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Ventilation Rate

The introduction of outdoor air is necessary for the ventila-
tion of conditioned spaces. Chapter 7 suggests minimum out-
door air requi for rep i lications, but it
should be hasized that mini i are not

ily ade q for all psychological atti-

tudes and physiological resp Where maxi y
inspaoemdloadiaessenﬁal,asinmbmaﬁnsorother
rem-ictedspm,aalitﬂeaslcfmofoutdoornirperpemqn
has been found to be sufficient, provided that ‘satisfactory
dation ia s Iy obtained by aa adeg do.

is
contamination of recirculated air.®
Local codes and ordi fre ly specify

requirements for public places and for industrial installations.
For operating rooms, mini ire for safe practi

are given in a National Board of Fire Underwriters’ pam-
phlet.® This pamphlet does not require 100 percent outdoor
air in operating rooms, although 100 percent outdoor air is nor-
mally used and recommended. .
R ded zud mini

5

ilation- rates for the
most lications are ized in Table 2. For
further general applications, a basis of estimating the ¢fm per
person may be taken as: L

1. People not
2. People emoking

The cooling load due to the introduetion of outddor air for
ventilation is determined once the indoor and outdoor design
ditions are fixed. Calculations will be discussed later.

INSTANTANEQUS HEAT LOAD -

The total cooling load is fréquently divided for convenience
into two components, sensible heat and latent heat. While thia

bdivision is not i ive, past practice has found it
convenient. T ) ~

A gain of sensible heat is considered to occur when there is a
direct addition of heat to the enclosure by any one or all of
the mechanisms of conduction, vonvection, and radiation. A
gain of latent heat is considered to occur when there is an addi-
tion of water vapor to the air of the enclosure. For example
when the bumidity in an enclasure is increased by water vapor
emitted by human occupants, or by water vapor resulting
from a process such as cooking, the heat required to vaporize
the water does not come from the’ sir. .Maintenance of a
constant humidity ratio in a sealed enclosure requirés the
condensation of water vapor in the cooling apparatus at a
rate equal to its rate of addition within the encl The
rate of heat I from this d vapor would be
substantially equal to the product of the rate of de i
and the latent heat of condensation; this product, expressed
in Btu per hour, would be called a latent heat load.
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of the atmospheric constituents, notably water vapor, ozone,
atid carbon dioxide, absorb solar radistion and further reduce
t.hesuhxmergymchingthew'th’asurfaee.'l‘heinfensityof
sohrmdiaﬁonvaﬁeswithwavelengﬂ:,mchingspukn
about 0.5 microns (a micron equals 1/1000 of a millimeter)
and, for ical purposes, is confined to the radiati Spece
trum between 0.3 and 2.5 microns. The effects of scattering
and absorption vary with the wavelength, but making ap
exact analysis of these phenomena is impracticable in air-
conditioning estimates. The important principle to remember
is that the total radiation 7, reeeivedbyasurfaeentt.heearu;.
is the sum of Ip and I, where -
Ip = Klp. = the direct or beamad solar radiation, Bta per
(bour) {square foot of receiving surface).
Ips = the direct solar radiation on a plane normal to the
émuf[':ce x)ay!, Btu per (hour) (square foot of receiving

Lu = the diffuse solar radiation, Btu per (hour) (square foot
of receiving surface). This comes principally from tha
atmosphere itself as a consequence of ecattering.

and other objects. Such radiation ia usually diffuse,
The diffuse radiation strikes at all angles. .
1, = total incident solar radiation, Btu per (hour) (squars
foot of receiving surface). R
K = cosine of the angle of incidence, 6. For a vertical sur-
{ace, 6 is defined in Fig. 1. :
. Standardized, practical-purpose values of the direct solar
radiation 7, incident upon & plane perpendicular to the sun’s
rays at the earth’s surface have been proposed by Moon.®
Table 3 gives these values. They are representative of a clear
summer day at sea level elevation, and are nearly ideatical
with values derived from suggested design sol-air temperatures
for Lincoln, Nebraska.® Values typical of a humid industrial
area derived from sol-air data for New York City® are also
given in Table 3. Day-to-day changes in the amount of dust
and water vapor in the atmosphere cause large differences in
solar intensity values observed on cloudless days at a given
locality. For example, it has becn observed in Cleveland that
values of the order of those given for industrial atmospheres
are usually associated with dry-bulb and wet-bulb te;
tures near the design values of 95 F and 75 F (67 F dew point).
On the other hand, values approaching or exceeding those for
a clear at, here are often d during Cleveland
summers, but with dew-point and maximum dry-bulb tem-
peratures 10 to 15 deg lower. Considerable judgment, there-
fore, is required in selecting solar i ity values for design

purposes, )
Data regarding the irradiation of vertical and horizontal
suriaces by diffuse radiation are few. Suggested design

‘values for & 40-deg latitude on August 1 (18-deg declination,

north) are given in Table 3 for the two types of atmospheres.

Air-Conditioning Cooling Load

497

ot the' Earth's Surface, and

Toble 3 ... . Values of Ip,, Direct Solar Radiation Recei

d at Normal tncid

Values of I¢, Diffuse or Sky Solar Rcdiuﬁ'oﬁ;‘keeeiv'ed by Variousty Oriented Surfaces

Bt per (boor) {sguare foof)
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o e o et o sy at Cloveland oa cloudless diys during which the cbeerved nocial indidencn values choscly approzimated the
‘D;i'ﬂfm d dexizn sal-air for Naw Yark City {or & barizantal sarface with abheorptivity of 1.0,

These are based upon' observations made on c!out_ﬂess days in
Cleveland aver a period of several summers. Since less ex-
tensive data were available for industrial atmospheres, there

is more uncertainty regarding these values. In both instances,-

the values include an unknown amount of ground reflection,
which may be expected to vary with location. It should be
noted that clouds whith do not obscure the sun tend to
tncrease “diffuse radiation values. Nearby buﬂding? may
reduce diffuse irradiation by partial shading. =

Calculation Tables Lo
- The irradiation of a surface by the sun is the product of
Ip,, the direct normal radiation (see Table 3), and K, the
cosine ‘of the incident angle 6. For horizontal surfnca,}.he
cosine K equals the sine of the solar shtitude. For vertical
walls, K iaa function of the solar altitude 8 and the wall solar
ezimuth+y:

K = cos8 = coaf cosy o
These three are defined in Fig. 1. Values of K are given

‘The wall solar azimuth v may be found according to the
following schedule: ) ) .
walls facing east of south: For walla facing west of south:
For 7-l:m-8¢m. ) . y=¢+v¢yam
. . - T =¢-ypm
Treat negative values of « as if they were positive. Ify is
greater than 90 deg, the wall is in"the shade. .
Values of K for other -seasons and latitudes may be fouqd
in the literature,® or may be computed from data given in
Hydrographic Office Bulletin No. 214, Tables of Computed
Altiéude and Azimuth™ and the Ephemeris of the Sun.™ Table 6
shows the variation of sb!pr declination during the months
EBremple 1: Find the solar azimuth ¢ at 6:30 p.m. at 40-deg
north Iatitude op August 1. -7 © - ° R
Soludion: From Tablé 5 in the columa ‘of ¥ for'a ‘wall facing
west. ¢ for szl}l);.m. %9074-‘714 ;“104 dﬁmg %7":9.2 p“mml;
80 4 24 = 114 y interpolation, ¢-for 6: .m, is .
deg+weut of mf(.t 5:30 a.m, ¢ would be 109 deg east of
south).” : ;

£: Fied K for a wall facing .18 deg east of south at -
As a further example, the infiltration of outdoor air with a .
highdry-bulb‘. ® and a high humidity ratio, and the
corresponding escape of room air at a lower dry-bulb_tem-
perature and a lower humidity ratio, would increase both the
eensible heat load and the latent heat load, .

SOLAR RADIATION
Magnitude of Solar Radiation

1f & plane surface were set perpendicular to the sun's myg
(i.e., for normal incidence) outside the earth’s atmosphere, it
would receive solar radiation of about 445 Btu per (hr) (sq fi).
earth, would

e

. Ezampls s
in Table 4 and values of § and - are given in Table 5 for 18- '10:00 a.m. on August 1 at 50-deg north latitude. .
deg north declination (August 1). K ) " Solution: The wall azimuth is.18 deg. The solar asimuth’ is,
To compute K values for orientations other than those 48 d?mm (Cable 5).-The wall solar asimuth is 48 — 18 or 30
SivminTableS,ﬂxird&ngleqthelaruimuth,isrequimd.‘ deg. From Table 5, 8 is 50 dég. Thea: 7
In this di jon, ¢ will be d east from south in-the K .= 08 8 c0 5= c03 50X cos 30 = 0.643 X 0.866 = 0.557.
morning, and west from south in the afternoon. Hence, ¢ . el 100 p.ns
] values are equal to 90 deg minus the v values for an esst Em"?b"mxf“fhew‘qmgm“;?z::imm
. or west facing wall, except when Table 5 shows the south’ Mtlhw!” The :o:r&uim&ﬂ:_ i 8 d,e.;;[h e a2 de
¢ walls 4o be in the shade. In this case ¢ equals 90 4=, that  azimuth is therok Al . ) sogle
s, ¢ is greater than 90 deg. K = c09 42 X 003 83 ='0.743 X 0.122 =~'0.091. -

The wall azimuth ¢ is the angle, measured east from south * Boample 4: Find the total solir
to the perpendicular to the wall for walls which have sn- conditions of Ezample'2. - ]
easterly component, and west: from south for those having a "“Solution: Use clear atmosphers solar mwmb
westerly éomponent. For exampls, ¢ for-a wall facing north- g.lﬁtude‘:m the :m 'nonng.lqumdistigh 1s'273 B
E#isl:ﬁdeg.. son e e . v ft).Then:- 1. oo el

re——

L.

A similarly oriented surface, at the surface of the

ieceiveoonsidemblylesssohienexgybecatiseahrgepaxtof
the radiation is seattered in passing through the air, moisture,
smoke, and dust which comprise the earth’s atmosphere.-Some
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