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Chapter 14. Radiation Heat Transfer

All substances at T above 0 K emit radiation.

“Thermal radiation”

p (reflectivity: BFAFE) ~ fraction of radiation falling on a body that is reflected.
« (absorptivity: &2 &) ~ fraction that is absorbed.
7 (transmissivity: &

Wb =) ~ fraction that is transmitted. \ . P
a+p+r=1 :

Blackbody (S Ml): =1 (a body that absorbs all incident radiation)

Emission of radiation

Wavelength of radiation: 1011 cm to 10 m

important in heat flow: 0.1 to 100 um
(visible light: 0.39 — 0.78 um)
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W), (monochromatic radiation power: &t = AF2l): Monochromatic radiation emitted
\ from unit area in unit time divided by the wavelength (Q
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o= _ radiation of a single wavelength
(HAHUH K = 22 THE O 2/ &)
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Total radiating power (S = At=): W =[*W,dA2 — areaof Fig. 14.1

¢ (emissivity) = | (2rAI)
Wi

emissive power of a blackbody (ZICH IS 2 AHE)
&, (monochromatic emissivity) =W, /W, ,

Crad SALE

Gray body (2| 24 M|): ¢, of a body is the same for all A
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g of solids --- increases with T.

polished metals: 0.03 ~ 0.08

oxidized metals: 0.6 ~ 0.85

paper, boards: 0.65 ~ 0.95

paints (Al A paints Kl 2l): 0.80 ~ 0.96
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* Laws of blackbody radiation (Sl = Al & &)

Stefan-Boltzmann law:

Wy, =oT*
X Stefan-Boltzmann constant: 5.672 %10 W/m?2.K#

Planck’s law (distribution of energy in the spectrum of a blackbody):

2rhc?i™®

= oTkAT --- Eq. (14.6) -> Plots (Fig. 14.1)
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h: Plank’s constant
c: speed of light
A . wavelength of radiation
k : Boltzmann’s constant
\ C4, C, : constants

( W, , : monochromatic emissive power of blackbody
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Relationship between Planck’s law & Stefan-Boltzmann law:

Wb :J‘Sowb,l d/l

Stefan-Boltzmann law

Planck’s law
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(=, Stefan-Boltzmann 4! 2 Planck &/ 2 &

Wien’s displacement law (4 that gives the maximum w, , ):
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Absorption of Radiation by Opaque Solids
Opaque body (2 £ i)
— 7=0, La+p=1

Reflection specular reflection (& BFAt or HZEHAL
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* Absorptivity of a gray body — the same for all wavelengths, like the emissivity
ANl HHO| = A BFADSHCHH monochromatic absorptivity &
radiant beam2| 2} AFZH0| 2
—> Total absorptivity  equals the monochromatic absorptivity.
{ Is independent of the incident angle.
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Kirchhoff’s law (At T equil., the ratio of the total radiating power W of any body to
its absorptivity « depends only on the T of the body):

W; _W,| <«——— total radiating powers of 2 bodies
oy 0| <«—— absorptivities of 2 bodies

If the first body is a blackbody,

a=1& W, =W, :Vﬁ
a;

W,
Loy =—t=g

W
emissivity 2| &2

— When any body is at T equilibrium, & = &

. Total radiation for a unit area of an opaque body:
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