You might notice in Example 14—10 that 15°C is not very warm for the living
room of a house. The room itself may indeed be much warmer, and the outside
might be colder than 14°C. But the temperatures of 15°C and 14°C were
specilied as those at the window surfaces, and there is usually a considerable
drop in temperature of the air in the vicinity of the window both on the inside
and the outside. That is, the layer of air on either side of the window acts as an
insulator, and normally the major part of the temperature drop between the
inside and outside of the house takes place across the air layer. IT there is a
heavy wind, the air outside a window will constantly be replaced with cold air;
the temperature gradient across the glass will be greater and there will be a
much greater rate of heat loss. Increasing the width of the air layer, such as
using two panes of glass separated by an air gap, will reduce the heat loss more
than simply increasing the glass thickness, since the thermal conductivity of air
is much less than that for glass.

The insulating properties of clothing come from the insulating properties of
air. Without clothes, our bodies would heat the air in contact with the skin and
would soon become reasonably comfortable because air is a very good insulator.
But since air moves—there are breezes and drafts, and people move about—the
warm air would be replaced by cold air. thus increasing the temperature difference
and the heat loss from the body. Clothes keep us warm by trapping air so it cannat
move readily. It is not the cloth that insulates us, but the air that the cloth traps.
Goose down is a very good insulator because even a small amount of it fluffs up
and traps a great amount of air,

| EXERCISE B Explain why drapes in front of a window reduce heat loss from a house.

R-values for Building Materials

For practical purposes the thermal properties of building materials, particu-
larly when considered as insulation, are usually specified by R-values (or
“thermal resistance™), defined for a given thickness I of material as:
/

k=
The R-value of a given piece of material combines the thickness [ and the
thermal conductivity k& in one number. In the United States, R-values are given
in British units as ft*-h - F*/Btu (for example, R-19 means R = 19ft*-h-F*/Btu),
Table 14-5 gives R-values for some common building materials: note that
R-values increase directly with material thickness. For example, 2 inches of
fiberglass is R-6, half that for 4 inches (= R-12; see Table 14-5).

m Heat Transfer: Convection

Although liguids and gases are generally not very good conductors of heat, they
can transfer heat quite rapidly by convection. Conveetion is the process
whereby heat flows by the mass movement of molecules from one place to
another. Whereas conduction involves molecules (and/or electrons) moving
only over small distances and colliding, convection involves the movement of
large numbers of molecules over large distances.

A forced-air furnace, in which air is heated and then blown by a fan into a
room, is an example of forced convection. Natural convection occurs as well, and
one familiar example is that hot air rises. For instance, the air above a radiator
(or other type of heater) expands as it is heated (Chapter 13), and hence its
density decreases. Because its density is less than that of the surrounding cooler
air, it rises, just as a log submerged in water floats upward because its density is
less than that of water. Warm or cold ocean currents, such as the balmy Gulf
Stream, represent natural convection on a global scale. Wind is another example
of convection, and weather in general is a result of convective air currents.

Wind can cause
much greater heat loss
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Clothes insulate by trapping
an air laver
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R-values of thermal insulation

TABLE 14-5 R-values

R-value
Material Thickness  (ft*-h-F/Biu)

Glass Linch 1
Brick 33inches 0.6-1
Plywood Linch 0.6
Fiberglass

insulation 4 inches 12
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Ocean currents
and wind
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