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Tabie 4 ..., Values.of K, the Cosine of the Incident Angle, for Variousty
*  Oriented Walls and @ Horizontal Surface

- Compoted for 18 Deg Dedination, North (Avgust 7)

Sun Time K == Cosine of the Incident Angle 8
s AfA—. N . NE E SE s swW Hortz,
30 Deg north 6 a.m. 6 p.m.. 0.267 0.862 0952 0.481 0.15
7 5 0.144 0.752 0.919 0.548 0.367
"8 4 0.030 0.804 0.824 0.561 0.568
13 3 CT 0.4z 0.672 0.524 0.737
10 2 0.234 0.476 0.438 0.144 0.868
1 1 0.039 0.2468 0.310 0.192 0.951
. 12 0.000 0.147 0.208 | 0.147 0.978
40 Deg north bam. 7pm. 0.406 0.934 0.914 0.358 0.009
6 6 0.237 0.840 0.951 0.505 0.1%9
7 5 6.079. | 0.705 0.919 0594 0.391
8 4 0.533 0.824 0.631 0.069 0.568
9 3 0.337 0.673 0.614 0.196 0.713
10 3 0.129 0.475 0.542 0.202 0.820
1 1 0.246 0.424 0.35¢ | 0.076 0.503
12 0.000 0.265 0.315 | 0.285 | 0.927
50 Deg north S5am. 7pm. 0.385 0.922 0.920 0.378 0.078
6 6 0.199 0.813 0.951 0.532 0.233
7 5 0.010 0.656 0.918 0.643 0.399
8 4 0.465 0.524 0.700 0.166 0.545
] 3 ©0.252 0.673 0.699 0.316 0.689
10 2 0.030 0.475 0.642 0.433 0.766
11 1, 0.247 | 0532 0.505 | 0.183 0.829
12 0.000 0.375 0530 [ 0.375 0.848
PM — N NW w sw s se Hotz

In = K X Ipu = 0.557 X 273 = 152.0 Btu per (hr) (sq 5t).
By linear interpolation, the diffuse irradiation is: )
I, = 25 4 18/90 (33 — 25) = 26.6"Bta per (hr) (aq £1).
The total solar irradintion is: T
T = 1520 + 26.6 = 178.6 Btu per (hr) (sq f6).

PERIODIC HEAT FLOW THROUGH WALLS
" AND ROOFS " .

The calculation of heat flow through.a structural section
of a building exposed to the westher requires consideration
of the diurnal eyeles of solar irradiation and air p

Various analytical technig; have been employed for com-
bining the effects of the heat capacity of the structural seetion
of the building and the varistion in outdoor weather. One of
the most promising analytical techrigties is that employed by

- Buchberg.»* This method employs the transfer function
concept, for the building wall or roof. If the frequency response
for various wall and roof configurations is determined; the
data can be used with the Fourier series of outdoor weathet to
predict the periodic variation of heat'flow to the interior of

the space. Usually, the fundamental and three or lesa har.

solar radiation, radiant energy exchsnge with. the sky and
other outdoor surroundings, and convective heat exchange
with the outdoor air, or 4, = ¢, 4- (al/fe).

The sol-air temperature data®.52 a3 developed by Mackey
and Wright for an industrial atmosphere were used as a basis
for preparing Table 7 which shows summer design sol-air tem-
p Sol-air t may also be estimated from
experimental observation of surface temperatures of walls
and roofs which appear in the literature.% Both analytical
and experimental studies have been made on the problem
of heat flow through walls and roofs. Those concerned with
8 further study of the details of cooling load estimates in
particular relation to periodic heat flow will find much of
value and interest in the reports of experimental studies of
these problems.r5.5-u . !

PRACTICAL TABLES FOR CALCULATING
SOLAR HEAT GAIN THROUGH
WALLS AND ROOFS
The analytical® method reported by Mackey and Wright
was used by Stewart® to obtain temperature differentials
based on Table 7 and shown in Tables 8 and 9. These ana-

tmonics are sufficient to the’comt of outd

lytical proced as well as those using Tables 8 and 9,

d here, yield generally higher rates of heat gain

and olar ir or sol-air

The Sol-Air- Temperatire e .
The complex interrelationship of- the above factors can be

considerably simplified through the use of the sol-air tem-

perature ‘concept. The soldir tempeér ¢ ¢, is the

ture of the outdoor air, which, in the ab of all radiati

than those reported for Pittsburgh in early ASHRAE experi-
mental studies. Current horitative opinion indicates 8
preference for analytical calculations. Thermal and physical
properties of materials used in these tables are given in 8
paper.® The rate of heat flow is obtained by multiplying the
overall heat trangmission coefficient of the structure by the

would give the same rate of heat entry;into the
surface as would exist with the actual combination of incid

q t 4 differential obtained from the tables.
Tables 8 and 9 were developed by using an.cutside surface

of 4.0 and an inside film conductance of 1.65
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Table 5.... Values of the Wall Solar Azimuth, 7, for Variously
Oriented Walls and Solar Altitude
Computed for 18 Deg Dedlination, North Wd 1]
—_— -
Solar Aljitode . fo v,
Son Time 8 Degrees Asimoth Angle 7, Degrees
AM— N NE E £ s sw
i 1
"2 Deg north |- X 9.0 7 2 16 61
N AR ™
34!
H 5 as Shade 51 F 39 84
: 62 %5 73
3 h %‘8 » 7 52 Shade
12 78.0 ‘Shade % It [ 45
0.5 8 21 o 69
40 Deg north Haall L 16 76 31 14 5 Shad
T 7 5 23.0 85 40 5 50 8.5 e
’ 8 4 345 “Shade 50 5 ©
6 1B 20 7% :
18 g gig 78 g u gg Shsnoda
1 ! e § %0 45 1] 43
. 61 2 3 68
S A Rk S T I O
) H 2 23 Shade 5 12 23 78
2 20 65
9 3 2.0 70
g i s ENE AR AL
{é ! 580 %9 45 [} 5
o N W w sw s e

{t) . A reduction was made in the tem-
- (hr)é;lﬁq ) (?‘d?g)'mofs i bosome@peroent
of solar radiation as explained.by Stewart.® This was to
compensate for several factors, one of wlpch is the radiant
heat lost to the elcy which is not included in the Mackey and
Wright method. Experimental work by Parmelee® &And per-
vious work by Brunt? give data showing the magnitude of
this radiant heat loss from a roof or wall to the sky. Temper-
ature differentials for roofs probably would be reduced
below those shown in Table 8 whenevér the radiant heat
lost to the sky is included in calculation of sol-air T
The temperature differentials for roofs-were based on an in-
side surface conductance of 1.65 because the charts prepared
by Mackey and Wright™ used this value, and it was not
practicable to repeat their work using a different film co-
efficient. An examination of the values given in their paper
indicates that the temperature differential would be changed
very Little even if & value 1.20 were used instead of 1.65.
To obtain the heat-flow rates through roofs, more accurate

i obtained if the overall heat transmission co-
:}l&::d:ﬂlwgw by using 1.2 as the inside film cpngluqmnee
for summet. - " - . i

The roof coefficients of transmission for summer shown in
Table 10 are based on surface eonduc!.aqm Jer of 40 for
an outside roof surface and 1.08 for an mslde.ce_xlmg surf.a.ce.

Since there is little difference in wall ransmission coefficients
for summer (based on the conductances of 4.0, m‘d }.63) and
the winter coefficients (based on 6.0 and .1.63) it is recom-
mended.that the overall coefficient U, - for walls, be taken
directly from the tables in Chapter 24 in which they are based
on an outside filin cond of 6.0, p toa
15 mph wind velocity. .

Advantages of. Equivalent Temperature Differ-
ential Method . A
- . £ of th‘ R ) %, 44 diﬁ il

The ad 7 tur n
methodn:f determining the total heat transmission are given
in following p bs, and are apparent from p

o7, 1 i ) . PR
1. Tie total sensible beai flow is obtained by multiplying
transmission coefficient U, and the equivalent
e e o aifsontial indiontes in Tables 8 ad 9.

Table 6 .... Approxi Solar Decli in Degrees
Date Declination - " bote .

April 1 Juyi . 23.0 .
Abril 15 July 15 26

y 1 Aug. 1 18.0
May 15 Aug. 15 14.0
June 1 Sept. L 8.5
June 15 8ept. 15 3

. perature differentinls listed for a few representa-
ﬁvze' t’l}‘:)eaffncnnshmﬁnn may be used on all classes of wn-ll:
and roofs, even though the overall heat transmission (:oe!ﬁql_eun;I
ia different, provi the structure hn:sxmzrma.l-vmd Ehym 1
properties similar to one of those listed in Tables 8 and i

3. Adjustments can be, e, according to -“-‘mfﬁé’"’
given in the footnotes; for room and outdoor eondmnns_ er-
ent from those on which the tables are based. .- -




