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ATTACHMENT OF A COLD PLANE JET TO THE CEILING
. LENGTH OF RECIRCT,JLATION REGION AND SEPARATION DISTANCE

Mats Sandbcrg, Bengt Wirén and Lcif Claesson
The National Swedish lnsdn¡æ fø Building Rescarch

Gävlc, Sweden

SUMMARY

The expcrimcnts wcrË arrangcd such that a two-dimercíorul jet was supplied above a
plate. The disunce betwcen the plate and the supply point could be varied conti-
nuously.

Due to thc proximity to the surface a prcssurc difference is created that cunes the

þt towards the sr¡rface.

In the ñnt pan of the papcr are reponed results from measur€ments of the length of
the rçcirculation region at isothermal supply of air. The lcngrh of the rcci¡culation
rcgion was detcrmincd by rccording the static pr€ssur€ disribution along the plate.

In the sccond part the cffcct of an o'pposing buoyancy føce is explorcd and reputed.
This føcc was c¡eatcd by hcating thc jet which, from a physical point of view, is thc
samc as supplying cold air bclow a ceiling. If the buoyancy force becomes suffrciently
strong the jct will sepa¡ate from ttp sr¡rface. In this pan of the papcr the distance
to thc scparation point and ¡hc cffcct of the buoyancy fuces upon the ¡ecirculation
region is rcpctcd"

fiøtq 3



ri t ,'j ¡ì

.,i ¡

i, '.)r

: :ll
_ì t:

i. -ul';i ír. l-lìli



489

ArrAcHMEr{roFAcoLf!aYiNEJi"";Iä"^""tKHrt"nn."
- r,BnclÏ õr-necrncuLATloN REGIoN

d I-cif Claesson

Th Building Rcsca¡ch

INTRODUCTION

uo

Pq

1--l

s
I5

h

I point

,A

É

R

Fig. 1. Jet rhat is cunred towards a surface
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EXPERIMENTAL ARRANGEMENT
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LENGTH OF RECIRCULATION REGION

Theory

Wheria's'treamlihe.iscurvedapresstif€dropexistsacfossrhesúeamlineinthedirec-
tion of the centre "f 

."#ï;. i:äËä s;áJii'' faw this piÈ3sure drirp ðp/ðn

amounts to: 
i

*= å3r-g&coro
wlrercUisthevelocity,pisthedensity,Ristheradiusofcurvatureandnisnormal
þ rhe streamline in rhe prane of the radius ;i.;;;;;. The positive di¡ection of

¡he normal is direcrcd toriards'the'center of ""*"*" 
-fte 

angle Q is the acute angle

between the normal and the vertical'

At isoùermal condidpns (Ap'= 0)t intcgration of ¡his *11tl11,Í:::t:'the follovling'

relationship betweon ùrc.pressure difference, ap, momentum per unit span' M' and radius 
'

of curvaturer R, rl ¡' ' : \'
- 

" 
- t*u,= 

¡,B ., ,, 
:., 
' 

,,:' 
':. ' .'';ì , '',' '- '' 

,r,,'

whcre ap = (Pa - Pr),qrd s mear¡urcs ¿lt!f$,:,ft¡ the supply along the traje'ctory o{

thc jet. ,, ., 
' 

.,::. \.. ,., : r,

Dr¡c ro'rhc non:unifôrm þrcs$ùib frcld we srrdt not cr¡bct the moinenùrtn t,Þ conúrved'

by a buoYancY ûrç.aboye ælati"o,q$iP,ll ç"l in.
rrVhen the flow is affecæd

Âp(s) = R(s)

oo19 J4$fl+*dso3$D

j.'i"

1 .'iì t,.:r

,JÌ

wlrynb(s)isthetoulthicry.t-e¡:of theþt' '; -': i ' ",',t tt" : 
"\'

If we thd momcntum ei¡unl to ttre in'ith dôlnenruri''þr unit . 
'

width, shiP becomes:

puþr - cosQ A(s)) (5)

ln casc there is no loss of lreat and momen¡um'.lhen for a twodimensional jet tlre fol-

lowing reladon r,or¿, u"ö."iîlio""r n "n¡."d;;;;b"t' 
A¡(s), and ¡he supply A|Ebþ

medes number, Ar(0):

A(s)=Ktu(oxt)nt (6)
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According to the above relation the local Archimedes number increases with increasing

ffi,::from 
tl¡e supplv which;il,#,#iuoy*", bccomes rcrativery more im-

The above dcrivation of the pres
tion region is uasc¿ on-a numbe ambient and the reci¡cula-
expresslon it is rraftral'; assume s' Starting from the above

ff=fltr-xeao¡¡ (7)

whe¡e the constant K and the cxponcnt n have .o be deærmined cxpcrimentalty.

"Tgr"t*, 
cnnditions - suppry at a fixed height above the prate but at difrerent vere

fe-
ey-
rhe
(In
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Fig.2. Sndc prpssr¡rc distibution along the plaæ' Isothcrmal conditions'

Clcarance h = 250 mm 1Y¡ = 12'5)

Isothcrrnsl conditions'$pply 8t varying heights and velocities

The expcrimcnts $,ef€ carricd out $/ith a fixcd vclocity oqual to 7 m/s and the clca¡ance

varying bctwccn SO to zifi,nr. ng,* 3 shows tt" pós,i* disribution along the plaæ'
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Fig.4. Effect of hcight abovc surface on t}¡c anachmcnt distance and the location

of the minimum pr€ssur€
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Betwecn 5 < M i t¡ ttre rccotdcd icägfn of rne.rccþuþtion rogion.follows thc fol-
lowing rclation

' ",1 
=6'?s 

+ l'1751

Non-isothermsl cond¡t¡ons - supply at s fixed height above the plste but with difierent
disdrarge Archimedes numb€rs

In all thcse cxpcrime same as in Fig'

2. Thc supply åit *rr g' = gaP/P' The

Archimcdcì ïumbers suPPlY and the

ambicnt aæ shown in Fig. 5.

, i:il¡l i , ,l .r'

¡ ,')¡:; ,',r \r r' - :
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497

DISTANCE TO POINT OF SEPARATION

Theory

Several rcsca¡chen have found thl thc scparation distance, Xr, is proportional to the

discharge Archimedcs number A(0): '

x
t'=xarlof ...-,- (s)

where the constant K and the exponcnt n have to bc deærmined expcrimentally.
If we assume that the evolution of ttre local Archimedes numbcr follows relation (6)

thcn the cxponent n becomes 2ß.

Supply located flush to the plate :

ed by adding smoke and obscrving the loca¡ion of the
e plaæ. This point could be deærmined within t 5

separation distance, Xr, as a function of the supply
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Fig. 6. Separation distancc as a ñ¡nction of the supply A¡chimedcs numbcr A(0)



wlpn the Archimcdes number is just below b.ol oé ¡"t breaks away ñom the surfaðc as
s(x)n as it leaves the nozzle.

Supply loc¡ûed at various heights

The data obtained from these experiments show a large scaner. The only general conclu-
sion that can be made is ü¡¡t at a f¡xed A¡chimedcs number, the separation dis¡ancæ
increascs wi¡t¡ increasing clearance h.
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CONCLUSIONS

R,EFERENCES

The experiments confirm tl¡at the length of the recirculation region is not affecæd by
the supply velocity.

Inr,oducing an opposing buoyancy force by e.g. cooling a ceiting jet does nor affect
the lcngth of the rcci¡culation region.

with the rupply locarcd flu¡h o thc plaæ the following rclation was obr¡,ined Þrwccn
the separation distance X, and the supply Archimcdes number A(0):

x, - A(o){'?5 whcn A(o) < o.ol5

xs - A(ofar when A(o) > o.ol5

The criticsl supply Archimedes numbcr at which the jet breaks away from the surface as
Bq)n as it leavcs thc nozzle was found to lie iust below 0.03.
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