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convection, provided, of course, that equilibrium has been estéblishéd !

and all four temperatures are constant.

The amount of heat reaching or entering the wall per hour depends on

¢t and ¢ and the coefficient f; varyi i
_ ) rying with the character of th
ma;enal. The symbol f; may be defined as the B.t.u. per hour enete:ﬁ:“
each square foot of wall surface per degree difference between the insidg
?é;etiir:g%ratge ¢ and thef inside surface temperature ¢,. Hence, the heat
e inn iati
convectionyis: nner surface of the wall per hour by both radiation and
THy=fit—14)S @

where S is the inner-wall surface area i
in squar
are as heretofore indicated. square fect and the other terms
Whatever amount of heat H, e i '

. 1+ enters the inner-wall surface b
given off from the outer-wall surface, so that i Cenivted
e otor e 0 . at if H, represents heat emitted

H =Hy=fo(ta—t)S. . @)

Now fo may not equal f;, in which case (¢, — £,) will
Usually, in an actual wall exposed to wind on gle ou?s?éee(ffuaé’lggblétg).
;15 greater than f; and (f — £,) must be less than (¢ — ¢,). 1\'/Io°reo'ver the
eat H. passing through the wall by conduction is equal to H and H.
and if % is the thermal conductivity expressed in B.t.u. transmlitted pezr’

hour per square foot of material per 1 in. thickness per degree difference -

between the surface temperatures, then
‘ ) k '
H1=H3=Hc=—x‘(tx-la)5 : 3)
where x = wall thickness in inches. ' . v

q These equations (1), (2) and (3) are fundamental and are used for
etermining values for fi, f, and % for actual wall materials by test. The
cannot be used for computing heat losses in an actual building, since thy
_surface temperatures ¢, and t, are seldom known, although these s rfa .
- 'temperatures can be determined in a test by means of thermocola ii?e
Hepce, for actu?l coqdltions where the only temperatures known are?ti&
A inside and outside air temperatures ¢ and /4, it is necessary to ‘usesthq
transmission coefhicient U = B.t.u. transmitted per hour per square f()bi
of wall surface per degree difference between the inside and outside air
temperatures. Values of U for many common types of construction are

given in Tables 12 to 36, inclusive. The heat H transmitted per hour fromh

air inside to air outside is then computed as follows:

ES I

. ) . H = U(‘ ~t) S E . . (4') -
and since H = H, = H, = H., the right-hand members of equations (1), - -

(2), (3) and (4) are all equal.
The coefficient U may be com : i .
r puted for any wall provided val
fis {(‘o and % are known. By proper substitution in the four equat:i(')lrll(;S tfl(l)(ra ‘
unknown temperatures & and 4 can be eliminated and the value of the
transmlssmn‘co_eﬁ’iclent for a simple wall x inches thick is:
1 N .
S R ;
At tw o
16 _ e

U=

“and for a compou

CuapPTER 2—HEAT LosSES FROM BUILDINGS

ad wall of several materials having thicknesses in inches
of %, %1, %s, €tc., the coefficient is: .
-

X1 Xz . X3 i
+_k:+ I,_+ 7:+ew.

V=TT 0)
fi fo
mple wall, f; and f,, are always the inside and
outside surface coefficients for the two materials in contact with air. If
the air is still (no wind), then for the same material f; and f, are the same,
and fi = fo; but, if the outside air is in motion, then f, is always greater
than f; and will increasé as the wind velocity increases. Values for fi in .
still air, as determined by various investigators, are given in Table 4.

As in the case of the si

RFACE COEFFICIENTS (fi) FOR VARrIoUs BUILDING MATERIALS®
unDER STILL Air (No WinD) CONDITIONS

1€ TABLE ARE IN B.T.U. PER SQUARE FOOT OF WALL SURFACE PER HOUR PER 1l DEG. FAHR.
MEAN AIR TEMPERATURE IN THE ROOM AND THE INSIDE SURFACE TEMPERATURE

TaBLE 4. Su

THE VALUES IN T!
PIFFERENCE BETWEEN THE
OF, THE WALL.

Svnrace Corrricient fi (STt AmR)

.

Bubing Marsaiat
Harding and Willard Wood
Asbestos (sheet)...... : 1.40 | e
Brickwork (ordinary)......... 1.40

Cement Plaster (finished)....coooericenc 0.93 | @ e

Concrete. . : 130 | e

- Corkboard S : 1.25 1.20
. Glass (window) - 1.50 1.902

Magnesia (blocks).-.. 1.45 . | e

Wood (finished surface) 3 . 1.40 | e
Building paper.._— S s . 1.40 .

Average of all values 134 e

12 in. thick and for 70 deg. fahr. total temperature difference from air

sAverage of both sides of glass 0. ) 3
Probable value for still air on both sides 1.60.

to air with moving air on one side.
Values for & and C, the conductivity and conductance of building ma-.
terials and insulations, are given in Tables 7, 8,9, 10 and 11, and are

- taken from the published values of various investigators. It should be ,

" noted that values of & and € as well as U are dependent on the tempera-

and it is therefore desirable that the investigator determine

" ture range,
imating those existing

heat-transmission values under conditions approx
under actual conditions. : _

In the case of air-space construction, an air-space coefficient for each

. air space must be inserted in either equation (5) or (6). Thus for a

simple wall with one air space,
1 : ~
U= -
1 1 1 x
FrR et
-and for a simple~wall of several air spaces having conductances of a4,
., a3, etc., the coefficient is: N ‘ :
17

)



