268

arise due to ive room air t ture variations (hori-
zontally, vertically, or both), excessive air motion (draft),
{ailure to deliver or distribute the air according to the load
requirements at the different locations, or too mpld fluctua~
tion of room terperature or air motion (gusta).
With reference to permissible room air motion it is not
pomlble to establish a specific standard oovp:mg the entire
blem of air distribution. Velocities less than 15
fpm generally cause a feeling of air stagnation, wh
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during cooling. (Refer to Bibliography: Cooperaf.we Research
at Case Institute of Technology.)

VENTILATING JETS IN AIR DISTRIBUTION

A surprising similarity between the shape of jets exists at
a short distance from the outlet face, whether the outlet is
round, rectangular, grille-like, or a perforated panel. The jet
discharged from a round opening forms an expanding cone,

velocities higher than 65 fpm may result in a sensation of

draft. Air velocities of 25 to 35 fpm in the occupied zone are

most satisfactory, but air motion of 20 to 50 fpm will usually
be acceptable, with the lower values used in cooling applica-
tions, and the higher values in hesting applications. The
permissible sir motion depends to some degree on the geo-
graphic location of the air-conditioning installation. In addi-
tion the noise level created by the introduction of supply air
should be kept within acceptable limits, and streaking or
smudging of walls or ceilings should be prevented.
Reference should be made to Chapter 6, Physiological

h jets from rect outlets rapidly pass from rec-
tangular to elliptical cross-sectional shape at a short distance
-from the outlet face, and then to circular shape, at a rate
depending primarily or the aspect ratio. Even in the case of
wide-angle grilles and angular outlets, the gimilarities are
such as to permit the same analysis of perinrmsnoe

For many conditions of jet disch fore, it is possibl
to analyze jet performance, and to determine ) the angle
of divergence of the jet boundary, (2) the velocity patterns
a.long the jet axis, (3) the veloc:ty profile at any cross-section
in the zone of maximum engineering importance, and (4) the

Principles, for information on effective temperature and com-
fort lines, and to Chapter 25, Sound Control, for acceptable
room noise levels and noise generated by air outleta. Material
in Chapter 51, Control of the Industrial Environment, and
Chapter 50, Process and Product Air Conditioning, deals with
the health, safety, and efficiency of workers, and with tem-
perature and humidity requirements for products and manu-
facturing processes, respectively.

PRINCIPLES OF AIR DISTRIBUTION
Conditioned air is supplied to air outlets at temp

t ratios in the same zone.!
In using the data presented in this section, however, the
following must be kept in mind:

1. The method ol"i ﬁndmg 1e'. velgcmes is based upan s several
two
tions must be used with caution for extreme axial and r;
nces.

2. The ch istics of the low-vel ‘,reo of il
ing jets are not yet well understood. Neither for axial nor radial
jets are the effects at various Reynolds number fully known.

3. The quantitative treatment of the forces that govern room
air distribution problems has been Limited, and non-igothe:

and velocities which differ greatly from those in the occupied
zone of the room. Proper air distribution, therefore, calls for
(1) entrainment of room air by the primary air stream outside
of the zone of occupancy in order that air motion and tem-
perature differences will be reduced to ncceptable Jimits before
the air enters the occupied zone, and (2) counteraction of the
natural convection and mdmtmn eﬂ'ec!s vnthm the room.

involvinpg buoy: forces have not yet been fully
explored.

For equations describing the performance of non-isothermal
jets resulting from the air distnbution research at Case Insti-
tnbe of Tec ology see Referenm 2 and 3. (Refer also to

+ ASHAE Coop ve h at Kansas State
College.)

4. Most investigations have been concerned with free jets,
wheress air streams in practical room sir distribution are not

The plexity of practical room air d
is due to mmxmerab\e variations in building constmct.mn
system design, and operating requirements, and makes the
exploration of the basic character of air distribution impera-
tive. The theory of room air distribution is not complete but
a oonmdenble fund of knowledge supported by experimental
is available for the solution of many air distribution
problems. In particular, research at the ASHAE Research
Laboratory and at Case Institute of Technology have ad-
. vanced iderably the fund. tal knowledge on ventilat-
ing jets in air distribution. Also, a comprehensive survey of

the literature relevant to air dlstnhutwn pmblems was made .

at the ASHAE R h Laborat _yandlsan
and timesaving tool for every researcher i in a.lr dxstnbutmn
(Refer to Bibk hy: ASHAE R h L y-)

The cooperative sesearch program in air distribution at
Case Jnstitute of Technology was started in 1937. The early
research dealt with methods of measurementa and the avaii-
able instruments; next the basic flow patterns of free round
mdxectangular)et.smanopenspa@werestudmd A third
phase was concerned with diffusion rates and characteristics
of free jets from the more complex types of outlets, such as
grilles with guide vanes, narrow slots, perforated panels,
plaques, and round celhng dxﬁ'usem The latest plmse has
dealt with air d by isoth 1 jets,
especxally in confined spaces, and has included experimental
work in cold-wall rooms during heating ahd warm-wall rooms

fres but are d by walls, ceilings, floors, and
obstructions, (Refer to sections an Eﬁect of Wa.lg and Ce\hngn
and Room Air Motion.)

Angle of Divergence

The angle of dlvergence i3 very definite close to the outlet
face, but the bound are g blllowy and
are éasily affected by extemal influences. Here, as in air dis-
tribution generally, room air movement is replete with local
eddies, vomces, and surges, which are manifestations of un-
bdance in the forces acting within the air stream. These in-
ternal forces govern the air motion, yet they are extremely
delicate*

Measured angles of divergence (spread) for dxscha.rge into
Iarge open spaces have usually ranged from 20 to 24 deg with
an average of 22 deg. Coalescing jets for closely spaced mul-
tiple outlets expand at somewhat smaller angles, averaging
18 deg, and jets discharging into relatively small spades show

even smaller angles of expanmom' Tests indicate that -in -

cases where the outlet area itself is-small compared to the
dimensions of the space normal to the jet, the jet may be
considered free as long as

X £ 1544,
where
X = distance from face of outlet, feet.
Ag = cr ional area of the d space, square feet.’

Air. Distribufion

Four Zones in Jet Expansion

In apalysing the performance of jets, four msjor zones can ~
be dlstmgmshed They may be roughly defined in terms of
the maximum or centerline velocity exrsung at the cross-
section being considered:

Zone 1: A short zone, extending about 4 diameters or widths
from the outlet face (or vena contracta for orifice discharge),
in which the maximum velocity of the air stream remains prac-
tically unchanged.

Zone 2: A transition zone, extending to about 8 diameters
for round outlets, or for rectangulnr outlct.s of sma.ll a.spec'.
ratio, over most of which
as the square root of the distance from the outlet. For rectnngu-
Iar outlets of large aspect nhw thzs zone is elongaled and ex-
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tends from about 4 widths t y equal
to the width multiplied by fou.r times tlm aspec'. ratio.

~

Zone 3: A long zone, of major eng)neennF 1mporta.uce, in
in which the max:mum velocny varies inversel

from the outlet. This zone is often called the zone of fully es-
tablizhed turbu

SLOT LENGTH = INCHES

flow ?.ud nrly be 2? t.g 100 dxumctemhl:nﬁa(ar
equivalent diameters of equal areas), depending on t!
aqnd ares of the outlet, the initial velocity, and t| d.unenslons % / :rr:cnv:ozmm
* of the space into which the outlet discharges. B ROUND AND RECTANGULAR |
t!pZmu éhaA terminal v‘e‘ig:n :lyl :v!ucb in t'.'he case of ¢ ey 7 OPENINGS (PLENUM APPMRMC‘ "

or, in the case of large spaces free from wall effects, the maxi-
mum vdocltgedecmam rapidly-in a few diameters to the ve-
locity range below 50 fpm which is usually regarded as still air.
Centerline Velocity in Zone 3

Research has shown that maximum or centerline velocities
in Zore 3 of straight flow isothermal jets can be determined
with good engineering accuracy from
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Table 1.... Recommended Values of the Centerline Velocity

Constant K or K’
(See Equation 1)
’ 3 X
- Type of Outlet Vo= [ Vam jVam | Vo=
500 to [2000 to] 500 1o {2000 %
1000 |10,000) 1000 10,000
Free Openings . !
Round or Square | 5.0 6.2 5.7 7.0
Rectangular, large aspect | 4.3 5.3 4.9 6.0
ratio (<40) .
Annular glots axial or radials | — — 3.9 4.8
Grilles and Grids
Free area 40% or more 4.1 5.0 4.7 5.7
Perforated Panels .
© Free area 3 to 5% 2.7 3.3 3.0 3.7
Freemalotom% s, 35 4.3 4.0 4.9

'Fandnllbhml/ﬂmﬂe‘ddxl(A)"' B-thwhu:hhrnd&hdthn
el

Nete: K and K’ are indexes of loss in axial kinetic energy. Interpolate as ro-
quired. Departures from maxitium value indicate losses in firat xnd second zanes
when compared with the jet from a rounded-estrance, cireular noxle.
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Fig. 1... Effective Diameters for Round and Rectangular
. Openings (P!emm Approach)

where
V. = centerline velocity, feet per minute.
Vo= _ Y = average initial velocity at discharge
Ci X Ry,
from open-end duct or across contracted stream
at vena contracta of orifice or multiple-opening
outlet, feet per minute.

V. = nominal velocity of discharge based on the core
area, feet per minute.

Ce= fficient of disch (usually bet 0.85
and 0.90).

Ry, = ratio of free area to gross (core) area.

X = distance from face of cutlet, feet.

K and K’ = porpertionality constants, with K’ = 1.13 K.

Dy = eflective or equivalent diameter of stream at
discharge from ‘open-end duct or at a con-
tracted section, feet.

Ay = A, X C¢ X Rso = effective area of stream at
discharge from an open-end duet or at & con-
tracted section, square feet.

A, = measured groes (core) area of outlet, square
feet.

‘Q = discharge from ou'.let cubic feet per minute.

Equation 1 is di | and requires only that con-
sistent units be used, as in the above nomenclature. Values
of K and K’ are fisted in Table 1.1, %

Low velocity test results, in the range V. < 150 fpm, indi-
cate that the normal values of K and K’ should be reduced
about 20 percent for ¥, = 50 {fpm, as used in later Equation
4b for throw. Fig. I gives the effective diameter Dy in inches
for single openings and includes the coefficient of discharge.”
Similar values for grilles are available in the literature or can
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