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- TaBLE 12: Periobic HEaT FLow Darta For HomMoGENEOUS WALLS OR RoOFs

-RTmmwu.
.| OveR-arpL ESISTANCE FACTOR, ), IN EQUATION 5
TrIcK-|CorFFICIENT,| OF SOLID | Typee T o )“ Ee
MATERIAL NESS, |BTU PER (HR) MATERIAL, | | ,q,
In. | (sq FT) CF) | R (SQFD) | "Hip
CF)/Bru | Horizontal | g G W
B /LI L and North st | South est
3
! 8 | 067 0.64 - 5.5 0.51 036 | 048 | 0.42
Stone 12 0.55 0.96 8.0 0.28 019 | 026 | 0.22
16 0.47 1.28 10.5 017 010 | 015 { 013
24 0.36. 192 15.5 0.06 003 | 005 | 0.04
2 0.98 0.17 11 0.93 087 | 092 | 089
s 3.;: 3'353 . :z;.g 8.79 0.8 3.76 - 0.72°
. . . . .61 .46 .58 | 0.51
Solid Concrete 8 0.66 0.67 5.1 0.49 033 | 046 | 039
12 0.54 1.00 .78 029 0.17 | 026 | 0.22
16 0.48 1.33 10.2 017 009 | 015 | 012
e | 8| 64 % | 33| off | 0% |0k 0@
Bk . . . . . 49. | 0.
Common Brick 12 0.31 2.40 - 85 0.26 017 | 025 | 021
16 025 3.20 12.0 0.13 008 | 012 | 010
Face Brick 4 0.77 0.44 24 | o081 0.70 { 078 | 0.74
Y3 0.68 0.62 017 10 1.0 1.0 1.0
Wood 1 0.48 1.25 0.45 1.0 099 | 099 | 099
. 2 0.30 2.50 13- -0.98 091 | 096 } 0.94
B 0% 0 | om| 19 1o | 18 |18
Ingulating 2 014 6.05 o077 | 10 10 | 10 | 10
4 0.08 121 2.7 0.83 074 | 081 | 0.76
6 0.05 182 5.0 0.64 049 | 061 | 055

*Based upon an outdoor combined film coefficient of 4.0 and an indoor combined film coefficient of heat
transfer of 1.65 Btu per (hour) (square foot) (Fahrenheit degree).

partially completed. The method reported by Mackey and Wright 7 will
be adopted as the ba.sis for the design procedure recommended here.

'Homogeneous Walls or Roofs, Constant Indoor Température

For walls or roofs of a single, homogeneous material, the instantaneous
rate of heat gain within an enclosure where the indoor air temperature is

held constant.is, approximately,
’ q
where tm = 24—h}.avera§e sol-air temperature fo.r‘ the particular value of fL' Fahrenheit
degrees. o —
) = Amplitude decrement factor, a variable that depends upon the thickness,
. matenal,_an_d orientation of the wall or roof; see Table 12 for values.
te* = Sol-air temperature at a time earlier than the time for which the heat gain is
being -found by an amount that is equal to the time lag of the wall or roof,
Fahrenheit degrees; see Table 12 for values of time lag. N

U = Over-all coefficient of heat transfer of the wall or roof, Btu per (hour) (square
foot) (Fahrenheit degree),

1 I & _ I
1 1 L 1 1. L L
Ft7m % iestaty 086+
L = Thickness of building material, feet.
% = Thermal conductivity of building material, Btu per (hour) (square foot)
(Fahrer_xheit degree per foot).
fi = Film coefficient of heat transfer of indoor air Btu per (hour) (square foot)

(Fahrenheit degree).

L = U(tm — 1) + % U (te* — tm) Btu per (hour) (square foot) "
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TaBLE 13. ApPrROXIMATE TIME OF MaxiMuM RATE oF HEAT ENTRY INTO WEATHER
SiDE OF WALLS OR ROOFs IN NEw Yorg, N. Y., AND IN LiNcoLN, NEBR, @b

SURFACE Hori: al roof North wall East wall South wall West wall

SuN TmE.___ {12 noon to 1:00 p.m. 6:00 p.m. 9:00 a.m, 1:00 p.m, 4:09 p.m.

sMid-summer; solar absorptivities of weather eurface of 0.4 ov greater,

bFor a completely shaded surface, the time of maximum rate of heat entry into the weather side ig the
time of maximum temperature of the outdoor air, which is at approximately 3:00 p. m., sun time, in both
localities.

The time at which the maximum occurs in the rate of heat entry into
the outside surface of walls or roofs is taken as the time at which th= peqk
point occurs in the sol-air temperature cycle (mean sun time is used in
the sol-air cycles). Table 13 gives these time data. Adding the:time lag
to the time from Table 13 will give the time of the maximurm rate of heat
entry into the conditionéd space. The corresponding maximum rate of
heat entry follows from Equation 7 with f* being the maximum tem-

~ perature of the sol-air cycle. .

An examplg in the use of Tables 10, 11, and 12 follows:

Example 3. Find the instantaneous &esign rate of heat gain through an 8-in. west
wall of common brick (b = 0.7, fo = 4) located in New York, N. Y., at 9:30 p. m. sun
time, when the temperature of the indoor air is constant at 80 F. .

From Table 12, U = 0.41, the time lag is 5.5 hr, and A = 0.44.

By linear interpolation on the basis of the value of b/f, in Table 10,

tm = 848 + 2175 (955 — 848) = 93F.

0.25

‘The design sol-air temperature at a time earlier than 9:30 p. m. by the time lag (at
4:00 p. m.) for a west wall in New York, N. Y., is, from Table 10, .

0.175

Ve =9+ 535

(145 — 94) = 120.7 F.
" Fiom Equation 7, the instantaneous design rate of heat gain is

L ~0.41(93 — 80) + 0.44 (1297 - 93)]

= 11.9 Btu per hour for each square foot of sunlit surface.

From Table 12, the time.lag is 5.5 hr. From Table 13, the time of maximum rate of
heat entry for a west wall is 4:00 p. m. The time of maximum instantaneous rate of heat
gain by the enclosure, as far as the west wall is concerned, is then 4:00 p. m. plus-5.5 hr
or 9:30 p. m. (This is sun time.) The computed rate is therefore the maximum. '

Composite Walls or Roofs, Constant Indoor T emperaiure :

s

A composite wall or roof is made up of two or more layers of different
materials. Since the analytical solution for this type of construction has
not been reduced to simple and practical terms, it i5 necessary at present
to utilize approximate procedures. In accord with the results of com-
parative calculations, the following procedures are suggested 7. - .

To find the time lag for a composite construction:

. a. Find the time lag for each layer from Table 12. - . .
b. Add the individual time lags, recognizing that this sum will always be less than the
true time lag for the actual composite wall. . .

c. To the sum from (b), add an arbitrary additional lag of }2 to 1 hr :to obtain the
estimated lag for the actual construction. For two-layer and light construction walls, -



