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ABSTRACT

Natural ventilation methods are far more efficient than the counter modern artificial methods and also it needs
no energy for the ventilation. In this proposed system, angle of air flow at the entry is changed and it results in
Air change per Hour (ACH) and the age of air changes. In accordance with the earlier studies, it has been
concluded that there is a significant impact due to geometrical configuration in the wind catcher. Density of
the air also supports this ventilation method, as cold air settles down due to high density and the hot air
escapes through the top of the opening due to its lighter density. During this work, wind catcher’s
openings is altered in several angles for the improvement in the distribution of air. The evaluation is based on
i) Downward air flow due to wind entry ii) Upward air flow due to temperature gradient. Geometry of the
testing room is 3.3m X3.3mX3.3m. The CFD results are validated based on upward air flow due to
temperature gradient using the simulation software ANSYS. In the inlet openings, aperture angles such as
30degree, 45degree, 60degree and 75degree are tested. Results are approached analytically and to support

analytical result simulation results are compared for better air velocity and uniform distribution.

Keywords: Ventilation; Window capture; Computational fluid dynamics; Less energy consumption.

1. INTRODUCTION

Indoor Air Quality (IAQ) is very essential for the
comfort of human living particularly in high dense
residential building. Ventilation is the process of
introducing ambient air into the desired space
deliberately to ensure a healthy and pleasant
indoor conditions. In ancient days, buildings use
passive or natural ventilation methods which was
sufficient for air circulation, but the modern air
tight houses require better air circulation
methodologies, thus there is a great demand of
inventing new technologies to drive the air
mechanically.

Study made on wind catcher at different
temperature shows that performance change due
to wind catcher design imparts a major impact by
Zhaleh. (2015). Building location according to
geographical morphology determines the natural
air flow potential and it is evident by the study
Yunlong (2017). Ventilator Design is a critical
parameter to increase air flow velocity and
uniform air circulation inside the building as
stated in the research paper by E.Hamzanlui
(2011). An Outlet openings size and position is
significantly increasing the air flow of cross-

ventilation using wind catchers integrated into a
single-zone isolated building in a neutral
atmospheric boundary layer by Montazeri (2018).
The four-sided wind catcher design has been
instigated to catch wind from all directions
without any rotating parts and providing
continuous air flow inside the wind tower. Hence
the wind catcher obtains better flow dynamics at
the exit section of the wind catcher by Ali
(2017).

The effect of wind flow direction was analyzed by
varying with window opening angle from -67.5° to
67.5° with respect to the windward and it includes
the fluctuation of wind direction. In addition the
geometry and size of wind catchers were
investigated and the rate of air flow is
significantly increased by varying with wind
catcher’s cross sectional area by Aryam (2015).
Srinivasan (2017) studied and analysed about the
missile with grid fins and the effect on flow drag
using ANSYS. Godwin (2017) and Lakshmanan
(2017) investigated about the optimum parameters
for obtaining the best performance using alternate
fuels of IC engines working under the current
cooling system using Nanofluids.
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2. PROBLEM IDENTIFICATION

On a layman view, design of ventilation system
may look a simple problem but it is complex due to
the inherent, intricate behavior of fluid flow and
turbulence. An opening in a room should have the
following, water resistance, noise resistance, safe
glazing, emergency egress Proper ventilation,
Structural load resistance, solar heat resistance,
security and economy.

When the size of the inlets and outlets are large and
their positions are improper they form unsecured
scenario, aids more noise, more light entering from
outside to room, leads to temperature imbalances
and on the other hand if the size are small they
provide improper ventilation and less emergency
exits.

More over the design of windows depends on
building location and orientation, wind velocity
and wind orientation, available wind disturbances
in the near vicinity of home, indoor partitions and
lay out, building dimensions and urban planning
conditions.

3. GEOMETRY ANALYSIS

3.1 Structure

Wind catchers have varied designs and they are
distinguished based on its purpose to serve and
sometimes its purpose is compromised due to
aesthetic reasons. In this method alignment of
window is inclined along its vertical axis which
is uncommon in conventional types. Also due to
wind flow direction based on seismic report
perpendicularity along horizontal wall is tilted
against the flow of air and it is tested for
common angles. Since studies show that
convergent opening is much more efficient than
regular parallel geometry convergent structure is
used on the entry.
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Fig. 1. Position of outlet at the top of the building

For the outlet standard placement is used since
it has proved efficiency. This method focus
more on drawing outside air and it is not
possible if there is non-contiguous flow of air
without obstacles. And if obstacles reduce the
air velocity, accumulation heat inside may
increase due to increased time of contact which
result in air stagnation. Also geometry of tunnel
along its sides is assumed to be symmetry
during analysis. Also proposed position is shown
in Fig.1.
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3.2 Property Values

Pressure Coefficient Cp on all of the external
surfaces of the building, determined by:

C p= (P-P0)/(0.5 pV?)
Where

Po is the static pressure, P is the Density, V is the
free stream velocity.

The turbulent kinetic energy profile (k) and
turbulent dissipation rate profile (¢) are calculated
using the equation

U (Z) = U"as/k In [(Z+Z0)/Zo]
k[Z] =U"aBL% \.‘rlf-'_I.L

Zig
Where z is the height coordinate (m), zo the
aerodynamic roughness length (m), & the von
Karman constant (0.42), U*apL the atmospheric

boundary layer friction velocity (m/s) and Cu is a
constant (0.09).

3.3 Analytical Approach

U*aBL Yk (Z + Zo)

Air distribution inside the room is calculated using
the mass flow equation and its properties such as
density pressure are calculated using continuity and
momentum equation.

1) Continuity equation: divU =0,

2) Momentum equation (Navier-Stokes equation):
dU/dt = g-((1/p) grad p)+ div(2VE),

3) Mass balance of an element using the equation:

(pp —pt /6t) Vp + (pu) hxf Ax —(pu)lxf Ax =0

Conventional structural performance is calculated
using the above equations and they are compared
with contour changes in the wind catcher as
proposed above.

34 Solver Methodology And Boundary
Conditions

The solver methodology for this optimization study
is set as steady flow, incompressible ideal gas with
domain inlet velocity is assumed to be of 1.2 m/s
and 5% turbulence intensity is applied at the
domain inlet. Zero static pressure is imposed at the
domain outlet and walls are assumed to be adiabatic
walls.

4., SIMULATIONRESULTS

The proposed model is made with three convergent
inclined openings at equal height with same
opening areas. Wind catcher’s inlet velocities were
analyzed and were found to be as 1.66 m/s, and the
uniform air flow is attained by changing the
aperture angles in the inlet of wind catcher. By
changing the angles of the air catcher’s inlet,
pressure and the velocity of the air changes in the
room as shown in Figs 2 and 3.
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4.1 Case (i)
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Fig. 2(a) Velocity distribution at Sfeet
Middle of the room
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Fig. 2(b) Velocity distribution at 3feet from the
front wall

Fig. 2(c) Velocity distribution at 3feet from
therear wall
Fig. 2.Wind Capture angleis 75°

4.2 Case (i)

Fig. 3(a) Vdocity distribution at 5feet
Middle of theroom
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Fig. 3(b) velocity distribution at 3feet from the
front wall
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Fig. 3(c) Velocity distribution at 3feet from the
rear wall
Fig. 3.wWind Capture angleis 60°
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5. CONCLUSION

In this work, a new design is made for the
ventilation of the building’s interiors by changing
the wind catcher’s angle. The proposed model is
suitable for the four-sided wind catcher and it
improves uniform distribution of air. Moreover, the
proposed model has the advantage that it does not
contain any rotating parts and it is simply a static
design at the interior of the wind catcher. The
internal geometry of the proposed wind catcher
aperture is based on the dynamics and the
characteristics of the incoming wind at the inlet
section. Consequently, the desired conditions of
velocity and pressure can be obtained.
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