DEFINITIONS

e |ntensity
e Radiosity and Irradiation
e Emissive Power

e Blackbody Radiation



Intensity (spectral)

the amount of radiation energy
streaming out through a unit area
perpendicular to the direction of
propagation £,

per unit solid angle around the
direction o,

per unit wavelength around A4,
and per unit time about t



Solid angle: a region between the rays of a
sphere and measured as the ratio of the
element area dA, on the sphere to the square

of the sphere’s radius  Rsing
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spectral intensity:
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spectral radiative heat flux: s ;02
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Radiosity and Irradiation

Radiosity: all out-going radiative heat flux
radiosity = emitted heat flux + reflected heat flux_

Spectral Quantities i) err O

spectral emitted heat flux

a;. =] i,,c086,dw,

spectral reflected heat flux
a;, =] i, cos6.dw,

spectral radiosity:
J,=d;.+0;, =] i,,cos6,dm, +| i, cosddw,

= i,,., cosfdw



Total Quantities

total emitted heat flux *

qr =, 9.2
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total reflected heat flux: di 1
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Irradiation: all incident radiative heat flux
through the control surface

spectral iradiation: ; .
A1 02
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total irradiation:
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Emissive Power

directional spectral emissive power .
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e, =1,,0086, =i, ,02-n
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hemispherical spectral
emissive power

e, =0, =_[ iﬂ,e(g,.(})coseeda)e
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hemispherical total emissive power
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Blackbody Radiation

a) Blackbody: a perfect albsorber

for all incident radiation
black: termed based on the visible

radiation, so not a perfect description
b) Maximum emitter in each direction
and at every wavelength

N N/

T T
black non-black

c) Emitted intensity from a blackbody is
iInvariant with emission angle.



Proof) Consider energy exchange between an
element on a spherical black enclosure, dA, and
a black element at the center of the enclosure,
dA. Both elements are in thermal equilibrium.

energy absorbed by dA
|, JdAdAd o,

. dAcosé
=1, ,dAdA =

energy absorbed by dA,
1,,(0,¢)dAcos@d Adw

=1, (6?,¢)dA(:osé?diC:%S
In equilibrium

1,,(8,0) =1, , # function of (6, ¢)
and since max at a given temperature
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Blackbody hemispherical spectral
emissive power

€= q:{b,e = jﬁ i b (r)cos@dw
=[ [ 7", (r)cos@singdgdg
=i, (1) [ cos@d (cos)dg

=71, (1)



Planck’s law (The Theory of Heat Radiation,
Max Planck, 1901):

spectral distribution of hemispherical
emissive power of a blackbody in vacuum

27C,
25 (eCZ//lT _ 1)

C,=hCZ, C,=hC,/k

Cw =71, =

C,: speed of light in vacuum
h: Planck constant
k: Boltzmann constant



IN a medium with a refractive index n:

27C,
n24° (eCZMnT _ 1)

Cw =7y =

n=1invacuum and n =1.00029 in air at
room temperature over the visible
spectrum

L 27C,
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(4, T) _ 27C,

= E(AT)
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Solar radiation
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Blackbody spectral emissive power

See Table A-5 (pp. 971-978).
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Wien’s displacement law (1891)

Ao - the wavelength at which e (4,T) Is
maximum € .

TS5
d (e, _0
)

c, 1
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—> A T=

A T-2898 AT
A T=C,=2897.8 um-K



Blackbody total intensity
and total emissive power
2C

| _I |04 Io /15( C2//11T_1)d/1
=2C1T4Ioo % d;’=2C1T4 7z4=g_|_4
C, 7%e° -1 C, 15 =«
2C17z

=5.6696x10"° W/m?*-K*

2
Stefan-Boltzmann’s law:

e, =0y, =| epdi=zi,=0T" [W/m’]
Stefan by experiment (1879): e, ~T*
Boltzmann by theory (1884): e, =0T"



Blackbody radiation in a wavelength interval
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50° e’ (64m,60°,1000°C) =2

Black surface element at T, = 1000°C

e, =1, C0SH
e, =7, = 2rC, >0, = °C,

Ab Ab ;Ls(ecz/,ﬂ _1) Ab /15(ecz/ﬂ _1)
el = ¢, cosd =1373 W/(m? - um-sr)

25 (ecz/,ﬁ _ 1)



The value of eLg is given in Table A-5.
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=1378 W/(m? - um -sr)



I

e/ (0°) =10,000 W/(m? -sr)

=
Black surface element ="

.
e,, =1, Cc0s0
ey = [ i,,c080d4=i,cos6 —>e =i,

e, = _i,cosfdew = zi, =oT*

. \1/4 ' 1/4 1/4
e
T =(”_'bj | 2%t =( 7x10909 1 _ 8627 K
o o 5.67x10




E What is the fraction contained In the
X . o
visible range of solar radiation ?

Sun: blackbody at 5780 K
04<A1<0.7 gm
AT =0.4x5780=2312, A,T =0.7x5780 = 4046

from Table A-5,

2300 — 0.12003, 2325 — 0.12500: 2312 — 0.12242
4000 — 0.48087, 4050 — 0.48987 : 4046 — 0.48915

Forar = Fo s = Four =0.48915-0.12242 = 0.36673

37% In the visible region
12% In the ultra violet region
51% In the infrared region




|

=2 um A,=4 um ,{

Blackbody at 1500 K
FInd.:
Rate of emission per unit area in directions
0° <@ <60°, and in spectral range
2um < A <4um



0°<0<60°, 2um<A<4um
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4 €
AE = 0.756,0_“2 eL’bdl =0.75¢, I:F(O—)4ym) - F(O—)Z,um):l

b

From Table A-5

2,T = 24m x1500K = 3000um-K — F . =0.27323
A,T = 4umx1500K = 6000um-K — F,, . =0.73779
e, =oT*

AE =0.756T*[ Fio yum ~ Fomzm |

=0.75x5.67x15*x (0.73779-0.27323) = 10°W/m?*



