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Some Confinement Effects of . 
Jets in Ventilated Rooms 

Mats Sandberg, Dr.Tech 

ABSTRACT 

In the first part of this paper, the physical conservation 
laws valid for flows in rooms are introduced and the determi
nants for jet flows in rooms are identified. Experimental stud
ies of both three- and two-dimensional jets in rooms are 
presented. Although the traditional wall jet theory, based on 
the expansion of a jet in an infinite ambient, often is useful in 
room airflow, these studies show that there may be confine
ment phenomena that have strong influence on jet develop
ment. There are losses _in kinematic momentum of the jet due 
to surface friction and recirculation effects (exchange of 
momentum between the jet and the moving ambient). For a 
two-dimensional jet, the velocity decay and jet spreading rate, 
i.e., the thickness of the jet in an enclosure, are larger than/or 
traditional wall jets, and the decay rate of the velocity became 
0.43, which is less than the theoretical value 0.5. 

A new testing procedure for supply devices, which consid
ers the effect of the enclosing room surfaces, is proposed 

INTRODUCTION 

In test procedures currently in use for supply devices, the 
tests are done in rooms that usually are larger than the room 
where the supply devices finally are installed. Therefore, it is 
of practical interest to study the difference between properties 
of jets under the ideal test conditions of a laboratory and the 
properties of jets issuing from the same supply device that is 
located in a room in a building. The first part of this paper 
discusses the basic physical conservation laws valid for flow 
in rooms. The detenninants for jet flows in rooms are identi
fied. Then experimental results showing the properties of real 
jets in rooms are presented and discussed. 

SOME BASIC CONCEPTS AND 
CONSERVATION LAWS 

Some basic concepts are introduced in this section (a thor
ough discussion of these subjects can be found in, e.g., 
Etheridge and Sandberg [1996]). 

Consider a room with varied locations of supply and 
extract terminals. The net flow rate is conserved. i.e., the flow 
rate obtained by integrating the mean velocity over the room's 
cross-sectional area, A,oom • in Figure 1 is equal to 

Case a Case b 

J UdA = qv J UdA = 0 
(1) 

An10• A, .. ,,,, 

When neglecting friction at room surfaces, the x-compo
nent of the momentum equation takes the following form 
when integrated over A,oom (~uoyancy forces appear only in 
they-component): 

·~ 

T 

Figure I Two alternative locarions of supply and extract 
air terminals. 
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(2) Uc j Yo .fA's JAs L L Ajet Im Im ) 
U(O) = JlJAs' JAe' H' H' W CJ' WxH' L' JAs (7) 

This expression, which inclu\ies the'pressure, is some- Equation 7 only lists factors related purely to the room 
times called the flow force. As will be shown later, in small geometry and conditions at the supply. There are other factors 
rooms there are strong pressure gradients that cannot be.•. · of importmce, ·such as the occurrence of obstacles and loca-,. ~t-: ·· · ~. : ..... 
neglected. In classical jet theory, where the jet is expandjng1 n ;i:· ti on of sources and sinks of heat. Despite the influence of these 
an infinite medium, one assumes that there are no pre'ss~ , ' adljiitional factors, it may be that we can still use Equation 5 as 
gradients. Furthermore. th~ total kinematic momenMn ~u! is · a tilodel for jet flow in an enclosure but now with a modified 
the sum of the momentum flux of~e mean velocity field Mu ./ exponent n and another distance .to to the virtual origin and 
and the momentum flux Mv due to the:t.urpulent fluctuations .- constam of proportionality. 
U'. · · i: .. ~'::. > . - Formixingventilation, therelativesizeoftheterminalsis 

. ·1 ... , .... • · ~. '.: . < . .·., " -:~-> not generally an important parameter because it does not vary 

p J cu2 + u2)dA lMJ_f'Mu, = M-0. +rt-[·: -.(3)' ~eatly~:similarly, the relative si~es of terminal and room 
er .. u · . · ·' · :\ d1mens1ons are usually small, typically on the order of 0.04. 

Ai., .' _ ·· · ) , , "~ · The position of terminals is important. One reason for this with 
When neglecting friction against room;;- surf~~es, the ·" / supply terminals is that the proximity to a surf ace leads to the 

momentum equation in the x-direction for a jet J.S . J ,. · -formation of a wall jet and a subsequent loss of momentum 
· due to friction. The distance from the supply to the location of 

J (p +Mu+ M u,)dA = Not constant 
A;r, 

' (4) the point of attachment to the surface is a function of ~ and 
./'As 

l 
For the wtiole room flow, the flow force (Equation ·2-)-is -

conserved, but this is not true fol." the jet flow beca.n«!', due to 
entrainment of air into the jet, there is a transfer of momentum 

. Fs . The ~tio UH de_t~ines if -~e -~oom is "short" or 

. ''long." 'In a long.mom. $e jet sepani.t~; ~6nhhe ceiling when 

that chang~s the momentum of the jet !1uri~g ,!ts cours~. . A Jet ' . .' . . 
In the mod~I of jet flow· used in ventilation applications;~·~- WXfi is sufficiently large. The distance to where the Jet sepa-

one uses the -~ollowing relation for repre~nting the velocity rates fro111 ·the ~eiiirlg is · dependent on the locations of the 
decay: ,.. -=- . · ., supply and··e~tract devices. For terminals located on opposite _ r . j , I , Sides, the distance to wbe; e it will Separate Will be prolonged . 

.!!..£_ = j<x+xo) -Re lm~ ) ~ ·....___ .. 
5 

. Ai separation from the ceiling may also occur when the jet 
U(O) -~- Jl ..fA.s ' './A,'.fAs. ( ) approaches the opposing wall . An adverse pressure gradient 

aots over a region of the ceiling ~see Figure 4) and will even-

where U(O) is a characteristic velocity representing the initial tually:gJ~~ ns~:fo a separation. · 
(kinematic) momentum flUX JIDd .!!. t~ an exponent {".!.= -1 for Supply-of arr c olaer than .the room air can give rise to a 
an ideal ~symmetric jet and - 1(2 for an -ideal plane jet). The • ' S'~paratiorr: The determinant .is 1-,,/L.) f. it is less than one, the 
Reynolds .number appeam beta.ise, due to the low Reynolds j~t may separate from the ceiling:before it reaches the opposite 
numbers µiat usually occur in i"CntilatioH, there may be some ~all. As a tentative parameter for whether or not the flow in 
Reynolds number dependence. TI\e quan

1
tity lm is the thermal,., . a~room will be affected by the bJ oyancy of the jet, it has been 

length. ~e thermfil length d>nsiders the relative-strength of " ~~ggested_ (~-~dberg and Blo;nqvist 1994) that the ratio 
the momen_mm-~im expressed as the.specific momentiliQ.tJP.~. _ _ ?e~een the thermal length and the length of the perimeter (P) 
m, and buoyanc;)'., expressed in termsrbf the s~~ific bygyancy o~ the roofrf;l;,/P, }je-used. When tliisxatio is much less than 
flux. B. The thermal length is also given below in terms of the 1; then one can expect the flow in the room to be affected by 
densiometric Archimedes number. the buoyancy of the jet. 

Two-dimensional jet Three-dimensio~ jet 
"' 1 ~EXPERIMEtgAL RESULTS 
>J ' ., _:; .l . ~ .. , ~, ': \};1 • >: •, I ""' ,.:\\ '. r 

,').. \. • 

m Ar(0)2/3 m
314 JAr(O) 

l =-= l =-=--
m 8 213 JAs m 8 112 JAs 

(6) Three-Dimensional Jet Following 
the Perimeter of the Room 

The thermal length is the distance from the supply to 
where the buoyancy becomes important. For an isothermal jet, 
it is infinite. In a room, one must add a number of factors to 
(Equation 5) that may influence the development of the jet. 

2 

Figure 2 (from Sandberg et al. [1991]) shows the veloci
ties recorded at various stations along the perimeter of a room. 
A behavior typical for short rooms appears. When the 
airstream arrives at the opposite wall, the thickness of the jet 
increases and the jct is retarded and is deflected downward 
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along· the: wall. 'I]te·jet fl.ow is :ij.rst accelerat~J:?:Y the·higher 
npressure at the comer. ~d a maximum velocity. is'a.ttailJ!"d at 
th~ ~jl.}I. A:fter thj;s ppint, .~e flow deceler3:tes again. At the 
lowencQm,!;r, the -pr9c~ure is,,repeated again and the maxi
mum velocity is attained:sqme distance frqrn the wall. : ~·: · 

There are two important observations from Figure 2. 
The decaf'of the vel0c'ity11under ·the eeiling folloWs the rela
~on ,x~:.6<2 , ~hich differs from the theoreti9al r~la,t_io_ns,hip x·1• 

Farther;,c;ic;>w11stream, we qeca~ 9f !Jie ~vel~ity ,is affected ,~)' 
the presence of ~e. opposing wall. This,.is. bec~us~. when the 
jet aP.P.J:Qachc;§ .the wallt !Jie ·'pressure. iQcreases (~ee, I'.ig!Jfe 
4)t-.M1thc d~s~cc,n!A(P) ·3~. ,the jets~ to separate from 
Jpe c;~iling . .; : ;·i " , .,,, ,

1 

Two-:oDim~~~i~n~I W~ll Jet 
''). I. ""( ;~!'y • .. ! 

I 1• <,rs
•' '.J 

All experiments reported below were carried out in slot 
venti~ted rooms with a siot spanning the whole. width of the 
room (w = W) and the teritii'~ mountl',d flush'tb:tlfe c~iling <Yo 

·~ ,_ .,r ... .·. 
= h/2). The characteristic dimension of this terminal is equal 
to its height h, f~ .• ..JAs = h: Tests were carried ou{with the 
room configmaifons shown in Figure 3. .i: 

'j;~ · r)'. . { .i~:.: ~ . :~~ _.._; ~- ; ! -~ ) 

'(t I Configuratiolf a:: Both ends open ~·:1 , 

' Configuration b: One end open <; c; • . . c: .. !.•. .• ).· 1 

Configuration c: Startdard room configuration •: 

·; t . :·( Y-<('. · ·. ;..;{J : ... .... e '. 

'

1

The result.i'presen'ied are part of a doctoral thesis (Karfrni
pananh 1996a).11., ru • ' "" · !ui · 

' , • •. ~ .,J 

.. 

• ; .. .. • a: 

~ f ,. 

' 

· =.'.
1

:· '~: .• r· ·:ii,\ :"· 

•f 

.. ..... ~ 

.-- t 

-:f=Sls 
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-c:;~·i, -q., 
o I .. ,, I "'" . . '" "'" i .. I \j , , ~-I • I .. __ J 

t ---=.. ~ --t· ..; 

0 !" ) 10 20 30 40 .. ·, SO ,,,&9; I 70 ~·0 t 
,f--Ceiling Wall Floor ---

(' Figure 4 Static pressure distribution along the perimeter 
ofa room. 

!•:· . ~ . .• !'1 ~r .. - .. 
to friction .only. This flux may be somewhat underestimated; 
however, the tendency is'ciear. This effect b'an be attribiite'd to 
transfer of momentum betw~en the jet ~d.the moving ambi
ent. The ratio. y between the kinematic m~i'hentum flux of the 
mean veloeicy field afi'd;ihe total kinematic flux is about 93%. 

•JC. ' '"'.·: · .• ;\;·. · ~; ~4.:. i ~:: :- ··111~ -· ·~-:,r;· 

By canying out numerical simulations, Nielsen et al. 
( 1996) have predicted the momentum flux M" in a two-dimen
sional jet. The behavior is similar to our findings. At the begin
ning the losses are fairly weak because the ambient air is 
flowing in the same direction as the jet, but further down
stream the ambient air 

1

is flowing in the' opposite direction, 
thereby giving rise to larger losses (Nielsen 1997). 

.., 
(a) (b) ,1: ;: ' _, (c;t l' !1 The above result shows that'.~e jet begins to _inte~ac~ yith 

.r()Om air movements when xlh > 150 corresponding to x/L = 1. r: . ~. I• ~. ' , ,.,, . o.'.~· _It .i~ of interest ~o compare these finding~ with tho~e ~f ·--·-- __ - >· ·0 - · I. " ··· · <onm1thn (1970),which states that the expansion of the Jet is 
l __ 

----- ·L ,-- - - - . . not constrained by- thefoom untilA;.
1

/ WxHa01ountstoabout 
' f l'. - ' I J~ 

FigW.~ 3 Room conjigurCTrtions: In conjiguration/c), L was ' :··:·25%. · · '.·• ' -· 
·-'· --= ·:.::::c-:::o::-viiileif:'iis:::L = 2H. ·'4 'H/3, H. '::.arut 2 :. H/3, 

respectively. 

EXAMPLE OF PRESSU,RE DISTRIBUTION ' .. 
· ALONG THE PERIMETER , . '· '· . '·-

Figure 4 shows an example ofthe·static pressure along the 
: perimeter ofa room (Conft,guration c )·with Jength -L = H. At 
• the beginning, the pressure decreases. However, when the jet 

• ·• . • r • , ' • • 
approacnes me comer, m~ pressure mcreases anu int: Jl':t iS 

: exposed to an adverse pres~ure gradient. ' ~ J 
I 

The th~.ckriess""'·()f ihe jet is ·s-ei fo 
.fr ; . 1:~ ~ 

1.2 • ,..._ ": , .. 

,,, 

- c 0.8 
--- s 

~0.6 
>.: 

~ 
ii.4 

• 
... , : .~· ~ 

0 
•• 

9l ,!: ' i' ·, 0 - . :r 
;...-;; 

' ExAMPLE:OF L~SSES OF_ MOMENTUM )i_) \ ~ 02 L I 0 M~~· I 
~ - __ _ ,_f._i~~e _5 .. ~h.Q~ the results:(Karimipanah and Sandberg ·.·;:.%. • Mt1 

l 994a, l 994b) of tests ~ond~cted in ·a-fuU size.room (Config- -·---· -~~0· . . --; - - . Losses du~ to wall friction 

.. ()' , 

1 uration c ). The momentum loss due to friction has been calcu- o 100 200 300 

x/h 

400 500 600 

lated theoretically,: and the kinematic momentum· fluxes have :,_:~ ~ 
been.obtained by·it\tegration of the recorded velocity fie~d. ~Figure 5 Change of kinematic momentun;i in,,ajet: L = 6 m, 

At firsc 
1 
the momentum loss is due to friction only, but 

b~yondJh~s_~~ilh.> \~Q. tife loss is ~ter than that due :' .. ··~ i 

H = 3 m, and h = I cm. 
'j 1 •. ~ 

~-- -·--,..... -·----·- - p 
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h· =2xyl/2 ;er (8) 

where y112 is th~ distance to w~re the mean velocity has 
decreased to half its value. "·;. ~ 

The gro~th &f y112 is linear and therefore one can write 
Eq~t.i.Q!l. .. 8-aS (compare~°- Equation! I) . .. . ·-·..-

:.-_ ·· dY.1rz(xo x) • -:· ~~::·:::; 
h . = 2xhx-- 0-+- ·, ... -~-
,er . ", dx h h 

' . 
(9) 

Fot~the conditions shown in Figure 5, the spreading rate 
--~m;f iiie (iistanc:~ t9_ tb~ virt.J!aj.9_figi~ ~e ~.9~.f.l i~ _Co_qfigura
tion c (L = 2H) from tHe datiin Table 1, and one obtains 

~ r••' --• ,.:~- :.~ ,(.., ~..,_, ·~~·- · ,...,,. • . •- ;,. · ·: ~J,;:' ~ 

. h.er ( xJ. . '; '·+ .='. 0.1764 5.3'2;+ h) y (10) 
~~ 

,_':\ ''i ,, _tJsing the 9nw,~~in i::ondition,._ i.e:.:"hjer I H ~ 0.25, one 
Q~tains x/h = 42p,:wh1ch corr~~!?P!1as {? XIL = O:J: . . ·· 

··"!SPREADING RATE AND VELOCITY DECAY 
•. • _· : l""~!'l!Ca C: : : l ":.,~ ..! , _ ~~r,.. J!..:'5 ~. 

JQe...{qli~wjng rel~tions wr~~ 1 us.W,I f%,cif.v~ f!ts ~f. the 
spreading rate of the jet and the decay of the centerline veloc-
·1· .1 11' ·:(' , . 11 , - . , ... . , -I y. ... . - . 

r . r.j'. ·"1 

. 1~, ··J" Y1'J2' ' ,·,,t "x :)., v;;n ·-·, . 
~r · A x o . . .. . . ... T= 1 • ;;+J;' ·" ~ ··" · 

f! . ' .:).,.. I ,1)'1$ 'J • 

2: ~ -

• 1, • .J1 . .... ~ 

·.1::.0•1-:: ) ((!'.(O))~-'- (x x0)2n · _, - _IA -+- , .. 
. ··.:!' :, .1Y!I' ~· h h · ... .. 

·',; ~here·A·and A are -Constants. 
::· :'.:;. .-,;! .,Jt",,q," ·. ·~'. .. ,\• .. .. t. ... 

, 
>:,;; (11) 

... :, Tne results obtillned are shown in Table 1 (frdrn'Karimi
pfuan·· ;l-996b)';ritid are ·· compared· to ;lhose obtained "by 
Sclineider-:ahd tJoldSiei'n ·(1994) fof aif unconffoed waM jet. 
·.,'. From Table'l one cannat retrieve the theetetical expo-

nent, n = 112 fofthe velocity decay. .,, · '- " · 
.. ... :r. ·· .. a.. ,:.;::i.·= fc "'!fu·. '~ .1~ ::..; 

CONOLUSIONS,AND REC.QMMENDAJIONSi. , ; .. 

~ · : In~st:inutiarf, the behavlot of-ful isothel:maf)'ttfssued at the 
'ceiling'in' a: 'roon1 can~e 4esCribed as ~l'.jet' thai'undergbes a 
~numbef of cief1ec6.bns'at the'fomets 1t meetS'.duririg·it'.S(coilrse 
"fffilri the' supply" point '.ilf tlie floor. Wli'eil approachihi;the 
'Eoriier, it is retarded and.pressafe:is builtup:'After eacti .£ieflec
tion, the jet "restarts" again. The difference beiiVeen · the 
behavior of a free jet and the behavi~r of a jet in a y_!!ntilated 
room is due to the following. · '· 11 " " · ;r,. ; ?r·.~ u. 'J 

; ~ , · Friction agfilnsi'room'surf~s . .. · !.; ' · ' · 
:',\t '" l( n1~, ., ~ ' !:. " ~ : ' ~• ! , e 

• ~~s o( momentum.by q:ansfer of momentum froth the Jet 
t~ ihei¥iis?:-fng;arit61en~ .. , · la .,r . · · ' 

• i.11 - ·- '"" · . !t• -'L. - .. 
• B.oJ.Jildup qf;an adve~~. pre~l!Te grad}C?nt whe~;the jet is 

approaching an op~~ng .~i~e_(~qQ1:ll: ,£OIJl~~ln~:;::. 
Loss of momentum when deflected at room comers. 
At first, when the j~t leayes the suppJy devicei,the loss in 

momentum is due to friction. :but after some di$tance, the loss 
becomes much gi;eateir µtan that :PY friction only. ~e interpret 
this additional loss as a loss due to exchange of momentum 
.wjth the moving ambient. for a je~iS.~.~~d,Ji:oin._~ slot in a slot 
ventilated room, the loss of momentum du.~. to.~xchange of 
momentum begins to dominate at a distance of about 150 slot 
heights doY/nstream. 

,, ... .,.. .. , . · . TABLE 1 
. "" ... " ... The ~lculated Constants e!~~U~!i~n 11 

~_,;. : .! .-~.!~ \\.' ;:~~·": · ... ,!), 
., --", 

J '.H di . f,O i?.C' .. ~ .J : t!r1.i ) ~ 

:t.;GL!,.;.; • ~ N , "ir' 

Model 

Unconfined plane wall jel from 
Schneider. & Goldstein..(1994): _ _ . 

LDV 

Hot film 

Pi torture 

Present fixed room length, L=2H, varying configu
rations: 

(a) L=2H 

Cb) L=2H ___ _ 
. ~ :. 

(c) L=2H 

Presenn:·onfigaratiorr(c) varying room length:- ,-
. · •.. h 

(c) L=2H 

· (c) b=4H/3 

(c) L=2H/3 

· "''"- · si=~9~2s-2 

~ ..... J. c :· f\~ ,._, 

;-, . 

I 

'Jyl/2 
- ~ 

Ai= dx 

0.077 

· ,_. ' 0.082 

0.074 

. • -~ 'll 

01>195 

0.0802 

0.0882 

0.0882 

0.0888 

0.0880 

n 
:."': h ;\\,':;. - ~~h)~ 

Xo 
;:.-,, ~·' I , A ,,,, . l:>.1 ),, ' • " _, •• J! 

J. ~ ...J"' • ~- I • 

·, "-: ; '. ':)~)~."-,, ! \ 

-8.1' 
'""""' 

,...,. _O_Q.,,:;7 _ . j· . ,~Q.608 I . ,••·.,M. , "'!t'• .... <., j ;..., - - ' ... •. -..4 . . ·~··•,.I; ..... ' ., ...... _.. -~ •• 

0.0421 . . ·o.560 :; ~ r• 14000 . -9.4 

.·:n!L...1 L6'.I:' : jr' > <0:0342 ·,;.:, '-.0.563',.r-: >"· 
· .. - .. -. 11 .... · ~ . :;.J; ~,, ·1 ~ 

i.J • ";rJ'VI ·;:N!)·(,+ )n <. •. , ::r;u;~:, · ir; :.•r: I L"'" . ... " ,1,j 

,~c. 1·; :,1_; !.Jiu~ .~:::~ e:i· .-/ _; .,. 1 J<.~'r; ·q 1.~ ~ : ~ y·; .. rc· I ·~:51.J -
I 

10.0082 J .- 0.06~;;rn.1 . j;o- ~• i 0527 :.,s ~J m L . 

5-106!,• i~ lmA~~-1 !~:i ~..; :1~·Q·?-l~ -::~::i i ·Li 72~ ':'2 

"' :" l'"•iJ', S. ~J.ll.5 .1,,, 7 0.155,3 .. ·,. 1,. 0.432~ I "' ""' ' . t'l .. :Z •.. I .. .. """"~ '· \ .., .. I • • .... i\ . J ' I , .... 

·d l"h") ,~ti _r; . :·'...:.~1 ~::.. ., llJ 1 :: ; • . ;,_, - ~~ "" 6 './'_:-1 1· .. -,.,, . :, st;: .-. 
.;I ........ I,.:,. -~:.... · ~..) ~.:. ,), , • ." .J ~Gt,.i . ~ " ., ..... t"' ... '1 ·- . . ,~ .. , 
i., . "-j: 5.31~5;c·: : _ , O.J ?.~?_ .. 

-.... , =" '] j .-'J:ct:. • 
0.43~ (t,_;. J '.:~, ;1 ~<C 

t1 ·zr 5.7~.S~!" ):·; 0".1354- i<jl . 0.451 . : ~nir.·.7200,;,:, 

:i l.rirw • ""'~'r.': :1. c'"• ··1 · ~1~··;c.· :ri'l'' i.· 
. " .. 6,.197L .. .,. . OJ302 -. • 0 453 . . . n .. ~~·"' ,_ (l.;f;,J·~ 1 ~'·· 1~ ·-:_, ~ \ ,, ·. , .. t_ .,_..,f rt:,J ~ '•('! I .. ., 
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: .The effect ef.'.;closing in" the jet in,aventifated room i-s as . I /;. ;;,:;;, length of.r~cmr (m) ',. _, .-. ; ' l" . , \ 

follows: . . .. ... '" = thermal length (m) . ' 
' ' ~-.. 'df kinemaiidnomentiirNflux'tN) · r. i,r _ -

. . · ~i. , i 

The jet becomes thicker, i.e., the spreading rate increases. 

Th~.,.d'ecay Qf .~e ~elocicy .does; not follow a si~p~~ power 
law ~1ation ··~ch a consf¥t · ~oefficient alo~g .the whole . m 
ClistanceJrom the supply: ·· _, i. · •

1
·· • 

1 

Im 
M 

jy!(O) =)et exi.t momen~ (N) ; ' .... , .. . 
•. - " . , • · .>.. • ' 4 • 3 . _H 

= :-~pec1fic momen~ flux,;m~~/p (m Is ). , 

• When recorded velocity data are fitted to the classical jet 
model, consisting of a simple power law relation with one 
exponent, then the effect is 
- change in both the location of the virtual origin and 

exponent. In no case does the exponent become equal 
to the theoretical value -1/2 valid for a two-dimen
sional jet. 

The main difference occurs between a free jet and a jet 
located in an enclosure. For a jet located in an enclosure, a 
change in room size does not drastically change the parameters 
in the classical jet model. 

More than 90% of the momentum flux is transported by 
the mean velocity field. 

For improving the precision in the prediction of the maxi
mum velocity in the occupied zone based on properties of 
supply devices, the following steps are suggested: 

1. A practical engineering theory should be developed, where 
jets in rooms are regarded as jets that undergo a number of 
deflections at the room comers and "restart" at each comer. 

2. When testing jets one should, in addition to the determina
tion of the length through the supply device, somehow also 
include the "enclosure effects" in the tests. This can, to 
some extent, be done at a low cost by building a mockup of 
a room, including the surfaces the jet strikes during its 
course from the supply device to the floor. The maximum 
velocity on the floor should be measured. 

For nonisothermal jets it is suggested that the concept of 
thermal length be used to characterize the effect of buoyancy. 
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NOMENCLATURE 

dA 

A jet 
A 
~"'room 

Ar(O) 

Ae 

As 
B 

g 

g' 

H 

h 

'; 6 

= area differential (m2) 
• • r • ' ? , = cross-secoomu area or Jet ~m-J 

- r-Pr"t.C'!'f!'_t!'Acu"on"!til o:2iPA'!ll nf .. corn /rn2\ ' - ...... v~~-~"" ........... - "' "'" .... , ........ ' JA 
= Archimedesnumberattheinlet(Ar(O)= ~) 
= area of extract air terminal (m2) U(O) 

= area of supply air terminal (m2) 

= specific buoyancy flux (B = Q(O)g') [m4/s3] 

= acceleration of gravity (mts2) 

= reduced gravity, g' = gaT!T (m/s2) 

= height of room (m) 

= height of supply device (m) 

n . 
p 

p 

Q(O) 

Re 

= .0exponent " 

= length of room perimeter (m) ' ·) 

= pressure (kg) 

= inlet flow rate (m3/s) 

= Reynolds number 

1 ..._ , ' ; 

'.' :\ ':l 

s 
T 

= coordinate along the perimeter of the room m (m) 

= temperature (K) 

U = mean value of axial velocity (mis) 

Uc = centerline velocity (mis) 

U' = fluctuating part of axial velocity (mis) 

W = width of room (m) 

w = width of supply device (m) 

x = coordinate in axial direction (m) 

Xo = distance to virtual origin (m) 

y112 = half-thickness of wall jet (m) 

y = fraction of the kinematic momentum flux due to the 
mean velocity field 

a T = temperature difference (K) 

p = density (kg/m3) 
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