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WORKED EXAMPLES

1} Calculate the blackbody emissive power By, and the peak wavelength A ., for
surfaces at 300 K, 1000 K, 2000 K, and 5000 K.
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2) Along 5 cm diameter cylinder has a surface temperature of 900 K. Assuming that
the cylinder radiates as a blackbody, find the total blackbody emissive power and
the radiation emitted per meter of cylinder length.
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3) Consider a small surface A,=10"* m? which emits diffusely with a total
hemispherical emissive power of E,=5x 10* W/m’. :

a) At what rate is this emission intercepted by a small surface of area A,=5x{07m’
which is oriented as shown.

b) What is the irradiation G; on A,?
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4) Consider clear sky conditions for which the direct radiation is incident at 8=30°
with a total flux (based on area normal to sun rays) of g/, =1000 W/m® and total

intensity of diffuse radiation is I4;=70 W/mZ.sr. What is the total solar irradiation
at the earth’s surface?
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5) Directional distribution of the solar radiation on a surface 1s given by; L=, cos &
where 1,;=80 W/m’.sr is total intensity of radiation in a direction normal to surface
and & is zenith angle. What is the solar irradiation on the surface?
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6) The spectral distribution of the radiation
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emitted by a dtffuse surface gfnay be approximated as show in above.
a) What is the total emissive power?

b) What is the total intensity of the radiation emitted in the normal direction and at
an angle of 30° from the normal?

¢) Determine the fraction of emissive power leaving the surface in the direction:
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7) Determine the fraction at the total, hemispherical emissive power that leaves a

diffuse surface in the directions % £6< % and 0<g <TT.

n
ﬁﬁ'\ ~ e Alie
diffase T g0
20 TNz
surdece

Assiome ! d?]:.‘ﬁqfn\.e f—zm‘,—%f@ S [

tﬁfJﬁ.af@’(%,@,¢>c&s@53n@decﬁ¢dg

3) g 9

—Fof‘“ c;f\,ﬂ:«.)se- scloce 1(\,‘9_ (A, @,ﬁ) i3 indegerdert of directio

?T/z
A.,__,.f_g__,} (A\dA[fdgfj[ Lﬁ@ﬁaed@j
o [ P o)

=1 T,
4

??'ﬂ,‘#




8) A spherical aluminum shell of inside diameter D=2 m is evacuated and is used as
a radiation test chamber. If the inner surface is coated with a carbon black and

maintained at 600 K, what is the irradiation on a small test surface placed in the
chamber?
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9) An enclosure has an inside area of 100 m?, and its surface s black and is
maintained at a constant temperature. A small opening in the enclosure has an
area of 0.02 m®. The radiant power emitted from this opening is 70 W. What is the
temperature of the interior enclosure wall? If the interior surface is maintained at

this temperature, but is now polished, what will be the value of the radiant power
emitted from the opening?
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10) The spectral, hemispheri 1SSIVI
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a) W 1s the total hemispherical emissivity when the filament temperature is 2900

K
b) Assuming the surroundings are at 300 K, what is the initial rate of cooling of the
filament when the current is switched off?
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KNOWN: Spectral emissivity, dimensions and initial temperature of a tungsten filament.

FIND: (2) Total hemispherical emissivity, €, when filament temperature is T, = 2900 K; (b) Initial rate
of cooling, dT/dt, assuming the surroundings are at Ter = 300 K. when the current is switched off;

(¢) Compute and plot € as a function of T for the range 1300 < T, = 2000 K; and (d) Time required for
the filament to cool from 2900 to 1300 K.

SCHEMATIC:
4\ " Arad
Evacuated Tungsten
0.45 bulb fitament,
’ D =0.8 mm,
€y, L =20 mm,
Ts = 2000 K,
¢.1C¢ Tf =1300K
{ } — 3 m
0 : A {um)

ASSUMPTIONS: (1) Filament temperature is uniform at any time (lumped capacitance), (2) Negligible

heat loss by conduction through the support posts, (3) Surroundings large compared to the filament,
(4) Spectral emissivity, density and specific heat constant over the temperature range, (5) Negligible

convection.
PROPERTIES: Table 4-1, Tungsien (2900 K); p=19,300 kg/m3 . Cp ® 185 J/kg K.

ANALYSIS: (a) The total emissivity at Ts = 2900 K follows from Eq. 12.36 using Table 12.1 for the
band emission factors,
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&= J;Dgﬁ,Ez,b(Ts)dff = &fo2um) Fe2(1-Foom)

g =045x0.72+0.1(1-0.72) = 0352
where Fo_52,m) =072 at AT = 2pm x 2900 K = 5800 um-K.
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Continued...

{d) Using the IHT Lumped Capacitance Mode] along with the
as a function of T, a mods] was developed to predict T, as a
shown below for the variable emissivity case (e vs. Ty as per

IHT workspace for part (¢) to determine ¢
function of cooling time, The resuits are
the plot below left) and the case where the

emissivity is fixed at 82900 K) = 0.352. For the variable and fixed emissivity cases, the times o reach T,
= 1300 K are
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COMMENTS: (1) From the ¢ vs, T; plot, note that ¢ Increases as T, increases, Could you have surmiseq
as much by looking at the spectral emissivity distribution, € V8, A?

{2) How do vou explain the result that Tyar > g, ?

(3) The absorptivity is o = (3.].
since Ty, << T..



11) At a wavelength of 4 zom , what is the temperature of the blackbody that will give |
an emissive power equal to 10° W/(m?. zm)? '
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12} Consider a blackbody emitting at 1500 K. Determine the wavelength at which the
blackbody spectral emissive power E,, is maximum.
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13) There is a hole of radius 0.2 cm in large spherical enclosure whose inner surface
{s maintained at 800 K. Determine the rate of emission of radiative energy

through this opening.
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14) A tungsten filament is heated to 2500 K. What fraction of this energy is in the
visible range?
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15) The spectral emissivity of an opaque surface at 1000 K is given by

g1=0.1
g,=(}.5
e:=0.7
£4=0.8

for 4, =0 to A4 =05um
for 4, =0.5to A, =6m
for ,=6 to A, =15um
for A, >15um

Determine the average emissivity over the entire range of wavelengths and the radiafion
flux emitted by the material at 1000 K.
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