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jeu aro the effects at various Reynolds pumbers fully, known. - i/

3. The quantitative trestment of the forces that govern room
air distribution problems has been limited, and non-isothermal
gd.lumu involving buoyant forces have not yef. been fully

4. Most investigations have been 4 with free jots,
;vhmursgue:malg mcﬁc&lguomnirdistribuﬁogmmt
Tee streams are influ walls, and

s enced by ceilings, foors,

Angle of Divergence

The angle of dxvergence is very definite close to the outlet
face, but the bound a.re t billowy and
mmmly £ “byex(.enml Here, as in air dis-
is replete with local
eddies, vortices, md surgu, whlch are manifestations of un-
balance in the forces acting within the air stream. These in-
ternal forces govern the air motion, yet they are extn’.mely
delicate.®

Measured angles of divergence (spread) for dischargé into
large open spaces have mngedfmmmm%degmﬂ)
an average of 22 deg. Coalwcmg jets for closely spaced mul-
tiple outlets expand at somewhat smaller angles, averaging -
18 deg, and jets discharging into relatively small spaces show
even smaller angles of expansion.? Tests indicate that in
cases where the outlet area itself is small oomparedmu)e
dimensions of the space- normal o d:e je'., the ,et my be
eonmdered free as long as:

: ‘X < 1.5vAz
where

X = dm.n.ncelmm fueafout.lev. feet.. - sl -
A.-uvss—eect.wnnlmoﬁbeconﬁnedspace squa.refeet.

Four Zones in Jet Expansion

In umlynng the performance of jets, four malor zones can
. They may be roughly defined in terms:of
the maximum or centerline velocity ensung at the o
secuanbemgeonmdemd et
Zome 1: A short sone, extcndmg nbou'. 4 dmmeters or wu‘ltbs
from the outlet face (or vena for orifice d
in which the maximum velocn.y ol the air stream remains prac-
tically nnclnngsd

Zone 2: A i di about 8'd
for round outlets, or for rect-sngulu ou'.le'.s of small upect
ratio, over most of which vary i

as the square root of the distance from the outlet. For rzct.angu-
lar outlets of large aspect ratio, this zone is elongated and ex-
tends from about 4 widths to a distance approximately equal
la the width multiplied by. four.times the upect ratio.
Zone 3: A long rone, of major engineerin lmpomnce .in
in which the maximum velocxty varies inversely as the distance
from the ocutlet. This sone is often called the zone of fully es-
tabbizked turbulent flow and may be 25 to100 diameters long {or
equivalent diameters of equal masf depending on the sgx.pe
and area of the outlet, the initial velocity, and the dimensions
of the space into which the outlet discharges. .
. Zone ‘ A terminal gone in which, in the use of eonﬁned
spaces, velocity d at
or, in '.he case of large spaces free from w:!l effects, the max:
mum vclocl&gddecmues rapidly in a few diameters to the ve-
locity range below 50 fpm which is usually regarded as still asr,

Centerline Velocities in Zones 1 and 2
Experimental evidence indimfm that in Zone2 " v

/—ﬁ— L (2)

where  Ha = width of jet at outlet or at vens contracta.
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Approxmtely the same values of K’ apply as for Zone 3

expansion from axial outlets.
In Zone 1, the ratio V,/V, is constant and equal to the ratio

_of the center vebcxty of the jet at start of expansion {o the

nvemgem velo:xx;.y, ranging from approxi 1y 1.0 for ded
entrance no: to about 1.2 for straight pi d]scha.rge by
with much higher values for dxvergmgma:ﬁge o

Since aspect ratio’ and turbulence® primarily - aﬂec; the
cen(er line velocities in Zones 1 and 2, the importance of H,
is obvious. In commercial testing it has been shown, that
aspect ratio -has little effect on the terminal rone of the jet
when H, is greater than 4 in. This is parucu.lnrly true in the
case of non-isothermal Je(.s. When H, is very small it is
possible for the induced air.to penetrate the core of ﬂze jet,
and thus effectively to reduce center line velocities. The dif-
ference in performance between the radial type outlet with a
small. Ho and the axial type outlet with a large H, shows the
xmporta.nee of the thickness of the jets.

When air is discharged from perforated panels of relatively
Inrge sizes the constant velocity core formed by t.he eonles-
cence of .the individual jets extends a bl T
from the panel face. In this In this Zone 1 region, when the ratio Dis-
tance from panel/- '/Panel area is less than 5, the equation

V. = Vel2vT X B L@
] .usedfor tin canferhne ,A'
Centerime Velocdy in Zone' 3

**Research has showp that maximum or centerline’ velocma .

‘in Zone 3 of st.mght ‘flow isothermal’ jets can be deﬁermmed
wnh good engmeenng wcumcy from -

V. . KD. - K'A, -
Ve ' X T X ool

TXVA X G X E;

f P T

V = eent.erhne velocny, feet per mmuto

. _Vc Cox B " aversge initial velomt.y at dmchnrge

CiX R
. 'from open-end duct or across contr
at vena contr: of orifice ar mul

out.let feet per mmu'.e

‘: J X - d.m.n.nee fmm face of outlet, feeL . ,
K and K" = pmportmnahv.y oonst.nnu, "with K’=1 13
D. = eff or

" tracted secuon, feet.
Ay = A X Ci X R = eﬂ'eehveueaofat
discharge from an open-end duct ‘or at
I tracted section, square feet.
. 4. = measured gross (core) mrea of ou'.lev. squm
- - Afeet.
" Q = discharge from outlet, cubic feet per minute.

Since Ao equals the effective area of the stream, the flow

$pace Air Distribution

Table 2 .v-. Recommended Valuesof the Cenierlme Velocrfy
Constant K or K’

.'.__ {Sec Equation 4)

. K

Type of Ovtist - Vo= | Vo= | Vo=
500 to 2000 o} 500 o
. 1000 | 10,000 | 1000

Free Openings. . -
Round or 8quare 5.0 6.2 5.7,
Rectangular, large aspect | 4.3 | 5.3 | 4.9 .
ratio (<40} PRN
Annulir slots axial or radial* | — — 3.9 [-48
Grilles and Grids -

Free area 40% or more -| 41-} 5.0 | 47-| 5.7 N
. Perforated Panels’ ) - . -
Free ares. 3 t0.6% 2.7 | 33| 30737 "
qun’enlﬂtow%, 3.5 4.3 4.0 1-4.9 i y v
‘rwndnldouu-xmmddxlu)-" Huunhumundmdm 2] : i
. N % OPENINGS (PLENUM APPROACH)
N.u.xmdx'mhdamdh-m-mlhumm =

6T LENGTM = INCHES

quired. Departaies from miximum valos indicate kases in Brat and scccnd somes. .

when compered with the et from & rounded-entrance, circular potale.

lmforwmmema]mglswrsanddiﬁusemwwrdingwt.be

Equipment Test Code! of the Air Diffusion Council, may be
|md in Equnuon 4 w:f.h the sppropnate value of K and K’

4is ] and requires only that con-
sistent units be used, as'in the above noménclature. Values
of K and K are listed in Table 2.7

In the ease of multiple-opening outlets and aanular-ring
outlet.s, the streams coalesce into a solid jet before actual ]et
expansion takes place. This coalescence affects the experimen- .’
tally determined proportionality constanta K or K’ ‘and ac-
counts for some of the divergence in _reported values for simi-
lar outlets. -

For perforated panels of relatwe.ly large size, the valua of
K and K’ given in Table 2 apply only when the ratio Distan
from Panel/ vPanel area is larger than5. (See ‘Centerline'
Velocities in Zones 1 and 2.)

: Low velocity test results, in the range V. <150 fpm, indi-
cn&e that ‘the normal values'of K and K’ should be reduced -
about 20 percent for ¥, = 50 fpm, ‘a5 used in later, Equzmon
9,for throw. Fig. 7 gives the effective diameter D, in inches
for smgle opem.n@ and mcludu the coefficient of discharge.™

Delermmmg Centerline Velocities

: To permit eorrelauon of data from all four wnes, centerhne
veloc:t.y ratios are plotted against distance from outlet in
Fig. 8 in accordance with the basie er:mon of hqunuon 2,
a 0 for calculating the

x v, V. ;
4 and I’rom \/}T and 7 _1”‘
fbmughR,.de;mgwenmﬂmsamedlustmtmn .

The veriation of-the centerline velocity ratio with distance
from outlet,or, more properly, from start of jet expansnon, is
also shown on Fig.'8 for Zones 1 and 2.. Vo/Ve is plotted
sg:.mst X/H, and, for a range of aSpect ratios, against
X/vVA for the single value of K'=7.0. Values of V,/Vs
for othér values of K’ may be obtained by direct pmpomom

mgof\/K'm\/70.

n.ru) when V. is 50 fpm for tbrow of 50 feet (X = 50).

! Ls EX) 0 [} zo' 2530 4
SLOT WIDTH OR ORIFICE PAAMETER- INCHES

fig.7.... Effective’ Dmmelen for Round and Rectangular
Openings (Plenum Approach)

The following Ezample ! which is solved on Fig. 8 will
illustrate the use of the chart.

Ezample 1: A grille has a core area 12 in. x1875m Ria =
0.90, C; = 0.80, and K’ = 5.0. Find V, (velocity throug,h core

,Sohuum

12 X 1875

- l.56_sq ft

The qmgiitj;f .discharged isithen;r.” i - R
Q= VA, = 340 X }:563-‘,.8&0 efm,. . i’

Throw
Equahon 6 can be ‘used to dete:mme the Lhraw X of an




