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Abstract

This paper investigates the effect of ventilator geometry on wind patterns within a model building.
Computer based simulations were conducted with fixed parameters such as temperature, pressure, and
room size. The ventilator position was varied, and the resulting wind speeds and wind patterns were
measured for two inlet scenarios: inlet from window and inlet from the ventilator. These findings suggest
that the optimal ventilator position depends on the desired airflow direction and the inlet location. When
maximizing wind speed is the primary goal and air enters through the window, positioning the ventilator
directly in line with the window is recommended. However, when the inlet is the ventilator itself, the
position has less impact on wind speed, and other factors such as noise reduction or aesthetics may
become more important considerations. Key findings from the simulations have been reported in this
paper. Future research could explore the influence of additional factors such as building layout, and
external wind conditions on airflow patterns within buildings.
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1. Introduction

Wind energy has a lot of potential in today’s “energy hungry” living. Certain geometries allow for wind speed
amplification because of the built-in “Venturi Effect”. This study explores the effects of ventilator geometry and
ventilator position on the wind speed and wind patterns in a model structure.

2. Literature Review

Wind Energy at COP28: COP28 offers a chance for climate leaders to enhance ambition and implementation for a more
climate-resilient world. GWEC at COP28 was determined to triple the global renewable energy capacity by 2030 for
a 1.5°C pathway, targeting 3-4 times increase in annual wind energy installations by the end of the decade. They aimed
for wind to generate one-fifth of global electricity by 2030 and one-third by 2050.

The energy and industrial sectors, responsible for 58% of 2019's net emissions, require a decisive shift. A global 2030
target signals the urgency for unprecedented renewables deployment to limit global warming to 1.5°C. Scaling up
utility-scale wind energy offers economic benefits and supports climate goals. To achieve this by 2030, governments
should commit to concrete plans reflected in updated NDCs by 2023, collaborate to accelerate permitting schemes,
and develop grid action plans. Grid systems must be upgraded for efficient integration of renewable energy, and supply
chains need government-supported reviews for sustainability.

Despite wind and solar being cost-effective, market challenges hinder the industry. Evolving market and policy
frameworks, integrating long-term price signals, and incentivizing high-CAPEX investments are essential. The wind
industry's expansion should align with national environmental and biodiversity strategies. Collaboration between
governments, industry, and civil society is crucial for permitting schemes and unlocking private sector input for a
successful global energy transition.

3. Methods

A Tmx5mx5m room was selected as a model building for study. A ventilator, of size 0.7mx1m, was placed on the top,
and its position was varied to study the resulting wind speed and wind patterns. The size of the window is 2mx3m.This
is shown in Figure 1 below. Two situations were considered: inlet from the ventilator, and inlet from the window.
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Figure 1. Model structure used to simulate the resulting wind patterns
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4. Data Collection

The structure is modeled using SOLIDWORKS, and extensive simulations of the wind patterns have been performed
using FloXpress. The effect on wind speed because of changing selected parameters of the structure have been studied.
Selected cases of interest have been reported under the Results section.

5. Results and Discussion
Wind Patterns are presented in Figure 2.
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Figure 1. 1m from left wall

5.1. Discussion

In the above analysis, when the ventilator is positioned 1m from the left wall and a window is placed at the center of
the right wall as shown in Figure 2, As indicated in the table above, the window has a cross section area of 3m*3m,
while the ventilator has a cross section area of 0.7m*1m. By maintaining a lower pressure at the ventilator end
compared to the window opening, we observed certain findings, which are detailed in Table 1. Specifically, the wind
speed at the centroid of the ventilator opening increased from zero to 34.507 m/s when air was allowed to circulate
into the room through the window and exit through the ventilator. Undoubtedly, the rapid velocity at that location can
be attributed to the venturi effect, as the opening of the venturi has a smaller cross-sectional area compared to the
window. As observed in the above scenario, the density of air layers is significantly lower near the window opening
and even lower near the left wall. This is because the air has more time and space to expand in that area. On the other
hand, at the ventilator, the air density increases as it moves upwards. However, the air speed reaches its maximum
when it tries to escape from the room through the ventilator opening, where the cross section is the smallest. It is
interesting to observe the movement of air layers within a room. The upper layers, located near the ceiling and closer
to the ventilator, have a higher likelihood of maintaining a straight path. This is due to the support they receive from
the ceiling and the lower layers. As a result, these upper layers tend to enter the ventilator more quickly and
consistently. The air layers on the right side of the window are confined by the right wall and the layers on their left,
causing them to follow a straight path and enter the ventilator sooner. However, the layers located on the lower side
and opposite to the ventilator opening near the left wall or on the left side of the window tend to deviate from a straight
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path and circulate within the room due to their support on only one side. Due to this, these layers require additional
time to reach the ventilator opening. It is worth noting that when the ventilator is positioned near a window, specifically
Im from the left wall, the speed should be increased. However, it has been observed that the gap between the ventilator
and the left wall allows for additional circulation of air. As the air collides with the wall, it then moves upwards,
resulting in a decrease in the overall air density within the ventilator. The different layers do not enter the ventilator
simultaneously, causing the air density to not reach its maximum level. As a result, the overall speed at the outer
opening of the ventilator is limited to a velocity of 34.507 m/s.
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Figure 2. 2m from left wall

As discussed earlier, the speed of air is influenced by the path it takes and the support it receives from surrounding
layers, such as room walls or other layers. In this scenario, it is evident that the distance between the ventilator and
the left wall, opposite to the window wall, is greater compared to the previous case. This allows for more opportunities
for the air layers to expand and deviate from a straight path into the ventilator. However, the most crucial factor in
this situation is the proximity of the ventilator to the inlet window, as shown in Figure 3. This directly affects the air
density in the ventilator, as the time it takes to enter or the path distance is reduced. This plays a significant role in
enhancing the speed of the air. Similar to a previous occurrence in casel, the layers on the left side of the window lack
support on the left, causing them to take a longer route to reach the ventilator opening. This results in a decrease in air
density in the ventilator. This results in a significant waste of time, as well as the added inconvenience of traveling
long distances through thin air layers, which decreases air density and reduces speed to 35.288 m/s instead of reaching
its maximum potential.

e CASE C (Figure 4)
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Figure 4. 3m from left wall

When the distance between the left wall and ventilator was increased to 3m, which is higher than in previous cases, it
was expected that the speed would increase as the distance between the window and the ventilator decreased. However,
it was surprising to observe that the speed at the outer opening, which previously depended solely on the air density
in the ventilator, appeared to be influenced by another factor. This crucial element is the entering air that moves
directly into the room or attempts to do so with some initial speed. In the analysis, this speed is assumed to be zero,
although in reality it is not zero, but rather considered to be zero relative to the velocity at the outer opening of the
ventilator. This optimal velocity aims to remove the surrounding air layers from the opening of the ventilator. As a
result, there is increased time consumption and a longer route for most layers to enter the ventilator, leading to greater
air expansion. Consequently, the overall speed is reduced to 34.696 m/s.

5.1.1 SWAPPING

Previously, the window was used for incoming air and the ventilator served as an outlet. However, at the moment, the
inlet is sourced from the ventilator while the window serves as the exhaust. The remaining pressure conditions were
also reversed, resulting in a lower pressure at the window compared to the ventilator. An analysis is conducted on the
air pattern and wind speed at nine different positions in the past.
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Figure 53. 1m from left wall

Upon the introduction of air through the upper opening, noticeable fluctuations in speed were observed, accompanied
by the formation of an air pattern within the room. Upon entering the ventilator, the air speed was at its highest,
reaching 36.982 m/s. Throughout the process, there were fluctuations in speed, indicated by color-coded variations of
red, yellow, and green. The overall speed ranged from 36.982 m/s to 22.189 m/s. These variations are considered
normal due to the natural variations in air density within the ventilator. It's fascinating to observe the pattern that
emerges when the air is released from the ventilator and enters the room. The air in the room expanded throughout the
space after being struck. The air, having circulated throughout the entire room, attempted to exit through the designated
exhaust, which in this scenario happens to be a window. As shown in the Figure 5 mentioned earlier, the air loses its
velocity almost completely after hitting the floor but continues to circulate throughout the room. This type of geometry
is applicable in situations where the velocity of air is not a significant factor, but rather the resulting circulating pattern
it generates. Additionally, there is a lack of air concentration only at the lower right corner.
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Figure 6. 2m from left wall

When the ventilator is placed 2m away from the left wall (Figure 6), the air pattern becomes somewhat similar to the
previous one. However, the air escapes from the room earlier, resulting in a lower air concentration in the room. After
the collision with the floor, a significant portion of the air quickly exits the room, while a small amount remains for a
short period of time. The remaining air maintains a speed of 11.522 m/s. The rapid airflow prevents the air from
lingering, resulting in a decrease in overall room concentration. Additionally, since the ventilator is located on one
side of the room, there are no obstacles from any central air layers, allowing the air to freely exit through the window.
There is a small section on the left that is attempting to remain in place temporarily.
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Figure 7. 3m from left wall

In this scenario, when the ventilator is shifted 1m forward from its previous position, there is a slight increase in air
concentration on the left side of the ventilator. However, this only occurs in areas where there is a hindrance of air
layers descending rapidly. However, all the layers quickly begin to shift towards the window. As a result, the airflow
was unable to reach the corners of the room, as shown in the diagram above Figure 7. The extent of air expansion was
quite restricted. The high speed of air, measuring 38.378 m/s, significantly contributed to the earlier escape of air from
the room through the window. In general, the air concentration in the room was quite low. However, it is important to
focus on the impact of the high-speed air as it descends and interacts with the floor. However, this small concentration
is inadequate to cover an entire room.
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5.2. Data Analysis

Table 1. Summary of Results

Effect of Chimney position on the wind speed (inlet from Window)

FIXED PARAMATERS:
Temperature: Inlet Outlet  (From | Room Window | Chimney | Vent Vent Position
(From Chimney) Size Size Size Size
Window) | Pressure:
Pressure:
293.20K 101325 Pa | 100325 Pa 7m x 5m | 3m*3m | 0.7m*Im | 0.3m*Im | 0.5 m from
X Sm TOP
OBSERVED PARAMETERS:
Chimney | Extreme | Im from | 2m 3m Extreme | Middle | Extreme | Center Extreme
Position | LEFT LEFT from from RIGHT | of the | LEFT on | on RIGHT on
> on WALL LEFT | LEFT |onLEFT | ROOM | RIGHT | RIGHT | RIGHT WALL
LEFT WALL | WALL | WALL WALL WALL
WALL
Max 36.06 34.507 35.288 | 34.696 | 38.071 34.343 | 34.602 33.637 33.977
Wind
Speed
(m/sec)
Effect of Chimney position on the wind speed (inlet from Ventilator)
FIXED PARAMATERS:
Temperature: Inlet Outlet  (From | Room Window | Chimney | Vent Vent Position
(From Chimney) Size Size Size Size
Window) | Pressure:
Pressure:
293.20K 101325 100325 Pa 7m x 5m | 3m*3m | 0.7m*Im | 0.3m*Im | 0.5 m from
Pa X Sm TOP
OBSERVED PARAMETERS:
Chimney | Extreme | Im from | 2m 3m Extreme | Middle | Extreme | Center Extreme
Position | LEFT LEFT from from RIGHT | of the | LEFT on | on RIGHT on
-—> on WALL LEFT | LEFT |onLEFT | ROOM | RIGHT | RIGHT | RIGHT WALL
LEFT WALL | WALL | WALL WALL WALL
WALL
Max 38.815 | 36.982 38.407 | 38.378 | 38.699 38.01 38.202 38.272 38.151
Wind
Speed
(m/sec)

6. Conclusion
Table 1 summarize the findings. We can note that when the air inlet is from the ventilator, and the exit is from the
window, with a pressure difference of 1KPa between the two ends, we get a maximum speed of 38.82 m/sec. The
ventilator is positioned at the extreme left side of the left wall of the room, opposite to the window.
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