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ABSTRACT 

1'1ul centralthals ofthi.1 fX1PU is IM stated importance 
ofpr«<lctit)g IM residual air ..,.locily in 1M microenviron• 
IMIU of an occupanl U1Wd by a ceiUng.mounted air 
dijfu.st!r obtaining horizolllal airflow along thtt ceiling. 
E:cperlnu111al dt:ua tll'e prue~~~ed for a unidirectional, 
lou~fae«J, ceiUng-nwiUIIed di./flut!r supplying air to a 
room under i.rotMmtal tut conditions. Tut dt:ua cor­
nlating ruidual air wlodty with terminal air velocity are 
given for five dijf~lll arrangemellls of furnishings in the 
zone of occupancy lhaJ corrupond to typical conditions 
encoiUIIer«i in practice. 

1M correlation of ruidual air wlocity with terminal 
air wlocity corresponds with a new definition of throw. 
'IJarow i.r defllll!tl t:u the horizontal distance from the ceiling 
diifwer to a wallthtJt intt!rcepts the air trajectory, wherein 
the termiiiiJl air wlocity is measured a1 the wall 5feet 
(1.52 m) above the floor. 

At 011}' specified WJ1111. of ruidual W!!locity in the zone 
of occupancy, it is demonstraled that the corresponding 
value of tenninal W!!locity is a variable with rupect to the 
throw of the diffuser. For a relatiW!!ly short throw, such as 
5-ft (1-;-57.-m), tlut allowable tenninal velocity is in excess 
of 100/pm (0.51 mls) and approaches 200/pm (1.02 mls), 
depending upon the arrangemelll of furnishings in the 
room. At throw vahus in ocus of 20ft (6.1 m), the 
allowable termi111.1l velocity is only marginQlly greater than 
the specified valu of ruidual W!!locity in the zone of 
occupancy. 

Should diffuser throw versus 1enni111.1l velocity on the 
wall be available, the data presented in ihis paper would 
eiUJble a daigner of room air distribution systems to 
qiiQ/llify residual air motion in the occupied zone. A 
predictable residual air wlocity could enhance the purging 
of bioemissions and cof!lrol of the temperature field in the 
microenvironment. In a variable-air-volume system, the 
lower .limit of air supply could, effectively, be specified. 

INTRODUCTION 

OvetView 

bioemissions and to offset sensible and latent beat loads 
emaaatina in the microenviroamemt of tho occupant. 

If dle direct flow of cooditioned air to the microen· 
viroament of an occupant effects less than the abovC<-stated 
ideal, one can postulate situations wherein the occupant 
would be in a region characterized by larae·scale eddies or 
with no air movement at all. These two unacceptable 
conditions often arise in variabiC<-air-volume (VA V) 
systems of air distribution. VA V, by definition, is a 
process wherein the rate ofair delivery is reduced from a 
design/maximum value in response to a diminished thermal 
load. We may, therefore, define a marginal rate of air 
delivery as one that produces unacceptable conditioas in the 
microenvironment of an occupant at the reduced flow. 

This' paper addresses the need to characterize in a 
quantifiable way adequate, marginal, or unacceptable air 
conditions utilizing residua! air velocity or speed in the 
microenvironment. 

Residual Air Velocity, VT 

Residua! air velocity is the air velocity at any defined 
location in the zone of occupancy. The specification of an 
upper limit for residuaJ air velocity is givea as 50 fpm 
(0.25 m/s) in ASHRAE (1989) and as high as 70 fpm (0.36 
m/s) in evaluating the air diffusion performance index 
(ADPI) (ADC 1984; ASHRAE 1990). It is important to 
note that the specification on an upper value for residual air 
velocity is a limiting condition and any specific value lower 
than the upper limiting value is not specified. 

Critical Subzones 

A critical subzone would be a location in the microen· 
vironmeat of an occupant where a high residua! air velocity 
would be characterized as a draft or where a low, pre­
scribed vaJue of residua! air velocity would be required, 

In defining a critical subzone, it has been assumed that 
room air distribution would be effected by a ceiling­
mounted diffuser wherein both the flow of the original, 
primary, air supply and the entrained air supply would 

One of the purposes of room air distribution is to maintain contact with the ceiling. Should a sufficient 
cause air movement about tbe occupant so as to purge qua.otity of air be supplied to maintain flow along the 
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Figurt 1 ,:,Jl.Q.?e No. I, tksk cemered and flush again:.rt , 
far wall; ~5-ft_(l.Sl.. m) abo~ floor onf~r-
. Wiil1 when maJCimwn terminal Vi!Ocity is 

1 ' jJu:J$, f) on to~nl of tksk'in Hne with~-. 
• <' . -:~ •• ,~11' \ ~ •••• ·\ l IJ 1,\c\l". 

ceilma, the·~.will then;wntinue aloae the surface 
of any ~ing barrier, suoli.as a wall .. ' lit,lis phenom­
enon is well recognized and reported extensively in the 

technical li~~:Wr·~oes~} ~~i J'~v~ 19S_S~i:R.~~~ 
al. 19S9) and cbnflrmed m tne exercases m mathematiCal 

modeEsl~.,.,~·~,et al. ~~f78; ~danualg an~ 0~?99):, ,~ 
.. , . g a range o rest aar aty:!.bl we 

microenvironment would be, in the author's opinion, a 
more reli~!'! quantifier; of room air distriq_ution thJUl 
relian~ :<w.. common .. ~.!s of thumb," sucb Sf~tes of air 
change,rflo'f rate per ~t of floor area, etc. ·,.. .. . 

A ~~fi~ •. eritical: ;~bzone in the microenviro~nt, 
point ~; :•9.!'' ~qe desi~ as indicated ~ ~~~~~r 1 
through s, thuS defining the critical subzone where an 
uppcpr and IC?we~!l.imit o f, ~~:'6a.lq_e 2.{J}lt;.~d~1~oci_ty 
(YrLcou1:4 t>e ~\ti!tfifPr. ~-~'5~ .. ~i~fr11tP~t.;.,.iji . 
in F.i~rl .th!cius~ 5 d~~~tg~ 1 l~OP. ·}!h~e eri~~ril 
sub7.90e. in:~ I _througJl .. y,i ~~Mv~Jr.· .;vn . ,~ . .,.·.:or! 

'':o :· • ~· · l :-- . ·. - .f:·:. ~>/ .1c - i .J ... · -~1 !jf. r.• -:-· , ··. -· .~; ~rJ 
TerminatAlr V~9~t~:W. ... - ~ b·. ~.ui _t~ ~;~: . .c· ~ .. ;: ~ril k 

. b.~· .~'1 ~ ;; ... ~! . 1!'"" ' 

:.[1\~~l d~~;o(..~4.,g~.,Ur j~J& ~~ c~,l~g 
di~.; cul~g!.f8 , ~!!IUE;,t~!fli!Ptml. 7Q-72)~j10 .. 
~ 1;?72) .and ~,.wc,~l:-PQ<I~ <~~c l,9~> •• .thm~,._,; 
and terminal velocity (typically at the ceiling) have become 
the parameters used to characterize diffuser performance. 
In this paper, the tiiaiid~Ujb velocity of the air supplied at 
a location S -ft· ·abo'Vi':.the ftocK. -is. the reference velocity 
sho\VD in Figure 6 and is defined by the parameters 
indicated therein. -!ypiclltly;·-lbe--maxim ... value of Vt 
occurs withiil.l in. (2.5 em) of the surf~4f of the wall. , · < . .. . ~ - - ___ : ... ... ~ 

METHODOLOGY 

Basis of Corre.latin:g Vr vs. Vt 

In an earlier investigation (Y ousoutian 1992) indepen­

dent of ~e,_p,~nt ef:for.t~ ,A~·~~~'~· ~~~~.s~ed ~~:~~:. 
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FjiHrt 3.:· _,£1J!e ,tfe "' '·IfLc: ~i!ffig~ sr~L~f!t~tfff. .fli Jar 
. ~:;,:.· Jf: ~g/b·1~J.:{! (1:5~<.~ ab~~~~or_Plf.fff.~ .'fVall 
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eiripif'iGiaf'eoh!elatibn tJfNII existect,c~ idetineddn ·.£igNe;Q,.... 
a*t/a -fun~tioli .of. t.hertat.e ;o£ airflml'o' front. a ,:UBI~-{~ 
difftiaei.. It was .a:ssUmecL thatra ulue o[ Yr· ~.Y•:ll :JWlg~~pf 
SG-·ft*' » 7S\ fp_m (0:25 ul/8 to &JS8.tJQ/!U;would...n~ t9 b~. 
cOWeliltlild.>With;a,oonespoodiog ,yal~l 9f tYt,; .wWcb ~_pul~~ 
~of"!plter.dgnitwle· YM.tct.~~~~..J~~Il!!~~f! tP-· 
the results of the experimental mv-ptigjJjW~rtaJD ~~' 
physical parameters that would affect the correlation of Vt 
vs. Vr. ·· .St?.v ~ •''t~~~ ti2 ; J ~-.r;:~; n~·C:diie' ,i,L, 

1'ftt'W8o1n ~·.;;. , l("!qL< -.ir ,,, : . -~- ~~ ' ·:, .. ·o: · uo~ :;. -~-· 
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..... ~ 1-.".' ~ r...it':''·;-l.r:~~ C.'<X>, -e-,::. ·. •:::.; 
u:-:~ rtldm'1mtb· 'Wilidli·'a1f: was.Jiiitroduted fmniha·. 
ceRtng'di~ ro~ril lfte~ vetooty on.tbe'.f~"waU. 
is sb&WitiStbemati'c!ill~iii:FigUre 6:'.·: ;, ; ;: ;. ... :_. :' ·: .. ,; 
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Figun 4 Case No. IV, tksk ana.:.wuisow;sill ce111ered 

\. 

onfar wall, desk ift (0.3 m)from sill,· @5ft 
/ - --,.j/.-!:~-a.!?!!.._ve floor on far:Yt'_g)J_JJ!.~t!_ maxi­

-~'!."!":~ermiMr:~/ir;r,Y Ii/ound, ® on-lop-,. 
.. - · · fmrtt-oftliiili m:-r;M--w~ ·.=.==-::+ -... · 

The ceiling was composed· of 2-ft by 4-ft (0.61-m by 
1.22-m) acoustical tile panels @pported on a T -bar grii ,to 
present a smooth surface typical of a ceiling in a co~r­
cial setting. One wall of the room, parallel to· the direction 
of flow, was comf,osB(of tbe)laster waU of the building 
proper. The re~g ~wau&.:were composed of flat 
plywood panels:·~~ wood ~g strips to maintain a flat 
plane and ta.f~j.oining one panel to the next. In this 
manner, flat surface8'w.te .~:thsid'etbe -~i room. 

The fllr, .. Y'!~!.-where the;~~ velocity was record­
ed, col!!d be moved as far.as .2Q.fi fmm the diffuser while 
maintai.n1ij' the"mtegrity of the six bo~danesof tlle-~m. 
The .J~~ ~~~~C#.'and ~~q~~~is f~nDed b.jbutiibk . 
the waits:aoa (:eililig against one a'notlleiWere not sealed. 
The cetfti.g JH~~ ,. hbwev~~ .:rest·· ~rely :·c;o. the walls, 
especially die ?lit 'whll·. 'whlch d~ffildd~.tbd ' extent of the 
throw. Furthermore, the ceiling-wall joint at the far wall 
~-,~ted.viSU.Ul)!£aad· by . .melans .gf:a.;$~~d~: 
ensure-bd1me&surable airflow. above. lhe·Jocation Qf;;Y~. AIL 
tesbf·wm !COilduct:ed in a•MfOm,witluriW=d ·,ceiling ll~igiJk 
o'f'·9 ft i~~4 m)•*-tht;Wiatbof tO .fr(l~O m AS· indm~~­
in Frgure-67 air<s\lppliud to tftc.room··was:-retumed.tJlro.utb;.. 
aii <>pen-d~y aif.J~~eent··lefJ.the·:•"w~-.and.tD~· .. ~ 
ceiling-molinted~tliftU:sell' it ·~:.:r .j~J ~ .dJ ' . · . . (:•: 1 ~rb 

' . ;(. r:.;. ... ·. :r ··: ; :)~~ 1 ~ :..:.:·!\ ; ~ -·~ ~ ·.J ,... a~~~ ~ ;~ .~51:.:.tmL1. bt: iJ. . :., ·.~~ ~·k; 

Air Diffusers and Air Supply System : ·:·-' ~ . 

. The . sour<:Q of the primary air supply was :~f911U.~ 
mto the room through a unidirectional louver-faced ceiling 
diffuser; Acfaal calib~· fQt; ~--Jill~ , ().{_~irtlp,~~ syP{'lied 
~' ·luge · dact~ · as . shoWn inJti~gu~ 7j(J.J9.m vt~ ~t .~ 
tssued through a louver-faced :_9.i~:~un~.fuash.iq,~e . 
ceiling. 
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100 fpm (0.51 mls) for each case. Values of Vt, Vr, and 
throw were recorded for each case (1, n, ... ). The flow 
rate to the neck of the diffuser was varied between a low 
value of 200 fpm (1.02 mls) and a high value of 800 fpm 

; ;:_;~4'.06 mls). 
"'\frr] m-:,'i "\·: ,1'-J .Aif;.fhe~te'lting progressed with the far wall at S feet 

Bft('2.44m) U'1i r; .. liid,on-;successtVely,to20Teef, it ~uruse--

'-t~l'f.gF .. _ Jger di~ ~:.~~~ to obtain the .~uired lqgg~~ 
;.;------ -,.4--1._ DIFFUSER TO BE icJbJow. At a throw of 15 lf(4"37 m), tfie expenment was 

cmlfo5F.P repeated ~diffuJeJ'S of two different phY,§i~ ::d''!l!~", 
;;a r sions. Fall~ c.se r~ are two sets of datact:DtUapOD~::1, 

. cvr 

~ •· ,. r : i:: 

ing to atiiv!Ji·&>~fafi~ of Vr vs. Vt for 15-ft (4.51-m) 
throw. All of the test data are listed in Table 1 . 

TEST RESULTS AND CONCLUSIONS 

Fi~n 7 a_J;an and ductwork man_~, ~-iment .. ·_:-: __ ,... __ ,. · - '\\ ~~'Piocedure .. ~o .... ~-._t;»r.Jrl_, ~~-~~~-~· Te;t"oata . 
_ .. • • (<:!: .• e.·u ~~.aa r 

the airflow rate could be set to.~)~~;~alue ;md, if pos- The~~;-~,-~~~~ Vr vs. Vt were plok'fid·~~ ~t~.rf.L 
sible, at or somewhat lower than SO fpm (0.25 mls) at the gular coordinates for each value of throw, as shown (in 
point where the maximum residual air ~elocity, Vr, was to normalized curves) in Figure 8. Based on the shape of the 
be recorded. '· · resulting curves, it was assumed to have the form 

---- ...... --~--a- V.t!!.. ---·-------
::_ ~ .. 01:: :·~ ·' .• - •. ~ " · • i and, accordingly; woutd:result in a straight line on; .log-log 

A hot-wire anemometer was U5ed'-fot all measurements graph p&per ~ . .'fu~e~i'e. it is reasonable to asSiime that : 
of terminal velocity and residuafhlr .;.elocity · The calibra- at very l arge 'vliln~ · hf Vr and Vt, considering the close 
tion of the anemometer was verit:i~ ~ty .. ov.er.the entire physical proximity of Vr and Vt, the two values would be 
usable range of approximately 50: fp~_-(O.~;tn/s)_ ~ 250 nearly the same. Thie is evident in Figure 11 at a throw of 
fpm (1.27 mls) for terminal and res1dualarr -~locttaes. 30 ft (9 m), wherein Vt is seen to be rapidly converging to 
-.- ealibration- ·was- --under:tak.ea. . ..in . .the 1 !bin.. -:diaa.t.@I. ..• -.. 1b,e·oorre3p0ntliag--Yaluo-Gf--V.p__. ---··-.. ,_____ -· . 
(Q.~~) .w.o~g section of a lo~-~ ~d. tunnel tha(> · · '....... The ~~~ .. had a lower limit of Vr .?b2S to 50 :.: 
bad been calibrated for flow by \P.i.~l~s~~~~- ~be traverse fpm (O.lltto o.a,s w~and an upper limit of 200 fpm (1.0 
of a high-velocity section u:llag:. ~ ~ .R:JanQJh : null-type mfs). l.Jiiing· t'W~ycli!.'log-log paper, the coordinates were 
micromanometer with pure me~yl. alcoho!· _Inches of designated having a_scale of 10- 100- 1,000 fpm (0.05-
alcohol column could be ~~~fa;- ~· '-atcuracy. of 0.5- 5.1 m/s). The coordinate Vt = Vr = 1,000 fpm (5.1 
111000 in. (0.025 mm) for the, P.Ui~·-'~ ~a specific mJs) was assumed to be sufficiently large to correspond to 
g~vity _Qf .o. 79 ~· ~· 80 at test cooda~~os. _.:___ - tl .. CQinciden~-of Vr_!!Mi_ Vt II!. ~stula_ted a~_ve. Accor-

V~loc~ty _yanabon at the test secti~""Deen ext'eD<t: ·:. dingly, in the normalization of the test data, each case 
si'vely in~estiga~ by ~.of ~e:~ot~~··adeiDOmeter to proceed~.·m (lie: @~g IQIUIIIer: it: t.,. · . ::,: 
correct for a slight devtatton LD 'veloctt;' profile over the · · f -.,. •• -. •• - .. ;: .. ~. :·, 2 

diameter of the working sectidd., . : ~ · ; : · 1. ~f>~~~-;cl~l~i-l~g graph paper, the raw data of Vt 

·' · ,;<_,_. 1 vs. Vr were plotted and, using Vt = Vr = 1, 000 fpm 
Test Procedure ·' ~ .. t· 0" --'~': (5.1 mls) as a: focal point,.radiallines were drawn to 

· ·· · ' \.'. · · · -~ . intercept the test data by a visual method of averages 
. iJr·a-preceding-suhseeben--it-..wa&~-hypotbestmd that . .. (Hm..t..t~·~-:l; :FH!:u~>r-::--· ....... ·-. -. -~ 
throw and the furnishings in the occupted zone would be .,_ ' ~~.-w. .. ::-!' ~·· ·· · u,.-<::. ,_. ·'~'- aesoc.. • - -·:•r · 
tbe1Jhyslcif ~leis-~ -Vf;?%-~test----2~~t~;P.~Lng..mn:v-= genemf.ed .~Y~~e .t~~ 
room was arranged with the&,.. Wall;:P_e,w.bi~Ji Vt was to · 'at siiccessive eonstant values of Vr = · a ~tpm (~~ 
be ~. piaced at succesiivealsfiiicesOM';"10, tl, -- -···~·~--mJs.),.-10.-fpm.(Ow~...-lOO-·t-
and 20 feet from a louver-faced diffuser. (0.51 mls), and 180 fpm (0.91 mls), values ofT and 

At each placement of the far wall, the furnishings in Vt w~ noted~ plotted on _log-log graph paper. In 
the room were arranged successively, as shown in Figures drawmg the family of curves, It was postulated that all 
1 through s. For each case (I, II, ... ) the flow rate values of Vr would converge to.a common value ofT 
through the diffuser was set at successive values that would ~ Vt ""' 1,000 fpm (5.1 m/s) (Illustrated for Case 1: 
yield a residual velocity at the cootrol point at or lower Ft~ 10). . . . 
than about 50 fpm (0.25 mJs) to values of Vr approaching 3. Usmg the curves generated m the precedmg plot of log 



·. i:.i£ .,--~\; . f; !·.: i~~LJ~ ~..,, 
r');·: ::.:G'' .( • • , U ~l j 

':J L'f:).t:: 't.:-:1 li j .. )) u.~1 ((.~.~. 

:: :,~~ ~ · l:! ·)~- . -, ~w #r ·1d~ 
.:f' 

. . - .. r:; -.TAIILE 1 
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:0.. • • l;i,;., .~:..:~b 61:~:·:.-Sd ·.'*; ~ ~ . -:!":',1 -'<: . :o:;.;·-. ,.:lrhicnlt-ft (m) ·-
5 (fll2( : .. ~liUf-•·; :><;! n.i. ... ':,._, OJ 10 (3-.05} .. ·· , ~~-! ~~ .. .!5 (4.57) 

<.!'. . ;;• : :~;:-~·' · ;, :~?.· ,(m f! . ·) ft ! ' "''"·; . 1~. ·"fMSEI 

1 od;2s1 i:51;.13JJi ~, .• ~ ::'·: · · o"·' · ··1os.ss li&~~ . .....~ . ., -~'00.70 (.51,.38i~··--· . ' 65,50 (.33,.251 
155',-60 (,'19,;30f.• .. ' .• · ;. ·. : ·~L 4AIS.J10Q; (.!I~.~-§~. ;(,;~ 

. ( ·,~··: Y. •<; . . '•} .l( lof9~•;1~J! ·~~~-8~)<. ')" ;~ ·; 
::;in(! ; ~: ·. • .. !.· ... ~ n.a:h i~J ~~:1 . ~I·. v rc·.;,-. 

·~+e 8 - "~T G~!lt:[ .. 101!" ot ,,,,. · p::;,o~SE H 
155,45 (.79,.23) 100,45 (.51,.23) 
200,?.~,C1.(),~.~3't. 165,90 (.92,.46) 
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Vt vs. log Tand using Vr = 15 (0.07), 25 (0.13), ~O.r. .. ~,.; 
(0.25), and 70 (0.36) fpm (mls) as an independent 
parameter, a family of curves of Tvs. Vt(W.-9~3.A 
ated on rectilinear coordinates. As an illustration, these 
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CUrves ~-in Ir.gu,e 1 {1 fbl! c8II._ . ·?! .:~· -· 
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CONCLUSIONS k: 
. "~ : ;.. .'l • • . • --~ ~(j. -~li j'~ 

· The final representation ;~Lthe· &e;~. dlt&-,.1 in-~ ~:;QYr­
malized curve of :T .vs. Vt :fq~~h .Pf · tb~. flv" .~:~s 
shown"ii:t Figure.: l2. Using ·GI.se .- 1;~ M-e~~- Fi:&'}Ce 

·- ~ ··1· · f · """ ·: f..<r vs V{ '-r -varimt•-' 11 contaiiis a 1&m1 y o • ell~"(- ."l. :r.1.. . • . ''f . _ . ..n.~ _ ., 
values.of.,Vr to demonstrate an 'amplification,pf .. Ute.- ~t 
data,_·: . contentS of -these ..(wQ .6~!:)~ <li~~ 
below: 

1. It is evident (and logical in retrospect) that the al­
lowable terminal velocity would be a variab~ with 
respect to throw to achieve a specific residual velocity 
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2. For any given value of res~velocity,...tbe- terminal- ---: 
velocity rapidly approacb_e{l_ tl!~_)'.~-~- of _the_~_~d~_ . . · 
velocity as the throw exceeds 30 ft (9.1 m), as seen in 
Figure 11. - ·-- --- -- ------ --·-;- ------- ·;::- · --

. .. . ·- --- ·-··- ·-··- ··--- :=:: -.. - · . - ·· ,._ - -
th~'i:: a!:~g::u :j~~~~k~ dal~~~!~~ .. ~ l_l--__ - __ ..... _-__ -_~-----,---,_~-:~-:~--(:---~~-----",r>-<:-\-'t"'ri:---1 
subject to more extensive tatU~g · -- andtor--computatioOld--- ~ ----c, ,...... • ... / )"1'-_. ·. -- - • ·-- ~ 

analysis: · - ·-- --- -- -- · · - ·· - --:·- -4 -_,. ~~ ·--· o .,- ,.., , .... , ~ .--- •' ...... _____ ,. 
3. Having correlated Vr as·. a -_~ctfOii ~f !f. ~~~~-:-..5--'- - --~-- ---·--- - ·- '" 

empirical curves of the vpi9us~y~PJY-to-any- - ---~ ---... - ---
- ... 

unidirectional louver-f~- diffUser -~1W .. 9L._ __ _ _ .. ______ . .. ____ , _ . 
design variations, so long as the maximum value of Vt 
coincides with both the geometrfc- ceiiierfiiie·orffie- . --. t··-t::I::;:O===..---...:..,.,---:-l~OO:---L:-0-::--::G~V:-t --:ftl-;-m- in:-----;-;;:1000 
diffuser and the actual ftowpath.- .... _ ---f- .. -·· . . --: .. - s'C- -··:--·c-··· --· 

4. Inasmuch as Vt is located 5 ft (1.52 ~~ fr?.•rv~~-'fl()()~,_ ., ., , ,r:;,.,.-,JO Case 1. 
if a ceiling height greater than 9 ft (2J~4 fuj ·-w~ ·• · -- ~·-•a""'! .... J . · 

employed, the value of Vt correlated in the cutyes~~:·; ~ C~i•\ 
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p~ted !!!~s p~r wo_~~ rep~~-' t!'-.!. u~-l~_t 
Of Vt corresponding to a given value ofT and Vr. :.. 

S. For each case, at 15ft (4~S7 m),:;~o sets of data were 
obtained wherein the identical rate of airflow was set 
for each pair of data. In each ~ .. --!l :.~i~r - ~~-. 
neck sizes of 3 in. by 48 in. (7/6 em by 122 em) and 
6 iii. by24 m.\13:Z"crii 'tJy"6J 'cm}was enlployed. :· 
Tbese two sizes obtain, respectively;, a 16: 1 and a-;~: 1 
ratio ~f l~gtb to widtlJi It co~td ~ 'Cq_eclu~~ ~t the 
resulting airflow pattetn at the end ofthe f;biow, atyt, 
and the re,sidual velocity, Vr, were not affected. by the 
two extremes in dimeosiollal ratio represented by the 
cited louver-faced diffusers. ' · 
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