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Abstract

Energy conservation has become a policy objective throughout the world to protect the environment and conserve natural resources,
energy use in buildings for heating and cooling is considered a major source of energy consumption in many volatile and developing
countries. Environmental impact and what energy costs are on hillside living and comfort Today our drivers of green buildings have
become friends of paramount importance to commercial institutional and residential building owners. Thermal insulation is an important
but largely neglected factor in achieving thermal comfort in buildings, and insulation can reduce unwanted and costly heat gain or loss
and reduce the energy demand of cooling and heating systems[1]. An energy-efficient and environmental property. Legal regulations
and increasing public awareness have led to the need to reduce energy demand and associated costs. An important factor in the struggle
against excessive energy consumption in residential buildings and public utility facilities is suitable insulation material to work in
specific conditions. It is possible to reduce energy consumption through effective thermal insulation of all building partitions, but this
would be virtually impossible without the right materials[3]. Different types of insulating materials in use today include rigid
polyurethane. From polyurethane spray to glass wool to expanded and extruded polystyrene rock wool Additional thermal insulation
can include designs and techniques to address the main modes of heat transfer, conduction radiation, convection, and evaporation
condensation[2].

Keywords: cavity design, insulation.

1. INTRODUCTION

Protection against harsh weather conditions has always been a concern of residents around the world. Thermal insulation is an important
technology to reduce energy consumption in buildings by preventing heat gain/loss through the building envelope[6]. The low
temperature in winter and high temperature in summer creates thermal discomfort inside. Thermal insulation is a building material with
low thermal conductivity, often less than 0.1W/m K][7]. Several methods and adaptation methods to maintain internal thermal comfort
found in the traditional architecture of the north and south of Algeria confirm this desire. These materials have no other purpose than to
save energy and provide protection and comfort to the occupants. Among the many types, sizes, and applications of thermal insulation,
this review paper focuses on external and internal insulation products that are commonly used in building envelopes the cavity and is
also a maintenance problem.

1.1 cavity wall

A cavity wall is a type of wall that has a hollow center. They can be described as consisting of two "skins" separated by a hollow space
(cavity). The skins typically are masonries, such as brick or cinder blocks. Masonry is an absorbent material that can slowly draw
rainwater or even humidity into the wall. Cavity wall insulation is used to reduce heat loss. In composite walls, a cavity is filled with
the material that inhibits heat transfer
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Properties of cavity wall
i) Resistance to moisture penetration

One of the main functions of an exterior wall is to reduce moisture. This is —that is, floors, walls, and roofs[4]. Cavity installation
offers good protection but is limited by the depth of a brick masonry cavity wall properly designed and virtually resistant to water
penetration through the interval assembly and cavity wall. Because a drain is also changed so that no moisture penetrates the outer wall.
The back of the exterior walls would run to the bottom of the cavity where it was diverted to the outside through flashing and weep
holes.

ii) Rain screen walls

Cavity walls can also be designed as pressure equalization rain curtain walls. This wall system provides a compartment air space with
holes at the top and bottom of the cavity to equalize the pressure of the cavity and outside air. Theoretically, an exterior wall is essentially
an open rain curtain that eliminates water penetration due to air pressure differences. Pressure equalized rain screen walls can offer
increased resistance to water penetration, but are more difficult to design, detail and, construct. They are typically used in projects
located in areas with high wind-driven rainfall and are resistant to water penetration.

iii) Condensation

Although moisture ingress from wind-driven rain can be a major concern, condensation can also be a problem in certain climates and
areas. The difference in humidity between indoor and outdoor air causes the vapor to flow into the wall and if not controlled, this vapor
can condense in the wall under certain temperature conditions. When soluble salts are present, this condensation can cause swelling,
corrosion of metal, or disintegration of masonry units.

iv) Thermal properties

Heat loss and heat gain through masonry walls can be reduced through the use of cavity wall construction. The isolation of the exterior
and interior wall by the cavity eliminates or reduces thermal bridging and allows a large amount of heat to be absorbed and dissipated
in the exterior wall and cavity before reaching the interior wall and building.

v) Fire resistance

Brick masonry cavity walls have a fire-resistance rating of 2 to 4 hours. Due to their high fire resistance properties depending on wall
thickness and other factors, brick walls make excellent firewalls or building separation walls for compartmentation in buildings.

vi) Sound transmission

The air in the cavity acts as a cushion for absorbing sound. By building cavity walls, a premise may work as a soundproof zone as a
large quantity of external noise gets absorbed within the cavity.

1.2 The objective of the project

i) Temperature Conditions

*  Normal operating temperature to insulate each part of the plant
e Maximum temperature for each heating surface, if higher than normal operation by Temperature
e An Ambient temperature where a specified outdoor temperature is required Surface of insulation

ii) Basis of which thickness of insulation is determined

The specified temperature on the outer surface of the insulation
Specified heat loss per unit volume, linear or superficial
If an economic thickness is considered, the following additional information will be required:

® The cost of heat will be used for calculation purposes, e.g.Useful megajoules per dollar
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iii) Specified temperature conditions for surfaces to be insulated. Insulation to provide

iv) Specified conditions at the boundary surfaces of the containment system may be required for reasons
® To avoid differential thermal expansion between the insulated surface and Adjacent structures

® To prevent condensation of moisture on the internal surfaces of the containment System, eg, in waste gas  flues

To prevent the condensation of moisture on the external surface of the insulated plant containing cold media To ensure that the walls
of the containment system are not subjected to excessive temperatures
Special thickness necessity

2. LITERATURE REVIEW
i)Alexey Zhukov [2017]

Building systems are made up of materials with different properties. The use of materials in the design should ensure maximum and,
performance and durability. The use of insulation is an effective way to form the thermal envelope of a building, reduce energy costs
and increase the durability of the building structure. The properties of a material are determined by the structure formed in the process
of technical influence. The formation of an insulating shell for objects in the oil and gas industry is possible only by considering the
details of the insulating layer in the design and the use of high-quality materials that retain their properties both in the early stages of
operation[1]. During the calculation period. The first is achieved by a competent design, and the second is the ability to directly assess
the properties of insulation in the field (and predict changes in these properties over time).

ii) N.Pugazhenthi[2017]

This research will contribute to the development of polymer materials in industries to address the mechanical and thermal properties of
phenol-formaldehyde. Reinforcing materials have been employed to improve the mechanical and thermal properties of phenol-
formaldehyde. The reinforcing material consisted of recycled cellulose fiber. The preparation of polymer composites and SEM images
of composites were collected and analyzed. Using the TGA test, the thermal stability of the respective composites was discussed.
Mechanical properties such as tensile strength and impact strength were taken and compared with the original material. Composites
have improved mechanical properties compared to the original material.

iii) BjornPetterJelle[2011]

The advantages and disadvantages of thermal building insulation materials and solutions are addressed. Both traditional, and modern
potential materials and solutions are explored. Future possibilities such as mineral wool, expanded polystyrene, extruded polystyrene,
polyurethane, vacuum insulation panels, gas insulation panels, aerogels and, vacuum insulation materials, nano insulation materials,
dynamic insulation materials can be examples. Various properties, requirements, and possibilities are compared and studied. Among
these are thermal conductivity, puncture resistance, building site compatibility, and cutability[1]. Mechanical strength, fire safety,
smoke emission during a fire, robustness, weather aging durability, resistance to freeze/thaw cycles, water resistance, cost, and
environmental impact. Currently, no single insulation material or solution exists capable of meeting all requirements in terms of the
most important properties.

iv) L Aditya [2017]

In residential areas, air conditioning accounts for the majority of total energy consumption, addressing the need for thermal comfort. To
address this issue, insulation is an efficient technique that uses energy to achieve the desired thermal comfort through its
environmentally friendly properties. The principle of insulation is the proper installation of insulation made of energy-efficient materials
that reduce heat loss or heat gain, resulting in reduced energy costs. This paper is intended to collect the latest developments in building
insulation and also explain life cycle analysis and potential emission reductions through the use of appropriate insulation[2].

3. METHODOLOGY
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Cavity wall insulation is a material or combination of materials that resist heat flow or act differently as an insulation layer in the cavity
walls, which can significantly reduce its thermal resistance. The purpose of this work is to investigate and compare various properties,
requirements, and possibilities for conventional, state-of-the-art potential future thermal building insulation materials and to address
their weaknesses and strengths disadvantages, and advantages. The objective is as follows:

Save energy by reducing heat loss or gain

Control surface temperature for personal protection and comfort

Facilitate temperature control of the process

Prevent vapor flow and water condensation on cold surfaces

Increasing efficiency of heating, ventilating, cooling, plumbing, steam, process, and power systems are found among professionals on
industrial installations

The temperature range to which the term “thermal insulation" applies is -75°C to 815°C. All applications below -75°C are termed
"cryogenic" and temperatures above 815°C are termed "refractory".

i) Temperature :

Thermal insulation on plants operating at temperatures below the ambient air dew point must be kept dry both before and after
application. This means that some type of vapor barrier is required. Insulating materials for elevated temperatures must be sufficiently
resistant to the highest temperatures involved in ultimate service conditions.

Thermal insulation is divided into three general temperature ranges as follows:

Low-Temperature Thermal Insulation

From 15°C through 1°C Cold/ Chilled water
0°C through -40°C Refrigeration or glycol
-41°C through -75°C Refrigeration or brine
-76°C through -273°C(absolute Cryogenic
zero)

B. Intermediate Temperature Thermal Insulation

16°C through 100°C Hot water and steam condensate.
101°C through 315°C Steam, high-temperature hot
water

C. High-Temperature Thermal Insulation

316°C through 815°C Turbines, breechings, stacks,
exhausts, incinerators, boilers

ii) Mechanical stability :

The system, including the insulating material, and method of fixing and finishing material, must be capable of effective service for its
design life. This is of particular importance for some plants where access to repair work may be difficult.

iii) Resistance to degradation:

This requirement can have wide-ranging implications, from resistance to insect and fungal attacks to fire hazard relief. It shall also
include resistance to necessary environmental conditions, e.g., weather resistance sufficient for outdoor service as well as resistance to
accidental spillage of oil or other chemicals. The insulating material itself must not separate or disintegrate

3.1 Design Methodology
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Figure 1 shows several examples of commonly used TCW with three different veneer materials: wood siding,precast-concrete panel,
and granite stone panel. Common TCW veneer materials can be categorized into a block (brick and concrete modular unit), siding
(wood, plastic, sheet metal, and cement), and panel (sheet metal, stone, and concrete). Despite the material differences, these walls all
have a cavity space between the exterior veneer layer and the backup internal wall layer. In TCW systems the primary function of the
cavity space is to dissipate undesired moisture and to drain the intruded rain or condensate water to prevent them from soaking and
damaging the insulation and wall materials. The moisture dissipation and water drain functions of the cavity space are typically achieved
by the small air circulation induced by the designed small gaps and holes at the bottom of the wall veneers.

Honeycomb plastic board
Slemx 1.0cm Rigid
(2.0 inch x 0.4 inch) : Insulation
! T Wall Cavity
. »
Brick
Vencer
Weep
WL T Holes
- - >
Weep Holes CMU  Flashing
() (b)

Figure 2. Schematics of a brick TCW: (a) elevation, (b) cross-section

Figure 2 illustrates a TCW example with a brick veneer, one of the most commonly used wall materials in the world. The air in the
cavity space of this TCW is connected to the ambient air through the illustrated small weep holes (created by the honeycomb board) at
the bottom of the veneer. While the brick veneer is to keep the insulation material from damage by rain, solar radiation, and other
environmental adversaries, the weep holes are to introduce a small volume of airflows between the wall cavities and ambient air to
prevent moisture accumulation inside walls. Weep holes are also to drain intruded rainwater From the cavity.

Inall TCWs, there is a minimal amount of air exchange between the cavity and ambient air through the tiny weep holes. In hot
summer daytime, cavity air is often heated up significantly by brick veneer as it absorbs a significant amount of solar radiation.

3.2 SolidWorks
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3.3 System and materials:

Our design for cooling effect at home/ building. This is a work that can resist the transfer of heat from an outer wall in buildings to the
inner surface and make a cooling effect by less consuming electricity for taking cooling effect. The complete system includes cavity
bricks/ insulating material between bricks that will be fitted in the outermost layer of the wall and carry less heat. After the required
specifications and sizing are enlisted, we searched in the market and available insulating materials which match our components. All
the materials are available and fit together perfectly. Here are the properties of the materials and the alternatives found:

Temperature Limit: The higher and decreased temperatures at which a fabric ought to hold all of its properties.

Thermal conductance “C”: The time rate of steady state heat flow through a unit area of a material or construction caused by a unit
temperature differential between the body surfaces is known as thermal conductance

Emissivity "E": A material's emissivity, commonly represented as "core," refers to how well its surface can radiate energy. It is the
difference between the energy emitted by a certain substance and the energy emitted by a black body at the same temperature.
Thermal resistance”R”: Thermal resistance "R" is a material's resistance to heat flow.

Thermal transmittance"U": Thermal overall conductance of heat flow through an assembly

3.3.1 Materials Of Insulation:

Cork:

Cork thermal insulation is mainly made from cork oak and can be produced both as a filler material or as a board. Its thermal conductivity
values are between 0.040 and 0.050 W/(m .K). It has low thermal conductivity with reasonable compressive strength. Cork insulation
products can be porous, as well as cut and adjusted on the building site without losing thermal resistance[3]d.

Polyurethane:
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It is formed by the reaction between iso-cyanates and polyols. The insulation material is produced as boards or continuous on the
production line. Its thermal conductivity value is between 0.020 and 0.030 w/(m.k).i. e. it is lower than mineral wool, polystyrene, and

cellulose product.
I ?

Polystyrene products are made of organic cellular plastic for insulation purposes, polystyrene is commercially produced in two forms
expanded and extruded. The thermal conductivity of EPS is between 0.030 and 0.040 W/(m. K) and the thermal conductivity of XPS

is between 0.025 and 0.035 W/(m. K).

Polystyrene

Glass mineral wool:

Made from molten glass, usually with 20% to 30% recycled industrial waste and post-consumer content. The material is formed from
fibers of glass arranged using a binder into a texture similar to wool. The process traps many small pockets of air between the glass, and
these small air pockets result in high thermal insulation properties. The density of the material can be varied through pressure and binder

content.

Calcium silicate:
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Calcium silicate insulation is composed principally of hydrous calcium silicate which usually contains reinforcing fibers; it is available
in molded and rigid forms. The service temperature range covered is 35°C to 815°C. Flexural and compressive strength is good. Calcium
silicate is water absorbent.

Mineral Fibre:

O Glass: Available as a flexible blanket, rigid board, pipe covering, and other pre-molded shapes. The service temperature
range is -40°C to 232°C. Fibrous glass is neutral; however, the binder may have a pH factor. The product is non-combustible and has
good sound absorption qualities.

| Rock and Slag: Rock and slag fibers are bonded together with a heat-resistant binder to produce mineral fiber or wool. The
upper-temperature limit can reach 1035°C. The same organic binder used in the production of glass fiber products is also used in the
production of most mineral fiber products. Mineral fiber products are non-combustible and have excellent fire properties.

Cellular Glass:
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Auvailable in board and block form capable of being fabricated into pipe covering and various shapes. The service temperature range is
-273C to 200°C and 650°C in composite systems. Good structural strength, poor impact resistance. Material is non-combustible, non-
absorptive, and resistant to many chemicals.

Expanded silica OR Perlite:

Perlite
Insulation material is composed of natural or expanded perlite ore to form a cellular structure; the material has a low shrinkage

coefficient and is corrosion resistant; non-combustible, it is used in high-and intermediate temperature ranges. Available in pre-formed
sections and blocks

Elastomeric Foam:

Foamed resins combined with elastomers produce a flexible cellular material. Available in pre-formed sections or sheets, Elastomeric
insulation offers water and moisture resistance. Upper-temperature limit is 105 °C. The product is resilient. Fire resistance should be
taken into consideration.

Foamed Plastic:
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Insulation s produced from foaming plastic resins creates predominately closed cellular rigid materials. "K" values decline after initial
use as the gas trapped within the cellular structure is eventually replaced by air. Foamed plastics are lightweight with excellent cutting
characteristics. The chemical content varies with each manufacturer. Available in pre-formed shapes and boards, foamed plastics are
generally used in the lower intermediate and the entire low-temperature ranges. Consideration should be made for fire retardancy of the
material.

Refractory Fibre:

Refractory Fiber insulations are mineral or ceramic fibers, including alumina and silica, bonded with extremely high-temperature
inorganic binders, or a mechanical interlocking of fibers eliminates the need for any binder. The material is manufactured in a blanket
or rigid form. Thermal shock resistance is high. Temperature limits reach 1750°C. The material is non-combustible. The use and design
of refractory range materials is an engineering art in its own right and-is not treated fully in this manual, although some refractory
products can be installed using application methods illustrated here.

4. PROJECT SCOPE:

O Up to 30 % energy saving can be achieved by thermal insulation of buildings, if you decide on thermal insulation focus on
building structures that allow the highest heat losses, which is fundamental for the highest efficiency.

| This applies mainly to the thermal insulation of the external cladding, exchange of windows, or insulation of non-heated
rooms.

O At the same time right regulation of the heating system and solar protection are important: up to 50 % of energy savings can
be obtained when thermal insulation is associated with efficient solar protection.

| Enhancing the market value of the building. If thermal insulation is by stabilizing its temperature

5. CONCLUSION:
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To put our views in a few words, the project was intended to design an experiment to study the enhancement of heat transfer rate
between buildings wall and surroundings. We were required to complete the experiment within 4 months and provide a detailed report
illustrating our work on it. The main aim of this project is to prove experimentally what already has been proved theoretically that some
heat-resistant materials decrease the heat transfer rate and provide a cooling effect by using the cavity wall insulation concept. Despite
facing some inconsistencies in results due to environmental conditions, the goal of the project has been achieved. Another important
outcome of this project is that in a country like India cavity wall is more effective because India is peninsular it's more area is connected

to an ocean so there is a moist climatic condition prevailing in India.
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