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ABSTRACT

With increase in energy requirement, the researchers are looking for energy efficient passive
ventilation techniques. The current design concept is based on environment sustainability and
use of renewable energy sources is preferred over conventional energy sources. The current
research investigates the wind catcher design with cooling pads using techniques of
Computational Fluid Dynamics. The CAD model of wind catcher is designed using Creo
design software and CFD analysis is conducted using ANSYS CFX software. The CFD
analysis is directed at different air inlet velocities and SSG Reynolds stress turbulence model
under steady state thermal conditions for both side open design and singe side open designs.
The cooling pads have successfully reduced temperature up to 1.65 degrees for single side
opening and 2.86 degrees for double side opening design. Maximum air flow rate is achieved

with higher air inlet velocities for both design types.

Key words: Wind catcher; computational fluid dynamics; cooling pad; temperature;

ventilation.
INTRODUCTION

With more emphasis on construction of energy efficient buildings, the demand for utilization
of natural ventilation techniques has increased manifold. The natural ventilation technique
employs buoyancy and wind forces to generate air flow inside buildings. Adequate ventilation
facilitates proper breathing air, ventilation of contaminants and thermal conditioning (Shwehdi
et al., 2015). The effective air ventilation can be achieved with proper site environment and

building architecture. Besides these factors the sunlight, geographical location, prevailing
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wind speed also affects the efficiency of natural ventilation. The natural ventilation methods
use stack effect for driving air and is ecofriendly. Natural ventilation in buildings offers

following advantages.
- The running cost is much lower than mechanical air circulation systems.

- The maintenance requirement of natural ventilation system is much lower than that of
mechanical ventilation systems and has lower installation cost also. Natural ventilation incurs

nominal installation expenses and can operate without AC plant as shown in figure 1.

Figure 1 Natural Ventilation

Li and Mak (2007) has conducted experimental and numerical analysis of wind catcher under
different air velocities. The experimental and numerical results were in close agreements and
findings have shown that wind catcher efficiency was significantly affected by air velocity and
direction (i.e., the incident angle). Hughes and Ghani (2008) conducted analysis on passive
ventilation device known aswind vent using experimental and numerical techniques. The wind
vent had been very effective even at low external air speed and its viability is well proven for
urbanized regions. Montazeri and Azizian (2009) investigated the effect of number of openings
in wind catchers on its performance. The investigation was carried out using smoke
visualization, CFD and experimental techniques for 10nvs, 20nm/s and 25mv/s. The results have
shown decrease in efficiency with increased number of openings. The rectangular shaped wind
catcher has higher efficiency as compared to other shapes (Montazeri, 2011). Lakhdari, Krim,
and Borni (2019) conducted the research on wind generation system using PMSG. Simulink
simulation-based study shows effectiveness of the system. Asfour and Gadi (2006) has
investigated the effect of rood type on performance of natural ventilation of room using
Computational Fluid Dynamics technique. The findings have shown that best roof shape for
improving internal air distribution is of arched type. Alshayji and Ebrahim (2020) conducted
a numerical analysis on inclined rook using COMSOL software package to enhance the

ventilation through convection heat transfer. The results were tested with an experimental
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work & shows maximum 89% reduction in heat gain. Asfour and Gadi (2007) have conducted
investigation of wind catchers using techniques of Computational Fluid Dynamics and various
network models. The author emphasized the importance of CFD technique in determining fluid
flow characteristics of wind catcher at normal and oblique wind conditions. The findings have
shown that CFD results of natural ventilation are in close agreements with analytical results.
Zile (2019) performed the study based on solar and wind-based hybrid plant. The concept and
thus results, provide an impressive support in selecting the location thorough the world.
Elmualim (2006) conducted CFD simulation on wind catchers with square plan and circular
plan. The sharp edges of square resulted in increased flow separation which helped to achieve
higher ventilation and is therefore more efficient. Elmualim and Awbi (2002) has conducted
CFD and experimental testing of wind catchers having square type section and circular type
section. The testing was conducted to determine air flow characteristics and findings have
shown that the performance was largely dependent on wind flow direction and magnitude.
Bahadori, Mazidi, and Dehghani (2008) conducted experimental testing of wind catcher
(scaled model) to determine wind pressure coefficients at different openings. Different wind
angles are considered for open country and suburban location. The wind pressure coefficients
are used to determine air flow rate. The findings have shown that air flow rates can be
significantly affected by restricting air leaving through apertures. Bouchahm, Bourbia, and
Belhamri (2011) conducted experimental testing to determine the effect of external climatic
conditions on air flow characteristics of wind catcher. The effect on internal air humidity and
temperature is thoroughly studied and comparison is made from respective values in outdoor
conditions. Zhang etal. (2019) investigated the thermal plume based VRF System for an office
building using CFD simulation. Results shows that inlet temperature can be compacted by
22% which provides a guidance to the optimization design layout. The main objective of this
study is to investigate the application of cooling pad in wind catchers using CFD. The software
used for CAD modelling is done using Creo design software and CFD simulation is conducted
using ANSYS CFX (Agarwal and Mthembu, 2020). CFD analysis using ANSYS software on
double sided opening wind catcher at different velocities to study temperature plot, velocity

plot, pressure plot.
METHODOLOGY

The first step in methodology involves CAD modeling which is developed in Creo design

package with dimensions as shown in figure 2.
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Figure 2 Interpretation of wind catcher (Ahmed Kabir, Kanagalingam, and Safiyullah, 2017)

The schematic of windcatcher is shown in figure 2 shows length, width and height of wind

catcher placed inside wind tunnel. The CAD model is developed as per schematic is shown in

fig 3 (a). The model using Creo design software is imported in ANSYS as shown in fig. 3 (b)

(a)
Figure 3 wind catcher CAD model (a) and Imported CAD model (b)
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The model is further tested for symmetrical errors and clean-up operations are executed for

reducing hard edges, surfaces, and point detection (Agarwal and Mthembu, 2020). The CAD

model is meshed with tetrahedral elements (Agarwal, Molwane, and Pitso, 2020). The element

sizing is set to fine, size function set to curvature and relevance to 0. Inflation also set to zero

and transition to smooth. The total number of elements generated is 61513 and total quantity

of nodes generated is 14845 shown in figure 4.
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Figure 4 Meshed CAD model of wind catcher

In this stage the domains are defined which is fluid and solid both. The inner domain will be
fluid through which air is flowing and outer will be solid which represents wall. For fluid
domain the reference pressure is set to latm and material is taken as air ideal gas. The
turbulence model for analysis is selected SSG Reynolds stress turbulence model as it certainly
includes the effects of streamline curvature, sudden changes in the strain rate, secondary flows
or buoyancy compared to turbulence models using the eddy-viscosity approximation (Pawar,
Mujumdar and Thorat, 2012). The Reynolds averaged momentum equations for the mean
velocity are (Lee, Lee, and Kim, 2017)-

L+ (o)~ W T+ | |-~ 5~ o) s,

(1)
Here revised pressure is the sum of body forces and the fluctuating Reynolds stress
contribution. Loads and boundary conditions are shown in figure 5. Unlike eddy viscosity
models, the modified pressure has no turbulence contribution and is related to the static
(thermodynamic) pressure by:
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Figure 5 Loads and boundary conditions of wind catcher
RESULT AND DISCUSSION

Preliminary CFD evaluation is conducted keeping both sides open to study the effect of air
flow characteristics. The analysis is conducted under isothermal conditions. Further analysis
is conducted using wet clay conduit to reduce temperature. The velocity contour plotted as
shown in fig.6 (a) shows higher velocities near wall partition with magnitude of 16.5 m/sec
which reduces and again increases. The design shows considerable good flow of air in room.
The pressure contour plotted as shown in fig.6 (b) shows higher pressure near wall inlet and

reduces on moving towards exit of the room.

(@) (b)

Figure 6 With both sides open velocity contour (a) and pressure contour (b).

The pressure in vertical stack is higher as compared to rest of room. CFD analysis is
conducted with single opening through window without cooling pads. The results of analysis

are shown infig. 7(a) and fig.7 (b).
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Figure 7 With both sides open velocity contour (a) and pressure contour (b).

The velocity contour in fig.7 (a) shows higher velocities near wall partition with magnitude
of 14 m/sec which reduces and again increases. The pressure contour plotted in fig.7 (b)
shows almost constant pressure in room and high pressure near air inlet. The pressure is 110
Pa across room. Further CFD analysis is conducted using cooling pads (3 no’s) with 1.1 m/sec
inlet velocity as shown in fig. 8 (a).

Considerable reduction in temperature is observed with the use of cooling pads. The
temperature near inlet is 300K as defined and temperature air after passing through cooling
pads reduces to nearly 299.6K with more uniform temperature distribution. The pressure plot
isshown in fig. 8 (b). The pressure plot shows higher pressure near inlet and constant pressure

in room with air opening from side of tower.

(@) (b)

Figure 8 With single sides open temperature contour (a) and pressure contour (b).
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The velocity plot is shown in figure 9 shows higher magnitude of air velocity on inlet and
outlet of tower and reduced velocity in room with magnitude of average velocity of 1.97
m/sec.
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Figure 9 Velocity contour with single sides open

The ventilation performance of wind-catchers is usually projected by establishing the
pressure coefficients.

Determination of Air Flow rate
The pressure coefficient describes the ratio of the local surface pressure and the dynamic
pressure and defined as follows:

Co=dP/(pv?/2) 3)

Where- C, = pressure coefficient, dp = pressure difference (N); p = fluid density (kg/m?)

v = flow velocity (nVs); dh = head (m).

Due to comparation concerning the passing flow through an orifice ina pipe and the airflow
through the opening of a wind-catcher, the orifice equation is widely used to calculate the

airflow rate (m3/s) in designing of natural aeration systems.

Q= A Ve Cq (Cp) * (4)
Where, A is the area of opening (m?) = 3.6m?, Vi is the free stream velocity (m/s), ACy is
the pressure coefficient difference across the inlet and outlet openings and Cq the discharge
coefficient that describes the flow resistance of the opening. The discharge coefficients given

in the literature are in the range of 0.6-0.65 for sharp-edged openings as shown in table 1.
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Table 1 Ventilation rate for both side opening

Inlet Vag(M/s) Avg Pressure Pressure Q
Velocity Temp (K) Diff (Pa) Coefficient | (Air Flow
(m/s) Co Rate) m*/s
A A1 297.15 A5 24.48 1.17
25 31 299.33 1.01 17.41 2.79
.55 .69 299.48 5.27 18.17 6.35
11 1.49 299.18 20.95 15.51 12.67

Air Flow rate with both sides open design is shown in figure 10. From fig. 10 (a) the average

room velocity increases with increase in air inlet velocity. The average velocity and

ventilation air flow rate is highest for 1.1 m/s air inlet speed as is evident from fig. 10 (b).
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Figure 10 With both sides open air flow rate (a) and average room temperature (b).

The average room temperature is lowest for air inlet velocity of .1m/s with magnitude of
297.15K as shown in figure 11.
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Figure 11 Average air velocity with both sides open design.
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Ventilation Rate for single side opening is shown in table 2.

Table 2 Ventilation rate for single side opening

Inlet Vag(M/s) Avg Pressure Pressure Q
Velocity(nvs) Temp(K) Diff. (Pa) Coefficient Cp

1 14 298.39 22 18.33 1.29
25 37 299.39 1.42 17.10 3.30
.55 .83 299.66 6.67 15.88 7.14
11 1.70 299.82 24.87 14.05 13.76

Figure 12 shows the values with single side opening (window). From fig. 12 (a) the average

room velocity increases with increase in air inlet velocity. The average room temperature is

lowest for air inlet velocity of .1m/s with magnitude of 298.39K as can be seen from fig.12
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Figure 12 for single side opening room average velocity (a) and average temperature (b)

The average velocity and ventilation air flow rate is highest for 1.1 nVs air inlet speed as is
evident from figure 13.
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Figure 13 Air flow rate for single side open
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CONCLUSION

CFD analysis is conducted on 2 different designs (2 sides opening and single side opening) of
wind catcher using ANSYS CFX software. The investigation is performed at different air inlet
velocities and different fluid flow variables are determined. The detailed conclusion are as
follows: The ventilation rate of single side opening (window opening) is found to be better
than both side opening design for all inlet velocities. The application of cooling pad has
reduced temperature of room up to 2.86 degrees for both side opening design. The application
of cooling pad has reduced temperature of room up to 1.65 degrees for single side opening
design. In terms of room cooling both side opening design is better as compared to single side
opening design. Ventilation rate increases with increase in air intake velocity for both designs.
The highest cooling of room is obtained at lowest air inlet velocity and for higher velocities
temperature difference is less than 1 degree Celsius. Ventilation rate increases with increase
in air inlet velocities for both designs of both side opening and single side opening. Average
room temperature is highest at .55nVs for both side opening and minimum at .1 nv/sec air inlet
velocity. Average room temperature is highest at 1.1m/s for single side opening and minimum
at.1 n/sec air inlet velocity.
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