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with due consideration being given to the method of control
and operation of the entire school project. Heating require-
ments should be determined for design conditions and for
warm-up periods, the heaviest warm-up load being that which
occurs after a weekend shut down when the outdoor tgmpem-
ture is at design value.

The load licable during idering net -

heating and eoolmg loads, udemrmmed ‘and evaluated as
shown in Fig. 1. H planned use of the building extends
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section 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.
gian, is provided at the bottom to deflect incoming currenty
upward, as illustrated in Fig. 3, and thereby prevent them
from blowing directly on room occupants at desk level.
Since windows mquu-v manual opemng and since wind effects
on the ly ing, proper control of air
currents cannot be vrov:ded

Mechanical air supply is generally provided by a central

through the summer, cooling design dry-bulb p

used are those established by the ASHRAE. Technical Com-

mittee on Weather Data which are shown in Column 4 of

Table 2, Chapter 26 of the 1961 Guipe ANn Data Book. De- -

sign wei-bulb temperatures may also be found in the same
table in Column 6. For dehded malysxs of irequency of occur-
rence of by may be
made to Region Climate Analyses and Design Data, pubhsbed
in 1951 by the American Institute of Architects. These
analyses are available for all United States areas.

duct system, the air being delivered through wall grilles or
ceiling diffusers, or by self-contained units within the rooms,
such as unit ventilators and unit conditioners located at
the outside walls.”Grilles are generally located most cop-
veniently at the ms:de or corridor wall. They must be of
the deflecting type, ing upward in 3

the drop in the air stream when air is introduced &t lower
than room temperature. Diffusers are generally located in
eexhngs of rooms m & pattern to provide proper air dis-

deration of

‘The requirements of each of the h 5y in-
corporated in a school plant are as follows: :

1. An adequate warm—up rate for heahn}. the nhihty to
raise room thown in
‘Tahle | within an woept.shle interval of time when the out-
doar eempe;‘nwm is ab dwgn value. Usually, warm-up re-

are used ag a basis.

2. Maintenance of indoor design temperature when coohng

is required. Considering the heat gaina shown in 1, 8
typxml analys ni ability to provide cooling with oul r air
s shown in

3. Uml’unmty of !.:‘: mouon, dm:umd under Cnteru.s for

Dm‘n. system
provndmg constant air flow, with pruper d:stnbumn of the

4. mfonmty of tempersture of supply air, discussed under
an'm Fm- Design.
5. of i} to Aﬁm.bh
. codes: thcrvmeonammnalbamx,aaducumdm 1961
va! ANp Data Boox, Chapter 8 for quantity and Chapter 11
for distribution,
6 lutemspuon or deﬂechﬂn a! wu:dow drafts in rooms

{See Fig.
table noise levels wbmh wﬂl depend an loestion of LL
scbool mf on the equipment provided.

TYPES OF VENTILATING SYSTEMS
Any ventilating system provides axt c:rcuhtum and thus

In} of both wall grilles and diffusers, it
is important that the air-delivery path be free of ohstrue-
tions, which might be light fixtures and crossbeams; since
presence of ohstacles will result in' uncontrollable and
turbulent currents of air éxtending into the occupied zone
and causing drafta. Grilles and diffusers are generally se-
lected to pmvxde a wrmmal velocity of 50 fpm at ap-

rth the d from an wall

of other obstacle to air flow.

Exhaust Methods

Windows, when used for exhaust, are opened at the top
to take advantage of natural rise in the warm air to be
exbausted. Windaws are not fully effective for exhaust
purposes, except in completely still weather. Typical con-
dmonssbownl.nFig 3 mdlmtethat lfwlndowamont.he

dward side, air is introd d rather than

Gravity exhoust il i3 obtained through exhaust
grilles in the ceiling (or in & wa.l.l away from the windows)
connected to roof ventilators. Air is exhausted by wind
effect and chimney effect due to differential pressure re-
su.lhngfrumthermxlhea.d Th!stypeofexhnustxsusedm
con)unctlon wnth ur supply obusmed by admitting air at
the can be obtained by

includes means of supply and exh
may be classified by the type of supply (wmdow or mnclmn—
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
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thxsmetbodwnhmhmmshownmﬁg 3, J.ftherouf
ventilators are adequahely laxge However room conditions
cannot be fully P bie cold drafts
are certain to occur in cold mchcr Contral of conditions
depends on manual adjustment of window openings, &
method that is reasonably satisfactory only in mild climates,
but is not recommended where the design temperature is
lower than 30 F. Gravity exhaust ventilation may be used

in binati thh hanijcal air supply sy
In hani haust syst the roof ventilators de-
scribed in preceding paragraph on graevity exhoust ventis-
tion are replaced with motor-driven exhaust fans. 1f this
is used in conjunction with window supply of air,
it should be remembered that when windows are closed,
replacement air is drawn from the corridor or the ventils-
tion rate is greatly reduced. At such times, negative pres-
sures will prevail in the building, with adverse effects on
ooded i and other local exhaust

and fuel-ﬁnng equipment.

TYPES OF HEATING AND COOLING SYSTEMS

Systems may be classified according to methods of heat-
ing and eoolmg Each may be combined with means for

School Air Conditioning

ventilation in various ways. Only a few states have spemﬁe
mqummnts with respect to types of syst;
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windqw drafts into the classroom. Such retarns are fully

except in these states, engineers and administrators of sr.hool
construction are hee to nna.lyu and choose kinds of sys-

tems. The p i of such sy are ex-
tremely A di ion of those d most
often will follow.

Direct Radiation

This type of heating includes cast-irop radiators, cast-
jron or nonferrous convectors, and continuous finned-pipe
heating elements in connection with steam or water hest-
ing systems (see Chapters 6 and 8 in this volume and Chapter
46 ip the 1961 GuipeE ANp Data Book). The radiation must
extend the full length of the outside or window walls and the
funwiddlofhig;h windows used in cross-lighted designs iflus-
trated in Fig. 2. Control is obtsined by manual valves, by
individual automatic contro} valves for each room, or by an
automatic valve or valves controlling zones of ﬂxe system,
according to exposure.

Direct radiation may be used with natural ventilation,
natural venhlat.mn wﬂ.h gmvlty cxlm.ust and natural ven-
tilation with It is d d for the
mm—uplmdandtopmwdeawnnncu:tmnofnsmgan
to mix with the incoming cold air to temper it. However,
it is inadequate for this purpose, bemuae hntlng require-

- ments are satisfied at relati low

wmnasdnmmsmoecupxedwdhghwd,nsﬂlmmwd
in Fig. 1. The system requires the teacher to adjust apen-

. ings for ventilation. Installation costs can be relatively low.

"Panel Heating

* Flour panel besating is adaptable to the slab-on-ground
type and to the open-corridor type of school, particularly
in the warmer climates. Design data are given in Chapter
10, Panel Heating, which also describes features of panel
beating control systems. (See also Chapter 13 of the 1961
Guipe Anp Data Book.) The floor system lends itself well to
individual room sontrol, although zone control, mcludmg sev-
eral rooms of the same exposure in the same zone, is practi-
mble Floor panel heating systems are adaptable in areas

down to 0 F. Since the requirement
forhentmglsmawtmﬂymduoedwhenthespammoo-
cupied and lighted, as illustrated in Fig. 1, the panels should
be constructed to bave minimum mass‘and thus minimun
storage effect. This is accomplished by usmg a slab, only
sufficiently thick to enclose the ‘tubing or piping, undertaid

by & glab of insulating concrete. Even with light cancrete
panels, there is enough storage effect to cause overheating

after warm-up and to make it difficult to follow rapidly
changing loads. Any of the types of ventilating systems
already discussed may be ocombined with panel heating
systems. However, the panel heating system cannot be
effective in combating the natural condition of downdrafts
Mthzwmdows Thepanelsysﬂemlsweﬂndaptai for use in
Primary with glab- d floor construction,
where students spend much time on 2 the floor.

Central Indirect Air Systems

In'these systems, air is supplied for ventilation and beat-
ing. At a central point or points, outdoor ventilation air
and recirculation air is mixed and heated by automatically
controlled steam or hot water coils. Gravity or mechanical

is coordinated with the air supply system. The
central system can be arranged to recirculate air from
window slls to intercept the flow of un lled cold

ff only if the openings are located in the window
sills; if located below the sills, the natural air currents will
not be intercepted. There ‘are many variations of the
system, which may include features of central systems
described in Chapter 1. Air supply may be controlled by
zones of similar or
dividually controlled booster or rehen.t coils may be lomted
within ducts leading to each of the spaces. Individual room
control may also be provided. by a double duct system,
equipped with mixing dampers for each room located within
8 ghort distance ahead of the supply grilles or diffusers
servmgtheroom Means of cooling can be included.

Split System; .

The central i t air sy may be bined with
direct radiatich or convection units dscnbed m t.he pre-
vious section, Direct Radiation. In this air
may be supplied by the venh!aung system at coustant
temperature, usually 55 F, when the outdoor temperature
is less than 55 F. Inthmmsednectmdunonmaybede—
signed to take care of the building heat loss. In order to
prevent window drafts, the temperature of the ventilation
air should be controfled to require opemtmn of the direct
radiation when the outdoor temperature i below 55 F. The
direct radiation is iled by aut valves ted
byaroomthermosht{onhe ivid 1 room and ialty

ides reheat as required. These ay have wide ﬂen-
bdxcy but are usually lugber in ﬁm cost than central in-
direct systems.

Central Direct-fired Air Systems

These systs are forced circulation warm air furnace
systems. They may be arranged for single or double duct
air distribution, as discussed under Central ‘Indirect Air
Systems. This type of system is further discussed in Chapter.
5, Warm Air Hesting. They are usually installed with zone
eont.mls and artanged to permit use of any desired proportion
of outdoor air during periods of space occupancy. Mechanical
cooling may be obtained by installation of cooling coils in the
main supply ducts.

Unit Ventilators
Unit ventilators are used in classrooms to provide heat-
ing, controtled ventllmon, md eoohng, using outdoor air
as the cooling A unit are.
used in large rooms such as auditoriums, gymnasivms, and
larga lec'me rooms. Clasmom ‘unit ventilators are often
with hi bi or may be com-
bined with duets exzendmg tbe full length of the windows
and arranged either to dxsclmge air upward along the
window sills or withdraw air at the window sills and thereby
d drafts from the wind, In order to effect-
lvely intercept natural downdrafts, the return grille must
belocawdwlththe(opoftheumlah.helevelofthewm-
dow sill. Ci unit al; may also be bi
with extended finned-pipe. radiation at the window sills
to combat cold window downdrafts. Electrical unit ven-
tilators are also available. Unit ventilators using hot water
l'or hen.tmg and chilled water for cooling are usd for school
where y d use is d or where

" warm fall or spring seasons warrant the installation of air.

enndmnmng equipment. These units and their controls are
described in Chapter 45 of the 1961 GuipE Anp DaTa Boox.
The noise level of the unit il under the

ditions of the installation should be considered. These
Y have a high degree of flexibility.
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