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Table 4 ... . Emissivifies and Absorpfivities, for o Few Surfaces (See Also Chapter 469 and References 8 and 9)

a ) ) A‘-.:.,'.,.

Totol Normal Eniesivite | o~
A1 1000 ¢ Solar Rodiation

As 50~100 F

o

Red brick and tile, concrete and Mmmstys\edmd
(red, brown, green, etc.)

~Window glass. ...,
Bright aluminum paint; gilt or bronse paint

Polished brass, copper, mopel metal..................
Highly polished aluminum, tin plate, nmke!, chromium
Se!echve Surfaces

~OoWNO G A

-

A small hole in a large box, sphere, furnace, or enclosare. . .. " .....:|
Blaakmn—memlhcsudwasuchnuphalﬁmrbon,daw,pmnt,pupu 0
mdarkpamta

Yel!ow and buff brick and stone, ﬁ.rebnck, fire clay. ...
White or light-cream brick, tile, paint or paper, plaster, whitewash

Dull brass, copper, or aluminum; galvanized steel; po!xahodno .

Copper treated with solution of NaClOs aod N2OH. .. .
Copper, nickel, and aluminum plate with CuO coating. ............. 0.09 to 0.2
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to’ w namdemndvl&ylnnﬂeqznlmnmmmhniwhw“ﬁwmhumnduww“whwm

4hwm~m~mmww

whmekm'hewavelength,mdclnndc,mumversa.lcom'
stants having the wvalues 3.7413X 10~ erg-cm®/sec ‘and
1.4388 em K, respectively.

'I‘hexymbol ngenobestheﬂwuodlmnmcemmpmw
or intensily, defined as the energy emitted per unit surface
ares at wave length A per unit wave length interval around A.
That.xs,!hera&eofenergyemmonmthemtervald)\m
equal to Wydh.

ThePla.ucklxwofmdmutene:gydlsmbuhnnucannecfed
:’::e Stefan-Boltzmann emissive power W; by the following

on:

Womeli = fFaan @

Actual Radluhon

Dlﬁerwtmbshneesand surfnmsbowvmousdxvugenees'
from the Stefan-Boltzmann and Planck laws.. W, and Wi are
ﬂmmanmumemmvepowenforu.nyymmrfmtempem
ture, Acwnlsurfmemnmdnbmrblmmdﬂyumdm
called T'Tthf issi powerola bl surhoe,at

per o the hemisph ..

'W =Wy = ,.Tc

'Mmeuedledmehanuphmmlamumby‘lnmdm
y'is 8 ion of the ""t.heenndmonofm
mrfwe,andabothewmpemhneofthesurface. 27

.

wlla-eensmlledthe ochror ) herical
Thcrehuonxhpretweenemdqmgwenby

or= ffin - v

_‘ - -—~f«W.;dx : . ®
0|_:e type of h

istic is of
porh.nnebewxseonhemmphutyofﬂwres\ﬂung

relation between ¢ and e. If e, does not.depend upoa A, ithen
" immEquAhonS €= e Surfaeeshawngﬂnschmtenstm
an eul]ed ‘gray. In heit' transfé; calculations,- gray-sirface
are often d b several important
c‘la.mofsurfwesappmnmfe ‘this condition, at least id'sore
regions of t.he‘spectmm. The msulhng mmplmty is 'desirable
buvtulcam must be exercised;’ e

Whmud'mntenuym!sonas\m‘ltmbenbsurbed,
reflected or transmitted ' throligh' the ‘material'*Therefore,
ﬁomlheﬁrsthwoft.hermodyn&mxm

o -

values are listed in Table 4. Extensive listings of such informa-
konmybefoundmRefemncesSandQ
X Thgmonochmmahcemmvepowerofsnnnhlackmrfm

S cas
Wy g —
(% an S =7 ..

Mﬂhrlyvbm:dmw ploce
'h!ﬂ-.ﬂhhﬂnwﬂy lmv‘dlrl
the bulk material mdependent of goometry or

Tha term « is aften callod emit
d&ﬁhwdhm
surface condition.

-v-fncua g di i
p-lruuanofmudmtndmuonreﬁecwdornjhﬁﬁuy A
+For' an opaque surface, ré0mda+p-1 forublzwk

mtfx.ea,a=l by definition. Bowever,mm.llyhlukm

faces exist. Platinim black and gold black, which are sbout as
blackumy foundmnatum, ex!nbu, absorpt.wma of sbout

A u.safu.l relzmon betwem emxsmty n.nd absorph ity of
‘any opaque surface, mllededlhqﬂ’akm maybedeveloped
‘directly from -thermod; . This' relation

Heat Trarisfer

r any surface & = ax. If the surface is gray, or
xﬁﬁ;?ﬂdx{mn is from a'black surface at the same
u)zna.lsoz=a. However, many surfaces are’
gg,‘y,smybeseenfmmt.hcdammTableiFormost
:,o,fw Iisted, absorptivity for solar radiation is different
than émissivity for low temperature level radiation. This is
pecause the wave dxst.ribuunnsued.\ﬂemtm!hetwo
cases, and & vanies with wa:
The foregoing discussion mhtes to total hemispherical radi--.
nhonfmmmrfamNomguﬂmgwenwthewxymwmch

53

ounuvemrfwemnymme.lf F,;;!O,a.udthanlnxmfm
fonnancnclcsure :

Epu'l

- Equations nnd graphs for n.ngle fuboxs for many surface
ar 10 and 11. One such
chnrtmrepmduwdmﬁg 1. Auseful technique for visualiring
. " the angle bctor is gwen by Eckert and Drake.!? In addition,
_several thods' have been-i V’_“forthe

! ‘. ol’vn.lueenotglvenmchnns."“

energy .is distributed ‘over such & region
gv& the surface. However, the nature of the distribution of +
energy in the region above an emitting surface has an impor.
tant eﬂect upon the rates of heat transfer in various g s

ﬁulouluhon of Radiant. Exchange

The"‘“‘" of p mhemstmtheengmserma

garly in t.hs study of radiation phenomm the qum-,

uon of the Epatial distribution of the emitted energy was |
investigated. One mu.lt of these investigations was the formu-
lation of a-law of radiant energy distribution subsequently
called Lambert's law. Lambert's law states that the intensity -
of radisnt energy over & hemispherical surface sbove the -

emxthngs.uﬁcevmaaat.heeoszneolt.hemglebetweenthe N

mrmﬂwchemdmungmrfwemdumhnejommgthemdk
ating surface to the point of the hemispherical surface. Such -

ndmnt energy gxchange calculation i5 the net rate of radiant
ergy loss from a surface.-This quantity will be denoted by ¢,
orbyq,forA, It is the raté of emission of the surface minus
- the total rate of radiant energy shsorphon at the snrfaee due
" to all radiant effects in its sur the
return of some of its own emiscion. Thatu,qut.herawat
- which emergy . must be supphed 1o the surface material by
-other if i ' is to remun
oonmnf.. 'I‘hemfom, in order f.hat q be defined, the "total
radiant surroundings must be swclﬁetLThesewfalsxmund—

rediation is called diffuse radiation. It can be seen that the { 'mgawnzhtutemeﬂ'ectsnendoswea.nd from this point of

Lambert intensity variation is equivalent to the assumption :

that the radiation from a surface in a direction other than nor- . -

maloecmuslhtesmefmmnneqmv&lentmhnvmgth

area upon a plane normal to the duecuon of radiation.

Black surfaces .obey the Lambert law exactly. The bw ¢ M: ‘more T

holds approximately. for many actual radistion and reflection '
processes, ‘especially those involving rough surfaces and nOD-
metallic materials. However, it has many exceptions. -,

The subsequent discussion deals with techniques used Tor -

the estimation of heat transfer rates between surfaces of-.

different. geometries, radiation characteristics, and onent&lw

tions. The following assuraptions are made: [$V) all surfaces
are either gray or black; (2) radiation and refl

view, all'prob are
Consider. a simple endosure, ma.de up of three h!al:k sur-
‘faces,- Ai," Ay, and A, There being no reflections, the rate
of radiant energy loss from A, is:
m f= W.A. ~ PuWiA, — FanA: - FuW-An (ll)

Inve been
snlved." u For an enclosure made up of two grny surfaces
onc of whu:h, Ay, does notmluelf t.hemul

a_:ﬂgi}fﬁy o 02

" Equation 12 is strictly valid unly if 4, and A. ‘uniformly

are diffuse; (3) pmpemesnreumformoverﬁxeextentofﬁxe :

surfaces; (4) absorptivity is equal to emissivity. and inde- ..
pendent of the temperature of the source of incident radi-
ation; (5) the material occupying the space between the
ndumng surfaces neither emits nor sbsorbs radiation. .

These assumptions are not strictly valid in many problems
of practical importance. They are usually used because of the
considerable szmphﬁmtlon they pmvnde ul'.huugh the resulh
in such ci ust be

irradiate each other. Special applications of this equation are
_ for infinite paralle] plates, 4:/4, = 1,.and for a small object
placed in a hrgeenclosum, AV A = 0.

M Iculation of radi-

ing p require the
ant, ‘energy loss.rates frem surfm whose effective radiant
stirroundings are made up of many surfaces, some of which
mybe flectd Smeemmpl.e jons do not exist for these
more oomplwated cases, s number.of methiods bave been

144

many cases the d of new
these assumptions would involve computations so: lengthy and
complex as to be impractical.

The Angle Factor .

The dxstnhutwn of mduhon leavmg 8 surlwe, among the
surfaces it irradiates, is i by 3 q ly
called an intercep view, fi tion, or angle factor.
Infemuoftwomrfaces, umd], thecmglcfadw from surface
1 to surface j, Py;, is defined as the fraction of radiant energy
emitted by surface { which falls directly upon j (ie., is inter-
cepted by j). The angle factor from j to ¢ is gimilarly defined
merelybymterchmgmgfhemlmoftmd] This second
angle factor will not, in general, be numenca.lly equal to '-be

- However, under the noted p
-rA- = P;A;, where A indicates surface area. Note -that a

them.*1.1 A technique .V for calou®
Iating g¢; duectly for an n-surface effective enclosure is pre-

sented here. This method is simple and-direct, and is con-

- venient for machine calculation.
. Considér the jth surface, which emits at a rate’W;4;, in an
n-surface encl The other encls surfaces, A; emif ata
rate WA, SomeofthmemmonmybeahsurbedstA,due
to duec irradiation or after and fro
the n surfaces. An absorption factor B,; is defined as the fmo-
tion of the emission of A; ahsorbed at A;. Thus, B;; is similar
to Fi, but takes reflections into account. By the definition
of By;, the net rate of energy loss may be written:

¢ = W;A; — )': ByW.A (13)

:“The.n values of B;; necessary to compute g; may be found
bysummmg&bsorpbonntesat;duewtheemmnnmmof




