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Teble 2.... Variation in Surface Conductance Coefficient
for Vertical Surfaces with Different Temperatures
of Surrounding Surface

Surrounding Surfoce Temperature 7SFI70F[69F[6OF|50F
Convection—Btu per (hr) (sq ft).] 6.6 1 6.6 | 6.6 | 6.6 | 6.6
Radiation—Btu per (hr) (sq ft)..] 4.4} 8.6 | 9.6 |17.0 {24.9

1.0 115.2 116.2 23.6 [31.5

tion, is Hllustrated in Table 2, which applies to a vertical sur-
faoe at 80 F, with amblent air at 70 F and with radiation
cor g 10 an effective emissivity of 0.83.¢

In many cues, because the heat resistance of the internal
parta of the wall is high compared with the surface resistance,
the surface factors are of miror importance. In other cases,
e.g., single glass wi
almost the entire mstnuce and are therefore very meortant
An analysis of various factors surface

and the difference between surface and air temperatures will
be found in Reference 5. (See also Chapter 30.)

* The convection part of the surface conductance is affected
markedly by air movement. This is illustrated by Fig. 4, whn:h

1959 Guide

spective surface emissivities ¢, the uombmed effect of which is
expressed by means of the zﬁechu emissivity E of the air space.

The radi is not affected hy the thickness of
the space or by its onentatnon or du'ectxon of heat flow. The
heat transfer by and bined, how-

ever, is markedly affected by the orientation of the air space
and the direction of heat flow, is significantly affected by the
temperature difference across the space and in some cases by
the thickness of the space, and is affected to only a small
extent by the mean temperature of its surfaces. For air spaces
usually employed m building construction, the radiation and
may vary independently

con
of each other.

Table 3, Section C, gives the thermal conductances and
resistances of air spaces of uniform thickness and moderately

shows the results of tests®, made on }2-in. square !
different materials at a mean temperature of 20 F, and for

wind velocities up to 40 mph. These conductances mclude the -

radiation portion of the coefficient which, for the condi
of the tests, was about 0.7 Btu per (hr) (sq ft) (F deg). More
recent tests’ on smooth surfaces show that surface length also

affects significantly the tion part of the
average value decreases as the surface length increases. More-
over, observations® of the magnitude of low temperature radi-

ant energy received from outdoor surroundings show that
only under certain
a8 a black body radiating at air temperature.

tance coefficients for a practical building becomes a matter
of jud, Surface conduct;
4. Inmhdatmgﬂuwa‘allheatbammumweﬁcmforﬁe
walls, elc., of Tables § through 16, the appropriate tndoer and
mddoor awjacc coefficients given tn Table 4§ for Air Sw_-facea
have been used. Both values bine the effects of
and radiation, and are licable to ordinary building ma-
terials. They should not be used for low emissivity surfaces
such es bright métal. For exposed reflective surfaces refer to
Table 3, Section A, and to footnotes under Table 16.

In special cases, where surface conductances become im-
portant factors in the overall rates of heat transfer, more.se-

, the surface resist, constitute
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ditions may the out-of-d be treated
2
Because of these factors, the selection of surface conduc-
are shown in Tables 3 and = m

lective coefficients may be required. Principles and data given-

in Chapter 5, Heat Transfer, may be applied-in such cases’

Air Space Conductance

The transfer of heat across an air space involves the bound-
ary surfaces as well as the intervening air, and depends mark-
edly on the orientation of the air space. and the direction of
heat flow. The coeﬂicmnta given for air space conductance

the total from one surface bounding
the air space to the other. The total conductance is the sum
ofa due ho diation and a comp t due to con-
vection and. cond bined. These p ts may

vary independently of each other.
The radiation portion of the coefficient is affected by the

15 26 25
AIR VELOCITY, M. P.H. -

Fig. 4....Curves Showing ~Relation Between Surface
Conductance for Different Surfaces at
20 F Mean Temperature

smooth. surfaces, based on experimental ‘measurements con-
ducted at the National Bureau-of Standards.® Althpugh the
conductances of air spaces vary to some extent with thick-
ness in the range over 34 in., average values are {abulated for
the range from 37 in. to 4 in., for all except horizontal spaces
with heat flow downward. The error involved by averaging is
less than 10 percent in the extreme case and less than 5 per-
cent in most. For more exact values Reference 8 may be con-
sulted. .

For narrow air spaces, which may be defined as those for
which the product of the cube of the thickness of the space
in inches times the ture difference (Fahrenheit de-
grees) across the space is less than 3 for heat flow ho,rizo,ntally
or downward, or less than 1 for heat flow upwan:l the con-
ductance is the sum of the mdmuve heat transfer’ “coefficient
and that for duction alone through air, smoe

temperature of the two boundary surfaces, and by then' re-

e

is practically d. The radiati it can be -
ted by means of Equ.s.tlon 4 and Table 4 of Chapter 5;
Q.he p ‘can be puted using the con:,

J

- and that instaliation details are in accordance with deslgn

Heat. Transmission Coefficients of Building Materials™ .

ductivity of air at the appropriate mean tempearture (see
Table 1, Chapter 5).

The effects of different mean temperatures, tempersature
differences, and effective emissivities are indicated in Table 3
of this chapter, Section C. Asmdxmmd usemnybemadeof
mtzrpohhon and d of
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Building Matersals and Structures Report BMS 151, National
Bureau of Standards. In order to provide a reasonable factor
of safety to account for departures of eonstrictions from
exemplary conditions, in part due to field construction re-
quirements and practices, some may wish, before making

values in the table to obtain conducta.noes for conditions
moderately different from those given. [nterpohtmn of re-
sistance: values iz not recommended, especially in relation to
emissivity values.

Table 3, Section B, gives valuesfor the surface reflectivities
and emissivities of materials used as boundaries of air spaces
in building construction, for total radiation at ordinary build-

corrections for framing (as indicated in Fig. 6), to incredse
moderately the calculated U values of the insulated walls,
floors and ceiling sections obtained from Table 16. Where
reflective air spaces are involved, increases of U values up to
10 percent for applications where heat flow is horizontal or
upward, and up to 20 percent where heat flow is downward,
appear reasonable on the basis of present information.

Ce ted Heat Tr on Coefficients

ing temperatures. Eﬂ'ectxve ivities for various bi
tions of these materials, for use in conjunction with Section
C of Table 3, are given in the last two columns of Section B.

When eonstderu:g heat transfer across air spaces in building
construction, the emissivities of the boundary surfaces must
be known. The possibility of clmnge in emmsunty of highly
reflective surfaces due to exp

" chemieal action, deposition of dust, sml.mg of the mrfaoe, or

the application of coatings, even Lhough transparent to the

eye, must be considered in selecting a material for use.’®
Surface emissivity values should be obtained by tests.
OVERALL COEFFICIENTS AND THER

PRACTICAL USE

The values in Tables 3 and 4 for component elements and

materiala were selecfed by the ASHAE Technical Advisory

[v) ittee on Insul tive for dry materials

at 75 F mean temperature. ’l‘hey are based or available pub-

" lished data obtained by the guarded hot plate method (ASTM

C177-45) or by the guarded hot box method (ASTM C236-
54T). Because there are variations in commerciaily available'
materials of the same type, not all of these selected represen-
tative values will be in exact agreement with data for indi-
vidual products. The exact value for a certain manufacturer’s-
material can be secured from unbiased tests or from guaran-
teed data of the manufacturer.

The most exact method of determining the heat transmis-
sion coefficient for a given combination of building materials
assembled as a building section is to test a representative
section in a ded hot box. Hi , it is not ticable to
test all the combinations which may be of interest in building
construction. Experience has indicated that U values for many
constructi when calculated by ihe hods given in this
chapter, using accurate values for the component materials,
are in good agreement with values determmed by guarded
hot box mesasurements.

Caution

Although the vahdxty of calculating U values for all of the
types of constructions in Tables 5 through 16 bas not been
fully demonstrated, calcuisted values are given because
measured values are not available. It is emphasized that the
calculated values in Tables 5 through 16 are given for the
convenicnce of the user.

In mlcu]ntmg U vnlues, exemplary conditions of ‘compo-

" nents and installati d, ie., that i ma-

terials are u.mformly of the inal thick and due-
tivity, that air spaces are of uniform thickness and surface
temperatures, that effects due to moisture are not involved,

Some evidence of departures of measured values from cal-

. culated values for certain insulated constructions is given in

In the analyzis of any wall construction for the puropse of
ea-lcula.tmg the overall coefficient of heat transmission U, it
is first necessary to determine the paths of heat flow, that is,
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Fig. 5... . Section of Concrete Wall Having Steel
Tie Rods and Insulation

whether they are parallel or series, or a combination of both.
This is in accordance with the basic laws of heat transfer which
state that in parallel flow the conductances are additive, while
in series flow the resistances are additive. Likewise, in order to
determine the total resistance for the wall, the conductance
must be known.

The importance of this analysis cannot be overempbn.sued
This is especially true in wall coristructions in which there are
parallel paths of heat flow, and one path has a high heat
transfer while others have a low heat transfer. The method of
making this calculation can best be shown by Ezample 1 and

-Fig. 5. As this wall was tested by the hot box method at the

University - of Minnesota, a direct comparison can be made
between caleulated and tested values:

Ezample 1: Calculate the coefficient of heat U
for a wall shown in Fig. 5. Wall construction consists of two
4-in. concrete walls separated by a 2}4-in. space filled vn'.h in-
sulation; }{-in. diameter metal tie rods are embedded a dis-
tance of 1in. in each 4-in. cancrete wall, and spaced 9 in. ver-

* tieally and 12 in. honmnmﬂy Values of k are: msulahon 0.30,
- concrete 12.00, tie rods 400.00.

(Continued on p. 103.)




