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3. Heat exchange and material properties

Heat exchange is a process whereby heat transfer from a higher body to a lower temperature body
occurs. Heat exchange to take place through:

¢ Thermal conductivity (solids);

¢ Convection (for fluids);

¢ Heat radiation
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Figure 1 Different types of heat exchange

3.1. Thermal conductivity

Heat transfer by direct contact between two physical materials. Some materials transfer heat

better than others.

Example: If the pan handle on the stoveis made of copper, it will be warm to touch, because
copper is a conductor of heat. If the handle is made of plastic, we won’t feel the heat because the
plastic is a poor conductor of heat.

3.2. Convection

Convective heat transfer, often referred to simply as convection, is the transfer of heat from one
place to another by the movement of fluids. Convection is usually the dominant form of heat transfer
in liquids and gases. Although often discussed as a distinct method of heat transfer, convective heat
transfer  involves the combined processes of unknown conduction (heat diffusion)
and advection (heat transfer by bulk fluid flow).

Example: If you put your hand above the fire, you feel warm because the air is warmed by the flames
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3.3. Thermal radiation
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Transfer of heat by electromagnetic waves. Materials reflect more or less the thermal radiation they

receive. Wood, for example, reflects more radiation than marble. This is why a wooden interior is

warmer than a marble interior

Example: The sun emits heat radiation. So when the sun is shining, you feel the heat on the surface

of the skin, but when a cloud hides the sun, you no longer feel heat.

3.4. Heat transmittance

The heat transmittance A (lambda) expresses the amount of heat that passes through a material - 1
m? area, 1 second, 1 m thick, 1 degree difference between the temperatures on both sides of the
material under consideration.
This feature characterizes the ability of each material to transfer thermal energy in the form of heat.
Specific heat conductivity is a constant for all types of materials, except heat insulations. The lower
the value of A, the better thermo-insulation properties have the corresponding material. Very often
the packaging of building materials is indicated by their thermal conductivity - A.
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Figure 2 Heat transmittance through wall layers

Material Q0 Material < (o2 Material < SUKYO

cryl EPS Mineral wool

0,2 (Styrofoam) 0,032-0,053 0,032 - 0,050
Asbestos, freely Styrofoam Nylon
packed 0,15 0,033 0,25
Asphalt Insulation with Cotton

0,75 straw 0,09 0,03
Concrete Leather Cotton wool

21 0,14 insulation 0,029
Water 0,58 Corkboard 0,043 Fiberglass 0,04
Wave 0,04 Copper 401 Nickel 0,048
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insulation

Gypsum or Brick Foam glass
plaster 0,48 05-14 0,045
Granite 28 Paper 0,05 Steel 48-58
Wood 0,09-0,19 Polyethylene 0.42-0.51 Glass 1,05
Iron Polypropylene Extended

80,2 0.10-0.22 polystyrene 0,03
Dry sand Gypsum, PVC

0,35 plaster, mortar 0,17 0,19
Rasping 0,06 chipboard 0,15
Plywood 0,13 stucco 14

3.5. Building envelope

Major sources of losses in non-insulated buildings

Thermal losses in non-insulated buildings:

* Roof: about 25 to 30% of heat losses;

e Walls: about 20 to 25% of heat losses;

¢ Ventilation and infiltration: about 20 to 25% of heat losses;
¢ Windows: about 10 to 15% of heat losses;

¢ Thermal bridges: about 5 to 10% of heat losses

Reducing heat loss through building envelope today, depending on the local climate and the local
energy needs, certain architectural principles guarantee high energy efficiency and a high standard of
visual, warm and healthy comfort in the spaces where different human activities are realized. Most
of the heat losses are through the roof (more than 30%) and through the walls (more than 20%).
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Heat Loss in an Uninsulated House
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Figure 3 Heat Loss from an uninsulated house

3.6. Variations of energy consumption depending on the insulation of walls

The most effective energy saving measure is optimising thermal insulation. In residential buildings in
Bulgaria the unusable type of thermal insulation of the facade walls is predominantly distributed. It is
a heat-insulating layer of hard plates, mechanically fastened to the facade walls. A glass fiberglass or
other net is applied to the thermal insulation and the surface layer is plaster - silicate, polymer, etc.
Thermal insulation materials have the following important features:

- Thermal conductivity €) - characterizes the quality of a material as a conductor of heat. A is a value
independent of the thickness and mode of application of the material. The thermal conductivity
coefficient is W / mK and indicates how much heat (W) conducts a 1 m thick element at a
temperature difference of 1 Kelvin (K). The lower the thermal conductivity of a material, the better
the insulator is.

- Thermal resistances reciprocal of thermal conductivity (1 / K) and is measured in mK/W. This is
the temperature resistance for a unit thickness (per meter). Thus determined, this magnitude
depends on the nature and thickness of the material, so the value is specific.

- Heat transmittance (U-value) - the quantity of thermal losses through the element is determined by
the heat transfer coefficient U (U-value). It describes the amount of heat flowing through 1m? of an
element when the temperature difference between the inner and outer surfaces is 1K. The unit is
W/m?2K
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It is calculated by taking into account separately the thicknesses and the heat conductivity
coefficients of all the materials from which these elements are built. The smaller the value of U, the
better thermo-insulation properties the corresponding element has.

Project funded by: Erasmus+ / Key Action 2 - Cooperation 4
for innovation and the exchange of good practices, KA204 -
Strategic Partnerships for adult education.




IDEA 2017-1-CY01-KA204-
026725

According to the latest Directive (K.A.M. 119/2016) in Cyprus any new constructions should be at least
Energy category B on the Energy Performance Certificate, have thermal transmittance less or equal
to 0.4 W/m2K both for roof and walls, the windows thermal transmittance should be a maximum 2.9
W/m2K, a shading factor of at least 0.63 and for stand alone dwellings at least 25% of primary energy
consumption should come from RES.
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Figure 4 Heat transmittance through wall layers

Types of multi-layer elements Total Coefficient U
thickness | W/ (m2K)
External wall - concrete without 30 cm 33 - Bpanded.
insulation ks e
External wall - brick, without 30 cm 1,40
insulation
Exterior wall - brick with 5 cm 35 cm 0.47 ;
EPS
Exterior wall - concrete with 5 cm 35 cm 0,65 Waterpoot
EPS T
External wall - brick with 8 cm 38 cm 033
EPS
Exterior wall - brick with 10 cm 40 cm 028
EPS
Wooden frame construction with 25y o 0.19
22 cm insulation

The different types of thermal insulation depend on the insulating materials used. There are
differences between the individual heat insulating materials and the areas where their use is
appropriate.

Some of the most common used insulation materials are:

a) Expanded polystyrene foam (EPS)
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Artificial polymer with closed structure of grid of air-filled spherical particles - microporous artificial
organic material. 95% of the EPS volume is air enclosed in spheres of the polymer grate. EPS
systems are also known as styrofoam, which appears to be the most common in today's
construction material. EPS isolation systems retain their physical properties unchanged for a period
of 15-20 years at operating temperatures of -20 ° C to + 50 ° C and cyclical freezing and thawing.
Qualities: strength, minimum deformability, limited vapor permeability and fire resistance (class B1).
EPS is used to:

¢ glued external facade insulation;

o for ventilated suspended facades;

¢ as a middle layer in double walls;

¢ Roofs: straight, inverted and sloping (inclined);

¢ under basement tiles and more.

EPS INSULATION SYSTEMS
Coefficient. of heat Coefficient. of heat
Thickness, d, mm conductivity Thickness, d, mm conductivity
A W/(m*K) A, W/(m*K)
0,032 0,032
0,035 0,035
d<20 mm 0,040 40<d <100 mm 0,040
0,045
0,043
0,050
0,032 0,032
0,035 0,035
20<d <40 mm d>100 mm
0,040
0,040
0,053

b) Extruded polystyrene foarXPS

The extruded polystyrene sheet is a thermosetting material (XPS) produced from polystyrene and
suitable blowing agents by a continuous-extrusion process in which the material is extruded or pulled
through a die with the desired cross section and a continuous board of the desired thickness (20- 100
mm).

Qualities:

¢ high and durable thermal insulation properties;

* minimal water absorption;

¢ high compressive strength and dimensional stability;

o difficult flammability, excellent compatibility with building materials such as cement, gypsum, lime
and sand, good adhesion to concrete and mortar coatings and plasters.

Use XPS for:
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¢ thermal insulation under foundation plates;

¢ thermal insulation under grease, industrial floors or roofs
¢ thermal insulation of sandwich walls;

¢ internal insulation of walls and slabs;

XPS INSULATION

Coef. of thermal conductivity
Type

A, W/(m*K)

0,025

Uncovered 0,030

0,040

0,025

Uncoated foam products 0,030

0,035

0,025

0,030
With waterproof coating

0,035

0,040

(c) Mineral wool:
Mineral (rock) wool is a natural, inorganic and mineral product based on basalt minerals. Due
to its fibrous structure, mineral wool has excellent thermal insulation properties:

Features: - High degree of noise absorption and less noise reflection.

Benefits of applying heat insulation:

- more comfort during the summer and winter months;
- lower energy bills;

- even distribution of temperature;

- improved acoustics and reduction of outside noise;

- improving moisture control;

- increase in the value of the property;
- reducing environmental emissions.
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3.7. Heatlosses through walls

The energy balance of a building refers to the sum of the heat losses (e.g., heat going out through
the roofs, external walls and windows) being equal to the sum of the heat gains (e.g., passive solar
gains, internal gains and active heating).

Heat losses are determined by multiplying the wall area by the heat transmittance coefficient and
then multiplying by the difference between internal and external temperature:

qr; = A*U* (qmt,t - qe)’ kKW

Heating losses, kW \ \

Area,m2  coefficient of heat Internal External temperature
transmittance, W/m2K temperature

3.8. Infiltration and thermal bridges

In the enclosing structure of each building there are elements with higher thermal conductivity. They
are set at the project level or appear in the construction process.

¢ Thermal bridges occur at: corners and edges, ceiling-to-wall connection, two-wall connection, or
wall-to-floor connection;

e Thermostats increase heating costs as well as harmful emissions in the atmosphere;

¢ increase the risk of: condensation, mold and fungi; damage to the structure; aesthetic problems;
* Thermal losses: about 5 to 10% of heat losses.

Thermal bridges are formed when materials that are bad insulators are in contact with air and allow
the airflow to pass through the created air "Path". Thermal bridges should be removed by reduced

profiles cross-section, with materials having better insulating properties or by inserting an additional
insulating element.
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Figure 6 Infrared imaging of thermal bridges and leakages

Infiltration Air is the unintentional and uncontrolled entry of outdoor air into an enclosed space.
Infiltration occurs through cracks in the building envelope due to pressure differences between
inside and outside. The outdoor air entering through open doors and windows is considered
infiltration although the purpose of opening the door or window might be ventilation. Infiltration
occurs mainly in winter when the air outside is colder and heavier than the air inside. It depends on
wind velocity, wind direction and the air-tightness of the building envelope.

3.9. Glazing

The area of the windows is typically about 25% of the area of the dwelling. If these 25% are covered
with energy efficient windows, the temperature in the dwelling can to rise by (4-5) ° C and the noise
level can decrease by about 40 dB. Windows have a great influence on the heat loss in the dwelling.
The area of the glass is between 70% and 90% of that of the window and its features have a
significant impact on the overall thermo-technical parameters of the windows. Glass cover is
essential. The low emission (K glass) contains a particularly microscopic, virtually invisible. coating,
which reduces the heat transfer coefficient (U) and reduces the losses of heat through the window to
20%. This facilitates the maintenance of the premises warmer in the winter and cooler in the
summer.

Placing gas with low thermal conductivity in hermetically sealed glazing reduces thermal losses
through glass to 10%. Most often the gas used by the manufacturer is argon. Other gases used are
carbon dioxide (CO2), crypton (Kr), and a mixture of argon and crypton.

The key features, in terms of energy performance of windows:

1 heat transfer coefficient (U);

i solar energy transmittance (g);

q infiltration of air.
The heat that passes through 1 m2 of the window surface is characterized by the U value, while the
amount of solar energy that passes through 1m2 is represented by g (solar energy transmittance).
The lower the value of U, the more solar energy passes through it.

Types of glazing:
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9 single glazing (U-values up to 5.8 W / m?K) is already very much applied seldom. It is found in
old buildings and it would be efficient to install second windows or waving windows, called
"double windows" or "winter" windows "on the inside.

9 energy-efficient glazing consists of two or three layers of glasses separated by an air layer.
Heat losses from passage are reduced by half in the case of single glazing.

9 high-energy-efficient glazing - U-values are between 0.4 and 1.6 W / m?K with insulation
qualities 50 - 60% better than effective glazing:

- on the inner layer there is a very thin metal coating, which reduces heat
transmission by reflecting the long wavelengths of the sun's rays back into the
room and allowing the rays with short waves to pass through the glass;

- the space in the glass pane is filled with diluted gas, thus lowering thermal
conductivity. In most cases it is argon.

9 triple high-efficiency glazing - triple glazing with metal coating on both inner layers. Heat
losses through triple high-effective glazing is one eighth the value of single glazing.

Types of joinery:

T wooden windows - excellent insulation characteristics; among the best materials for
preserving the comfort of home; the cheapest option - joinery of coniferous trees (white
pine or spruce). Of the broad-leaved woods, the most used are oak and ash;

9 double-glazed woodenwindows, providing twice as good sound and heat insulation
compared to traditional woodwork and with no danger of condensation. It is produced from
three-layer lamellas and this prevents it from rolling, shrinkage and cracking;

9 Aluminum joinery - ensures durability and security, maintenance is easy and inexpensive,
and does not require periodic painting. As a material, aluminum is an excellent conductor of
heat and therefore heat loss in this type of windows is greater. Quality aluminum windows
require thermal insulating bridges in the profiles, which leads to their cost increase;

1 PVC (PVC) joinerywith very good heat and sound insulation properties. Maintenance U is
easy. The material is resistant to cold, heat, chemicals. Greater and better energy
performance is achieved with joinery with more internal chambers;

9 combinedjoinery - the most expensive option is joinery combining aluminum with wood.
The wood is protected from atmospheric influences with an external aluminum lining on the
profile. The best qualities of the two materials combine in aesthetic and functional terms.

Important :

- for windows - g-values have a greater effect on reducing the cooling demand than their U-values;

- for insulation - it is possible that insulation will increase the cooling demand as a result of the heat
gains retained in the building;

- the additional effect of insulation on reducing cooling demand in a given climatic zone is best where
heat reserves are minimized (e.g. through an external sunshade, efficient applications and effective
ventilation);

- with the exception of the roof or the top floor, the additional effect of insulation to reduce the
cooling demand is negligible in temperate climates.
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