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30. Vane Ratio: The ratio of depth of vane to minimum width
between two adjacent vanea.

STANDARDS FOR SATISFACTORY CONDITIONS

The object of air distribution in warm air heating, ventilat-
mg, md m—eondmomng systems IS to create the proper
of , and air motion in the

occupied zone of the conditioned room (Boor to 6 ft above
floor level). To obtain comfort conditions within this zone,
standard limits have been established as acceptable effective
temperatures. This term comprises air temperature, motion,
humidity, and their physiologicat effect on the surface of the
human body. Any variation from accepted standards of one
of these elements may result in discomfort to the occupaats.
The same effect may be caused by lack of uniformity of eon-
ditions within the space or by excessive fluctuation of-condi-
tions in the same part of the space. Such discomfort may
arise due to ive room air p variations (hori-

rontally, vertically, or both), excessive air‘motion (draft);- 3

failure to deliver or distribute the air according to the load
requirements at the different locations, or too mpxd ﬂuctua-
tion of room temperaturs or air motion (gusts). -

The ‘effect of air motion has been*investigated at Case'
Institute of Technology.! The comfort criteria used by these -

investigators are of interest. Draft was defined as any localized

ieelmgafcwhlmarmlhofcnypwmnafﬂwbody, due o -

air per idity and radi-

atmmubredwnstanl. The warmt.boreoolnessofndmn

was measured above or below, the controlled room condition

of 76 F dry-bulb temperature at the center of the room, 30 in.
above the floor, and air movmg at approximately 30 fpm. -

To define the difference At in effective temperature between

any pamt. in the occupxed one; and t.he control condition; the

used the f ing

‘byRyd
bék'gandNorback' .

GUALDE PTop

= -7 -0 07(V. - 30) u) ’

iwhete

t.-.- local air strmm -bulb tempernture, FAhnmth
= local air stream velocity, feet per minute.

Equnhon 1 takes into account the feeling of coolum pro-
duced by air motion. Equation 1 shows that a one degree tem-
peratire change is equal to a 15 fpm velocity change,-and is
used to establish the neutral line in Fig.:1. In summer, the
local air-streatn temperatute #s is below the control tempem—
ture. Hence, both temperature and velocity terms aré nega~
tive when the velocity ¥, is greater than 30' fpm, and both, of
them add to the feeling of coolness. If, in winter, l.lsabove
thé ¢onltol temperature, any. air velocxty above 30.fpm:will
subtract from the feeling of warmth produced by & Therefors,
it is usually, possible to have zero difference in eﬂ‘ecuve tem-
perature between location z and t.he eonml pmht. ter,
but not in summer. . - -

Houghten® presmted dat.s which make it pcﬁble o't (m~
pret statisti - the of room paats who will

tolerate or object to a'given ) draft condition. Fig.'1 presenfs

Houghten's data in the form used in, Reference 1.

Although the peréentage of room occupants who will ob;ec\
- hocerta.mcondmonsmnychmgeomupenodo{ymm, Fig.

1 gives valuable insight into the possible objectives of room

air distribution. The data show that a person will tolerate

higher velocities and lower temp 8% ankle level than
at neck level. They also prove that conditions in the oceupted
zone are more critical at seating level than they are near the
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Fig.1..s of Occ Objecting to-Drafts in’

Anr Cond‘honed Rooms L

_" iWith a one degree oémpemf,u.re depression, a velocity of 15
fpm produces a feeling of warmth, whereas, velocitiés'6f 40
and 60 fpm would. be aoceptable to 80 and 80 percent of thé
occupants, respectively. Room air velocities from 20 6°50 fpia
have been considered as a criterion for room air motion, how-
ever, Fig. 1 shows that even-higher velocities may be aceepfr
able to a large percentage of the occupants. -

In the following sectxon, it will be shown that, during heaff
ing, t at zone with air
ve]ocltws generaﬂy between 15—20 ipm Since the stagnant
zone occurs from the floor or ankle level up, Fig. 1.chows that
80-90 percent of the occupants will accept an ankle-to-sitting:
level gradient of 3.5 to 4 F deg dunng heating. The followmg
scetion also indicates possible regions of high ' rogm* <
locitien with various outlets and the later sections on
dats to caleulate the magnitude of the air velocities. Wiib
this information, Fig. 1 permits an evaluation of the acvep'&-
bxhty of the air distribution.

“Reference should be made to Chapter 7, Physmlog\cal
Principles, for information on effective temperature and eoin-
fort lines, and to Chapter 14, Sound Contro, for aceephble
room noise levels and noise generated by air outlets, Ma!
in Chapters 21 and 24 to 28-in’ the 1964 Gumg Anp'
Boox deals with the health, safety, and eﬂicxency of workers,
and with temperature and hum:dxty requirements fo prod-
uets and manufacturing processes.
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_PRINCIPLES OF AR DISTRIBUT|ON

Condxtaoned air i3 supplied to air’ ‘outlets at mnpemmms
snd velocities which differ greAUy from those in the ocoupied.
one of the room. Proper air dlstnbuhon, themfom, calls-for.
(1) entrainment of room air by the pnmary air stream outside
of the zone of occupancy in order thal air motion and tem-
pemtum differences will bé reduced to acceptable limits’ before
the air enters the occupied zone, and (2) couhteraction of the
natufal convection and radiation effects within the room. -

The complexity of practical room air distribution problems
is due to inoumersble varistions in building construetion,
system_design, and operating requxrementa and makes the
exploration of the basic chnncter o! air, distribution impera-

CEILING OUTLET -
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outlet. dangns, ouﬂet.s ard often better dw:nbed b
eonstrucuon (eehm (See Cbaptcr 30 Au' Dx.ﬁusmg Eqmp-

ment.) - -
Ouflet Performance. ;.
In the outlet perform testa at the Uni
nois,* the investigators used five groups of outlets:
1, Group.A. Outlets mounted i m ‘or nea.r the ceiling and
2. mGeronp B. Oghlm mom’:’ted in ear t.he ﬁoar and dlschug
air verh ly in & non«eprendmg jeto
3. GN\:K C." Qutlets mounted in or:tear the ﬁoor and dis-’
e

air in a vertical b
LGmu D Outluumountedmornea.rtheﬂooranddxs-

i ,Aof 117N

tive. The theory of room air d is not lete but-
4 considerable fund of knowledg mpportedbyexperlmentsl

id: is available for, the soluti of many air distrib
problems, :

Many heating and cooling tests at the Umvamty of Ill.moxsr

E“mﬁe.nng Expenment Station* have resulted in the formu-

lation of certain principles of outlet performanee, which pro<’
vide an important guide for solving eir distribution problems - -

involving (a) proper selection and application of supply and
return intakes, (b) selection of perhnent indices of air dis-
uibution, (¢) ehm:mhon of trouble spots in existing systems,
(d) comparison of air distribution field studies, (¢) evaluation
of other factors which may affect air dxs'.nbutlon, such as

loading and blower opcmhons, (f) evaluation of particular sir .

distribution devices pnnr to msta!latnn, and (g) design of
mpplyoudets. :

Types of Air Outlets. Supply outlets may be classified as
sidewall, ceiling, baseboard, or floor outlets, according o,

their location in the room. However, since thers are numergus ~

5. Group E. Out.leta mounted in or near the oell.mg and
Wect.mg the primary air ;emm.lly (This group waa tested but a0t

in Reference4.)

Analysis'of outlet performance was based on primary sir,,
paﬁem, total air pawem, stagnant air layer, natural con-
vection currents, return air pattern, and room air motion.

Figs. 2 to 6 show the air motion characteristies 6f:the five
outlet gxoups. The general principles of air] *distiibution em-
‘- phasized by these tests which should be kept in mind while

revmwmg Figs. 2 to 6 are:

) The pri air, shown b,
fmm the m:trydow;\ to a
treated

clearenvelopesmﬁzu2w6

ity of about 150 fpm can be
analytically and shown the eame characteristics for both

e T abshows b diagonally lined envel Ti
total air, shown by envelopes in Figs.
2 to 6, is etill influenced by the air and is relatively high

‘velomty air, but less than 150 fpm, with air temperitures
erally within 1 F deg of the room temperature.
influenced by the environment, and, thus, tends to drop during '
;... ooling and tends to rise during heating. The total air ia not sub-
ject to precise analytical treatment.
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