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ABSTRACT

The aim of this study is to promote the natural cooling concept in the building
construction. Global warming and energy crisis all over the world is a major concerned
now days. By using natural resources to minimize conventional energy consumption,
ventilation of a building is an essential need for human being, conventional techniques,
like; fans air conditioners, Chillers, AHUs, Fan Coil Units etc. are used to condition the
space, but those equipments consumes much energy. By using traditional wind catcher to
minimize the power consumption. Traditional wind catchers are used in arid hot region in
Iran, Iraq, Qatar, and other Persian Gulf region and Egypt and other Northern African
coast. We use a shape to analyze wind velocity, pressure drop, and effect of heat transfer
on flow rate ANSYS Workbench as a tool. Study of wind passing through wind chimney
of different shapes to evaluate the heat transfer and mass flow rate of air via wind catcher
of the best possible figure. This study investigates the effect on natural ventilation of a
building by installing a vertical catcher at inlet and heated bend at outlet. The specific
objectives are grid independent study, insight of Turbulence model used, and effect of
temperature on flow rate. This work will help in the industry of building construction and
provide them a better solution for natural ventilation in a building. Building development

sector can construct their buildings environment friendly by using this type of methods.

Keywords: Wind Catcher, Velocity, Mass flow Rate, Solar Irradiance, Temperature
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1. INTRODUCTION

The most important sign of the phases of development of countries and partly standards
cohabitation shows the energy consumption. Reduction of natural assets, the increase in
global warming and the price of fossil fuels is an actual human anxiety. The most
important requirements in a building construction and design of the ventilation air and
light. The air flows through the structure of naturally or mechanically. Today because of
easy access to fossil fuels and electricity and technological development, as well as air
conditioning in the building will be through device by electrical and mechanical
activation. Grow with regard to environmental issues and energy crises in our global

world, natural aeration has been covered by many investigators and planners.

Solar chimney and air/wind receiver are devices that are used to provide by thermal
fluctuations as the driving forces of natural ventilation. Throughout history, a porch was
introduced as an architectural device that reaches the thermal relief in buildings. Apart
from the obvious kind in the Muslim and Arab architectural ideologies, buildings were
marked by a conceptual structure of work that develops an understanding of conscious
responses to environmental conditions, urban and social existence. In hot, dry region of
Pakistan as Southern Punjab, Sindh and Baluchistan Southwest in particular the form of
traditional buildings of the available energy were by the natural source marked, helps to
reduce the moisture and provide natural air circulation. Therefore it is important for
countries such as Pakistan, the energy crisis through to efficient resource ventilation

instead of mechanical devices or electrical concentrate conventional.

One way to make a building with relaxed inside environments, to detect the principles of
natural air circulation. This tends to lower power consumption and the discharge of
unsafe emissions in the surrounding space. Natural aeriation methods, innovative as wind
gripper arrangement have simplified the efficient use of natural aeration in a variety of

buildings to increase the speed of the air supply.

This construction extracted and supplies air to the buildings air circulation principles of
reflexive stack and wind tower each. It cools the occupants in the interior to increase

directly through the heat transfer by convection, radiation and evaporation of interior
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surfaces and indirectly to remove stored heat within the building structure. Wind
collector systems in various formations are different types and requirements, such as to
meet, for example, the incorporation of lightweight Suns chimneys and pipes for driving
the building chimney effect.

The effect of this work find focuses on the field of fluid mechanics, the main mass flow

rate and the heat transfer in terms.

1.1 OBJECTIVE:

To investigate the effect on natural ventilation of a building by installing a vertical
chimney at inlet and heated bend at outlet.
Following are the specific objectives:

» Grid independence study

 Insight of Turbulence model used.

« Effect of temperature on flow rate.



2. LITERATURE REVIEW

The perception of a solar chimney to induce wind catcher natural aeration has been
studied analytically in [1]. Aero structure fundamentals such as wind catchers were used
in Iran and countries bordering to it for natural aeration and reflexive chilling for
hundreds of years. The wind catcher is planned to capture the air at higher altitudes and
to straight to the living space warm air gradients and pressure. The air catcher comprises
of a vertical shaft, with a plurality of openings to aerate the catcher to the rooms to
connect. The effects of wind on the high tower cause the growth of positive pressure. As
the air circulating the structure flows occurring flow separation at the windward edge and
created a negative pressure on the leeward edge of the structure. There is a differential
pressure, between the tower and the inlet openings on the leeward side of the spaces.
Accordingly, the wind stream exits the tower entrance to the openings of the rooms, the
swept area of the space, and finally passes through the openings of the leeward side
room. Thus, the space is ventilated by means of the effect of wind towers.

Wind catcher generates an exciting system for incorporation into a building to provide a
large area of solar collector natural ventilation for the variable wind speed available.

The presentation of a vacant solar duct for heat recovery in naturally aerated buildings
was studied using CFD technology [2]. The conclusions are made that glazed solar
chimney to reduce condensation with risk factor and project down (low power) air, triple-
glazed solar chimney is the best solution to reduce condensation and the air thrown down.
Even through the heat pipes in solar chimney for heat recovery installation increasing
pressure drop, reduces the thermal fluctuation, reducing ventilation rates. And the stack
height can also significant for the best results.

Wind tunnel and smoke imagining test experimentally and applying analytical and CFD
modeling was performed to examine both sides of the output of a wind catcher. This type
of wind manifold is internally divided into 2 halves for the purpose of supply and exhaust
air. In [3]

Wind catcher as a natural aeration system will highly minimizes in modern buildings

non-renewable energy consumption and reduces harmful emissions. Height, cross section



of the ducts and also set the number of windows the main factors that influence the
aeration performance of a wind catcher. In [4], the experimental tests were carried out in
a wind tunnel subsonic open circuit. For these options, the air flow rate was measured
vented to the testing room at various angles of incidence of the air. Numerical solutions
were used for all of these configurations, in order to confirm the projected measuring
method and the results in the wind duct. The results show that the number of windows is
a significant reason in the presentation of the wind catcher systems.

The conclusions are that the induced air flow velocity increases with the increase of the
opening, front and back catcher Wind induced the highest level of indoor air in the wind
angle of zero degrees. In addition, the windscreen induced with a rectangular cross-
section side or front and rear more airflow than the wind collector circular cross section.

And pressure coefficient depends on the windscreen shape

Wind duct and smoke visualization test and CFD modeling were conducted to examine
the result of air flow control mechanism and a heat source in rooms Wind Catcher /
towers presentation [5]. To this end, a windscreen on a large scale was connected to a test
room and centrally placed open border in a wind tunnel. Pressure coefficient (CP), the
established around the hook wind and air flow to the test room. The wind collector
performance depends strongly on the wind speed and direction. Reduced the
incorporation of damping grid box, and the ceiling height eggs and regulates the flow of
air at an average pressure loss coefficient of 0.01. The Catcher Wind in the existence of
heat causes potentially lower indoor temperatures in accordance with the outside
temperature works.

Wind catcher / towers systems were used in buildings in the gulf for hundreds of years
and they are recognized by various names in various parts of the region. They were
conventionally wooden structure of strengthened masonry with windows at a height
above the roof of the building 2 to 20 m in the area. At higher wind towers catch the air at
higher speeds and with less dust. Its application in the hot, dry region of the gulf is
natural ventilation / passive cooling and comfort, therefore, thermal, in particular to
explore the night aeration strategy.

Concern about worldwide temperature increment has naturally led to a renaissance of

interest in aerated houses. Natural aeration is increasing in modern public houses to
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minimize non-renewable energy utilization. It is an actual amount to improve the quality
of internal air. [6]. the openings may in several cases be sufficient to cool the houses.
Although the use of a window opening for aeration of a room, seems to be very simple.
The amount of air flows through the openings will depend on various aspects, such as
size, type and location of the opening. Wind catchers are found to be an efficient way of
fresh air into the room. The work context was to improve the use of natural ventilation
systems in buildings.

The traditional architecture of different region of mid Asia and the gulf east is the product
of the country, the local weather and culture of the people. Human needs and the
environment represent the most important factors in their projects are taken into account.
The traditional and indigenous architecture of the region led many solutions and realistic
devices for local environmental problems such as the wind-catcher, which has become a
common feature of the architecture of buildings. The windscreen is based on a regional
Iranian construction device that was used to create natural aeration in buildings. In recent
decades there has been a growing consciousness of these regional conservational
institutions and their impending for probable future construction. However, traditional
architecture and the needs of people and the environment are considered for the latest
modern environmental problems facing many realistic solutions discussed in [7]. This
work shows the wind collectible value and gives an insight use of natural aeration
systems as a substitutive to modern inadequate cooling in hot climates. The aim is to
analyze the theoretical state of the wind catcher and to identify their specific function, its
use in the context of constructional practice, in the old age, present and forthcoming. It
can be concluded that this research of the significance of the catcher increase awareness
regional wind and helped extend opportunities to improve the performance and capability
of wind catchers. It will also bring new chances for the use of passive cooling system of
the old heritage in the world today. And the combination of technological knowledge and

progress traditional can develop a revolution in the field of architecture.

A new module was developed in Energy Plus program for the simulation and calculation
of energy implemented effects of thermal ducts. [8] Describes the basic principles,
conventions and applied in Energy program algorithms to predict the performance of

thermal ducts.



3. DESIGN MODEL AND GRID GENERATION

3.1 SINGLE ROOM WIND CATCHER WITH SOLAR DUCT:

In this study, the exemplary is used as a single room with solar chimney and wind
catcher. The overall analysis with one room is vague and  velocity, solar irradiance V/S
mass flow rate results were not clear so far.

Dctail_ "X _X"

Glazing

) Black

Wind wower absorber plate
Air gap
Bouom
insulation

Solar radiation
Ao //

/

~— Solar chimney

e
AR

4
R sl yairosa

B

&
| |

Figure 1: One schematic room was considered for initial case

In this thesis, Figure 1 is used as a design model, wind catcher inlet height is 2m, room
air inlet is 0.14m, room area is 4m x 4m and chimney outlet is 0.225m from Figure 1.
Initially, only one room was considered for the entire work but no significant results were
found and then Figure 12 was considered for significant results. It was the courtesy of
Bansal N.K., Mathur R., Bhandari [1]
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Figure 2: Schematic design of wind catcher system

This Figure 2 is designed in the gambit for initial results. The domain in x-direction is
20m wide, in y-direction 15m tall. Chimney inlet is 2m, room inlet is 0.14m. Solar

chimney outlet is 0.225m and room area is 4m x 4m.
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Figure 4 illustrates us the concept of tri meshes, the results of tri meshes are not so good

that is why we use quadrilateral meshes



Figure 5: Close view of tri mesh

In Figure 4 unstructured tri mesh are generated. Non cleared vague results, the closest

view of Figure 6
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Figure 7: Unstructured mesh in ANSYS work bench



Figure 8: Grids on edges

Qutline
R T
i Bt g
M etgesing2
B Etgesing3
i Bt sig4
B etge g5
- Edgesang
- Bt sig7
B Etge g
- Edgesang
i Etgesing 0
et sing 1t
- EeSing 2
- e sing B
-ﬂ.( Edge Siang 14
- EdeSing 15
0 Etge i 5
-ﬂ.( Edge Siang 17
L

Figure 9: Grids on interior surface

In above figures, Figure 5, Figure 6 and Figure 7 mesh are generated as unstructured
mesh with no. of elements being 15,050 initially, but results are vague, and in each

number of iteration contain reverse flow on many faces.
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Figure 8: Grids on entire domain

In Figure 8: Mesh was generated and with quad elements with no. of elements being
80000.
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Figure 9: Grids on interior surface

In Figure 9: Mesh was generated and with quad elements with no. of elements being
125390.
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Figure 10: Structured quadrilateral mesh

In Figure 8 Structured Mesh was generated with quad element with no. of elements being
152,585. In between 125,000 & 150,000 elements, results of the ANSYS Fluent were
getting same. So this was assumed that the independency of grid achieved

Figure 11: Structured mesh were generated near walls

Figure 10 is the microscopic view of Figure 8 fine structured quadrilateral mesh are

generated inside the room and the results generated from these mesh are precise
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3.2 THREE ROOMS WIND CATCHER WITH SOLAR CHIMNEYS:

In this case three rooms are designed for better results, using one inlet of wind catcher
with 2m wide opening; with each room inlet is 0.14m for air flow and each solar chimney

outlet is 0.225m wide, small exit is provided for greater air velocity.
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Figure 12: Schematic of wind tower solar-chimney system

Figure 10 is three room figure which is under consideration for the calculation of mass
flow rate against the inlet to the outlet velocity. It was the courtesy of Bansal N.K.,
Mathur R., Bhandari [1]
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2.500 F.500

Figure 13: Mesh generated design of 3 rooms with solar chimneys and wind catcher

Figure 11 is designed in the ANSYS workbench for analysis. Chimney inlet is 2m, room

inlet is 0.14m. Solar chimneys outlet is 0.225m and each room area is 4m x 4m.
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d

Figure 14: Structured Mesh was generated with quad element

In Figure 12, Structured Mesh was generated with quad element with no of elements
being 152,585.
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4. MATHEMATICAL MODEL

4.1 GOVERNING EQUATIONS:

Reynolds Averaged Navier Stokes Equation (RANS) also known as momentum equation
and Continuity Equation are the two basic governing equations regarding this thesis

work. The equations are mathematically represented as:

RANS Equation:

——tu—+v—+w—

(au Ju Ju 6u>
P\ ot ax "oy~ Vaz

_0p 0%u N 0%u N 0%u N .
~ T ax M\ a2 0y2 = 0z2 PGz 1
(617 N v N v N 617)
Plac " %ax " Yoy "V az
. 0p N 0%v N 0%v N 0%v N )
~ T oy TH\ox2 T oy2 T o2 ) T POy @
<6w N ow N ow N 6W>
P\t "% ax TV ay T W oz
. 0p N 0w N 0w N 0w N ]
~ T oz TH\Gxz T gy T gz ) TPz 3
Continuity Equation:
P+ ¥.(oU) =0 @)
ot \PY =

Where,

p = density of the mixture,
p = pressure,

g = gravitational acceleration and
(= fluid viscosity

U = velocity composed of velocity components
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4.2 PERSISTENT FLOW:

APy, = AP; (5)
Pw is the change of inlet and outlet pressure flows and P = pressure loss throughout the
system.
Pw is given by:
1 2 1 2
AR, == XpV} + > KiP, (6)
Ap
Vo= |2gh— (7)
p
Where,

X = pressure coefficient with respect to on blowing wind,
Ki=solar chimney coefficient,
o = outdoor wind velocity,

V. = velocity in solar chimney.

p = atmospheric air density,

pi = air density in solar chimney,

H = height.

Ap
Q = KA Zgh? (8)

B = inclination of solar chimney w.r.t horizontal. Equation (8) can be written as:

18



\/Zgh sinﬂ(g)
Q=5 (1+42)

Conservation of mass, or continuity equation:

ap+V V=_s
gr T PY =M

For 2D axisymmetric geometries, continuity equation:

9 vyt L v+ s
* 0x P or pyr o om
Conservation of momentum will be:

dp

at+(pV)+ Vip.v.v) = —=Vp+ V.(0)+ pg + F

Stress tensor t is given by
2
T= U [(V.V+ vvT) ~3 V.vl

Where,
u = molecular viscosity,
| = is the unit tensor,

The second term on the right hand side is the effect of volume dilation.
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4.3 BOUSSINESQ BUOYANCY MODEL.:

Natural-convection flows, faster convergence done with the Boussinesq model by setting
up the problem with fluid density as a function of temperature, In this model fluid density

is a constant value:

(P=p,)9 = pBT—=Tog (14)
Where,
po = air density
T, = ambient temperature,
f = coefficient of thermal expansion.

4.3.1 LIMITATONS OF THE BOUSSINESQ MODEL.:

If the temperature differences of the domain are large then Boussinesq model is not be
applicable. Species calculations like, combustion and reaction on fluid are not be

applicable in Boussinesq model.

ANSYS Work bench 14.0

4.4 THE REALIZABLE k-€ TURBULENCE MODEL:

The realizable k-€ model having a new origination for the turbulent viscosity. It satisfies
Reynolds stresses that is why it is known as realizable. It is realizable than k-w and
ordinary k-€. The realizable k-€ model precisely work on co-planner and circular model.

It accurately works under strong pressure gradients, separation and recirculation.

The modeled transport equations for k and € in the realizable k-€ model are:

a(k)+a(k)_a <+“t)ak+G+G +p€E +Yy+S, (15
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and,

2

k+ v e

a(E)+a(e)—6(+Mt>a€+C5 C
atp 6xjp uf_ax,.“aa Plioe — pL;

c .

€
+ ClEE C3cGy + Se (16)
]

Where,

k

n
C1 = max |:04‘3,m:|,n =S E,S = ZSUSU (17)

4.5 2"° ORDER UPWIND SCHEME:

The 2" order upwind scheme is usually referred as high resolution scheme, to increase
the order of accuracy from 1% order upwind scheme, we use 2™ order upwind scheme.
The upwind scheme is one of the most stable and simplest discretization schemes; it is

more dissipative according to the flow simulation.

Basically, it uses the values the of upstream to evaluate the property on the boundaries of
the grid and then use them to compute the value at the center of the cell it is the upstream
value, it takes into account the flow direction. The main difference between 1% order and
2" order is the no. of points, 1% order upwind uses one point to evaluate and 2" order

upwind uses two points to evaluate.
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5. RESULTS AND ANALYSIS

5.1 ASSUMPTIONS:

The results of the designed wind catchers are based on the assumptions given below:

» The system is at steady state.

» The air is frictionless at the entrance in the Solar Chimney to the outlet and
leakages.

« The roof insulator temperature is same as the ambient temperature.

» Boussinesq buoyancy model was kept on to account for change in density w.r.t
temperature

* The realizable k—¢ turbulence model was used

5.2 BOUNDARY CONDITIONS:

» The x and y components of velocity are 0 on the walls of the solar duct and the
absorber.

» The pressure at the outlet of the Solar Chimney is same as the atmospheric
pressure.

« The entrance velocity of flow in the x and in the y direction is zero for casel,
Velocity at inlet was increased sequentially for other cases.

» Pressures, temperatures and densities are at standard to the atmospheric
conditions

« Wall temperature was given to the plate of the collector

22



5.3 SINGLE ROOM ANALYSES:

The single room was considered for initial results and analysis whose descriptions are

given below:

Figure 15: vague results

Consequence vague results were obtained during the analysis of unstructured mesh, here
inlet velocity is 0 and solar chimney exit velocity in between 0.375 to 0.750, inside the
room the velocity of air was supposed to be 0. The maximum velocity is 3.75 m/s from
the above edge of the wind catcher to the domain, the dark red region is maximum

velocity of the domain.
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5.3.1 CASE 1 NATURAL CONVECTION:

542

Figure 16: Natural convection

The upstream velocity for natural convection was set as 0; the maximum velocity was

obtained near solar chimney, i.e. 0.19 m/s. An increment of 200% almost.

800 63.8
700 57.8
600 48.9
500 41.9

Table 1: Change in Temperature at different Solar Irradiance
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Solar Irradiance Vs Temp of plate
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Figure 17: Solar irradiance V/s Temperature of plate

Naturally ventilated solar chimney’s different solar collector plate temperatures were

calculated at different Solar Irradiance.
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Figure 18: Velocity Profile for Natural convection

In Figure 16, naturally ventilated solar chimney’s velocity magnitude graph along the

length of solar chimney.

26



Figure 19: Temperature at the Solar Plate

Maximum temperature occurred at the fluid near the solar collector plate
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Figure 20: Velocity V/s Solar Irradiance Chart

Percentage Variation of Maximum Velocity at the solar chimney outlet with respect to

solar irradiance.
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5.3.2 CASE 2 DOMAIN VELOCITY 1 m/s:
1: Contours of Velocity Magn v

10e1
6,831
4 56e01
228601
0.00e+00

Figure 21: Velocity Contours at 1 m/s with the no. of elements being 80,000 in the grids
Domain inlet velocity is set to be 1 m/s at the outlet the velocity is found in between 0.9

m/s to 1.6 m/s. Maximum velocity was found in the domain and is to be 4.55 m/s. above

velocity contours were received at 80,000 numbers of elements.

29



| U
1258400
999001
74901
49901
250e01
0.00e+00

Figure 22: Velocity Contours at 1 m/s with the no. of elements being 125490 in the grids
Domain inlet velocity is set to be 1 m/s at the outlet the velocity is found in between

1.8 m/s to 2.88 m/s. Maximum velocity was found in the domain and is to be 5.0 m/s.
above velocity contours were received at 125490 numbers of elements.
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Figure 23: Velocity Contours at 1 m/s with the no. of elements being 152585 in the grids

Domain inlet velocity is set to be 1 m/s at the outlet the velocity is found in between
1.8 m/s to 2.88 m/s. Maximum velocity was found in the domain and is to be 5.23 m/s.
above velocity contours were received at 152585 numbers of elements. It was assumed

that the results are getting same between 125,000 and 150,000 elements.
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12 12
Position (m)

Figure 24: Velocity magnitude profile vs solar chimney length at 1 m/s

At domain inlet velocity 1 m/s, solar chimney outlet flows augmented velocity, maximum

velocity increased by almost 70% at 800 watt/m?solar irradiance.
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5.3.3. CASE 3 DOMAIN VELOCITY 2 m/s:

12 12
Position (m)

Figure 25: Velocity magnitude profile vs solar chimney length 2 m/s

At domain inlet velocity 2 m/s, solar chimney outlet flows augmented velocity, maximum

velocity increased by almost 65% at 800 watt/m?solar irradiance.
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5.3.4 CASE 4 DOMAIN VELOCITY 3 m/s:

12 12
Position {m)

Figure 26: Velocity magnitude profile vs solar chimney length 3 m/s

At domain inlet velocity 3 m/s, solar chimney outlet flows augmented velocity, maximum

velocity increased by almost 53% at 800 watt/m?solar irradiance.
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5.3.5 CASE 5 DOMAIN VELOCITY 4 m/s:

12 12
P osition {m)

Figure 27: Velocity magnitude profile vs solar chimney length 4 m/s

At domain inlet velocity 4 m/s, solar chimney outlet flows augmented velocity, maximum

velocity increased by almost 25% at 800 watt/m?solar irradiance.

Figure 20, 21, 22 and 23 represents the velocity profile at the chimney outlet as shown in
Figure 17. It was observed that at 1, 2 & 3 m/s velocity at the inlet gives same velocity
profile at the chimney exit while when set the velocity at 4 m/s the velocity profile
curve’s behavior changed from the position 11.2 m to 11.3 m. Here 11.2 m to 11.3 m is

the inclined surface of the solar chimney.
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Figure 28: Inlet Velocity Vs % increase in velocity at the out let of the solar chimney

% Increase in Velocity with respect to Inlet Velocity. It can be concluded for the same

amount of solar radiation, the % increase in velocity decreases with the increase in inlet

velocity.
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Position (m)

Figure 29: Velocity Profile at Wind tower inlet

The wind velocity is calculated at the wind catcher inlet @ 1 m/s inlet velocity the
average wind velocity at the inlet being 0.6 m/s. almost the profiles of all the cases are

same that’s why only one profile is discussed in this slide.
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5.4 VELOCITY V/S MASS FLOW RATE:

Inlet Velocity m/s
Vs
016 ———————  Massflowrate Kgfs
0.14
w 0.12 —

S

9 /

o 01

B / —— Mass flow rate kg/s at
= 0.08 '

S / Solar chimney outlet

0.06 /
0.04
0.02 /

Inlet Velocity m/s

Figure 30: Inlet velocity V/s Mass Flow Rate

Mass flow rate increases as inlet velocity of the domain increases but not in a linear trend
at constant heat flux of 800 W/m?.
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5.5 VELOCITY V/S VOLUME FLOW RATE:

Volume Flow rate Cubic m/s at Solar Chimney

Outlet
, 0.12
E oos _~ —— Volume flow rate
§ 222 -~ -~ Cubic m/s at Solar
g T~ — chimney outlet
2 : 1 | 2 | 3 | 4 | 5 |

Inlet Velocity m/s

Figure 31: Inlet velocity V/s Volume Flow Rate

Volume flow rate increases as inlet velocity of the domain increases but not in a linear
trend at constant heat flux of 800 W/m?.

5.6 MASS FLOW RATE Vs SOLAR IRRADIANCE:

Mass Flow Rate (kg/s) At 800 W/m2
"""""" line-6  8.14455433

Hass Flow Rate (kg/s) At 700 W/mZ
"""""" line-6  8.13567415

Mass Flow Rate {kg/s) At 600 W/m?
"""""" line-6  0.13014872

Mass Flow Rate (kg/s) At 500 W/mz
"""""" line-6  8.12853411
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5.6.1 MASS FLOW RATE V/S SOLAR IRRADIANCE AT 1 m/s AT INLET:

Solar irradiance vs Mass Flow rate

» 0.15

~

00 0.145 /

2 0.14

£ 0.135 _~

2 ons o

w ) - ) )

v 0.125 irradiance vs
v 0.

g 0.12 ! ! —Mass Flow rate

500 600 700 800
Solar Irradiance Watt/m?

Figure 32: Solar Irradiance V/s mass flow rate at 1 m/s

Mass flow & Volume flow rate increases as Solar irradiance increases in a parabolic

manner.
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5.6.2 MASS FLOW RATE V/S SOLAR IRRADIANCE AT 2 m/s AT INLET:

Solar irradiance vs Mass Flow rate
0.25

(7]

~

¥ 02 _—

3 /

g 0.15 —Solar

£ 0.1 1rradiance vs
ﬁ 0.05 Mass Flow rate
E O [ [ [ |

500 600 700 800
Solar irradiance Watt/m?

Figure 33: Solar Irradiance V/s mass flow rate at 2 m/s

Mass flow & Volume flow rate increases as Solar irradiance increases in a parabolic

manner.
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5.6.3. MASS FLOW RATE V/S SOLAR IRRADIANCE AT 3 m/s AT INLET:

Solar irradiance vs Mass Flow rate

@ 0.4

g ST

E O 2 CAlgp

; [O WY N &

2 0.1 irradiance vs
= 0.

o Mass Flow rate
E O I I I ]

500 600 700 800
Solar irradiance Watt/m?2

Figure 34: Solar Irradiance V/s mass flow rate at 3 m/s

Mass flow & Volume flow rate increases as Solar irradiance increases in a parabolic

manner.
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5.6.4 MASS FLOW RATE V/S SOLAR IRRADIANCE AT 4 m/s AT INLET:

0.386

o
w
0
s

0.382
0.38
0.378

Mass Flow rate kg/s

Solar irradiance vs Mass Flow rate

o
/

Solarirradiance
vs Mass Flow

rate

500 600 700

800

Solar irradiance Watt/m?

Figure 35: Solar Irradiance V/s mass flow rate at 4 m/s

Mass flow & Volume flow rate increases as solar irradiance increases in a parabolic

manner.
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5.7 THREE ROOMS ANALYSES:

5.7.1 PRESSURE CONTOURS @ 1m/s:

Figure 36: Pressure Contours @ 1m/s

Pressure is maximum at vertical shaft of wind catcher and at the outlet of solar chimney
which value is 61.4 KPa. And inside the room the pressure is low and the room is
comfortable zone.

44



5.7.2 VELOCITY CONTOURS @ 1m/s:

Figure 37: Velocity Contours @ 1m/s

Velocity is maximum at the outlet of the solar chimney which is 6m/s approximately.
And inside the room the value of the velocity is ranges from 0 m/s to 3.08 m/s, inside the
room the velocity is maximum at the edges of the wall and 0 at the center.
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5.8 CONVERGENCE:

The solution converges at 230 iterations, the continuity is 9.9 x 10™ kg/s, x velocity is
3.46 x10™ m/s, y velocity 3.71 x 10™* m/s, energy is 1.91 x 10" KJ, the value of k is 1.60
x 10, and the value of epsilon is 1.503 x 10™.

File Mesh Define Solve Adapt Surface Display Report Parallel View Help

g-d-@0St@asqnim-0- /N e [CRATE

Vesing Run Calculation 1: Scaled ResiduallsS v

fesh Generaten Check Case... Preview Mesh Motion :éi{gﬁw

Solution Setup — Bnailfin

General Number of Iterations ~ Reporting Interval

Models |IDDD a] 0

Materials ad T

Phases Profile Update Interval

Cell Zone Conditions 1 a

Boundary Conditions =

DYI;BF;iC Me-sr; - Data File Quantities...

Reference Values

Solution Calaulste

Solution Methods

Solution Controls 0 % a0 7B 100 1% 180 178 200 28 A0

Monitors Help Iterations

Solution Iritiaization

Calrulation Activities

Sealed Residuals Anr12, 2016

Results ANSYS Fluent 15.0 (2d, dp, plns, ke)

Graphics and Animations

Plots 220 1.0696e-83 3.06689e-84 3.9819e-04 1.9319e-07 1.6930e-04 1.5888e-84 G:62:88 784 "

Reports iter continuity x-velocity y-velocity energy k epsilon timesiter
221 1.0683e-83 3.6624e-04 3.945he-04 1.7323e-07 1.753%e-04 1.6296e-84 B:91:42 779
222 1.0552e-83 3.6266e-84 3.9287e-04 1.3074e-07 1.7227e-04 1.6297e-84 G:81:22 778
223 1.0483e-83 3.6190e-84 3.8B34e-04 1.6551e-07 1.7611e-04 1.7840e-84 G:@1:85 777
224 1.0405¢-83 3.5886e-04 3.8663e-04 1.9500e-87 1.7088e-84 1.9583e-84 0:83:27 776
225 1.0331e-83 3.5799e-84 3.8218e-04 1.8811e-87 1.7217e-04 2.0033e-84 G:82:46 775
226 1.0248e-83 3.5517e-84 3.B045e-04 1.6672e-07 1.75L4e-04 2.0729e-84 6:82:12 774
227 1.0187e-83 3.5380e-B4 3.7632e-04 1.2822e-87 1.7453e-84 1.958%e-04 B:01:46 773
228 1.0110e-83 3.5074e-B4 3.7497e-04 1.65@1e-07 1.7025e-04 1.8800e-84 G:81:25 772
229 1.0059e-83 3.4965e-84 3.7173e-04 1.9828e-07 1.6762e-84 1.6223e-84 G:@1:08 771

¢t 230 solution is converged
230 9.9803e-04 3.4688e-64 3.7101e-04 1.9191e-07 1.6629e-84 1.5030e-04 B:00:54 770

Figure 38: Convergence

Convergence of each solution takes 250 numbers of iteration with convergence criteria
500 numbers.
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5.9 MASS FLOW RATE FROM 3 OUTLETS:

Mass flow rate from outlet 1

Mass flow rate from outlet 2

Mass flow rate from outlet 3

Net mass flow rate

0.74094489 Kg/s

0.54064276 Kg/s

0.54466039 Kg/s

1.826248 Kg/s

lve Adapt Surface Display Report Parallel View Help

B:Fluent Fluent@hussain [2d, dp, pbns, rke] [ANSYS CFD]

e[stEes[aim-O0-[m-o- [SRATE

1: Contours of Velodity Magn

Reports

Reports

Forces

Projected Areas - Unavailable
Surface Integrals

Volume Integrals

Discrete Phase:

Sample 3392400

Histogram 3.08e+00
Summary - Unavailable 277eH0

Heat Exchanger - Unavailable 2.46e+00
2.16e+00
1.85e+00
1.54e+00
1.23e+00
9 24e-01

Apri2, 2016
AMSYS Fluent 15.0 (2d, dp, pbns, rke)

6.16e-01
3.08e-01
0.00=-+00
18912534533 meters... Contours of Velocity Maghitude (mis)
27578761985
39459826
227 1.9187e-83 3.5388e-B4 3.7632e-04 1.2822e-07
228 1.06110e-83 3.5074e-04 3.74097e-04 1.6501e-07
229 1.0059e-83 3.4965e-04 3.7173e-04 1.9828e-07
t 238 solution is converged
230 9.9803e-04 3.4688e-04 3.7101e-04 1.9191e-07
Hass Flow Rate (kgss)
> outletd —-8.74094489
outlet2 -8.54064276
s (kafs) outletd -B.54466039
Het —-1.826248

1.7453e-04
1.7025e-04
1.6762e-04

1.602%9e-04

1.95840-84
1.8800e-04
1.6223e-04

1.503%e-04

0:081:46
B:81:25
0:01:08

0:008:54

773
772
Iral

770

Figure 39: Mass flow rate
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6. CONCLUSION

The combination of passive instruments such as wind and solar chimney scavenger used
in this study. CFD techniques were used, and the model Boussinesq buoyancy
Achievable k € model is used for natural convection, used for different speeds.
Percentage increase in velocity increases with field input speed is increased. It is
observed that with increasing surface and higher solar radiation input speed the mass
flow rate and a large number of environments and wind catcher height increases also
growth the mass flow rate. The design philosophy and function of mentioned important
foundations can be detected and tracked the entrance for air of existing structures. The
working of a natural aeration system is highly dependent on the design and frontage open
spaces that allow outside air to enter and stale air to flow out. Wind collectors have been
neglected in the modern construction industry today. There exist two kinds of driving
forces with the porch mechanism; is thrust and external wind, which each described in
Boussinesq model and model k € reachable. Buoyancy effect has its physical occurrence
which is stimulated by the presence of indoor and outdoor heating difference. The
collector Wind height raises increments in the mass flow rate. The larger the area of the
solar collector plate, the higher its absorption of heat will be through which the solar
radiation, which increases the exhaust flow rate from the inside to the outside. A large
number of stacks increases the volume flow. This creativity is very useful and innovative
in saving a large amount of energy, it involves to operate a very high-tech electrical
control. The discussion so far increased sentience of the significance of the traditional
porch and helped open opportunities to improve performance and extend the applicability
of wind catchers. This brings wide range of opportunities for the use of passive cooling
system of the old heritage in the world today. The presence of such similar examples
constructed in various regions of the world delivers a starting point for research practical
guidelines to develop wind collectors for all types of buildings with different designs.
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6.1 RECOMMENDATION FOR FURTHER STUDIES:

Aerodynamic wind collector, phase change material, the structure of wind catchers under
the technical issues are that need to be covered in forthcoming studies. Louver
arrangement is another theme that changes wind collector efficiency. Evaporative cooling

technology, either directly or indirectly, there’s another topic for study recommended.
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