548 CHAPTER 29

to-the two jet centerlines increases until. it equa.ls the jet
centertine velocity. From this point on, a maximum velocity
of the combined jet stream is on the midway line, and the
profile is almost as though emanating from-a-single outlet of
twice the area of one of the two outlets.

Koestel and Austin® have determined the spacing between
outlets for noninterference between the jets. For a-K value of
6.5 the outlets should be placed' three .to nght dmmeters
apart, for V¢ values from 500 to 1500 fpm., . .

Effect of Resistance on'Retum Paih of: Je’ Ai

hbommry experiments on jets usually mvolve mmrculmed
air with negligible registance to flow on'the return path of the
jet air, Expmenoemdexpenmmtsmtunnelsofsmaﬂcms
sectional area in mines, where considerable resistance is offered
to the return flow of jet air to outlets, show that the expansion
of the jet terminates abruptly at a distance that is independent
of velocity of discharge and but slightly affected by size of
outlet. Such distances are determined primarily by size dnd
lengthofretumpath_ InalongSftxﬁftt\mneLajetmay
not travel more than 25 ft whereas'in a relativély short ¢ open-
mg, 25 by 60 ft, it may travel more than 250 ft. Few ¢ englneer—
ing data are available on this phase of ;et expansmn but lt
can be of grmt practical importance.®

ISOTHERMAL RADIAL FLOW JETS

In the radial jet the cross-sectional a.raa at any dlstanoe
fmmtheouﬂetvmesast.hesqumeoithmdxstame, thesame
as for an axial jet. Experiments have shown that the centérliria
velocity gradi and the 1 velocity profiles are
mmxla:tothoseuonne3of&nxljetsmdthatt.hennglmaf
divergence are about the same. In using Eg 8, X/H should
be used as abscissa instead of X/ vA.

Jets from ceiling plaques have the same form as one-balf
of 8 free radial jet. The jet is wider and loniger than 8 free )et,
with the maximum velocity close to the wall. :

For 8 bwc equation for radial flow outlets mxlung from
the air distril h at Case of Technology

_see Reference 17. N :

NONISOTHERMAL AXIAL-FLOW JETS

The paths d by hori Ily projected heated and
chilled jets under the lnﬂuenee of buoys.nt forces are of great
prutwa.l importance for heating and cooling with outlets
located in walls. An equation describing the behavior of jets
of this type has been presented by KodesteL1#

VERTICALLY PROJECTED HEATED AND :
CHILLED JETS
Equations for outlet characteristics that affect the down-
throw of heated air have been developed by investigators at

Kansas State College (see Bibliography, ASHAE Coopera-
uve Raseamh at Kansas State College).

for and velocities in heated and
chilled jets based upun the research at Case Institute of
Technology are given in Reference 19.

DUCT ARRANGEMENTS
Duct Approaches to Outlets )

The importance of the manner in which t.heurstmamu
introduced into the outlet caniiot be overestimated. To ob-
tain correct air distribution, the velocity of the air stream
must be as uniform as possible over the entire _connection to
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T Qxeduct,mdperpend.wulartntheouﬂetfaee Noau-outlg:

for imp!

A wall grille installed at t.he end of e horu.onm.l duct and a
ceiling outlet at the end of a vertical duct receive the air
perpendicularly and at (for’ practical purposes) uniform
veloclty over the entire duct cross-section, provided the
system is carefully designed. However, .very few outlets are
installed in this maoner. Mostsxdewalloutletsaremxmﬂed
either at the end of vertical ducts or in the side of horizontal
ducts, arid most ceiling outlets are attached. either directly

. . to the bottom of lmnzont.a.l ducts ‘or; to special vertical take.

off ducts which eonnec'. the outle'. wi

the hom.onfa.l duet.

The influence of the duet approach on-outlet’ pe:formnnee
has been investigated for.. vertical. stack, heads . with - plain
openings® or equipped with grilles? and for.side,outlets on
borizontal ducts.® In-the.tests, ,conducted ..with: the stack
heedsltwasfoundthatlhs wpmwde litt,
or guide vanes in the elbows at the top of-the vertical stacks
regardless of the shape of the elbows, whethsr of munded
square, or expanding types. Cushmnchambersntthempof
the stack heads have no beneficial effect. Fig. 10 shows the
direction of flow, distribution and velocity (measured;.12.in?
from opem.ng) of the air for various types of stack heads

expmdmgfmmsmx. 'st.acktoaMXQm
opemng without grille. ‘The "air velocity for ‘each was 500
fpm in the stack below the elbow, but the du-ectlon of ﬂuw
and the distribution pattern are ily i T-
formance obtainable with -ronexpanding elbows of sumlar
shapes for a range of velocities 200 to 1400 fpm.

In tests conducted with 3'X 10 in', 4’X 9 ii, '‘And 6 X 6
in. side outlets in & 6 X 20 in.. horisontal duct at duct
velocities of 200 to 1400,fpm (in the 6 X 20 in. section)
it wes found that multiple curved deflectars produced the
best flow characteristics. Vertical guide strips in the dutlet
were not 5o effective as eurved deflectors. A single scoop
type deflector at the outlet did not i improve the flow pattem
obtmned from a plain out.let, and was not. desu'able

Dlsdmrge from a Long Slol

‘When a long slot receives its air supply from one end only,
the important design factor is the ratio of the area of the slot
to the area of the supply duct, and both the air stream profiles
and the duet pressure requirements are determined by this
raho"Fig llshowsﬂlechangm.gpmﬁleuthes!otamm

d for a : slot (Cy.=. 0. 93) with con-
stant duct crosssection.. .
'l‘heuxrdlschargefmmnslotmamperedductwﬂ] beum~

form (Fig. 12) for a rel angle and
slot-Juct dimensions.® |
- ' 15)
whacA . e e o
= discharge l.ngle, degrem. . TR
A —s.lotum,oqumfeet. s - .
Ay = duct area at ups end; square feet.

Cy = coeflicient of discharge.
RETURN AND EXHAUST INTAKES

The selection of return and ezhaust mta.ka depends on:
(1) veloeity in occupied zome near intake; (2) pemumble
pressure drop through intake; and (3) noise.

space Air:Distribufion: % >::

elocity. The control -of the réom air motion’ for the
Lmeevof comfort’ conditions, ‘depends "on’ the proper
selection of the mpﬂy outlets. The effect of air flow thmugh
return intakes upon air movement in the room is slight. Air
bandled by the intake approaches the opening from all direo-
tions and its velocity decreases rapidly as’ tke'd:sta.uce from' -
the opening Therefore, drafty will rarely
be encountered near return intakes. Reeommend. ed return
mtakefsccvelocmcsmgweanahle?.
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Table.3 e Recmiuneqde‘d‘ Retum Imul‘(e Fuci(\lelo:cit»igs .
R e Bt
Above occupied £0DE. .. ....o..niinnnns . w

Within oecupled zone, ot near seats .
Within occupied sone, near seats.
Door or wall louvers. ...............

ermissible Pressure Drop The issibl
d:,pzﬂl depend on the choice of the designer. stle4gmas
pxusumdmpthmughphmlamoemtukesasnﬁmcuonof

free area and face velocity. -,

.’,.u. :
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Fig. 11 .... Shape of Alr-Sfreum Envelopes as Slot
- . Areq i is lncreused -
: .x\g\\_\\\\;\\g\{\ ,

Umform Air How from Slo’ Svppred
-bya Tapered Dud

Pmper pressure drop allownnee should be mde for con-
tml or d1rectxve de\nees L
" 3. Noise. The problem of noise genemted by retum in-
takes is the same as that for supply cutlets. In computing
resultant room noise levels from the operation’ of an air-con-,
ditioning system, the, return intake ‘must be.i 3 ded as.a

U i oi doon (t.hrougb under-

be:gbt, amount of nutmde w&Il area, and number of air
changes required. In some cases,. stratification of warm air
may cause.short-circuit
Fyloorlocahmwofretumrismumdmbesung installations.
for ceiling or side-wall supply. When located so that air is.
drawn across exposed walls, the performance of the system
may be somewhat improved. In geneml floor locatmns tend
to.collect dirt and refuse. F §
Wall and door; locations of exhaust outlets d ding on-
their elevation, have the characteristics. of: either -floor or
ceiling: returns. In large buildings with many small rooms,;
the return air may-be brought through door grilles or door.
undercuts into the corridors, and then to a common retum
or The drop th h door returns should.
not be excessive; otherwise the air dlstnbutmn to the room!

may be seriously unbal ‘wx'.ht.had orclwng
of the doors. d leakage th oors’ or

cannot be counted upon for dependable results. (See Chapter
30.) i

MGNG{ THE SYSTEM,; L

Indwgmngasystem &hemgmeermmswmducm and
outlets in such a manner that the supply of air is properly
distributed. He may, , feel it to
certain trunks, branches, or ouﬁef.s to allow flexibility or to
permit future redxstnbutmn so' that the-system as designed
mxy not be self-balancing. Even if ducts are designed for

balancing arid outlets are properly selected, all air sys-

part of the total grille area. The major différence between:
the snpply outlets and return intakes is the frequent installa-’
tion of the'latter at ear level. W'bensolmwd,nlsregom‘
mended that the return intake velocity:be not in excess of 75

cally affect air motion; unless room aif’ velocities in t.he occu-

pxedwnemuthemtakeexneedwmfortlnmfs The loda;

tions; of return or intakes are, hoy ) nnport.mt
for obtaining the desired room temperature equalization.-

- Ceiling locations for exhaust outlets are recommended for
bars, kitchens, lavalories, dining roomis, club roomis, efe.
wberewarmurml]nsewﬂmealmgleveLInhaaung
installations, location of the return grilles in the-ceiling or-
high on the wall is'not récommended, as it may result in
stratification of the conditioned' air, and—dependm.g on the
refative location’ of supply a.m:l retum outleta—in slmrt-
circuiting.

Some ceiling ontlets eomhme the supply and réturn- open-'

mgsmnmngleumt.Thmmethodxsusedforheshngasweﬂ

as for coaling npphmuons. However, “the application for,
beating is more cnt.wa.l and requnes consideration of ceiling’

temsmustbebalaneed,tbatls,theamountofurthmugh
supply ducts, supply outlets,-outdoor air intikes, exhausts,’
return outlets, and duets must be properly adjusted so t.hat
the air quantities cormpond ‘closely with the design. quan
tities. Balaocing, therefore, is part of the field test
to which each air-conditioning system should be subjected in
order to determine .whether 'the capacity, and performmme
nftheequxpmem cormspond with thed&gn. .. ,
Tuhle 4.
) " Lattice Return intakes
Inches Water Gage—-Stondord Air o

" Face Velodly, Fpm

Peccent Free — ]
Aree 400 |- s00°| 600 {-700 | ‘800 |- 900 | 1000.:
50 0.06 | 0.09|0.13 | 0.17 | 0.22
60. 0.0¢ | 0:06.[ 0.00 | 0.12 [ 0.16
70. 0.03 [ 0,05 0.07 | 0.09 | 0.12
-80 - 0.02 | 0.03 | 0.05 | 0.07 } 0.09 |-0.

Appro)umufe Presure Dnops for s




