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The development of convective heat transfer in buildings are found to be due to the movement of air with respect to the
turbulence in air to the temperature. The heat transferred is observed in 3 levels - the roof exposed floor, the seventh floor and
the lower floor of the 14 storey naturally ventilated tall building. This paper discusses the eulerian approach which is a
macroscopic approach to understand the temperature in the building since the density stratification occurs in the indoor
volume of the building. The volume averaged data is considered to be in eularian approach. The CFD analysis is used to
artificially create the environment with the different temperatures and velocities. Heat transfer happens due to convection,
hence the boundary conditions - initial outdoor temperature has been kept constant at 30°C and 23°C. The change in the
outdoor temperature at the air velocities 10m/sec at 12 noon were observed as 29.37°C, 29.49°C, 29.89°C at constant
temperature 30 with respect to 1st floor, 7th floor and roof. Finally, it is noted that, as the air velocity increases, the outdoor
temperature also increases. Conjugate heat transfer analysis is followed in CFD analysis to include the resistance of the exterior
concrete wall to transfer the temperature to the control volume. K-omega model is used to resolve the turbulence and to
analyse the interior domain with Boussinesq hypothesis in the momentum equation to include the effect of the density
difference in heat transfer. It is observed the velocity helps to take the temperature from the exterior domain to the interior
part of the building. Hence the results clearly indicate that when the outdoor temperature is higher and the outdoor velocity is
also higher, the temperature which enters the indoor environment is also high.

1. Introduction

Emphasizing sustainable living in the built environment has
been the need of the hour in many countries which are fac-
ing global warming. Natural ventilation and passive methods
to cool buildings and to minimize energy consumption has
been the primarily goals of sustainable development. Migra-
tion of people to the urban areas due to rapid increase in
jobs has resulted in the expansion of cities. This recent trend

has paved the way for new developments and buildings in
the urban sprawl. Increase in various high-rise residential
buildings coming up in peri-urban areas due to further
urbanization and land scarcity in the urban areas have been
resulted. Various changes in the environmental parameters
such as air temperature, air velocity, wind direction, and
subsequently the micro-climate is also noticed. Particularly
in the residential sectors, this substantial change in the
micro-climate has an impact on the thermal comfort with
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an increase in the use of energy consumption [1–13]
throughout the world.

India has a flexible climate divided into 5 climatic zones.
Indian codes standards for thermal comfort [14] for air-
conditioned buildings for all climatic zones are (23°C -26°

C) in summer and (21° C to 23° C) in winter. 45% of the
Indian cities are warm and humid [15] according to the
Bureau of Energy Efficiency (BEE), India. The weather sea-
sons in India has been divided as [16] winter (December,
January, and February), Pre-monsoon/summer (March,
April, and May), South-west monsoon/summer monsoon
(June, July and August) and Post-monsoon/Northeast mon-
soon – September, October, and November according to
Indian Meteorological Department (IMD).

Heat gain control method, microclimate, natural ventila-
tion, induced ventilation, forced ventilation, evaporative
cooling, night sky radiative cooling, phase changing material
based time lag cooling and earth cooling are the techniques
used to cool the building using low energy. The cooling
potential was assessed for 5 Indian cities – Chennai, Banga-
lore, New Delhi, Jaipur, and Jammu & Kashmir through
evaporative cooling, nocturnal radiative cooling and phase
change material (PCM) based free cooling system [17]. Trees
and semi-outdoor spaces are to be placed near open able
envelopes in buildings oriented towards the prevailing wind
direction [18]. Being site-specific the building designers and
architects could evolve interesting energy-efficient concepts,
selection of appropriate building materials and incorporat-
ing suitable passive cooling techniques such as minimize
heat gain, dissipate internal heat and modulate the heat in
buildings to reduce energy consumptions [19].

Wall to window ratio, window to floor ratio, building posi-
tion, and orientation are the elements that are dependable for
effective natural ventilation. Further architectural elements
such as louvered windows, vertical shading devices, shape
and form of aperture and use of vernacular materials can pro-
duce significant results [20]. Hybrid ventilation systems can be
provided to reduce the feeling of inadequate natural ventila-
tion, when the outdoor temperatures are very high in naturally
ventilated high rise buildings during summer [21]. In the pre-
design stage detailed CFD simulation with outdoor air velocity
and indoor air velocity are essential for building design strate-
gies for natural ventilation [22]. In practice CFDmodels when
compared to other models were mainly used to examine the
natural ventilation, indoor air quality and stratified ventilation
in buildings [23]. In buildings with large window openings,
when both the outdoor air quality and the thermal environ-
ment are tolerable mechanical heating or cooling is not
required, however [24]. The building ventilation improved
when the space between two buildings were five times the
width of the building [25].

Computational Fluid Dynamics (CFD) models have
numerous advantages over other methods as it provides spe-
cific data at every point on the computational domain, full
scale simulations can be made, it can be used in parametric
studies for accurate results [26–32]. To assess the airflow
in a naturally ventilated building, the position of the inlet
and outlet opening on the façade is important along with
the wall porosity [33].

Strait Sen et al. [34] have analysed the impact of placing
curved obstacles on natural convection in enclosures with
differentially heated side walls is analyzed. The lattice Boltz-
mann method (LBM) was used. A standard natural convec-
tion problem with left wall at high temperature, right wall at
low temperature, and top and bottom adiabatic walls was
considered for validation purpose. Goodarzi et al. [35] stated
that various numerical methods were developed to simulate
natural convection internal transfer of heat. Based on lattice
Boltzmann method was used to develop FORTAN code. The
same analysis was done with commercially available CFD for
verification purpose.

From the literature, it was found that, no adequate work
was carried out related to natural convection heat transfer
multi storey building. In this research work, a detailed study
is carried out to analyse on computational analysis for natu-
ral convection in tall building. The temperature maximum
and minimum were kept constant, inlet velocities were var-
ied from 1m/s, 2m/s, 5m/s, 8m/s,10m/s. The pressure out-
let was kept static with zero due to the atmospheric pressure.

2. Numerical Analysis

In fluid dynamics the movement of a group of particles, as in
our environmental variables such as temperature, relative
humidity and air velocity which are in fluid state are
expressed in Lagrangian method or the Eulerian method.
In the Lagrangian method, the coordinates of the moving
particles- temperature, relative humidity and velocity are
presented as functions of time. At a particular arbitrary time
tο, the coordinates are (x0, y0, z0), identified and followed
through the fluid. Hence the particles are denoted by a set
of equation of the form.

Usually in fluid dynamics the lagrangian approach is not
much used as the equations are large and unmanageable.
Whereas in the Eulerian approach the velocities at various
points and are expressed as functions of time as shown in
Equation (1).

u = f1 x, y, z, tð Þ, v = f2 x, y, z, tð Þw = f3 x, y, z, tð Þ ð1Þ

where u, v, and w are the components of velocity in x, y, and
z directions, respectively. The velocity change in the vicinity
of a point in the x direction is given by Equation (2).

du = ∂u
∂t

dt + ∂u
∂x

dx + ∂u
∂y

dy + ∂u
∂z

dz ð2Þ

The small distances moved by a particle in time dt can be
expressed in Equation (3).

dx = udt, dy = vdt, dz =wdt ð3Þ

Thus, dividing Eq. (1) by dt and using Eq. (2) we get the
substantial derivative of the velocity u.

To obtain precise and accurate solutions at minimal cost
in fluid flow, one of three basic methods: differential, exper-
imental, and control volume can be utilized. In our CFD
model control volume approach is used as it is simple yet
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gives accurate results. Newton’s second law for a mass m
exposed to a net force F→ is expressed in Equation (4)

〠F
!
=ma! =m

dV
dt

= d
dt

mV
!� �

ð4Þ

here mV→ is the linear momentum of the system. It denotes
both the velocity and density may change from point to point;
Thus Newton’s second law can be given in Equation (5).

〠F
!
= d
dt

ð

sys
ρV
!
dV ð5Þ

Where δm=ƿdV is the mass of a differential volume ele-
ment dV, and ƿVdV is its momentum.

Grid independence study is performed for block – A to
eliminate/reduce the influence of the number of grids/grid

size on the computational results. Dirichelet boundary con-
dition for free stream air is used with 30°C and 23°C. Mixed
boundary condition was included for penetration of wall.

The simulations model is validated with wind tunnel
experiments (33) with PIV by Karava et al. [28]. The impact

Legend
indicate various locations where the indoor climatic data where recorded in the 3 level.
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Figure 1: Plan showing Block-A, Block-B, Block-c, Block-D with swimming pool in the center.

(a) (b)

Figure 2: (a) Map of Tamil Nadu (b) Location map of the building considered in the present study Alaska Palazzo.

Figure 3: Showing the isometric view and image of the apartment.
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of a wide range of computational parameters is investigated,
including the size of the computational domain, the resolu-
tion of the computational grid, the inlet turbulent kinetic
energy profile of the 4 atmospheric boundary layer, the tur-
bulence model, the order of the discretisation schemes and
the iterative convergence criteria.

The Reynolds number has to be calculated and com-
pared with the turbulence level. The Reynolds number
should be more than the turbulence level. Reynolds number
is a dimensionless number. It is the ratio of inertial forces to
viscous forces. It is used to find whether the fluid is in lam-
inar or turbulent flow. The Reynolds number, NRe, is defined
as given in Equation (7).

NRe =
ρvd
μ

ð6Þ

where.

ρ = density

v = velocity

d = diameter

μ = vis cos ity

ð7Þ

K-omega model is used to resolve the turbulence level
and to analyse the interior domain with Bossiness hypothe-
sis in the momentum equation to include the effect of the
density difference in heat transfer. The K- omega model is
a low Re model used for flows with low Reynolds number.

Table 1: Carpet area of the apartment.

S.no Type of apartment Area in Sq. m

1. Single bedroom 62.5

2. Double bedroom 124

3. Three bedroom 161

4. Four bedroom 255

Figure 4: Data Logger.

Figure 5: Data Logger recording.

Figure 6: Eurolab digital thermometer.

Figure 7: HTC™ vane Anemometer (Model: AVM – 07).

Figure 8: Reading taken with Hotwire Anemometer.
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It is commonly known as the scale of turbulence. It may be
used to resolve the viscous sub layer and where the boundary
layer is comparatively thick.

3. Methodology

A computational analysis for natural convection was carried
out in one of the blocks of a 14 storied residential naturally
ventilated tall building. The tall building consists of 4 blocks
namely block A, B, C, D as shown in Figure 1. It is located in
Chennai, India. Natural heat transfer in the tall building was
examined to study the movement of air and its respective
indoor temperature at different altitudes to subsequently
understand the indoor comfort conditions. The data collec-
tion process was initially carried out with a field investiga-
tion in a lagrangian approach followed by a eulerian
approach with a CFD solvent.

This paper discusses the eulerian approach to under-
stand the transfer of heat in the indoor environment with
respect to height in the 3 different levels – lower floor level,
mid floor level and roof exposed floor level of the 14 storied
apartment.

3.1. Description of the City and the Building. India has a
coastline of about 7500 km., of which about 5400 km. belong
to the peninsular India and the rest to the Andaman, Nico-
bar and Lakshadweep islands. Tamil Nadu is one of the
major states with a coastal length of 1076 km [35] as shown
in Figure 2(a). Chennai, is the metropolitan capital city of
Tamilnadu. It lies at 13°04’ N latitude and 80°17’ E longi-
tude. Chennai has the second longest urban coastline in
the world. The city is placed at 6.9m above the sea level. It
has an estimated population of 9 million spread across
426 km2 of land. According to Koppen climate classification,
a major part of Tamil Nadu lies under the tropical savanna
climate. It experiences hot temperatures for most of the
months in the year. The city receives rainfall due to two
trade winds, the southwest monsoon which flows towards
the northern hemisphere and northeast monsoon which
flows in winter. The summer seasons are the months from
March to May and the winter seasons are the few months
from November to January. It is during the summer months,
the temperature rises from 30°C to 40°C and in the winter
the temperature roves between 20°C to 30°C. The location
of the building considered in the present work is shown in
Figure 2(b).

The naturally ventilated high-rise apartment, located in
Chennai is a gated community comprising of 207 apart-
ments in four blocks from the mezzanine floor to the 14th

floor as shown in Figure 3. Double basements and the
ground floor housed the car parking, two-wheeler parking,
all services pertaining to the building services, and the main-
tenance department. The apartment also has a swimming
pool which is surrounded by the four blocks. The apartment
located in the Chennai suburban area, about 23km from the
coastline, experiences a hot and humid climate. The summer
is hot with a higher range of air temperature and moderate
to high humidity while the winter has lower to comfort air
temperature with a high humidity level.

The building is oriented in such a way the longer sides
face the north-south direction. Block – A and Block – D
are housed in the eastern and western side, respectively,
while Block – B and Block – C housed in a row adjacent to
Blocks A and Block – D, respectively, as shown in
Figures 1 and 3. The 207 apartments have different types
of houses with single bedroom, double bedroom, three-bed-
room, and four-bedroom with the carpet area as shown in
Table 1. All houses in the apartment had entry through the
corridor and had semi-outdoor spaces like balcony.

3.2. Data Collection

3.2.1. Lagrangian Approach. For the study purpose in the
lagrangian approach, the 14 storied apartment was catego-
rized and examined in 3 levels – the lower level consisting
of the mezzanine floor at +4m above the ground level, the
mid-level comprising of the 6th,7th and 8th floor and the roof
exposed floor ie the 14th floor. The properties of air - tem-
perature, velocity and relative humidity were recorded in
the lower level, mid-level, and the roof exposed floors and
examined.

To begin the investigation data loggers as shown in
Figures 4 and 5 were placed in the living room of the A-
block apartments in the 3 levels- the lower floor, the mid
floor and the roof exposed. The data loggers recorded the
temperature and humidity continuously for every 10
minutes for a period of 2 months and 15 days in the two sea-
sons – winter 2017 and summer 2018. Eurolab digital ther-
mometer with its temperature sensor at the centre of a

Table 2: Instruments used to Measure Temperature, Relative Humidity, Air Velocity and Globe temperature on site.

S.no Description Quantity Parameter measured Range Accuracy

1
Probe thermometer with black painted table

tennis ball 40mm diameter
4 Nos Globe temperature (-60 to 155°C) ±0.5°C

2 Hot wire anemometer 4 Nos Air velocity 0.01-50m/sec ±0.1m/sec

3 Relative humidity data loggers 4 Nos Humidity 0 to 100% ±5%
4 Temperature data loggers 4 Nos Air temperature -40 to 70°C ±0.2 °C

Table 3: Physical Variables Measured on Site.

Four important physical variables in thermal comfort theory

Ait temperature (ta) °C

Radiant temperature (Tr) °C

Air velocity (v) m/sec

Relative humidity (H) %

5Journal of Nanomaterials



black painted table tennis ball 40mm dia as shown in
Figure 6 were used to measure the Globe temperature. Air
velocity were measured using HTC™ vane Anemometer
(Model: AVM – 07) shown in Figure 7. The variables tem-
perature, relative humidity and air velocity were recorded
for 7 consecutive days in peak winter of December 2017
and peak summer 2018.

To move on, in the lagrangian approachthe spot dataof
the properties of the indoor environment – temperature, rel-
ative humidity and velocity were collected at an interval of
one hour in random fashion at a fixed height of 1.1m above
the floor in the 3 levels during the day using hotwire ane-
mometer as shown in Figure 8. The study was conducted
for 7 consecutive days in the peak winter of December
2018 and peak summer in May 2019. Hence for better
understanding, the experimental readings were recorded
for four seasons during the two consecutive years. The
indoor environmental variables were measured using the
instruments shown in Tables 2 and 3 indicates the physical
variables measured on site. The results of the lagrangian
approach is generic as the spot datas collected at a height
of 1.1m which is the lower part of the room is cooler than
the upper part of the room due to the buoyancy force. In
order to understand the physics of the space better, the
indoor volumetric data was examined in its equilibrium state
in an eulerian approach using a CFD solvent STARCCM+.

The outdoor climatic variables temperature, relative humid-
ity and air velocity used in the CFD analysis were assumed
from the data’s collected from the Indian Metrological
Department.

3.2.2. Eulerian Approach. The eulerian approach gives a
much realistic average volumetric data. It helps to under-
stand the physics of the space in equilibrium state as the
colder air in the lower part of the room and the hotter air
in the upper part of room cannot be considered separately

Table 4: Wall Properties.

Details Values

Thermal conductivity 0.53W/mK

Density 2240 kg/m3

Specific heat 750 J/kg-k

Properties of air

Dynamic viscosity 1.85508E-5 pa-s

Density 1.18415 kg/m3

Specific heat 1003.62 J/kg-K

Thermal conductivity 0.0260305W/m-K

Prandtl number 0.9

Thermal expansion co-efficient 0.0033/K
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Figure 9: (a-c). Results of the grid independence study.
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as in the case of lagangian approach. The CFD model was
created for block- A and 5 different inlet air velocities were
used in the model from a maximum of 10m/s to 1m/s to
study the natural convection process in the 3 different levels.
As the indoor environment depends on heat transfer due to
both convection and conduction, conjugate heat transfer
method isused in the CFD solvent.

To study the convection process, the following assump-
tions were adopted in the CFD model.

(1) Windows are fully opened

(2) The wind direction was assumed from north to south
(- y to + y) based on the 30 years wind climatic data
collected from the Indian Metrological Department

The Grid independence study as shown in Figure 9 was
performed for block – A to form the geometry. To reduce
the influence of the number of grid size on the computa-
tional results the mesh was created. Dirichelet boundary
condition for free stream air is used with maximum outdoor
temperature of 30°C and a minimum outdoor temperature
of 23°C. Mixed boundary condition was included for pene-
tration of wall. Since the exterior façade wall was made of
concrete, the wall properties and air properties are shown
in Table 4 and these values are used for the development
of the CFD model. Discretization is the spacing between
each point in the space.

The outdoor temperature was kept constant and the inlet
air velocity was varied because the process of convection
happens only when the air velocity is varied. The heat trans-
fer analysis was studied for the lower floors namely the 1st

and 2nd floors, 7th floor being the mid floor level and the
14th floor being the roof exposed floor using the CFD sol-
vent. The boundary conditions - initial outdoor temperature
has been kept constant at 30 °C on the higher side and 23°C
on the lower side and the initial outdoor velocity is varied
from 1m/s, 2m/s,5m/s,8m/s and 10m/s at 12 noon when

the outdoor temperature is maximum. As the inlet air veloc-
ity varies the rate of heat transfer will also vary subsequently
bring changes in the indoor environment.

In the CFD analysis wind pressure is an important
boundary condition while calculating the natural ventilation.
Flow patterns and turbulence due to wind pressure on the
exterior facades of the building are proportional to the atmo-
spheric pressure outside the building. Wind pressure on the
façade is a dimensionless number usually called the pressure
coefficients (Cр). The CFD simulation is validated with the
wind tunnel test. The boundary layer thickness was deter-
mined from the Reynolds number. Wall whiteness is a
dimensionless distance from the wall to the first cell. Wall
whiteness should be less than 5. In this paper the wall white-
ness is assumed as 3. The mesh was done accordingly; how-
ever for accurate results the problem was done based on the
skin friction thickness and wall whiteness.

Heat transfer through conduction in the building hap-
pens within the exterior concrete wall material. Hence the
wall material concrete is assumed and the rate of conduction
in the lower floor, mid floor and roof exposed floor are
examined and the results are discussed.

4. Results and Discussion

The results indicate an analysis of a numerical simulation of
few computational parameters of a generic isolated building
with wind induced ventilation.

4.1. Limitations of the Study

(i) The CFD simulation was performed only for Block –
A of the isolated building due to expensive computa-
tional cost. The building geometry and the position
and size of the openings were not investigated

(ii) The CFD simulation was carried out for a specific
aerodynamic roughness length and its related
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Figure 10: (a) Shows variations in the Air Temperature at 3 different heights during a typical day in summer – Experimental data. (b) Shows
variations in the Air Temperature at 3 different heights during a typical day in winter – Experimental data.
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incident atmospheric boundary layer profiles of
mean wind speed, turbulence dissipation rate and
turbulent kinetic energy

(iii) The study primarily concentrated on the mean air
speed

(iv) In the computational domain the upstream and
downstream length 3H and 15H, respectively, were
fixed, with the building height H, while the cross-
section (width and height) was varied

According to the macroscopic study both the inlet air
velocity and the thermal resistance play a major role in setting
the equilibrium temperature of the indoor space. The thermal
resistance of the exterior wall of the building decreases the
temperature from the external environment. Figure 10(a)
and Figure 10(b) shows the temperature plots with outdoor
temperature at 30°C and 23°C, respectively. The X- axis repre-
sents the inlet air velocities namely 10m/s, 8m/s, 5m/s, 2m/s
and 1m/s. The Y- axis represents the corresponding indoor
temperature due to the heat transfer process. The maximum
outdoor air velocity 10m/s was assumed from the 30 year
wind data collected from the Indian Metrological Department

(IMD). The minimum outdoor velocity 2m/s and 1m/s which
are nil air or no air condition were assumed to check the heat
transfer during these conditions.

According to fluid dynamics heat transfer happens only
when fluids flow. The boundary layer thickness was calcu-
lated as shown in Table 4 for all the 5 velocities assumed
with a series of formulas and the Y value was determined.
The model was simulated each time using the Y values with
respect to the inlet air velocity and temperature plots show-
ing natural convective heat transfer was developed as shown
in Figure 11(a)–11(e), for the maximum and minimum tem-
peratures at 12 noon condition.

Table 5: shows the detailed calculation of the boundary
layer thickness y using the velocities 10m/s, 8m/s,5m/s,
2m/s and 1m/s calculated.

Re– Reynolds Number: cf – Coefficient of Friction: τw
− : Vr −

ffiffiffiffiffiffiffiffiffiffi
τw/ρp

: Y–Boundary Layer Thickness.
It is observed from Figure 10(a) and Figure 10(b) that

the velocity plays a major role in setting the equilibrium
temperature but thermal resistance plays a stronger role
too. Hence as the velocity increases, it also increases the tem-
perature of control volume. The thermal resistance decreases
the temperature from the external environment. However it
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Figure 11: (a-e). Plan of the heat transfer process plots at 30°C with varied air velocities: 10m/s, 8m/s, 5m/s, 2m/s and 1m/s.
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has been observed in both the cases CFD model and the
experimental data as shown in Figure 10(a), Figure 10(b)
and Figure 12(a), Figure 12(b), respectively, at 12 noon con-
dition, the temperatures are always higher in the roof
exposed floor when compared with the other floors.

It is also observed from Figure 10(a) and Figure 10(b)
that the temperature plot shows a decrease in temperature
with respect to height because of resistance offered due to
the movement of air temperature and the resistance offered
by conduction=L/kA and resistance offered by convec-
tion=1/hA. The difference between the lower temperature
23°C and higher Temperature 30°C is very feeble because
the velocity plays the major role in forced convection.

When comparing the temperature plots we can under-
stand that the concrete gets more heated than the inner
air. Hence the concrete wall temperature should be lowered
through some construction techniques or use of low conduc-
tivity wall material. However if we increase the ventilation in
roof exposed floor by providing comparatively larger open-
ings, the velocity will decrease with an increase in pressure
which will impact the temperature directly.

Table 6 shows the difference between the minimum tem-
perature 23°C and maximum temperature 30 °C is very fee-
ble because of velocity due to convection. The velocity
plays the major role in forced convection. It can see from
Figure 10(a) and Figure 10(b) the lower floor temperature
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Figure 12: (a) Shows variations in the Air Temperature at three different heights during a typical day in summer – Experimental data. (b)
Shows variations in the Air Temperature at three different heights during a typical day in winter – Experimental data.

Table 6: Indoor Temperature variations at 30°C and 23°C for various air velocities.

S.no Inlet air velocity (m/s) Outdoor temperature
First floor

temperature (°C)
Seventh floor

temperature (°C)

Roof exposed
floor temperature

(°C)
30 °C 23°C 30°C 23°C 30°C 23°C

1. 10

Corresponding indoor
temperatures

29.37 22.82 29.49 22.86 29.89 23.02

2. 8 27.98 22.68 28.20 22.75 29.40 22.95

3. 5 27.94 22.68 28.22 22.73 29.35 22.89

4. 2 27.90 22.61 28.16 22.67 29.24 22.86

5. 1 27.56 22.50 27.81 22.58 29.11 22.85

Table 5: shows the detailed calculation of the boundary layer thickness by using the velocities 10m/s, 8m/s, 5m/s, 2m/s and 1m/s.

S.no Air velocity m/s Re = ρvl/μ cf = 0:058 × Re−02 τw = ½ cf × v2ρ Vr = ffiffiffiffiffiffiffiffiffiffi
τw/ρp Y = y+ × μ/vτ × ρ

1. 10 1.8x107 2.031x10-3 0.1127 0.3187 1.58x10-4

2. 8 1.5x107 2.124x10-3 0.1058 0.3685 1.37x10-4

3. 5 0.9x107 2.333x10-3 0.0323 0.1705 2.96x10-4

4. 2 0.37x107 2.802x10-3 0.0062 0.0747 6.77x10-4

5. 1 0.18x107 3.219x10-3 0.0017 0.0391 12.98x10-4
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is observed lowest when compared to roof exposed floor.
This is due to environmental impacting capability; the roof
exposed floor has more volume of air which can dominate
the temperature.

It is inferred from the heat transfer plans as shown in
Figure 11 series that places where the inner air is in contact
with the external environment the temperature is higher.
The leading edge has the higher temperature along with
the spreading rate when compared to the trailing edge. It is
also observed from Figure 11 series in the first floor plan,
those places where there is direct contact with the external
environment, it has a free high temperature due to free
steam air. Similarly, in places where the air is in contact
especially through windows, it is observed the room temper-
ature is lesser when compared to the inlet air temperature.
The dominance of the environment is more here because
of the prevailing inlet air velocity.

5. Conclusion

(i) The study of heat transfer in buildings is necessary
as it helps to identify the appropriate building fab-
ric, window openings and construction technique
to obtain the desired indoor thermal conditions
for energy conservation and sustainable living

(ii) A CFD simulation model provide a comprehensive
analytical model in the initial stage of the design to
determine a strategic plan for the natural ventila-
tion potential in the different floors for energy con-
servation and low energy consumption

(iii) Although CFD model is complex and time con-
suming it can predict accurate wind pressure
around the building to examine the thermal behav-
iour of the internal spaces in the building. Due to
the movement of air with respect to the turbulence
in air natural convective heat transfer in buildings
is developed.Hence as the velocity increases

(iv) It is observed the temperature in the control volume
also increases. The thermal resistance decreases the
temperature from the external environment

(v) From the eulerian approach in this paper, it is
understood that the velocity in forced convection
acts as a catalyst to take the temperature from the
exterior domain to the interior part of the building

(vi) The density stratification occurs in the indoor vol-
ume of the building. Hence when the outdoor tem-
perature is higher and the outdoor velocity is also
higher the temperature which enters the indoor
environment is also higher

(vii) Velocity plays a major role in setting the equilib-
rium temperature the thermal resistance also plays
a stronger role too. Hence with limitations in wall
opening sizes like windows, doors etc and to
reduce the indoor thermal environment, exterior
façade can be of suitable low conductivity materials

or alternate construction techniques such as cavity
wall can be tested for saving energy with less use of
active cooling systems for sustainable living. This is
one the directions for future study

(viii) The indoor temperature is increased as the inlet air
velocity increases. The minimum of 22.50°C tem-
perature was observed at air velocity 1m/s at 1st

floor at outdoor temperature 23°C. The maximum
of indoor temperature of 29.89°C was observed at
air velocity 10m/s at roof at outdoor temperature
29.9°C
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