
HEAT 
TRANSFER



Heat transfer is the exchange of thermal energy between physical 
systems, depending on the temperature and pressure, by dissipating 
heat. The fundamental modes of heat transfer are conduction or 
diffusion, convection and radiation.
Heat transfer always occurs from a region of high temperature to 
another region of lower temperature. Heat transfer changes the 
internal energy of both systems involved according to the First Law of 
Thermodynamics.

 The Second Law of Thermodynamics defines the concept of 
thermodynamic entropy, by measurable heat transfer.

Thermal equilibrium is reached when all involved bodies and the 
surroundings reach the same temperature. Thermal expansion is the 
tendency of matter to change in volume in response to a change in 
temperature.



The fundamental modes of heat transfer are:

Advection
Advection is a transport mechanism of a fluid substance or conserved property from 
one location to another, depending on motion and momentum.

Conduction or diffusion
The transfer of energy between objects that are in physical contact. Thermal 
conductivity is the property of a material to conduct heat and evaluated primarily in 
terms of Fourier's Law for heat conduction.

Convection
The transfer of energy between an object and its environment, due to fluid motion. 
The average temperature, is a reference for evaluating properties related to 
convective heat transfer.

Radiation
The transfer of energy from the movement of charged particles within atoms is 
converted to electromagnetic radiation.



Conduction

Thermal conduction
On a microscopic scale, heat conduction occurs as hot, rapidly 
moving or vibrating atoms and molecules interact with neighboring 
atoms and molecules, transferring some of their energy (heat) to 
these neighboring particles. In other words, heat is transferred by 
conduction when adjacent atoms vibrate against one another, or as 
electrons move from one atom to another. Conduction is the most 
significant means of heat transfer within a solid or between solid 
objects in thermal contact. Fluids—especially gases—are less 
conductive. Thermal contact conductance is the study of heat 
conduction between solid bodies in contact.
Steady state conduction (see Fourier's law) is a form of conduction that 
happens when the temperature difference driving the conduction is 
constant, so that after an equilibration time, the spatial distribution 
of temperatures in the conducting object does not change any 
further.[10] In steady state conduction, the amount of heat entering a 
section is equal to amount of heat coming out.
Transient conduction (see Heat equation) occurs when the temperature 
within an object changes as a function of time. Analysis of transient 
systems is more complex and often calls for the application of 
approximation theories or numerical analysis by computer.



Convection

The flow of fluid may be forced by external processes, or 
sometimes (in gravitational fields) by buoyancy forces caused when 
thermal energy expands the fluid (for example in a fire plume), thus 
influencing its own transfer. The latter process is often called 
"natural convection". 

All convective processes also move heat partly by diffusion, as well. 
Another form of convection is forced convection. In this case the 
fluid is forced to flow by use of a pump, fan or other mechanical 
means.

Convective heat transfer, or convection, is the transfer of heat from 
one place to another by the movement of fluids, a process that is 
essentially the transfer of heat via mass transfer. Bulk motion of 
fluid enhances heat transfer in many physical situations, such as 
(for example) between a solid surface and the fluid. Convection is 
usually the dominant form of heat transfer in liquids and gases. 
Although sometimes discussed as a third method of heat transfer, 
convection is usually used to describe the combined effects of heat 
conduction within the fluid (diffusion) and heat transference by 
bulk fluid flow streaming. 



The process of transport by fluid streaming is known as advection, 
but pure advection is a term that is generally associated only with 
mass transport in fluids, such as advection of pebbles in a river. In 
the case of heat transfer in fluids, where transport by advection in a 
fluid is always also accompanied by transport via heat diffusion (also 
known as heat conduction) the process of heat convection is 
understood to refer to the sum of heat transport by advection and 
diffusion/conduction.

Free, or natural, convection occurs when bulk fluid motions 
(streams and currents) are caused by buoyancy forces that result 
from density variations due to variations of temperature in the 
fluid. Forced convection is a term used when the streams and 
currents in the fluid are induced by external means—such as fans, 
stirrers, and pumps—creating an artificially induced convection 
current.



Radiation

Thermal radiation occurs through a vacuum or any transparent 
medium (solid or fluid). It is the transfer of energy by means of 
photons in electromagnetic waves governed by the same laws.

 Earth's radiation balance depends on the incoming and the 
outgoing thermal radiation, Earth's energy budget. Anthropogenic 
perturbations in the climate system are responsible for a positive 
radiative forcing which reduces the net longwave radiation loss to 
space.

Thermal radiation is energy emitted by matter as electromagnetic 
waves, due to the pool of thermal energy in all matter with a 
temperature above absolute zero. Thermal radiation propagates 
without the presence of matter through the vacuum of space.
Thermal radiation is a direct result of the random movements of 
atoms and molecules in matter. Since these atoms and molecules 
are composed of charged particles (protons and electrons), their 
movement results in the emission of electromagnetic radiation, 
which carries energy away from the surface.



















Thermal insulation is the reduction of heat transfer (the transfer 
of thermal energy between objects of differing temperature) 
between objects in thermal contact or in range of radiative 
influence. Thermal insulation can be achieved with specially 
engineered methods or processes, as well as with suitable object 
shapes and materials.
Heat flow is an inevitable consequence of contact between objects 
of differing temperature. Thermal insulation provides a region of 
insulation in which thermal conduction is reduced or thermal 
radiation is reflected rather than absorbed by the 
lower-temperature body.
The insulating capability of a material is measured with thermal 
conductivity (k). Low thermal conductivity is equivalent to high 
insulating capability (R-value). In thermal engineering, other 
important properties of insulating materials are product density 
(ρ) and specific heat capacity (c).



The original purpose of a building is to provide shelter and to 
maintain a comfortable or at least liveable internal 
temperature. Other purposes include security, privacy and 
protection from wind and weather. To feel comfortable in a 
thermal sense, a human has to be able to release a 
well-defined amount of Heat. If this gets difficult, a person will 
either feel cold or hot. The human body operates as a 
chemical reactor that converts chemical energy of food and 
respiratory oxygen into mechanical work and heat. Heat 
output can vary from about 100 W for a sedentary person to 
1000 W for an exercising person.

To maintain body temperature within a narrow band, the heat 
produced by an occupant must be released to the indoor 
environment. If too much heat is lost, room temperature 
should be increased or warmer clothes be worn. The heat 
transfer on the human skin, the indoor temperature and the 
heat transfer through the building envelope are factors that 
influence thermal comfort.



Maintaining acceptable temperatures in buildings (by heating and 
cooling) uses a large proportion of global energy consumption. 
Building insulations also commonly use the principle of small 
trapped air-cells as explained above, e.g. fiberglass (specifically glass 
wool), cellulose, rock wool, polystyrene foam, urethane foam, 
vermiculite, perlite, cork, etc.
When well insulated, a building:
is energy-efficient, thus saving the owner money.
provides more uniform temperatures throughout the space. There is 
less temperature gradient both vertically (between ankle height and 
head height) and horizontally from exterior walls, ceilings and 
windows to the interior walls, thus producing a more comfortable 
occupant environment when outside temperatures are extremely 
cold or hot.
has minimal recurring expense. Unlike heating and cooling 
equipment, insulation is permanent and does not require 
maintenance, upkeep, or adjustment.
lowers the carbon footprint of a building.
Many forms of thermal insulation also reduce noise and vibration, 
both coming from the outside and from other rooms inside a 
building, thus producing a more comfortable environment.
Window insulation film can be applied in weatherization 
applications to reduce incoming thermal radiation in summer and 
loss in winter.
In industry, energy has to be expended to raise, lower, or maintain 
the temperature of objects or process fluids. If these are not 
insulated, this increases the energy requirements of a process, and 
therefore the cost and environmental impact.



Insulation materials are not all equal at preventing heat loss and unwanted 
heat gains. Their thermal performance varies and is identified by R-value 
(thermal resistance) or by their U-value (the reciprocal of the R-value).

"R" stands for thermal performance. The thermal performance of 
specific materials per inch of thickness (or, say, per 50 mm of 
thickness) is measured by its R-value: standard fiberglass batts may 
have an Imperial R-value of 3.4, while blown cellulose has R-3.2 to 
R-3.6.
The thermal performance or the recommended insulation for a 
specific building assembly (a wall, a ceiling, a floor...) is also 
expressed in terms of R-value or U-value. 
For instance: in cold climates, wall insulation should be R-30 to R-40 
(U-value, Metric system: U-0.19 and U-0.14), which requires about 9.5 
inches (24 cm) of fiberglass, 7.5 inches (19 cm) of expanded 
polystyrene, 8 inches (20 cm) of low-density polyurethane or 4.5 
inches (12 cm) of polyso. 

R-Value, U-Value, Imperial US System and Metric System
R-value is the reciprocal of U-value or U-factor (the Heat Transfer 
coefficient). A high U-value means a high overall heat transfer. Hence: 
the lower the U-value of the material the better (similarly, the higher 
the R-value the better).







Heat 
insulation

How does heat escape from 
your home?

Why does heat escape from your home in the first place? To understand 
that, it helps to know a little bit about the science of heat. As you 
probably know, heat travels in three different ways by processes called 
conduction, convection, and radiation. (If you're not sure of the 
difference, take a look at our main article on heat for a quick recap.) 
Knowing about these three types of heat flow, it's easy to see lots of 
ways in which your cozy warm home is leaking heat to the freezing cold 
world all around it:
Your house is standing on cold soil or rock, so heat flows down directly 
into the Earth by conduction.
Heat travels by conduction through the solid walls and roof of your 
home. On the outside, the outer walls and the roof tiles are hotter than 
the atmosphere around them, so the cold air near to them heats up and 
flows away by convection.
Your house may seem like a big complex space with lots going on inside 
in but, from the point of view of physics, it's exactly the same as a camp 
fire in the middle of vast, cold surroundings: it constantly radiates heat 
into the atmosphere.
Artwork: Where does the heat escape in a typical home? It varies from 
building to building, but these are some rough, typical estimates. The 
walls give the biggest heat loss, followed by the doors and windows, the 
roof, and the floor.



The more heat escapes from your home, the colder it gets inside, so 
the more you have to use your heating and the more it costs you. The 
more you use your heating, the more fuel has to be burned 
somewhere (either in your own home or in a power plant up-state), 
the more carbon dioxide gas is produced, and the worse global 
warming becomes. It's far better to insulate your home and reduce 
the heat losses. That way, you'll need to use your heating much less. 
The great thing about home insulation is that it usually pays for itself 
quite quickly in lower fuel bills. Before long, it's even making you 
money! And it's helping the planet too.





The best way to insulate your home

Now, unfortunately, we can't build our houses exactly like a vacuum 
flask. We have to have air to breathe, so a vacuum's out of the 
question. Most people like windows too, so living in a sealed box 
lined with metallic foil isn't that practical either. But the basic 
principle of cutting down heat losses from conduction, convection, 
and radiation still applies nevertheless.Walls
Many homes, for example, have what are called cavity walls with two 
layers of brick or blocks between the inner rooms and the world 
outside and an air gap between the walls. The air gap reduces heat 
losses from the walls by both conduction and convection: 
conduction, because heat can't conduct through gases; convection, 
because there's relatively little air between the walls and it's sealed in, 
so convection currents can't really circulate.
By itself, air isn't the best insulating material to have between your 
walls. It's actually far more effective to have the cavities in your walls 
filled with expanding foam or another really good insulating material 
that stops heat escaping. Cavity-wall insulation, as this is known, 
takes only hours to install and costs relatively little. Cavity walls are 
often filled with loosely packed, air-filled materials such as 
vermiculite, shredded recycled paper, or glass fibers (specially treated 
to make them fireproof). These materials work in exactly the same 
way that your clothes work: extra layers of clothing make you warmer 
by trapping air—and it's the air, as much as (or more than) the clothes 
themselves, that stops heat escaping.



Which are the best home insulation materials?
  
Some forms of insulation are better than others, but how can you compare them? 
The best way is to look out for a measurement called R-value. 
The R-value of a material is its thermal resistance: how effectively it resists heat 
flowing through it. The bigger the value, the greater the resistance, 
and the more effective the material is as a heat insulator.

•Single glass: 0.9. 
•Air: 1 (0.5-4 inch air gap). 
•Double-glazing: 2.0 (with 0.5 inch air gap). 
•Vermiculite: 2.5 per inch. 
•Fiberglass: 3 per inch. 
•Triple-glazing: 3.2 (with 0.5 inch air gap). 
•Expanded polystyrene: 4 per inch. 
•Polyurethane: 6-7 per inch 
•Polyisocyanurate (foil-faced): 7 per inch. 
•Aerogel: Space-age insulating material: 10 



Roof

Since warm air rises, plenty of heat escapes through the roof of 
your home ( just as lots of heat escapes from your body 
through your head, if you don't wear a hat). Most people also 
have insulation inside the roof (loft area) of their homes, but 
there's really no such thing as too much insulation. Loft 
insulation is generally made from the same materials as 
cavity-wall fillings—such things as rock wool and fiberglass.
Radiation losses

Wall and roof insulation cuts down on heat losses by convection 
and conduction, but what about radiation? In a vacuum flask, that 
problem's solved by having a reflective metallic lining—and the 
same idea can be used in homes too. Some homeowners install 
thin sheets of reflective metallic aluminum in the walls, floors, or 
ceilings to cut down on radiation losses. Good products of this 
kind can reduce radiation losses by as much as 97 percent. 



That still leaves the windows as a major source of heat loss, but there 
are ways to tackle that problem too. Double-glazed windows have 
two panes of glass separated by a sealed air gap. The air stops heat 
losses by conduction and convection, while the extra pane of glass 
reflects more light and heat radiation back into your home and 
reduces heat losses that way too. You can have your windows treated 
with a very thin reflective metallic coating or made from special 
thermal glazing (such as Pilkington-K, which traps heat a bit like a 
greenhouse) that reduces heat losses even further. (Read more in 
our main article on heat-reflective windows.)
Generally, the more insulation you have, the warmer you'll be. But 
the amount you need varies depending on where you live and how 
cold it gets.

Photo: Double 
glazing: the air gap 
between the two 
panes of glass 
provides heat 
insulation.



Switching from single- to double- or even triple glazing can make 
a big difference (darker blue), especially if you use low-e, 

heat-reflective glass (lighter blue). The numbers shown are 
R-values, with a 0.5 inch air gap.









British thermal 
unit

The British thermal unit (BTU or Btu) is a traditional unit of work 
equal to about 1055 joules. It is the amount of work needed to raise 
the temperature of one pound of water by one degree Fahrenheit 
(Physical analogue: one four-inch wooden kitchen match consumed 
completely generates approximately 1 BTU). In science, the joule, 
the SI unit of energy, has largely replaced the BTU.
The BTU/h is most often used as a measure of power in the power, 
steam generation, heating, and air conditioning industries, and also 
as a measure of agricultural energy production (BTU/kg).[verification 

needed] It is still used in metric English-speaking countries (such as 
Canada). In North America, the heat value (energy content) of fuels 
is expressed in BTUs.



A BTU is the amount of heat required to raise the temperature of 1 
avoirdupois pound of liquid water by 1 degree Fahrenheit at a 
constant pressure of one atmosphere.  As with the calorie, several 
definitions of the BTU exist, because the temperature response of 
water to heat energy is non-linear. This means that the change in 
temperature of a water mass caused by adding a certain amount of 
heat to it will be a function of the water's initial temperature. 
Definitions of the BTU based on different water temperatures can 
therefore vary by up to 0.5%. A BTU can be approximated as the 
heat produced by burning a single wooden kitchen match  or as the 
amount of energy it takes to lift a one-pound weight 778 feet (237 m)



One BTU is approximately:

1.054 to 1.060 kJ (kilojoules)
0.293071 W·h (watt hours)
252 to 253 cal (calories, or "little 
calories")
0.25 kcal (kilocalories, "large 
Calories," or "food Calories")
25,031 to 25,160 ft·pdl 
(foot-poundal)
778 to 782 ft·lbf 
(foot-pounds-force)
5.40395 (lbf/in2)·ft3
















