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FIGURE 14-6 Heat conduction between areas (o A
at temperatures 7} and 75. If T is greater than 75, i g
) . A— | Heat !" flow
the heat flows to the right: the rate is given by |l T b
Eq. 14-4. o (R &
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Rate of heat flow by conduction Heat ?onduction from one point to anlolher takes.p}a::‘e only if l.bere is a
difference in temperature between the two points, Indeed, it is found experimentally
TABLE 14-4 that the rate of heat flow through a substance is proportional to the difference in
Thermal Conductivities temperature between its ends. The rate of heat flow also depends on the size and
Thermal Conductivity, k  shape of the object. To investigate this quantitatively, let us consider the heat flow
ol ] through a uniform cylinder, as illustrated in Fig. 14-6. It is found experimentally
Substance r () over a ti i al 1is giv 1
e C) mCY) that the heat ﬂgm Q over a time interval f is given by the relation
i 2 Q TI B TZ’
Silver 10 % 1072 420 i kA — (14-4)
Copper 92 % 1072 380 - : : : :
pp. - where A is the cross-sectional area of the object, [ is the distance between the two
Aluminum 50 X 107° 200 § . ) o . .
_ S ends, which are at temperatures T, and 75, and k is a proportionality constant
Steel L1 % 1074 40 called the thermal conductivity which is characteristic of the material. From
lee 5%10 H Eq. 14-4, we see that the rate of heat flow (units of J/s) is directly proportional to
Glass 20 X 107" 084 the cross-sectional area and to the temperature gradient’ (T, — T3)/1.
Brick 20 x 1074 0.84 The thermal conductivities, k, for a variety of substances are given in
Concrete 20 x 107" 084  Table 14-4. Substances for which & is large conduct heat rapidly and are said to
Water 1.4 x 1074 0.56 be good conductors. Most metals fall in this category. although there is a wide
Human tissue 0.5 % 1074 0.2 range even among them, as you may observe by holding the ends of a silver
Wood 0.3 x 1074 0.1 spoon and a stainless-steel spoon immersed in the same hot cup of soup.
Fiberglass  0.12 % 10~ 0.048 Substances for which k is small, such as wool, fiberglass, polyurethane, and
Cork 01 % 10 po4n  &oose down, are poor conductors of heat and are therefore good insulators. The
. 4 relative magnitudes of k can explain simple phenomena such as why a tile floor
Wool 01 %10 0.040 . :
Goosodown 006 X 10  om5  ° much colder on the feet than a rug-covered floor at the same temperature.
uose - — - Tile is a better conductor of heat than the rug; heat that flows from your foot to
Polyurethane 0.06 x 10_4 0024 he rug is not conducted away rapidly, so the rug’s surface quickly warms up to
Alr 0.055 X 10 0023 the temperature of your foot and feels good. But the tile conducts the heat away
Why rugs feel warner than tife rapidly and thus can take more heat from your foot quickly, so your foot’s surface
temperature drops.
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FIGURE 14-7 Example 14-10.
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396 CHAPTER 14 Heat

from a house is through the windows, Calculate the rate of heat flow through
a glass window 2.0 m > 1.5m in area and 3.2 mm thick, if the temperatures at
the inner and outer surfaces are 15.0°C and 14.0°C, respectively (Fig. 14-7).

APPROACH Heat flows by conduction through the 3.2-mm thickness of glass
from the higher inside temperature to the lower outside temperature. We use
the heat conduction equation, Eq. 14-4.
SOLUTION Here A = (20m)(1.5m) = 3.0m? and / = 3.2 X 10~ m. Using
Table 14-4 to get k. we have

0 T, - T, (084]/s:m-C*)(3.0m’)(15.0°C — 14.0°C)

— kA .
t ! (3.2 x 107 m)

= 7901/s.

NOTE This rate of heat flow is equivalent to (7907J/s)/(4.19 x 10° J/kcal) =
0.19 keal/s, or (0.19keal/s) x (3600s/h) = 680 kcal/h.

"Equation 14-4 is quite similar to the relations describing diffusion (Section 13-14) and the flow of
fluids through a pipe (Section 1{-12). In those cases. the flow of matter was found to be propor-
tional to the concentration gradient (€, — C;)/1, or to the pressure gradient (P — P)/1. This close
similarity is one reason we speak of the “flow” of heat. Yet we must keep in mind that no substance
is flowing in this case—it is energy that is being transferred.



