v O © O O O O O O O O
TN NN OoONTOoNg AT QN
FAABRARBRERHRARABAFR S8
C © O O © 0O O Q0 Q O O 0 O C O Q O «
N AN AN AN AN NN AN AN N NN N NN NN NN
Time

Figure 19. Results of Experiment 4.

The times required to reduce the concentration of fine particles in Experiments 1 and 2 in which
no windcatcher was used differed by 40 s, while those obtained in Experiments 3 and 4 in which the
windcatcher was used differed by 1 min 40 s (100 s) (Table 7).

In other words, the effect of the wind incidence angle was higher when the windcatcher was
installed. When the results of Experiments 2 (no windcatcher) and 4 (windcatcher) were compared,
the times required to reduce the concentration of fine particles in Experiments 2 and 4 were 5 min
20 s (320 s) and 3 min and 20 s (200 s), respectively, exhibiting a difference of 120 s. These results
demonstrate that the addition of a windcatcher louver decreased the time required to reduce the
concentration of fine particles in indoor air by up to 37.5% (Tables 8 and 9 as well as Figure 20).
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Table 7. Summary of the experimental results.

Windcatcher Wind Incidence Time Concentration Particle Matter
Angle of PM10 Reduction Time
. 19:38:39 1001 pg/m3 .
Expt. 1 lied °
Xp unapplie 0 19:44:39 29.9 pg/m’ 6 min (360 s)
20 3
Expt. 2 unapplied 90° ;2;?;2 1O§gi;§n/ ;n 5 min 20 s (320 s)
. 18:32:39 999.9 pg/m?3 .
Expt. 3 lied ° 5 300
P appie 0 183739 30.5 pg/m’ min (300'5)
56 3
Expt. 4 applied 90° ;8:;8:;2 12(;053 Sg//:nnS 3min 20's (200 s)

Table 8. Effects of the incidence angle of the wind for different louver configurations.

Experiment Windcatcher Wind Incidence Particle Matter Time Difference to
Number Angle Reduction Time Reduce Particle Matter
1 . 0° 6 min (360 s)
lied
2 Unapplie 90° 5min 20 s (320 s) 40s
3 . 0° 5 min (300 s)
Applied
4 pplie 90° 3min 20 s (200 ) 100

Table 9. Particulate matter reduction with or without a windcatcher louver.

Windcatcher Experiment Wind Incidence Particle Matter Time Difference to
Louver Number Angle Reduction Time Reduce Particle Matter
unapplied Expt. 2 90° 5 min 20 s (320 s) 2 min (12
applied Expt. 4 90° 3min 20's (200 s) min (120)

Windcatcher unapplied Windcatcher applied

1200 1200

1000 1000

~ 1000 % ~ 1000 w
£ £
= . >
S 800 Reduce time £ zo00
\5 Time 2min E Time
b 5min 20sec £ 3min 20sec
@ 600 ® 600
= =
2z L
T 400 o 400
= =
£ £
a a

200 200

0 0
0 7 V. ] 0 i s

Figure 20. Comparison of the ventilation performance for different configurations of windcatcher louver.
6. Conclusions

In this study a CFD simulation and mock-up test were conducted on a Clark Y airfoil-type
windcatcher louver that was designed to improve the natural ventilation of buildings. The results of
the study can be summarized as follows:

(@ In the CFD simulation, when a separate vertical louver is installed outside the
window, eddy currents were generated and adversely affected the airflow into the room.
Therefore, the installation of additional vertical louvers other than the horizontal louvers of the
Clark Y airfoil has an adverse effect on improving the airflow speed.

(b) In the CFD simulation, the area covered by the sub-atmospheric formation on the top of the
louver and the maximum wind speed increased as the angle of attack increased from 0, 1, 2, 4,
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and 8°. Maximum wind speeds of 4.8 m/s and 5.7 m/s were measured at angles of 0° and 8°,
respectively, which was identical to the results of a previous study [11] in which the maximum
wind speed was achieved at an angle of 8°.

(c) In the mock-up test, the natural ventilation performance was evaluated with and without
a windcatcher louver for various wind incidence angles. The times required to reduce the
concentration of fine particles for wind incidence angles of 0° and 90° and no louver differed by
40 s, while the times required for the same incidence angles when a windcatcher was present
differed by 1 min 40 s. Based on these results, the effect of the incidence angle of the wind
was found to be greater when a windcatcher was installed, which suggests that a windcatcher
can improve the natural ventilation performance in a building. Improved natural ventilation
efficiency in buildings can reduce electricity consumption [5]. Therefore, utilizing a windcatcher
is considered to help save building energy.

(d) The time required to reduce the concentration of fine particles without and with a windcatcher
for a wind incidence angle of 90° were 5 min 20 s (320 s) and 3 min 20 s (200 s), respectively,
exhibiting a difference of 120 s. In other words, the time required for the concentration of fine
particles to be reduced was 37.5% shorter when the windcatcher was installed.

The results of this study demonstrate that the Clark Y airfoil-type windcatcher louver is a practical
solution for improving the performance of natural ventilation systems in buildings. This saves electrical
energy consumption corresponding to mechanical ventilation utilized in buildings. According to a
study conducted by Park et al. (2020), if the natural ventilation efficiency is increased, the consumption
of building energy can be reduced by approximately 30%. Therefore, the present ventilation system is
considered to not only improve indoor air quality, but also reduce the ventilation consumption energy
of the building.

However, this experiment was applied to mock-up to see a fragmentary aspect. Therefore, for a
more accurate analysis, it is determined that an experiment that responds to changes in wind speed
according to altitude by applying it to an actual building is necessary.

In the future, the durability, long-term annual energy analysis, economic feasibility,
and applicability of the proposed windcatcher will be investigated in detail and the concept will be
extended to other types of buildings.
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