
Jet flows and good • • m1x1ng 

0 UTDOOI~ a1r fltlw,, lw 
they gentle brcc/C~ or 
gale-force wind:., arc 
u~uall)• <'•'') to detect. 

Step inside a buildmg thuugh, .md th<' 
air flows a rc not so obv•ou' IJul 1u~t 
as na tural winds .1ffcct the movem<·nt 
of pollutants outside, .1ir flows i~ide 
building~ ,,rr,,ct how pollu tants. and 
tt-mpt.>r<ltun::-,, .1n .. • da"pcr~t\d. 

According to Mu rra) Rud m.111 
from CSJRO's l)i\· i~ion uf Building, 
Construction .1nd l·ngmccrint;. guml 
mixing o t air inside buildings b 
importan t, bcc.H•~•· it c.m 'pecd tht• 
dbpcrsion and diluti<m of pnllut.u1 t~. 
Good mixing a lso contribt•tcs tu m<u·c 
even p<lttcrns of hc.lling and cool ing. 

Rud111an uses computational fl uid 
dynamics to study the d ifferen t kinds 
of ai r t1ow, tha t ornu· both inside and 
outsidt• btuldint;'· Th•• infnnn.llinn 
can be used to invc~tig.1 t (l problt:m-, 
r•'lated In air qua lity. 

Many of t lw 'ituation~ ~tudicd 
invoh•c cl typl' C,Jf ilir ntlW klll)Wil ,,, .-' 

jet. l'ut simply, ~ j<·t i., ,, etll1'ot.lllt 
source of moving fluid th<tt i~u<'' in tt> 
slowly-moving surrounding:.. jet., 
may be .my ~h.1pc. Their flow pattcrnl> 
and mixing propt•rt•c~ can vary 
••norm••t~'l)• and d<'tWnd un f.1ctor., 
such as jetl>hape, bact..ground ,ur flo" 
and the geometry of the Slh:. 'Good 
mixing' occurs when jet fluid and or 
b.1ct..ground fluid .uc dficicntly 
combin~od. 

1\ q •lindnc,ll J<'t i~~uing onto J 

stationary surrounding .... j..., nnll u( thl' 
simple$! jet flow, ,1nd b J good 
approximat ion to a chimney <olilck on,, 
"till d.1y, <>r a J<'l ,•xh.HI' l from a n 
aircraft o n the to~rm.1c. Such ,, jl•l i' 
shown in Figure I. 

The flow is from left to ri ght and 
tlw grey sul'f~c!' represents the air that 
,.,,t...rs the picture in,hie the je t. The 
red surface reprt•,ents •·c~ion~ of lo)w
p ressurc air. I hest: imJic.1te how the 
instabi lity is opcr<>ring in th i!. cxJmpl.:. 
it can be seen that the cylindrica l jet 
tr;wc ls a short di~tanct' then rapidly 
breaks up due to in~t·•bilitics. Oncl' the 
instability tnkcs effect, the jet dbpcn.l·~ 
rapidly. 

Parameters such as the velocity of 
the jet, the jet velocity profile, .1nd 
how hot the wt •~ compJred with its 
surrounding~. wtll influence the w.1y 
the instability opcrat~ I he in»labilitv, 
in turn, will influ<'ncc ~uch thing» ..,, 
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the noise generated 
frum the jet (if it is 
fluwong very qu•ck
ly) and the effiden
cy of mixing that 
m.1y r~ult from the 
Jet flow. 

Another <Juite 
eo m m on jet type is 
one that issues into 
.1 .urmunding air 
flow th.1 t i, moving 
pcrpcmltcular to the 
jet. This i> UMt.l lly 
tt:rmed a jet in a 
nos,-flow. A good 
exnmplc is a c h imney stack on a 
windy tb y: the wind moves parallel to 
the ground ,111d the je t moves 
vertica lly. Other example;, a re smokt• 
p lumes fro m fires. exhaust fa ns on 
thl' ~ides of buildings. a ir-conditi<>n
illg duct~ issu ing into d raughty rooms 
,1nd JllllClions in a i•·-condi t ion ing 
ducts. 

Figure 1. A cylindric;at jet issuing into 
stationary surroundings. 

Figure 2. A jet in a cross·flow. 

Figure 2 shows an exnmple of a jet 
in a cross-flow. The jet is simiiM to 
that in Figure I, bu t in this case issues 
verhcally. llw cross-flow is from left 
to right. Again, the grey region 
represents air that issued within the 
jet, and the red and blue region~ 
represent fluid that entered the 
dom.1in upstream from the jet near the 
floor Clearly seen i:, the bending of 

Figure 3. A particle visualisation ot the fet 
In a cross-flow. 

Figure 4 . A rectangular jet impinging on a 
wall. 

the jet bv the cro~s-flow lnst,lbthht»> 
,lrt.• ·'h·'in c-vidC'nl in the lar~t· 

~'P4'"'•on o( the j~t do\,·n~trcclm. 
Of Jlltt•n•,t in thi:. figur~ MC the 

red and blul' rt•gu)th nf .11r tho1t c.m 
b~ ~c~n lifting up oH tlw floor. Thi' 
>ugg<·.,t~ th.ll th1s type uf flow 
m.1y mt:1. .11r from nl'M tht: floor into 
the jet. 

Another wa} l>f vi,u.lli,ing thi' 
t1ow is to seed th.: edge l>f lht• jd with 
pMticles and follow their progrc's '"' 
tlwy mov,• with th l' jet. This type of 
visualis.> liJ1n b much likl' s imulating 
smoke d bpers.ll r rorn ,, l'hi llllll')' stack. 

A particlc vbu,11b.ltioll of the jet in 
a c•·oss-fl ow ts s hl)\VJ1 ir1 Figun.! 3, with 
the yL>IIow partick•, l'ntcri•1g tlw fl<)W 
in lhe jet .1110 lhe b lu<' p.Htil l"' 
c nl<•nng in the cm>s-flow near the 
bottom w.1ll. The yellow particles are 
dispersed quickl)•. ~nd '!'"'•''" of blue 
particles th.H have bt'l'll liftt·d uff the 
floor .uc beginning to mi" with jt:t 
particle,,,, the right of the figure. 

The mi,.,ing of thb j<•t flo" '' 
el>.p('rimentally obsen·cd to be 
con .. id,•rabl) better than th.H of a 
~tand.ud ;et, .1nd ",, n•,ult of diff~rent 



instubilities that operate in the jet in a 
cross-flow. The mix ing in this case is 
a lso dependent on the rd<~tive speeds 
of the jet a nd the cross-flow, whether 
o r not tht• jet issues through a hole in a 
flat plate o f through a chimney, and 
whether the jet is a t the sanw 
temperature as the surrounding air. 

A third example of a jet is one that 
issue:, into still surroundings, but then 
hits or impinges o n a wall. This jet 
flow is sometimes ca lled M imping ing 

jet. Examples of impinging jets are ai r
condit ioning vents that exhaus t from 
the ceiling a11d hit the floor, or vc11ts 
that exhaust s ideways in a cor ridor 
and hilt he opposite wall. 

An exa mple of a rec tang ular je t 
ilnpinging on n wnJI b givt!n in Figure 
-1 . O nce ag:lin, the g re y s urface 
represents fluid that issues ins ide the 
jet and red represents regions of low 
pressure. The jet flow is from top to 
bot to m. Diffe rent ins tabil ity mech-

a11 isms opera te in the imping ing jet, 
and a variety of be hav iours can be 
seen, depending o 11 fa ctors s uch as 
dis tance from the jet exit to the wall 
and s peed and tempe rature of the jet. 

Clearly the presence of the wa ll 
wil l have a la rge influence on the 
direction ir1 which the ~i r m~y trnvel. 
Mixing in the impinging jet can be 
good, and r·ecircl,rlation cu r'l'ents are set 
up by the je t a nd its s ubseq uent 
diversion by the wal l. 


