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factors, U; mol-OJS. wall—0.25, glass—1.J3. N

venction
- room temperahue of 75 F, instead of the 72 F shown in Table 1, wos vsed in

the obove charfy. Net requiretesnt for the soufh exposure approaches
that of the north expossre o o day when the tky has a beavy dood cover.

Fig. 1....Typical Net Heating and Cooling Requirements of
Classrooms

Installation cost is a prime consideration in design. It
should be considered in relation to the overall cost of school

operation. The cost of maintenance ig reflected in man hours

required to provide proper operation and reasonable life
of the equipment. Proper locatnon, am, and working
space for the i are

or custodian time. Some systems requ.u'e more Irequent

WINDOWS ON TWO SIDES
‘Ccnd:ﬂcmrbovncimndmmmmtmﬁvwvmywlhm—bumd
chepe of cros-members. Temperatures are offen lower, often
bigher.

Fig. 2....Natural ‘Air Currentsin Classrooms

Natural air movements or air currents prevailing in the
space must be taken into account in design. Fig. 2 illustrates
two conditions: the first having wmdows located along one
side, the second having windi for
conditions are shown for elassrooms of the ﬁm type. It
i3 significant, as will be noted in these illustrations, that,
even though. the room tempersture at the control poim.
may be at the desired level, uncomfortable conditions could
be expected for t.he studenf.s in the first or second rows

the Direct radistion i

attention, overbaul, or replacement than others. Op
costs may be held to a minimum by: (1) selection of the
proper fuels for system requirements based on fuel eco-
nomxcs in a particular area; (2) providing flexibility for

of ‘of aecording to use; (3)
provision of ad 1 " p control aod
gystem control.

Periods of use cantemplated for the entire school bmldmg
or sections of it, due to school, or

of an auditorium meughout the summer or during sprmg

and fall monthy (in a region where these are mild) may
influence a decision to include air-conditioning systems.

DESIGN CONSIDERATIONS

Design for the required indoor envi for leammgA
must be made in cons:demhon of the heat loses heat gains,
and air ion means and Tates;

glmetposumcannotbefullyeﬂectwemwarmmgthe
descending currents of cold air unless it extends the fult
lengt.h of the wmdows is located clase to the window sill,
and is in the d temperature is
low enough to cause these downdrafts.

Ventilation means and rates are largely fixed by state
and municipal codes and vary considerably wﬂ.h type and
intended use of any building. Applieabl
are shown in Table 1. Namral ventilating sysf.ems are
those mlymg on opening of windows to admit and exhaust
air. N ical supply or exh are t.hose using
fans to supply or air. Natural
are not suitable for spaces such as gymnaszums, nud.lwnums
cafeterias, and meet.mg rooms, because of size or density
of pancy; nor for lab ies, large toilet rooms, locker
rooms, or kitchens in which intense odors are common;
nor in shower rooms where high vapor concentrations are

space tempemtum requirements; variability of
density; independent operation of various spaces; practi-
eabxhty of cooling; means of cooling (if it is to be mnluded
in the design); and automatic control of the environment.
A typlcal illustration of heat losses and heat gains in

d in Fig. 1, licable for sun effect

to about 45 deg north latitude and design temperature for
heating of 0 F. For the classrooms shown and based or the
construction and conditions described in the footnote, heat
gmnsmtheclnssroomw:tbnort.hexpwumequnltheheat

losses at 32 F. In the south classroom, practically no heating.

lsmquuednfterthemomlsocmpxedmdbghmd Ac-
cordingly, heat is required in the south elassroom enly for
warm-up. Cooling is required in north elassrooms at out-
door temperatures above 32 F and, in south classrooms, at
all temperatures above 0 F. Conditions shown for the
north classroom would apply to a south classroom wheu the
sky is fully overcast.

likely t. ur. It is not ible to obtain consistently good
room conditions i m classrooms by means of any ventdntlug
system that d on for d

of air. This is the case with each of the natural ventilation
systems shown in Table 1. The problems are due to the
following factors:

l. At low outdoor temperatures, the windows are kept closed,
in high odor it pe e

2. As outdoor temperatures rise, up to temperatures of 60
F, uncontrolled, uncontroliable, and va.mble drafts will occur
in the oecupled zone. Typical ‘conditions are shown in Fig. 3.

3. Frequent adjustment of window open; the in-
struetor, with from o m byuuex: will
be necessary to provide ad ventilation without
drafis and to maintain proper room tempersture.

4. Manual readjustment of window openings is an errlhc
-method of controlling ventilation.

5. The edvantages of saving time and obtaining greater ac-
curacy of temperature control are lost.

lled at the

School Systems
Table 1....Applicable Ventilating Systems and Room Temperatures
" Natwral with Noturad with | Mechanicol ical Supply,|  Room Temp
Spoce N Grarvily Ed‘:wﬂ " | Mechanical Exhoust and Exheust Gravity Exhoust F

. Classroo: No* Not No* Yes Yes 72
;. Gymnaai?:m No No No Yes Yes 60-70
3. Auditorium No No No Yes Yes 72
4. Kitchen No No No Yes No 85-70

. Cafeteri No 1f Code®* 1f Coder Yes - Yes 65-72
g. Meetin:‘Booms No No If Code® Yes Yes
7. ces Yes Yes Yes Yes Yes 72
8. Locker Rooms No Yese Yes* Yes No 75-80

. Laboratories - No No» No* Yes No 72
190. Sho i ¥ (.‘:ode‘ Iyi Code® ¥ agodeﬂ ‘#es %? 85-70

. Toilet Rooms (= ese es
}é Slg;:en No No No Yes No 75-80

« Bnbject to conditions, Sea taxt. b If permitted by code.

Tanperatum requumnents of -various spaces depend on

, degree of activity, and type of clothing.
Values genemlly aoeepﬁed are listed in Table 1.

In meeting spaces such as auditoriums, cafeterias, gym-
nasiums, and the like, the variability of occupant density
may warrant the use of separate units or systems for the
several spaces in order to permit their individual operation

" without operating the eatire school system.

It may be practicable to counteract the net heat gains
showanig 1orsnmeoit.hunbycoolmgwmhvenmxuun
air or other means besides refrigeration. This would require
the use of mechanical air wpply with sufficient cooling

ity at a 56 F d to offset the
net heat gains. If the amount of air requmzd -results in an
excessive cost of the mechanical system, a study should
be made of means of reducing the various cooling load
sources, parhoularly the solar load. When outdoor tem-
peratures are in excess of 65 F, windows with ample opening
topmduoempadchangesofmrmuwspaoeueneee&ry
to maintain comfortable conditions, unless cooling by re-
{rigeration is installed. When the outdoor temperature is
above 65 F, relatively high velocity air movement in the
space:snot‘ ionable from the dpoint of comfort.
Even under the most favorable conditions, ventilation sys-
tems canoot maintain comfort when the outdoor tempera-
ture exceeds 72 F.

DESIGN OF THE MECHANICAL PLANT

Heating, ventx.laung, and cooling loads are computed ac-
cording to the given in Chap 9, 11, 12, and
13. The performance req\urements of the various parts of
the gystem, d or ly,
aeeordmgwuse,mt.hm blished, with due ad
tion being given to the method of control and operation of
the entire school project. Heating requirements should be
determined for design conditions and_for warm-up periods,
the heawest warm-up load being that which occurs after a

i when the d is at de-

sign value, -

The load licabl during idering net
heating and . eoolmg loads, is derermmed and evaluated as
shown in Fig. 1. pr!anneduseoftbebuﬂdmgextends
through the summer, cooling design dry-bulb temperatures
used are those established by the ASHAE Technical Advisory
Cummltfee on Weather Design Conditions which are shown
in Column 6 of Table 2, Chapter 13, and referred to as “TAC
2Y2% Basis.” Design tanpemtum in common use, both

© Unlens rootms are interior,

4 I rooms ave small and bave openable windows.

dry- and wet-bulb, may also be fou.nd in the same table in

Columns 7 and 8. For detail lysis of fi of
occurrence of ditions by th fi may
be made to Region Climate Anal‘ym and Design Duta
published in 1951 by the A i of Archi

These analyses are available for all Umfed States areas.

The requirements of each of the mechanical systems in-
corporated in a school plant are as follows:

1 An adequate wnnn«up nte for hm, the ability to

temperatures to tions shown in
Tnble 1 thhm an acceptable mtervnl of time when the out-
door lmpencum is at denpx value, Ut , WAIm-up re-
after are asa

2. Mzum.enmee of indoor design temperature when eoolmg
is required. Considering the heat gains shown in Fig. 1, a
typical nmdysm of ability to provxde cooling with outdoor air
is shown in Fig. 4.

3, Um!oﬂmty of u;g motion, dmgssed u.nder Cmem fm- )

* providi constant air flow, with pmper dlstnbutlon of t.he

air supp
Unx!ormxty of temperature of supply air, discussed under

Criteria for Demgn

5. I of air, ding to applicable
codes; tberwiseonnmuon&lbaels discussed in Chapter
6 for quanm.y and Chapter 20 for dlstribunon

6. Interception ‘of deﬂecuun of window dmﬁs in_rooms
having 1 See Fig. 2.)

7. Acceptable noise levels wtueh wxll depend on location of
the school and on the equipment provid

TYPES OF VENTILATING SYSTEMS
Any ventilating system provides air circulation and thus
ircludes means of supply and exhaust. Ventilation systems

may be classified by the type of supply (window or mechan-
ical) or exhaust (window, gravity, or mechanical).

Air Supply Methods

. Windows are generally of double hung type or consist of
metal architectural sections, the bottom section being ar-
ranged to swing inward to deflect air upward and the top
gection to swing outward from a hinge at its top or center.
If double hung windows are used, a deflecting device, gen-
erally of glass, to prevent interference with light transmis-
sion, is provided at the bottom to deflect incoming eurrents
upward, as illustrated in Fig. 3, and thereby prevent them
from blowing directly on room occupants at desk level.
Since windows require manual opening, proper control of
air currents cannot be provided

..Mechanical air supply is generally provided by a central




