HEAT GAIN / LOSS IN BUILDINGS

There are three modes of heat transfer; CONDUCTION, CONVECTION, and RADIATION (INFRA-RED).
Of the three, radiation is the primary mode; conduction and convection are secondary and come into play
only as matter interupts or interfers with radiant heat transfer. As the matter absorbs radiant energy, it is
heated, developes a difference in temperature, and results in molecular motion (conduction in solids) or mass
motion {primarily convection with some conduction in liquids and qas).

All substances, including air spaces, building materials, such as wood, glass and plaster, and insulation,
obey Lhie saing laws of nature, and TRANSFER lieal, Sulid materials differ in the rate of heat transfer which
is alfected by diflerences in: densily, weight, shape, permeability and molecular structure. Materials which
transfer heat slowly can be said to RESIST heat flow.

Direction of heat transfer is an important consideration, Heat is radiated and conducted in all directicns.,
but convected primarily upward. The figures below show modes of heat loss by houses. In all cases. radiation
is the dominant mode.
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CONDUCTION is direct heat flow through matter {molecular motion). It results from actual PHYSICAL
CONTACT of one part of the came hody with anather part, or of one body with another. For instance. if one
end of an iron rod is heated. the heat travels by conduction through the metal to the other end; it also travels
to the surface and is conducted to the surrounding air which is another, but less dense, body. An example of
conduction through contact between two solids is a cooking pot on the solid surface of a hot stove. The
greatest Hlow of heat possible between materials is where there is direct conduction between solids. Heat 15
always conducted from warm to cold: never from cold to warm.

I general. the more dense a subslance, the better conductor it is. Solid rock, glass and aluminum, being
very dense are good conductors of heat. Reduce their density by mixing air into the mass, and their
conductivity is reduced. Because air has low density, the percentage of heat transferred by conduction
through air is comparatively small. Two thin sheets of aluminum foil with about one inch of air space in
between weigh less than one ounce per square foot. The ratio is approximately 1 of mass to 100 of air, most
important in reducing heat flow by conduction. The less dense the mass, the less will be the tlow of heat by
conduction.

CONVECTION is the transport of heat within a gas or liquid, caused by the actual flow of the material
itself {(rmass motion). In building spaces, natural convection heat flow is largely upward, somewhat sidewsays,
not downwards. This is called “free convection”.

For instance, a warm stove, person, floor, wall, etc., loses heat by conduction to the cooler air in contact
with it. This added heat activates (warms) the molecules of the air which expand, becoming less dense, and
rise. Cooler, heavier air rushes in from the side and below to replace it. The popular expression "hot air
rises” is exemnplified by smoke rising from a chimney or a cigarette. The moticn is largely upward, with a
component of sideways motion.

Convection may also be mechanically induced, as by a fan. This is called “forced convection.”






