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

Local codes may establish requirements for construction,
glass areas, ventilation rates, etc., which exceed values found
reasonable in consideration of knowledge gained since they
were prepared. This is natural because codes usus]ly are
brought up to date only periodically when need for revision
is made obvious.

Installation cost is a prime consideration in design. It
should be considered in relation to the overall cost of school
operahon. The cost of mmnoemnee is reflected in man hours

ide prope: and ble life
of the equxpment Pmper locatxon acces and working
space for the are
or custodian time. Some gystems reqmm more frequent
attention, overhaul, or replacement than others. Operating

WINDOWS ON TWO SIDES
* Conditions shown af windows are conservafive; vary with number and
éhope of cross-members. Temperctures are offen fowars velociies often
bighes.

Fig. 2....Notural Air Currents in Classrooms

to about 45 deg north latitude and design temperature for
heating of 0 F. For the classrooms shown and based on the
construction and conditions described in tbe footnote, heat
gains in the classroom with north exposure equal the heat
Josses at 32 F. In the south classroom, practically no heating
is required after the room is occupied and lighted. Ac-
cordingly, heat is requned in the south classroom only for
warm-up. Cooling is required in north classrooms at out-
door temperatures above 32 F and, in south classrooms, at
all temperatures above 0 F. Condmons shown for the
north classroom would apply to a south classroom when the
gky is fully overcast.

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 windows located along one
side, the second having wind for cross-lighti

oos\‘.smaybehddtoa by: (1) selection of the
proper fuels for system requirements based on fuel eco-
nomics in a particular axea, {2) prowdmg flexibility for

operation of secti y ding to use; (3)
provision of ads temp control and
system control.

Periods of use contemplated for the entire school bmldmg
or gections of it, due tn school, or Y use

of an audi the or during spring
and fall months (in ar region where these are mild) may
influence a decision to include air-conditioning systems.

DESIGN CONSIDERATIONS

diti are shown for classrooms of the first type. It
is signifieant, as will be noted in these iltustrations, that,
even though the room temperature at the control pomt
may be at the desired level, uncomfortable conditions with
such impairment of health as may be due to cold drafts could
be expected for the students in the first or second rows
paralleling the windows. Direct radiation installed at the
glass exposures cannot be fu.lly effective in warming the
descending currents of cold air unless it extends the full
length of the windows, is located close to the window sill,
snd is in operation whepever the outdoor temperature is
low enough to cause thess downdrafts.

Ventilation means and rates are largely fixed by state
and mumcmpal codea and vary considerably with type and

ring adviee is "dunng,"' y design
on the effect of fenestration and orientation on room condi-
tions; the advisability of outside shading on glass exposures;
construct.xon of the bmldmg mcludmg insulation for most
irable room tem-
peratures; and costs of the mechamca.l plant.

Design for the d indoor envir for learning
must be made in consideration of the heat losses, heat gains,
and sir movements; ventilation means and ventilation rates;
Space temperature requirements; vana.bmty of occupant
density; independent operation of various spaces; practi-
nnbxhty of cooling; means of cooling (if it is to be included

ded use of any building. Applicable ventilating systems
are shown in Table 1. Nat,uml ventilating systems are
those relying on opening of windows to admit and exhaust
air. Mechanical supply or are those using
fans to supply or exhaust air. Natuml ventilating systems
are not suitable for spaces such as gymnasiums, auditoriums,
cafeterias, and meeting rooms, because of size or density
of oecupancy; nor for laboratories, large toilet rooms, locker
rooms, or kitchens in which intense odors are common;
nor in shower rooms where high vapor concentrations are
Iikely to occur. It is not possible to obtain consistently good

in the design); and automatic control of the envi:
A typical l.llu.stmhon of heat losses and heat gains in

isp d in Fig. 1, licable for sun effect

room di in el by meens of any venmht.mg
system that d ds on for introd
of air. This is the case with each of the natural ventilation
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Table 1.... Applicable Ventilating Sy and Room Temperatures
s Notural with Natural with | Mechanical Supoly | Mechanical Supply,!  Room Teemp
Spaca Ratore! Gravity Exhoust | Mechaaicol ond Exhoust | Grovity Exhoust F
' No* No* No* Yes Yes 72
PR b No No No Yes Yo 60-70
3. Auditorium No No No Yes Yes 72
4. Kitchen No No No Yes No 65-70
i No If Codeb- ¢ 1f Coder Yes Yes 65-72
g. gl‘e‘;‘iﬁ;!ﬁoom No No If Codee Yes Yes 72
7. Offices Yes Yes es Yes Yes
8. Locker Rooms * No Yes: Yes* Yes No 75-80
Labo i No No= Yes No
"y Sbnp:awnes 1f Code If Code* If Coder Yes Yes 65-70
11. Toilet Rooms Yeat Yese Yes No 70
12. Showers No No No Yes No 75-80

* Sabiest to coaditions. See text, b If permitted by cods

shown in Table 1. The problems are due to the
following factors:

1. At low outdoor temperatures, the windows are kept closed,
resulhng in high odor intensities.

¢ Uniless roams are interior.

Lt rooms are emall and have opecabls windows.

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 heavlm warm-up load bemg that which occurs after a

d when the ure is at de-

ratures rise, up of 60
F, 2unAc:n‘:ln‘ﬁ$r uﬁ;l;euoﬂnble, and va.nsb!e drafts will_oceur
in the occupied zone. Typical conditions are shown in Fig. 3.

3. Frequent adjustment of window opemng by the in-
structor, with frot duties, will
be necessary to provide without
drafts and to maintain proper room temperature. i

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

5. The advantages of saving time and oblammg greater ac-
curacy of temperature control are lost.

Temperature requirements of various spaces depend on
occupancy, function, degree of activity, and type of clothmg
Values generally accepted are listed in Table -

In meeting spaces such as auditoriums, cafe'.enas, gym-
nasiums, and the like, the variability of occupant density

may warrant the use of separate units or systems for the

d ¢ o,

sign value.

The load licable during idering net
heating and cooling loads, is determined and evaluated as
shown in Fig. 1. If planned use of the building extends
through the summer, cooling design dry-bulb temperatures
used are those established by the ASHAE Technical Advisory
Committee on Weather Design Conditions which are shown
in Column 6 of Table 2, Chapter 13, and referred to as “TAC
2Ve% Basis.” Design temperatures in common use, both
dry- and wei-bulb, may also be found in the same table in
Columns 7 and 8. For detailed analysis of frequency of
occurrence of extreme conditions by months, reference may
be made to Region Climate Analyses and Design Data,
published in 1951 by the American Institute of Architects.
These a.nnlysm are available for all United States areas.

The req of each of the mechanical systems in-

several spaces in order to permit their individual operati
without operating the entire school system.

It may be practicable to counteract the net heat gains
shown in Fig. 1 or some of them by cocling with ventilation
air or other means besides refrigeration. This would require
the use of mechanical air supply with sufficient cooling

capacity at a 55 F outdoor air temperature to offset the ~

net heat gains. If the amount of air required results in an
excessive cost of the mechanical system, & study should
be made of means of reducing the-various cooling load
sources, ps.rtlcularly the solar lead. When ocutdoor tem-
peratures are in excess of 65 F, windows with ample opening
to produce rapid cba.nga of air in the space are necessary
to mmntam comfortable conditions, unlem cooling by re-

is installed. When the temy is
above 85 F, relatively high velocity air movement in the
space is not objectionable from the standpoint of comfort,
Even under the most favorable conditions, ventilation sys-
tems cannot maintain comfort when t.he outdoor tempera-
ture exceeds 72 F.

DESIGN OF THE MECHANICAL PLANT

Heating, vmhhhng, and cooling loads are computed ac-
cording to the es given in Ch 9, 11, 12, and

. 13. The performanoe requirements of the various parts of

the system, whether combined or operaf.mg sepmtely,
according to use, are then established, with due

corporated in a school plant are as follows:
l An adequnte warm-up rate for heaunj; the ability to
to shown in
Tnble 1 wnt.hm an acceptable interval of time when the out-
door wmpe;‘auue is at dmgn value, Usually wsrmvup re-
ter a basis,

2. Maintenance of indoor design temperntum when cooling
is reqmred Considering the heat gains shown in Fig. 1, a

typical analysis of ability to provide cooling with outdoor air
is ahown in Fig. 4.

3 Umfonmty of th‘:: motion, dzscussed unde.rbOnLena for

gystem
pmvxdmﬁ constant air flow, with pmper dxnnbutwn of the

4. Uzufonmty of temperature of supply air, discussed under s
Criteria for Design.

5. Introduction of il
codes; otherwise on a rational bagis, as dxscuasad in Chnpmer
6 for quantity and Chapter 20 for dmtnbu

5. Inbemepmm or deflection of wmdow d.ra.ﬂx in rooms
having such as (See Fig. 2.)

7. Acceptable noise levels which will depend on location of
the achool and on the equipment provi

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

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




