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168 : CHAPTER 9 1956 Guide

o = emissivity; the ratio of the total radiant flux emitted by a surface to that
emitted by an ideal black body at the same temperature.

E = effective emissivity; the combined effect of the su
boundary surfaces of an air space; the boundaries assumed
dimensions as compared to the distance between them.

r = surface reflectivity; the ratio of the radiant flux reflected by an opaque sur-
face to that falling upon it. . : ’

R = thermal resistance. Itsvalueis obtained from the reciprocal of heat trans-
fer as expressed by U, k, C, f or a. Tt is expreased in (hours) (square feet) (Fahren-
heit degrees) per (Btu). For example, a wall with a U value-of 0.25 would have a
resistance value of B = 1/0.25 = 4.0. Therefore, 4 hours would be required for the
transfer of one Btu for each square foot of area and each degree’of temperature dif-

ferential.
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CALCULATING OVERALL COEFFICIEN TS

From Chapter 5, Equation 7, the total resistance to heat flow through a
wall is equal numerically to the sum of the resistances in series.
BymRit Rt Rt Rit...tBa o
where R;,VRg, etc., are the individual resistances of the wall con_lponents.
Ry = total resistance.
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Tie. 1. TyricaL VARIATION OF THERMAL CoNDUCTIVITY WITH DENSITY—FOR
F1BroUs MATERIAL

For a wall of a single homogeneous materiﬁ\_of conductivity k and thickness 2

with surface coefficients fi apd Jos

1z 1
Rop=-42++
CRTETL
Then by definition, U =1/Ry .
For a wall with air space construction and consisting of two- homogeneous
materials of conductivities ki and ks, thicknesses 71 and s, respectively
and separated by an air space of conductance a, . .

(2

1 x 1 T2 1 E
_tym 1,5, 2 , 3),
Ry f;‘+k.+a+k,+j. (

and ) U =1/Ry

In the case of types of building materials having non-uniform or irreglt

lar sections such as hollow clay tile or concrete blocks, it is necessary 1

_ use the conductance C' of the section unit as manufactured instead of’
conductivity k. The resistance of the section 1/C is therefore substitu

for z/k in Equations 2 and 3.
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CONDUCTIVITIES AND CONDUCTANCES

The method of calculating the overall coeffici ' ansm
)  caley 0 efficient of heat tr: issi
3 given construction is comparatively simple, but accurate va.lue1: sé?nccfgf
IUCt:i‘:il't]'es and copductances. must be used to obtain satisfactory results. -
pta ition, there are sometimes parallel heat flow paths of different re-
?15 -a.rllﬁes in the same wall, and these may necessitate modification of the
or’ﬁ1 a(.i. tIn such cases calculated results should be checked by test.
he determination of the fundamental conductivities and :
;:(%:éze;gzﬁzlgsr:ﬁ)li sll:ill a;id ex(}i)erience to obtain.accilrlat: Orl:agllxllcttsancﬁ
1 at thermal -conductivities of homogene ials be
determined by means of the Guarded H B e 0o
X ot Plate.! inati
co?[‘dli)(ita.nces, 8 Guarded Hot Box method? is genemﬁ;rﬁcigféermmatlon of
ables 1 and 2 give conductivities and conductan '
i ) ¢ ces selected by t!
ﬁ)srgﬁt]i?)nTec'lIl‘ﬁ:a{}aﬁl%:l:gﬁay tg?mmxtt:ﬁ on Ilﬁlsu}]lation from availab%’e 1};5
tion. clected were those which in the judgment of th
committee were good design values f dte. and for the
o et markete%lntoday. or surfaces, spaces, etc., and for thg
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'YPICAL VARIATION oF THERMAL Cpnnucmvn‘y wiTH MEAN TEMPERATURE

Conductivity of Homogeneous Materials

Thermal conductivity i ' ‘
cond y is a property of a homogeneous material
?gg:isd(éi etéuﬂlilﬁoggt:g]als stlblch a;s ‘lum%;er, brick, %,nd stone, which x;xagg l())g

: s. ost insulating materials, except ive
gi?ﬁs’s;rild a porous nature and consist of combinations o? I;oﬁl;?rizigi
N a.t voids. The thermalh cox}ductivity of these materials-will vary
and extenxﬂ, %f 1}1)1:3(111 lt;zlglperatur(reé'size of voids, fibers, or particles, degree

ween particles, moist 4 z
ment;of ibers or partices within the mowsuare present, and the arrange-
. The effect of density upon conductivi oratur
s uctivity (at constant mean te
dul(lzlt\ilS’pzate(‘i for two fibrous materials in Fig. 1. Typical variatfﬁ)lfg?tgggz
vity with mean temperature is shown in Fig. 2. ’

Thermal Conductivity of Soil :

The following statements ' nade
Y wing its are based largely on results of a study® m

liSh(l:; ﬁngzzfgt"mg Ezxperiment Station, University of Minnesola, afld p?l'db‘E
Which rapes tZ:l No. 28. Tests were made on nineteen different soils

Toany Siltf)loss;xl]l da wide textural variety, including gravel, sand, sandy
ote o tean clay, as well as some crushed rocks and a fibrous peat
e tp nts in tests varied from air-dried values to those greatex:
pumum moisture content; densities varied from a loosely-poured




