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ISOTHERMAL AIRFLOW CHARACTERISTICS 
IN A VENTILATED ROOM WITH· 
A SLOT INLET OPENING 
Y. Jln. Ph.D. 

ABSTRACT 

The effect of i1dn co'Pflguration on roo,a air nloW1rtent 
Wd$ inwstigtlkd In afull·sctlk model in a compnhensiWI 
~~~~. Room flow pattmas wmr ithntifled by z.onu 
IINl ~u on an airflow rate plan. Velocitlu in tM 
occupied l.OM ,.,.,.., cornlaled well with the inlet .param· 
.rD"S cu long a.r ailjlow stayed in the full rotary flow r.one 
011 the plan. Regression equations, obtained through 
dime~Uional analysis and from th4 measurements aJ 41 inlet 
conditioiiS, showt!d thai the mean and turbulent fluctuations 
of flow velocity wmr nearly proportional to the incoming 
air sp.tl tJt the slot inlet and to the opening Might raised 
to the 0.6 powo. c Good cornlalions were .also found 
bdwftnthe wlocity in the occupied ngio.n and the inlet jet 
mont1111111m numbu. 

INTRODUCTION 

Air ~vemlllllt in the. occupied zone is ,an important 
factor that directly affects the comfort and well-being of 
human occupaats. Air movement is a complicated process 
that is a combined result of dynamic, thennaJ, and geomet
ric influences. Understanding on this issue is still limited 
because each investigation can' examine only a few influen
ces and introduces certain assumptions and simplifications. 

Mathematical and physic=al modeling are the two 
common methods of analysis 'of i.Dtemal airflow charac
teristics. Most of the experimental studies have been 
performed in small-sc;ale physical models to predict reality 
in full scale (Nielsen et al. 1978; Gosman et al. 1980; 
Timmons et al. 1980; Timmons 1984; Zhang et al. 1990). 
However, there are certain difficulties involved in physical 
model simulation. It seems to inevitably distort the simili
tude of dimensionless ?r terms between model and proto
type for a geaeral flow situation; therefore, a discrepancy 
may be intrOduced due to this technique. Increasing the 
flow velocity due to decrea~~ing physical dimensions may 
significantly change the turbulent structure of the airflow, 
such as the spectral density distribution of the turbulent 
kinetic energy. Furthermore, some flow phenomena are 
very difficult or impossible to reproduce in reduced-size 
models. Therefore, except for the financial advantage, a 
test in the 1:1 scale remains essential to exactly reproduce 
the ~imeosional room flow (Moog 1981). 
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AniOaJ various miltJ:tematical models, the k-e fully 
turbulent model appears promising with the advent of 
modem computers. The common k-e model maffers from 
the condition of requiring fully turbulent flow. Never
·theless, most ventilation airflows encountered in residential 
and office buildings are not fully turbulent and break the 
basic, assumption of the . k-e model. Receatly, the fully 
turbulent k-e model was modified by using empirically 
derived expressions and constants to account for the "low 
Reynolds number" effect (Lam and Bremhe..- 1981; Patel 
et al. 1985; Chen et al. 1990; Hoff et al. 1990). However, 
computations .in the numerical simulation are very expen
sive. Some predicted results compared paorly with e~-
perimentaJ measurements. · · 

In this study, an at~mpt wu, made to ~xperimentaUy 
deteimine airflow patterns and v~locity distribution in a 
full-scale room with a continuous slotted inlet opening. 
Ventilation flow rates up to 60 air cb&nges per hour (ach) 
were examined. Although such high flow rates are much 
above 15 ach-the highest rate for an occupied office 
building-they may pr:ovide information for other types of 
structures, such. as those for industrial, agricultural, and 
other purposes. For example, Spitler et al. (1991) used up 
to 100 ach in a study of night purging strategy for a 
modeled office buildmg. 

HYPOTHESIS AND DIMENSIONAL ANAL YSJS 

GoslllSID et al. (1980) reported ~ tho maximum 
velocity in the reverse flow is essentiaUy determined by the 
area of the supply opening and not by its Shape, and the 
result obtained from three-dimensional flow was only 10% 
to 30% lower than that from two-dimensional ones. To 
simplify the research, a slot opening immediately under· 
neath the smooth ceiling (Figure 1) was used i.Jistead of 
square or rectangular inlets. With slot.length extending to 
the full width of the room, the interior air movement was 
assumed to be two-dimensional. the flow was also iSother
mal and steady state.' Room airflow characteristics are 
primarily influenced by tho performanCe of the air supply 
opening (ASHRAE 1985). The inlet Reynolds number and 
the inlet jet momentum number are commonly used indi~es 
to determine the air speed in the occupied zone (Timmons 
et al. 1980; Timmons 1984; Ogilvie and Barber 1989; 
Spitler et al. 1991). In this study,,it was postulated that 
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· :: the most iri.to~ting.;arame~~, i9 .~,.study and are 
, referred to as dependent variables. The independent 
vaiia"bles liitf U0 and d. -Other Hypothqses about .everse 
flow velocity in the full rotary flow moe follow. 

~.. U0 and d do not hav~ ec,~~ influence on the reverse 
flow velocity: !P 'o!}ler :Wol-ds, ' the yelocity cannot be 
expiessed solely by the ventilation- flow rate through 
tJie inlet oMbe Re{ncJ!ds: tilftDWt~0J~; lfohmd-d; , 
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where . q,utlet and then via a contraction section, which linked the 
., -1ZUtlet·slot and the suction fans. Room ventilation rates up 

floor mean air velocityWmea~~ and the RMS valUe to 60 acb were achieved by adjusting a vent on the fan 
Umu, respectively, m/s; ::box, the speed of the fan, or a combination of the above. 

u -
Uo - inlet air velocity, m/s; · ... ; · · Velocity wa8 measured by bQl-wire anemometry. Four 

inlet slot height, m; .. , , .. ·. ·· i-0hot-wire probes were mounted on a testing rig, each 
room length (in direction of ioit~'"'W,~), m; sep~ by O.Qi_m-(1.5J in.). The testing rig moved the 

d -L -
room height, m; ·· --- -- - · ... - -··-probes in both borizontahnd vertical directions so that the 
horizontal coordinate, m; ···· .... _:' .. -· ··-·probes coUld reach any test point in the centerline section. 

H = 
X = 

vertical coordinate, m; · ,., In the floCflt .~gion, measurements were taken every 0.2 
air density, kg/ml; .. . .. - ··room widths '(0.96 m [3.2 ft]) horizontally and every 0.04 

y == 
p -
I' '""' air viscosity, kg/(m·s); and .. . · ·· _,... -:..'-::: m (1.6 in.) vertically, with the first point at 0.02 m (0.8 
p = air pressure, Pa. :: ::.:· -r · in.) and the last at 0.62 m (2 ft) above the floor. A total of 

To simplify, air P~· insid~ .t_be roomjs_ ~to be 
the same everywhere. If an average velocity value is used, 
the local Velocity at each X an:d y pOSition does not appear . 
in the exp~ion. lltQQ Eq~on .1 bee¥>~ 

. '- 12J~~U0 (r1,L~i1f,"'p ~.p.: ) .a; '{)_, ~ ;: . <!: (2) 
• .. - ~' ' ' . .; '- ... IJ'" L GJ ~'.;1·;:,'k. 

whieh·,may be ax~ by the Aimensiq~ .fo'P.l: .:~ v 

. ••• , .-:. ;;.'.~~· ~ . ... . 1, ~- · . . '• !, ~ . :j::,···· .. -~··<i 
" --~- - "· · .) ::. U ' · 1 :>}1~· ·· ~id H· •· )) t. ;··.· \ " 
· ,;:)':.. Ji·; . ·'J ·U. • g.ly~_ed•ri] · ' 1:.) . ·. ,., · .·.") : (3j-

··>t v~r~, ~ .. :.~ w .: r~· ,. ~.a:; r:·:· .. ·• .• • .• - ~ ·'- b~ .. ~ .. "" ·,:. 

where'i4~' iDietlbynoWsrnpm~J; ~~~. = : (JJ;t!rfl)ll'. > 
, ' Hbwever, aidlanJ~:'in d ~lts .iJk~h~g~ ~ R,~and 

d/L simultaueou81y, whicll,caW~ts .cliffu;¥lty.m e~ntal 
di!sfg'l'l:Jtilb is ;a c:ioiiBUDt:, the cb~st~ :l~gtJl -~e, d, 
iit~eynoldS>:IDIIIIber may ~apl~i:l~)hL, .,i,.~ .. ,.J J.~L = 
(pUrf..)/1', and the ~lldiag;.diro~nsionle~Wr.J~tion 
is 

80 points were measured for each inlet setting. 
A separate bot-wire probe was mOunted in the center 

'of the inlet .slot · ta··~ thelinrcoming jet air speed. 
The probe was positioned exactly at the plane of the 

?~_!;. ~e~fo~~ a discharge c~~c~ent was ~ot needed 
m the CaJ..culallo·n. ~1 data -Mfre · sample(f·by a high-speed,; 
an~i'~,g:~!gi'~f~ lbgger controlled ffy 'a•bost 'Computer.~ 
f:l~w ~iSUali~llo-:~~:_ w~i-eaJized by ~jecting smokd4hrough 
qa~ .ipl~fslbt .. A propline-b¢jlted smOke generator burning 
~~~:bil ~fl~!Jcea:·~biti;: smoke. 1\ir·'temperafure >Was 
~~ ~f .. ii .~'tk'~. th~enJlo<:ouple at. the ~et and 
t~ately beSt~e tife l'ro!S'es oil the testmg ng atvtJae 
floor. ~: . • ~.n~ r" 

Hot->,yire probe calibration was achieved by two 
de~ices~aq t.Qtati.Og C:fevroe and a Wind turu~et.---for the · 
-~~d6n"~ ran~ (tratn ~1'1:· to 1.0 m/s (20 .tO, 200 
ffi.ii9; ~~~ fr~m ~~b tc(l5 ni(s (200 to 2,950 fpm), respec
livJfy:~~~ eff~t due to'''teliipenmtn difference between 
~ibtaitdri j.ild' mea.Sutement was· C'brrected. Details, about 

; · 'i.C.o .. - -~· w;a·b...r._ •~o· n'.<.;,·;..e· ga'ven m··· 1:.:. ·'1"'9'1).·. ,. "'• .·. · . •rY . ·:u ·,· . .; . .. d H:~o ... J!:J~·· . 1 u ·• wu ... cat ntu iU .... , ':# 

- ~ •. g,tVe.,, -· -). . (4) .. r:··,~~p: ~'J.: . : ::· :r;- '• \x:; ·. ·.;; .· ·: ill~ ::~;, U. ~ . . s:.ooV''.;r,. L ~L- 'l "· ' " ... ,.~ ... , 

; . , c 
0 

t . · . . ·. ·;. '.: '" . ~ ·~~PM~,PAMMheRsl>F:A!tRi=~ow· . ··· 
The results obtained by Equations 3 and 4 are the same. '. ····- . ' .' ' .. '·' ' , .... · ., .. . ~ ... , t:;r:~i · · ·. .· . 

• • ·.·;r ~',lil t ; l ' ) " <- "' - • , 

For the present study, both L and H are constant. ~ _ ... . :r<?:P~~~4Jii fiR~. ipfo~.{~<!~;_..,~~-~§p1~'!!.r~uen-
Equations 3 and 4 may be further simplified as the function cy o~ the bot-~J>r?.~ ~~~ ~ '~:-~~~ ~ic~-~ high _as 
of two variabl¢8, · . , . , .. tJ?e ~-b~JPCSU~~.m .. the -~~~~~ ~~~Lilfr'~ ~he 'N yqua~t 

I, .. ~.- ' :! U" ··; 1'''f • c>' •. '· ' d (a_· .·~· , ~SJO)p.MM tl}.~~~~~~·. !?,$.~., ~~~w~~~ (Ya~,lin~ time . 
.:.::::·.·'-"· ..... · . .=. u;;··= gl=' (R.e..d, L) J.J • lJlJI)lt ~ .. ~~og ~n'?~g~ l? ~1~~~Jt~~~ .. m~ 'vel~~~; from a 

.. t)JJ(~pt~\..t.l?-w. _0., W~n?tfi.'rf: ~~~t ~ippling !reqd~~cy and 
, ~)~g:1~~:-.sh<?.."J~ ~-<··~ 1?,~~--~~: poss~~le -~~m the 

(6
) : v~eWPqqt( .% -~mP~r ~Jee~fY . an~ ~m~ut!lig h!Pe. 
. • • .,. -~ .samnJinv fi-Mueocv VIaS cho8etf&.s-~bo - li:Z after .. 

·• . -d~~gp~hi,T ~~~; ' ~'~f')i~~~;_ }o~s~1~f_ '(ti~o~tion 
where .U::may:·:stand for Umea11 arid ' Umu,' respectively. c~~).~ --~·i>W)Izr.:~r~ }?~!);" ~t .~,s -~~ency, 

.. 
·" : _T.!!_e ~~~!'i!Mnt .~~ c~nd~~~ in ~ empty prototype 

model (Figure I) to simulate a room th~ is 4.s··m (15.7 ft) 
long; ·1h8·.m·•(12.5 ft) wide, and 3 m (9.8 ft) high. An 
adjustable slot inlet and 0.1-m ( 4-in.) slot outlet ~xtended 
the fulhw.idth oLthe: room.(3.8 m (12,.~-ft]);;,,Air was 
~~austed evenly across the exit plane through the slot 

. F~~. }. s~ows tb,~ .~ ~d RMS .of the- 'ifi!.&~. and 

. ~~u,I,~~~Jn~nsio/ ·ch~~~~:~~~ ·th~-~!!!~If'~-~~pling 
hme up to 150 secondS. When the' sampling· ·tune was 
loog~r ~an ;tQ, ~~R~~ ~\?· ~a~~tic;m of~ yetkity was 

• I wi~p_.OS: ~-~-(10bmr :ttMs.w~~ .oj,9~?~~}~ fpm), 
.. ~d, ~!P.ui~'}~~r~~itrr.-~~~ ~%<·~~- ~~~~ental 
t~ ~ w~~ ~e ... ~u~~~n~.{>~ ~.s sW~t~ M'~ and 
--1~~- tMU~ t?P.~edlf-~~'\!~~ J:~()(j-~~:(100 ~ times 

30 s) ·were used to _evaluate die velocity' characteristics for . . . 
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a measuring position smce·the steady-state air velocity was 
close to a normiu ot Gaussian distribution (Ji.ii'1991). 
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EXPERIMENTAL METHOD 

was located 1JetweeQ::::the two ~mts. Then, the same 
procedU;fe was repeated at another Uilet height. 

The boundary dividing zones Band C, i.e., between 
the intet:mediato :zone and the rotating airflow zone, were 
dete~'ed . by . t1ow visualization. Smoke was injected for 
each inlet confipration, ud intemal-ttow patterns were 
observed. The boundary was located betw~iJ. those points 
just befr re and then after the full rotary flow pattem• was 
fu~. . 

To formulate 'the relationShip between_)floor velocity 
and inlet confipratious in zone C, velocity at the floor was 
measured-lot' eombiaa&ieas of. ialet..levels that fell into zone 
C; these leveiS":iit8-iiiiiked with.-&n.. asterisk ("') in Table 1. 
Because . ~~l~onsbips were only distinct in zone C, ' 
these measurements were not conducted until the three 
zones had been identified. Figure 4 sh~s the 35 com
binations of u0 and d between t,be- lowe~ boundary of 
rotary flow ··and the upper limi~ flow rate. Replication was 
conducted at six points with the same ventilation' rates of 
15 and ·4&·acb·-to test the effects of experimental error and 
flow rate:-

· ~· .. ,. . • . ~~~ • .'- l)~h .~ ~ · ··. .\1~ --. l l\~ ~ · 

ihTo i4cmlify flle ~ zo~~pn.a pos~~~~~~~·~~ i ~· .. . ·i 10 • ·"' 

plao;· .14 J.~~ol~ cl inJ.It{: ve~~itY, W~ J~. l~:~tils of wet h~l,g~~ . , ,,.1 •o.oe . ·~~- . 
were selected as the inlet configu'nrtions (Table 1). Each' J 
combination of the levels is a possible point in the plan. 
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o.oa 

.•. .. ··.r-:- - rt....:. r~ .... ·.· !:~ · ....... 

Moie -.points were( ~1 for_ lower ventilati,qn ~ to :s o.01 

get detail~l:\nformatioo !lbout.~ .. ~1 s~~.aca.~as . 0.01 

COD;iid~re6-> , the JD8cXi_m~J;B }·~eJ?t!~\l.tipn (ate_; th~~fo!", . ,.t. ~ 
hyperbolic line UQ4:·=-.. Q.~~-m3.{(s·g~), (JS~ .. ~{ffi}nj ~). ~"' . . o.D4 

this::plim tlw'keddhe _~r:)limjt Jlqi,Jl.-r,ate -JOJ ~o · r<?9.JD . ; .... 0•03 

with., Unitl-width . ( ~--8 ·-:DJ.; [.1~~ 1: ~~!18 :lll!d. 3 ~19:· ( ,~] . 
high). __ , . - . '" 

. .-Tbe•:;bQunda{y ; 9h~.iping !ZQ~< A ~- B, 1 _i:~.·;rthe 
stagnant~ZQne &n.Jti9~~e9~te ~e .•. ~~ .dF,tpr;qllg~ by:, 
meuuring tbe air ~19.oiW ~~e Qpor ~U?tt J9.~ ~h~J: 
coafi.gumtiDfl• ·F,irst,llb~·iu{e,t mi.J~t W~J!:~l!'Jd ~&~inlet . 
velocity W'as:1:ben~wl(~:~ v~~~).%:9.;,ver;,tb.p, .floor 
was less: tJwtAi ~ (~O,~~}c~~n.;ttU~:"Po.i.!J:~ • .in. ~e 
airflow rate plan belooged:'to.Jbe~~J.WDe;(Zf?Pt}A)r , 
'f.be-iDlet velocity W&ST18isedrMutil : tb~-flo9f. v~.o.cjty-·was 
greater thm·~o.~ . m/s (20 fpm). ~e• bpJIQ4.atr'y,-;~g~fqre, 
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Figun 5 Four types of airflow parterns visualized in a prototype slot-ventilaled enclosure. (a) Type 1-the flow patterns 
"'""· :. ·before the inaoming jet reached-the sid~all. (b) Tyfot"2~the'fl.&wJicittenii'aft't#~the jeiV~ached rh't'lsidewall 

but before the,;/loor. (c) Type 3-rhe flow fJ!llt~ afi.~Jhe jti feaciiiil 'the floor..;;7a) Tyjie- 4J!Jth~]Uil'rotll.ry 
flo fi --.1 . r· .., ~ • . - ' ''"I ' ~ :-. .. , . . .J , w 'Orffl,f;U,. , J ,. ' , ,. . V ' '•" •,! 1 4 Nf:J A -Ll ,.l • h o f' : .: 1t, :.. 0 ';• r, ~' 

. ~ . 1':H :· (. } ~ ~ .. ; d .. ) . (i,~; 

RESU~ TS.,,, · ' : • ·· .. : • . Type FOur A. further in~ of. inlet vefpcity 
. . . .. • .) resul~ U{\he- f~tiori' Of full rotaryl~flow1 fFigtire! Sd). 

For a certain slot height; the distance tha,t the incammg Any nirtli~r.'jncieaSe m '1be.-inlet ·velooi~ will }ldtoCilange 
jet traveled along. tire ceiling,' sidewall, and floc:fr' .... was llie.lflow pli'ttemS' but will 'mcreas&.fhe:velocity in the;'tt>tary 
depe_Jldeat ·011 ~fhe air velocity at the inlet. Airflow patterns fl~w~ ·:Figure· J6 · sli:O;,ttS: 'a J ijp1cat ':ltistribufion>.of: velbtity . 
in the full-seale room can be shown •as tbb-.foJlowing four aloni' l'&,rii ~ce8~ .~~! fulf· r0taty<-tiow patterns have· · 
types (Figure 5). Eacb of .these pa~rUs.. .. ..w~~. s~y- . beep reached! .. r: ..; " 
state result...::of inlehheight::an(C iitet. yel~~ ~~ was · ·ne llirflo~as obseto/ed accorailtg td1the:l6'¢-els listed 
maintaihed for at least' 15 minutes. · in Tablb'~C' 'fa:=simplify": type obe·df.ffie; flow pa:ttem:s w.s· 

''type'One When incomingjet air speed was very low, definbd ·1&5 i~iagnan'tflo-N regioo at'aieiloor (tr.One:\A).li.Dd!' 
the jet did not contain sufficient energy to reach the 1 t}rpe. foJr i~ deftried as' ':M11ttlfatynflow · (zooOJ~·:.~r 
sidewall (Figure Sa). ' The solid line with ·the mow repre· pattem5-'betweed'i)1;es o&e-iiid "fo'ut ·we~ ~ferN<fJ to a& ·the· 

~n~~~~~~fu~~u~1'g )~i:~~;:~~~~~~e9 ~~:.\-epr&ht\the in~nii~~teJfl~~:patt~ms ~i.Bae !fii). <Th'e r~lts'are· showrv 
~~~~~a~ surro.undmg au eotnliii~by tll~)et. The dotted on·l1Ji; aiffio\¥~pl..,.{Figure 7.). · nL ; ·~· :-. : 'J l '-' · ., 1Jli 

liiie . oubilles tx>uri<laries of tli~·· sprcildihg ··.region of the Th~ne boundahe$;\q6i'e determined by,~ nolilio~f; 
smoke. In the floor region, the mean air -vel&ity was less lea.SMqtires'' iBetbOO' (SA'S ilti8). 'The expression of the. 
than 0.1 mis (20 fpm). boundary dividing the three zones is 

. ~ype Two With. a higher incoming air velocity, the. :- . ·: • ,. = (7) 
Jet aar reached the sadewall and flow~ aJong th~ wall · ·' · · · dUo C1. · 
t~ the41oor (FigUre 5b)..'~ ~i.e'a'duf~%gion..d..the': . ..:..WJ~.W.lf~~dt~~~~rm:·~~~ room w~~. it~~ 
smoke increased and included a part of the qccupied zone ·. . exp~c~ te~ of v~tilation flow, .~te ; (f~l f9r ,t!'e 
near th~!_.comer. The D,l~.'!'.e~ty at the fl~r region was unit length of the room: •<>' r -\' 
greater than 0.1 mis (20 fpm). .. · --- .. - · · ·---..... .. _____ ·-.:.-~ -- · ,._ ,__.,_ ___ .. -- · -

• C•.: . ,. . 1'\' . Q r.fn ,- 8) 
.-- !ype·Three If-the-inlet velocity·we&even ~her, tho-- . .- -... w • .--• ...::· : _ "= .L.,~..;.;...~ .. ·- · _ .. -:-..... L 
Jet aar then reached':' the floor and traveled along the floor '· . .: ~ . :. V ... • y 1 •• ,t, _ . _. 
(Figum_,i~)._ Th!t.~ntOO,g!D,ttn..! of room . ~!.r became mo~.. ~~ere · 

·-- - ·- -----·- - --·- -- - ·-sigoifi~t. The spreading s~ke region included most of 
die MOm"1JJ'ea';~with"'time, 1he-smalt-space. between the Q - -... ~.-Yoluaie .. flow rale...through. th~t.~ ~;- .~ . 

V .•. = , rNoJume of the roo~ m~; V.,::r.~L (llt • .S ~ Ll5"_7 (loor and the wall with the inlet was eventually filled up 
widt~ID9ko-IJ¥-cODWCtioa .and diffusion._. __ ... .. ~~:. -~:::-:-- · _ . ; ... _ _, .ft]) ~ ~J.L~.£3..~8 ~Jt:J!J3 I~J9.:.!~])_L~ .... 

~ 
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The nt!rmaliled mean velocity profiles at five 
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flow unage at the fi'oor. The dtslhoutaoo of &'&li · 
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JvjTABLE 2 
Statfs,tlcs and .Emplp« · ' Constants for Zone lloundaries 

- · -- -.. r-·r-
Constant'~1 "Constant c2 Zone Standard . Exponent n 

Boundaries Error ~ '1 ± Std. Err. ± Std. Err, C2•C,I(WH) 
- 1- · .. r ~ 

Between 
oJoos7 

r r-: . 0.04589-
A and B ?.o.ss ;1.85±0.08 ~ ±0.00149 0.0032 

- ... -· .. ··-
Between 5 ~ I '" .'! ·:-;• :- .. ~ ; .J J!' \ -i . ,:. 0.1383 
Band C 0..01 'f ,-· 0.89 

- - ·- . -· ... 

2. For each of the inlet setting~ and repueates, the mean 
and RMS values meaSured· at 80 floor positions were ·~: 

2.50±0.51 ±0.0223 0.0095 

where 

... -----averaged to give a sljJgle mean and a single RMs~· . . ReL = (pUoL)Ip., and 
value to represent ! the velocizy.. chatacten'Stics in the:.·· a, f!., .!!Dd c 
entire occupied 7.o .. e. With the ~l vel6city as-dr~-x · .. -· ----\ 

= · empirical CQnstants listed 
· alon~ith :~e statistics. 

in Table 3 

coordinate and inl~i,height ~-the L~~-~~Fi~ . . . 
9a and 9b, respectively, show the.distri~'!Bion o.f meaJJ, 

and RMS values as the z ·COQrdiBataiA-mne-C •.. 

· . r---1 7 

. AB ll: .Produ~f, tur¥ienceJiileil.sity, /,could be obtained 
·by divi4_~~Equa.ilimJ.Q_by Eq~ion 9: 

urms b d (11) Experimental data processed by the second method 
were used to d~elop· .'telationships.. suggested. b}': ,. the 
dimensional analysis. The dimensionless terms ReL and d/L 
in Equation 6 are actually the scaled U0 and d since L, "'' 
and p were a.ssUifil!d ' to be constants. For isothermal 
airflow at ~!?9.'!1 20°·C, the ~vaJues of"' of 1.815 x to-s 
kg/(m·s) '(7:32' x:-~ H~-4 lb/ftmin), p of 1.15 kg/of 
(0.072 lb/rt3'), and LoT"4.B m (15.7 ft) weie used in ·the 
calculation _of... ReL and d/L. Then the normalized floor 
velocity terms"in zone c were' . .fegressec!: 

I • y- • a(ReL) <zf• 
··,i Constants a, b: -~d :~~in Table :£ · . 
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(9) 

(10) 

., 

. ....... 

Figu~. ~ ·.:.\\¥e~urql 't!:ea'f.~ vel(Jg!,~~es OJ t~fJ:1or f~r dif- .. 
-~ , ~· _,1 , .f..e~e~ ~omb,_r.uu•o":!_ ?f. mlet ve.lo~{ty and inlet 

height in· t~..f!JP rotary flow zone. 

By rearranging Equations 9 and 10, the dimensionless 
velocities became functions of Red and d/L: 

I! "'I , . . ,. f!'r\r ~ .. . ... '" ~ • :;.:-. . .. 

· - --.::!/.TMan··-·- (R ·. )b ( d)(c-b) 
-'"a ed -

U0 L 

and ---
( •.:,· · .. :.:; 

~ - -
.. (_13) 

. ' 
where- Red ;; {p.vCfl)t p., and the constants a, b, and c are 
the sanjjS":aa:U.o~- m Equa'tloo&~ and 10, ~ti~l~.' __ 

For convemence, U TMan' U rms• and ./ .were also : cor-
related to U0 and d directly: --: ':-"' ,.... · · ·· 

,.._ ,,. :: ,·.- .. ~--

, . .. p .· 

·. 1 . ·',1;:, ·, , .. 

0.500 

0.375 

... ,.., 0.010 

, ;)1 , · •• -' "-r..,J o.cru •. t:~ · ;r 

l... ~ "1·;... ·'··~ ~ ... :.:' . i •ru '~ .cD ~:~·,· ;.•;d :T 4..1~ · ... :!t~C 
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1.2 • ..: . :: -.~. 

1.0 

--· . .. ~n . tL·~· rto 
lleaouncl and be.t flt~ nlean"ftlacll1·--.,. 

.. ....;, . .. 

tilaiion rates are required, such as for night purging and 
ind..llilt.rial and agricultural ventilatio.n. 

Referring to tiie airflow ra~ plan (Figuw:e 7), the boun- -~ 
daries at smai(idJ¢t heights are much more sensitive to 

0.4 

0.2 

- ·· ··. - .. ·- Jet momentum numiMr 

- i3Danges of- inlet::..heightr.-and a hi-gher inlet :~locity is 
heeded to reach full rotarj flow. At moderate to large inlet 
..eights, th~ boundaries are nearlytindependent of ~e. inlet 
'height and full rotary flow may be achieved at less than 2 • 

... · 1mfs-(400 fpm) of inlet. vel~iJ;y,_This ~ .~~~~~ent with the : 
!th~ry of momentum transfer since. th.e flow jet momentu~·
at t6e inlet for the two examples ts about the same. It 1;5 

' also imp~ed that both inlet height and ~et velOOity. are 
iJn.e:ortaot J in determinin$ the flow patterns at small inlet · 
heigbiS-;anaonJY ihlet ~tocity-is the determinant.of flow · 
pattem-when th~ . iQJ.~ hei.&~t ~.)reater ~an 40 mm (1.6 ; 

Figun 11 AC:tiitilTifJfll fitted· mean velocity ani3 kMs 
::Jwlue iuJ.M.~r £o'l'relale4J with t/u$. inl#lt:}~ 

: ·.mpmentum n""'!~n.-- ... _: -·-··: · :~----·-- · 
:-c~ { . 

information abo~· ;-;i"Ysis Qf-;ariance . may ·:se .. obtained 
frOm Jin (1991). · .. , 

~·~~·'· . 
DISCUSSION 

. 

1

The ty~--~~·e 'flow ·pQttem ob~ed was ·simila~ -~o 
those where J~tS·arB"moimted m ·or near the ceiling, i:.e., 
a high si~w~~t<?~Uet; ~4:the air-i'~i5charged h9rlzqnf.llly 
~ ge~e~i#o.~:~HME (f~~S) J 'Veloci~as.stagn~t, 
or n~~lYr.!~ii:!Pa:n 0:.1 mls :<~~ 1~~),.•m ·t~::OCCUPl~ 
zo~. ,.At th~. to.p ,.of the r~m •. r'lllr was' ent~: b.y,-• .tbe 
primary j~lstreim coming ffom1t&e diffusert The:~ ~d 
~treog~ · 'pf;~t.~r~.w~ ~Clions . of.~iupoming jet 

.. speed ana in1ef~lot''helMnt. · ThtF' combinati'Oas::at; ·fbe two 
'· inlet -parameurs k atrYeSUlt='[h sta~~1low J:latterns.it). the 
. oe'c.u~ie4 re_gio~ ~~R ·\d~'Stified ·~y tb~upper b¢mdary .of 
.ihe s~Mt i:~me .X·" (figu~~-r.~a. : · ~· . • · ., . . ·: .: · • 1,: 

: . j _, The ·~~~~· ~~~.~~-~tp'~f.U.bi~li·mciUdes the 
flow patterns o'f types two a&lcHJiiee. Th~ ·p~lll&Y 

' . be encountered in resjdelifial .~d office ventilation, espe
cially ·wben"'the'_in~iilln(~r ~~rature~ ~~- ~9~C?r: ~the 
room air ~mperatu~. ~~ total.!D'~ture ~ of discharged 
ai{ !JDd entrain~ ai_r.-was extended into !lie-occupied zone . . . · ~ . ,. ....... .... . 

._4W) td the m~ throw of the jet. Th~ typesri>.f. flow 
patterns shoul~·"!le .avoi(led ~~ .th~ ~im~m velocity 

·as we~. as ~e inax~'!m t4:mienitu~;~~ti~ ~urrin_g in 
~'~.~9 :~{dr?p'>~io~~lti#.~ l~e effec::~ive draft 
temperafu~ (~~~. ~9~~-:;;Tlle:t'uil rotary-fl~·pattem 
in zone C maf-b_e. ~lU_FfoY purpQ~ -wbe~ large ven-

•.. .... /: -~ · ,~ · ~ · 

in.). . . . • - .. -:- ·-· --: 
. ·~wever-; th~ion-liae5.sbow.a.greate~iation __ 
~frolli.the. meam~. poinis at bigh .inlet velocities and small 
• inlet heishts due to lack of ~imahorninhose inlet 
- serimgs: .. This 'results-in:. the twO lines.~ing eac~. other .. 

•$!:a poor fit of data fot}~et velocities greater than 4 m/s 
(800 fpm). Although the- aiiflow rab!.3plan was established 
•th>m the data in this particular ventilation system and room 
dimensions, the prin~lple ill' spplicable to other types of 
ventilation systems and building geometries. 

The normalized an<f·:aveJ:aged time-mean velocity and 
RMSi=vilde at five hoa:j;ontal . positio011, aJp~~g the floor 

, (FiPte:s,s,,.and Sb) sho% ~.~verail view ·'of the vel~!~ 
·l:iisttibution. The J:Qean air .~ profiles at thi:!ee"middle 
pie!sitions rappro~ima.~ a ~all jpt ~ist_rlbutio.n. ~ mrii
iniim,velocity ®<:Urred at the l<£i,tion of O.JL from the 
W'all' opposite ~q. .jQJet. V~rtj~ll_y ;·£be~.~· ~~r~ .0 a 

: imaximum at~bom;Q.) ~{4.~·.t~~e·. ~hC? .~~.fF~:d then 
decteased, r.eseiJ!blin,g.~. WB;llJ~t,. ,A,st;il~ dast':b~~l?.!l was 

··tiibsuved -at-:the rw3t .two,~~i.Sie~.i0"1~,_L .~d ~; ~ ;f!f:i~v:n 
·. die flQw1J.hut.the ma~tude .~ ~~ ~"."~~~~. pomt 
::-·. Wlls sftialler: due to ~ l9~ QUinelic ~ergy i& the · flow 

went .oil;. At the <;Q~g;·;p~, 1\!i~)pJe~~~n~f.~~~t,~d 
floor, flow was restricted by the walls and the Ve'kktty 

. direction .of. th~ ,gWn stream \1!88 deflected. This caused 
less regular ~ an4 ~ proJiles of velocity ~IQga~ 
to those at the ~dd~.-refioq: 'Al~ough the magnitudes of 
tho, veloc · ty p'[9.files. are _diffe.:eilt be'tween t~e average over 
41. inl~ ~ttin~). @rut ·~~ individual iil.let .. ,~ondition, the 
shaJM?, of ~ ·e~~~ps ~- ~e-~me. · For .. e~~mple, the 
~i·~·m }\.Q0r. vel~ity' w~ about ~ ~-~d '30% of the 
inlet v~loe!# .fdr :a)yt'i~ ~~t ~tting (Figure 6) ~d for 

the ~y~ged:.~~g;_(Fi~~ ~~;;iespective~¥-: ~~e di'fferen-
. : ..... -..--s., ' 

· ...... TABLE 4 4 '-'t : • .. .. . ' • . ...-

~ •. , St~';tl~s arid Empirical Constants for Umean and U~elat~ ~q Jet_~·m,n,otum! Number J 

u_ 

u,. 

~:· . . : l ." 
17 

18 

1 ·. Standard 
• ·• ~rror 
:,. 

. . 071 

.018 

lntercapt 
'IY.>;.~·, IF•£•1Stij, &u~:--:n:·: ;; .. 

Exponent 
. . II ± Std. Err •• 

.96 ;: . ' .52±.02 

. . 97 4.392±.394 .54±.02 



ces in the shape betw~ the two figtires * er.e: negligible. 
This part of the work ~bnfirmed lbd furtll~~ the obser· 
vations of Baturin (1~2), who oOly'lxaDiined the velocity 
distribution to a limited distance .. ft6tf(·tl?l inlet and .along 
a wall, and tho~ by1_:Nielsen-: c.et ~a::···(Y97$~t. who 

1
'only 

~red the internal velocity ~-~;t"e'"!)b.t~t ~nfi~~~ons 
an a small model. The comp,ete set of vflues for .Uie 41 . 
inlet combinations can be foU»'~ in Jin (1991): . . : . _ _. 

-~ Measu~ and averag~ ·ak-.ao and ~S~:·y)d~~at 
represent the velocity characteristics in tH~- ebti,e floor 
region show a similar trend' as aft:~ ·by, in~~·jet · 
speed and inlet slot height in zon~ rc· n::ii\lres .9a a\lcf 9:b). 
The IM'gest values occurred at big:b · inief~elocity, .wllthlil · 
maxim~ ltt·:uQ = 10 m/~_"(2,000 fpm)_imd d 4!l ~~¢ m 
(O:S in.). Tbe-·imallest .. vWires were associated wUJf'both 
low inlet speeij!! 11iih illiet ·~eiglits. .. =' 1 · f. · :1· 

Dimensioliless ~~ons- 9l~l:l1 1!2':regfessed fiiib the 

experimental ' da~:i~~~~~v iBit~:n~~i~· · flo6t
0L · 

v~locity . is. ;aHflost -~d¢pc:n~Jat,}f"~e-~f}/b~Jds ~~mber 
e1th~ usutgt or d u the le~gi1i M~:nie asymptol.\<;.,95% 
confidence interval (or co~taqt b of tJte eqUation.S:·was. 
( -0.026, +.~:084). Tberef~; ~h~~rlirll~~ Vi~7~~l~~ij~· ' 
fully rotary~ · tlie flow pat~ as welt as·~e iiq~I.Zed 
mean velocitY ~ere i.rid~nd~tof'R~ -~'bt R~~; ~~~ch 
agreed -'WeltWiUithe' observatiokt&y.1T~~1et al ·(1.'-980) 
and' · Tniiino~ · ( 1984). Howe\rer·,~-dkb di~~ionless ~ 
were also proportional to ~e j n.l_et height~flli~ to a JlB)Yer 
of- IY.58 for Equation 9 and 'O.S~·for Equafron 12, fdt a 
colmtant L: ·This·' part of tl£el ·res'Ulf was ·bot idlffitffi'&Ji by 
them. An empirlcaJ 'exp<)nenr·of O.S8 or o:·ss for (d/L) is 
very ·dose 'to and--codsis~fwith ~ ~kdict&J~·~t of a· · 
0.50 ppwer by Nielsen et al. (19'7-S:f1Ml~'-.~os~ et 'Ill. 
(1980); for llie maxim'1orriJeloeit'Y 1i:rreverse- flow: · ' 1

:' • · • 

The- ' irl&Xiinuiif· ~eloeilt'; ·u", ·!b~Xi'pfli'ite ·wa~l1~jet at 
distaD~-~ 'tfr6~:t&e1 _wpplr. -o~g ~f~ .~x~~· as ·-
(Niel~o 1~89::!)(SHRA£ .. ~98'!of\ ·-?.. ···'..t:! :J ·! · 1'rr7. • , •• t,J) • 

i:.' • "" li :~ J' ;. Y . , 'J ,If.'Jt : l •:.' t :': f • • ~ :u ·- er ... 
-,..,& .: x:-c.::..!!!J:... >0" ·, , \.> · :-.~. Xt9) 

bt~ .1.: -=: Uf .S: . J~:~·"'I'+' ,l(, .:J .J , e .·· .::l • n: · ··• 
wHere · •r r.n.. 'me:·>!'.:; .v ~,.:, .08~; .:.::.~.. .";' 

tr~. . " ' J.! r. .ri ~, .. ·'·'-;"'> -, ; :'n!Jt ,,o1rj ·:· .. . 

d effective slot heigtit{. · 1 ~ : · ; 1o8 1-" .:~·,:·,y··~ -
~ • ·-. 1 -

Ui:J = silpply ·air veloeitf, '' w..;l "~•- - ~ · - 1 • • . ·"r;.,•~~ 

.xo = : additiodai daStancW o Bi'e·\fiffiilil '6~ of \ke jet, 
· ... :· ana - ii;!:T' • . r · le:.nu rw-c· :. 1 ,;,;.~ •• 

KP = empiricafeonM'ant. .: .: ' l '-· •1'i.>t)'t!' ': · •• ·:::-• .' .. • ,. 

Nielsen (1989) expressed the maximum velocity in the 
reverse flow, u"", which is -located close to the floor at a 
distance of (2/3) L from the supply opening, in a form 
similar to Equation 19, 

Urm = K K (~)o.s (20) 
Uo P rm L +Xo 

with an additional constant K"" =- 0. 7 (Nielsen 1989) . . 
Comparing Equations 19 and 20, the U"" =; KrmUL> i.e., 

t o 

CONCLUSIONS 

1. Airflow patterns in tho floor region of a slot·veotilated 
room wore divided into three zones on an airflow rate · 
plan-tho stagnant zone, the intermediate zone, and the · 
fully rotary flow zooe. 

2. The boundaries dividing tho three zones or types of 
flow patterns are expressed by the relation of (inlet · 
width) (inlet velocity)" = constant, where n is greater 
than ' l. 
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