105 PHYS — CH19 Heat Transfer

CHAPTER 19
(Heat Transfer) &,/ ,3-1 JLazif
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Hotter Cooler

A is the cross-sectional area

L is the thickness of the slab or the length of a rod
* AQis in Joules and At is in seconds

k is the thermal conductivity of the material

— Good conductors have high k values and good
insulators have low k values
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Thermal Conductivities J/m.s.°C sl cal/em.s.°C =k Glaag
Thermal Conductivity, k
Sut : 1 = k“"co) Materials with large kare called conductors; those with
S*m-* S*m-
Sl 0 0% 102 small kare called insulators.
1ver
Copper 380 92 % 1072 — = =
Aluminum 200 50 x 102 Building materials are measured using R-values rather
Steel 40 11x 107 than thermal conductivity:
Ice 2 5% 107 L
4 = = =
EI?S; gg: Z'g i 1274 R == Here, Lis the thickness of the material
TIC) K .
Concrete 0.84 2.0 x 1074 k R-values
Water 0.56 14 x 1074 Roval
Human ti 02 05 % 1074 . . -vaue
W:]:;n e e B 154 Material Thickness (ft*-h-F%/Btu)
Fiberglass 0048 012 % 107 Glass Linch 1
—4
Cork 0042 010 x 10°* Brick 41 initie 0.6-1
Wool 0040 0.10 X 10 :.
Goose down  0.025 0.060 x 10* Plywood ;inch 0.6
Polyurethane ~ 0.024 0.057 X 107 Fiberglass
Air 0.023  0.055 x 107* insulation 4 inches 12

105 PHYS Dr. Abdallah M. Azzeer

COE 13 3.2 mm  Sews (2 m x 1.5 m) Wolal Jie 8496 IS 8)lyzell JWESI Jure s
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A=2x1.5=3 m’
£= kA(Tl 'Tz)
At L
084x3x(15-14) ec 150C
= ~—=7187.5J/s =0.19 kcal/s
3.2x10

3.2 mm
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A=3x5=15m?; d=30 cm=0.30 m ; AT=20 °C ; k=0.6 W/m °C; Q/t=?

Q/t=kAAT/d=600 W=0.6 kW
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Thermal convection (&ly=l Jox! <&
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Convection applications
¢ The radiator warms the air in the
+ Boiling water lower region of the room

e The warm air is less dense, so it rises
to the ceiling

» Radiators
=pweiing * The denser, cooler air sinks

» Cooling automobile engines * A continuous air current pattern is set

» Algal blooms in ponds and lakes up as shown

Convection
Current Example

Heat Transfer by Convection

A0 =hAAT
At

AT: temperature difference

A: area of contact pr— —

h: convection surface coefficient
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Thermal Radiation &)ly>! gladyl o
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++The power is the rate of energy transfer, in Watts

AQ

%0 =5.6696 x 108 W/m2K?* (Stefan-Boltzmann constant) =Sy P} O'T4
At

+*Ais the surface area of the object
+»+e is a constant called the emissivity
+»+e varies from 0 to 1

+T is the temperature in Kelvins
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HEAT TRANSFER BY RADIATION

A thin, square steel plate, 10 cm on a side, is heated in a black-
smith’s forge to 800°C. If the emissivity is 0.60, what is the total
rate of radiation of energy from the plate?

SOLUTION

IDENTIFY and SET UP: The target variable is H, the rate of emis-
sion of energy from the plate’s two surfaces. We use Eq. (17.25) to
calculate H.

EXECUTE: The total surface area is 2(0.10 m]: = 0.020 m?, and
T = 800°C = 1073 K. Then Eq. (17.25) gives

H = AeoT*
= (0,020 m?)(0.60)(5.67 % 10" W/m?- K¥))(1073 K)*
=900 W

EVALUATE: The nearby blacksmith will easily feel the heat radiated
from this plate. ‘

RADIATION FROM THE HUMAN BODY

What is the total rate of radiation of energy from a human body with
surface area 1.20 m” and surface temperature 30°C = 303 K? If
the surroundings are al a temperature of 20°C, what is the net rate of
radiative heat loss from the body? The emissivity of the human body
is very close to unity, irrespective of skin pigmentation.

SOLUTION
IDENTIFY and SET UP: We must consider both the radiation that
the body emits and the radiation that it absorbs from its surround-
ings. Equation (17.25) gives the rate of radiation of energy from
the body, and Eq. (17.26) gives the net rate of heat loss.
EXECUTE: Taking ¢ = 1 in Eq. (17.25), we find that the body radi-
ates at a rate

H = AeaT?
= (120m%)(1)(5.67 X 1078 W/m? - K*) (303 K)* = 574 W
This loss is partly offset by absorption of radiation, which depends
on the temperature of the surroundings. From Eq. (17.26). the nef
rate of radiative energy transfer is
Ho = Aea(T* = TH)
= (120 m?)(1)(5.67 x 107 W/m?- K*)
X [(303K) — (293K)¥
= T2W

EVALUATE: The value of H,, is positive because the body is losing
heat to its colder surroundings.
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T=37+273=310°K
T, =20+273=293°K

a0
At

=ged(T"*-T,)

=5.67x10°x0.9x1.5x(310* —293%)
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Heat Transfer: Radiation
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Object Temperature | Color

Heat Lamp 500° C Dull Red

Candle Flame | 1700° C Dim Orange

Bulb Filament | 2500° C Bright Yellow-White
Sun’s Surface | 5800° C Brilliant White

Blue Star >6000° C Dazzling Blue-White
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