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. where ¢; and & are the indoor and outdoor temperatures re-

spectively,
Hence, '.he tempemture at theinterface between Riand Ryis:
S I . £5)
For types of building materials hsvmg non-uniform or ir;
-sections such as hollow clay tile or concrete blocks, it
mneeesmrytousetheeonducfance(}ofthemhan unit 8§
d instead of a conductivity k. The of
the section 1/C is substituted for z/k i m Equations 2 and 3.
1t will be noted that, in order to compute the U value of a
eonstructum, it is first necessary to know the oonductmty
and thickness of h _the
of ho ials (such as. blocks), the
surface, conductances of both sides of the construction, and
the conductances of any air gpaces.
II O.he eonductlvxtxes of the materials in & wall N’e]:ughly
on the mean temperature in use
muxtbeknownmorderwmgn'.beoonectvalue In such
cases it is perhaps most convenient to use a.trial and error
procedure for the calculation of the total rwst.ance, Rr. First,
the mean operating temperatu.n: for each layer is estimated
. and ductivities:k or C selected. The total
resistance Ry is then calculated as in Equation 3 and then the

. SURFACE CONDUCTANCE, {

as’ Affected by Anr Movemem

i For 'y wall of a. smgle homogeneous mstenn.l of ‘¢
tmty k and thu:knm z w1t.h surface ooeﬂiuenta fiand j.

. R'“f_+ 7
Thmby eﬁmtmn oL
E 'U=-1/Rr ; :
Fora.wa.!lwnf.hm:space construction and consxshng oi two and 5.

homogeneous materials.of . conductivities, k, .and ks, thick- The mean t; r of each p (anhhmetlc mean
nesses z; and z,, respectxvely, and sepmted by an air space of lbs surfwe tempemtum) can then be.used to obtain con-
of mnductance @ e k o1 du C. This p

d canthenbe
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temperature at each interface is mlcu.lated fmm Equations 4
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Desigl); Heat.Transmission Coefficients

repeated until the conductivi _' or cond  have been
y selected for the temperatures, Gen-
erally,. mmbedonemtwoorthmemnlcalcuhuons.

Series and Parallel Heut Flow Paths

n many practical install the ts are arranged
g0 that’ puallel ha&t flow paths of different conductances re-
sult. If there is no lateral heat flow between paths, each path
may be considered to extend from inside to outside, and the
ransmittance of each path may be calculated usmg Equahon
lor3. ‘I‘beavmgemnsxmtmncemﬂmn R4

2 AR TUA TR T /A f'_ @1
w),,, ;;, b, - n are respective fractions of a t.ypwal basic
mposed of several different paths whose mnsxmtt.a.nces

are U Uy =y Usl
(i beat can ﬂow laterally in any conhnuous lsyer 80, that
transverse isothermal planes result, the total sve.mgeiremst-

'mukfm)wlﬂbethesumonhemmwoftbehyembe-

tween such plafies, each Iayer being calculated by the appro-
priaté Equation 1 or,  Equation 6. This is a serics combination
of layers, ¢ of whmh one (or mom) provides parallel ‘paths...

The parallel heat ﬂow
only, is usually considerably lower than that calculated wn.b
the assumption of combined series-parallel heat fiow. The
actual transmittance will be some value between the two
calculated values. In the absence of test values for the combi-
nation, an intermediate value should be used: An examination
of the construction will usually reveal whether a value closer

to the higher or lower calculated value should be used. Gen- -

emlly,lft.heeonstmmon -nylnghly nducti Iayer
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(Ra) (Rua)
alie + 52a

Then

= the bined of Raand By = 4.71
Br=05+1+471 +05 + 025 = 696
and E
U(n) = 1/6.96 = 0.144

I .de,uelmm eommmwsnvnlueofabout
0.125 might be selected, eas, if they contain a hlghly con-
ducting layer, thena vafua of 0.135 mng!xt be select

‘When the construction contairis one or more paths of small
area having a very l'ugh conductance’ oompared to the con-

of the

area, the foll met.hod is sug-
gested: -
Heat Flow Through Panels Containing Metal

The transmitiance of a panel which includes metal or other
lnghly conductive material extending wholly or partly t.hmugh
jon should, if ible, be determined by test in the
guarded hot box. When a calculation is fequired, & good ap-

_ proximation can.be made by.a Zone Method. This involves

two separate computations—one for a chosen limited portion,
Zone A, eonbnmng the highly conductive element, and’the.
other for the remaining pomon of simpler construction, called-
Zone B. The two are then bined, and the.
average transmittance per unit ol overall area is wlculnted
The basic laws of heat transfer are applied, by’ addmg ares
conductances C- 4 of elements in paralld and adding area re-
sistances 1/C- A of elements in series.

The surface shape of Zone A i5 determined by thé’ metal
t. For a metal beam (Fig. 2) the Zone 4 surface is a

in which lsteral conduction is very d to the
hmmtmneethmughthewﬂl,avnluecloserwﬁxem
calculation 'should be used. If, however, there is no
Iayer of high lateral conductance, a value closer to the parallel
beat flow calculation should be used. Tlns is illustrated in
Ezample 1.
Emmple 1: Conmdcr a construction consmtmg of:.
1 Ixmde vmgl mcﬂiclent!; -2 .
layer of R =
3 A paraliel eombmhnn eonuunmg two heat ﬂow pa.l.hs of pro-
te areas, a = 0.1, andb—OD wil resistances
e = 1and R« - 8 .
1 of resistant R; = 05
5 Qutaide uuﬂmiuvmg film eoeﬂiamtf. :
Solution’: pramﬂalhmtﬂowpathsuemmedfmmwhm
the total resisiance through area a will be:
Ber = 1/fi + Ry +Bas+ By + 1/for,._ -
=05+1+1+05+025 =325

sad
U. - I/R-r = 1/325
Themmucewdu-mthncethmughmbwdlbe
Ru=1/f« + R+ R+ B +1UL
.. =05+1 +8 405 +025 = 1025

amd
Us ="1/Rir = 1/10.25 )
nmmammudmmemdmbe:f, -
‘0.1 , 09 :
Ui = a(Us

wn a(U)+b(u.) 325+1025,oua
hmver is6thermal ph.n assumed to ocour at bo'.h gur~

fm“f&andntbot.hnu{amof&,(hemwm!
lm.mnevil]be

Ra(R) |
aBun + PR«

_'_-w‘+n.+

stnp of width W, centered on the beam. For a rod perpendicu-
lar bopa.nelsurfmesltusurdeofdmmew w. Thevnlueof
W is caleulated from Equatlon 7,.which is empmcal. .
. Wemn + 2d N )]

where R .
n_lu}vl:lnh or diameter of the metal heat path wmmal

: ea.
d—dxstuee from panel mrfmtometal mcbm. The vnlua
»oldshnuldnotbeukenlmchan05m (for still air).

In general, the value of W should be calculated by Equa-
tion 7 for each end of the metal heat path, and the larger
value, within the limita of the dasic area, should be used as
ﬂlustmted in Ezample 2

Ezample 2: Calculate the tnnamxtt.uee of tha mof dack

. shown in Figa 2 and 3. Tee-bars on 24-in. centers support glass

gypsum concrete, and bmlb—up roofing. The

eonductivities of components are: gypsum concrete

1.68; glass fiber 0.25. eeondumnceo(b\nltrupmo 1530
Solution: The basic area is 2 sq ft (24 in. X 12 in )}, wi

bar (12 in. long) acrosa the mid dle‘Thnueau(ilvldadmtq

fiber form

two gones,
Zone A is dewmuned from Equnuon 7 as follows:
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’ Fig. 2... .. Gypsum. Roof D




