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Table 6. ... Vales of the Wall Solar Azimuth, v, for Variously
Oriented Walls and Solar Altitude
Cotmputed for 18 Deg Dectination, North {August 1}
Son Tioa s";’&:"*_"‘;" Azignth Angle v, Dogrees
Latitude
Ail - L NE E SE El W
20 Deg north 6am. 6pm. 8.0 74 29 16 61
: 7 5 21.56 81 36 9 54
8 4 34.5 88 43 2 47 Shade
g 3 47.5 Shade 51 6 39 84
10 2 60.0 62 17 28 73
11 1 72.0 83 38 7 52 Shade
12 78.0- Shade 20 45 0 445
40 Deg north 5am. 7pm. 0.5 66 21 2 69
° : 6 [} 11.5 7% 31 14 59
7 5 23.0 85 40 5 50 Shade
8 4 34.5 Shade 50 5 40 85
9 3 455 61 16 2 74
10 2 56.0 76 31 14 59 Shade
11 1 64.5 Shade 55 10 35 80
12 68.0 90 45 [1] 45
60 Deg north 5a.m. 7pm 4.5 67 2 23 68
] 6 13.5 78 33 12 57
7 5 2.5 90 45 0 45 90
8 4 3.0 Shade 12 78
9 3 42.0 ' 70 25 20 85
10 2 50.0 87 42 3 48 Shade
11 1 5.0 . Shade 64 19 26 71
12 58.0 90 45 (1} 45
T
M — N NW w W s SE

By linear interpolation, the diffuse irradiation is
I = 25 + 13§ (33 — 25) = 26.6 Btu per (hr) (sq ft).
The total solar irradiation is
I; = 152.0 + 26.6 = 178.6 Btu per (br) (sq ft).
PERIODIC HEAT FLOW THROUGH WALLS
AND ROOFS
The calculation of heat flow, through a s'.ructuml sectmn

6. The rate at which the surface absorhs the low temperature
radiation emitted by the sky and m.her surroundings by virtue
of their t

7. The of the sur ing air.
8. The of the outer buildix ng surface.

9. The unit convestive conductance fo.r heat transfer be-
tween the air and the building surface.

The Sol-Air Temperature

of a building exposed to the weather, req

of the diurnal cycles of solar irradistion and air & .‘

The lex interrelationship of the above factors can be
iderably simphﬁed h gh the use of the sol-air tem-
it The sol-air t, is the

Thesecyclesnndoﬂzertactomlesdtonpenodm i
in the instantaneous rate of heat flow into the weather sur-
face, and a related periodic varistion in the rate of heat flow
into the air-conditioned space. Because of heat capacity
and other factors, these beat-flow cycles are, in genersl, out
of time phase and unequal in amplitude.
.In order to caleulate the rate of heat entry into the weather
surface of a building, it is pecessary to know'
1. 'The intensity of direct solar radiation striking the surface.
2. The absorptivity (or reflectivity) of the surface for direct
solar radiation.
“:;xf ‘The intensity of diffuse or sky solar radiation striking the
8
4. The nbaurphvny {or rcﬂechvxty) of the surface for diffuse
or-sky salar radiatio
§. The rate at wkxch the surface emits radiation to the sky
and other surroundings.

ture of the outdoor air, which, in the absence of all radistion
exchanges, would give the same rate of heat entry into the
surface as would exist with the actual combination of incident
solar radistion, radiant energy exchange with the sky and

Toble 7 ....Approximate Sotar Dedlinations in Degrees
Date | Dedinotion Date Dectination
April 1 4.5 July t 3.0
A nl 15 10.0 July 15 2.5
bﬂy 1 15.0 Aug. 1 18.0
May 1 19.0 Aug. 15 1.0
June 1 22.0 Sept. 1 8.5
June 15 2.5 Bept. 15 3.0
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Table 8 ... . Summet Design Sol-Air Temperatures Used for Tables 9 and 10
Sol-Air Temperature t, Fahrenheit Degrees
Maan Sun Time
lAny Sorfoce  Moriz. North Eas) South Wast
Ratiot ;"— o 0.225 0 0,225 0125 0.225 0125 0225 0.125
f=
12 Midnight 77 T ki kel
1 AM (3 % 76 76 7% 76 76 76 7
2 % 7% 76 76 76 78 76 76 78
3 5 75 75 75 75 % 76 % B
4 74 4 T4 74 74 74 74 74 74
5 74 74 74 75 74 74 74 74
] 76 110 74 74 74 4
7 75 91 7 100 % 75 75 %
8 ke 106 K 126 103 82 78 7 7
9 80 118 80 125 104 93 88 80 80
10 83 129 3 u7 100 102 93 83 83
1 87 137 87 108 2% 110 99 89 87
12 Noon 90 142 20 92 92 114 104
1PM o3 L7 93 a3 a3 115 105 110 102
2 o 140 e 94 11 104 Y 11
3 25 132 95 95 95 104 100 135 119
4 o4 120 ] 94 94 9 96 141 120
5 - a3 107 93 <3 93 95 139 118
6 91 9% 91 9L 91 91 9 125 11
7 87 90 87 87 87 103
8 85 85 85 85 85 85 85 85 85
9 8 8 8 & 83 8 8 8 83
10 81 81 81 81 81 81 81 81 81
11 79 ki ki ki 9 79 79 79 79
uBrAvgl. .1 100.5 8.1 93.0 88.4 89.0 86.2 93.0 88.4

'-tmlb’wvunty.dlmhmd-vﬂ dl:kvllb-ﬂ.’ and light walls = (.5. £ w= unit convective conductance = 4.0 Bta per {r) (F deg).

® Valuen in this cal

o

other outd di and
with the outdoor air.

The sol-air temperature data® % 1 as developed by Mackey
and Wright for an industrial atmosphere were used as a basis
for preparing Tab!e 8 showing summer design sol«au- tem-

Solair 3 d from

tive heat

studies. Current authoritative opinion indicates a preference

for analytical calculations. Thermal and physical properties

ofmwnﬂsusedmtheseublesmgwenmapaper"m

rate of heat flow is obtained by multiplying the overall heat

tmnsmxsszon coefﬁcxent of the structure by the equivalent
diff btained from the tables.

e may also be
experimental chservation of surface temperatures of walls
and roofs which appear in the literature.t: ®* Both analytical
and experimental studies have been made on the pmblem"’
of heat flow through walls and roofs. Those concerned with
aﬁuthnratudyofthzdetadsofeoohngbadahmstesm

to periodic heat flow will find much of
value and interest in the reports of experimental studies of
these problems.!® I 13 13, 14, 18 The reader may also refer to
the Cooling Load chapter of Tas Gume 1952 for the theory
of heat flow through wails and roofs.

~PRACTICAL TABLES FOR CALCULATING
. SOLAR HEAT GAIN THROUGH
WAILLS AND ROOFS
The analytical®® method reported by Mackey and anht
was used by Stewart's to oblain diff

Tables 9 and 10 were developed by using an outside surface
conductance of 4.0 and an inside film conductance of 1.65
Btu (hr) (sq ft} (F deg). A reduction was made in the tem-

tials for roofs ting to some 20 percent
of solar mdmhon 83 explained by Stewart.’* This was to
compensate for several factors, one of which is the radiant
heat lost to the sky which is not included in the Mackey and

. Wright method. Experimental work by Parmelee” and pre-

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 9 whenever the radiant heat
lost to the sky is included in calcutation of sol-air
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
ticable to repeat their work using a different film co-

based on Table 8 and shown in Tables 9 and 10. These ana-
lytlcalpmcedum,uwellasthomusmgTablesSandlo

here, yield Ity bigher rates of heat gain
than reporied for Pittsburgh in early ASHRAF experimental

efficient. An examination of the values given in their paper
indicates that the temperature differential would be changed
very litile even if a value 1.20 were used instead of 1.65.
To obtain the heat-fiow rates through roofs, more accurate
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