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ABSTRACT

The cooling of buildings by using passive methods has evoked great interest. Passive
cooling is one of the methods to keep the building cool and to reduce the load on the
air conditioner. The most prominent building elements that ensure energy efficiency
in buildings are building enclosures such as walls and roofs. Passive cooling demands
the study of the thermal characteristics of walls or roofs such as admittance,
transmittance, decrement factor, time lag, surface factor and surface factor time lags.
For the computation of these unsteady state characteristics, one dimensional heat flow
diffusion equation with convective periodic boundary conditions was solved using
matrix algebra and a computer program was developed using MATLAB to compute
unsteady state thermal characteristics of homogeneous and typical composite walls.
Natural building materials depreciate negative ecological impact and promote
environmental sustainability. Hence, it is imperative to dedicate attention to the
thermal performance of natural and sustainable building materials. Laterite stone is a
locally available and natural building material in South-West coastal India. The
thermal properties of laterite stone exposed to various humidity and temperature
levels of ambient air were measured experimentally and their impact on unsteady
thermal response characteristics of the laterite walls was studied in detail. The results
showed that the increase in the relative humidity from 0% RH to 98% RH decreases
the decrement factor by 8.35% and increases the time lag by 2.88%, whereas, the
increase in the temperature from 0°C to 60°C decreases the decrement factor by
14.5% and increases the time lag by 8.3%. The effect of thermal properties of
building materials, insulation location, air space thickness and air space location on
unsteady state thermal characteristics was studied. From this study, It is concluded
that fly ash brick composite walls with jute felt insulation located at the mid plane of
the wall give greater time lags (11.17h) and fly ash brick composite walls with coir
board insulation located at the outer side of the wall give the lowest value of
decrement factor (0.17) among hundred configurations of the walls studied. Optimum
wall thicknesses of building and insulating materials were computed. From the

results, it is concluded that mud phuska and coconut pitch are the most recommended



homogeneous building and insulation materials, respectively, among studied building
and insulating materials, from lower decrement factor and higher time lag point of
view. It is also found that the insulation materials are highly responsive to short wave
radiation than that of building materials. The impact of the divided air space thickness
within the wall on thermal performance of the wall was also investigated. From the
results, it is observed that the decrement factor decreases and time lag increases with
the increase in the divided air space thickness within the composite wall for all
building materials. The effect of unventilated continuous vertical air space location in
the wall on unsteady state thermal response characteristics of composite walls was
also studied. From this study, it is observed that Fly ash brick composite wall with air
space located at the outer side and the mid center plane and fly ash brick with air
space located at outer and inner sides of the composite walls are the recommended
composite walls due to their highest time lag (11.28 h) and lowest decrement factor
(0.166), respectively among studied building materials. The influence of the
insulation location in the roof on thermal performance was investigated. The results
reveal that the roof with insulation placed at the outer side and at the mid center plane
of the roof is the most energy efficient from the lower decrement factor point of view
and the roof with the insulation placed at the mid center plane and the inner side of
the roof is the best from highest time lag point of view among seven studied
configurations. The unsteady thermal response characteristics of hollow and stuffed
bricks were also studied. From the results, it is observed that thermal admittance,
surface factor time lag, decrement factor time lag and areal thermal heat capacity
values increase with the increase in the number of air gaps in hollow bricks, whereas
thermal transmittance and decrement factor reduces with the increase in the number of
air gaps in the hollow bricks. The effect of wind velocity on the dynamic thermal
performance of various composite walls was also reported. This research aids in

designing energy efficient and environment friendly buildings for passive cooling.

Keywords: Decrement factor, Time lag, Admittance, Surface factor, Optimum
insulation thickness, Laterite stone, Optimum insulation location, Air space thickness,
Air space location, Hollow bricks, Stuffed bricks, Wind velocity, Admittance

procedure.
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CHAPTER-1

INTRODUCTION

1.1 OVERVIEW

Buildings consume a substantial amount of energy for air conditioning and day
lighting. The construction rate in India is increasing rapidly and accounting for
massive consumption of fossil fuels that result in a lot of environmental damage.
Thus, it is imperative to pay attention to the crucial aspect of energy efficiency in the
design of building itself. According to US green building council, buildings are
consuming about 40% of total energy use in the world and they are responsible for
40% of greenhouse gas emissions. The building sector represents about 33% of
power consumption in India, with the commercial sector and residential sector
accounting for 8% and 25% respectively (ECBC 2009). Buildings are also responsible
for carbon dioxide emissions with a consequential impact on global warming. Climate
responsive design of buildings becomes an extremely important aspect in the process
of constructing an energy efficient building. Though India has a large variety of
climate types, it is predominantly a country with tropical climate (NBC 2005).
Approximately, 90% of the area has hot-dry, warm-humid, and composite climate.
Therefore, climate responsive buildings, in this context, are designed to avoid the heat
gain, but at the same time allow adequate daylight into the living space. Most of the
buildings that are presently being designed and constructed in India are far from being
green or sustainable (GRIHA 2011). The energy consumption and imposition of the
buildings on natural resources are massive. In order to reduce energy demand of space
conditioning, an energy efficient design of building envelopes is needed. The building
envelopes or enclosures such as, walls and roofs should be designed in such a way
that internal built environment must be in a comfortable condition, even when the

outside ambient conditions are outside the comfort range. The building envelope is



the physical barrier that separates the interior of the building from the outdoor
environment. The purpose of the envelope of a building is to act as a passive climate
modifier to help in maintaining an indoor environment more suitable for habitation
than the outdoors. Building materials serve as thermal mass in passive building
design. The energy efficient and environment friendly building and insulating
materials have become an extremely important aspect of energy efficient building

construction. Figure 1.1 shows a schematic diagram of solar-passive building design.

Solar-passive building design

v
v !

Thermal comfort Visual comfort
Reduce energy demand Reduce energy demand
of of

Space-Conditioning Artificial lighting

¢ v

Reduction in energy consumption and GHG emission

Figure 1.1 Schematic diagram of solar-passive building design (GRIHA 2011)

1.2 OPTIMUM ORIENTATION

The orientation of the building plays very significant role in the design of solar
passive buildings. The optimum orientation of buildings is essential to maintain
comfortable indoor conditions. The total incident radiation falling on the surface of
the building changes with the orientation of the building. The passive building should
be designed in such a way that it should receive less radiation in summer and
maximum radiation in winter. The information relating to peak summer and winter
conditions and thermal properties of building materials are significant in designing of
passive buildings. Figure 1.2 shows the long facades of building facing least radiation
sides for Indian Latitudes.



Figure 1.2 Orientation of the building

1.3 ROOM SPACE ARRANGEMENT (THERMAL BUFFER ZONE (or)
BUFFER SPACES)

The living room should be shielded by the thermal buffer zones or buffer space such
as staircases, lifts, corridors, toilets, rest rooms, store rooms, balconies, and other
service areas to reduce heat gain during the summer seasons. With the help of these
buffer zones solar radiation passing through the walls of the living room can be
reduced or eliminated. These concepts should be incorporated during the building
design stage itself. Figure 1.3 depicts the buffer space arrangement in building

envelopes.

] Ve A

Figurel.3 Buffer spaces arrangement in building envelopes



1.4 PLACING OF BUILDING OPENINGS

The placing of building openings helps in further reduction of heat gain in the
buildings. The building openings must be placed on the facades with the minimum
insolation. The openings of the buildings must be placed in such a way that they allow
adequate day lighting with comfortable indoor conditions without increasing cooling
loads.

1.5 SHADING DESIGN

There are two shading design types (i) Facade shading (ii) Fenestration shading for
reducing heat gain or for reducing cooling loads into the buildings.
1.5.1. Shading of facades

The maximum solar radiation passes through roofs, east walls and west walls If the
critical surfaces such as, roofs, east walls and west walls are shaded externally then
cooling loads can be reduced drastically. Due to lower altitude of the sun, east and
west walls are subjected to the low angle of solar radiation with respect to the wall
surface. Shading these surfaces helps to cut down the maximum heat gain into the
buildings.

1.5.2. Shading of fenestration

The openings are the major source of heat gain into the buildings. The shading
devices for the openings require external shading devices for effectively preventing
unwanted heat gain into the buildings. They should be designed in such a way that
they keep summer sunlight out and allow winter sunshine.

1.6 CLIMATE ZONES OF INDIA

India has a large variety of climatic conditions ranging from extremely hot to severe
cold conditions. Automatic weather stations located currently across India are 233 to
record monthly mean data of incident solar radiation, ambient temperature, air
humidity, precipitation, wind velocity, wind direction, sky conditions and rainfall in
different climates of India. India has six climatic zones namely; (i) Hot and Dry (ii)
Hot and Humid (iii) Composite (iv) Cold (v) Moderate. Figure 1.4 shows the climatic

zones of India.
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Figure 1.4 Climatic Classification of India (ECBC 2009)
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Figure 1.5 Incident solar radiation in different orientations during summer in India
(NBC 2005)
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Figure 1.6 Incident solar radiation in different orientations during winter in India
The total incident solar radiation (direct plus diffused radiation) incident on various
surfaces of the buildings during summer in India is shown in Figure 1.5. This graph
presents the total incident solar radiation for 22 June, which is representative of the
summer solstice. From this it is clear that during summer the total incident solar
radiation is maximum on horizontal surfaces such as roof, terrace, and so on. Among
the facades, west and east orientations are significant in summer for maximum solar
radiation as compared to south and north orientations.

The total incident solar radiation (direct plus diffused radiation) incident on various
surfaces of the buildings during winter in Indian latitudes is shown in Figure 1.6. This
graph presents the total incident solar radiation for 22 December, which is
representative of winter solstice. From this, it is clear that during winter the total
incident solar radiation is maximum on the south surface, which can be allowed inside

the room to maintain comfortable conditions in winter.



1.7 ORGANIZATION OF DESSERTATION

This dissertation consists of nine chapters and a list of references. Chapters one and
two are the introduction and literature review, chapter three presents the analytical
solution to the diffusion equation under periodic convective heat transfer boundary
conditions and this chapter describes the unsteady state thermal characteristics of
walls. Each chapter from chapter four to nine deals with one of the current project
objectives. Summary for each chapter is presented below.

Chapter two gives the review of literature on the work carried out by various
researchers in this field. This chapter summarizes the past work carried out on
decrement factor and time lag of the building walls, different building roofs, natural
ventilation and laterite stone walls. The objectives of the present work are listed at the
end of this chapter.

Chapter three presents the unsteady state thermal characteristics of the walls exposed
to convective periodic variations such as thermal transmittance, thermal admittance,
decrement factor, time lag, surface factor, surface factor time lag and areal thermal
heat capacity. The procedure for solving the diffusion equation for the cyclic
admittance procedure is presented. A computer program has been developed using
MATLAB and the validation of the program is presented.

Chapter four presents the experimentally measured thermal properties of locally
available, natural and sustainable building material, i.e., laterite stone for the first
time. Use of natural laterite stone as building material reduces the negative ecological
effect and promotes environmental sustainability. The effect of relative humidity and
temperature of ambient air on unsteady thermal response characteristics has been
investigated. This chapter also presents the effect of wall orientation on decrement
factor and time lag of laterite and concrete walls in four different climatic zones of
India.

Chapter five deals with the analytical computation of thermal response characteristics
of various homogeneous building and insulating materials used in India. The best
building and the best insulating materials from unsteady thermal response
characteristic perspective is presented. This chapter also presents the optimum
position of the insulation location within the composite wall from unsteady thermal

state characteristics point of view. The effect of air space thickness on unsteady
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thermal characteristics of the composite walls such as thermal transmittance, thermal
admittance, decrement factor and time lag were also reported in the chapter. The
effect of vertical air spaces within the composite walls on unsteady thermal response
characteristics was also studied. The optimum location of vertical air spaces within
the composite wall to be maintained has been presented. In addition, the investigation
summary has been presented.

Chapter six deals with the dynamic thermal characteristics of external roofs exposed
to sinusoidal periodic heat transfer. The effect of insulation material position within
the roof on dynamic thermal properties of roofs was investigated in detail. The
optimum insulation location inside the composite wall for reducing cooling loads in
buildings has been presented based on unsteady state thermal characteristics.

Chapter seven is the investigation of dynamic thermal performance of hollow and
stuffed bricks. The thermal performance of hollow and stuffed bricks exposed to
periodic solar thermal excitation was studied in detail. The summary of the significant
outcomes was reported.

Chapter eight presents the effect of wind velocity on the dynamic thermal
performance of various homogeneous and composite wall configurations. This
chapter focuses on presenting the best composite wall configuration at higher wind
velocities.

The conclusions of the dissertation and the scope for future work have been presented
in the chapter nine.

The list of the cited references has been provided after chapter nine.



CHAPTER-2

REVIEW OF LITERATURE

2.1 INTRODUCTION

Worldwide concern about depletion of energy resources has stressed the need of
energy conservation strategies. The impact of the building industry is significant in
energy consumption. Buildings annually consume more than 20% of the electricity
used in India. The need of conserving primary resources has led to an increased
awareness of the need of energy savings in cooling and heating of the buildings.
Efforts should be made to minimize the use of primary energy, within the constraints
of human comfort, economy and architectural design. This chapter presents a survey
of past work done in the field of energy saving buildings.

During summer, the heat transfer takes place from outside surface of the wall to the
inside surface of the wall. During this process, outside sinusoidal heat wave
progresses through the wall. The heat wave has two parameters; these are amplitude
and wavelength. The amplitude of the heat wave indicates the temperature magnitude
and wavelength of the heat wave indicates the time. The outside amplitude of the heat
wave is depending on solar radiation and convection between the outside surface of
the wall and atmospheric air. The amplitude of the heat wave decreases as it
progresses from outside of the wall to the inside of the wall due to the thermal mass of
the wall material. The attenuation of heat wave from outside to inside is called
decrement factor and time taken by the heat wave to progress through the wall is
called the time lag (Duffin 1984). The comfortable conditions can be maintained
inside the room by a low decrement factor and high time lag materials (Knowles

1983). Table 2.1.1 presents the literature survey on decrement factor and time lag.



Table 2.1.1 Literature review on decrement factor and time lag

No.

Author/Year

Summary

Asan (1998)

Numerical investigations were carried out by the
author to find the effect of building wall’s
insulation thickness and insulation position in the
wall on time lag and decrement factor using
Crank-Nicolson method.

Overall wall thickness studied was 20 cm.
Insulation materials used were polyurethane
foam, cork board and rubber for brick and

wooden walls.

Asan and San
(1998)

The Crank-Nicolson method under periodic
convective boundary conditions was used to
compute decrement factor and time lag.

The effects of thermo physical properties of
building materials and thickness on decrement
factor and it’s time lag were studied and the
authors concluded that the influence of thermo
physical properties of building materials is

significant on decrement factor and it’s time lag.

Asan (2000)

The Crank-Nicolson method was used to
optimize insulation position inside the wall from
lower decrement factor and higher time lag point
of view.

The author concluded that half insulation placed
at the mid of the wall and another half placed at
the outer surface of the wall were observed to be
optimum from lower decrement factor and higher

time lag perspective.

Ulgen (2002)

Analytically computed values of decrement
factor and time lag were compared with the

10




experimental results by the author.

Asan (2006)

Twenty six building materials were investigated
by the author using Crank-Nicolson method for
decrement factor and time lag.

Decrement factor and time lag values were
computed for different thickness of the walls
ranging from 0.001 m to 1 m. The author found
that the thickness of the wall has important

effects on decrement factor and time lag.

Kontoleon
Bikas (2007)

and

The wall with south orientation in the
Mediterranean region during the winter season
was investigated.

The effect of outdoor absorption coefficient on
decrement factor and time lag was studied.

The authors observed that the increase in the
solar absorptivity up to 0.2 increases the time
delay and further increase in the solar
absorptivity decreases the time lag. It was also
observed that time lag decreases with the

increase in the solar absorptivity.

Ozel and
(2007)

Pihtili

The implicit finite difference method was used to
calculate decrement factor and time lag in
summer and winter seasons of Turkey.

Total twelve configurations of the walls with
different insulation location were investigated.
The optimum values of decrement factor and
time lag were obtained by placing one insulation
at the outdoor surface of the wall, second
insulation at the mid centre plane of the wall and

third insulation at indoor surface of the wall.

Kontoleon

and

A thermal network model was developed by the

11




Eumorfopoulou
(2008)

authors using the nodal method to determine
thermal inertia parameters.

This study was carried out in Greek region,
which is the mild Mediterranean climate.

The effects of wall orientation and outside solar
absorptivity on decrement factor and time lag

were studied.

Hall and Allinson

(2008)

The authors modified the admittance method to
incorporate the moisture dependant unsteady
parameters such as admittance, transmittance,

decrement factor and time lag.

10.

Soon-ching et al.
(2011)

The authors studied the decrement factor and it’s
time lag of aerated lightweight concrete.

The inside and outside temperatures were
recorded at every 3 min interval in a day. From
these surface temperatures, decrement factor and
it’s time lag values were computed.

From the results of the authors, it was observed
that an increase in the thermal diffusivity
increases the decrement factor and decreases the

time lag values.

11.

Jinetal. (2012)

This paper describes the heat flux decrement
factor and heat flux time lag of various building
materials.

The results of the article showed that the heat
flux decrement factor decreases with the increase
in the thermal capacity and thermal conductivity
of the wall whereas, heat flux time lag values
increase with the increase in the thermal capacity
and decrease in the thermal conductivity of the

wall.

12




12.

Mavromatidis et al.
(2012)

The decrement factor and time lag values of
multi-layer thermal insulation in Athens and
Yerevan climatic conditions were computed
control  volume

numerically by explicit

discretisation.

13.

Ruivo et al. (2013)

A numerical model using finite difference
method was developed for computing decrement
factor and time lag.

The authors found that the azimuth angle of the

wall considerably affects the time lag values.

14.

Sun et al. (2013)

The Crank-Nicolson’s scheme was employed to
calculate decrement factor and time lag of twelve
different types of envelopes used in China.

The authors observed that the decrement factor
and time lag values change with mean outside

temperatures.

15.

Evola and Marletta
(2013)

The admittance method was used to explore
surface factor.

The authors provided the information about the
response of a wall to periodic heat transfer on the

internal surface of the wall.

16.

Kontoleon et al.
(2013)

The authors investigated the influence of density
and thermal conductivity of concrete on
decrement factor and time lag using nodal

approach.

17.

Alavez-Ramirez et
al. (2014)

A coconut fiber filled Ferro cement prototype
house was constructed to study the time lag and
decrement factor in Oaxaca, Mexico.

The authors concluded that coconut fiber Ferro
cement offers the higher resistance to the flow of

heat at peak times than the concrete slab roofing.

13




18.

Najim (2014)

In this paper thermal performance of residential
buildings in Irag climatic conditions was studied.
The author observed that the binding material
does not affect the thermal performance of the
walls and air cavities have a significant effect on

thermal performance.

19.

Zhang et al. (2014)

A Matlab code was developed for two
dimensional energy equation using finite
difference method

A temperature change hot chamber was made for
experimentation.

The authors observed that wall thermal
performance is good with thermal conductivity of
building wall 1 W/mK if it is greater than this
value, then the thermal capacity must be
increased for energy efficient thermal

performance of the wall.

20.

Thongtha et al.
(2014)

This paper focused on autoclaved aerated
concrete with sugar sediment waste.

The authors found that at 40°C outside
temperature, decrement factor of autoclaved
aerated concrete was decreased from 0.418 to
0.032 and time lag was increased from 18 to 68
min when wall thickness increased from 0 to

75mm.

21.

Najim and Fadhil
(2015)

The authors studied the thermal performance of
reinforced concrete based roofs in Iraq region

using the cyclic admittance method.

The building envelopes or enclosures such as walls and roofs should be designed in

such a way that internal built environment must be in a comfortable condition, even

14




when the outside ambient conditions are outside the comfort range. In buildings, the

maximum incident heat gain occurs through the roof and the walls. The incident solar

radiation is maximum on roofs as compared to the walls (NBC 2005). Hence it is

imperative to pay attention on the building roofs to reduce heat gain into the building.

Table 2.1.2 shows a review of literature on building roofs.

Table 2.1.2 Literature review on building roofs

No.

Author/Year

Summary

1.

Tang et al. (2003)

The authors used finite element model for the
comparison of flat and curved roofs. The results
of this article confirm that curved roofs are not
suitable for areas with higher air temperatures
and intense sky diffused radiation typical of hot
humid zones. Compared to a flat roof, curved
roofs can be more energy efficient under hot arid
climatic conditions if they are appropriately
designed architectonically (with an opening for
natural  ventilation near the top) and

geometrically.

Tang and Etzion
(2004)

The authors developed a simulation model to
investigate roof pond with gunny bags. Analysis
in the paper showed that, irrespective of the type
of buildings it is applied to, the Roof pond with
gunny bags has a better cooling effect than a roof
covered with wetted gunny bags. This has been
widely considered to be one of the most efficient
roof evaporative cooling techniques in the past.
This is mainly due to the creation of thermal
stratification ~ within  the pond, just as
experimentally observed by the present authors in
the previous study.

Levinson et al.

The authors describe how the application of

15




(2007)

reflective roof tile coatings yielded measurable
reductions in roof surface temperature, attic air
temperature,  unconditioned interior  air
temperature, and ceiling heat flux. The coatings
reduced peak roof surface temperature by 5-14K

and peak ceiling heat flux by 13-21%.

Alvarado
Martinez (2008)

and

The lab scaled prototype experimental results
demonstrate that the newly designed aluminium—
polyurethane insulation system with an optimal
orientation reduces the midpoint temperature of a
cement based roof significantly in Texas climatic
conditions.

The results also indicate that the roof insulation
system can reduce the typical thermal load by

over 70%.

Alexandri and Jones

(2008)

A 2-D prognostic micro model was developed
and used. This paper discusses the thermal effect
of covering the building envelope with vegetation
on the microclimate in the built environment, for
various climates and urban canyon geometries.

In this research, it has been shown by the authors
that there is an important potential of lowering
urban temperatures when the building envelope is
covered with vegetation. Air temperature
decreases at roof level can reach up to 26°C
maximum and 12.8°C day-time average
(Riyadh), while inside the canyon decreases
reach up to 11.3°C maximum and 9.1°C daytime
average, again for hot and arid Riyadh.

Hadavand
Yaghoubi (2008)

and

It was observed from the simulation studies that

the heat flow through the curved surface roof is
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lower than flat surface roof.
Authors concluded that the heat flow in North-
South faced vaulted roof is significantly lower

compared to flat roof.

Halwatura and
Jayasinghe (2009)

The simulations were carried out in DERO-LTH
simulation tool. It was noticed that polyethylene
Insulation of 50 mm thickness give lower air
conditioning loads in air conditioned buildings.

Authors concluded that polyethylene Insulation
of 25mm thickness give comfortable conditions

in free running buildings.

Lee et al. (2009)

In this paper, various materials were used by the
authors for the roof panels having ventilated
cavities: asphalt shingle, clay and concrete, tile,
slate, wood shake and shingle, metal shingles,
synthetic products, some metal panel roof
systems, and fiber cement products, etc.

Experimental study results showed that the
cooling performance of the ventilated roof is

better compared to the non-ventilated roof.

Sethi (2009)

The author performed Thermal modelling and
experimental validation studies of shape and
orientation of green building. The amount of
solar radiation available at different latitudes is
different for the same greenhouse shape as
described in this paper. At 10° N latitude, all the
selected shapes receive more radiation in winter
but less in summer. Whereas at 31° N, the same
greenhouse shapes receive the least amount of
solar radiation in winter months but greater in the

summer months. This difference further increase
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at 50° N latitude and the solar radiation received
in winter months are much less as compared to

the quantity received in summer months.

10.

Chel and Tiwari
(2009)

The authors explain how the passive house (or
mud-house) was found energy efficient and eco-
friendly habitat for achieving natural thermal
comfort for rural population of India since they
cannot afford for window air conditioner or air
heater in harsh summer and winter climatic

conditions in India. It is a case study.

11.

Kabre (2010)

The new thermal performance index (TPI) is
calculated for a number of roofs common in India
and Australia. Thermal performance of ten
materials is presented by the authors.

12.

Kontoleon and
Eumorfopoulou
(2010)

The authors explain how the adoption of plant-
covered wall designs appears to be suitable for
buildings located in the northern Greek region
during the cooling period.

It shows how Temperature differences between
the exterior and interior surfaces of plant-covered
walls in Greek are essentially reduced when

compared with the conventional bare walls.

13.

Barrios et al. (2011)

The authors presented 1-D heat transfer model
for periodic outdoor conditions. This paper
describes that for the air conditioning case the
most important physical property of a monolayer
wall/roof is the thermal conductivity, which must
be as low as possible, and that for the free
running case the most important physical
property is the thermal diffusivity, which must be

as low as possible.
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Ventilation replaces the existing air in the room by fresh air. It is essential to provide

cooling inside the room by air movement. For comfortable conditions in warm and

humid climatic conditions, an indoor air speed of 1.5 — 2.0 m/s can cause comfort in

the rooms. Table 2.1.3 presents some of the important literature review of the earlier

research carried out on natural ventilation.

Table 2.1.3 Literature review on natural ventilation

No. Author/Year

Summary

1. | Priyadarsini et al.
(2004)

The scale model of building with active and
passive stack was studied by the authors. This
investigation has pointed out that the Even the
passive stack fails to improve the ventilation
inside the rooms. The objective of enhancing the

ventilation is met with the use of active stack.

2. Mathur and Mathur
(2006)

This Study shows that optimum inclination at any
place varies from 40° to 60° depending upon
latitude. The experimental and theoretical
validations were presented by the authors. The
maximum mass flow rate through an inclined
solar chimney in Jaipur (India) 27° N latitude was
obtained at an absorber inclination of 45° by
authors.

3. | Hirano et al. (2006)

This study explores the effects that porous
residential buildings have on the natural
ventilation performance and, consequently, the
cooling load reduction in hot and humid regions.
Two residential building models, namely a model
with a void ratio of 0% and a ““porous’’ model
with a void ratio of 50%, are evaluated using

CFD analysis and thermal and airflow network
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analysis.

4. | Buetal. (2010)

In this article the relationships between the
ventilation rate and a variety of parameters
including wind direction, opening type, plan area
of the airway space and building coverage ratio,
etc., were investigated by the authors for

detached and multi building models .

5. | Fatimah et al. (2010)

The physical experimental modelling was
compared with the mathematical modelling. The
authors of this article explain that solar induced
ventilation strategy is able to enhance the stack
ventilation in the hot and humid climate. It is able
to create air temperature difference of more than
the usual air temperature difference attained by

Malaysia naturally ventilated buildings.

6. | Gagliano et
(2012)

al.

The paper describes that the performance of the
ventilated roof are functions of the position of the
thermal insulating layer using Fluent simulation
tool.

Authors state that the best performances have
been obtained placing the thermal insulation

under the air layer, near the cold surface.

Laterite stone is a locally available, natural and cost effective ferruginous building

material in South-West coast of India. The provisional cost of burnt clay brick in

South -West India is around 5 INR per piece and the provisional cost of the laterite

stone is 28 INR per piece after finishing. Laterite stone construction is cost effective

as the volume of laterite stone (390 mm X 190 mm X 190 mm) is nearly nine times

higher than the volume of the burnt clay bricks (190 mm X 90 mm X 90 mm). For the

same compressive strength not less than 3.5 N/mm? (as per IS 3620:1979 & IS

1077:1992) and for the same volume covered by a laterite stone, the burnt clay bricks
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would cost 45 INR or more. The large size and smooth machine cut of laterite stone
can cut down the time taken to complete a structure which in turn saves labor cost.
The research work carried out on laterite stone is presented in Table 2.1.4.

Table 2.1.4 Literature review on laterite stone

1. | Kasthurba et al. e The four different laterite quarry stones
(2007) available in the Malabar region of South India
were investigated by the authors for physical

and mechanical properties.

2. | Kasthurba et al. e The four different laterite stones in South West

(2008) coastal India were studied for chemical and
micro structural analysis.

e The authors concluded that the chemical
composition in all four different quarry laterite

stones is almost same.

3. | Kasthurba et al. e The Authors summarise the distribution of
(2014) laterite in various countries. The physical
properties of laterite stones in Malabar region

were presented in the article.

2.2 MOTIVATION

From the foregoing literature on energy efficient buildings, it can be observed that the
proper design of building enclosures or envelopes such as, walls and roofs and the
appropriate selection of building and insulating materials for building construction
can save lots of energy for reducing cooling loads and help in energy efficient and
environment friendly building construction. The present study focuses on providing
mathematical models for unsteady heat transfer characteristics of building envelopes
of various configurations. These unsteady thermal characteristics of building
envelopes are used to study the thermal performance of the buildings.
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2.3 OBJECTIVES OF THE PRESENT STUDY

During the present study, the derivation of one dimensional diffusion equation under

periodic convective boundary conditions was presented and a computer program was

developed for different configurations of the walls and roofs using MATLAB to

compute unsteady state thermal characteristics such as thermal admittance, decrement

factor, time lag, surface factor, surface factor time lag and thermal heat capacity. On

the other hand, thermo physical properties of laterite stone were measured

experimentally at different relative humidity and at different temperatures of ambient

air. From the foregoing review of literature, the objectives of the current study are as

follows,

To present analytical method (cyclic admittance method) for solving the one
dimensional diffusion equation under periodic convective boundary conditions
for computing dynamic thermal response characteristics such as thermal
admittance, decrement factor, time lag, surface factor, surface factor time lag
and areal thermal heat capacity of homogeneous walls/roofs, typical multilayer
Walls/Roofs with or without air spaces, hollow bricks and stuffed bricks and
also to develop a computer program using MATLAB to compute unsteady
thermal characteristics of all configurations of walls, roofs and bricks.

To measure the thermal properties of local building material, i.e., laterite stone
from South West coastal India. The objective also includes the study of the
effect of ambient air relative humidity and temperature on dynamic thermal
response of laterite walls.

To study decrement factor and time lag of laterite and concrete buildings in
four different climatic regions of India such as hot and dry (Ahmedabad
(23.07°N, 72.63°E)), moderate (Bangalore (12.97°N, 77.58°E)), composite
(Hyderabad (17.45°N, 78.47°E)) and warm and humid (Mangalore (12.87°N,
74.88°E)).

To study thermal performance of various homogeneous building and
insulating materials for energy efficient and environmental friendly building

construction.
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To investigate the significance of the insulation location within the Walls on
unsteady thermal characteristics for energy efficient building enclosure design.
To study the effect of air space thickness in the Wall on unsteady thermal
response heat transfer characteristics.

To optimize the air space location within the Walls for reducing cooling loads
from unsteady thermal response characteristic perspective.

To optimize the insulation location within building roof for reduced cooling
loads from unsteady state thermal characteristics point of view.

To investigate the thermal performance of hollow and stuffed bricks exposed
to the sinusoidal periodic excitation and to compare both types of bricks.

To study the effect of wind velocity on unsteady state thermal characteristics
and to propose the best configuration of composite wall at higher wind

velocity regions from optimum dynamic thermal response point of view.
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CHAPTER-3

UNSTEADY STATE THERMAL CHARACTERISTICS OF THE WALLS

3.1 INTRODUCTION

There are two levels of dynamic modeling, i.e., Transient and Cyclic. The present
study focuses on the cyclic response admittance method since the actual condition
matches with this model. The cyclic-response admittance method attempts to consider
the effects of dynamic conditions on (i) fabric heat transfer, and (ii) fabric thermal
sorption and storage, effectively by determining unsteady-state multiplier factors for
application to the steady-state properties of the fabric. Normally, under simplified
steady-state conditions, the difference between indoor and outdoor air temperatures is
taken to produce a thermal gradient across the thickness of the wall, the profile of
which is determined by the thermo-physical properties of the wall material and its
corresponding surface resistances. Instead of the outside air temperature the
admittance model uses the hypothetical sol-air temperature, as a single point variable
to establish this thermal gradient. This represents the rate of heat flow into the
external wall surface by convection from the surrounding air plus shortwave solar
radiation and radiative exchange to the surroundings (e.g. other buildings, ground and
sky). Analogous to sol-air temperature (external), the environmental temperature is a
single point hypothetical temperature that represents the rate of heat flow into the
internal wall surface by (a) convection from the room and (b) radiation from
surrounding objects.

3.2 ADMITTANCE PROCEDURE

The admittance procedure is used to calculate these unsteady state parameters. This
method uses matrices to simplify the temperature and energy cycles for a composite
building fabric element (wall or roof) that is subjected to sinusoidal temperature
variations at the sol-air node. The building walls do not generate any internal heat and
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the thermal properties of the wall are same in all three directions. The governing
diffusion equation in three dimensions of the wall for the temperature T (X,y,z,t)
without internal heat generation and the same thermal properties of the material in
three dimensions can be written as Egs. (3.1).
orf _ k <62T 9T 62T>

ar _ 3.1
3t pCp\ax? " ay? T 922 (31)

The building wall has three dimensions, i.e., length, breadth (Thickness) and height.
Since the temperature difference along the length and height of the walls are small,
the diffusion equation is reduced to one dimensional i.e., through the thickness of the
wall. One dimensional heat flow diffusion equation was solved using matrix algebra
with periodic boundary conditions at sol-air node. This method is called as admittance
method and it is used to calculate unsteady state thermal response characteristics of
homogeneous and composite walls. The temperature distribution in a homogeneous
wall subjected to one dimensional heat flow is given by the diffusion equation as
given in the Egs. (3.2). And its periodic solution is as follows (Davies 2004),

0°T(X,t)  pCpdT(X,t)

3.2
0X? k ot (3.2)

Where, T is temperature, X is the thickness of the material (m), p is density in kg/mS,
Cp is specific heat capacity in J/kg K and k is thermal conductivity in W/m K. t is
time in s.

The boundary conditions are,

k (Z—Z)X:O = h;[Ty=o (D) — Ti]

k(55). | = helTsa (® = Teet (0]

Where, h; is brick inner surface heat transfer coefficient, he is brick outer surface heat
transfer coefficient, T;is indoor room air temperature and Ts, IS sol-air temperature.
the steady state solution of the problem at t=0 was taken as initial condition. In the

computations inside temperature of the room is constant at T;. Figure 3.2.1 shows

Schematic diagram of homogeneous wall with boundary conditions.
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Figure 3.2.1 Schematic diagram of homogeneous wall with boundary conditions

Space/Time independent solution for the above equation is as follows,
T(x,t) = Aexp(x/§)exp(t/S) (3.3)
Where, & and { have units of distance and time respectively. The Egs. (3.3) satisfies
the Fourier equation if £%=k{. Wall slab is excited periodically. For periodic heat
transfer { is an imaginary number and its value is taken as (=P/ (j2m) then &2:k P/
(j2m). Where j=V-1 then imposition of the boundary conditions on a finite thickness
slab, we obtain a periodic solution with sinusoidal excitation with period P. P is an
independent variable and it is a positive value of time, whereas values of z are

characteristics of the system. Then

o\ 1/2

X X . [Tpcyx _
Z = =+ = +(1 3.4
£ ¥(kP/j2m) /2 —(l+])< AP ) £+ )yx (34

Where, y=\/mpc, /AP .

The Fourier equation solution can be written as,
T(x,t) = [Aexp(yx + jyx) + B'exp(—yx — jyx)]exp(j2nt/P) (3.5)
T(x,t) = [Asinh(yx + jyx) + Bcosh(yx + jyx)]lexp(j2mt/P) (3.6)
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When the conducting medium finite thickness slab X, temperature and flows at the

two surfaces are considered then the above equation can be related as,
T, = Ticosh(z + jz) + q; (sinh(z + jz))/a
qe = Ti(sinh(z + jz)) X a + q;cosh(z + jz) Or they can be arranged as,

[Te] B l cosh(z + jz) (sinh(z +jz))/al [Ti] 37)
del ~ |(sinh(z +jz))xa  cosh(z+jz) |4 '
Where,

Cyclic thickness(z) = \/mpc,X? /AP = \mcr /P

Characteristic admittance of slab(a) = Vj2rnApc, /P = Vj2rc/rP.

Transmission matrix of single layer can be written as,

A+ jB (c +jD)/a] 3.8)

(-D+jC).a A+jB '

Where,
A = cosh(z) cosiifz),
B = sinh(z) siniifz),
C = [cosh(z) sin(z) + sinh(z) cosi{z)]/v2
D = [cosh(z) sin(z) — sinh(z) cosi{z)]/V2.
Transmission matrix of surface internal and external film resistances can be written

as,

1 —Rg

E,; = [O 1 and E,, = [1 _RS"]

0 1 (3.9)

The building element with outside inside conditions is shown in Figure 3.2.1. The

transmission matrix for homogeneous wall can be written as,

Ti]_ 1 —Rgl[*1 *2|[1 —Ry [Te]

[qi _[O 1 HX3 x1] [() 1 ] e (3.10)
Transmission matrix for composite wall can be written as,

Ti]_ 1 —Rg|[*1 %2]Y1 Y2] [1 —Rs [Te]

[qi _[o 1 ng xl] Vs yl] [0 ) ] y (3.11)

Transmission matrix for composite wall with air space can be written as,
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Where,

x and y represent number of layers of the wall.

The inside and outside surface resistances are determined by the processes of heat
transfer which occur at the boundary between a wall/roof and the air. Heat is
transferred both by radiation and convective heat transfer at the air and wall surface
interface. Figure 3.2.2 shows homogeneous building element with outside and inside
conditions.

QOutside conditions Inside conditions

:%/\/

Figure 3.2.2 Homogeneous building element with outside and inside conditions.

Sinusoidal sol-air
Temperatare
variation

1

External surface resistance, R, = T Eh
C T

(3.13)

1

Internal surface resistance, Rsi = (1.2Eh. + h,)
. T C

(3.14)

Convective heat transfer coefficient at external surface as per CIBSE standard,
h.=5.8 + 4.1C; (For all wind speeds)
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he= 16.7 C>° (For wind speeds up to 3.5 m/s)

he= 2.5 W/m? K (For internal surface resistance)

The radiative heat transfer coefficient depends upon the absolute temperatures of
radiating surface and the surface or environment receiving the radiation. It should be
considered that, for night time clear skies, the difference between the wall surface
temperature and the sky temperature will be very large and causing an
underestimation of h; in these circumstances. This should be incorporated into the
calculations.

Radiative heat transfer coefficient, h,=4cT3 (3.15)
Where,

Cs=Wind speed in m/s

T, = mean surface absolute temperature in 'K’
o = Stefan boltzman constant (5.67 x 1078 W /m?K*)
E = Emissivity factor

The emissivity factor is influenced by the geometry of the room and the wall surface
emissivities. For a cubical room with one exposed surface, all the internal surfaces
having a high emissivity, E may be written as follows as per CIBSE Standards,

E =Keg

Here, K=geometry constant = 1 and &= emissivity of surface = 0.9, for most of the
building materials.

Air space surface resistance can be written as,

1
R, =

(3.16)

ta

2
1.25 + 2.32 (1 + (14 Z—z) - Z)
Where,
ta IS air space thickness and b, is air space breadth
Table 3.2.1 shows the external, internal and air space surface resistance values for
different type of building elements.

Transmission matrix can be further reduced as follows,
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Here ey, e, €3 and e4 are the components of matrices.

Unsteady thermal characteristics of the laterite wall at various humidity levels are
calculated by the following correlations (CIBSE 2006).

The cyclic transmittance is

u=1/e, (3.18)

For finite walls and for sinusoidal temperature variations the temperature and energy
cycles can be linked by the use of matrix algebra, (CIBSE 2006). For a composite
wall, the matrices of each of the layers can be multiplied together to give the relation

between inside and outside, (Davies 2004).

Table 3.2.1 The external, internal and air space surface resistances. (CIBSE 2006)

External Airspace
Internal surface )
surface i<t Re) resistance
resistance (R
Type of Element resistance (Rse) ) ! (R.)
) [m* K/W] )
[m* K/W] [m* K/W]
External walls 0.04 0.13 0.18
Party walls and internal
- 0.13 0.13 0.18
partitions
Roofs:
Pitched 0.04 0.10 0.16
Flat 0.04 0.10 0.16
Ground floors 0.04 0.17 0.21
Internal floors/ceilings 0.13 0.13 0.18

In nature, variety of climatic conditions produce unsteady state. Diurnal variations
produce an approximately repetitive 24-hour cycle of increasing and decreasing

temperatures. The effect of this on a building is that in the hot period heat flows from
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the environment into the building where some of it is stored and at night during the
cool period the heat flow is reversed from the building to the environment. As the
cycle is repetitive, it can be described as periodic heat flow. During this periodic flow,
thermal characteristics of the wall are unsteady. The following are the unsteady state
thermal characteristics of the walls (CIBSE 2006).

3.2.1 Thermal transmittance (U)

This is the steady state heat flow through the element per unit degree of temperature
difference between the internal and external environmental temperatures per unit area.
Note that this quantity may differ from other U-values quoted as it does not take
account of thermal bridging and is sensitive to the values of surface thermal

resistances used.

U 1 (3.19)
Ree + (12) + () + R o+ Ry

3.2.2 Thermal admittance (Y)

This is the amount of energy leaving the internal surface of the element into the room
per unit degree of temperature swing. This is under theoretical conditions where the
internal environmental temperature undergoes periodic oscillation and the external
environmental temperature is constant.

The thermal admittance () is used to calculate the heat flow into the thermal storage
of a wall, whereas thermal transmittance (U) is used to calculate the heat flow through
the wall. Both thermal admittance and thermal transmittance have the same units.
Thermal transmittance is the reciprocal of thermal resistance, whereas the thermal
admittance uses a matrix which includes heat capacity, thermal conductivity,
thickness and density of the building material (Hall 2010). The higher the thermal
admittance, then the higher is the thermal mass. It can be calculated by,

=[G

= |-ei/e (3:20)

Te:O

3.2.3 Time lead for thermal admittance (o)
This is the time difference between the timing of the peak heat flow at the internal
surface and timing of the peak internal temperature.
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12 (Im(—el/ez)) (3.21)

® = —arctan
T Re(—eq/e;)

3.2.4 Decrement factor (f)

In the morning as the outdoor temperature increases, heat starts entering the outer
surface of the wall. Each particle in the wall will absorb a certain amount of heat for
every degree of rise in the temperature. Depending on the specific heat of the wall
material heat to the next particle will only be transmitted after the temperature of the
first particle has increased. Thus the corresponding increase of the internal surface
temperature will be delayed.

The outdoor temperature will have reached its peak and started decreasing before the
inner surface temperature has reached the same level. From this moment the heat
stored in the wall will be dissipated partly to the outside and only partly to the inside.
As the outdoor air cools, an increasing portion of this stored heat flows outwards. And
when the wall temperature falls below the indoor temperature the direction of heat
flow is completely reversed. The two quantities characterizing this periodic change
are the time lag (or phase shift) and the decrement factor (or amplitude attenuation).
Decrement factor is the ratio of the maximum outer and inner surface temperature
amplitudes taken from the daily mean.

This is the ratio of the peak heat flow out of the external surface of the element per
unit degree of external temperature swing to the steady state heat flow through the
element per unit degree of temperature difference between the internal and external
environmental temperatures.

The decrement Factor (f) is the attenuation of the rate of heat transfer through a wall
due to the thermal heat storage capacity of the wall. Lower the decrement factor, then
the higher is the thermal mass. It can be calculated by,

f= |3

_U_ez

(3.22)

3.2.5 Decrement delay (¢)
This is the time lag between the timing of the internal temperature peak and the peak
heat flow out of the external surface.
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The value of ‘t” is 1 and the value of ‘¢’ is O for thin structures of low thermal
capacity values. With increasing thermal capacity of structure materials, ‘f” decreases
as ‘¢’ increases.

The decrement delay (¢) is the time taken for the heat wave to travel from the
outermost surface to the innermost surface of the wall (Duffin 1984). It can be

calculated by,

1
12 Im(— U_ez)
¢ = —arctan| ———— (3.23)
T Re(— U—ez)
3.2.6 Surface factor (F)

This is the ratio of the swing in heat flow from the internal surface of the element to
the swing in heat flow received at the internal surface of the element.

The physical process is involved is that short wave radiation is absorbed at the
surface, which, after a delay due to thermal storage, causes temperature of that surface
to rise. Heat is then transferred to the space in the form of long-wave radiation and
convection. The effect is raising the internal heat transfer temperature (i.e.
environmental temperature). The response of space to changes in environmental
temperature is characterized by the admittance of the surface, which depends on the
long-wave emissivity, the surface heat transfer coefficient and the thermal properties
of the structure.

The surface factor (F) indicates the responsiveness of the building material surface to
the short wave radiation. This relates the admission and absorption of energy to the
thermal capacity of a structural element and helps to decide whether the building
material is fast responsive or slow responsive to short wave radiation. It is
dimensionless.

F=11-Rs(—ei/ez) | (3.24)

3.2.7 Time lag for the surface factor (y)

This is the time lag between the timing of the peak heat flow entering the surface and

peak heat flow leaving the surface into the room.

33



The surface factor has its associated time lag, it is called surface factor time lag (), it
is the time lag between the timing of the peak heat flow entering the wall surface and

peak heat flow leaving the wall surface into the room. It is calculated by,

Im(1 - Ry (—31/32))>

(3.25)

s Re(1 — Ryi(—eq/e3))

Y= Earct‘an(
Buildings are categorized as fast or slow, with regards to their thermal response to
short-wave radiation as follows:

FAST: Surface factor, F=0.8, with a delay v of 1 hour

SLOW: Surface factor, F=0.5, with a delay y of 2 hours

3.2.8 Thermal heat capacity ()

Thermal heat capacity (x) is the amount of heat energy stored in the wall during the
day time per unit area of building element per unit degree of outside temperature
swing. The same stored heat energy is released during the night time. It can be

calculated using the following correlation,

(3.26)

te4—1
=5l o]

- E (=5)
The penetration length, phase velocity and optimum fabric thickness can be calculated

as follows (Magyari and Keller 1998),

3.2.9 Penetration length (o)
The thickness of the wall at which the thermal effects are very strong is called

penetration length, and the approximate value for this hot region can be calculated by
o, = V2a/wy (3.27)

3.2.10 Phase velocity (v)
The phase velocity of thermal heat wave is the velocity of heat wave with which it
penetrates into the wall and it can be calculated by

vV = V20wy (3.28)
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Where, w, = 2m/P

3.2.11 Optimum fabric thickness (d (or) Lopt)

The optimum fabric thickness is the thickness of the wall at which heat storage
capacity is maximum and further can be calculated by

d (or)Lyp: = 1.182510, (3.29)

The computer program was developed using MATLAB to solve one dimensional
diffusion equation with convective periodic conditions and to compute dynamic
thermal properties of homogeneous and composite building walls of various
configurations. For validation purpose, the results of the computer simulation program
were compared with the CIBSE standards. The validation has been conducted for a
solid brick wall with thickness 0.22 m, thermal conductivity 0.77 W/mK, specific heat
capacity 1000 J/kgK and density 1750 kg/m®. The solid brick wall is plastered inside
with dense plaster of thickness 0.013 m, thermal conductivity 0.57 W/mK, specific
heat capacity 1000 J/kgK and density 1300 kg/m®. The unsteady thermal response
characteristics of the composite solid brick wall were compared with CIBSE standard
results as shown in Table 3.2.2. The deviation of the present simulation program
results from the CIBSE standard results was found to be less than or equal to 2.5%
and therefore the program is contemplated to be reliable to use for other external

walls.

Table 3.2.2 Comparison of dynamic thermal response characteristics of composite

brick wall results with CIBSE results

Dynamic properties of Present Deviation
S.No. . simulation CIBSE Results
composite wall (%)
program results

1 Transmittance (U) 2.09 2.09 0

2 Decrement factor (f) 0.41 0.42 -2.38

3 Time lag (¢) 7.56 7.40 2.16

4 Admittance (Y) 4.50 4.49 0.22

5 Surface factor (F) 0.48 0.49 -2.04

5 Surface fa((iltf;r time lag 156 1,60 250
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CHAPTER-4

DYNAMIC THERMAL RESPONSE CHARACTERISTICS OF LATERITE
WALLS

4.1 INTRODUCTION

The most prominent building elements that ensure energy efficiency in buildings are
building enclosures. The construction cost of buildings can be drastically reduced by
using natural building materials in comparison to conventional building materials.
Using natural building materials depreciates negative ecological impact and promotes
environmental sustainability. Hence, it is imperative to dedicate attention to the
thermal performance of natural and sustainable building materials.

Laterite stone is a locally available, natural, environment friendly and cost effective
ferruginous building material in South-West coastal India. Laterite rocks originate in
this region due to heavy rainfall, intermittent hot seasons and terrain with hills and
valleys. The weather in South-West coastal India is hot and humid. The word Laterite
was adopted from the Latin word “Later” meaning brick (Gidigasu 1974). The
formation of laterite rocks usually transpires in the tropics and subtropics of India,
Ceylon, Brazil, France, Germany, Nigeria, Ghana, Venezula, East Africa, South
Africa, Australia and South America. The formation of laterite rocks occurs in hot and
humid regions within 30°N and 30°S of the equator (Kasthurba et al. 2014). The root
cause for formation of laterite is prolonged and repetitive wet and dry seasons. The
laterite stone is recognized by different names in different countries. They are well
designated as Laterite, Cabook, Canga, Carapace, Eisenkruste, Ironstone, Mantle
rock, Moco de hierro, Murram, Ferricrete, Pisolite and plinthite in India, Ceylon,
Brazil, France, Germany, Nigeria, Ghana, Venezula, East Africa, South Africa,
Australia and South America, respectively (Aleva 1994). Laterite stones are generally

available in dark red, dark brown and vyellowish red in color. They posses
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compressive strength of 2.5 to 5 Mpa and specific gravity ranging between 1.5-3. The
provisional cost of burnt clay brick in South -West India is around 5 INR per piece
and the provisional cost of the laterite stone is 28 INR per piece after finishing.
Laterite stone construction is cost effective as the volume of laterite stone (390 mm X
190 mm X 190 mm) is nearly nine times higher than the volume of the burnt clay
bricks (190 mm X 90 mm X 90 mm). For the same compressive strength not less than
3.5 N/mm? (IS: 1077 1992) and for the same volume covered by a laterite stone, the
burnt clay bricks would cost 45 INR or more. The large size and smooth machine cut
of laterite stone can cut down the time taken to complete a structure which in turn
saves labor cost.

From the previous reported literature, and to the best of knowledge, no work has been
reported on an analysis of the thermal properties of laterite stones and dynamic
thermal performance of laterite stone walls hence, this work was carried out and was
reported in this paper.

All building materials, except metals and glasses are porous and therefore able to
absorb moisture from the ambient air. The effect of moisture is negligible in high
thermal conductivity materials, but it is considerable in low thermal conductivity
building materials like laterite rocks. When compared with corresponding dry
building materials, thermal properties of moist building materials are drastically
altered and the magnitude of these changes depends on the relative humidity of the
ambient air. Moisture is significant among the parameters that may affect the thermal
performance of building materials. Water and ice have a much higher thermal
conductivity than air or other gases in the pores of building materials so a moist
material has a higher thermal conductivity than a dry material. The moisture in pores
of the building material forms convection currents in the materials. The moisture in
the pores will short circuit the insulation or act as parallel resistances, which reduce
the thermal resistance. In most cases for building application materials are only
hygroscopically moist (Trechsel 2001).

The energy efficient building envelopes can be designed based on the unsteady state
thermal characteristics of the wall materials. These unsteady thermal characteristics of
any building materials not only depend on the thickness of the materials, but they also
depend on their thermo physical properties such as, thermal conductivity, specific
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heat, thermal diffusivity and density. These thermo physical properties are greatly
influenced by the temperature and relative humidity of the environment. The water
vapor permeability and thermal conductivity as a function of temperature and relative
humidity in RH controlled chamber was studied earlier (Valovirta and Vinha 2004).
The thermo physical properties of moist air as a function of temperature and relative
humidity were presented (Tsilingiris 2008). This paper presents the thermo physical
properties of laterite stone as a function of temperature and relative humidity.

Thermal conductivity and specific heat of porous building materials display a unique
behavior when moisture is present in their structure. This paper presents the
experimental investigation of the effect of ambient air humidity and temperature on
thermal properties of the laterite rocks used in South-West coastal India. The
experimental technique employed was transient plane source method in the saturated
salt solution humidity controlled chamber. Experimental results showed an increase of
thermal conductivity by 14.7% and specific heat by 9.15% with an increase in the
relative humidity of ambient air in the hygroscopic range. A porous and ferruginous
matrix of laterite was studied using a scanning electron microscope. Elemental
composition and its distribution over a porous laterite surface was studied using
energy dispersive x-ray spectroscopy. The effects of relative humidity of the ambient
air and temperature on the unsteady state thermal heat transfer characteristics like,
transmittance, admittance, decrement factor, time lag, surface factor, surface factor
time lag and heat capacity for different thicknesses of the laterite rock walls were
investigated analytically. One dimensional heat flow equation under periodic
convective boundary conditions is solved using matrix algebra and a computer
simulation program was developed to calculate unsteady state thermal characteristics.
Results indicate that the decrement factor reduces by 8.35% and time lag increases by
2.88% with an increase in the relative humidity of ambient air compared to the dry
state for the Indian standard laterite rock thickness.

This chapter also investigates dynamic thermal characteristics of laterite and concrete
building walls in four different orientations of the wall (East, west, north and south)
and in four different climatic zones of India. The dynamic thermal characteristics
studied includes decrement factor and time lag. The thermal performance of laterite
and concrete walls in four climatic zones of India such as hot and dry (Ahmedabad),
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temperate (Bangalore), composite (Hyderabad) and warm and humid (Mangalore)
was studied. The thermo physical properties of laterite walls such as thermal
conductivity, specific heat capacity, thermal diffusivity and density were measured
experimentally using the transient plane source method. In order to study the thermal
performance of laterite and concrete walls, meteorological data of each region as per
Indian Society of Heating Refrigerating and Air-conditioning engineers on peak
summer day of the year was applied to the outer surface of the building walls in
Energy Plus 8.1.0.009 simulation tool. The meteorological data serves as boundary
conditions for building models designed in Design builder 4.3.0.039 version and
simulated in Energy plus simulation tool. All the simulations were carried out on peak
summer day of concerned region under clear sky conditions. From the results, it is
observed that the thermal performance of laterite buildings is better than the concrete
buildings. The simulation results showed that for hot and dry climate, the laterite
stone wall in the east orientation offers the least decrement factor (0.2722) than the
east oriented concrete wall (0.2955). Similarly, the laterite wall offers the highest time
lag (7.75 h) than the concrete wall (7.25 h) in the eastern orientation. The results also
revealed that the laterite stone walls are more energy efficient than the concrete walls
from lower decrement factor and higher time lag perspective in all orientations of the
walls and in all four climatic zones of India. The results help in designing energy
efficient and sustainable building enclosures for reduced cooling loads.

4.2 THE EFFECT OF AIR RELATIVE HUMIDITY AND TEMPERATURE
ON THERMAL PROPERTIES AND DYNAMIC THERMAL RESPONSE
CHARACTERISTICS OF LATERITE WALLS

4.2.1 Morphology and chemical composition of laterite rocks

The laterite rocks are ferruginous materials available in dark red to dark brown color,
with pores lined with yellowish white clay. They are also available in pink and ochre
colors based on iron oxide in various states of hydration. Due to its porous structure
lined with yellowish clay, these rocks are able to absorb more moisture when they are
exposed to a humid environment. JEOL JSM- 6308LA scanning electron microscope

with energy dispersive x-ray spectroscopy was used for the characterization of laterite
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stone. The surface of the laterite stone to be examined was coated with sputtered gold
using the low vacuum sputtering system for electrical conduction characteristics (Koo
2006). The coated laterite stone surface was scanned by an electron beam and the
back scattered beam of electrons were collected and displayed on a cathode tube. This
image is photographed to represent laterite surface characteristics. Scanning electron
microscopy (SEM) captured significant features of laterite stone with pores as shown
in Figure 4.2.1. Elemental composition of laterite stones and its distribution over a
porous surface was studied using energy dispersive x-ray spectroscopy (EDS). EDS is
included as a part of SEM. With EDS in an electron microscope, one can attain
elemental analysis of the laterite stone. It was observed that the laterite stone consists
of dark red to dark brown colored hard ferruginous material which absorbs less
moisture and soft yellowish white clayey material which absorbs more moisture from
the humid air as presented in Figure 4.2.2 (a) and Figure 4.2.2 (b) respectively. The
laterite rock pores are lined with yellowish white clay and able to absorb the
maximum amount of moisture. Elemental composition of laterite stone is presented in
Figure 4.2.3 and it is noticed that laterite rocks are rich in oxides of iron, aluminium,

silicon and carbon.

Figure 4.2.1 SEM images of laterite stone: (a) Laterite overview, (b) Porous area in
Fe-rich laterite, (c) Details of Fe-rich matrix around a pore of (b), (d) Dark colored

Fe-rich aggregates around a pore of (b)
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Figure 4.2.2 EDS Mapping of laterite: (a) Pore in Fe-rich matrix of laterite, (b) Pore

lined with yellowish white clay, (c) Details of surface for EDS mapping. (d) Carbon

distribution over a surface of (c), (e) Oxides distribution over a surface of (c), (f) Al
distribution over a surface of (c), (g) Si distribution over a surface of (c), (h) Fe

distribution over a surface of (c)
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Figure 4.2.3 EDS spectrum of laterite rocks containing oxides of C, Al, Si and Fe
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4.2.2 Pore structure and heat transfer through a moist pore of the laterite rocks
The important heat flows due to temperature gradients in moist porous materials are
(Treschsel and Bomberg 2009), (1a) Conduction in the solid laterite. (1b) Conduction
of humid air in the pores of the laterite. (2) Conduction in the water film bound to the
clayey white yellowish pore walls. (3) Evaporation and condensation within a pore of
a laterite. The moisture moves one way in the vapor phase and then back again in the
liquid phase. This process is caused by temperature differences between the pore
walls and takes place even if the moisture gradient is equal to zero. (4) Radiation
between the pore walls. (5) Convection in the pores. In most practical cases, this can
be neglected. Figure 4.2.4 clearly shows significant heat flows in a moist porous
laterite rocks. Moisture absorption of laterite rocks in relation to the relative humidity
of ambient air at 23°C were measured experimentally.

The maximum absorption depends on the temperature and the relative moisture
content of the ambient air, and is called equilibrium moisture content. Figure 4.2.5
illustrates the equilibrium moisture content of the laterite rock walls in relation to the
relative humidity of ambient air at a constant temperature of 23°C. These sorption
curves show that the sorption increases with increasing air humidity, but the increase
is not linear. Hence, there is a specific curve for each material (Bansal et al. 1994). It
is apparent that the laterite stone walls are active in the absorption process when the
relative humidity is raised from 50 to 98% in 48 hours of time. During this absorption

process, thermal properties of laterite rocks change significantly.
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Figure 4.2.4 Heat transfer mechanism in the pore structure of a moist laterite rock

walls
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Figure 4.2.5 Equilibrium moisture content of laterite rocks in relation to the relative
humidity of ambient air at 23°C
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4.2.3 Effect of moisture in ambient air on thermal properties of laterite rocks

A hot disk TPS 2500 instrument as per 1SO 22007-2 was used for simultaneous
measurement of thermal conductivity, specific heat and thermal diffusivity of the
laterite rocks. The double spiral sensor (model 5465 and 3.189mm radius) made of
nickel foil with electric insulation on each side was placed in between two pieces of
the laterite sample (Log and Gustafsson 1995) and the sample and sensor was placed
in an airtight humidity chamber with a transparent window. Inside the chamber a
humidity meter was placed. The humidity of the chamber was controlled by placing a
petri-dish with saturated salt solutions as shown in Figure 4.2.6. Each salt and its
solution have different relative humidity equilibrium with the air in the chamber.
Before each measurement, the chamber was left undisturbed for at least 48 hours for
the humidity level to reach its equilibrium. In this method TPS element acts as both
temperature sensor and heating element. A constant 0.2 W of input power is supplied
to the double spiral sensor and increase in the temperature is directly related to the
variation in sensor resistance that is simultaneously recorded by the same spiral
heating element. The spiral gives the constant heating rate per unit spiral length and
records the average temperature of the sensor operating as a resistance thermometer.
The average temperature response can be written as (Gustafsson 1991),

Py 4.1
AT=G+mD(T) ( )

. . . t—t
Here, temperature increase of the sensor in terms of variable (1), T = /%,

Characteristic time which depend both on sensor parameters and the sample (0), 8 =

2
% , k is thermal conductivity and G indicates the imperfect thermal contact conditions

in a measurement between sensor probe and the laterite surface to remove the effect
of any thermal contact effects during analysis, r is the hot disk radius (3.189mm), Po
is total sensor output power and o is the thermal diffusivity of the material. From this,
the thermal conductivity (k) of the laterite can be obtained by plotting the graph
between increase in the temperature (AT) and Geometric function (D (t)). The
thermal conductivity (k) can be extracted from the slope of the best line fit. An
iterative procedure is followed to form the best model fit of Egn. (1) to the

experimental data points for obtaining thermal diffusivity (o) and time correction
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(tcorr). The humidity meter was used to check that the humidity was stable. Five
repetitive measurements were performed at each humidity level. The measurements
were performed with 0.2W of input power and 5s measurement time. Relative
humidities maintained in the chamber were 0%, 11%, 33%, 54%, 75%, 84%, 92% and
98% using saturated solutions such as phosphorous pentoxide, lithium chloride,
magnesium chloride, magnesium nitrate, sodium chloride, potassium chloride,
potassium nitrate and potassium sulphate respectively. All the thermal properties were
measured in the hygroscopic range of 0 to 98% RH. The experiments were carried out
in K-Analys AB, Sweden. Table 4.2.1 shows the thermal properties of laterite stone at
various relative humidity levels maintained by saturating salts. The humidity
environment chamber was maintained at 23+1°C as per the ASTM standard C-1498
procedure.

Figure 4.2.6 Experimental set up for thermal property measurement at various relative

humidity levels
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Table 4.2.1 Experimentally measured thermal properties of laterite rocks at various

humidity levels and constant temperature

S.NO. | Saturation | RH k of Mean Cp of Mean standard
salt [%] | laterite standard laterite deviation of
[W/m K] | deviation of | [J/kgK] | experiment for Cp
experiment
for k
1. Phosphoro | 0 1.2475 | 0.00048461 1695 0.0030515
us
pentoxide
2. Lithium | 11 | 1.2742 | 0.00041902 1731 0.00040878
Chloride
3. Magnesiu | 33 | 1.2945 0.0005688 1759 0.0020962
m
Chloride
4. Magnesiu | 54 1.305 0.0004217 1768 0.002198
m Nitrate
5. Sodium 75 1.349 0.00088066 1798 0.0016671
Chloride
6. Potassium | 84 1.376 0.00038363 1820 0.0021084
Chloride
7. Potassium | 92 1.454 0.00083132 1878 0.0011558
Nitrate
8. Potassium | 98 1.478 0.0011098 1888 0.0035401
sulphate

The relative humidity of ambient air adversely affects the thermal properties and the
unsteady state thermal characteristics of the building materials, especially in low
thermal conductivity materials like laterite rocks. Experimentally measured thermal
property values are curve fitted with the best accuracy. Figure 4.2.7 (a) and Figure
4.2.7 (b) show a curve fit for thermal conductivity and specific heat of laterite rocks
as a function of relative humidity of ambient air, respectively. It is observed that the
thermal conductivity of the laterite rocks increases with the increase in the relative
humidity of ambient by 14.73% when the relative humidity of ambient air varies from
0 to 98% RH. This increase in the thermal conductivity with the increase in the
relative humidity attributed to the increase of humid air convective currents in the
pores of laterite rocks. The specific heat capacity of the laterite rocks increases with
the increase in the relative humidity of ambient air by 9.15% when the relative

humidity of air varies in the hygroscopic range. Dry laterite has a specific heat
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capacity of 1715 J/kgK at 23°C whereas moist laterite at 98% RH has a specific heat
capacity of 1888 J/kgK at 23°C. It takes 1.1times as much energy to heat the moist
laterite than the dry laterite. The increase in the specific heat capacity of laterite rocks
with the increase in the relative humidity is due to higher specific heat capacities of
the humid air present in the pores of the laterite stones. The thermal conductivity and
the specific heat capacity of laterite rocks are increased by only 3.45% and 2.42%
respectively from 0 to 50% RH but they are more active in the adsorption process
from 50 to 98% RH. Hence, thermal conductivity and specific heat capacity are
increased by 12.68% and 6.89% respectively during this adsorption process. At higher
relative humidity levels laterite rocks are more reddish in color due to the presence of
moisture in it. The variation in these thermal properties greatly influences the
unsteady state thermal characteristics of laterite rock walls.

1950 4

m  Experimental Thermal conductivity of Laterite stone (W/mK) = Experimental Specific heat capacity of Laterite stone (J/kgK)
Non linear Curve fit for Thermal Conductivity Non linear Curve fit for Specific heat capacity

1900 ~

1850

y = 0.00528*%exp(0.03824*x) + 1.25954
R’= 0.96466

y = 18.75477*exp(0.02372*x) + 1697.22758

1800 R’= 0.93097

1750 ~

Thermal conductivity (W/mK)
Specific heat capacity (J/kgK)
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(@) (b)

Figure 4.2.7 Thermal properties at constant temperature: (a) Thermal conductivity of
laterite rocks as a function of relative humidity of ambient air, (b) Specific heat of
laterite rocks as a function of relative humidity of ambient air

4.2.4 Effect of ambient air temperature on thermal properties of laterite rocks

The laterite sample was placed in a holder that fits into an oil bath. The same 3.189
mm radius, sensor was used for measuring thermal properties at various temperatures.
The sample was first cooled down to 0°C and then thermal properties at 0°C, 20°C,
40°C and 60°C were measured during heating cycle. Humidity equilibrium was
maintained at each step of the sample heating. Table 4.2.2 shows the thermal
properties of laterite rocks at various temperatures. The thermal conductivity of
laterite rock at 0°C is observed to be the highest among all the considered

temperatures. This maximum thermal conductivity is credited to the freezing of humid
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air in the pores of the laterite rocks. The thermal conductivity of the laterite stones
increases with the increase in the temperature from 20°C to 60°C as accredited to
increase in the convective currents in the pores of the laterite stones.

Table 4.2.2 Experimentally measured thermal properties of laterite rocks at various

temperatures and constant relative humidity

S.NO. | Temperature Kk Mean standard Cp Mean standard
[°C] [W/m K] deviation of [J/kgK] deviation of

experiment for k experiment for

Cp
1. 0 1.332 0.0002 1870 0.0030515
2. 20 1.289 0.0004 1910 0.00040878
3. 40 1.306 0.0015 2040 0.0020962
4. 60 1.307 0.009 2140 0.002198

4.2.5. Effect of moisture and temperature on admittance and transmittance of
laterite rocks

Figure 4.2.8 (a) and Figure 4.2.8 (b) depict that for thin cross section walls, the value
of admittance is equal to the value of transmittance. At wall thickness 0.01 m, the
admittance and transmittance values are nearly equal. At smaller wall thicknesses
ranging from 0.01 to 0.1 m, the wall does not have much ability to store heat. Hence
the wall transfers most of the heat received at the external wall surface to the internal
wall surface. At 0.1 mm wall thickness, the admittance of the wall starts increasing
with the increase in the wall thickness. Admittance increases with the thickness of the
laterite wall linearly against optimum fabric thickness (d) until a constant value is
reached due to increase in the ability of wall to store heat. The optimum fabric
thickness is the optimum thickness of the wall where the wall can store the maximum
amount of heat within it. This optimum thickness of the laterite wall lies in between
0.1 m and 0.28 m (End of the uptrend line). As per CIBSE standards, the optimum
thickness occurs for wall thicknesses greater than 0.1 m. It was also suggested that the
optimum fabric thickness can be achieved at the wall thicknesses nearer to 0.2 m
(Rees et al. 2000). The transmittance value goes on decreasing with the increase in the
laterite wall thickness. The effect of relative humidity of ambient air on admittance
and the transmittance of laterite rocks is clearly noticeable. Both the admittance and

the transmittance increase with the increase in the relative humidity of the ambient air.
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High thermal admittance values are advantageous from a thermal mass perspective,
whereas low thermal transmittance values are desirable for low transmission loads
through walls or good thermal insulation. Thermal admittance is a dynamic property.
As the thermal heat capacity increases, the thermal admittance value increases.
Thermal transmittance is a steady state property and it doesn’t depend upon the
specific heat capacity of the material and it depends only on the thickness, thermal
conductivity and outside and inside surface resistances. The admittance value of
laterite rocks increases with an increase in the temperature and due to the increase of
specific heat of the laterite stone with an increase in the temperature. The
transmittance remains almost constant at the temperatures 0°C, 20°C, 40°C and 60°C.
From these results it is understood that, relative humidity of the ambient air affects
both the transmittance and admittance whereas the temperature affects only
admittance values. High admittance values are useful from a thermal mass perspective

and low thermal transmittance will minimize heat loss.
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Figure 4.2.8 Admittance and Transmittance: (a) Admittance and transmittance of
laterite rocks as a function of relative humidity of ambient air and thickness at
constant temperature, (b) Admittance and transmittance of laterite rocks as a function

of temperature and thickness at constant relative humidity

4.2.6. Effect of moisture and temperature on thermal heat capacity of laterite
rocks
Higher thermal heat capacity or higher thermal mass stores maximum heat energy

while heating in day time and slowly releases heat energy to the environment during
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the cooling at night time. With the varying thermal mass decrement factor and time
lags of the walls can be altered. Figure 4.2.9 (a) and Figure 4.2.9 (b) illustrate the
thermal heat capacity of laterite rocks as a function of relative humidity and
temperature of ambient air, respectively. From the results, it is inferred that the
thermal heat capacity of the laterite walls increases with the increase in the relative
humidity of ambient air from 0 to 98% RH. For the same thickness, a moist laterite
wall has more thermal heat capacity than the dry laterite walls. Optimum fabric
thickness value varies from material to material. Thermal heat capacity of laterite
rocks increases with the increase in thickness of the wall until it reaches the optimum
fabric thickness. Maintaining wall thickness greater than the optimum fabric thickness
does not give more energy storage, but it rather reduces energy storage. Optimum
energy storage of 8.048x10* (J/m?K) occurs at an optimum fabric thickness (d % rr)
of 0.28m in dry state, whereas optimum energy storage of 8.472 x10* (J/m?K) occurs
at an optimum fabric thickness (d gy ry) Of 0.274m in the 98% RH ambient air. The
values of dj, dy, d3 and d4 represent the optimum fabric thicknesses of the laterite rock
walls at 0°C, 20°C, 40°C and 60°C respectively. The observed optimum fabric
thickness values are 0.27m, 0.265m, 0.255m and 0.25m at 0°C, 20°C, 40°C and 60°C
temperatures respectively. It is clear from the results that the both moisture and

temperature affect the optimum thickness of the walls.
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Figure 4.2.9 Thermal heat capacity: (a) Thermal heat capacity of laterite rocks as a
function of relative humidity of ambient air and thickness at constant temperature, (b)
Thermal heat capacity of laterite rocks as a function of temperature and thickness at

constant relative humidity
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4.2.7. Effect of moisture and temperature on decrement factor and time lag of
laterite rocks

The decrement factor and it’s time lag are significant thermal characteristics, t0
analyze the thermal mass or thermal heat capacity of any material. During the
daytime, the process of heat transfer from the outside surface to inside surface is
periodic. The amplitude of heat wave propagating from the outside surface to the
inside surface of the wall is based on solar radiation and convection between outside
wall surface and air. The decrement factor of the wall should be as low as possible to
reduce the magnitude of heat transfer through the wall and it’s time lag due to thermal
mass should be as high as possible for reducing cooling loads into the building. These
decrement factor and time lag are functions of outside temperatures, inside
temperatures and material thermal properties of the wall layers. Thermal properties
such as, thermal conductivity, specific heat and thermal diffusivity are functions of
temperature and relative humidity of the ambient air. For the laterite rock walls,
decrement factor reduces with the increase in the relative humidity of the ambient air
and the time lag increases with the increase in the relative humidity of the ambient air
from 0 to 98% RH as shown in Figure 4.2.10 (a) and Figure 4.2.10 (b). The results
show that the dry laterite rocks have higher decrement factors and least time lags and
moist laterite walls have lower decrement factors and higher time lags. It can also be
observed that the decrement factor decreases and time lag increases with the increase
in the laterite wall thickness. Figure 4.2.11 (a) and Figure 4.2.11 (b) show the
decrement factor and it’s time lag as a function of temperature and thickness. From
this, it is evident that decrement factor of laterite rocks decreases and it’s time lag
increases with the increase in the temperature. This decrease in decrement factors and
increase in the time lag values is due to the increase in the specific heat of the material
with increase in the relative humidity and temperature. The increase in the specific
heat of the material increases the thermal heat capacity of the wall or thermal mass.
Enhanced thermal mass is responsible for the reduced decrement factors and

improved time lag values.
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Figure 4.2.11 Decrement factor and it’s time lag at constant relative humidity: (a)
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4.2.8. Effect of moisture and temperature on surface factor and surface factor
time lags

The amplitude of surface factor increases with the decrease of thermal conductivity or
decrease of moisture in the building material. Building materials with high thermal

conductivity or high moisture have lower surface factors and high surface factor time
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lag. The Surface factor should be as low as possible and surface factor time lag should
be as high as possible for the slow responsiveness of the wall to the short wave
radiation.

Figure 4.2.12 (a) and Figure 4.2.12 (b) show the surface factor and surface factor time
lags of laterite rocks as a function of relative humidity and thickness. The surface
factor of the laterite rocks decreases with the increase in the moisture content of the
ambient air and the surface factor time lag increases with the increase in the relative
humidity of the ambient air due to increase in the thermal conductivity of laterite
rocks with relative humidity. The laterite walls are slow responsive to short wave
radiation at 98% RH due to their lower surface factors (0.36) and higher surface factor
time lags (1.99) whereas the laterite walls are fast responsive to short wave radiation
at 0% RH due to their higher surface factors (0.41) and lower surface factor time lags
(1.87). The surface factor and it’s time lag of laterite rocks as a function of
temperature and thickness is shown in Figure 4.2.13 (a) and Figure 4.2.13 (b). The
fluctuation of surface factor and it’s time lag at temperatures 0°C, 20°C, 40°C and
60°C is due to the fluctuation of the thermal conductivities of laterite walls at those
temperatures. From this, it is observed that the surface factor and surface factor time
lag depend only upon thermal conductivity and do not depend upon the thickness of

the laterite wall.
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4.2.9. Effect of moisture, temperature and outside convective heat transfer

coefficient on decrement factor and decrement time lags

Figure 4.2.14 (a) and Figure 4.2.14 (b) show the variation of decrement factor and
time lag with varying outside convective heat transfer coefficient (ho) for laterite rock
walls at different relative humidity levels. It can be clearly observed that, there is a
considerable influence of outside convective heat transfer coefficient on decrement
factor and time lag. The decrement factor increases and the time lag decreases with
the increase in the outside convective heat transfer coefficient. From this it is clear
that the decrement factor and time lag not only depend upon the thermal properties
and thickness, but they also depend upon outside convective heat transfer coefficients.
Decrement factor and it’s time lag of laterite rocks as a function of temperature and
heat transfer coefficient are shown in Figure 4.2.15 (a) and Figure 4.2.15 (b)
respectively.

The results show that the unsteady state thermal characteristics of Indian standard
thickness laterite (0.29m) rocks vary drastically with increase in relative humidity of
ambient air from 0 to 98%. Transmittance increases by 8.47%, admittance increases
by 5.28%, decrement factor decreases by 8.35%, time lag increases by 2.88%, surface
factor decreases by 10.24%, surface factor time lag increases by 5.27% and thermal

heat capacity increases by 4.96%. The increase in the temperature from 0°C to 60°C
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causes the following changes in the thermal parameters of laterite wall, the admittance
increases by 1.9%, decrement factor reduces by 14.5%, decrement factor time lag

increases by 8.3% and thermal heat capacity increases by 1.1%.
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4.3 THE DECREMENT FACTOR AND TIME LAG OF LATERITE AND
CONCRETE BUILDINGS IN FOUR DIFFERENT CLIMATIC ZONES OF
INDIA

4.3.1 Thermal properties and methodology

The building models with different building materials were designed in Design
builder version 4.3.0.039. The dimensions of the building models are 3.5 m X 3.5 m
X 3.5 m with 0.2286 m external wall thickness. The building materials for wall
materials used are laterite stone and dense concrete. The floor was designed with
dense concrete with 0.14 m thickness and plastered on the top side of the floor with
0.01 m cement plaster. The roof was designed with reinforced cement concrete of
0.13 m thickness and it was plastered at the top and bottom side of the roof with 0.01

m cement plaster.

The thermal analysis of the building models with the above building dimensions and
materials were carried out using licensed Energy plus 8.1 simulation software in
different climatic zones of India. The major city is selected in the each climate zone.
The four climatic zones of India such as hot and dry (Ahmedabad (23.07°N,
72.63°E)), moderate (Bangalore (12.97°N, 77.58°E)), composite (Hyderabad
(17.45°N, 78.47°E)) and warm and humid (Mangalore (12.87°N, 74.88°E)). The heat
gain in buildings of four different cities on the peak summer day was computed.
Thermal analysis was carried out for climatic regions of Ahmedabad (Peak summer
day May 15™), Bangalore (Peak summer day April 15™), Hyderabad (Peak summer
day May 15™) and Mangalore (Peak summer day April 15") on peak summer days of
the year as per the Indian standards Table 4.1. shows the thermo physical properties of
building materials. Thermo physical properties of building materials are as per the
Indian standards. Thermo physical properties of laterite stone were measured
experimentally. Figure 4.3.1 shows sun path diagram of four climatic regions of India
on peak summer days. The Sun path diagram is a graphical illustration of sun paths in
the sky for various days in the year. Figure 4.3.2 shows outside and inside eastern
laterite wall surface temperatures in four different climatic regions. Figure 4.3.3

shows outside and inside western laterite wall surface temperatures in four different
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climatic regions. Figure 4.3.4 shows outside and inside northern laterite wall surface
temperatures in four different climatic regions. Figure 4.3.5 shows outside and inside
southern laterite wall surface temperatures in four different climatic regions. The
decrement factor and time lag values can be computed using equations 4.2 and 4.3.

Decrement factor f = M (4.2)

emax _Temin

Time Iags d)min = Urimin — tTe min and ¢max = Uri max — UTe max (43)
Where, Te and T; are wall external and internal surface temperature; t = Time.

Table 4.3.1 Thermo physical properties of building materials

Building material k [W/mK] p [kg/m3] Cp [J/kgK]
Laterite stone 1.3698 1000 1926.1
Dense concrete 1.74 2410 880
Reinforced cement concrete 1.58 2288 880
Cement plaster 0.721 1762 840

(b)

Figure 4.3.1 Sun path diagrams on peak summer day: (a) Ahmedabad climatic region,
(b) Bangalore climatic region, (¢) Hyderabad climatic region, (d) Mangalore climatic
region
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Figure 4.3.5 Surface temperatures of Southern laterite wall: (a) Outside wall surface
temperatures, (b) Inside wall surface temperatures

4.3.2 Decrement factor and time lag of buildings in hot and dry climatic zones
(ahmedabad) of india

The decrement factor (f) is the attenuation of temperature amplitude during the heat
wave penetration through building walls. Figure 4.3.6 shows the decrement factor of

laterite and dense concrete building walls in hot and dry climatic zones (Ahmedabad)
of India.
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The average decrement factor for laterite walls in the Ahmedabad climatic region is
0.426. The average decrement factor for concrete walls was observed to be 0.458.
From the results, it is observed that the laterite walls are better than concrete wall

from low decrement factor perspective.

Figure 4.3.7 shows the Time lag of laterite and dense concrete building walls in hot
and dry climatic zones (Ahmedabad) of India. The time required by the heat wave of
period 24 h to propagate through a building wall from the outside surface to inside
surface is called the time lag (¢). The dmax IS equal to the ¢min When the outside surface
temperature is periodic and sinusoidal. The boundary conditions are periodic and non

sinusoidal when ¢max is not equal to the dmin.

The laterite walls oriented to east, north and south have different ¢pmaxand dmin values
and hence, the outside temperature variations are periodic non sinusoidal. The laterite
wall oriented to west has the same ¢max and ¢min Values and hence, the outside
temperature variations are periodic and sinusoidal. The laterite wall ¢max Values are
13h, 5h, 6h and 9.5h, respectively, for eastern, western, northern and southern wall
orientations. The laterite wall omi, values are 2.5 h, 5h, 3.5h and 4.5h, respectively, for
eastern, western, northern and southern wall orientations. The average ¢max value for
laterite wall in the Ahmedabad climatic region is 8.375h. The average ¢min value for
laterite wall in the Ahmedabad climatic region is 3.875 h. In summer climates, the
higher ¢min values are recommended for reducing cooling loads. The concrete walls
oriented to east, north and south have different ¢max and omin values and hence, the
outside temperature variations are periodic non sinusoidal. The concrete wall oriented
to west has the same ¢max and omin Values and hence, the outside temperature
variations are periodic and sinusoidal. The concrete wall ¢max vValues are 12.5h, 4.5h,
5.5h and 9.5h, respectively, for eastern, western, northern and southern wall
orientations. The concrete wall ¢min values are 2h, 4.5h, 3.5h and 4h, respectively, for
eastern, western, northern and southern wall orientations. The average ¢max value for
concrete wall in the Ahmedabad climatic region is 8 h. The average ¢mi, value for
concrete wall in the Ahmedabad climatic region is 3.5 h. In summer climates, the
higher ¢min values are recommended for reducing cooling loads. The laterite walls
have higher ¢min values than the concrete walls. Hence, the laterite walls are energy
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efficient than the concrete walls in the Ahmedabad climatic regions. The average
values of decrement factor and the time lag for laterite and dense concrete buildings in

the Ahmedabad climatic region were shown in Table 4.3.2 and 4.3.3.
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Figure 4.3.6 Decrement factor of laterite and dense concrete building walls in hot and

dry climatic zones (Ahmedabad) of India
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Figure 4.3.7 Time lag of laterite and dense concrete building walls in hot and dry
climatic zones (Ahmedabad) of India

Table 4.3.2 Decrement factor and time lag of laterite buildings in Ahmedabad

climatic region

Laterite buildings (Ahmedabad climatic region)
Wall orientation Pmax [N] Pmin [N] f
East 13 2.5 0.2722
West 5 5 0.3177
North 6 3.5 0.5434
South 9.5 4.5 0.5721
Average 8.375 3.875 0.42635
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Table 4.3.3 Decrement factor and time lag of dense concrete buildings in

Ahmedabad climatic region

Dense concrete buildings (Ahmedabad climatic region)
orientation Pmax [N] Pmin [N] f
East 12.5 2 0.2955
West 4.5 4.5 0.357
North 5.5 3.5 0.569
South 9.5 4 0.613
Average 8 3.5 0.458

4.3.3 Decrement factor and time lag of buildings in moderate climatic zones
(bangalore) of india
Figure 4.3.8 shows the decrement factor of laterite and dense concrete building walls

in moderate climatic zones (Bangalore) of India.

The average decrement factor for laterite walls in the Bangalore climatic region is
0.367. The average decrement factor for concrete walls was observed to be 0.399.
From the results, it is observed that the laterite walls are better than concrete wall

from low decrement factor perspective in Bangalore climatic regions.

Figure 4.3.9 shows the time lag of laterite and dense concrete building walls in
moderate climatic zones (Bangalore) of India. The laterite walls oriented to east, north
and south have different ¢max and ¢omin values and hence, the outside temperature
variations are periodic non sinusoidal. The laterite wall oriented to west has the same
dmax and dmin Values and hence, the outside temperature variations are periodic and
sinusoidal. The laterite wall ¢nmax Values are 12.5h, 4.5h, 6.5h and 9h, respectively, for
eastern, western, northern and southern wall orientations. The laterite wall ¢mi, Values
are 2 h, 4.5h, 3.5h and 4h, respectively, for eastern, western, northern and southern
wall orientations. The average ¢max vValue for laterite wall in the Bangalore climatic

region is 8.125h. The average ¢min Value for laterite wall in the Bangalore climatic
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region is 3.5 h. In summer climates, the higher ¢min values are recommended for

reducing cooling loads.

The concrete walls oriented to east, north and south have different ¢max and omin
values and hence, the outside temperature variations are periodic non sinusoidal. The
concrete wall oriented to west has the same ¢max and ¢pmin Values and hence, the outside
temperature variations are periodic and sinusoidal. The concrete wall ¢max Values are
12h, 4h, 5.5h and 8.5h, respectively, for eastern, western, northern and southern wall
orientations. The concrete wall ¢nmin values are 2 h, 4h, 3h and 3.5h, respectively, for
eastern, western, northern and southern wall orientations. The average ¢max value for
concrete wall in the Bangalore climatic region is 7.5 h. The average ¢min value for
concrete wall in the Bangalore climatic region is 3.125 h. In summer climates, the
higher ¢min values are recommended for reducing cooling loads. The laterite walls
have higher ¢min values than the concrete walls. Hence, the laterite walls are more
energy efficient than the concrete walls in the Bangalore climatic regions as well. The
average values of decrement factor and the time lag for laterite and dense concrete

buildings in Bangalore climatic region were shown in Table 4.3.4 and 4.3.5.
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Figure 4.3.8 Decrement factor of laterite and dense concrete building walls in

moderate climatic zones (Bangalore) of India
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Figure 4.3.9 Time lag of laterite and dense concrete building walls in moderate

climatic zones (Bangalore) of India

Table 4.3.4 Decrement factor and time lag of laterite buildings Bangalore

climatic region

Laterite buildings (Bangalore climatic region)
Wall orientation Pmax [N] Pmin [N] f
East 12.5 2 0.2178
West 4.5 4.5 0.2620
North 6.5 35 0.5130
South 9 4 0.4758
Average 8.125 3.5 0.367
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Table 4.3.5 Decrement factor and time lag of dense concrete buildings

Bangalore climatic region

Dense concrete buildings (Bangalore climatic region)
orientation Pmax [N] Pmin [N] f
East 12 2 0.2433
West 4 4 0.3012
North 5.5 3 0.5405
South 8.5 3.5 0.5126
Average 7.5 3.125 0.399

4.3.4 Decrement factor and time lag of buildings in composite climatic zones
(hyderabad) of india

Figure 4.3.10 shows the decrement factor of laterite and dense concrete building walls
in composite climatic zones (Hyderabad) of India.

The average decrement factor for laterite walls in the Hyderabad climatic region is
0.413. The average decrement factor for concrete walls was observed to be 0.441.
From the results, it is observed that the laterite walls are better than concrete wall

from low decrement factor perspective in the Hyderabad climatic regions.

Figure 4.3.11 shows the time lag of laterite and dense concrete building walls in
composite climatic zones (Hyderabad) of India. The laterite walls oriented to east,
west, north and south have different ¢max and ¢min values and hence, the outside
temperature variations are periodic non sinusoidal. The laterite wall ¢max values are
13.5h, 5h, 6h and 8.5h, respectively, for eastern, western, northern and southern wall
orientations. The laterite wall ¢min values are 2.5 h, 4.5h, 4h and 4h, respectively, for
eastern, western, northern and southern wall orientations. The average ¢max value for
laterite wall in the Hyderabad climatic region is 8.25h. The average ¢min value for

laterite wall in the Hyderabad climatic region is 3.75 h.
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The concrete walls oriented to east, north and south have different ¢max and omin
values and hence, the outside temperature variations are periodic non sinusoidal. The
concrete wall oriented to west has not much difference between ¢max and omin vValues
and hence, the outside temperature variations are periodic and nearly sinusoidal. The
concrete wall ¢max values are 12.5h, 4.5h, 5.5h and 8.5h, respectively, for eastern,
western, northern and southern wall orientations. The concrete wall ¢min Values are
2.5h, 4.5h, 3.5h and 4h, respectively, for eastern, western, northern and southern wall
orientations. The average ¢max Value for concrete wall in the Hyderabad climatic
region is 7.75 h. The average ¢min Value for concrete wall in the Hyderabad climatic
region is 3.625 h. In summer climates, the higher ¢min values are recommended for
reducing cooling loads. The laterite walls have higher ¢min values than the concrete
walls. Hence, the laterite walls are recommended for energy efficient building
construction than the concrete walls in the Hyderabad climatic regions as well. The
average values of decrement factor and the time lag for laterite and dense concrete

buildings in the Hyderabad climatic region were shown in Table 4.3.6 and 4.3.7.
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Figure 4.3.10 Decrement factor of laterite and dense concrete building walls in

composite climatic zones (Hyderabad) of India
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Figure 4.3.11 Time lag of laterite and dense concrete building walls in composite

climatic zones (Hyderabad) of India

Table 4.3.6 Decrement factor and time lag of laterite buildings in Hyderabad

climatic region

Laterite buildings (Hyderabad climatic region)
Wall orientation Pmax [N] Pmin [N] f
East 13.5 2.5 0.252
West 5 4.5 0.296
North 6 4 0.477
South 8.5 4 0.629
Average 8.25 3.75 0.413
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Table 4.3.7 Decrement factor and time lag of dense concrete buildings in

Hyderabad climatic region

Dense concrete buildings (Hyderabad climatic region)
orientation Pmax [N] Pmin [N] f
East 12.5 2.5 0.2701
West 4.5 4.5 0.3328
North 5.5 3.5 0.5009
South 8.5 4 0.6637
Average 71.75 3.625 0.441

4.3.5 Decrement factor and time lag of buildings in warm and humid climatic
zones (mangalore) of india
Figure 4.3.12 shows the decrement factor of laterite and dense concrete building walls

in warm and humid climatic zones (Mangalore) of India.

The average decrement factor for laterite walls in the Mangalore climatic region is
0.401. The average decrement factor for concrete walls was observed to be 0.429.
From the results, it is observed that the laterite walls are better than concrete wall

from a low decrement factor perspective in Mangalore climatic regions.

Figure 4.3.13 shows the time lag of laterite and dense concrete building walls in warm
and humid climatic zones (Mangalore) of India. The laterite walls oriented to east,
west, north and south have different ¢max and ¢min values and hence, the outside
temperature variations are periodic and non sinusoidal. The laterite wall ¢pmax values
are 12h, 4.5h, 6h and 9.5h, respectively, for eastern, western, northern and southern
wall orientations. The laterite wall omin values are 2.5 h, 4h, 3.5h and 4h, respectively,
for eastern, western, northern and southern wall orientations. The average ¢max vValue
for laterite wall in the Mangalore climatic region is 8h. The average ¢min value for

laterite wall in the Mangalore climatic region is 3.5 h.
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The concrete walls oriented to east, west, north and south have different ¢maxand dmin
values and hence, the outside temperature variations are periodic and non sinusoidal.
The concrete wall ¢max vValues are 11.5h, 4.5h, 6h and 9h, respectively, for eastern,
western, northern and southern wall orientations. The concrete wall ¢min values are 2h,
4h, 3.5h and 4h, respectively, for eastern, western, northern and southern wall
orientations. The average ¢max value for concrete wall in the Mangalore climatic
region is 7.75 h. The average ¢min value for concrete wall in the Mangalore climatic
region is 3.375 h. In summer climates, the higher ¢min values are recommended for
reducing cooling loads. The laterite walls have higher ¢min values than the concrete
walls. Hence, the laterite walls are recommended for energy efficient building
construction than the concrete walls in Mangalore climatic regions. The average
values of decrement factor and time lag for laterite and dense concrete buildings in the

Mangalore climatic region were shown in Table 4.3.8 and 4.3.9.

1.0
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LRl B Dense concrete
0.8
0.7 1

0.586
0.6101

0.529
0.5635

Decrement factor

EAST WEST NORTH SOUTH
Orientation

Figure 4.3.12 Decrement factor of laterite and dense concrete building walls in warm

and humid climatic zones (Mangalore) of India
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Figure 4.3.13 Time lag of laterite and dense concrete building walls in warm and
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Table 4.3.8 Decrement factor and time lag of laterite buildings in Mangalore

climatic region

Laterite buildings (Mangalore climatic region)
Wall orientation Pmax [N] Pmin [N] f
East 12 2.5 0.218
West 4.5 4 0.274
North 6 3.5 0.586
South 95 4 0.529
Average 8 3.5 0.401
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Table 4.3.9 Decrement factor and time lag of dense concrete buildings in

Mangalore climatic region

Dense concrete buildings (Mangalore climatic region)

orientation Pmax [N] Pmin [N] f
East 115 2 0.2407
West 4.5 4 0.3055
North 6 3.5 0.6101
South 9 4 0.5635
Average 7.75 3.375 0.429

4.4 SUMMARY

The changes in the laterite stone thermal properties due to relative humidity and
temperature have to be considered in designing energy efficient laterite stone
buildings, as they are exposed to different humidity and temperature environments in
practice.

Moisture absorption of laterite rocks increases with the increase in the relative
humidity from 50 to 98% RH. This sudden rise in moisture absorption causes the
thermal conductivity and specific heat capacity of laterite to increase. The thermal
conductivity and the specific heat capacity of laterite rocks increase by 14.73% and by
9.15%, respectively, with relative humidity of ambient air compared with the dry
laterite rocks.

Both relative humidity and temperature affect the decrement factor and it’s time lag
values. The increase in the relative humidity from 0% RH to 98% RH decreases the
decrement factor by 8.35% and increases the time lag by 2.88%, whereas, the increase
in the temperature from 0°C to 60°C decreases the decrement factor by 14.5% and
increases the time lag by 8.3%.

Laterite rock walls are slow responsive to short wave radiation at higher relative
humidity levels due to their lower surface factors (0.36) and higher surface factor time
lags (1.99) whereas dry laterite walls are fast responsive to short wave radiation due
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to their higher surface factors (0.41) and lower surface factor time lags (1.87). From
this it is concluded that the responsiveness of the laterite walls to the short wave
radiation is reduced with an increase in the relative humidity.

Optimum fabric thickness of the laterite wall decreases with the increase in the
relative humidity and temperature of ambient air. Optimum thickness of the laterite
rocks to be maintained in highly humid coastal regions is found to be 0.274m (at 98%
RH) from humidity point of view and optimum thickness of the laterite rocks to be
maintained in hot regions is found to be 0.255 m (at 40°C) from a temperature point
of view.

Thermal admittance and thermal transmittance of the laterite rocks increase with the
increase in the relative humidity of ambient air, whereas an increase in the
temperature increases the thermal admittance and keeps thermal transmittance almost
constant.

The average decrement factor for laterite buildings in Ahmedabad, Bangalore,
Hyderabad and Mangalore climatic regions is less than that of the average decrement
factor of concrete buildings in all climatic regions. The average decrement factor of
the laterite building walls in the Mangalore climatic region is 6.526% less than that of
the average decrement factor of the dense concrete building walls in the Mangalore
climatic region. Hence, the laterite walls are recommended over concrete walls from a
low decrement factor point of view.

In summer climates, the higher ¢min values are recommended for reducing cooling
loads. The laterite building walls have higher ¢min values than the concrete building
walls. The average time lag (¢min) Of the laterite building walls in the Mangalore
climatic region is 3.57% higher than that of the average time lag (¢min) Of the dense
concrete building walls in the Mangalore climatic region. Hence, the laterite walls are
recommended for energy efficient building construction than the concrete walls from
higher average time lag perspective.

The results of the study help in selection of energy efficient building materials from
lower decrement factor and higher time lag perspective.
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CHAPTER-5

EFFECT OF THERMAL PROPERTIES OF BUILDING MATERIALS,
INSULATION LOCATION, AIR SPACE THICKNESS AND AIR SPACE
LOCATION WITHIN WALL ON DYNAMIC THERMAL PROPERTIES OF
WALLS

5.1 INTRODUCTION

Climate responsive building design involves the study of the thermal response of
building and insulating materials exposed to periodic changes of environmental
conditions. In this study, ten homogeneous building materials (Laterite stone, Madras
black clay, Indore black clay, Slate, Burnt brick, Mud brick, Reinforced brick, Brick
tile, Mud phuska and Cinder concrete) and ten homogeneous insulating materials
(Saw dust, Rice husk, Coir board, Jute felt, Jute fiber, Coconut pitch, Straw board,
Asbestos fiber, Wall board and Chip board) are investigated. Unsteady thermal
response characteristics and Optimum wall thicknesses of building and insulating
materials were calculated.

Passive cooling is one of the methods to keep the building cool and to reduce the load
on air conditioner. Passive cooling demands the study of the thermal characteristics
like admittance, transmittance, decrement factor, time lag, surface factor and surface
factor time lags. These characteristics were determined for both homogeneous and
composite walls. In this study, five building materials such as, Laterite stone, Burnt
brick, Mud brick, Reinforced brick and Fly ash bricks were selected as homogeneous
building materials. Five local Insulating materials such as Saw dust, Rice husk, Coir
board, Jute felt and Jute fiber were selected to form the composite wall along with
building materials. The composite walls were framed using the combination of
building and insulation materials. Total hundred combinations of composite walls,
without insulation and with insulation material located at the inner side, at mid plane

and at outer side of the composite walls were studied. To study the thermal
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characteristics of such configurations of composite wall, one dimensional heat flow
diffusion equation was solved using matrix algebra under periodic convection
boundary conditions. The penetration length, the phase velocity of the heat waves in
the wall and optimum fabric thickness of the selected building and insulating
materials were calculated.

This paper also presents the comprehensive investigation of the effect divided air
space thickness within the wall on unsteady heat transfer characteristics such as,
thermal transmittance, thermal admittance, decrement factor and time lag of five
building material walls for energy efficient building enclosure design. The five
building material composite walls such as laterite stone, mud brick, cellular concrete,
dense concrete and cinder concrete with total thirty configurations were studied. A
computer simulation program was developed to compute unsteady heat transfer
characteristics using the cyclic admittance procedure. From the results, it is observed
that the decrement factor decreases with the increase in the divided air space thickness
within the composite wall for all building materials. Dense concrete (DC) was
observed to be the energy efficient from the lowest decrement factor point of view
among five studied building materials. Dense concrete decrement factor decreases by
23.67% for 0.02 m air space thickness compared to the conventional composite wall
without air space. It is also noticed that the time lag increases with the increase in the
divided air space thickness within the composite wall for all building materials.
Cellular concrete (CLC) was observed to be the energy efficient from highest time lag
perspective among five studied building materials. Cellular concrete time lag
increases by 6.23% for 0.02 m air space thickness compared to the conventional
composite wall without air space. Both thermal insulation and thermal mass can be
enhanced with the air spaces within the wall structure.

This chapter also aims to present the optimum location of vertical air space within
composite walls to be maintained based on thermal response characteristics such as
admittance, transmittance, decrement factor, time lag, surface factor and surface
factor time lags. In this study, six building materials: Laterite stone, burnt brick, mud
brick, reinforced brick, fly ash brick and concrete block were selected and
computations were made for forty two configurations of the composite walls with

seven configurations for each building material (without air space, air space at the

75



outer side, air space at mid center plane, air space at the inner side, air space at the
outer and the inner sides, air space at the outer side and mid center plane and air space

at mid center plane and the inner side).

5.2 EFFECT OF THERMAL PROPERTIES OF BUILDING AND
INSULATING MATERIALS ON DYNAMIC THERMAL PROPERTIES OF
WALLS

5.2.1 Thermal properties and unsteady thermal response characteristics of
building and insulating materials

Table 5.2.1 shows the thermo-physical properties of Building materials and Table
5.2.2 shows the thermo-physical properties of Insulating materials considered for the
study (SP: 41 1987). Ten building and ten insulation materials were selected for the
study. The computer program was developed and used to calculate the unsteady state
thermal characteristics of homogeneous and composite walls. The building materials
are coded as shown in Table 5.2.1. The insulating materials are coded as shown in
Table 5.2.2 Plaster was represented by code P. Thermal properties of Laterite stone
(LS) and plaster (P) were calculated experimentally in K-Analys, AB Sweden.

Table 5.2.3 and Table 5.2.4 show the unsteady state thermal characteristics of
building and insulating materials, respectively. The nominal thickness of the
homogeneous wall was taken as 0.2 m. One dimensional diffusion equation was
solved under periodic boundary conditions using matrix algebra. In the present study,
the walls are considered as external walls, therefore external and internal surface
resistances selected are 0.04 m? K/W and 0.13 m? K/W, respectively. Among all the
studied insulating materials, coconut pitch insulation (CPI) is found to be energy
efficient from lowest decrement factor (0.22) and highest time lag (11.80 h) point of
view. Hence this insulation is used to frame the composite walls with the most
commonly used building materials in South India. Five composite walls are coded
from C-A; to C-As.
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Table 5.2.1 Thermo physical properties of building materials

o _ k P Cp ax10”
Building material Code 2 )
[W/mK] [kg/m?] [J/kgK] [m/s]
Laterite Stone LS 1.3698 1000 1926.1 7.11
Madras Black clay MBC 0.735 1899 880 4.39
Indore Black clay IBC 0.606 1683 880 4.09
Slate SL 1.72 2750 840 7.44
Burnt brick BB 0.811 1820 880 5.06
Mud brick MB 0.75 1731 880 4.92
Reinforced brick RB 1.10 1920 840 6.82
Brick tile BT 0.798 1892 880 4.79
Mud phuska MP 0.519 1622 880 3.63
Cinder concrete CNC 0.686 1406 840 5.80
Plaster P 0.57 1300 1000 4.38
Table 5.2.2 Thermo physical properties of insulating materials
] ) k p Cp ax10”
Insulating material 3 ,

Code [W/mK] [kg/m?] [J/kgK] [m/s]
Saw dust SD 0.051 188 1000 2.71
Rice husk RH 0.051 120 1000 4.25
Coir board CB 0.038 97 1000 3.91
Jute felt JF 0.042 291 880 1.64
Jute fiber JFB 0.067 329 1090 1.86
Coconut pitch insulation CPI 0.06 520 1090 1.05
Straw board SB 0.057 310 1300 1.41
Asbestos fiber AF 0.06 640 840 1.11
Wall board WB 0.047 262 1260 1.42
Chip board CHB 0.067 432 1260 1.23

Figure 5.2.1 shows the configuration of composite wall. Table 5.2.5 shows the
configuration of composite walls with thicknesses of plaster, building materials and
Insulation materials. Table 5.2.6 shows the unsteady state thermal characteristics of

composite walls.
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Table 5.2.3 Unsteady state thermal characteristics of building materials

U Y ® b 4

Code |[wimk]| T oI | wimeky | [ F [h]
LS 3.16 0.56 5.44 5.26 1.12 0.38 1.94
MBC 2.26 0.51 6.39 4.58 1.39 0.48 1.66
IBC 2.00 0.52 6.43 4.26 1.52 0.52 1.53
SL 3.49 0.52 5.63 5.63 0.97 0.33 2.09
BB 2.40 0.54 5.95 4.61 1.38 0.47 1.68
MB 2.29 0.55 5.95 4.48 1.43 0.49 1.63
RB 2.84 0.60 5.26 4.87 1.27 0.43 1.80
BT 2.37 0.52 6.15 4.65 1.37 0.47 1.69
MP 1.80 0.50 6.74 4.07 1.58 0.55 1.46
CNC 2.16 0.64 5.17 4.07 1.59 0.54 1.49
Table 5.2.4 Unsteady state thermal characteristics of insulating materials

U2 f ¢ [N] Y2 ® F Y

Code | [W/m“K] [W/m*K] [h] [h]
SD 0.24 0.61 6.17 0.77 2.79 0.92 0.27
RH 0.24 0.77 4.30 0.60 2.88 0.94 0.22
CB 0.18 0.76 4.53 0.48 2.93 0.95 0.17
JF 0.20 0.40 8.75 0.81 2.71 0.92 0.28
JFB 0.31 0.43 8.20 1.17 2.59 0.88 0.41
CPI 0.28 0.22 11.80 1.36 2.51 0.86 0.47
SB 0.27 0.33 9.78 1.15 2.59 0.88 0.40
AF 0.28 0.24 11.41 1.33 2.52 0.87 0.46
WB 0.22 0.33 9.66 0.96 2.65 0.90 0.33
CHB 0.31 0.27 10.79 1.40 2.50 0.86 0.49

Table 5.2.5 Configuration of composite walls

Configuration

Thickness [m]

C-A; 0.015P+0.1LS+0.02CPI+0.1LS+0.015P
C-A; 0.015P+0.1BB+0.02CPI+0.1BB+0.015P
C-As 0.015P+0.1 MB +0.02CPI+0.1 MB +0.015P
C-A4 0.015P+0.1RB+0.02CPI+0.1RB+0.015P
C-As 0.015P +0.1 CNC +0.02 CPI1 + 0.1 CNC +0.015 P
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Table 5.2.6 Unsteady state thermal characteristics of composite walls.

U
Y v
Code |wimk]| T O | pwimeky | i F [h]

C-A; 1.42 0.30 8.87 5.11 1.36 0.44 2.10

C-A; 1.24 0.32 9.10 4.66 1.55 0.50 1.89

C-As 1.21 0.33 9.05 4.57 1.60 0.51 1.86

C-A4 1.35 0.35 8.50 4.85 1.52 0.48 2.02

C-As 1.18 0.42 8.09 4.30 1.83 0.56 1.81

Figure 5.2.1 Configuration of composite wall. (BM: Building material, IM: Insulating
material, P: Plaster)

5.2.2 Optimum fabric thickness of building and insulating materials
Wall thickness greater than optimum does not give any additional energy storage

benefits rather it reduces energy storage. The physical explanation given is, that as
heat stored in the fabric from previous days tries to escape, it meets with the current
heat flow attempting to enter the fabric. Also, as d increases, after the peak Y value
has been achieved, the thermal transmittance, U and volumetric heat capacity,
continue to increase. Optimum wall thicknesses for building and insulating materials
were calculated using Eq. (3.24). (Magyari et al. 1998).

Figure 5.2.2 (a) and Figure 5.2.2 (b) show the variation of admittance and
transmittance of the building materials with thickness. From figures, it is observed
that for thin cross section fabrics admittance is equal to the transmittance. The values
of a, by, ¢1, d1, €1, f1, 01, hy, i1 and j; represent the optimum fabric thicknesses of ten
building materials.

Figure 5.2.3 (a) and Figure 5.2.3 (b) show the variation of admittance and
transmittance of the insulating materials with thickness. The values of a,, b, C;, da, €2,
f2, 92, ho, i, and j, represent the optimum fabric thickness of ten insulating materials.
The results show that among all the ten building materials studied, Mud phuska (MP)

has least optimum fabric thickness value i; (0.118 m) and slate (SL) has higher
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optimum fabric thickness value d; (0.169 m). It can also be observed that among all
the ten insulating materials studied, Coconut pitch insulation (CPI) material has least
optimum fabric thickness value f; (0.064 m) and rice husk (RH) has higher optimum
fabric thickness value b, (0.127m). At an optimum fabric thickness all the building

and insulating materials have the maximum thermal heat capacity.
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5.2.3. Decrement factor and it’s time lag of building and insulating materials

Figure 5.2.4 (a) and Figure 5.2.4 (b) show the effects of wall thickness of the
homogeneous building materials on the decrement factor and it’s time lag. Figure
5.2.5 (a) and Figure 5.2.5 (b) show the effects of wall thickness of the homogeneous
insulating materials on the decrement factor and it’s time lag. The decrement factor of
the building material decreases with an increase in the wall thickness. The smaller the
decrement factor the more effective the wall at suppressing temperature swings. The
time lag of building materials increases with an increase in the wall thickness. The

larger the time lags, the more effective the wall at suppressing temperature swings.
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From Figure 5.2.4, it is observed that mud phuska (MP) has least decrement factor
and higher decrement time lags whereas cinder concrete (CNC) has higher decrement
factors and lower time lags among ten building materials studied. From Figure 5.2.5,
it was observed that coconut pitch insulation (CPI) has least decrement factor and
higher decrement time lags whereas rice husk insulation (RH) has higher decrement
factors and lower time lags among ten insulating materials studied.

5.2.4 Surface factor and it’s time lag of building and insulating materials
Buildings with surface factor 0.8 with time delay of one hour are fast responsive to
short wave radiation, whereas buildings with surface factor 0.5 with time delay of two
hours are slow responsive to short wave radiation. From Figure 5.2.6, it can be
observed that among ten studied building materials, slate (SL) is slow responsive to
short wave radiation due to its lowest surface factor (0.33) and highest surface factor
time lags (2.09 h) whereas mud phuska (MP) is fast responsive to short wave
radiation due to its higher surface factor (0.55) and lower surface factor time lags
(1.46).

From Figure 5.2.7, it is observed that among ten insulating materials studied, chip
board insulation (CHB) is slow responsive to short wave radiation due to its low
surface factor (0.86) and high surface factor time lags (0.49 h) whereas coir board
(CB) is fast responsive to short wave radiation due to its higher surface factor (0.95)
and lower surface factor time lags (0.17 h). From Figure 5.2.6 and Figure 5.2.7, it was
observed that surface factor and it’s time lag do not depend on the thickness of the
wall, but they depend only on thermal conductivity of the building or insulating
material. It is clear from the Figures 5.2.6 and 5.2.7 that the insulating materials are
fast responsive to short wave radiation than the building materials due to their higher
surface factors and lower surface factor time lags.

5.2.5 Decrement factor and it’s time lag of composite walls

In practice, building walls are composite, i.e., they are constructed with the
combination of two or more homogeneous materials. Hence the best insulation
material (coconut pitch (CPI)) among ten studied insulating materials was used as
insulation material to frame composite walls with the most commonly used building
materials (among ten building materials), Laterite stone (LS), burnt bricks (BB), mud
bricks (MB), reinforced brick (RB) cinder concrete (CNC) and plaster (P). The
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insulation material was placed at the center of the composite wall as shown in Figure
5.2.1. From Table 5.2.6, it is observed that burnt brick composite walls (C-A;) with
Coconut pitch insulation (CPI) give lowest decrement factor values (0.32) and highest
decrement time lags (9.1 h) whereas cinder concrete composite walls (C-As) with
coconut pitch insulation give highest decrement factor (0.42) and lowest decrement
time lags (8.09 h). Figure 5.2.8 shows the decrement factor and its time lag of

composite walls.
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5.3 EFFECT OF INSULATION LOCATION WITHIN WALL ON DYNAMIC
THERMAL PROPERTIES OF WALLS

5.3.1 Unsteady state thermal characteristics of building and insulating materials
Table 5.3.1 shows the thermal properties, penetration length, phase velocity and
optimum fabric thickness of the Indian Building and Insulating materials considered
for the study (SP: 41 1987). Five building and five insulation materials were selected
for the study. The computer program was used to calculate the unsteady state thermal
characteristics of homogeneous and composite wall materials. The building and
insulating materials are coded as shown in Table 5.3.1. Plaster was represented by
code P. The unsteady state thermal characteristics for all building and insulating
materials were calculated and shown in Table 5.3.3. In this study, nominal thickness
of the homogeneous wall was taken as 0.2m. In the present study, external and
internal surface resistances selected are 0.04 m? K/W and 0.13 m® K/W respectively.
Transient plane source technique (Gustafsson, 1991) was employed to calculate
thermal properties of laterite stone and fly ash bricks.
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Table 5.3.1 Thermal properties and Optimum thickness values of Building and

Insulating materials

S.No. Building k p Cp ax10"| V x10 | d [m]
material | Code | [W/mK] | [kg/m®] | [/kgK] |’ 6
[m?/s] | [m/s]
1. | Laterite Stone | LS 1.369 1000 | 1926.1 | 7.11 | 0.1016 | 0.165
2. Burnt brick BB 0.811 1820 880 5.06 | 8.578 | 0.139
3. Mud brick MB 0.75 1731 880 492 | 8.459 | 0.137
4, Reinforced RB 1.10 1920 840 6.82 | 9.959 | 0.161
brick
5. Fly ash brick | FAB | 0.360 1700 857 247 | 5.993 | 0.097
6. Saw dust SD 0.051 188 1000 2.71 | 6.278 | 0.102
7. Rice husk RH 0.051 120 1000 425 | 7.862 | 0.127
8. Coir board CB 0.038 97 1000 3.91 | 7.541 | 0.122
9. Jute felt JF 0.042 291 880 1.64 | 4.883 | 0.079
10. Jute fibre JFB 0.067 329 1090 1.86 | 5.201 | 0.084
11. Cement P 0.721 1762 840 4.87 - -
plaster

The penetration length is the minimum thickness of the wall to be maintained for heat

storage. The phase velocity is the velocity of the heat wave passing through the wall.

The optimum fabric thickness is the thickness at which maximum heat storage occurs.

Wall thickness greater than optimum gives no additional energy storage benefit and

can actually reduce energy storage. The physical explanation given is that as heat

stored in the fabric from previous days tries to escape, it meets with the current heat

flow attempting to enter the fabric.
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Table 5.3.2 Composite wall configuration and Thickness

S.No. Configuration Thickness of the wall from outside to inside [m]
1. C-B; 0.015P+0.2BM+0.015P
2. C-B; 0.015P+0.02IM+0.2BM+0.015P
3. C-Bs 0.015P+0.1BM+0.021M+0.1BM+0.015P
4, C-B, 0.015P+0.2BM+0.02IM+0.015P

Figure 5.3.1 shows the configurations of the composite walls selected for this

analysis. Four configurations were selected to study the effect of the insulation

location on time lag and the decrement factor of the composite walls. Table 5.3.2

shows the configuration and thickness of the composite walls used for the study.

Table 5.3.3 Unsteady state thermal characteristics of Building and Insulating materials

CODE U f o] Y ® F ¥ [h] %
[W/m?K] [W/m?K] [l [J/m?K]
LS 3.165 [0563]544| 526 [112]0398| 199 | 79818
BB 2401 (0549 ]595| 461 [1.38]0488| 172 | 71789
MB 229 0554|595 448 [143]0505] 1.67 | 69884
RB 2.84 10601 |526| 487 |127]0452| 1.82 | 74096
FAB 137 [o0401][815]| 372 |169]0599| 134 | 57782
SD 0.244 [0610]6.17 | 0774 [27910.927| 0.276 | 12172
RH 0.244 [0.779[430] 0605 | 2.88|0944| 0218 | 9465
CB 0.184 [0.760 ] 453 | 048 [293]0.956| 0173 | 7539
JF 0.202 [0.400]875| 0819 [271]0922| 0.288 | 12372
JFB 0.316 [0438]820| 1.178 [259|0.886| 0.415 | 18030
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BM: Building Material IM: Insulating Material P: Plaster

Figure 5.3.1 Configurations of Composite walls

5.3.2 Optimum fabric energy storage of building and insulating materials

The fluctuating component of the conduction through the building fabric, caused by
cyclic variation in the sol-air temperature, is treated by using a modified heat flow for
all external surfaces which is effectively the thermal transmittance (U) multiplied by
the decrement factor, (f). The second and most important point to consider is the rate
of transfer of heat energy between the internal surface of the fabric and the
environmental node. The rate of flow of this heat energy, for each degree of deviation
about the mean environmental temperature value, is known as the thermal admittance.
It is this unsteady state parameter that positively indicates the ability of the fabric to
absorb (and store) heat energy from the environmental node, i.e. fabric energy storage
or ‘thermal mass’. The associated time dependency of this heat transfer is referred to
as the lead time. Figure 5.3.2 shows the variation of admittance and transmittance of
the building and insulating materials with thickness. From figures it can be observed
that for thin cross section fabrics admittance is equal to the transmittance. The values
of a3, bs, c3, d3 and es represent the optimum fabric thicknesses of the five building
materials as shown in Figure 5.3.2 (a) and the values of a4, by, c4, d4 and e, represent
the optimum fabric thickness of the five insulating materials as shown in Figure 5.3.2
(b). From the results, It was observed that among all the five building materials
studied, fly ash bricks have least optimum fabric thickness value e; (0.097 m) and
laterite stones from the south west coast of India have higher optimum fabric

thickness value a3 (0.165 m). It can also be observed that among all the five insulating
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materials studied, jute felt insulation material has least optimum fabric thickness value
d4 (0.079m) and rice husk has higher optimum fabric thickness value b, (0.127m). At
an optimum fabric thickness all the building and insulating materials have maximum
thermal heat capacity values. Penetration length, phase velocity and optimum fabric
thickness values of all the building and insulating materials were shown in the Table
5.3.1.

5.3.3 Effect of thickness on time lag and decrement factor of building and
insulating materials

The effect of wall thickness of the building materials on the decrement factor and time
lag was shown in Figure 5.3.3. The thickness of the homogeneous walls considered
for the study is 0 to 1m. The decrement factor of the building material decreases and
it’s time lag increases with an increase in the wall thickness. The smaller the
decrement factor the more effective the wall at suppressing temperature swings.
Figure 5.3.3 (a) and Figure 5.3.3 (b) show the decrement factor and its time lag of the
building materials used in the study. From these figures, it was observed that the fly
ash bricks have lower decrement factor values (0.401) and higher time lags (8.15h)
whereas reinforced bricks have higher decrement factor values (0.601) and lower time
lags (5.26 h). Figure 5.3.4 (a) and Figure 5.3.4 (b) show the decrement factor and it’s
time lag of the insulating materials used. From the figures, it was observed that among
all the studied insulating materials, jute felt has lower decrement factor values (0.4)
and higher time lags (8.75 h) whereas rice husk has higher decrement factor values
(0.77) and lower time lags (4.3 h).

5.3.4 Effect of thickness on surface factor and it’s time lag of building and
insulating materials

Figure 5.3.5 (a) and 5.3.5 (b) show the surface factor and it’s time lag of building and
insulating materials. Surface factor and it’s time lag of the homogeneous walls is
independent of the wall thickness. The surface factor and it’s time lag value increases
with increasing thermal conductivity and remain virtually independent of the material
thickness. From the results, it was observed that among all the building materials
studied, fly ash bricks have higher surface factors (0.599) and lower surface factor
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time lags (1.34 h), whereas laterite stones have lower surface factors (0.398) and
higher surface factor time lags (1.99 h). Among insulating materials studied, it was
observed that the coir board has higher surface factors (0.956) and lower surface
factor time lags (0.173 h) whereas jute fiber has lower surface factors (0.886) and
higher surface factor time lags (0.415 h).

5.3.5 Effect of insulation location on decrement factor and it’s time lag of
composite walls

Figure 5.3.6 (a) and 5.3.6 (b) show the effect of the insulation location on decrement
factor and it’s time lags of laterite stone (LS). Laterite stone with Configuration B
without insulation gives the higher decrement factor (0.461) and lower time lags
(6.37h). Laterite stone with five insulation materials placed in three different
configurations was studied. From the results, it was observed that the laterite stone
(LS) with the coir board insulation (CB) located at the outer surface (Configuration
B,) gives the least decrement factor (0.21) and laterite stone with the saw dust
insulation (SD) located at the inner surface (Configuration B,) gives the highest
decrement factor (0.3438). Laterite stone with the jute felt insulation (JF) located at
the mid plane of the wall (Configuration B3) gives the highest time lag (8.9h) and
laterite stone with the jute fiber insulation (JFB) located at the inner surface gives the
least time lag (7.4h).

Figure 5.3.7 (a) and 5.3.7 (b) show the effect of the insulation location on decrement
factor and it’s time lags of Burnt brick (BB). Burnt brick with Configuration B
without insulation gives the higher decrement factor (0.459) and lower time lags
(6.93h). From the results, it was observed that the burnt brick (BB) with the coir board
insulation (CB) located at the outer surface (Configuration B;) gives the least
decrement factor (0.22) and burnt brick with the jute fiber (JFB) located at the inner
and at the mid plane (Configuration B3& Bj) gives the highest decrement factor
(0.34). Burnt brick with the jute felt insulation (JF) located at the center of the wall
(Configuration B3) gives the highest time lag (9.15h) and burnt brick with the jute
fiber insulation (JFB) located at the inner surface gives the least time lag (8.13h).
Figure 5.3.7 (c) and 5.3.7 (d) show the effect of the insulation location on decrement

factor and it’s time lags of mud brick (MB). Mud brick with Configuration B; without
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insulation gives the higher decrement factor (0.466) and lower time lags (6.95h).
From the results, it was observed that the mud brick (MB) with the coir board
insulation (CB) located at the outer surface (Configuration B;) gives the least
decrement factor (0.23) and mud brick with the jute fiber insulation (JFB) located at
the center and at the inner surface (Configuration B3&B,) gives the highest decrement
factor (0.359 & 0.345). Mud brick with the jute felt insulation (JF) located at the
center of the wall (Configuration Bs) gives the highest time lag (9.1h) and mud brick
with the jute fiber insulation (JFB) located at the inner surface gives the least time lag
(8.1h).

Figure 5.3.7 (e) and 5.3.7 (f) show the effect of the insulation location on decrement
factor and it’s time lags of reinforced brick (RB). Reinforced brick with Configuration
B1 without insulation gives the higher decrement factor (0.501) and lower time lags
(6.23h). From the results, it was observed that the reinforced brick (RB) with the coir
board insulation (CB) located at the outer surface (Configuration B;) gives the least
decrement factor (0.24) and reinforced brick with the jute fiber insulation (JFB)
located at the inner surface (Configuration B,) gives the highest decrement factor
(0.384). Reinforced brick with the jute felt insulation (JF) located at the mid plane of
the wall (Configuration B3) gives the highest time lag (8.6h) and reinforced brick with
the jute fiber insulation (JFB) and rice husk (RH) located at the inner surface gives the
least time lag (7.4h &7.37h).
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insulation location on time lag of LS

Figure 5.3.7 (g) and 5.3.7 (h) show the effect of the insulation location on decrement
factor and it’s time lags of fly ash brick (FAB). Reinforced brick with Configuration
B1 without insulation gives the higher decrement factor (0.342) and lower time lags
(9.19h). Fly ash brick with five insulation materials placed in three different
configurations was studied. From the results, it was observed that the fly ash brick
(FAB) with the coir board insulation (CB) located at the outer surface (Configuration
B,) gives the least decrement factor (0.17) and fly ash brick with the jute fiber
insulation (JFB) located at the mid plane of the wall (Configuration Bs) gives the
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highest decrement factor (0.26). Fly ash brick with the jute felt insulation (JF) located
at the mid center plane of the wall (Configuration B3) gives the highest time lag
(11.17h) and fly ash brick with the jute fiber insulation (JFB) and rice husk (RH)
located at the inner surface gives the least time lag (10.43h & 10.41h).
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different configurations

5.4 EFFECT OF AIR SPACE THICKNESS WITHIN WALL ON DYNAMIC
THERMAL PROPERTIES OF WALLS

5.4.1 Building material thermal properties and their unsteady thermal response
characteristics

Table 5.4.1 shows the thermal properties of the building materials at 50°C considered
for the study. The thermal properties of building materials such as, Mud brick,
Cellular concrete, Dense concrete, Cinder concrete and Cement plaster were taken
from the Indian standard guide for heat insulation of non-industrial buildings as per IS
code 3792-1978. In this code guarded hot plate method and ASTM heat flow methods
are used to calculate thermal properties of building materials (IS: 3792 1978).
Thermal properties of laterite stone were measured using the transient plane source
method experimentally at K- Analys, Sweden. Five building materials were selected
for the study. The computer simulation program has been developed to calculate the
unsteady state thermal characteristics of homogeneous and composite wall materials.
The five building materials are coded from LS to CNC. The cement plaster was
represented by code P. In this study walls are considered as external walls and
external and internal surface resistances considered are 0.04 m? K/W and 0.13 m?
K/W, respectively for external walls as per CIBSE standards. Table 5.4.2 shows the

six composite wall configurations with different airspace thicknesses.
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Figure 5.4.1 shows the configurations of six composite walls without and with
different divide air space thicknesses.

Table 5.4.1 Thermo physical properties of building materials

) k p Cp o [m?/s]
Wall material
S.No. Code | [W/mK]| [ka/m®] | [I/kgK] X 107
1. Laterite stone* LS 1.369 1000 1926 7.112
2. Mud brick MB 0.75 1731 880 4.92
3. Cellular concrete CLC 0.188 704 1050 2.543
4, Dense concrete DC 1.74 2410 880 8.204
5. Cinder concrete CNC 0.686 1406 840 5.808
6. Cement plaster P 0.721 1762 840 4.871
*Experimentally measured thermal property values.
Table 5.4.2 Composite wall configuration with different air space thicknesses
S.No. Configuration Thickness of the wall from outside to inside [m]
1. C-C, 0.015P+0.2BM +0.015P
2. C-C, 0.015P+0.1BM +0.005 A+0.1BM +0.015 P
3. C-Cs 0.015P+0.1BM+0.01A+0.1BM+0.015P
4. C-C4 0.015P+0.1BM+0.015A+0.1BM +0.015 P
5. C-Cs 0.015P+0.1BM+0.02A+0.1 BM +0.015P
6. C-Cs 0.015P+0.1BM +0.025A +0.1 BM +0.015 P

Direction
of ‘
heat flow

Siusoidal sol-air
Temperature
variation ‘

Qutside |

Conditions

P—Plaster

A- Air space

BM — Building material

Figure 5.4.1 Configuration of composite walls with different air spaces
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Figure 5.4.2 Wall structure with divided air space.

Table 5.4.3 Divided airspace resistances for horizontal heat flow (CIBSE 2006)

S.No. Aiir space thickness | Air space breadth b, | Air space resistance R,
ta [m] [m] [m? K/W]
1. 0.005 >0.2 0.11
2. 0.01 >0.2 0.15
3. 0.015 >(.2 0.17
4, 0.02 >(.2 0.18
5. 0.025 >0.2 0.18

Table 5.4.4 Effect of air space thickness on unsteady thermal characteristics of

Laterite walls

Laterite stone (LS)

.No. Configuration U [W/m°K] | Y [W/m°K] f o [h]
1. Cc-C, 2.790 5.030 0.461 6.372
2. C-C, 2.138 5.103 0.397 7.601
3. C-Cs 1.970 5.144 0.378 7.855
4, C-C, 1.895 5.163 0.370 7.960
5. C-Cs 1.860 5.171 0.366 8.008
6. C-Cs 1.860 5.171 0.366 8.008
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Table 5.4.5 Effect of air space thickness on unsteady thermal characteristics of Mud

brick walls
Mud brick (MB)

S.No. Configuration U [W/m°K] | Y [WIm°K] f o [h]
1. C-C, 2.090 4.500 0.466 6.950
2. C-C, 1.700 4.582 0.422 7.836
3. C-Cs 1.592 4.614 0.408 8.049
4, C-C4 1.542 4.630 0.401 8.141
5. C-Cs 1.519 4.637 0.398 8.183
6. C-Cs 1.519 4.637 0.398 8.183

The walls are exposed to periodic cyclic variations in temperatures and the heat flow
through the wall is in the horizontal direction. The air spaces considered in the present
study are divided air spaces as shown in Figure 5.4.2. Table 5.4.3 shows the divided
air space resistances of different air space thicknesses in horizontal direction as per
CIBSE standards.

Table 5.4.6 Effect of air space thickness on unsteady thermal characteristics of

Cellular concrete walls

Cellular concrete (CLC)

S.No. Configuration U [W/m°K] | Y [WIm°K] f o [h]
1. C-C 0.780 3.105 0.447 8.397
2. C-C, 0.721 3.135 0.430 8.762
3. C-Cs 0.701 3.145 0.425 8.876
4. C-C4 0.691 3.150 0.423 8.929
5. C-Cs 0.687 3.152 0.421 8.955
6. C-Cs 0.687 3.152 0.421 8.955

Table 5.4.7 Effect of air space thickness on unsteady thermal characteristics of Dense

concrete walls

Dense concrete (DC)

S.No. Configuration U [W/m°K] | Y [WIm°K] f o [h]
1. C-C; 3.060 5.228 0.452 6.207
2. C-C, 2.291 5.289 0.378 7.602
3. C-Cs 2.099 5.332 0.358 7.872
4, C-C4 2.014 5.351 0.349 7.981
5. C-Cs 1.947 5.361 0.345 8.030
6. C-Cs 1.947 5.361 0.345 8.030
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Table 5.4.4, Table 5.4.5, Table 5.4.6, Table 5.4.7 and Table 5.4.8 show the effect of
divided air space thickness within the wall on unsteady state thermal characteristics of
laterite stone, mud brick, cellular concrete, dense concrete and cinder concrete,
respectively.

Table 5.4.8 Effect of air space thickness on unsteady thermal characteristics of Cinder

concrete walls

Cinder concrete (CNC)

S.No. Configuration U [W/m°K] | Y [WIm°K] f o [h]
1. C-C, 1.988 4.242 0.549 6.209
2. C-C, 1.631 4.303 0.513 6.931
3. C-Cs 1.531 4,331 0.501 7.114
4, C-C,4 1.485 4.345 0.495 7.195
5. C-Cs 1.464 4.352 0.492 7.232
6. C-Cs 1.464 4.352 0.492 7.232

5.4.2 Thermal transmittance and admittance of homogeneous building materials

Thermal transmittance is a measure of thermal insulation of the wall. It gives the heat
loss through a given thickness of the wall. Thermal transmittance consists of
conduction, convection and radiation elements. The lower thermal transmittance value
signifies the better thermal performance. Thermal admittance is a measure of the
thermal mass of the wall. Thermal mass slows down the heat transfer processes from
outside of the wall to the inside of the wall by storing excess heat within the material
for several hours. The higher thermal admittance signifies the better thermal mass.
From Figure 5.4.3, it is observed that cellular concrete (CLC) is the best from the
lowest thermal transmittance perspective and dense concrete (DC) is the best from the
highest thermal admittance perspective for all thicknesses of the walls among five
building materials studied. At smaller thicknesses of the walls transmittance is equal
to the admittance values. The optimum fabric thickness signifies the optimum
thickness of the wall where the maximum amount of heat is stored within the
material. Figure 5.4.3 shows the optimum fabric thickness values 0.139 m (as), 0.137
m (bs), 0.083 m (cs), 0.106 m (ds) and 0.126 m (es) for the building materials, laterite
stone, mud brick, cellular concrete, dense concrete and cinder concrete, respectively.

From the results, it is observed that cellular concrete has the least optimum fabric
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thickness (0.083 m) and the laterite stone has the highest fabric thickness (0.139 m)

among five studied building materials.

2,=0.139m; b_=0.137m; ¢_=0.083m; d_=0.106m: & =0.126m
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Figure 5.4.3 Thermal transmittance and admittance of building materials as a function
of thickness

5.4.3 Decrement factor and time lag of building materials

The thermal heat capacity of the wall slows down the heat transfer from outside to
inside of the wall. The thermal heat storage capacity of the building material can be
determined by the decrement factor and it’s time lag. The attenuation of inside wall
surface cyclic temperature compared to the outside wall surface cyclic temperature is
called as decrement factor. The delay in propagation of heat wave from outside of the
wall to the inside wall due to thermal heat capacity or thermal storage capacity of the
wall is called as time lag. Figure 5.4.4 (a) shows the decrement factor of
homogeneous building materials and Figure 5.4.4 (b) shows the time lag of
homogeneous building materials studied. From the results it is observed that at 0.2 m
wall thickness building materials, laterite stone (LS), Mud brick (MB), Cellular
concrete (CLC), Dense concrete (DC) and Cinder concrete (CNC) have decrement
factors, 0.563, 0.554, 0.497, 0.559 and 0.641, respectively. Time lags are 5.44 h, 5.95
h, 7.28 h, 5.31 h and 5.17 h, respectively, for LS, MB, CLC, DC and CNC. Among
five building materials studied, cellular homogeneous building materials (CLC) are
the best materials from lowest decrement factor (0.497 at 0.2 m) and highest time lag
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(5.31 h at 0.2m) perspective. CLC is the best from lower decrement factor and higher

time lag perspective for all wall thicknesses.
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Figure 5.4.4 (a) Decrement factor of building materials, (b) Time lag of building

materials as a function of thickness

5.4.4 Effect of air space thickness on thermal transmittance and thermal
admittance

Figure 5.4.5 shows the effect of air space thickness on thermal transmittance and
admittance of composite walls. From the results it is obvious that thermal
transmittance decreases and thermal admittance increases with the increase in the
divided air space thickness up to 0.02 m of the air space thickness afterwards thermal
transmittance and thermal admittance remain constant. This is because of constant air
gap resistance of the air space after 0.02m. From the results, it is clear that among five
materials studied, dense concrete (DC) has the highest admittance value at all divided
air space thicknesses and recommended for high thermal mass. Cellular concrete
(CLC) has the least thermal transmittance value at all divided air space thicknesses
among five studied building materials and recommended for high thermal insulation.
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Figure 5.4.5 Effect of air space thickness on thermal transmittance and admittance of
composite

5.4.5 Effect of air space thickness on decrement factor and time lag

Figure 5.4.6 (a) shows the effect of divided air space thickness on the decrement
factor of composite walls. From the results, it is observed that decrement factor
decreases with the increase in the air space thickness within the wall up to 0.02 m and
afterwards it mains constant for all materials. This is because of the constant air gap
resistance of 0.18 m? K/W after 0.02 m thickness of the air space. The decrement
factor of building materials; laterite stone (LS), Mud brick (MB), Cellular concrete
(CLC), Dense concrete (DC) and Cinder concrete (CNC) decrease 20.60%, 14.59%,
5.81%, 23.67% and 10.38%, respectively, from without air space configuration (C-C,)
to 0.02 m air space thickness configuration (C-Cs), beyond this limit they remain
almost constant. From the results, it is observed that dense concrete (DC) has the least
decrement factor for all air space thicknesses; hence it is recommended from the
lowest decrement factor perspective among five studied building materials with air
spaces.

Figure 5.4.6 (b) shows the effect of divided air space thickness on time lag of
composite walls. From the results, it is observed that time lag increases with the
increase in the air space thickness within the wall up to 0.02 m and afterwards it
mains constant for all materials. The time lag of building materials; laterite stone
(LS), Mud brick (MB), Cellular concrete (CLC), Dense concrete (DC) and Cinder
concrete (CNC) increase by 20.42%, 15.06%, 6.23%, 22.70% and 14.14%,

respectively, from without air space configuration (C-C;) to 0.02 m air space
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thickness configuration (C-Cs), beyond this limit they remain almost constant. From
the results, it is observed that Cellular concrete (CLC) has the highest time lag for all
air space thicknesses; hence it is recommended from highest time lag perspective
among five studied building materials with air spaces.
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Figure 5.4.6 (a) Effect of air space thickness on decrement factor, (b) Effect of air
space thickness on time lag
5.5 EFFECT OF AIR SPACE LOCATION WITHIN WALL ON DYNAMIC
THERMAL PROPERTIES OF WALLS

5.5.1 Thermal properties and unsteady thermal characteristics of building
materials

Table 5.5.1 shows the thermo-physical properties of the building materials considered
for the study (SP: 41 1987). Five building materials were selected for the study. The
computer program has been developed to calculate the unsteady state thermal
characteristics of homogeneous and composite wall materials. The computer program
solves one dimensional diffusion equation under convective periodic boundary
conditions using matrix algebra and calculates unsteady thermal responsive
characteristics. The building materials are coded from LS to CNCB. Plaster board was

represented by code P.
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Table 5.5.1 Thermo physical properties of building materials

>Ne. Building material Code k [W/mK] | p [kg/m’] cp o [m?/s]
[J/kgK]
1. Laterite Stone” LS 1.3698 1000 1926.1 | 7.11x107
2. Burnt brick BB 0.811 1820 880 5.06x10°’
3. Mud brick MB 0.75 1731 880 4.92x10”
4. Reinforced brick RB 1.10 1920 840 6.82x10°"
5. Fly ash brick” | FAB 0.360 1700 857 2.47x107
6. Concrete block | CNCB 1.31 2240 840 6.96x10°"
7. Plaster board P 0.21 700 1000 3.0x10”’

*Experimentally measured thermal property values.

Table 5.5.2 Unsteady thermal response characteristics of laterite stone composite

walls

Laterite stone composite walls

CODE [W/%ZK] f 6 [N] [W/;ZK] o [h] F | v
CD.| 229 | 037 | 669 | 418 088 | 048 | 0.99
CD, | 162 | 025 | 742 | 423 085 | 047 | 098
CDs | 162 | 029 | 849 | 425 116 | 050 | 128
CD, | 162 | 031 | 715 | 246 084 | 069 | 039
CDs | 125 | o018 | 787 | 248 081 | 068 | 0.38
CDs | 125 | 018 | 946 | 424 114 | 050 | 126
CD, | 125 | 022 | 908 | 251 099 | 068 | 046

Table 5.5.3 Unsteady thermal response characteristics of burnt brick composite walls

Burnt brick composite walls

CODE [W/%ZK] F ¢ [N] [W/LZK] o [h] F ¥ [h]
C-D, | 186 0.39 7.20 3.81 1.13 054 | 1.02
CD, | 139 0.27 7.98 3.84 1.09 054 | 1.00
CDs | 1.39 0.32 8.61 3.89 134 055 | 1.22
C-D, | 1.39 0.31 7.70 2.36 1.03 0.70 | 0.44
CDs | 111 0.20 8.48 2.36 1.00 0.70 | 0.43
CDs | 111 0.21 9.58 3.89 1.33 055 | 1.21
C-D; | 111 0.24 9.22 2.41 115 0.70 | 050
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Table 5.5.4 Unsteady thermal response characteristics of mud brick composite walls

Mud brick composite walls

CODE [W/%ZK] f ¢ [N] [W/:T(FK] o [h] F | owin
CD:| 179 | 039 | 7.19 3.74 118 | 055 | 1.03
CD, | 135 | 027 | 799 3.76 114 | 055 | 101
CDs | 135 | 033 | 854 3.82 139 | 056 | 1.22
CDs | 135 | 032 | 7.71 233 107 | 071 | 045
CDs | 109 | 021 | 850 234 104 | 071 | 044
CDs | 109 | 022 | 951 381 137 | 056 | 1.20
CD, | 109 | 025 | 915 2.38 118 | 071 | 051

Table 5.5.5 Unsteady thermal response characteristics of reinforced brick composite

walls

Reinforced brick composite walls

CODE [W/thzK] f 6 [N] [W/;ZK] o [h] F | v
CD: | 212 | 042 | 653 3.98 103 | 052 | 1.02
CD, | 153 | 028 | 731 | 404 099 | 051 | 1.02
CD, | 153 | 034 | 807 4.0 131 | 053 | 128
CD. | 153 | 034 | 7.0 241 095 | 070 | 042
CDs | 120 | 021 | 7.79 242 092 | 060 | 041
CDs | 120 | 022 | 907 4.04 128 | 053 | 126
CD, | 120 | 026 | 868 245 110 | 069 | 049

Table 5.5.6 Unsteady thermal response characteristics of fly ash brick composite

walls

Fly ash brick composite walls

CODE [W/%ZK] f & [h] [W/;ZK] o [h] F | v
CD. | 118 | 020 | 934 3.26 149 | 062 | 099
CD, | 097 | 021 | 1015 | 325 148 | 062 | 098
CDs | 097 | 025 | 1039 | 333 156 | 062 | 106
CD, | 097 | 023 | 989 217 134 | 074 | 050
CDs | 083 | 016 | 1069 | 217 134 | 074 | 050
CDs | 08 | 017 | 1128 | 333 156 | 062 | 1.06
CD, | 083 | 019 | 1098 | 221 137 | 073 | 052
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Table 5.5.7 Unsteady thermal response characteristics of concrete block composite

walls

Concrete block composite walls

CODE [W/Lnj12K] i 6 [h] [W/LZK] o [h] F | v
CD. | 226 | 038 | 670 4.15 091 | 049 | 099
CD, | 160 | 025 | 744 | 420 087 | 048 | 098
CDs | 160 | 029 | 846 2.2 118 | 050 | 128
CD, | 160 | 031 | 7.6 245 086 | 069 | 039
CDs | 124 | 019 | 7.89 247 083 | 069 | 038
CDe | 124 | 018 | 944 | 421 116 | 050 | 126
CD, | 124 | 022 | 905 250 100 | 069 | 047

In the present study, external and internal surface resistances taken are 0.04 m? K/W
and 0.13 m? K/W respectively for external walls as per CIBSE standards. The air
space resistance considered for 25 mm and 50 mm air space thickness is 0.18 m? K/W
as per CIBSE environmental design guide.

Table 5.5.2, Table 5.5.3, Table 5.5.4, Table 5.5.5, Table 5.5.6 and Table 5.5.7 show
unsteady thermal response characteristics of laterite stone, burnt brick, mud brick,
reinforced brick, fly ash brick and concrete block composite walls, respectively. Table
5.5.8 shows the configuration of composite walls with thicknesses.

Table 5.5.8 Composite wall configuration and thickness

S.No | Configuration Thickness of the wall from outside to inside [m]
1 C-D, 0.0125P + 0.2 BM +0.0125 P
2 C-D, 0.0125P + 0.05 A + 0.2 BM + 0.0125 P
3. C-D3 0.0125P +0.1 BM +0.05 A+ 0.1 BM + 0.0125 P
4, C-D, 0.0125P + 0.2 BM + 0.05 A + 0.0125 P
5 C-Ds 0.0125P +0.025A + 0.2 BM + 0.025 A + 0.0125 P
6 c-D 0.0125P +0.025 A+ 0.1 BM +0.025 A + 0.1 BM + 0.0125
L’
P
7. c-D 0.0125P + 0.1 BM + 0.025 A + 0.1 BM + 0.025 A + 0.0125
-7
P
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Figure 5.5.1 Configurations of Composite walls

Figure 5.5.1 shows the configurations of the composite walls selected for this research
work. Seven configurations were selected to study the effect of continuous
unventilated air space location on transmittance, admittance, admittance time lead,
decrement factor, decrement factor time lag, surface factor and surface factor time lag
of the composite walls. Configuration D; is a composite wall without air space.

5.5.2 Optimum wall thicknesses of the building materials

From Figure 5.5.2, it was observed that for thin cross section walls, admittance is
equal to the transmittance. The values of ag, bg, Cs, ds, €6 and fs represent the optimum
fabric thicknesses of the building materials from LS to CNCB respectively. The
optimum values of building materials are found to be 0.165 m, 0.139m, 0.137 m,
0.161 m, 0.097m and 0.163 m for building materials LS, BB, MB, RB, FAB and
CNCB respectively. From the results, It is observed that among all the six building
materials studied, fly ash bricks have least optimum fabric thickness value eg
(0.097m) and laterite stones have higher optimum fabric thickness value ag (0.165m).
At an optimum wall thickness, all the building materials have maximum thermal heat

capacity values.
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Figure 5.5.2 Optimum fabric thickness of Building materials

5.5.3 Effect of wall thickness on decrement factor and it’s time lag of building
materials

The effect of wall thickness of the building materials on the decrement factor and the
time lag is shown in Figures 5.5.3 and 5.5.4 respectively. The thickness of the
homogeneous walls considered for the study is O to 1m. The decrement factor of the
building material decreases and it’s time lag increases with an increase in the wall
thickness. The smaller the decrement factor, the more effective the wall at suppressing
temperature swings. Figure 5.5.3 shows decrement factor of the building materials
and Figure 5.5.4 shows the time lag of the building materials used in the study. The
homogeneous wall with thickness 0.2 m has the decrement factors 0.563, 0.549,
0.554, 0.601, 0.401 and 0.566 for building materials LS, BB, MB, RB, FAB and
CNCB respectively. And the time lag is found to be 5.44 h, 5.95 h, 5.95 h, 5.26 h,
8.15 h and 5.45 h for building materials LS to CNCB respectively. From the results,
it is observed that fly ash bricks have lower decrement factor values (0.401) and
higher time lags (8.15h) whereas reinforced bricks have higher decrement factor
values (0.601) and lower time lags (5.26h).
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5.5.4 Effect of wall thickness on surface factor and it’s time lag of building
materials

Figures 5.5.5 and 5.5.6 show the effects of wall thickness of the homogeneous wall on
the surface factor and it’s time lags respectively. The thickness of the homogeneous
walls considered for the study is 0 to 1m. For all thicknesses of homogeneous wall,
the surface factor is found to be 0.38, 0.47, 0.49, 0.43, 0.6 and 0.39 for building
materials LS to CNCB respectively, and their corresponding surface factor time lags
are 1.94h, 1.68h, 1.63h, 1.8h, 1.32h and 1.92h, respectively. From the results it is
clear that surface factor and it’s time lag of the homogeneous walls are independent of
the wall thickness. From the results, it is observed that among all the building
materials considered for the study, fly ash bricks have higher surface factors (0.6) and
lower surface factor time lags (1.32h) hence they are fast responsive to short wave
radiation, whereas laterite stones have lower surface factors (0.38) and higher surface
factor time lags (1.94h) hence laterite stones are slow responsive to short wave

radiation.

Decrement factor

0.0 0.2 0.4 0.6 0.8 1.0
Wall thickness (m)

Figure 5.5.3 Decrement factor of Building materials

108



Time lag (h)

M T T T T ' T M
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
Thickness of the Building material (m)
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Figure 5.5.6 Surface factor time lag of Building materials

5.5.5 Effect of air space location in the wall on decrement factor and it’s time lag
of composite walls

Figures 5.5.7 (a) and 5.5.7 (b) show the effect of continuous unventilated air space
location on decrement factor and it’s time lags of composite walls. Configuration D
without air space gives the higher decrement factors of 0.378, 0.390, 0.398, 0.422,
0.299 and 0.383 and lower time lags of 6.69h, 7.2h, 7.19h, 6.53h, 9.34h and 6.7h with
composite walls of building materials LS, BB, MB, RB, FAB and CNCB
respectively. For reduced cooling loads of the buildings, the decrement factor should
be as low as possible and time lag should be as high as possible. An air space location
within the wall acts as insulation to reduce decrement factor and to increase time lag
values without causing any extra construction cost. From the results, it is observed
that the laterite stone (LS) with the air space located at the outer surface and mid
center plane (C-Dg) gives the least decrement factor (0.1823) and highest time lag
(9.46h) among all the configurations of laterite stone composite walls. It is noted from
the results that burnt brick (BB) with the air space located at outer surface and inner
surface (C-Ds) gives the lowest decrement factor (0.205) and burnt brick (BB) with
the air space located at the outer surface and mid center plane (C-Dg) gives the highest
time lag (9.58h) among all the composite walls of burnt brick. it is seen from the

results that mud brick (MB) with the air space located at outer surface and inner
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surface (C-Ds) gives the lowest decrement factor (0.33) and mud brick (MB) with the
air space located at the outer surface and mid center plane (C-Dg) gives the highest
time lag (9.51h) among all the configurations of mud brick composite walls. It is
inferred from the results that reinforced brick (RB) with the air space located at the
outer surface and inner surface (C-Ds) gives the lowest decrement factor (0.21) and
reinforced brick (RB) with the air space located at the outer surface and mid center
plane (C-Dg) gives the highest time lag (9.07h) among all the configurations of
reinforced brick composite walls. It is also observed that fly ash brick (FAB) with the
air space located at the outer surface and inner surface (C-Ds) gives the lowest
decrement factor (0.16) and fly ash brick (FAB) with the air space located at the outer
surface and mid center plane (C-Dg) gives the highest time lag (11.28h) among all the
configurations of all considered building material composite walls. It can also be
observed from the results that concrete block (CNCB) with the air space located at the
outer surface and mid center plane (C-Dg) gives the least decrement factor (0.187) and
highest time lag (9.44h) among all the configurations of concrete block composite
walls. C-D4 is the worst placing of the air space within the wall for laterite (LS),
reinforced brick (RB) and concrete block (CNCB) composite walls from the lowest
decrement factor point of view. C-Dj3 is the worst placing of the air space within the
wall for burnt brick (BB), mud brick (MB) and fly ash brick (FAB) composite walls
from the lowest decrement factor point of view. C-D, is observed to be the worst
placing of the air space within the wall from higher time lag point of view for all
considered building material composite walls. Among single air spaced configurations
studied, C-Dj is highly recommended from highest time lag point of view and C-D is
highly recommended from the lowest decrement factor point of view for all the

composite walls studied.
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Figure 5.5.7 (a) Decrement factor of composite walls, (b) Time lag of composite walls

5.6 SUMMARY

From 5.2, it is observed that the burnt brick composite wall with Coconut pitch
insulation is the best composite wall for reduced cooling loads due to smaller

decrement factors (0.32) and higher time lag values (9.1h) among all the studied

composite walls.

Mud phuska and coconut pitch have the least optimum fabric thicknesses (0.118m

and 0.064m) among all the building and insulating materials studied respectively.
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Using these materials in construction, energy can be saved with smaller thicknesses of
the walls.

Mud phuska and coconut pitch are the best homogeneous building and insulation
materials respectively, from the least decrement factor and the highest time lag point
of view. Hence, these are recommended for energy efficient building construction
among studied materials.

From 5.3, it is noticed that the composite wall with insulation placed at the mid center
plane of the wall (C-B3) gives higher time lags and the composite wall with insulation
placed at the outer surface (C-B,) gives the least value of decrement factors. Placing
half of the insulation at the mid center plane and another half of the insulation at the
outer surface give higher time lags and lower decrement factors.

The insulation located at the inner surface of the composite wall (C-B,) gives the
lower time lags and higher decrement factors. This is the worst case of placing the
insulation in the wall among all studied configurations.

Fly ash brick with the jute felt insulation located at the mid center plane of the wall
gives the highest time lag (11.17h) and fly ash brick with the coir board insulation
located at the outer surface gives the least decrement factor (0.17) among all the
composite wall configurations studied with hundred different combinations.
Decrement factors of the fly ash brick (0.4) and jute felt (0.4) are the least among all
the studied building and insulating materials, respectively. Time lags of the fly ash
bricks (8.15h) and jute felt (8.75h) are the highest among all the studied building and
insulating materials. Hence, these two materials are more effective at suppressing
temperature swings.

From the results, it was observed that building materials are slow responsive to short
wave radiation due to their lower surface factors and higher surface factor time lags
whereas insulating materials are fast responsive to short wave radiation due to their
higher surface factors and lower surface factor time lags. Hence the insulating
materials should not be exposed to radiation.

Among all the studied building and insulating materials, Fly ash bricks have less
limiting value of ‘e3’ (0.097m) and jute felt insulation material has least optimum
fabric thickness value of ‘ds’ (0.079m). With these building and insulating materials

both energy and material saving is possible in building construction.
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From 5.4, it is observed that the decrement factor of laterite stone (LS), Mud brick
(MB), Cellular concrete (CLC), Dense concrete (DC) and Cinder concrete (CNC)
decrease 20.60%, 14.59%, 5.81%, 23.67% and 10.38%, respectively, from without air
space configuration (C-C;) to 0.02 m air space thickness configuration (C-Cs) and the
time lag of laterite stone (LS), Mud brick (MB), Cellular concrete (CLC), Dense
concrete (DC) and Cinder concrete (CNC) increase by 20.42%, 15.06%, 6.23%,
22.70% and 14.14%, respectively, from without air space configuration (C-C;) to 0.02
m air space thickness configuration (C-Cs), beyond 0.02m air gap thickness both
decrement factor and time lag remain almost constant.

Decrement factor decreases with the increase in the divided air space thickness within
the composite wall for all building materials. Dense concrete (DC) was observed to be
the energy efficient from the lowest decrement factor point of view among five
studied building materials. Dense concrete decrement factor decreases by 23.67 % for
0.02 m air space thickness as compared to the conventional composite wall without
air space.

Time lag increases with the increase in the divided air space thickness within the
composite wall for all building materials. Cellular concrete (CLC) was observed to be
the energy efficient from the highest time lag perspective among five studied building
materials. Cellular concrete time lag increases by 6.23% for 0.02 m air space
thickness as compared to the conventional composite wall without air space.
Admittance values increase and transmittance values decrease with the increase in the
air space thickness from 0.005 m to 0.02 m. With these air spaces both thermal
insulation and thermal mass of the wall can be increased.

From the results, it is observed that cellular concrete has the least optimum fabric
thickness (0.083 m) and they are the best materials from lowest decrement factor
(0.497 at 0.2 m) and highest time lag (5.31 h at 0.2m) perspective among five studied
homogeneous building materials.

From 5.5, it is clear that the unventilated continuous air space within the composite
wall adversely affects the time lag and decrement factor of composite walls along
with thickness and thermal properties of the wall. The composite wall with insulation

placed at the outer surface (C-D,) gives the least value of decrement factors and the
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composite wall with air space located at the mid center plane (C-D3) of the wall give
higher time lags among all the single air spaced composite walls studied.

The composite wall with unventilated continuous air space located at outer and mid
center plane of the composite wall (C-Dg) is highly recommended configuration of the
composite wall for all building materials studied from highest time lag point of view.
The composite wall with air space located at the inner and outer side of the composite
wall (C-Ds) is recommended for burnt brick, mud brick, reinforced brick and fly ash
brick composite walls from the lowest decrement factor point of view. The composite
wall with air space located at outer and mid center plane of the composite wall (C-Dg)
is recommended for laterite and concrete block composite walls. The configuration C-
Ds is collectively the best configuration from lower decrement factor and higher time
lag for all building materials.

Fly ash brick (FAB) with the air space located at the outer surface and inner surface
(C-Ds) gives the lowest decrement factor (0.16) and fly ash brick (FAB) with the air
space located at the outer surface and mid center plane (C-Dg) gives the highest time
lag (11.28h) among all the configurations of all considered building material
composite walls. Hence, these building material composite walls are recommended
among all the studied composite walls from lowest decrement factor and highest time
lag point of view.

Optimum wall thickness values are computed for Laterite stone, Burnt bricks, Mud
bricks, Reinforced bricks, Fly ash bricks and Concrete blocks. From the results, it is
observed that Fly ash bricks have less limiting value of ‘es’ (0.097m) among all
studied homogeneous building materials due to their low thermal diffusivity. Hence
Fly ash bricks store maximum amount of energy during the first half cycle at lower
wall thickness and therefore saves energy and material.

From the results, it is concluded that the homogeneous fly ash brick walls have the
lowest decrement factor (0.401) and the highest time lags (8.15h) among all studied
building materials. Hence, these bricks are recommended for environment friendly

and energy efficient building construction.
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CHAPTER-6

EFFECT OF INSULATION LOCATION WITHIN ROOF ON DYNAMIC
THERMAL PROPERTIES OF THE ROOFS

6.1 INTRODUCTION

Building roofs are responsible for the huge heat gain into the buildings. The present
work presents a thorough analytical analysis of the influence of the insulation location
inside the flat roof exposed directly to sun radiation to reduce heat gain into the
buildings. The unsteady thermal response parameters of the building roof such as
admittance, transmittance, decrement factor and time lags have been investigated by
solving one dimensional diffusion equation under convective periodic boundary
conditions. The results reveal that the roof with insulation placed at the outer side and
at the mid center plane of the roof is the most energy efficient from the lower
decrement factor point of view and the roof with the insulation placed at the mid
center plane and the inner side of the roof is the best from highest time lag point of
view among seven studied configurations. The composite roof with expanded
polystyrene insulation located at the outer side and at the mid center plane of the roof
is found to be the best roof from the lowest decrement factor (0.130) point of view
and the composite roof with resin bonded mineral wool insulation located at the mid
center plane and at the inner side of the roof is found to be the energy efficient from
the highest time lag point (9.33h) of view among the seven configurations with five
different insulation materials studied. The optimum fabric energy storage thickness of
reinforced cement concrete, expanded polystyrene, foam glass, rock wool, rice husk,
resin bonded mineral wool and cement plaster were computed. From the results, it is
concluded that rock wool has the least optimum fabric energy storage thickness

(0.114 m) among seven studied building roof materials.
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6.2 THERMAL PROPERTIES AND UNSTEADY THERMAL RESPONSE
PARAMETERS OF ROOF MATERIALS

Table 6.2.1 shows the thermal properties of materials used for the roof construction.
Thermal properties of all the roofing and insulating materials are taken from Indian
standard code: 3792-1978 (IS: 3792 1978 and SP: 41 1987). Thermal properties in the
code are measured using guarded hot plate method and ASTM heat flow methods.
The values k, p, Cp and a indicate the values of thermal conductivity, density, specific
heat capacity and thermal diffusivity, respectively. Reinforced cement concrete along
with cement plaster was used as roofing material.

Table 6.2.1 Thermal properties of materials at 50°C

) c ax10" | Lopt
Building material | Code P , P ! [m]
[WImk] | [kg/m?] [J/kgK] )
[me/s]
Reinforced cement RCC 1.58 2288 880 7.84 | 0.173
concrete
Cement plaster P 0.721 1762 840 4.87 | 0.136
Expanded polystyrene EP 0.035 34 1340 7.68 | 0.171
Foam glass FG 0.055 160 750 458 | 0.132
Rockwool RW 0.043 150 840 341 | 0.114
Rice husk RH 0.051 120 1000 4.25 | 0.127
Resin bonded mineral | RBMW | 0.036 99 1000 3.63 | 0.118
wool

Table 6.2.2 Unsteady thermal response parameters of homogeneous materials at 0.15

m thickness
Cod U f Y o b Y
oae

[W/MPK] O | pwimzky | g F [h]
RCC | 425 | 074 | 374 | 617 | 123 | 042 | 182
P 287 | 005 | 402 | 481 | 166 | 057 | 140
B | 022 | 097 | 142 | 029 | 211 | 097 | 009
EG | 034 | 092 | 242 | 058 | 263 | 095 | 017
RW | 027 | 087 | 313 | 055 | 284 | 09 | 016
RAH | 032 | 091 | 258 | 057 | 270 | 095 | 017
RBMW ]| 023 | 089 | 292 | 044 | 28 | 096 | 013
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Five insulation materials such as, expanded polystyrene, foam glass, rock wool, rice
husk and resin bonded mineral wool were selected and their unsteady thermal
response parameters have been computed using a computer program.

Table 6.2.3 Configurations of the composite roof with thicknesses

S.No. | Configuration of the Thickness of the roof from outside to inside [m]
roof
1. C-E; 0.03P +0.15RCC + 0.03 P
2. C-E, 0.01P+0.04IM+0.15RCC+0.01P
3. C-E; 0.01P +0.075RCC +0.04 IM + 0.075RCC +0.01 P
4. C-E4 0.01P+0.15RCC+0.04IM+0.01P
5. C-Es 0.01 P +0.02 IM + 0.075 RCC + 0.02 IM + 0.075
RCC +0.01P
6 C-Es 0.01P +0.075 RCC + 0.02 IM + 0.075 RCC +0.02 IM
+ 0.01P
7. C-E; 0.01P+ 0.02IM +0.15RCC +0.02IM +0.01 P

The insulation materials in this study are coded from EP to RBMW. Table 6.2.2
shows unsteady thermal response parameters of homogeneous materials at 0.15m
material thickness. Table 6.2.3 shows the configurations of the composite roofs with
thicknesses. Figure 6.2.1 shows the configurations of the composite roofs studied.
Total seven configurations with five insulation materials have been studied for
optimum insulation position inside the roof. The outside and inside surface resistances
are taken as 0.04 m® K/W and 0.10 m? K/W respectively for roofs as per CIBSE
standards.

Configuration E; is a composite roof with reinforced cement concrete covered by
inside and outer side cement plaster and without any insulation material.
Configuration E; is a composite roof with insulation placed at the outer side of the
roof. Configuration E3 is a composite roof with insulation placed at the mid center
plane of the roof. Configuration E, is a composite roof with insulation placed at the
inside of the roof. Configuration Es is a composite roof with half of the insulation
placed at the outer side and another half of the insulation placed at the mid center
plane of the roof. Configuration Eg is a composite roof with half of the insulation
placed at the mid center plane of the roof and another half of the insulation placed at
the inner side. Configuration E; is a composite roof with half of the insulation placed

at the outer side of the roof and another half of the insulation placed at the inner side
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of the roof. Figure 6.2.2 shows the images of roofing and insulating materials used in
this study.

DIRECTION OF HEAT FLOW FOR THE ROOFS

OUTSIDE CONDITIONS OUTSIDE CONDITIONS OUTSIDE CONDITIONS OUTSIDE CONDITIONS

INSIDE CONDITIONS INSIDE CONDITIONS INSIDE CONDITIONS INSIDE CONDITIONS
CE, CE, CE, CE,
OUTSIDE CONDITIONS OUTSIDE CONDITIONS OUTSIDE CONDITIONS

INSIDE CONDITIONS INSIDE CONDITIONS INSIDE CONDITIONS
C-Es C-E, C-E;
P : Plaster IM : Insulation material RCC : Reinforced cement concrete

Figure 6.2.1 Configurations of Composite roofs

Resin bonded

[] A1l WOOl

LA

T AN - »
Figure 6.2.2 Images of roofing and insulation materials
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6.3 OPTIMUM FABRIC ENERGY STORAGE THICKNESS

Thermal mass plays very important role in the design of energy efficient buildings.
Thermal mass is the ability of a building wall or roof to absorb and store excess heat
for several hours. The thermal capacity of roof materials, delays the heat transfer from
outside to inside of the wall. There is a misconception that the more is the thermal
mass the more is the energy efficient the building for cooling. If the fabric energy
storage thickness is large then it absorbs more and more heat. The absorbed heat will
be added to the next day heat and hence increases the cooling loads. If the fabric
energy storage thickness is small then absorbed heat will be immediately released into
the building. Therefore, if the mass more than optimum is provided, then it will not be
utilized. The thickness of the fabric at which it absorbs the maximum amount of heat
is called the optimum fabric energy storage thickness. From Figure 6.3.1, it is
observed that at smaller thicknesses of the materials admittance is equal to the
transmittance. The values of a; and by represent the optimum fabric thicknesses of the
reinforced cement concrete and cement plaster respectively. From Figure 6.3.1 (a), it
is observed that cement plaster (P) has the least optimum fabric thickness value of
0.136 m and Reinforced cement concrete (RCC) has the highest optimum fabric
thickness value of 0.173 m among two roofing materials studied. The values of ag, b,
cs, dg and eg represent the optimum fabric thickness values of the insulation materials,
expanded polystyrene, foam glass, rock wool, rice husk and resin bonded mineral
wool, respectively. It is clearly observed from Figure 6.3.1 (b) that rock wool has the
least optimum fabric thickness value of 0.114 m and the expanded polystyrene has the
highest optimum fabric thickness value of 0.171 m among five studied insulation
materials. The thermal performance of the roofs can be measured by two parameters
one is thermal insulation and another one is thermal mass. The thermal transmittance
is a steady state property and it is the measure of thermal insulation. Thermal
transmittance is a measure of heat loss by conduction, convection and radiation
through a thickness of the wall or roof. Thermal transmittance is the reciprocal of
thermal resistance of wall or roof material. The thermal admittance is the measure of
thermal mass. For reduced cooling loads, thermal transmittance should be as low as

possible and thermal admittance should be as high as possible.
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Figure 6.3.1 Optimum fabric thickness: (a) Roofing materials, (b) Insulation materials

6.4 DECREMENT FACTOR AND TIME LAG OF ROOFING AND
INSULATING MATERIALS

Decrement factor and time lag are the most important unsteady heat transfer
characteristics for determining thermal mass or thermal heat storage of any wall or
roof materials. The attenuation of outside sinusoidal heat wave as it progresses
through the wall or roof is called as the decrement factor. The time taken by the
outside sinusoidal heat wave to travel outside surface to inside surface is called as the
time lag. Figure 6.4.1 (a) and Figure 6.4.1 (b) show the decrement factor and it’s time
lag respectively, for roofing and insulating materials. The decrement factor of the
building material decreases with an increase in the wall thickness. The smaller the
decrement factor the more effective the roof at suppressing temperature swings. The
time lag of the heat wave should be as high as possible to delay an outside sinusoidal
heat wave to enter into the room through the wall or roof. The decrement factor
reduces and the time lag increases with an increase in the material thickness. From
figures, it is clear that at 0.15 m material thickness, reinforced cement concrete has
the lowest decrement factor (0.74) and the cement plaster has the highest time lag
(4.02 h) among all the studied roofing and insulating materials. The cement plaster
has the highest time lag at all the thicknesses among all the seven materials studied
and the expanded polystyrene has the highest decrement factor and the lowest time

lag values at all the thicknesses among all the seven materials studied.
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Figure 6.4.1 Decrement factor and time lag of homogeneous materials: (a) Decrement
factor of roofing and insulating materials, (b) Time lag of roofing and insulating

materials

6.5 SURFACE FACTOR AND SURFACE FACTOR TIME LAG OF ROOFING
AND INSULATING MATERIALS

Buildings with surface factor 0.8 with time delay of one hour are fast responsive to
short wave radiation, whereas buildings with surface factor 0.5 with time delay of two
hours are slowly responsive to short wave radiation. Figure 6.5.1 (a) and Figure 6.5.1
(b) show the surface factor and it’s time lag respectively, for roofing and insulating
materials. Among all the seven roofing and insulating materials studied, the
reinforced cement concrete has the lowest surface factor (0.42) and highest surface
factor time lag (1.82). Hence RCC is slow responsive to short wave radiation as

compared to the other materials studied.
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Figure 6.5.1 Surface factor and surface factor time lag of homogeneous materials: (a)
Surface factor of roofing and insulating materials, (b) Surface factor time lag of

roofing and insulating materials

6.6 EFFECT OF INSULATION POSITION IN THE COMPOSITE ROOF ON
DECREMENT FACTOR AND TIME LAG

Figure 6.6.1 (a) and Figure 6.6.1 (b) show the effect of the insulation location in the
composite roof on decrement actor and its time lag respectively. It is observed from
the results that the composite roof without insulation (Configuration E;) has the
highest decrement factor (0.526) and the lowest time lag values (5.62) among seven
studied configurations with five insulation materials. Reinforced cement concrete
(RCC) with expanded polystyrene insulation (EP) combination gives decrement
factors 0.319, 0.467, 0.476, 0.1308, 0.1585 and 0.204 in configurations E,, Es, E4, Es,
Es and E; respectively. Reinforced cement concrete with expanded polystyrene
insulation gives the least decrement factor (0.1308) in configuration Es and it gives
the highest decrement factor (0.476) in configuration E4. Reinforced cement concrete
(RCC) with expanded polystyrene insulation (EP) combination gives time lags 6.32h,
6.91h, 5.76h, 7.36h, 9.29h and 8.46h in configurations E,, Es, E4, Es, E¢ and E;
respectively. Reinforced cement concrete with expanded polystyrene insulation gives
the least time lag (5.76h) in configuration E4 and it gives the highest time lag (9.29h)
in configuration Eg. Hence, for reinforced cement concrete with extended polystyrene
insulation, configuration Es is optimum from lowest decrement factor (0.1308) point

of view and Configuration Eg is optimum from highest time lag (9.29h) point of view.
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Reinforced cement concrete (RCC) with foam glass insulation (FG) combination
gives decrement factors 0.337, 0.483, 0.489, 0.187, 0.226 and 0.283 in configurations
E», Es, E4, Es, Eg and E7, respectively. Reinforced cement concrete (RCC) with foam
glass insulation (FG) combination gives time lags 6.33h, 6.85h, 5.78h, 7.15h, 8.72h
and 7.98h in configurations E,, Es, E4, Es, E¢ and E7, respectively. For reinforced
cement concrete with glass foam insulation combination, configuration Es is optimum
from lowest decrement factor (0.187) point of view and configuration Eg is optimum
from highest time lag (8.72h) point of view.

Reinforced cement concrete (RCC) with rock wool insulation (RW) combination
gives decrement factors 0.325, 0.471, 0.480, 0.154, 0.186 and 0.237 in configurations
E., Es, E4, Es, Es and E7 respectively. Reinforced cement concrete (RCC) with rock
wool insulation (RW) combination gives time lags 6.44h, 7.0h, 5.89h, 7.34h, 9.11h
and 8.32h in configurations E,, Es3, E4, Es, E¢ and E7, respectively. For reinforced
cement concrete with rock wool insulation combination, configuration E is optimum
from lowest decrement factor (0.154) point of view and configuration F is optimum
from highest time lag (9.11h) point of view.

Reinforced cement concrete (RCC) with rice husk insulation (RH) combination gives
decrement factors 0.333, 0.479, 0.486, 0.176, 0.214 and 0.269 in configurations Ej,
Es, E4, Es, Es and E7, respectively. Reinforced cement concrete (RCC) with rice husk
insulation (RH) combination gives time lags 6.36h, 6.89h, 5.81h, 7.21h, 8.84h and
8.09h in configurations E,, Es, E4, Es, Es and Ez, respectively. For reinforced cement
concrete with rice husk insulation combination, configuration Es is optimum from
lowest decrement factor (0.176) point of view and configuration Eg is optimum from
highest time lag (8.84h) point of view.

Reinforced cement concrete (RCC) with resin bonded mineral wool insulation
(RBMW) combination gives decrement factors 0.319, 0.465, 0.475, 0.133, 0.161 and
0.207 in configurations E,, Es, E4, Es, E¢ and E; respectively. Reinforced cement
concrete (RCC) with resin bonded mineral wool insulation (RBMW) combination
gives time lags 6.44h, 7.03h, 5.89h, 7.42h, 9.33h and 8.51h in configurations E,, Es,
E4, Es, Es and Ey, respectively. For reinforced cement concrete with resin bonded

mineral wool insulation combination, configuration Es is optimum from lowest
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decrement factor (0.133) point of view and configuration Eg is optimum from highest
time lag (9.33h) point of view.

Among seven configurations with five insulation materials studied, configuration Es is
found to be the best optimum insulation location from the lowest decrement point of
view and configuration Eg is found to be the best optimum location from highest time

lag point of view.
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Figure 6.6.1 Decrement factor and time lag of composite roofs: (a) Effect of

insulation location on decrement factor, (b) Effect of insulation location on time lag

6.7 SUMMARY

The composite roof with insulation placed at the outer side of the roof (C-Ey) is the
optimum position from the lowest decrement point of view and the composite roof
with insulation placed at the mid center plane of the roof (C-Ej3) is optimum from
highest time lag point of view for all the materials studied among single insulation
configurations E,, E3 and E,.

The composite roof with half of the insulation placed at the outer side and another
half of the insulation placed at the mid center plane of the roof (C-Es) is the optimum
location from the lowest decrement factor point of view for all the insulation materials
studied among all the configurations.

The composite roof with half of the insulation placed at the mid center plane of the
roof and another half of the insulation placed at the inner side of the roof (C-Eg) is the
optimum location from highest time lag point of view for all the insulation materials

studied among seven configurations.
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Reinforced cement concrete (RCC) with expanded polystyrene insulation (EP) placed
at the outer side and at the mid center plane of the roof (C-Es) is the best combination
from the lowest decrement factor (0.130) point of view among seven studied
configurations with five insulation materials.

Reinforced cement concrete (RCC) with resin bonded mineral wool insulation
(RBMW) placed at the mid center plane and at the inner side of the roof (C-Eg) is the
best combination from highest time lag point (9.33h) of view among seven studied
configurations with five insulation materials.

The configuration C-Eg is observed to be the second best configuration after C-Es
from the lower decrement factor point of view for all the insulation materials studied
among seven configurations. The configuration C-Eg is the best from both lower
decrement factor and higher time lag perspective.

Reinforced cement concrete (RCC) with expanded polystyrene insulation (EP) placed
at the mid center plane and at the inner side of the roof (C-Eg) gives 69.86% less
decrement factor and 39.50% higher time lag values than the common roof
configuration (C-Ey).

The results of the study aid in designing energy efficient composite roofs for reduced

cooling loads.
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CHAPTER-7

DYNAMIC THERMAL PERFORMANCE OF HOLLOW AND STUFFED
BRICKS

7.1 INTRODUCTION

The space cooling systems account for nearly 30% of energy consumption in India.
The objective of this chapter is to investigate the unsteady thermal response
characteristics of hollow bricks with different materials and varying air gap in hollow
bricks for reducing heat gain in buildings. Five air gap configurations of hollow bricks
with five different materials are considered for the study keeping the overall brick
thickness same in all the cases. Case | (C-F;) indicates solid brick, Case Il (C-Fy)
indicates only one air gap, case 1l (C-F3) with two air gaps, case 1V (C-F;) with three
air gaps, case V (C-Fs) with four air gaps and case VI (C-Fg) with five air gaps. Five
brick materials considered are Concrete, burnt brick, mud brick, cinder concrete and
cellular concrete. In order to obtain the unsteady thermal characteristics such as,
admittance, transmittance, decrement factor, time lag, surface factor, surface factor
time lag and areal thermal heat capacity of hollow bricks, a computer simulation
program was developed which employs a cyclic admittance method. From the results
it is observed that thermal admittance, surface factor time lag, decrement factor time
lag and areal thermal heat capacity values increase with the increase in the number of
air gaps in hollow bricks, whereas thermal transmittance and decrement factor reduces
with the increase in the number of air gaps in the hollow bricks. Considering the
unsteady thermal properties studied, it is observed that among the twenty five
combinations concrete block with five air gaps is the best and the most energy
efficient. It possesses highest admittance (5.84), lowest decrement factor (0.64),
highest time lag (5.84h), highest areal thermal heat capacity (58885 J/m?K) and

highest surface factor time lag (1.37h) among twenty five combinations of hollow
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brick air gap configurations and five brick materials studied. Also it is observed that
five air gap configuration hollow bricks are having better unsteady thermal properties
compared to all other air gaps. These results are useful in designing energy efficient
passive building construction.

The highly insulated external walls are essential prerequisites for low energy
consumption of buildings. Filling shell of the brick with insulation material is one of
the methods to reduce cooling loads in buildings. This chapter also aims to investigate
the dynamic thermal parameters of various insulation filled bricks. The dynamic
thermal parameters of stuffed bricks highlighted include thermal transmittance,
admittance, decrement factor, time lag and areal thermal heat capacity. The four brick
materials such as mud bricks, burnt bricks, concrete blocks and fly ash bricks were
selected. The insulation materials used for filling shells of the brick are foam glass
and asbestos fiber. The total, forty eight stuffed bricks were investigated. The shell of
the brick is filled by the insulation and the each layer of insulation is separated by a
brick web. The shell and web thickness of the brick were maintained as per the Indian
standards. The six configurations of the stuffed bricks were investigated (1. Solid
brick, 2. Bricks with the shell of the brick filled with single layer of insulation, 3.
Bricks with the shell of the brick filled with two layers of insulation with each
insulation layer separated with a brick web, 4. Bricks with the shell of the brick filled
with three layers of insulation with each insulation layer separated by a brick web, 5.
Bricks with the shell of the brick filled with four layers of insulation with each
insulation layer separated by a brick web and 6. Bricks with the shell of the brick
filled with five layers of insulation with each insulation layer separated by a brick
web). From the results, it is observed that the stuffed bricks significantly improve
time lag values as compared to the conventional solid bricks. The decrement factor
decreases, admittance increases and areal thermal heat capacity increases with the
increase in the no. of insulation layers in the bricks. The concrete blocks with the shell
of the bricks filled with five layers of asbestos fiber insulation offer the highest
admittance (3.11Wm?K), the lowest decrement factor (0.435), the highest time lag
values (8.26 h) and the highest areal thermal heat capacity (57366 J/m?K) among all
insulation filled bricks studied. The results of the paper help in designing energy
efficient stuffed bricks for reducing cooling loads in buildings.
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7.2 DYNAMIC THERMAL PERFORMANCE OF HOLLOW BRICKS

7.2.1 Dynamic thermal response of solid and hollow bricks

Table 7.2.1 shows the thermo-physical properties of the brick materials considered for
the study. In the Table k, p, Cp and a represent the values of thermal conductivity,
density, specific heat capacity and thermal diffusivity, respectively. Thermo-physical
properties of bricks are taken from Indian standard code IS 3792:1978 and their
characterization is as per the code (IS: 3792 1978). Figure 7.2.1 shows the
configuration of six different types of solid and hollow bricks taken for the study. The
external dimensions of the brick are 0.29m X 0.14m X 0.09m, as per the Indian
standard code IS 3952:1988. The web thickness for all the hollow bricks studied is not
less than 0.008m as per the IS code (IS: 3952 1988). Table 7.2.2 shows the air space
dimensions and their resistances. Air space resistance of brick hollow depends mainly
on its thickness and breadth. The bricks are considered as external bricks therefore
internal surface resistance Rsi is taken as 0.13 m? K/W and external surface resistance
Rse is taken as 0.04 m” K/W as per CIBSE standards for computations of external
solid and hollow bricks. The computer simulation program was developed to calculate
all the unsteady thermal response characteristics of solid and hollow bricks. The
results of the simulation program are confirming to CIBSE standards. The unsteady
state thermal characteristics were measured for all the bricks considered for the study.
Table 7.2.3, Table 7.2.4, Table 7.2.5, Table 7.2.6 and Table 7.2.7 show unsteady
thermal response characteristics of both solid and hollow bricks made of concrete,

burnt brick, mud brick, cinder concrete and cellular concrete respectively.

Table 7.2.1 Thermo physical properties of brick materials

Brick material Code | KIWIMK] [ plkgm’] | /ESK] ?[ﬁziso]
Dense concrete block DC 1.74 2410 880 8.204
Burnt brick BB 0.811 1820 880 5.063

Mud brick MB 0.75 1731 880 4.923
Cinder Concrete CNC 0.686 1406 840 5.808
Cellular concrete block | CLC 0.188 704 1050 2.543
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Table 7.2.2 Composite wall configuration with different air space thicknesses

S.No. | Air space thickness t, Air space breadth b, Air space resistance
[m] [m] Ra
[Mm? K/W]
1. 0.11 0.29 0.193
2. 0.05 0.29 0.181
3. 0.03 0.29 0.176
4. 0.02 0.29 0.174
5. 0.014 0.29 0.173

Sinusoidal sol-air

Temperature
variation

Direction
of
heat flow

—_—

Figure 7.2.1 Configurations of the bricks. (All dimensions are in “m”)

0.09

Table 7.2.3 Unsteady thermal response characteristics of Dense concrete blocks

DC U f | ¢[h] Y o [h] F | Yrh] Y
Configu | [W/m?K] [W/m?K] [I/m°K]
ration

C-F. 3994 [0.736 | 3672 5335 | 0983 | 0.374 | 1.875 | 70521
C-F, 2.630 0976 1.100 | 2.986 | 1.247 | 0.644 | 0.742 | 38711
C-Fs 1.802 | 0.938 ] 2.005| 2692 | 2.198 | 0.731 | 1.004 | 47231
C-F, 1.376 | 0.868 ] 3.143 | 2.813 | 2.661 | 0.757 | 1.202 | 53999
C-Fs 1.110 | 0764 | 4452 | 2973 | 2.780 | 0.756 | 1.323 | 57862
C-Fe 0930 | 0.641 5842 | 3.605 | 2.758 | 0.749 | 1.371 | 58885

130




Table 7.2.4 Unsteady thermal response characteristics of burnt bricks

BB U f ¢ [h] Y o [h] F ¥ [h] X
Configu | [W/m?K] [W/m?K] [J/m?K]
ration
C-F; 2919 | 0.746 | 3.935 | 4.404 1.364 | 0.505 | 1.554 | 62491
C-F, 2500 | 0.985 | 0.886 | 2.726 1.064 | 0.666 | 0.560 | 29126
C-F3 1720 | 0.960 | 1.612 | 2.314 2.002 | 0.755 | 0.766 | 35981
C-Fy 1316 | 0913 ] 2541 | 2337 2.591 | 0.787 | 0.933 | 41953
C-Fs 1.064 | 0.836 | 3.640 | 2.464 2.832 | 0.793 | 1.053 | 46180
C-Fs 0.891 | 0.735 | 4.842 | 2571 2.872 | 0.789 | 1.119 | 48322
Table 7.2.5 Unsteady thermal response characteristics of mud bricks
MB u f ¢ [h] Y o [h] F ¥ [h] X
Configu | [W/m?K] [W/m?K] [J/m?K]
ration
C-F, 2.804 0.753 | 3.911 4.273 1411 | 0.522 | 1.504 | 60797
C-F, 2.482 0.986 | 0.851 | 2.689 1.030 | 0.669 | 0.532 | 27687
C-F3 1.708 0.964 | 1.547 | 2.258 1.960 | 0.758 | 0.729 | 34264
C-Fy 1.308 0919 | 2441 | 2.264 | 2.568 | 0.791 | 0.892 | 40069
C-Fs 1.057 0.847 | 3.503 | 2.383 | 2.832 | 0.799 | 1.010 | 44300
C-Fs 0.886 0.750 | 4.671 | 2.490 | 2.887 | 0.796 | 1.078 | 46588

Table 7.2.6 Unsteady thermal response characteristics of cinder concrete

cC U f | ¢[h] Y o[h]|] F | ¥[h] X

Configu | [W/m?K] [W/m?K] [I/m?K]
ration

C-Fy 2.674 ]0819]0.303| 3844 | 1.466 | 0.568 | 1.279 | 51909
C-F, 2.459 | 0991 ] 0.668 | 2589 | 0.837 | 0.675| 0.414 | 21506
C-F3 1.694 ] 0977 | 1.217 | 2.053 | 1.691 | 0.767 | 0.570 | 26790
C-F4 1.297 ] 09491932 | 1959 | 2.376| 0.807 | 0.706 | 31734
C-Fs 1.049 ] 0.899 2798 | 2023 |2770]0.822] 0.816 | 35815
C-Fe 0.879 | 0.827 | 3.778 | 2.120 | 2.927 | 0.824 | 0.893 | 38655
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Table 7.2.7 Unsteady thermal response characteristics of cellular concrete blocks

CCB U f | ¢[h] Y o[ | F | ¥[h] X
Configu | [W/m?K] [W/m?K] [J/m?K]
ration

C-H 1.093 0.745 | 4.503 2.313 2.248 | 0.768 | 0.835 | 35740

C-F, 1.914 0.995 | 0.553 1.986 0.747 | 0.748 | 0.256 | 12947

C-F3 1.342 0.986 | 0.989 1.537 1.486 | 0.818 | 0.354 | 16397

C-F4 1.037 0.968 | 1.558 1.406 2.167 | 0.851 | 0.441 | 19702

C-Fs 0.843 0.935 | 2.253 1.410 2.647 | 0.867 | 0.517 | 22634

C-Fs 0.710 0.885 | 3.053 1.464 2.906 | 0.872 | 0.576 | 24987

7.2.2 Decrement factor and time lag of solid bricks

Decrement factor decreases and decrement time lag increases with the increase in the
thickness of the solid bricks. Figure 7.2.2 (a) and 7.2.2 (b) show the decrement factor
and it’s time lag as a function of thickness. Lower the decrement factor the higher is
the wall effectiveness at suppressing temperature swings. The time lag of decrement
factor should be as high as possible. From the results it is observed that Dense
concrete block (DC) up to 0.1 m offers lower decrement factor, whereas cellular
concrete block (CLC) offers lower decrement factor for all its thicknesses over 0.1m
among five brick materials studied. The cellular concrete blocks (CLC) give the
highest time lag value at all the thicknesses of the bricks among five studied brick
materials.

7.2.3 Admittance and transmittance of solid bricks

High thermal admittance values are advantageous from a thermal mass perspective,
whereas low thermal transmittance values are desirable for low energy transfer
through walls. Thermal transmittance is steady state property and thermal admittance
is a dynamic property of brick material. Figure 7.2.3 shows admittance and the
transmittance of solid bricks as a function of thickness. From the results, it is noted
that dense concrete block (DC) has the highest thermal mass due to higher thermal
admittance values and cinder concrete (CNC) has the lowest thermal mass due to
lower thermal admittance values at all the brick thicknesses among five brick
materials studied. Cellular concrete block (CLC) has the lowest thermal transmittance
values at all brick thicknesses among five brick materials investigated therefore they

serve as the best insulation materials.
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Figure 7.2.2(a) Decrement factor of solid brick as a function of thickness, (b) Time

lag of solid brick as a function of thickness
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Figure 7.2.3 Admittance and transmittance of solid brick as a function of thickness

7.2.4 Admittance and transmittance of hollow bricks

Figure 7.2.4 shows the admittance and transmittance of hollow bricks of five different
brick materials. From the results, it is observed that thermal transmittance decreases
with the increase in the number of air gaps in the brick. For reduced cooling loads in
the buildings, admittance should be as high as possible and thermal transmittance
should be as low as possible. Brick with five air gaps (C-Fg) offers the maximum
thermal admittance values at minimum thermal transmittance among all studied

configurations with five brick materials. Among all the studied hollow brick
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configurations (From C-F;, to C-Fg), dense concrete block bricks (DC) with five air
gaps (C-Fe) offer highest admittance values (3.06 W/m?K) therefore concrete block
bricks can store maximum energy (58885 J/m”K) among all studied configurations
with five brick materials. Cellular concrete blocks (CLC) offer lowest thermal
transmittance for all the configurations among five brick materials studied hence, they
are good insulators. It is observed that solid bricks have high thermal admittance with
high thermal transmittance values, whereas hollow bricks have good admittance

values at reduced thermal transmittance values.
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Figure 7.2.4 Admittance and transmittance of hollow bricks

7.2.5 Surface factor and it’s time lag of hollow bricks

Figure 7.2.5 shows the surface factor and it’s time lag of hollow bricks of five
different brick materials. Surface factor should be as low as possible and surface
factor time lag should be as high as possible. Responsiveness of the bricks to the short
wave radiation decreases with the increase in the number of air gaps in the bricks.
From the results, it is observed that bricks with five air gaps (C-Fg) have higher
surface factor time lags compared to the other hollow brick configurations. Dense
concrete blocks (DC) with five air gaps offer highest surface factor time lags (1.37)
among all the studied hollow brick configurations (C-F, to C-Fg). Hence, they are
slow responsive to short wave radiation than any other studied hollow brick

configurations with five brick materials.
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Figure 7.2.5 Surface factor and it’s time lag of hollow bricks

7.2.6 Decrement factor and it’s time lag of hollow bricks

Figure 7.2.6 (a) and 7.2.6 (b) show the decrement factor and it’s time lag of hollow
bricks of five different brick materials respectively. Hollow effect is significant on
decrement factor and time lag values. The decrement factor decreases and time lag
value increase with the increase in the number of air gaps in the bricks. Bricks with
four air gaps offer the lowest decrement factor and the highest time lag values among
all the studied hollow bricks. From the results, it is observed that dense concrete block
(DC) with five air gaps offer the least decrement factor (0.64) and highest time lag
(5.84) values among all the studied configurations with five brick materials. Hence
increasing the number of air gaps in the bricks is the best from lower decrement factor
and higher time lag perspective.

7.2.7 Areal thermal heat capacity of hollow bricks

Figure 7.2.7 shows the areal thermal heat capacity of the hollow bricks. This gives the
clear picture of the amount of energy stored in the brick during daytime. The same
amount of energy will be released during night time. From the results, it is noticed
that areal thermal heat capacity increases with the increase in the number of air gaps
in the bricks. Dense concrete block is observed to be efficient for storing maximum
energy among all the configurations of five brick materials studied, whereas cellular
concrete blocks are observed to be poor in storage among all the configurations

studied with five brick materials. Dense concrete block (DC) with five air gaps (C-Fe)
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stores maximum energy (58885 J/m*K) among all the hollow brick configurations

studied with five brick materials.
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Figure 7.2.7Areal thermal heat capacity of hollow bricks
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7.3. DYNAMIC THERMAL PERFORMANCE OF STUFFED BRICKS

7.3.1 Thermal properties and dynamic thermal parameters of bricks

Table 7.3.1 shows the thermal properties of brick and insulation materials considered
for this study. The thermal properties of the brick and insulation materials are as per
the Indian standards (SP: 41, 1987). Four brick materials such as mud brick, burnt
brick, concrete block and fly ash bricks were selected and two insulation materials
such as foam glass and asbestos fiber were selected as filling materials in the shell of
the bricks. Figure 7.3.1 shows configurations of the bricks. The various configuration
of the bricks are solid brick (C-G,), bricks with the shell of the brick filled with single
layer of insulation (C-Gy), bricks with the shell of the brick filled with two layers of
insulation with each insulation layer separated by a brick web (C-Gg), bricks with the
shell of the brick filled with three layers of insulation with each insulation layer
separated by a brick web (C-G,), bricks with the shell of the brick filled with four
layers of insulation with each insulation layer separated by a brick web (C-Gs) and
bricks with the shell of the brick filled with five layers of insulation with each
insulation layer separated by a brick web (C-Gg). Table 7.3.2 shows the brick
configurations with thicknesses. The nominal thickness of brick configurations is
considered as 0.14 m and the web thickness is maintained 0.01 m (not less than 0.008
m) as per the Indian standards. The dynamic thermal parameters of bricks include
thermal transmittance, thermal admittance, decrement factor, time lag and areal
thermal heat capacity. The computer simulation program was developed and used to
compute dynamic thermal parameters of various brick configurations. The accuracy
of the computer simulation results was validated with the CIBSE standard values and
its accuracy is confirming to CIBSE standards. The outside and inside surface
resistances of the bricks considered for the study is 0.04 m? K/W and 0.13 m? K/W
respectively as per the CIBSE standards. Table 7.3.3 shows the dynamic thermal
parameters of mud bricks filled with foam glass insulation. Table 7.3.4 shows the
dynamic thermal parameters of mud bricks filled with asbestos fiber insulation. Table
7.3.5 shows the dynamic thermal parameters of burnt bricks filled with foam glass
insulation. Table 7.3.6 shows the dynamic thermal parameters of burnt bricks filled

with asbestos fiber insulation. Table 7.3.7 shows the dynamic thermal parameters of
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concrete blocks filled with foam glass insulation. Table 7.3.8 shows the dynamic
thermal parameters of concrete blocks filled with asbestos fiber insulation. Table 7.3.9
shows the dynamic thermal parameters of fly ash bricks filled with foam glass
insulation. Table 7.3.10 shows the dynamic thermal parameters of fly ash bricks filled

with asbestos fiber insulation.
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Figure 7.3.1 Configurations of bricks

Table 7.3.1 Thermal properties of brick and insulation materials

Brick and
insulation Code k p Cp

materials
Mud brick (B) MB 0.75 1731 880
Burnt brick (B) BB 0.811 1820 880
Dense concrete DC 1.74 2410 880

block (B)
Fly ash brick (B) FAB 0.360 1700 857
Foam glass (I) FG 0.055 160 750
Asbestos fiber (1) AF 0.06 640 840
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Table 7.3.2 Brick configurations and Thickness

S.N | Configura Thickness of the brick from outside to inside (m)
0. tion
1. C-G; 0.14B
2. C-G; 0.015B+0.111+0.015B
3. C-Gs 0.015B+0.051+0.01B+0.051+0.015B
4. C-Gy 0.015B+0.031+0.01B+0.031+0.01B+0.031+0.015B
5. C-Gs 0.015B+0.021+0.01B+0.021+0.01B+0.021+0.01B+0.021+0.015
B
6. C-Gg 0.015B+0.0141+0.01B+0.0141+0.01B+0.0141+0.01B+0.0141+0
.01B+0.0141+0.015B

Table 7.3.3 Dynamic thermal parameters of mud bricks filled with foam glass

insulation

MB with FG U f o (h) Y o (h) Y

Configuration | (W/m?K) (W/m?K) (Im?K)
C-G, 2.8048 | 0.75336 | 3.9118 | 4.2737 | 1.4119 | 60797
C-G, 0.4525 | 0.9386 | 2.5657 | 1.8469 | 4.0568 | 29867
C-G; 0.4899 | 0.7764 | 4.0927 | 1.9555 | 3.7253 | 33034
C-G, 0.5339 | 0.7019 | 5.0626 | 2.1046 | 3.4474 | 36459
C-Gs 0.5867 | 0.6519 | 57125 | 2.2575 | 3.2165 | 39883
C-Gg 0.6511 | 06184 | 6.1351 | 2.4142 | 3.0153 | 43478

Table 7.3.4 Dynamic thermal parameters of mud bricks filled with asbestos fiber

insulation

MB with AF U f o (h) Y o (h) "

Configuration | (W/m?°K) (W/m?K) (IIm*K)
C-G; 2.8048 0.75336 | 3.9118 4.2737 1.4119 60797
C-G, 0.4894 0.6513 | 6.3317 2.4181 3.3967 41956
C-G3 0.5291 0.5658 6.7176 2.3838 3.2561 41452
C-G4 0.5759 0.5377 7.0252 2.4437 3.0710 | 43079
C-Gs 0.6316 0.5270 7.1740 2.5391 2.9136 45498
C-Gg 0.6994 0.5255 7.1997 2.6534 2.7718 48446
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Table 7.3.5 Dynamic thermal parameters of burnt bricks filled with foam glass

insulation
BB with FG U f o (h) Y o (h) X
Configuration | (W/m?K) (W/m?K) (IIm*K)
C-G; 2.9197 | 0.74693 | 3.9355 | 4.4045 | 1.3641 | 62491
C-G; 0.4531 0.9362 | 2.6091 | 1.9177 | 4.0603 | 31051
C-Gs 0.4908 0.7644 | 4.2029 | 2.0250 | 3.7233 | 34235
C-G,4 0.5354 0.6865 | 5.2147 | 2.1742 3.4395 | 37688
C-Gs 0.5888 0.6349 | 5.8896 | 2.3278 | 3.2043 | 41151
C-Gg 0.6541 0.6006 | 6.3261 | 2.4858 | 2.9999 | 44809
Table 7.3.6 Dynamic thermal parameters of burnt bricks filled with asbestos fiber
insulation
BB with AF U f ¢ (h) Y o (h) | x (/m°K)
Configuration | (W/m?K) (W/m?K)
C-G; 2.9197 | 0.7469 | 3.9355 | 4.4045 | 1.3641 | 62491.44
C-G; 0.4901 | 0.6504 | 6.3650 | 2.4806 | 3.4052 43053
C-Gs 0.5303 | 0.5584 | 6.7915 | 2.4429 | 3.2632 42468
C-G,4 0.5775 | 0.5275 | 7.1358 | 2.5027 3.0729 | 44115
C-Gs 0.6340 | 0.5150 | 7.3104 | 25999 | 2.9103 46599
C-Gg 0.7028 | 0.5123 | 7.3535 | 2.7168 | 2.7639 49643

Table 7.3.7 Dynamic thermal parameters of dense concrete blocks filled with foam
glass insulation

DC with FG U f o () Y o (h) X

Configuration | (W/m?K) (W/m?K) (J/Im*K)
C-G; 3.9947 0.73609 | 3.6727 5.3355 0.98347 | 70521
C-G, 0.4572 0.9196 | 2.8710 2.3803 4.0335 38878
C-G3 0.4973 0.6877 | 4.8589 2.4692 3.6794 41928
C-G4 0.5450 0.5921 | 6.1191 2.6108 3.3733 45397
C-Gs 0.6028 0.5342 | 6.9372 2.7634 3.1219 49033
C-Gg 0.6744 0.4987 | 7.4480 2.9257 2.9038 53053
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Table 7.3.8 Dynamic thermal parameters of concrete blocks filled with asbestos fiber

insulation
DC with AF U f o (h) Y o (h) %
Configuration | (W/m?K) (W/m?K) (JIm*K)
C-G; 3.9947 | 0.73609 | 3.6727 | 5.3355 | 0.98347 | 70521
C-G; 0.4949 0.6435 | 6.5613 | 2.8919 3.4254 | 50411
C-Gs 0.5378 0.5123 | 7.2328 | 2.8303 3.2819 | 49238
C-G,4 0.5887 0.4653 | 7.8014 | 2.8848 3.0674 | 50929
C-Gs 0.6503 0.4441 | 8.1286 | 2.9887 2.8795 | 53766
C-Gg 0.7263 0.4359 | 8.2666 | 3.1181 2.7090 | 57366
Table 7.3.9 Dynamic thermal parameters of fly ash bricks filled with foam glass
insulation
FAB with FG U f ¢ (h) Y o (h) X
Configuration | (W/m?K) (W/m?K) (Im?K)
C-G; 1.7897 | 0.64005 5.34 3.6448 1.764 56658
C-G; 0.4438 0.9344 | 2.6821 | 1.7703 | 4.0152 | 28722
C-G3 0.4764 0.7760 | 4.1785 | 1.8725 | 3.6895 | 31644
C-G,4 0.5141 | 0.6990 | 5.1548 | 2.0099 | 3.4177 | 34747
C-Gs 0.5583 0.6448 | 5.8348 | 2.1480 | 3.1928 | 37764
C-Gg 0.6109 0.6060 | 6.3065 | 2.2865 | 2.9984 | 40839
Table 7.3.10 Dynamic thermal parameters of fly ash bricks filled with asbestos fiber
insulation
FAB with AF U f o (h) Y o (h) X
Configuration | (W/m?°K) (W/m?K) (JIm*K)
C-G; 1.7897 0.6400 5.34 3.6448 1.764 56658
C-G; 0.4793 | 0.6341 | 6.5313 2.3147 3.3238 | 40125
C-Gs 0.5134 | 0.5548 | 6.9026 2.2827 3.1949 | 39608
C-G, 0.5529 | 0.5257 | 7.2138 2.3331 3.0231 | 40934
C-Gs 0.5988 | 0.5119 | 7.3887 2.4137 2.8770 | 42917
C-Gg 0.6532 0.5060 | 7.4591 2.5093 2.7461 | 45296

7.3.2 Thermal transmittance and admittance of insulation filled bricks

Thermal admittance and thermal transmittance have the same units. Thermal
admittance is the ability of a brick to admit, absorb and emit heat. Thermal admittance
mainly depends upon thermal properties of inner side of the brick. For thin bricks,

thermal transmittance and thermal admittance are the same. Thermal admittance
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becomes constant for bricks more than 0.2 m thick. Figure 7.3.2 shows the thermal
transmittance and admittance of bricks filled with foam glass insulation. From the
results, it is observed that the thermal transmittance of the stuffed bricks is less than
the conventional solid bricks and hence the stuffed bricks have more thermal
resistance than the solid bricks. It is also noticed from the results that the thermal
admittance of the stuffed bricks increases with the increasing number of insulation
layers in the brick. The Bricks with the shell of the brick filled with five layers of
insulation with each insulation layer separated by a brick web have more thermal
mass than the Bricks with the shell of the brick filled with single layer of insulation.
From Figure 7.3.2, it is observed that the concrete blocks with the shell of the brick
filled with five foam glass layers of insulation with each insulation layer separated by
a brick web have the highest admittance value (2.9257 W/m?®K) among all the studied
bricks filled with foam glass insulation. It is also clear from the results that the fly ash
bricks with the shell of the brick filled with five foam glass layers of insulation with
each insulation layer separated by a brick web have the lowest admittance value
(2.2865 W/m?K) among all the studied bricks filled with foam glass insulation. Figure
7.3.3 shows the thermal transmittance and admittance of bricks filled with asbestos
fiber insulation. From the results, it is noticed that the concrete blocks with the shell
of the brick filled with five asbestos fiber layers of insulation with each insulation
layer separated by a brick web have the highest admittance value (3.1181 W/m?K)
among all the studied bricks filled with asbestos fiber insulation. It is also clear from
the results that the fly ash bricks with the shell of the brick filled with five asbestos
layers of insulation with each insulation layer separated by a brick web have the
lowest admittance value (2.5093 W/m?K) among all the studied bricks filled with

asbestos fiber insulation.

142



[_IMB(Y)
VB (V)

5.3355

29257

2.4858

Admittance (W/m”2 K)

G CG GG
Brick configurations

5

Figure 7.3.2 Thermal transmittance and admittance of bricks filled with foam glass

insulation
6
8 C_IMB(Y)
T b I VB (V)
L_1BB(Y)
2 ] I B (U)

Admittance (W/m*2 K)

EG €6 €6 CG €6 G

1 2
Brick configurations

Figure 7.3.3 Thermal transmittance and admittance of bricks filled with asbestos fibre
insulation

143



7.3.3 Decrement factor and time lag of insulation filled bricks

The dampening of the outside sinusoidal heat wave as it passes through the brick
(Decrement factor) should be as low as possible to reduce the outside heat wave effect
on indoor comfort conditions. The time taken by heat wave to pass from outer side of
the brick to the inner side of the brick (Time lag) should be as high as possible. The
decrement factor and time lag are the measures of thermal mass. Figure 7.3.4 (a)
shows the decrement factor of bricks filled with foam glass insulation. From the
results, it is observed that the decrement factor decreases and time lag increases with
the increasing number of insulation layers in the brick. It is also observed that the mud
bricks with the shell of the brick filled with five foam glass layers of insulation with
each insulation layer separated by a brick web have the highest decrement factor value
(0.6184) among all the studied bricks filled with foam glass insulation. It is also clear
from the results that the concrete blocks with the shell of the brick filled with five
foam glass layers of insulation with each insulation layer separated by a brick web
have the lowest decrement value (0.4987) among all the studied bricks filled with
foam glass insulation. Figure 7.3.4 (b) shows the time lag of bricks filled with foam
glass insulation. From the results, it is observed that the concrete blocks with the shell
of the brick filled with five foam glass layers of insulation with each insulation layer
separated by a brick web have the highest time lag value (7.448 h) among all the
studied bricks filled with foam glass insulation. It is also clear from the results that the
mud bricks with the shell of the brick filled with five foam glass layers of insulation
with each insulation layer separated by a brick web have the lowest time lag value
(6.1351 h) among all the studied bricks filled with foam glass insulation. Figure 7.3.5
(a) shows the decrement factor of bricks filled with asbestos fiber insulation. From the
results, it is noticed that the mud bricks with the shell of the brick filled with five
asbestos fiber layers of insulation with each insulation layer separated by a brick web
have the highest decrement factor value (0.5255) among all the studied bricks filled
with asbestos fiber insulation. It is also clear from the results that the concrete blocks
with the shell of the brick filled with five asbestos fiber layers of insulation with each
insulation layer separated by a brick web have the lowest decrement value (0.4359)

among all the studied bricks filled with foam glass insulation. Figure 7.3.5 (b) shows
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the time lag of bricks filled with asbestos insulation. From the results, it is observed
that the concrete blocks with the shell of the brick filled with five asbestos fiber layers
of insulation with each insulation layer separated by a brick web have the highest time
lag value (8.266 h) among all the studied bricks filled with asbestos fiber insulation. It
is also clear from the results that the mud bricks with the shell of the brick filled with
five asbestos fiber layers of insulation with each insulation layer separated by a brick
web have the lowest time lag value (7.199 h) among all the studied bricks filled with
asbestos fiber insulation.
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7.3.4 Areal thermal heat capacity of insulation filled bricks

The areal thermal heat capacity of the brick is the amount of heat stored in the brick
over the first half period of the heat flow swing per unit area of brick element per unit
degree of temperature swing. This gives the information about thermal mass of the
brick. Figure 7.3.6 shows areal thermal heat capacity of bricks filled with foam glass
insulation. From the results, it is noticed that the concrete blocks with the shell of the
brick filled with five foam glass layers of insulation with each insulation layer
separated by a brick web have the highest areal thermal heat capacity (53053 J/m*K)
among all the studied bricks filled with foam glass insulation. It is also clear from the
results that the fly ash bricks with the shell of the brick filled with five foam glass
layers of insulation with each insulation layer separated by a brick web have the
lowest areal thermal heat capacity value (40839 J/mK) among all the studied bricks
filled with foam glass insulation. Figure 7.3.7 shows the areal thermal heat capacity of
bricks filled with asbestos fiber insulation. From the results, it is noticed that the
concrete blocks with the shell of the brick filled with five asbestos fiber layers of
insulation with each insulation layer separated by a brick web have the highest areal
thermal heat capacity (57366 J/m?K) among all the studied bricks filled with asbestos
fiber insulation. It is also observed from the results that the fly ash bricks with the
shell of the brick filled with five asbestos fiber layers of insulation with each
insulation layer separated by a brick web have the lowest areal thermal heat capacity

value (45296 J/m?K) among all the studied bricks filled with asbestos fiber insulation.
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Figure 7.3.7 Areal thermal heat capacity of bricks filled with asbestos fiber insulation

7.4 SUMMARY
From 7.2, it is noticed that the thermal admittance, decrement time lag, surface factor

[ ]
time lag and areal thermal heat capacity of the bricks increase with the increase in the
number of air gaps within the brick due to improved thermal mass and thermal

insulation. These enhanced unsteady state properties make the hollow bricks more

energy efficient than the solid bricks.
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Thermal transmittance and decrement factor of the hollow bricks decrease with the
increase in the number of air gaps in the bricks. This behavior of the bricks helps in
reducing cooling loads of the buildings.

Dense concrete block (DC) with five air gaps offers the highest admittance (5.84) at
minimum thermal transmittance, lowest decrement factor (0.64), highest time lag
(5.84h), highest areal thermal heat capacity (58885 J/m°K) and highest surface factor
time lag (1.37h) values among twenty five hollow brick configurations with five brick
materials. Hence, these hollow bricks are recommended for energy efficient building
construction among five brick materials.

Increase in the air gaps in the bricks increases the thermal insulation (decreases the
thermal transmittance) and increases the thermal mass. These are essential parameters
for energy efficient hollow bricks.

Hollow bricks with five air spaces (C-Fg) decrease decrement factor of dense concrete
bricks, burnt bricks, mud bricks, cinder concrete bricks and cellular concrete bricks by
34.32%, 25.38%, 24.27%, 16.54% and 11.05%, respectively as compared to the
hollow brick with single air space (C-F,).

Hollow bricks with five air spaces (C-Fg) increase the time lag of dense concrete
bricks, burnt bricks, mud bricks, cinder concrete bricks and cellular concrete bricks by
81.17%, 81.70%, 81.78%, 82.31% and 81.88%, respectively as compared to the
hollow brick with single air space (C-F,).

From 7.3, it is observed that the thermal admittance, decrement time lag and areal
thermal heat capacity of the insulation filled bricks increase with the increase in the
number of insulation layers in the bricks due to improved thermal mass. These
enhanced dynamic parameters make the stuffed bricks more energy efficient than the
ordinary solid bricks.

The decrement factor of the insulation filled bricks decreases with the increase in the
number of insulation layers in the bricks. The lower decrement factor values are
essential to reduce the effect of outdoor climatic changes on indoor conditions.

The concrete blocks with the shell of the bricks filled with five layers of asbestos fiber
insulation offer the highest admittance (3.11W/m?K), the lowest decrement factor
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(0.435), the highest time lag values (8.26 h) and the highest areal thermal heat
capacity (57366 J/m?K) among all insulation filled bricks studied.

Stuffed bricks with five foam glass insulation layers (C-Gg) decrease the decrement
factor of mud bricks, burnt bricks, dense concrete bricks and fly ash bricks by
17.91%, 35.84%, 45.76% and 35.14%, respectively as compared to the stuffed bricks
with single foam glass insulation layer (C-G,).

Stuffed bricks with five foam glass insulation layers (C-Gg) increase the time lag of
mud bricks, burnt bricks, dense concrete bricks and fly ash bricks by 36.23%,
58.75%, 61.45% and 57.47%, respectively as compared to the stuffed bricks with
single foam glass insulation layer (C-Gy).

In hot regions, the wall thermal transmittance should be as low as possible and the
wall admittance should be as high as possible. In cold regions, the wall thermal
transmittance should be as high as possible and the wall admittance should be as low
as possible. For reducing cooling loads, the stuffed bricks are recommended and for
reducing heating loads, the hollow bricks are recommended.

The results of the paper help in designing energy efficient hollow and stuffed bricks

for reducing cooling loads in buildings.
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CHAPTER-8

EFFECTS OF WIND VELOCITY ON DYNAMIC THERMAL
CHARACTERISTICS OF OUTER BUILDING ENCLOSURES

8.1 INTRODUCTION

This chapter presents the effect of wind velocity on dynamic thermal characteristics of
outer building walls. The dynamic thermal characteristics studied include
transmittance, admittance, decrement factor, time lag surface factor, surface factor
time lag and areal thermal heat capacity. The building wall materials investigated
include burnt bricks, mud bricks, laterite stone and cinder concrete. The various
configurations of composite walls studied are the composite wall without insulation,
composite wall with insulation located at outer side of the wall, composite wall with
insulation located at the mid center of the wall, composite wall with insulation located
at inner side of the wall, composite wall with one half of the insulation located at the
outer and another half of the insulation located at the inner side of the wall, composite
wall with one half of the insulation located at the outer side and another half of the
insulation located at the mid center of the wall, composite wall with one half of the
insulation located at mid center of the wall and another half of the insulation located
at the inner side of the wall. The thermal performance of the homogeneous and
composite walls was investigated from wind velocity ranging from 0 to 10 m/s. The
total two hundred and fifty six building walls were studied. From the results, it is
observed that the admittance, decrement factor and areal thermal heat capacity of the
homogeneous building materials decrease with the increase in the external wind
velocity. It is also observed that thermal transmittance and surface factor of the
homogeneous walls increase with the increase in the external wind velocity. The
building wall with half of the insulation placed at the outside of the wall and another

half of the insulation placed at the inner side of the wall is observed to be the best
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configuration from the low decrement factor at all wind velocities. The building wall
with half of the insulation placed at the outside of the wall and another half of the
insulation placed at the mid center of the wall is observed to be the best configuration
from higher time lag values at all wind velocities.

8.2 BUILDING MATERIAL THERMAL PROPERTIES AND THEIR
UNSTEADY THERMAL RESPONSE CHARACTERISTICS

Table 8.2.1 shows the thermo physical properties of the building materials considered
for the study. The properties of burnt bricks, mud bricks, cinder concrete and
expanded polystyrene were taken as per the Indian standard guide for heat insulation
of non-industrial buildings as per IS code 3792-1978. In this code guarded hot plate
method and ASTM heat flow methods are used to calculate thermal properties of
building materials (IS: 3792 1978). Thermal properties of laterite stone were
measured using the transient plane source method experimentally at K- Analys,
Sweden. The computer program was developed to compute the dynamic thermal
characteristics of homogeneous and composite walls exposed to various wind
velocities. In this study, walls are considered as outer enclosures of the building and
hence external and internal surface resistances taken are 0.04 m? K/W and 0.13 m?
K/W, respectively as per CIBSE standards. Figure 8.2.1 shows images of building and
insulating materials. Figure 8.2.2 Configuration of composite walls with expanded
polystyrene insulation. The various configurations of composite walls studied are the
composite wall without insulation (C-H;), composite wall with insulation located at
outer side of the wall (C-H,), composite wall with insulation located at the mid center
of the wall (C-Hs), composite wall with insulation located at inner side of the wall (C-
H,4), composite wall with one half of the insulation located at the outer and another
half of the insulation located at the inner side of the wall (C-Hs), composite wall with
one half of the insulation located at the outer side and another half of the insulation
located at the mid center of the wall (C-Hg), composite wall with one half of the
insulation located at mid center of the wall and another half of the insulation located
at the inner side of the wall (C-H;). Table 8.2.2 shows the effect of wind velocity on
dynamic thermal characteristics of homogeneous burnt brick walls. Table 8.2.3 shows
the effect of wind velocity on dynamic thermal characteristics of homogeneous mud

151



brick walls. Table 8.2.4 shows the effect of wind velocity on dynamic thermal
characteristics of homogeneous laterite stone walls. Table 8.2.5 shows the effect of
wind velocity on dynamic thermal characteristics of homogeneous cinder concrete
walls.

Table 8.2.1 Thermo physical properties of building materials

L . k p Cp
Building material 3
S.No. Code | [W/mK]| [kg/m’] [J/kgK]
1. Burnt brick BB 0.811 1820 880
2. Mud brick MB 0.75 1731 880
3 Laterite stone LS 1.369 1000 1926
4 Cinder concrete CNC 0.686 1406 840
5 Expanded EP 0.038 16 1340
polystyrene
6. Cement plaster P 0.721 1762 840

Figure 8.2.1 Building and insulation materials
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BM: Building Material
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EP: Expanded polystyrene

P: Plaster

C-Hg
+0.01 EP+0.0125P 0.0125P+0.01 EP+0.1 BM+0.01 EP+0.1 BM+0.0125P

Figure 8.2.2 Configuration of composite walls with expanded polystyrene insulation

Table 8.2.2 Effect of wind velocity on dynamic thermal characteristics of

homogeneous burnt brick walls

Burnt brick
Velocity U f ¢ (h) Y o (h) F ¥ (h) X
(mis) | (WIm’K) (W/m?K) (I/m’K)

0 1.9749 0.41445 | 6.8586 | 4.6998 1.3445 | 0.47608 | 1.7488 | 71391
05 2.2754 0.5043 | 6.2763 | 4.65 1.3757 | 0.48414 | 1.7385 | 71994
0.7 2.3121 0.51699 | 6.1877 | 4.6415 1.3793 | 0.48531 | 1.7353 | 71976
2 2.4011 0.54908 | 5.9543 | 4.6182 1.3874 | 0.48831 | 1.7249 | 71789
4 2.4126 0.55337 | 5.9219 | 4.6149 1.3884 | 0.48872 | 1.7232 | 71748
6 2.4662 0.57364 | 5.7647 | 4.5985 1.3923 | 0.49062 | 1.7145 | 71490
8 2.4846 0.5807 | 5.7081 | 4.5926 1.3934 | 0.49128 | 1.7111 | 71376
10 2.5286 0.59774 | 5.5671 | 4.5775 1.3956 | 0.49288 | 1.7019 | 71039
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Table 8.2.3 Effect of wind velocity on dynamic thermal characteristics of

homogeneous mud brick walls

Mud brick

Velocity U f ¢ (h) Y o (h) F ¥ (h) X

(mis) | (WIm’K) (W/mPK) (Im’K)
0 1.8997 | 0.42393 | 6.8465 | 4.5656 | 1.3961 | 0.49402 | 1.6934 | 69526
0.5 2.176 0.51174 | 6.2681 | 4.518 1.427 [ 050172 | 1.6844 | 70079
0.7 2.2097 | 0.52392 | 6.1815 | 4.5101 | 1.4306 | 0.50283 | 1.6816 | 70060
2 2.2908 | 0.5545 | 59549 | 4.4885 | 1.4386 | 0.50564 | 1.6725 | 69884
4 2.3013 | 0.55857 | 5.9237 | 4.4854 | 1.4396 | 0.50602 | 1.6711 | 69846
6 2.35 0.57771 | 5.7726 | 4.4704 | 1.4435 | 0.50779 | 1.6635 | 69611
8 2.3667 | 0.58435 | 5.7185 | 4.4649 | 1.4447 | 0.50841 | 1.6605 | 69508
10 2.4065 | 0.60032 | 5.584 |4.4512 | 1.447 | 0.50989 | 1.6526 | 69207

Table 8.2.4 Effect of wind velocity on dynamic thermal characteristics of

homogeneous laterite stone walls

Laterite stone

Velocity U f o (h) Y o (h) F ¥ (h) X

(mis) | (WIm’K) (W/m°K) (Im?K)
0 2.4641 ] 0.39892 | 6.4128 | 5.4159 [ 1.098 | 0.38172 | 2.0995 | 80652
0.5 2.9501 | 0.50425 | 5.817 |5.3241 | 1.1219 | 0.39297 | 2.0415 | 80667
0.7 3.0122 | 052063 | 5.718 |5.3081 | 1.1239 | 0.39465 | 2.029 | 80504
2 3.1649 | 0.56387 | 5.4456 |5.2633 | 1.1263 | 0.39893 | 1.991 | 79814
4 3.185 0.56985 | 5.4064 | 5.2569 | 1.1263 | 0.3995 | 1.9851 | 79686
6 32791 | 059873 | 5.2116 | 5.2249 | 1.1247 | 0.40216 | 1.9546 | 78942
8 3.311 0.60903 | 5.1394 | 5.2131 | 1.1235 | 0.40307 | 1.9427 | 78622
10 3.3903 | 0.63436 | 4.955 |5.1834 |1.119 | 0.40519 | 1.9113 | 77695
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Table 8.2.5 Effect of wind velocity on dynamic thermal characteristics of

homogeneous cinder concrete walls

Cinder concrete

Velocity U f ¢ (h) Y o (h) F ¥ (h) X
(mis) | (WIm’K) (W/m°K) (IIm’K)
0 1.8139 [ 0.51467 | 6.0398 | 4.193 1.5688 | 0.5459 [ 1.5647 | 63988
0.5 2.0643 [0.60192 | 5.4686 | 4.1186 | 1.5889 | 0.55458 | 1.5292 | 63469
0.7 2.0945 [0.61336 | 5.3868 | 4.1075 | 1.5901 | 0.55569 | 1.5227 | 63302
2 2.1672 | 0.64143 | 5.1767 | 4.0789 | 1.5911 | 0.55835 | 1.505 | 62766
4 2.1766 | 0.64509 | 5.1482 [ 4.075 1.5911 | 0.55869 | 1.5024 | 62681
6 2.2202 [ 0.66211 | 5.0118 | 4.0565 | 1.5899 | 0.56024 | 1.4898 | 62240
8 2.2351 [ 0.66794 | 4.9634 | 4.05 1.5892 | 0.56076 | 1.4851 | 62069
10 2.2706 | 0.6818 | 4.8447 | 4.034 1.5868 | 0.56196 | 1.4734 | 61615

The homogeneous and composite walls are exposed to periodic cyclic variations in

temperatures and the heat flow through the wall is in one direction and i.e. horizontal.

8.3 EFFECT OF WIND VELOCITY ON TRANSMITTANCE AND
ADMITTANCE OF HOMOGENEOUS WALLS

The admittance signifies the thermal mass of the wall and thermal transmittance
indicates thermal insulation of the wall. The higher the admittance value, the higher is
the thermal mass. The lower is the thermal transmittance value, the higher is the
thermal insulation value. Figure 8.3.1 shows the effect of wind velocity on
transmittance and admittance of homogeneous walls. From the results, it is observed
that the thermal transmittance decreases and thermal admittance increases with the
increase in the wind velocity. Increase in the outside wind velocity increases the
convection coefficient at the external surface which in turn reduces the external
surface resistance. Thermal transmittance increases with the increase in the
convection coefficient at the external surface and thermal admittance decreases with
the increase in the convection coefficient at the external surface. The laterite stone is

observed to have higher thermal admittance values as compared to the other studied
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building material at all external wind velocities. The expanded polystyrene is
observed to have the least thermal transmittance and admittance among studied

homogeneous building and insulating materials at all external wind velocities.
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Figure 8.3.1 Effect of wind velocity on transmittance and admittance of homogeneous
walls

8.4 EFFECT OF WIND VELOCITY ON DECREMENT FACTOR AND TIME
LAG OF HOMOGENEOUS WALLS

Figure 8.4.1 shows the effect of wind velocity on decrement factor and time lag of
homogeneous walls. From the results, it is noticed that the decrement factor of the
building material increases with the increase in the external wind velocity and the
time lag decreases with the increase in the external wind velocity. Increase in external
convection coefficient due to increase in external wind velocity increases decrement
factor and decreases time lag values. Mud brick has the lowest decrement factor
values at all external wind velocities and expanded polystyrene has the highest
decrement factor at all external wind velocities among studied materials. It is also
noticed that the mud brick has the highest time lag and expanded polystyrene has the

least time lag values at all wind velocities among studied building materials.
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8.5 EFFECT OF WIND VELOCITY ON SURAFCE FACTOR AND SURFACE
FACTOR TIME LAG OF HOMOGENEOUS WALLS

Figure 8.5.1 shows the Effect of wind velocity on surface factor and surface factor
time lag of homogeneous walls. From the results, it is observed that the surface factor
increases and surface factor time lag decreases with the increase in the external wind
velocity. The increased external convection coefficient increases the surface factor
and decreases the surface factor time lag. The laterite stone has the lowest surface
factor and expanded polystyrene has the highest surface factor among studied
materials at all external wind velocities. The laterite stone has the highest surface
factor time lag and the expanded polystyrene has the lowest surface factor time lag

values.
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8.6 EFFECT OF WIND VELOCITY ON AREAL THERMAL HEAT

CAPACITY OF HOMOGENEOUS WALLS

Figure 8.6.1 shows the Effect of wind velocity on areal thermal heat capacity of
homogeneous walls. The areal thermal heat capacity of building materials decreases
with the increase in the external wind velocity. From the results, it is obvious that the
laterite stone has the highest areal thermal heat capacity than any other studied
building material at all external wind velocities. The expanded polystyrene was

observed to have the least areal thermal heat capacity at all external wind velocities

among studied building materi

als.
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87 EFFECT OF WIND VELOCITY ON TRANSMITTANCE AND
ADMITTANCE OF COMPOSITE WALLS

Figure 8.7.1 shows the effect of wind velocity on transmittance and admittance of
composite burnt brick walls. The burnt brick composite wall with expanded
polystyrene insulation located at the mid center of the burnt brick wall (C-Hs) and the
burnt brick composite wall with one half of the expanded polystyrene insulation
located at the outer side and another half of the insulation located at the mid center of
the burnt brick wall (C-Hs) were observed to be energy efficient configurations from
higher admittance (At lower transmittance) perspective among seven studied
configurations at all external wind velocities. At 10 m/s external wind velocity, the
burnt brick composite wall with expanded polystyrene insulation located at the mid
center of the burnt brick wall (C-H3) has 4.898 W/m?K admittance value and 1.0455
W/m?K transmittance value. At 10 m/s external wind velocity, the burnt brick
composite wall with one half of the expanded polystyrene insulation located at the
outer side and another half of the insulation located at the mid center of the burnt
brick wall (C-Hg) has 4.779 W/m?K admittance value and 1.0455 W/m’K
transmittance value. The burnt brick composite wall without insulation (C-H;) has
45744 W/m?K admittance value and 2.3247 W/m?K transmittance value. Higher
thermal admittance indicates higher thermal mass and lower thermal transmittance
indicates higher thermal insulation. Among studied seven configurations at all wind
speeds C-Hs; and C-Hg are preferable due to higher admittance values at lower
transmittance.

Figure 8.7.2 shows the effect of wind velocity on transmittance and admittance of
composite mud brick walls. The mud brick composite wall with expanded polystyrene
insulation located at the mid center of the mud brick wall (C-H3) and the mud brick
composite wall with one half of the expanded polystyrene insulation located at the
outer side and another half of the insulation located at the mid center of the mud brick
wall (C-Hg) were observed to be energy efficient configurations from higher
admittance (At lower transmittance) perspective among seven studied configurations
at all external wind velocities. At 10 m/s external wind velocity, the mud brick
composite wall with expanded polystyrene insulation located at the mid center of the
mud brick wall (C-Hs) has 4.7989 W/m?K admittance value and 1.0240 W/m?K
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transmittance value. At 10 m/s external wind velocity, the mud brick composite wall
with one half of the expanded polystyrene insulation located at the outer side and
another half of the insulation located at the mid center of the mud brick wall (C-Hg)
has 4.6798 W/m’K admittance value and 1.024 W/m?K transmittance value. The mud
brick composite wall without insulation (C-H;) has 4.4832 W/m?K admittance value
and 2.212 W/m?K transmittance value.

Figure 8.7.3 shows the effect of wind velocity on transmittance and admittance of
composite laterite walls. The laterite composite wall with expanded polystyrene
insulation located at the mid center of the laterite wall (C-Hs3) and the laterite
composite wall with one half of the expanded polystyrene insulation located at the
outer side and another half of the insulation located at the mid center of the laterite
wall (C-Hg) were observed to be energy efficient configurations from higher
admittance (At lower transmittance) perspective among seven studied configurations
at all external wind velocities. At 10 m/s external wind velocity, the laterite composite
wall with expanded polystyrene insulation located at the mid center of the laterite wall
(C-Hs) has 5.3902 W/m?K admittance value and 1.1683 W/m?K transmittance value.
At 10 m/s external wind velocity, the laterite composite wall with one half of the
expanded polystyrene insulation located at the outer side and another half of the
insulation located at the mid center of the laterite wall (C-Hg) has 5.2664 W/m*K
admittance value and 1.1683 W/m?K transmittance value. The laterite composite wall
without insulation (C-H;) has 5.0247 W/m?K admittance value and 3.0336 W/m’K
transmittance value.

Figure 8.7.4 shows the effect of wind velocity on transmittance and admittance of
composite cinder concrete walls. The cinder concrete composite wall with expanded
polystyrene insulation located at the mid center of the cinder concrete wall (C-H3) and
the cinder concrete composite wall with one half of the expanded polystyrene
insulation located at the outer side and another half of the insulation located at the mid
center of the cinder concrete wall (C-Hg) were observed to be energy efficient
configurations from higher admittance (At lower transmittance) perspective among
seven studied configurations at all external wind velocities. At 10 m/s external wind
velocity, the cinder concrete composite wall with expanded polystyrene insulation
located at the mid center of the cinder concrete wall (C-Hs) has 4.4929 W/m?K
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admittance value and 0.9986 W/m?K transmittance value. At 10 m/s external wind
velocity, the cinder concrete composite wall with one half of the expanded
polystyrene insulation located at the outer side and another half of the insulation
located at the mid center of the cinder concrete wall (C-Hg) has 4.3812 W/m’K
admittance value and 0.9986 W/m’K transmittance value. The cinder concrete
composite wall without insulation (C-H;) has 4.1905 W/m®K admittance value and
2.1049 W/m’K transmittance value.

Higher thermal admittance indicates higher thermal mass and lower thermal
transmittance indicates higher thermal insulation. Among studied seven
configurations at all wind speeds C-H; and C-Hg are preferable due to higher

admittance values at lower transmittance.
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Figure 8.7.4 Effect of wind velocity on transmittance and admittance of composite
cinder concrete walls

8.8 EFFECT OF WIND VELOCITY ON DECREMENT FACTOR AND TIME
LAG OF COMPOSITE WALLS

Figure 8.8.1 shows the effect of wind velocity on the decrement factor of composite
burnt brick walls. From the results, it is observed that the burnt brick composite wall
with one half of the expanded polystyrene insulation located at the outer and another
half of the expanded polystyrene insulation located at the inner side of the burnt brick
wall (C-Hs) and the composite burnt brick wall with one half of the expanded
polystyrene insulation located at the outer side and another half of the expanded
polystyrene insulation located at the mid center of the burnt brick wall (C-Hg) are
found to be energy efficient from lower decrement factor point of view among seven
studied configurations at all external wind velocities. At 10 m/s external wind
velocity, the burnt brick composite wall with one half of the expanded polystyrene
insulation located at the outer and another half of the expanded polystyrene insulation
located at the inner side of the burnt brick wall (C-Hs) has the least decrement factor
of 0.1896 and the composite burnt brick wall with one half of the expanded
polystyrene insulation located at the outer side and another half of the expanded
polystyrene insulation located at the mid center of the burnt brick wall (C-Hg) has low
decrement factor of 0.2041. The burnt brick composite wall without insulation (C-H,)

has the highest decrement factor value of 0.5172.
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Figure 8.8.2 shows the effect of wind velocity on time lag of composite burnt brick
walls. From the results, it is observed that the composite burnt brick wall with one
half of the expanded polystyrene insulation located at the outer side and another half
of the expanded polystyrene insulation located at the mid center of the burnt brick
wall (C-Hg) and the composite burnt brick wall with one half of the expanded
polystyrene insulation located at mid center of the wall and another half of the
expanded polystyrene insulation located at the inner side of the wall (C-H-) are found
to be energy efficient from higher time lag perspective among seven studied
configurations at all external wind velocities. At 10 m/s external wind velocity, the
composite burnt brick wall with one half of the expanded polystyrene insulation
located at the outer side and another half of the expanded polystyrene insulation
located at the mid center of the burnt brick wall (C-Hg) has the highest time lag of
9.9059 h and the composite burnt brick wall with one half of the expanded
polystyrene insulation located at mid center of the burnt brick wall and another half of
the expanded polystyrene insulation located at the inner side of the burnt brick wall
(C-Hy) has the high time lag of 8.9944 h. The burnt brick composite wall without
insulation (C-H,) has the least time lag value of 6.4079 h.
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Figure 8.8.1 Effect of wind velocity on decrement factor of composite burnt brick
walls
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Figure 8.8.2 Effect of wind velocity on time lag of composite burnt brick walls
Figure 8.8.3 shows the effect of wind velocity on decrement factor of composite mud
brick walls. From the results, it is observed that the mud brick composite wall with
one half of the expanded polystyrene insulation located at the outer and another half
of the expanded polystyrene insulation located at the inner side of the mud brick wall
(C-Hs) and the composite mud brick wall with one half of the expanded polystyrene
insulation located at the outer side and another half of the expanded polystyrene
insulation located at the mid center of the mud brick wall (C-Hg) are found to be
energy efficient from lower decrement factor point of view among seven studied
configurations at all external wind velocities. At 10 m/s external wind velocity, the
mud brick composite wall with one half of the expanded polystyrene insulation
located at the outer and another half of the expanded polystyrene insulation located at
the inner side of the mud brick wall (C-Hs) has the least decrement factor of 0.1965
and the composite mud brick wall with one half of the expanded polystyrene
insulation located at the outer side and another half of the expanded polystyrene
insulation located at the mid center of the mud brick wall (C-Hg) has low decrement
factor of 0.2147. The mud brick composite wall without insulation (C-H;) has the
highest decrement factor value of 0.5219.

Figure 8.8.4 shows the effect of wind velocity on time lag of composite mud brick

walls. From the results, it is observed that the composite mud brick wall with one half
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of the expanded polystyrene insulation located at the outer side and another half of the
expanded polystyrene insulation located at the mid center of the mud brick wall (C-
Hg) and the composite mud brick wall with one half of the expanded polystyrene
insulation located at mid center of the mud brick wall and another half of the
expanded polystyrene insulation located at the inner side of the mud brick wall (C-H>)
are found to be energy efficient from higher time lag perspective among seven studied
configurations at all external wind velocities. At 10 m/s external wind velocity, the
composite mud brick wall with one half of the expanded polystyrene insulation
located at the outer side and another half of the expanded polystyrene insulation
located at the mid center of the mud brick wall (C-Hg) has the highest time lag of
9.8365 h and the composite mud brick wall with one half of the expanded polystyrene
insulation located at mid center of the mud brick wall and another half of the
expanded polystyrene insulation located at the inner side of the mud brick wall (C-H-)
has the high time lag of 8.955 h. The mud brick composite wall without insulation
(C-H,) has the least time lag value of 6.4245 h.
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Figure 8.8.3 Effect of wind velocity on decrement factor of composite mud brick
walls
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Figure 8.8.4 Effect of wind velocity on time lag of composite mud brick walls

Figure 8.8.5 shows the effect of wind velocity on decrement factor of composite
laterite walls. From the results, it is observed that the laterite composite wall with one
half of the expanded polystyrene insulation located at the outer and another half of the
expanded polystyrene insulation located at the inner side of the laterite wall (C-Hs)
and the composite laterite wall with one half of the expanded polystyrene insulation
located at the outer side and another half of the expanded polystyrene insulation
located at the mid center of the laterite wall (C-Hg) are found to be energy efficient
from lower decrement factor point of view among seven studied configurations at all
external wind velocities. At 10 m/s external wind velocity, the laterite composite wall
with one half of the expanded polystyrene insulation located at the outer and another
half of the expanded polystyrene insulation located at the inner side of the laterite wall
(C-Hs) has the least decrement factor of 0.1737 and the composite laterite wall with
one half of the expanded polystyrene insulation located at the outer side and another
half of the expanded polystyrene insulation located at the mid center of the laterite
wall (C-Hg) has low decrement factor of 0.1738. The laterite composite wall without
insulation (C-Hj) has the highest decrement factor value of 0.5364.

Figure 8.8.6 shows the effect of wind velocity on time lag of composite laterite walls.

From the results, it is observed that the composite laterite wall with one half of the
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expanded polystyrene insulation located at the outer side and another half of the
expanded polystyrene insulation located at the mid center of the laterite wall (C-Hg)
and the composite laterite wall with one half of the expanded polystyrene insulation
located at mid center of the laterite wall and another half of the expanded polystyrene
insulation located at the inner side of the laterite wall (C-H;) are found to be energy
efficient from higher time lag perspective among seven studied configurations at all
external wind velocities. At 10 m/s external wind velocity, the composite laterite wall
with one half of the expanded polystyrene insulation located at the outer side and
another half of the expanded polystyrene insulation located at the mid center of the
laterite wall (C-Hg) has the highest time lag of 9.7889 h and the composite laterite
wall with one half of the expanded polystyrene insulation located at mid center of the
laterite wall and another half of the expanded polystyrene insulation located at the
inner side of the laterite wall (C-Hy) has the high time lag of 8.7059 h. The laterite

composite wall without insulation (C-H;) has the least time lag value of 5.8129 h.
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Figure 8.8.5 Effect of wind velocity on decrement factor of composite laterite walls
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Figure 8.8.6 Effect of wind velocity on time lag of composite laterite walls

Figure 8.8.7 shows the effect of wind velocity on decrement factor of composite
cinder concrete walls. From the results, it is observed that the cinder concrete
composite wall with one half of the expanded polystyrene insulation located at the
outer and another half of the expanded polystyrene insulation located at the inner side
of the cinder concrete wall (C-Hs) and the composite cinder concrete wall with one
half of the expanded polystyrene insulation located at the outer side and another half
of the expanded polystyrene insulation located at the mid center of the cinder concrete
wall (C-Hg) are found to be energy efficient from lower decrement factor point of
view among seven studied configurations at all external wind velocities. At 10 m/s
external wind velocity, the cinder concrete composite wall with one half of the
expanded polystyrene insulation located at the outer and another half of the expanded
polystyrene insulation located at the inner side of the cinder concrete wall (C-Hs) has
the least decrement factor of 0.2544 and the composite cinder concrete wall with one
half of the expanded polystyrene insulation located at the outer side and another half
of the expanded polystyrene insulation located at the mid center of the cinder concrete
wall (C-Hg) has low decrement factor of 0.2941. The cinder concrete composite wall

without insulation (C-H,) has the highest decrement factor value of 0.6044.
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Figure 8.8.8 shows the effect of wind velocity on time lag of composite cinder
concrete walls. From the results, it is observed that the composite cinder concrete wall
with one half of the expanded polystyrene insulation located at the outer side and
another half of the expanded polystyrene insulation located at the mid center of the
cinder concrete wall (C-Hg) and the composite cinder concrete wall with one half of
the expanded polystyrene insulation located at mid center of the laterite wall and
another half of the expanded polystyrene insulation located at the inner side of the
cinder concrete wall (C-H;) are found to be energy efficient from higher time lag
perspective among seven studied configurations at all external wind velocities. At 10
m/s external wind velocity, the composite cinder concrete wall with one half of the
expanded polystyrene insulation located at the outer side and another half of the
expanded polystyrene insulation located at the mid center of the cinder concrete wall
(C-Hg) has the highest time lag of 8.857 h and the composite cinder concrete wall
with one half of the expanded polystyrene insulation located at mid center of the
cinder concrete wall and another half of the expanded polystyrene insulation located
at the inner side of the cinder concrete wall (C-Hy) has the high time lag of 8.0459 h.
The cinder concrete composite wall without insulation (C-H;) has the least time lag
value of 5.6926 h.
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Figure 8.8.7 Effect of wind velocity on decrement factor of composite cinder concrete
walls
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Figure 8.8.8 Effect of wind velocity on time lag of composite cinder concrete walls

8.9 SUMMARY

Thermal admittance, decrement factor and areal thermal heat capacity of
homogeneous building materials decrease with the increase in the external wind
velocity.

Thermal transmittance and surface factor of the homogeneous building materials
increase with the increase in the external wind velocity.

Building material with half of the insulation placed at the outside of the wall and
another half of the insulation placed at the inner side of the wall (C-Hs) is the best
configuration from the lower decrement factor at all wind velocities among seven
studied configurations. Building material with half of the insulation placed at the
outside of the wall and another half of the insulation placed at the mid center of the
wall (C-Hg) is also found to be the next best configuration from lower decrement
factor perspective.

Building material with half of the insulation placed at the outside of the wall and
another half of the insulation placed at the mid center of the wall (C-Hg) is the best
configuration from higher time lag values at all wind velocities among seven studied

configurations.
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Building material with half of the insulation placed at the outside of the wall and
another half of the insulation placed at the mid center of the wall (C-Hg) is the most
recommended configuration from the lower decrement factor as well as the higher
time lag values at all wind velocities among seven studied configurations.

At 10 m/s wind velocity, the configuration with half of the insulation placed at the
outside of the wall and another half of the insulation placed at the mid center of the
wall (C-Hg) increases the time lag of burnt brick, mud brick, laterite stone and cinder
concrete composite walls by 35.31%, 34.68%, 40.61% and 35.72%, respectively as
compared to the common configuration of the wall (C-H,).

At 10 m/s wind velocity, the configuration with half of the insulation placed at the
outside of the wall and another half of the insulation placed at the mid center of the
wall (C-Hg) decreases the decrement factor of burnt brick, mud brick, laterite stone
and cinder concrete composite walls by 60.53%, 58.86%, 67.59% and 51.34%,
respectively as compared to the common configuration of the wall (C-H,).

The burnt brick composite walls are observed to be energy efficient among four
building materials studied from lower decrement factor and higher time lag
perspective.

The results of the study help in selecting energy efficient building wall configurations

at higher wind velocities.
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CHAPTER-9

CONCLUSIONS AND SCOPE FOR FUTURE WORK

A computer program which employs an admittance method was developed using
MATLAB to compute unsteady thermal state characteristics of homogeneous
walls/roofs, typical multilayer Walls/Roofs with or without air spaces, hollow bricks
and stuffed bricks.

Thermal properties of laterite stone were measured and it is observed that the relative
humidity and temperature affect the decrement factor and it’s time lag values of
laterite rocks. The increase in the relative humidity from 0% RH to 98% RH
decreases the decrement factor by 8.35% and increases the time lag by 2.88%,
whereas, the increase in the temperature from 0°C to 60°C decreases the decrement
factor by 14.5% and increases the time lag by 8.3%.

The average decrement factor for laterite buildings in Ahmedabad, Bangalore,
Hyderabad and Mangalore climatic regions is less than that of the average decrement
factor of concrete building walls in all climatic regions. The average decrement factor
of the laterite building walls in the Mangalore climatic region is 6.526% less than that
of the average decrement factor of the dense concrete building walls in the Mangalore
climatic region. In summer climates, the higher ¢nmin values are recommended for
reducing cooling loads. The laterite building walls have higher ¢min values than the
concrete building walls. The average time lag (¢min) Of the laterite building walls in
the Mangalore climatic region is 3.57% higher than that of the average time lag (¢min)
of the dense concrete building walls in the Mangalore climatic region. Hence, the
laterite walls are recommended for energy efficient building construction than the
concrete walls from lower decrement factor and higher average time lag perspective.
The unsteady thermal characteristics of ten building and ten insulating materials were
studied and it is observed that the insulating materials are fast responsive to short

wave radiation than the building materials due to their higher surface factors and
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lower surface factor time lags. Hence insulating materials should not be exposed to
direct solar radiation.

The significant location of insulation within wall was found from lower decrement
factor and higher time lag point of view. It is noticed that the composite wall with
insulation placed at the mid center plane of the wall (C-B3) gives higher time lags and
the composite wall with insulation placed at the outer surface (C-B,) gives the least
value of decrement factors. Placing half of the insulation at the mid center plane and
another half of the insulation at the outer surface give higher time lags and lower
decrement factors.

The effects of air space thickness on unsteady thermal state characteristics were
studied. It is observed that the decrement factor of laterite stone (LS), Mud brick
(MB), Cellular concrete (CLC), Dense concrete (DC) and Cinder concrete (CNC)
decrease 20.60%, 14.59%, 5.81%, 23.67% and 10.38%, respectively, from without air
space configuration (C-C;) to 0.02 m air space thickness configuration (C-Cs) and the
time lag of laterite stone (LS), Mud brick (MB), Cellular concrete (CLC), Dense
concrete (DC) and Cinder concrete (CNC) increase by 20.42%, 15.06%, 6.23%,
22.70% and 14.14%, respectively, from without air space configuration (C-C;) to 0.02
m air space thickness configuration (C-Cs), beyond 0.02m air gap thickness both
decrement factor and time lag remain almost constant.

The optimum location of air space within the wall was found. It is clear from the
results that the composite wall with unventilated continuous air space located at outer
and mid center plane of the composite wall (C-Dg) is highly recommended
configuration of the composite wall for all building materials studied from highest
time lag point of view. The composite wall with air space located at the inner and
outer side of the composite wall (C-Ds) is recommended for burnt brick, mud brick,
reinforced brick and fly ash brick composite walls from the lowest decrement factor
point of view. The composite wall with air space located at outer and mid center plane
of the composite wall (C-Dg) is recommended for laterite and concrete block
composite walls. The configuration C-Dg is collectively the best configuration from
lower decrement factor and higher time lag for all building materials.

The optimum location of insulation within the building roof was found. it is observed

that the roof configuration C-Eg is observed to be the second best configuration after
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C-Es from the lower decrement factor point of view for all the insulation materials
studied among seven configurations. The roof configuration C-Eg is the best from
both lower decrement factor and higher time lag perspective. Reinforced cement
concrete (RCC) roof with expanded polystyrene insulation (EP) placed at the mid
center plane and at the inner side of the roof (C-Eg) gives 69.86% less decrement
factor and 39.50% higher time lag values than the common roof configuration (C-E,).
Thermal performance of hollow and stuffed bricks was investigated. It is noticed that
the thermal admittance, decrement time lag, surface factor time lag and areal thermal
heat capacity of the hollow bricks increase with the increase in the number of air gaps
within the brick due to improved thermal mass and thermal insulation. These
enhanced unsteady state properties make the hollow bricks more energy efficient than
the solid bricks. Hollow bricks with five air spaces (C-Fg) decrease decrement factor
of dense concrete bricks, burnt bricks, mud bricks, cinder concrete bricks and cellular
concrete bricks by 34.32%, 25.38%, 24.27%, 16.54% and 11.05%, respectively as
compared to the hollow brick with single air space (C-F). Hollow bricks with five air
spaces (C-Fg) increase the time lag of dense concrete bricks, burnt bricks, mud bricks,
cinder concrete bricks and cellular concrete bricks by 81.17%, 81.70%, 81.78%,
82.31% and 81.88%, respectively as compared to the hollow brick with single air
space (C-F,). The stuffed bricks with five foam glass insulation layers (C-Gg)
decrease the decrement factor of mud bricks, burnt bricks, dense concrete bricks and
fly ash bricks by 17.91%, 35.84%, 45.76% and 35.14%, respectively as compared to
the stuffed bricks with single foam glass insulation layer (C-G,). Stuffed bricks with
five foam glass insulation layers (C-Gg) increase the time lag of mud bricks, burnt
bricks, dense concrete bricks and fly ash bricks by 36.23%, 58.75%, 61.45% and
57.47%, respectively as compared to the stuffed bricks with single foam glass
insulation layer (C-Gy). In hot regions, the wall thermal transmittance should be as
low as possible and the wall admittance should be as high as possible. In cold regions,
the wall thermal transmittance should be as high as possible and the wall admittance
should be as low as possible. The stuffed bricks are recommended in hot and humid
regions whereas the hollow bricks are recommended in composite climates.

The effect of wind velocity on thermal performance of various building wall
configurations was studied. It is observed that the building material with half of the
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insulation placed at the outside of the wall and another half of the insulation placed at
the mid center of the wall (C-Hg) is the most recommended configuration from the
lower decrement factor as well as the higher time lag values at all wind velocities
among seven studied configurations. At 10 m/s wind velocity, the configuration with
half of the insulation placed at the outside of the wall and another half of the
insulation placed at the mid center of the wall (C-Hg) increases the time lag of burnt
brick, mud brick, laterite stone and cinder concrete composite walls by 35.31%,
34.68%, 40.61% and 35.72%, respectively as compared to the common configuration
of the wall (C-H;). At 10 m/s wind velocity, the configuration with half of the
insulation placed at the outside of the wall and another half of the insulation placed at
the mid center of the wall (C-Hg) decreases the decrement factor of burnt brick, mud
brick, laterite stone and cinder concrete composite walls by 60.53%, 58.86%, 67.59%
and 51.34%, respectively as compared to the common configuration of the wall (C-
H,).

SCOPE FOR FUTURE WORK

The admittance model can be adopted for different new building and insulation
materials. The mathematical admittance model can be further enhanced by
incorporating coupled heat and mass transfer in porous building materials. In addition,
the experimental investigations on the proposed wall, roof and brick configurations

are still attractive for more research and innovation in the field.
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APPENDIX-I

BUILDING ENCLOSURES FOR REDUCING COOLING LOADS

Table 1.1 Various recommended building enclosures/envelopes for reduced cooling

loads from lower decrement factor and higher time lag perspective

S.No. Building enclosure Configuration

1. Optimum air space thickness within

wall to be maintained for reduced

% 1
L 0025m |

cooling loads. CCe

P-Plaster A Alrspace BM - Building material

2. Optimum air space location within wall

for reduced heat gain through walls.

3. Optimum insulation location within roof
for reducing heat gain in building

through roof.

4. Energy efficient hollow brick as
compared to the conventional hollow
bricks (The best suited for Composite

climates).

5. Energy efficient stuffed brick as
compared to the conventional stuffed
bricks (The best suited for Hot and

humid climates).

6. Energy efficient wall enclosure with

optimum location of insulation (Energy

efficient at any wind speed velocity).
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30™ October 2015 organized by Rajalakshmi Engineering College and IIT
Madras, Chennai, India.

Saboor, S. and Ashok Babu, T.P., (2015) “Investigation of Building Walls
Exposed to Sinusoidal Periodic Heat Transfer Conditions for Green and
Energy Efficient Building Construction® Proceedings of National conference
on Trends in Mechanical Engineering (TIME-15) 23" September-2015 JINT
University, Anantapur, Andhra pradesh, India.

B BOOK CHAPTER PUBLICATIONS

25.

Kirankumar, G., Saboor, S. and Ashok Babu, T.P., (2016) “ Effects of Single,
Double, Triple and Quadruple Window Glazing of Various Glass Materials on
Heat Gain in Green Energy Buildings” has been accepted for book publication
: Materials, Energy and Environment Engineering by Springer Publication
(Note: Peer-reviewed). ISBN 978-981-10-2675-1

4. THE BEST RESEARCH PAPER AWARDS RECEIVED

1.

Saboor, S. and Ashok Babu, T.P. (2015) “Investigation of Unsteady Heat
Transfer Characteristics of Building Walls for Green Energy Building
Construction” International Conference on New Frontiers in Chemical, Energy
and Environmental Engineering INCEEE-2015, Mar 20-21%, NIT Warangal,
India.

Saboor, S. and Ashok Babu, T.P. (2015) “Investigation of unsteady diurnal
thermal behaviour of building walls exposed to periodic solar thermal
excitation” International Conference on Renewable Energy Science,
Technology & Economics, Feb 13-14, organized by Chandradeep solar
research institute at Jadavpur University, Kolkata, West Bengal, India.
KiranKumar, G., Saboor, S. and Ashok Babu, T.P. (2016) “ Investigation of
Various Low Emissivity Glass Materials for Green Energy Building
Construction in Indian Climatic Zones ” International conference on
Advancements in aeromechanical materials for manufacturing (ICAAMM-
2016), Jul 7th — 9th , organized by MLRIT Hyderabad, India and Elsevier
materials today.
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B PUBLICATIONS IN POST GRADUATION LEVEL

1.

Yohan, M., Prasanthi, G. and Saboor, S. (2011) “An experimental approach to
reduce the effect of starving on compressor in vapour compression
refrigeration system” Technology today 3(2) 173-178. (ISSN: 2180-0987)
Govinda Rajulu, K., Kirankumar, G. and Saboor, S. (2011)“Experimental
analysis of the effect of coiled capillary tube height on vapor compression
refrigeration system performance” Engineering today 13 (6) 151-158. (ISSN:
0974-8377)

Yohan, M., Prasanthi, G., Saboor, S. and Kirankumar, G. (2011)
“Experimental Analysis of Vapour Compression Refrigeration system by the
Evaporator inlet Nozzle concept” Engineering today 13 (5) 131-136. (ISSN:
0974-8377)

Yohan, M. and Saboor, S. (2011) “Experimental Analysis of Vapour
Compression Refrigeration system by the Condenser inlet Diffuser concept”
Engineering today 13 (4) 129-134. (ISSN: 0974-8377)

Saboor, S., Yohan, M. and Kirankumar, G. (2011) “Experimental Analysis of
Vapour Compression Refrigeration System by the Condenser Inlet Diffuser
Concept” Proceedings of 5™ International Conference on Advances in
Mechanical Engineering ICAME-2011, S.V. National Institute of Technology,
Surat,  Gujarat, India.  (Paper code:  TF-65; Page: 857)
http://doi.org/10.13140/2.1.1820.6406

B AWARDS RECEIVED IN NATIONAL LEVEL TECHNICAL
SYMPOSIUMS IN UNDER GRADUATION LEVEL

1.

2.

3.

4.

A National conference paper on “Analysis of quality control by six sigma
concept” was awarded with First prize in JNT University, Anantapur, in
2007.

A National conference paper on “Practical implementation of six sigma
concept in steel plant” was awarded with First prize in G.Pulla Reddy
Engineering College, Kurnool in 2007.

A National conference poster on “Cam less I.C. engines” was awarded with
Second prize in SV University, Tirupati in 2007.

A National Level Technical Paper presentation at SRTIST Nalgonda on
“Analysis of quality control by six sigma concept” was awarded with Second
prize.
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B ACADEMIC ACHIEVEMENTS

M-Tech project on “Analysis of Vapor Compression Refrigeration system by
the condenser inlet diffuser concept™ is awarded as Excellent thesis of the
batch by JNT University, Anantapur, Andhra Pradesh, India.

M-Tech (Refrigeration & Air-Conditioning) Topper from JNT University,
Anantapur, Andhra Pradesh, India.

B-Tech Gold Medalist from G. Pulla Reddy Engineering College
(Autonomous), Kurnool, Andhra Pradesh, India.

Topper in Diploma in Mechanical Engineering pursued at Govt.polytechnic,
Anantapur, Andhra Pradesh, India.

Received Merit Scholarships/Certificates for securing highest aggregate
percentage in academics.

Received Awards/Certificates in competitions such as Just a minute, Debates
and Seminars.

W Experience

1.

2.

Currently working as Lecturer (Asst.) in Mechanical Engineering Department
of National Institute of Technology Karnataka since 11-07-2016.

Having one year of experience from 2008 to 2009 in teaching Mechanical
subjects (thermodynamics, introduction to aero space engineering and
Engg.mechanics) in Vignan institute of technology and sciences, Deshmukhi,
Hyderabad, Telangana, India.

Having experience of teaching (Part time) Engg.mechanics to no.of students of
various colleges in Anantapur, Andhra pradesh, India.

B Declaration

| hereby solemnly declare that the above furnished information is true to the best
of my knowledge and belief.

Place: Surathkal, India.

Date: 15-10-2016

(S. SABOOR)
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