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Table 1. . .. Summer Coefficients of Heat Transmission U of Flat Roofs
Covered with Built-Up Roofing*
&t par lhour] (square footh I deg ditterence between the air-on the two tides)

- losutation on Top of Deck {Coversd With Sult Up Roofing)
No Colling— Furred Calling with Alr Space, Metal Lath
- ond P
(s of Roof Dect Thickness of Roof Deck (inches) Undenids of Roof Exposed aster
o | tation bourdt thidness,in | | trskating boord ticimes, in.
thon 34 1 1% g |imdation 1§ 1 1% 2
Flat metal roof deck 4Ply )
Felt 0.73 {035 [0.23[0.17|0.13] 040 [0.25{0.18]0.14 | 0.12
- Roof
E ; ; Ditto
- + 34 in. Blag 0.5¢ |0.30(0.20|0.16|0.13]| 0.3 |02 ]016]0.13f011
Precast cement tile 4 Ply
= Felt 136 0.67 |0.33[0.22(0.17[0.13| 0.38 |0.24]0.18] 0.14 | 0.12
= Roof
Ditto
- . ¥ 3§in. Blag 13 0.50 |0.280.20(0.15]0.12| 032 |o.21 {017 |0.13[0m
Concrete 4 Ply 2 065 {033 |022[016]013]| 037 [0.2:]0.18]0.14 | 0.12
Felt 4 05 |031|021[016{013] 03 |02{017|013|0012
Roof 8 054 {0.30[02[016}013) 03 |0.22]0.17|0.13]|0.11
Ditto 2 049 028|020 |015{012| 031 |0.21]0.16|0.13 011
4 045 |027|019{015{012]| 030 |021 016|013 |00
+ ¥ in. Slag & 042 (026|019 |014{012] 029 |o20]016]013]0.10
Gypsum and wood fiber® 4 Ply ) .
on }4* eypeum board |, Felt 24 034 (023017 013{012] 025 |0.18[014 012 0.007
Roaf 334 - 028 [020}015[012|011] 021 o016 013|011 | 0094
?-—" Ditto 2 029 |020]0161013}011] 022 }0.16]0.13 | 0.11 ] 0.093
+ 3§ in. Slag 3 025 [018f014|012[010] 019 |0.15|0,13]|0.10] 009"
Woode 4 Ply i 03 foxgTotw[o1s 01zl 02 [omfosos]on
. Felt 134 033 {02 |07 {013 |011] 024 {018}0.14|0.12 | 0007
Roof 2 029 |020|016[013 |01 | 022 {016] 013011 | 0,004
. 3 022 [018{0.13]011 {000 | 017 |013]0:12]010]0.08
i 035 |0.23|0.17}014]|011] 0.25 |0.18}0:14)0.12 )| 0.10
] Ditte - 1% 029 [020f0.15[012|010] 021 |017|0.130.11 | 0.083
L + 3 in. Slag 2 026 ]019|014[012[010] 020 |015] 013 0.10]0.0%
. 3 '20 10015 [ 0.12 [0:10 009 | 016 |0.13 | 0/11 | 0.09 | 0lc81

#* The summer cocflicients are considered tamporary, and have been aalculated with an vutdoor wind velocity of 8 mph. For summer an insids surface conductanca
nf[!hnbsnmdmtadd‘hmuhrl“mulnﬂdMMAlﬂyMﬁrﬂhﬁmm%m.thmk.ﬁhnunlmndumnty- 1.33. Piteh and aisg

ness.

f Y4 in. which has been nssigned thermal conductivity = lnlnbﬂhmt&rmdmndmntyxdmlomu‘l thiok-

b 8734 percent gypsum, 1334 percent wood fiber. Thickness indicated includea 14 in. mhmxd,'l‘hun-mednd.
calealations.

‘Nnmxnnll.hnhﬂdwwdlslpeuﬁ-d butmnﬂlhnknﬂ'mluedin

is uaed, thy Umay 10 percent.

surface, is ex) to the sun. The lacation is the central part

of the United States. Design temperatures are: outdoor 95

daily range 20 deg; indoor temperature 80 F. Find the hea

flow rate at 2:00 p.m. for a day in July.

Solution: For the purpose of selecti ival

-ture d:ﬁnenlml thu construction is assumed to be equal
d 6-in te roof, for whxch

the eqmvalent tem rature is found to be 38 deg in the 2:00

p.m. column of Table 9. Calculate the overall heat tranamission

:oe.ﬂicxent U (see Equntwn 3 of Chapter 9) of the roof as

ollows:

The heat-fiow rate is then 38 X 0.33 equals 12.5 Btu per
(br) (sq ft).
TABLES FOR CALCULATING SOLAR HEAT
GAIN THROUGH GLASS AREAS

Basic Principles

In order to set forth the principles involved in calculating
hsat flow thmugh glns areas, the general instantaneous heat

U= ! . - 0.33 matically in Fig. 2 ’I'he net heat gain for the indoor space
L+i+—4—+9—37—+w+—1— is the result of severnl contributing factors. - .
12 712 749 0 1% 100 40 The following observations concerning the behavior of

d. It will be shown sche--

.of each

Cooling Load

glass with respect to radiant energy will lead ‘to a better
understanding of the heat balance relation.

1. Glass transmits, in varying degrees, radiation having

wavelengths between 0.29 and 4575 lmcrona ‘The percentage
d is d upon the chem-

ical and phyalc:l charscteristics of the glass, md upon the
angle of incidence of the radiant energy. Of the energy not
transmitted, part is absorbed and part reflected.

2. Glass is opaque to radiant energy emitted from sources
below 450 F.

3. B of the above principl to group
radiant energy into two cluslﬁcatlom solar radiant epergy
and low temperature radiant energy.

The complete heat balance for a glass section can be ex-
pressed for a unit time interval as follows:
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Fig. 2....Instontoneous Heat Balonce for a Glass or
Glass Block Section
[Toul heat flow, ] _ [ Transmitted,
through glass section solar radiation

and radiative exchanges at
the indoor surface

[Heut flow by convectiva] (2a)

"The second term of the right. side of Equahon 2s can also
a3 f

be d by a heat bal:

Hest flow by convective Absorbed
and radiative exchanges | = | solar

at the indoor surface radiation
[Radiative exchangés be ]

-tween outer surface of glass
and outdoor surroundings

Convective exchanges |- [ Heat storage
= | between outer surface of | & | within the
glass and outdoor air glass section

Equations 2a and 2b can be combined and expressed in
symbolic terms by Equation 2c. Tabular values of the two
bracketed terms of Equation 2a are presented later in this
section for various types of glass for specific design conditions.

(9/A) = brolp + rald + lanln + aids + cuBs — ¢yRpe
= feo (e — 2) — S} (20}

2b)

where
(g/4) = instantaneous rate of heat flow, Btu per (bour)
{square foot).

70,74 = transmittance of glass for direct and diffuse solar
radiation, respectively.

185

Ip , I+ = incident direct and diffuse solar radiation, respec-
tively, Btn per (hovor) (squars foot).

quare foot).

ap , as = absorptance of glass for direct and diffuse solar

. radiation, respectively. -

€ge ™ emisaivity of glass at temperature &, .

R, = low temperature radiant ‘energy falling on glass
from outdoor surroundings, Btu per (hour) (square
foot).

R,. = low temperature radiant energy emitted by a sur-
face with emissivity equal to 1.0 at tempersature t,, .

Jeo = outdoor convective conductance, Btu per (hour)
(square foot) (Fahrenheit degree).

toe = of outdoor surf; f glass, Fahrenbei

4. = temperature of outdoor air, Fahrenheit.
'S = rate at which glass stores energy, Btu per (bour)

(square foot).
Transmissivity nmi absorphvxty vary with both wave-
length of the i and incident angle. Normal

incidence transmittance values for some commonly used
types and combination are given in Table 14. Some varia-
ﬁoﬁinthwevaluambeexpectedmpmhceduetovnn—
ations in manufacture and m solar energy dlstnbuhon
However, 8 change in t issivity causes a

change in absorptivity. Generally, the total heat flow is not
greatly altered. T data for a of types
of glass and various patterns of 8-in. glass block are given
in ASHAE research papers.!: 2 2L 2, 5, %

As stated earlier in this chapter, present data as to the
value of R, are inadequate, so for the present it is suggested
that f. be increased to include radiation, and the term
€gelts — €gollge be disregarded. It is not ticable to give
values of S in this chapter. However, for ordinary glass, the
va.lue of S is small.

Fig. 3 is a graphical solution, for single glass, of Equation
2b Only abmrbed solar radmhon is considered, although low

h and heat storage can be
added algebraically to e, if such data are available. The
small thermal resistance of the glass has been neglecfed.
The heat-flow rates are for 80 F indoor temperature, an in-
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Fig. 3.... Convection and Radiation Heat Flow
for Vertical Single Glass




