194 " CHAPTER 13

Table 11 .. .. Summer Coefficients

1960 Guide

of Heat Transmission U of Fiat Roofs

Covered with Built-Up Roofing*
Bt per lhour) {spare foof) {F deg difference befween the air or the two sides)
tnsdation on Top of Dock (Coverad With Built Up Roofing)
No Ceiling— Furred Ceiling with Air Spoce, Metdd Lath
Type of Roof Deck " Undenside of Roof Exposed and Plast
Hie g Thickness of Roof Deck (faches) l
o | tmodating boord? thidmess, in. No || tiating boardd thickness, in.
insutat ot
% 1 1% 2 ¥ 1 )1 2
Flat metal roof deck 4 Ply
Felt 0.73 {0.3510.2310.1710.13| 0.40 10.25]0.18} 0.14 | 0.12
Roof
-y Ditto_
+ 34 in. Slag 0.5¢ {0.30{0.20]0.160.13) 034 (0.22]0.16)0.13 | 0.11
Precast cement tile 4 Ply
. g;lu‘f 15¢ 0.67 [0.33)0.22{0.17]0.13| 0.38 [0.2¢]{0.18 | 0.14 { 0.12
S
- Ditto
+ 3§ in. Slag 134 0.50 |0.28]0.20§0.1510.12{ 0.32 10.21j0.17 } 0.13 | 0.11
Concrete 4 Ply 2 0.65 10.3310.2210.16j0.13( 0.37 ]0.240.18|0.14 | 0.12
Felt 4 0.69 [0.3110.21(0.16{0.13) 0.36 |0.23]|0.17[0.13 | 0.12
0,,35 Roof 6 054 10.3010.2010.16)0.13| 0.3 ) 0.22)0.17]0.13 | 0.11
"‘5;37';;% Ditto 2 043 {0.2810.20710.15}0.121 0.31 [0.21]0.16]0.13 [ 0.11
. 4 046 10.27[0.19)0.15]0.12| 0.30 {0.21]|0.16 [0.13 (0. 11
+ Kin. Slag 6 042 10.260.19)90.14[0.12] 0.29 ] 0.2010.16 ] 0.13 } 0.10
Gypsun: and woo;l fiber® 4 E;ly
oo gypsum board Felt 2 034 {0.23(0.27)0.13[0.12]| 0.25 [0.18]0.14 | 0.12 { 0.097
—— Roof . 3;2 0.28 | 0.20 150127011} 0.21 {0.16 ] 0.13 . 0.094
Ditto 24 0.29 }0.20 16{0.13 |0.11| 0.22 | 0.16 [ 0.13 ] 0.11 { 0.093
f@ + 3 in. Slag 33§ 0.25 [0.18]0.14[0.12{0.10¢ 0.19 {0.15|0.13|0.10 | 0.000
Wood* 4 Ply 1 043 (0.2610.1910.15]0.12| 0.29 |[0.20{0.15!0.13 | 0.11
Felt 1% 0.3 1022017 10.13)0.11| 0.2¢4 [0.18|0.14 | 0.12 | 0.007
Roof 2 0.2 10.20{0.16 | 0.13{0.11 | 0.22 | 0.16 [ 0.13 ( 0.11 | 0.094
- 3 0.22 |0.1670.13 {0.11§0.09| 0.17 }0.13{0.12 ] 0.10 | 0.085
} 035 (0.23/0.17 (0.14[0.11! 0.25 [0.18[0.14 [ 0.12 | 0.10
— %_ Ditto_ 023 {020]0.15/0.12{0.10]| 021 {017 {01301 |0l0s
+ X in. Blag 2 026 10.19{0.14]0.1210.10| 0.20 ! 0.15]0.13 | 0.10 { 0.0%0
0.20 |0.15)0.12(0.10 0.09( 0.16 0.1310.11 {6.09 | 0.081
* The #nd have been 0 outdoor wind velocity of 8 wph. For summer an inside surtace copductance
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is used, th U may be de

to the sun. The location is the central part

of t-hc Um Btates. Design temperatures are: outdoor 95 F;

daily range 20 deg; indoor tempenture 80 F. Find the hest-
flow rate at 2:00 p.m. for a day in uly.

Solu!wn For the purpose of ulecung the cquivalent tempera-

xﬁ‘ermlwl t.h% eonst.rucuon u assumed to be xﬂ

roof, for which

tﬁe eqmvalent tem rature is [ound “to be 38 deg in the 2:;00

p-m. column of Table 9. Calculate the overall heat transmission

cglelﬂiclent U (see Equation 3 of Chapter 9) of the roof as

Um

= 0.33
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The hest-flow rate is then 33 X 0.33 equals 12.5 Btu per

(hr) (sq ft).

TABLES FOR CALCULATING SOLAR HEAT
GAIN THROUGH GLASS AREAS

Basic Principles
In order to set forth the principles involved in calcul
hml flow thmu,gh glass areas, the geueral instantaneous heat
will be i. It will be shown sche-

mauunymi‘ig 2. Thenetheatgamioxthemdoorspace
is the result of several contributing factors.
The following observations concerning the behavior of

Cooling Load

glass with respect to radiant energy will lead to & better
understanding of the beat balance relation.

1. Glass transmita, , radiation having

wavelengths between Omms nncrons The perceniage

of each di upon the chem-

ical and phymcﬂ r,bnucwmuca af the 5hss upon the

angle of u:lcxdance of the radiant energy. Of the energy not
part is

o bed an
2. Glass is opaque to radiant energy emitied from sources
be!o' 450 F.

3. B of the above itis jent to group
radiant energy into two Jmlﬁcatmn.s eola.r radiant energy
and low temperature radiant energy.

The complete heat balance for a glass section can be ex-
pressed for a unit time interval as follows:

euToooR ciass moge.
SOLAR RADIATION TRANSMITTED
SOLAR RADIATION
REFLECTED
SOLAR RADIATION
[ENERGY
_naourrow excuance | love 1o | lconvecrion ano asoumion
BETWEEN GLASS THE HEAT r' EXCHANGE BETWEEN
AND SURROUNDINGS ICAPACITY GLASS AND INDOORS
OF THE
CONVECTION EXCHANGE CLASS

- CONVECTION EXCH
BETWEEN GLASS.
AND SURROUNDINGS

4 a1
Fig. 2....Instantaneous Heat Balance for a Glass or
Glass Block Section

‘otal heat flow, ] - [ Trapsmitted,
through glass section solar radiation.

Heat flow by convective }.- (2a)
and radiative exchanges a1
the indoor surface

Thewcondtermoftbenghtsxdeoquunhon 2a can also
d by a heat bal

Heat flow by convective Absorbed
and radiative exchanges | = | solar
at the indoor surface _radiation
[B.ad.iative exchanges be ]
£

-tween outer surface of glass (2b)

and outdoor surroundings
Convective exchmge; ‘Heat storage
between outer surface of within the
glass and outdoor air glass section
Fquma.ons 2a and 2b can be combined and expressed in
terms b, tion Z¢. Tabular values of the two
bracketed terms of Equation 2a are presented later in this
gection for various types of glass for specific design conditions.

(0/A) = lrplp + 7l + lanlo + addi + ecowRy — coolioe
= Jeo (tge — ts) — 8] (2¢)

where

(q/A) = mst.antaneous rate of heat ﬂow, Btu per (hour)
(square foot).

7D ,7¢ = transmittance of glass for direct and diffuse solar
radiation, respectively.
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Ip ,I¢ = incident direct and diffuse solar radiation, respec-
tively, Btu per (hour) (square foot).

abp , as = absorptance of glass for direct and diffuse solar
radiation, respectively.

ese = emissivity of glass at tempersture ¢, .

R, = low temperature radiant energy Ialling on glass
from outdoor surroundings, Biu per (hour) (square
foot).

R,. = low temperature radiant energy emitted by a sur-
face with exmssnnty eq\ul 10 1.0 at temperature é,, .

Jo = d Btu per (hour)
(square foot) (Fahrenheit degree).

Lo = of outdoor surf f glass, Fahrenhei

fo= P of outdoor air, Fahrenhei
S = rate at which glass stores energy, Btu per (hour)
{square foot).

Transmissivity and a.bsorptavlty vary w1th both wave-
Ly and i

length of the i t angle. Normal
incidence transmittance values for some commonly used

- types and combination are given in Table 14. Some varia-

hnnmthesevﬂuwmbeapectedinpmcﬁeeduetov&ri—
ations in manufacture and m solar energy dxstnhuhan.
However, s change in issivity causes a
_change in absorptivity. Geoerally, the total heat ﬁmv is not
greatly altered. Transmittance data for a number of types
of glass and various patterns of 8-in. glass block are given
in ASHRAE research papers.!® 2 3 2. 8. 1

As stated earlier in this chapter, present data ss to the
value of R, are inadequate, so0 for the present it is suggested
that f. be mcmsed to include radiation, and the term
ooty — €2y be d ded. It is not practicable to give
values of S in this chapter. However, for ordxw'y glass, the
value of S is small.

Fig.3isa gmphwal solutxon for smgle glnss of Equ.ahon
2b. Only u,bsorbed so h low

h u\d heat storage ean be

added algebraically to a,l, if such data are available. The
small therms)l resistance of the glass has been neglected.
The heat-flow rates are for 80 F indoor temperature, an in-

1]
oo 80|
RN )
€
8
£
g A A
8
>
e
1
2
3
<
5
¥
/’ FOR 00F tNOOGA TEMPTRATURE
IR e
AL L L)

wra hl’..

Fig. 3....Convection and Radiation Heat Flow
for Vertical Single Glass
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