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ABSTRACT 

Allen E. Kenyon 

The subject of this paper is the experimental detennina
tion of the flow characteristics of three-dimensional wall jets. 
The jets were produced from a diffuser with a rectangular 
outlet. The diffuser outlet size and flow rate were varied to 
produce both low and high outlet aspect ratios and Reynolds 
numbers. Velocity profile measurements were made to deter
mine the centerline velocity decay and the extent of the lateral 
and venical spread of the jet. Using a simple jet model, the 
velocity decay coefficients, vinual origins, and spread angles 
were deduced and compared with previously published results 
for smaller laboratory-scale jets. 

INTRODUCTION 

The subject of this paper is the behavior of three-dimen
sional wall jets produced by a room air diffuser with a rectan
gular outlet. Wall or ceiling jets are commonly used for 
diffusing the momentum of the supply air from the diffuser to 
prevent drafts in the occupied zone of an enclosed space. The 
diffusion of the jet is characterized by the centerline velocity 
decay coefficient and the lateral and vertical half-widths. In 
this paper, measurements are made of the maximum centerline 
velocity profiles for two outlet heights and two volume flow 
rates at each height. The lateral and vertical jet half-widths are 
also measured for the two flow rates at each outlet height. 
These measurements are made with outlet aspect ratios and 
Reynolds numbers similar to those used by Sforza and Herbst 
(1970) in wall jet measurements with smaller laboratory-scale 
outlets. The study in this paper makes use of a ceiling diffuser 
with a rectangular outlet sized for use in HV AC applications. 
Beyond a comparison of the general nature of the velocity 
decay and jet spread measured in this study and the Sforza and 
Herbst study, a simple jet model is used to obtain jet flow char-

acteristics from the data. These characteristics are the center
line velocity decay coefficient. K, the virtual origin of the jet 
in reference to the diffuser outlet, xp. and the spread angles of 
the jets laterally (parallel to the ceiling) and vertically (perpen
dicular to the ceiling), f31 and f3v. 

JET DIFFUSION CHARACTERISTICS 

A wall jet produced by a diffuser with a rectangular outlet 
of finite aspect ratio AR is a three-dimensional jet. The jet 
velocity in the x-direction can vary in the axial or centerline 
(x), the vertical (y), and the lateral (z) directions, at least in 
some region downstream of the outlet. It is common to refer 
to three axial regions for this type of jet. Closest to the outlet 
is the potential core, or Zone 1, of the jet, where the velocity 
remains equal to the outlet velocity. The next region is the 
characteristic decay region, or Zone 2, starting where the 
velocity begins to decay from its initial value. Here the veloc
ity decay depends on the outlet geometry and is often repre
sented as a plane wall jet decay where the lateral width is large 
compared with the height of ,the opening. The outermost 
region is termed the axial or radial decay region, or Zone 3, 
where the velocity decay is similar to that of a radial jet 
(ASHRAE 1993; Engel and Kirkpatrick 1993). 

Some variables characterizing a wall jet are presented in 
Figure 1; which are used to obtain an expression for the jet 
centerline velocity in Zone 3. The centerline distance x is 
measured from the diffuser outlet. The y-axis is perpendicular 
to the ceiling and the z-axis is oriented laterally, as shown in 
the figure. The maximum centerline velocity um is measured 
at Ym. and one-half this maximum velocity, l/2um, is 
measured at the half-width Ymh- The virtual origin is the point 
on the x axis from which the jet appears to originate, when the 
line connecting the half-widths is extended back to the axis. 
The virtual origin is a distance xp from the diffuser outlet. The 
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PREVIOUS THREE-DIMENSIONAL WALL JET 
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: , ,Early sNdies ofwa:lljets are given-in Koestel et aJ; fl 950); 
'j'uve (1953), and Koestel (19~7). A review study that gathc::t~ 
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;Figure I Schematic of a wall jet with velocities and 
distances. ; 

angl~ 13v is measured between the ljne connectitig'"the half

widths and the x axis. Although not shown i~ Figure'i, the jet 

aJsQ spreads l~terally, or in the z direction, and the half maxi

mum velocity l/2um is .;easured at the lateral half-width Zm/ 

2 . .on..either sid~ of tp.e x axis. 

_: findings is that ofuunder and Rodi (1981, 1983). Sforza and , 
Herbst (1970) used a very small outlet area of 6 x ·1 i:r5 in~ (p.1 
in.2), with the wall jet spreading against a very" smooth, 
poifstied aluminum surface. 

. ' . l i ' .- .: : ' 

The outlets for other studies of three-dimensional wall 
jets have shapes other than rectangles or aspect ratios much 

- different- from tl;lose usea for the present study. Quantities 
pertinent to a comparison of some different experimJfi~·: 
including the experiments of this study, are listed in Table 1 .. 

' .The outlet area reported in this case is geometric outlet area A · 
;The Reynolds number is the outlet Reynolds number based on 
the outlet height (Re = huo/Y). Newman et al. (1972) 
conducted measurements on three-dimensional air and water 
jets issuing from circular outlets that were tangent to a flat 

-surface.-Rajaratnam and Pani (1974) me.asureg th~ ~~ye~pJ>: 
Analysis indicates that in Z.one 2 the centerline velocity ment·ofthree-dimensional wall jets from orifices with.square,! 

um is proportional to x-112, and in Zone 3, um is proportional circular, triangular, and elliptical shapes. For the water jets 
tcl"x"1 (ASHRA,E1993). In Zone 3, a nondimensional expres-·-. they used, they .elf.plored in detail the simil~ty _of bo~ ~e. 
sion for the maximum centerline velocity u at a given value ..: .. .;_ vertical and transver.;e velocity profiles, finding that thes,e 
oT x is - - · - m . _ . _ _ profil~s were1 in !act, reasonably similar for axial distances 
'-·-- ·- . ~ ,_.-.greater than about 10 times ~e nozzle height. They foun'd that 
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w~re K is the vel~ltY decay coe(flcient equal to the product ''· ., . - .,. . . . ' ' 

of th~ -nondi.mensforia1 jet velocicy and "distance from · 'the 

outl~t,· u~ · is the .~ffectiv.~ Q~tlef ve16c~; ari~t4o is the effec~" 
tive outlet ~a. defined frorn the Bernoulli equatiqn and the· 

·.( ~ ' J J .. • - • ··· ~ • J, J·, 

continuity equation (Koestel 1957) as . . 5 _r-1 • • , . ,., 
• .• -. ! ' );-
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:'' : The quantity1Aosr is .the, s~tjc: pressure ~rop rii~asHi.~ 
across tb.e 9iffuser,outlet, p,is.the density of $e;air at tlt_~ outlet, 

and Q is the voiume fio~rrate o(;the ~r. T~~-~ffectiv1~·oi.!il~~ 
vefocity 'and area.. u,0 and At>, iri the velocity qecay equation 
(Equation I} are based·<>n the static pressure drop. Equation 2 

I 'C.\•."o '(• I , '."" .._ • ... "\' , : o . • -

'does not account for losses at the'outlet;-thus, it-is aii approx-

imation ili~diightly overesdniJates the"actiial average outlet .. :' . .•; ., ' I.I• ".. 1 ' .. ~ • t ·,. .. 

velocity~ ap<;I oyerestim..~tes the actual outletar~. ln Equation 
.. - .... - I •• ~I .J; . ... ... ,·1 ..... , t~ . . ::·; 

.1, 'llegatiy,e value_s of xR:,are._in!fro.nt:oJ.. pr P.,o"{n~Jiepn 'Q~Hie 
1diffoser:·Another usef\ll <o'<bani,cteri$.tic. PlU'~eter isJ:h~)et 
outlet momentum flow, M 0 , equal to pAoUo . 

(' 
2 

-rue-centerlin~ velocity decay at some dislallce from the nozzle 
varied as l/x, as radial velocity decay theory predicts . 
Padmanabham and Gowda·· (l991) used orifices of various 
circle segme~t shapes to produce air wall jets . 

DESCRIPTION OF EXPERIMENT 

The test room is located in a university laboratory. The 
room length.is 7.64 m (25 ft, 1. in.), its width is 4.83'm (15 ft, 
10 in.), and its height is 2.74 m (9 ft). The equipment outside 
the test room includes a data acquisition/control unit and a 
micrq~.~mp~ter equipped with an AID card and data acquisi
tion software. 

: ,/ ' 
Measurements are conducted ·with i Jtectangular outlet 

area diffuser usil)g isothermal aiF. The ou_!!~t wid~h ' w ... is ,29 .6 
cm _ (11. 7 in.), and m~urements· are · made at t\vo outlet 
heights h, 0.6'3 cri\(o2s in.} and 2.26 cm (0.89 in.). The two 
outlet areas A are 0.0019 m"'2 -{2.9 in.2) and 0.0007. m2 (10.4 
in. 2), which are factors of29 and 104 rlirger than' the Sforza and 
Herbsf outlet;:A schematic of1he diffuser appe~, in Figure 2. 
The outlet; is foIIDed by three sides of t.'le diff~ser a.~;!·3: s!a.':lt
ing bottom plate~ as shown in the .. f~re. Ha"ing µie ;plate 
hitiged"arthe back.allows for adjustment of the ~iffus~r outlet 
height h. The diffuser enclosure is 28.8 cm (11.3 in.) high, 
m.eas~c;~ from :tp.F -~late runge (at c~il~~g level) to ~he top of 
tt!e ~1ffuj~r box;· Tii~ length of the _diffuse~, from the back to 
the outlet, "is 30.1 cm ( 11.9 "in.). The diffi.YS'~r mterior width is 

.'2i:6 cm ,{1).'7)n.) ~ 5:pe scauc piessure~U..p' is ·located ·midway 
along _the 4fff~~jl'e~gth, ~-~ cin (1.1 in~ above the=top edge 
of the re'ctanguf :U. outlet. The c~iling levei" is ffusb witlfi:he1op 

:; ~~~~2S-3 



'" ... · I!' ,·-· ·~~·.. • ' ... .., 
··- .,...,.,, .. , • : .. l .,h . ~ ~." ·~· I TABLE 1 

Parameters of Previous iind· Present Wail Jet Measurements i 

,,.~ : ,:.i.' ... J~ 

r: . .:~~~ ·t ·u::K,: >'. • • c :y I\ srMk;· .:l:Newman et a1. 
Het-~ mo I i '.! t972 ' 

Rajaratnam, Pani 
". :1974 

Padmanabh~ 1 ~ -Present Sbidy 
Gowda 1991 ;. · • · 

Eluids:· .~: .{ I Air Air,, 'Yater _,.., Waier ·-
: Air IA.ir 

OubetrShapes · "h Rectangles Circle Circle, Rectangle, Segments of, I Rectangles 
il .. ~~e. Triangle, Ellipse Circles ,_,,Ur •. fl 

Outlet Height or Diameter, h (in.) 0.1 Air 0;125 0.375- 0.p2 0.175- 0.752 10.25 
; ,j ::::: 'r." .:.:•!· U.071 .J Water0.079 0.89 

... ~ ! Jc. 

~--~ 

qp,~~t Len~; (in.).:, 
:Jj; 

··~·~ 

~tfJ'. ..~ ~'.; • . .jl, 

.. \ ';::. ~ ~ .-:;: 

Ou~et Aspect ~t;~o (lengthlb,e!ght) :i . 
\""""'. 

;~ . ,.. ' .., . ..,, --· 

0.05 ...;1i 

l .0 I ·I .,..,,. 

.. :·I 1.414 

. 

2.0' .. ~l •' ' 

16'·: .' ., 
2or:" w 
40 ,. 

!q 

Air.( 
Water 1 

" 

0.25 - 0.607 ' 0.752 . ·, 1-. , 
segment dia. 

CI~s.e"io 1 :fbr all sh~~s 11.0 - 4.~ 

.. 

•.•1 l~L? 

.'.'2146:6 
/.2 13.l 

i f : 

<.-::• :.'\ 

~J 

.,;J-

~0 {mls); 11 .~:~-- , ./.( 
:: '.t ~!'.~ ·--·J ; ., ' <"J, ~'' 

63 Air77 
Water 1.4 

L7.4-1.9 ' ·;r 80 - · ... - 14.6- 23 
,_• I .r. 

RCYfiolds·Number ' . &i7() .•. • 
57.~0 . 

4090 

-- ·~ir-16400 JS.9500- 102090 
Water 2800_. 11 .. .. " 

•)1•9540().; 3000- 13000 
.11. -~ : :r 

,, .~ ) ; I 

'" 
~- ~ .· .. 

Mt>~entum Ao~ (N} .Z 
·· .. ~ '! 

· · .r '·I o.25 ,ft• 

:i; :; 

Air 0.048 r·I ~ .. 93 - S.51 ,, 
Water 0.0062 

0.35 - 1.86 · I • [~2~? : i.3 ;; ;) 
. '7°J . ,. ·- . . 

Certerline Distance tci'Outlet Height Ritlo, x/h 15 - 300 5 -190 
' .... - , ' f 

• :i) 

.. ~; ·.... . J.' 

..... 
d;'.•" 

,r: .2>..1 
·CT!i 

·. ,!i j'..,. 

" • "'!,• -

" ,.,,. 
, ... ('. I i.i1.. 1 ~ ,\,n~. 

1i ~I~ 'f1J 

f-"7" ~ ;t ~- '''. 

•-•-·r • .......... 
; Jf 

:·::..;· 

" 
!: .. ~i . 

I ·i'O·,,'i 

1·v 

. ( 

~7 \_ - . . :· .. . 
Eigure 2 .Diffuse,r crOSl ·sec~ion. , .. · · . ·· ~- , .. ''" . · 1·::i, ·'' 

,, . · · ·· _.: - I ! £.: ... ~ ) . )J:·, . .,,1 ~.-;.!;;_ ·~:·!~!,;. 

··edge of tlre•outlet.'A 6-inch•diaineter ducb:brings air from ~ 
air;hmdl6diit'5The diffuser;·A diffusion screen pla,~ed hori
zontally inside!the difiwser :produces a unifonn ouuet;velocity 
(± O. l tft/s f0r-a nominal1 velocity of S m/s.);ia-the la~er~ 4!rec
tion.1 · .,, c:. ' '.) ;; >.. ' •·• · J! ~ 1~ .1i:·:. ", .;.i ~- J i,: .. '. 

+~crhe~ati~ ~'Q.ci,;i~g "the dirfus~r -~)R~.~~iiiBg~ the-·air 

h~dle~:.~~.ll?~ ~~~t\ is shown _~~1:igur\~: ;pe ~fyf~ sh~s 
J.tte;p~s~up~s,~f~~£uct_tp~m1~9.u~le apd veloc~iy· p~d~e for 

. ~e ~,ciH~upn,or,~~.¥1 rate, w~ ~e)ocny Rro~1n;w~~ r?.o~~ .anct 
.ijie.p,i:e~ur.e taps ;n_th£ diffuser and the roorit~a.J ffi:ig wiili·the 

,.., .,l 1 •1 - • ' ~ 1 ,.J i' .. •·I ! ' !' l""' ~.,.i7'! I~ • .,.,,. .., 

:: ~l=:S~~S-3 
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instruments into which the signals from these devices are 
directed. The maximum centerline velocity Um along the 
length of the room and the lateral and vertical half-widths Z.m/ 
2 and Ymh are. IA~asured ~%.th~rJets }~.f.~ht centerline po,~i
tions downstre~ of th,~ diffu~r.' There :~e cent.erline velocity 
data accompanyfn~ both {birat~ral anci the vertical hMf-width 
data; since the lim-widili mea.Sdt&-ents in each case require 
k'tlowledg~ bf the ti-i·agnitude'bf tile velocity um,. "The jet center
line velocity um and velocities ·u along ·vertical apd transverse 
lines from the centerline are measured with a constant-temper
at~e omnidirectional thennal ,an.emometer. The omnidirec
tional probe is sensitive to the)ra?sverse turbulent velocity 
components as well as the streamline components; however, 
~e streamline components ~e assumed to be the dominant 
velocity components. The anemometer is placed on a stand 
with wheels. The voltages from this instrument are fed to the 
~!:.~fin the cprmurer for ~ve~gi!lg. The flow rate Q of the 
air is a~~usted manually af the ·aitlhandler outlet. The flow rate 
is,deietmiiieci'tr om an '3neino~ter<i.nsertelfinto llie supply air 
ducfantl corrected for th&airstteam temperature . .. , . ! i ·' • c 

';c: ;. 'The static pressure differ~rtce: -/l.pst: across the djffus~r 
outletis measured by a pres.sure ,~sdµcer. On~ p~c;~~ur~~p 
is pliteed· flu5Q, w~th;:th~. diffus~~· 'Y.~l, aI)d ~~ pther tap is 
l.Q9i!-led in. th~ r?~m p.e~V9-~~rfl~· Tl)~j;t,.~r P.r~be 17,mperature 
Tp.is p!;>~n~9. l?Y.a type:T thennoeouple placea al>out 15 cm 
~t.9. th~ -~de'oJ' ~~ velocitY pro~ in llikroClm: ,~~ rierige room 
t~inpe~tU'ie'T /~orries fliom the average1o'f'foirr t:ype-~er-

1 Jiicr~dupleS'-'placoo' orf'tI:ie:· surfaces rof..the fouKroom:w.allsi at 
11 »< . ' ... >. I~ , ~ :P · : ~~· · a, ~'. ,,~~;:.L.;.(.: 
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"i Figure 3 Schematic of air handler, tfiict, diffuser, test foom, and instrumentation. 
i ''.';f 

their midpoints. The effective outlet velocity u0 is calculated 
ironi the measµred static pressure drop across the diffuser 
'outle~ and. the ~alculated air dei:isity. 

The velocity readings are averages of 1,000 samples of 
· the instantaneous velocity taken at a 20-Hz rate. Both the aver
age ~elocity .and the standard deviation er fron1the,~verage are 
displayed after a SO-second measurement interval. Moving 
·.averages of the static pressure difference and the flow rate are 
• obtained so that the final average displayed is the,average of 
the readings taken during the velocity~averaging process. The 
temperature readings are single instantaneous readings. 

" In order to find the lateral and vertical positions where the 
maximum velocity um is measured at each x position, velocity 
profiles are first obtained laterally and vertically at several x 
positions. These positions vary very little with flow rate. In the 
lateral direction, the maximum velocity um is found.toioccur 
on the centerline of the room, coindiding with a line bisecting 

the rectangular. outl~t. To obtain the lateral or tl}e yertical half
width measurements, three 50:.seconci measut~rhent periods 
are run at each po.,sition X:· The first measurement is made to 
obtain um. Before .. the second and third measurements are 

, taken, the probe is positioned so that the velocity reading is 
· ~pproximately 112um. Two SO-second measurements are then 
. taken at locatio~~ ~.here the me¥ured velocities are greater 
, than. and less than, .. l /2um; respectively. A linear interpola-
tion using these two vel.ocitie:~ gives the velocity )12um and 
theJ1alf-width. In this process, for eac~ outlet height and flow 
rate used, data are obtained separately for centerline velocities 
and later!l1 hjlf-wid.ths and for centerline.!Veloci.ties. ancj v~rti-

. cal half-widths ... rp; nt 

' 1:;
1
" Parameters for the exJ:>eriments are shown in Table 2. 

: Outlet height, 'aSpect ratio, flow rate; effeetive 'Outle't'velocity 
. and area, and outlet Reynolds ni.imber are shown for both the 

_,;<' .. .--:·: .... :.:.~,r·_· '.'-~ .. ~>.~ • .• ·o: 
TABLE 2 · .,t r11- · : ; ; C>•"h ,- >' -' :; t:) '< 

-01,. , ,. ,....~ • .) 

.o~ ,. ... . ~ . . ... . . 

~eots 

Centerline' 
µnerai 

L. 

Centerline 
Vertical 

T\ ;: I ., 

4 

.. 

Experiment Paramete~'..c''·' ,c;;, 

- . . _ .. ·- h 

-·(m.) I - (cm) 
AR 

•. '" Q'· .. ,._ . . 

(dm) :.F-1<m3i~)--
Ua 

(mis) 

0.25 0.63 46.6 30 ~l~:.,,"·o:rn4 9.36 
.· 90 I 0.042 r_ 23.1 

0.89 2.26 13.1 50 I 0.024 I 4.56 

150 I 0:011 I 11.3 

.• -0.25- 0.63 46.6 30 I 0.014 I 9.32 

90 I .. 0.042 I 22.3 

,;~ l fl,"~) 

Ao 
(ml) 

0.00152 

0.00186 

0.00520 

0.00629 

0.00154 

. 0.00188 

I'° 

Re 

3000 

7400 

5200 

13000 

3000 

7200 

1~ 0.89 2.26 . . 13.1 50 0.024 4.59 0.00517 5300 

· · ,., ' ..... , ~ . . · 1so· · 0.011 1 t.4 o.oo624 _. ~i3oo6 
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the other low aspect ratio data. In Zone 2 the agreement is not 
as good between the vanous data sets. - .. 
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' ~ ... ... ;; JET HALF-WIDTH RESULTS 
I 

• I 

1 
! ,1 ; 

Figures 6 and 7 are pJots of. the nondimensional lateral 
f alf-widths Zmh I h vs. xlh fronr;the two studies. The higher 
~pect ratio lateral half-widths frpm this study compare well 

i ~ -· . . J .. , . : . A .. r { .:. I. -·: ·-~ifr· -wi,th the Sforza and Herbst haltwidths, at least in that both 
. _· : ... ;. •'- ' i ' j~t 

- • j 1 
- - 1 .. , '' - - i ~. ;·: ·· 1 1 · 

l·. ~I -· I )( ' ~ 
0.1 

'I I ix I ! 
· ·~ - I 

: 

-. half-widths remain somewhat constant until xlh reaches 
arouhd 200. Th~n the half-widths from both studies increase 
more noticeabiy~ For the lower a5Pc:ct ratio, the lateral half
widths of this,' ~tµ_9y do not exhibit a.S str~ng a neck-down 

- - - effect as seen in the Sforza and Herbst half-widths close to the 
j I ! · : ~ I I 

,•..;. 

10 100 

lib 
1000 outl~t. Beginning ··at~~ = 50, the Sforza and Herbst data 

display a curvature very similar to that of the data of this study 
that extend past xlh = 100. Figure 4 High aspect ratio nondimensional centerline 

velocity comparison. ' 

centerline-lateral and ceriterline~vertical sets of measure-
ments. 

'The nondimensional vertical half-widths Ymf2 I hare plot
ted vs. xlh in Figures 8 and 9 for both studies. The higher 

, .. aspect ratio .vertical hiµf-widths from this study not only 
display good similarity with one another but also with the 

JET CENTERLINE VELOCITY RESULTS 
... ,; 

>•' .. . , ' ·r . . .... 

. '·' · Figure 4 plots the noridimensional velocity umlu0 vs. the 
-: centerline coordinate xlh for the high aSpect ratio 0.25-inch 

outlet and the high aspect ratio Sforza and Herbst data. The 
Sforza and Herbst data were published in terms of i:lh, so the 
data in this paper are plotted in a· similar fashion; Fot'the 
ciiffuSer usCd in these experiments, the effective area· Ao' is 

- essentially eqoal to the geometric area A ::'.: hw ( w is the width 
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1.- of the diffuser outletY: Thus, the dittuse1' height iz is an accept- .:.·n 
able surrogate for the characteristic length A0

112• In their 
'study/Sforza' and'Herbst took the four points farthest from the 
outlet and fit a line through them with a l/x type decay. Figure 
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:'i!~e~urements. O~erall, there is remarkable agreeIIJ,ent in the 
Zone 3 velocities for the two studies, beginning at aboutx/h of 
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200 for the high aspect ratio data and at about 40 for the low ,\ : 
aspect ratio data. Only the lower Reynolds numtx:i'data of the • 

~ · -present study 'slow aspect ratio do notcoincide very well with 
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Sforza and Herbst half-widths. For the Jow~~ .. ~pect rati_o 
measurements, there is also very good similarity shown 
between the high Reynolds ntimber ·v~rticaJ -haif ~widths and 
Sforza and Herbst half-widths. The low Rey~olds numbCr 

half-widths of Figµre 9 at le~.t fan lil,()~_g_a_ ~imil.arly sloped 
curve to that of the other data, even leveling a bit with the other 
data aJJ~get_cent~i:Iin~ di.!!taD£.es. ,__ __ . _ , .. 

The influence of the room diniensions on!the jet is small 
for the present study, since . .the largestx distance is 4.6 m, 
which is 0.9 rn less than 1.5,(times the square rdot.ofthe cross
sectional area of the room (ASHRAE 1993). A comparison of 
Figures 6 and 7 with Figures 8 and 9 shows the opposing 
man_ner in w!!_ich the-jets spread in the two-transverse direc
ti9ns. ~ile the lateral spread rate becomes more pronounced 
with centerline distance from the outlet, the vertical spread 
rate becomes less pronounced with centetline distance. 

JET DECAY CHARACTERISTICS 

The measured lateral and vertical jet velocity spread and 
centerline'velhC:J.ty dec~y· are no* q'°uantified hy.cal~Lifating the 
spread angles ~land ~. the velocity dec~y coefficients K, and 
the virtual origins xp. By inspection of Figures 4 and 5, the two 
half-width points meas.ured closest to the diffuser are omitted 
for each data set, since they are in the Zone 2 region. Lines of 
the form Zmh I h =a + b (xlh) or Ymh I h = c + d (xlh) are fit 
to the remaining data of Figures 6 through 9:·When ,this is 
done, the slopes of the equations equal .the tangent. of the 
spread angle ~l or~-The slopes and angles for both theilateral 
and vertical spread are given in Table 3. The jet spre~d- is 
greater in the lateral. than in the vertical direction. Tablt: 3 also 
lists the . y~ues for the slopes of the spread as obt,ained from 
aveJ"l;lge~·. of several ,previous. three-dime11sion.1{J~t exP,Cri-

. ~ • •• l ·• ! , 

ments (Lau~der and Rodi 19_83). Thy...-e j~ :re~~~able agree-
ment between the average slopes of the present data and the 
values of Launder and Rtidi: d:i i and 0:26, riSJ;ktivel.Y, for 
the''iaterai s~opes ods% difference) an1a 0.043 "and 0:-048, 
respectively, for the vertical sl0pes (a 10% difference). " 

Figure 10 plots' the nondimensiorial quantities i-I(A0 )1f2 

vs. uof um for the ceriterlirie;..Jateral measurements. The veloc
ity decay constants and virtual. origins are found from Equa-
tion I , :solved 'for x I (A0 ) 112: .., • . ,, 

:::.."':."i t.:. . ~ ":: ;'!..J ", S ~. ; :3~ ... ~ ) c~ ; . ;;: 

.r• •• , .;_ , .. . '• ' ,., · .~· . TABLE 3 
-,, 

Experiment 

Ceri~line 
Lateral . 

·centerline 
Y'erti&al 

,. 

6 

•'\... 

' . 

I , . 

.... SIOJi'es and Spread Angles for Unes Connecting HaH-Width Data 

~ . 

J,\ 0·/ifui)'i\i ~ -·;Q(m3t5)Ci 1-- ~-\v,idth 
slope 

I 0.25 1. .Q;014 I" " 0.14 

- - ::-:.-o;042 .·c I .:c-0:24 

·- o;89 ·· 0.024 I - -· 0:-t9 

I- ·· - - . 1· .... 
- 0;071- . - -0;31·· 

0:25 0.014 - {);048 
_,_ 

i>.042 . :.... 0.049 -
..... 'J 

---O.Q35-.. ·' I ~ - . : 0.89"" __ ....... : 0.024· 

-0.011· - - - 0.04·1 

•.I 

·'"""''~I· , .,:t?" 

- ' (deg.)' -

7.9 

" }3.;-. 

' -· H -:··-
' 

..:.. -17- .: • • 

... 
.... . ·- - --·- ---

.. I 

.. ,'Ii.<!.;?:'-'!\.' 

. 
~; 

2:8 ~ 

-- 2.8 ·-

·- ·2.0 ... 

·- 2.4 

Launder and Rodi 
Half-Width Slope 

.,, 0,26 

-., . 

0.048 
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,: ~·' ,.. , '. .. :. - r 
, •Linear equations of the form y =a + bx are fit to the data 

of Figure 1 O; where-the slope is K and lbe y-intercept is -xp I 
(A0 J1!'2: The· intercept value (-xp I (A"0 ) 112) is solved for xp 
u~ihg the effective outlet areas of Table 2. The results for K 
and·x; are shown in Table4. Included in· the table are results 
of the identical analysis aS"described 'aoove,- done on the 

c~~terline.:f~ec~ me~uremenis'.'TK~·)tegativ~ ~gn of the xp 
values indicatesT tlfat' l:fie virtual origins lie dowristream of the 

. .'diffuser <?:Uij~i.' Th.~ ~alpulated uncertainties for the 
1
qecay 

.· ~ t • ... • • . .. .. I . .. (. • h .. .4 1 

, c~fficipnts.,5K,: l!n.d , v!!tual origin~, Oil!, are. listed ~ well. 

CONCLUSIONS 

' Th~jet diffUsiOn characteristics of the present study are 
very similar io those of the Sforza and Herbst study. The 
velq_city vari~s as J!x.112 for Zone 2 and as 1/x for Zone 3. For 
this paper, the average Zone 3 velocity decay coefficient Kand 
virtual origin location xp are..6.7 and -0.32 m for one set of 
measurements and 6.6 and -0.36 m for the other set of 
measurements. The· virtual origiris- lie--downstream of the 
di.ff user outlet. For the larger aspect 'ratio measurements, the 
ZOrie 2 to Zone 3 transition occurs ·at :x/h of about 200 in both 
studies. For the smaller aspect ratio measurements, the tran
sition occurs iii :x/h of apout ~p for this stu~y and 40 for the 
Sforza and Herbst study. The lateral and vertical spread of the 
jets wifii _ centerlii:ie distan,ce for this stlfdY is s,imil~ to. the 
spread for the Sforza and Herbst study.' _The neck-down or 
decreasing lateral half-width development;' measured by 
Sforza and Herbst at low :x/h for the lower aspect ratio outlet, 
is not observed in the data of this study. The vertical half-width 
data for the higher aspect ratio outletjets.coincide very well for 
both studies. 

The measured lateral -spread is about five times greater 
than the vertical spread. The average Zone 3 latenu half-width 
slope is 0.22, and the average vertical half-width slope is 
0.043. This is confirmed by the average lateraland vertical 
spread slope values of 0.26 and O.o48 reported by the review 
article of.Launder_ and Rodij 19_83) as ave.f_llges of various 
experimental study results. ' · 
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· case than it is•for;the other three· cases. However, th~.~etual A,-1 _. ,, ;j_ =;, geo_metnc_ d!fi'uSer ~utlet area (~ ) 

measured variation in thepressurei-eadingsforthe h;:::0.89 in., Ao ,;;.; ::== effective o~tlet area (m
2
),. ~i.. ··u. 

,J:. 

Q = 50 cfm is not nearly as large (standard deviation /'aver~ge1 • ) i~ = outlet as~ ratio . . 

value= 0.46%). ''•i :,'/.-nr:.~. ff,,-.~ "" ~: ~, ~;-~(Ji .• i. }', ?1];~.w~!;cij~J.~'.!J7! height (m.) 
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.. -. . ·-Centerline 

., 
0.25 . 46',(j" '- - 0;014 ' - 93· -0:00154 - 3000 - 0.13- ~ ·- 7.1 -0.21 3.6 ! 

' Vertical .. ·- ·--· . -· .. . . 0.042 - . 22.3- 0:00188 ·1200-- . 0.91 . - · -5.8 -0.60 2.9 
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= velocity decay coefficient 

= tmeertainty in velocity decay coefficient (%) 

= jet outlet momentum flow (N) 

= static pressure difference across diffuser outlet (Pa) 

= volumetric flow rate (m3/s) 

= diffuser outlet Reynolds number based on outlet 
height 

= temperature at the velocity probe (0 C) 

= average temperature in the test room (°C) 

= jet velocity in the x direction (mis) 

= effective outlet velocity (mis) 

= maximumcenterlinex-direction velocity atagivenx 
position (mis) 

= fixed width of diffuser outlet (in.) 

= centerline coordinate, measured from the diffuser 
outlet (m) 

= distance from the diffuser outlet to the virtual origin 
of the jet (m) 

= uncertainty in distance from the diffuser outlet to the 
virtual origin(%) 

= vertical coordinate measured from ceiling (m) 

= vertical distance from ceiling to position where um is 
measured (m) 

= vertical distance from ceiling to position where um/ 
2 is measured (m) 

= lateral coordinate from centerline (m) 

= lateral distance from centerline to position where um/ 
2 is measured (m) 

= jet spread angle between centerline and line 
connecting Z.mfl positions), 

= jet spread angle between centerline and line 
connecting Ymfl positions (0

) 

p = density of the air at the oudet (kg/m3) 

a = standard deviation of the velocity measurements (ml 
s) 
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