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Fig. 1 .... Angle Facto}s Bet cHangil r Areas with  Common Edge.!
Ai, Ay - - Au-The tmchon of W14, absorbed at A, due to face A; Equations 14 are simply solved on a modern' com-

direct mdmuon from 4, is Fua; The frachon of W14, ab-

sorbed at 4; b of r and off . the
other surfaces A; is ByFy;p;. It follows, therefore ﬂmt the total
fraction of W,A, absorbed at 4;is -

Bx.v - Fuﬂ: + Z ”umB-J

Radiation emitted from the otb.er mﬁm may be (.reawd
sumlu ly: - -

By = Fya; + Z FupiBy
-t - .

By = Fye; + X FumBy~
fat -

By = Fuya; + ZF.«mB-‘J

- -There are n simultaneous equauom; for the n values of Bj;
mqmred in Equation 13 for a given g;, that is, for a given sur-

. Alltypesofdi.ﬁ- diati are i

puter. For calculating the ¢ for other enclosure surfaces, one
me: ychmgestheﬁmhmonthenghthmdndeafmh
equation. There is only one set of Fp, for an enclosure, Sev-
eml additional useful relations are as follawx

Z By = 1; 4ByA; = ¢B;iA;; and Zq_, =0 (15), 16), 17

All of the calculation methods wlnch have been applied to
multisurface enclosures assume that each suiface uniformly
irradiates each other surface. On]ynhmntednumberofspecml
ar have this ch istic ing the vari-
ous surfaces will improve the approximation, but the work
required to obtain a solution increases rn.pxdly with each sub-
division. A balance must be found which is consistent with
the importance of the problem.

Special Surfaces in Endosures

y . luded under
method d d above, and surf: having
specml characteristics are treated by being assigned consistent

%

Hedat Transfer - -

DI’ODe

dxﬂuf-ely through the op 4. 58

l‘tf:mt‘:‘; the opening is desired, g. is found. A wmdow in

assigned its actual properties.

wi&;f:f?:em“mdmt balance is one for which radiant emis-
sion is bslanced by radiant absorption. Such a surface,
sometimes called a no-fux surface, may be simulated for the
m.lculntwn of the rate of loss for any other surface by assigning
to it a refectivity of 1.0 and an emissivity of 0. The absorption
factors are then found from Equshon 14 by using these values.
If the temperature of this surface is desired, the actual values
of emissivity and reflectivity are used to determine the ab-
sorption factors. They are then substituted into Equation 13,
with g; = 0, to find W,andT Thecalculatmnofsurfaoe
tures in radiant has been treated in de-

mAnopenmgstreatedasmeqmvakntuuA* N
th 8 reflectivity of zero. if energy. cui.eu uxeem:wsum“

merwlselt.s tempemmmmmkenumm If the .-

2. “ NATURAL CONVECTION
"Heat tmnsfermvollvmg motion in a fluid due to a difference .

. in density and the action of gravity is called natural convec-

tion. It is called forced convection if the 'motion is due to ex-
ternal means, such as a blower or pump. Heat transfer coeffi-
cients for natural eonvection are generally much,lower than
for forced ion and, as & it is important
not to ignore radiation in calculating the total heat loss or
gain from a body. Radiant heat transfer may be of the same
order of itude as natural ion, even at room tem-
peratures, as evidenced by the fact thst wall temperatures in
a room can affect human comfort. (See C'hapter 1)

Natural or fme convectwn is lmportlmt in a wide variety of
heating and les are the so-
called gravity coils used in high-humidity cold storage rooms
and in mof mounf.ed refrigerant eondensera, the evnpox;:t:lr

" and of hoiisehold refri

tail by Gebhart.s
Thi general method may also be applied to encloaums con-  ators and. convectors for space hentmg, a.nd eoolmg pane!a
taining gray absorbing and emitting medm. - forair condmomng Nat ived in the
Table 5 . ... Natural Convection Heat Transfer Coefficients -
L. Generol Relationships Nww = eNarNpyr -7 : m
. Listag(at) Be\°
N orh="c- L(—-——) ( ) 2}
Characteristic Length, L, fnr Vertical Plates, or Pipes * L = height
Horizontal Plates . - L = length o
Horizonta! Pipes = diameter
Spheres L - ! {diameter)
1 1
R lar Block, with b ‘lmgt.hL;andverhcdf' length L, =—+—-‘
I1. Planes and P : N
Honwntsl or e‘:mm Phne.s, Plpts, Blocks, and Spheres
1 plates d for heating and, facing
upward for cooling).
a) Laminar Range PO . s - R
o '(It\vlgréu)l{e;') &m 10 and 10* N = 0.56(Ngr- Np )t . 3)
NeNp) between 10* and 10° Nye = 0.13(Nar-NpJUt €]
L Wires I . .
. For horizontal or vertical wires uss L = dis, - b Nwe = (Nor-Ni)*? ©(8)
for (N o.-Np) between 107 and 1.
IV. With Air -
(NmNh)-IBXIO‘I)(N),GOF Linﬁ.,NmF'deg) :
() Cy - o _ -
Bmall Cyhnder, Laminar Range © R =.0.27 (_z) S (8)
linder, Turbulent Range - 018(anvs o
S Vﬂum?yl’hb:. e oo o 07
rall Plates, Laminar Range b =029 (iLl) o ®
Large Plates, Turbulent Range_ . . i
() ;H'hunmnuledl’hl&, facing upward when hmted or déWnward® h o= 01983 " - ©)
"
Small Plates, Laminar Range pmo2r ()0 )
Large Plates, Turbulent Range- I - L 11,
[¢H] H!t:monml i’lam facing downward when hmted, or upwsrd L h = 022(an . : an
when cooled -
Small Plates h-OlZ( ) a2 -




