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ble to answer the following questions about a jet discharged from any air
supply outlet: . .

1. What is the shape of the jet (spread or coverage)?
2. How can the velocity at any selected point within the jet be determined?
3. How far does the jet travel or what is its throw? ~

A freé jet is a straight-flow jet, free from pulsations or helical flow, which

" is discharged into a large open room in which no surfaces, objects, or con-

vection currents interfere with the formation of the natural flow pattern.
Most of the available data refer to isothermal jets. Information given
herein refers to this type unless otherwise noted.

Types of Outlets o A
Two general classes of outlets have been the subject of experimental

" study:

Class 1. Straight-flow devices, such as ducts, nozzles, orifices, slots, straight-flow
grilles and multiple openings located close together, perforated panels being an
extreme example. .

Class £. Annular outlets including ceiling plaques, but not including diffusers.
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Fic. 1. Cross-SecTions or Rounp Duers wita Trree Basic Tyres
oF ANNULAR OUTLETS

Fig. 1 shows three basic types of annular outlets. Outlet A is a circular
slot in a wall or ceiling, and produces a jet similar to straight-flow jets.
Outlet B discharges the jet radially from-the axis of the approach duct
and also produces a jet quite similar to straight-flow jets. Outlet C, usually
called a ceiling plaque, is a radial outlet with a plane boundary extendizg
from one edge, but it cannot readily be correlated with outlet B.

Shape of Axial Jets ) ) :

A surprising similarity between the shape of the jets exists at a short
distance from the outlet face, whether the outlet is round, rectangulsh
grille-like, or a perforated panel. Even in the case of wide-angle grilles 0
annular outlets, the similarities are such as to permit the same analysis of
performance. ‘

The jet discharged from a round opening forms an expanding coné
whereas jets from rectangular outlets rapidly pass from rectangular to
elliptical cross-sectional shape at a short distance from the outlet faoeé
and then to a circular shape, at a rate depending primarily on the aspeC
ratio:

The angle of divergence is very definite close to the outlet face, but the
boundary contours are somewhat billowy and are easily affected by ext
ternal influences. Here, as in air distribution generally, room air movemeé?

_is replete with local eddies, vortices, and surges, which are manifestations
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of unbalance in the forces acting within the air stream. These internal
govern the air motion, yet they are extremely delicate. esean forces

Measured angles of divergence (spread) for discharge int
spaces have usually ranged from 20 to 24 deg with an iveragelz;ggz (:il:ae;
Coalescing jets for closely spaced multiple 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 compareéd to the dimensions of the space
normal to the jet, the jet may be considered free as long as . '

X < 15vVAx
where . . .
X = distance from face of outlet, feet.
Axn = cross-sectional area of the confined 8pace, square feet.

Four Zones in Jet Expansion

In analyzing the performance of j j ) isti
I he. per iets, four major zones can be -
igl,_'mshed. They may be roughly defined in terms of the maximum or c?:tt:l]'—
ne velocity existing at the cross section being considered: :

Zone 1: A short zone, extendin, 1di i
, ling about 4 diameters 3
(gr vena contracta for orifice discharge), in which. theofn:;g!ghtfxérggo?il: ou;, l:ﬁ face
E rezam remains practically unchan;;g. H ' v o the alr
one 2: A transition zone, extendin i
. , g to about 8 diameters f J
it;r re;:;:z;fszgl;r :su?;’I:;Ss:t;l ix;::.ll a.ipegttiatiiq, over most of which gagﬁu‘inoggigg?ﬁgg
_square root of the distance from the outlet. For

outlets of large aspect ratio, this zone is el Is from. 2bous § mmar
ton g | C , zone 1s elongated and extends from about 4 widths
2 ¢e approximately equal to the width multiplied by four times the aspect

Zone 3: A long zone, of maj i ing i A ) i

me 3: A lor X jor engineering importance, in whi axin

:1?:0::)?; :ﬁﬁl;n::&elg h‘:} :ﬁfbdmnﬁ: fro:s thep_ outlet. Tll?iswzolgg igh:ftmu:(;
cquivalgns o eslabls ¢ u w and may be 25 to 100 diameteis long: (or
thuvale ] equal areas), depending on the sha, : he ,

eZ l:;zlal' veloclty‘, and the t!lmemjxons of the gpace into whri):haéllge a:}r:a&fél;zfgfgl:: !
VelocityﬁecA terminal zone in which, in the case of confined spaces, the maxxmum
effects (o rea.sgs; ltg,n 33 él;(;li‘:;sbng rate, or, igdti.he case of large spa.ceé free from wall

maxj eloci ecreases rapi in-a f i ; i

range Below 50 fpm which is usually reg‘arSed);s sz?ll e‘::rfhgmeters ‘?0 the vgloc:ty:

Centeleine Velocity in Zone 3 .
Research has shown that maximum or ceni;erline velocitiéé m Zéné 3-of

Straight flow i 3 P .
curacy fay lsothelnAnal-)ets can be debgrml})gd with good engineering ac-
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wheng X4, XC,: X Ry :
Vas= centerline velocity, feet per minute.
v, v

= m = average initial ‘velo'c.ity at discharge from open:end duct .
Or across contracted stream at vens contracta of orifi i

C ce or multiple-
opening outlet, feet per minute. R




