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CBTTERIOI{AL B8I¡AIIONSHTPS USSD 10 DESCRIBB

IHB CIRCUI¡ATION 0F AInFL0ltfS IN A SPACB

Mjlchail. I.Grinitlln andl Vilctær l.Br.rya.nov
Reeearoh InEtftute of Occr¡pational Safety

St.Peterstnrrg, RuEsia

ST'MIANY

It is proposetl to charaelerlze the law-govemeal ¡lattems
of air clrcr¡lation i¡ veatiJ.atecl spaces witb beat emleeioas

þ using a systen of tlimeneloal.eeg oouplexea anô sirple:res.
Such a system is tleccribed, tbe appropriate criterional
rel.ationEhi¡rs are speeifiedl andl recotrûendatioag oB Praetl-
ca1 appLlcation of tbe eEtabÌlehsd l,aws are gfven.
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CRITERIONAI REI.ATIONSHIPS USED fO DESCRIEE

TTIE CIRCIII,ATIOIF OF AIBFIJOIIS IN A SPACE

Eiklrail- I.Grinlt1ln antt VlHor I.BtÀyanov
Research Instiltute of Occupational Safety

St.Petersburgr Russia

INIRODUCIION

It ie necessar1r to larow the 1aws of airflows circulatioa
i¡¡ ventilated spaces irt ortler to be able to provitle a
ratlonal. air-excha¡¡ge set-up tbroughout tbe year by cont-
rolli.ng these airfloweÆ/. Ib¡e fornation of alr ci.rcufetion
patterns in ventilatetl epacee wlth exaessive or i:rEuffl-
ctent heat emissions iE affected W a great nt¡mber of fac-
tore, gucb as in-spaee layout <leelgn; the ca¡raclty of tbe
beat eourcea; tbei-r geometrlcal tlimensioas a.nil locatlon ln
rel.etlon to each other a.ntl to tbe room¡ tlre netbotl of aLr
supply anù sometfnee that of ai-r ertractioa; aeroôyaa"mfc

anô thema . cbaracterlstlcs of ai¡ iligtribr¡tloa equipnent;
the quallty of enc].oeÙog etn¡ctutes fron tbc poiat of vler
of the{¡ tberoal engJ.neerl¡rg properties; the ¡laraneters of
the outEltle environment.

¡RIBF BÀCK@OIilD I¡¡FONUÀIION

Atteopte have been narle to apply tbe crlterl.onal reletlon-
ahips uscô l¡ neteorolo g /Z/ a¡ô ventilation eag:ineerLug

to the clescription of tbe process of airflore circLlatlon.
For exanple, the procesa of alr etratlficatlon l,¡ a rcom

unôer tbe tupact of beat ôlesipation ls öeecrtbeô b /y
witb tbe aldl of Ricbarrlson nr¡mber Bi, a.xrtl bere ¡n¡mber f,
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ls l¡troduced as a nottificatÍon of Richardson number,
wbich expresses the relationehip between the energies of
inflow a¡rcl convectlve jets tn a room. rhe relationships
between the characteristigs of temperature ttistribution,
air velocitles 1n a ventllated spaee anct the valugs of f,.
aJod Bi numbers for some partieular cases of air suppty anä
extractlon b,ave been found experinentaLly /3/.
Ebrtension of the obtainecl results to other methocls of
tlesigning ai.r-excha¡¡ge set-up i¡r a room has proverl w:rong.
It hae been shoryn by us tlÍst, for exáùpÌe, with tbe sane
value of tr there carr be eonEiderable ôifferencEe l¡¡ tbe
tlistrlbution of verociti-es ana tenperatures i¡r the room
volu¡ne. In faet, lf tbe air ie suppl.iedlby ireflow Jets
whfch posseoa the sa.me energr, tbe supply belng concentra-
teil 1n one caEe with the alr itlschergerl th¡ougb a efn@e
Í¡Iet, a,nct ttisperseal l¡ ánother taee, for exanple, througb
a perforatecl ce1I1ng, the ôifferences l¡ the ctistrih¡tion
of air,veloeiti,ss and tenperatures througb tlre occupation
zone til'l be Ctenifiea¡rt. ., : .. , :

' 'rii :. 1 .' :t'-lhe research rhich -bas been dlone' and. llterature.analysisÌ

testify to the fact tbat tbe laws of airff.owe motion l¡ e
ventilaterl space can only be clescribecl þ a systen of
crite¡la. ,. ,! . ...i -,i , _i,," r I L..

f':,j ;_"r¡ir - -ií' - t- i l': , 
| .: ,t, : l-ì,:

. .,-:': 98OPOSED,CBXIEBIOIIAI' R¡I'ÀIIONSHIPS t .t1.. ,

rt is suggestert thst such a system shor¡Itt be composect of
three 

" 
gro,gp?.:, 

-Eaç-!, of .these goups es one of
the nain featr¡¡es of the procese of otion i¡r a¡o

encloeed gpac€.

lhe ÆrouD inclutles criteria wbfch deEcribe tJ¡er notloa
of i¡flow Jets, taki-ng j¡¡to account the effect of the con-
fihect spaee a¡rct tbe _1n¡âot of .gravltatloual: forces. In tH.s
caee lt is propose¡l to asge€B the conrtitlone r¡ntlEr Íblch
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the tlesigneô circulation pattern can be tiistu¡bett clue to
gravitational forces ,þy using.-lhe nrruring value of 'Archl-
meiles criteriono ¡,. c

For èompact, fa¡¡ned-out and conical jets this crlteriàn'is
founô from the formrla:

(r)

where. _.

is tþe ,Arshinedes nr¡mber.,at the j"e--Ë o¡tf;¡es.

For pla.ne"Jets

(zl/r f/2G]# Ã,,'"A".

li I :-l\

¡r

wþg¡a"'' ;;
,'-' fo. -- &'8.o,t¡ / u' Tçr'",

In,order to .ensu"re the pre:cletermi¡edl patteln of :'iJxflow

Jets notion 47. ar¡¡ber n¡st be oaler¡.Latedt taktreg'lûto "'ri

epeciflc tlimengions of a room. llhe values of
tt fion for"mrlae (f) 

".n¿'(e) 
nret'not exceeal

vatües,/r/.. ': ' '-I : '-:','
, . , ,:.r -1.." i. i: i ir' ,i¡ ' '.: :

lhe conôitions for replenishi.ng tbe infJ.ow Jete rritb''lé'nvii
ro¡nental air wben tbe Jets are beLng díschargedl i¡¡to tbe
occupatlon or selrrlee zo[e from above tloYrnwarcle are clra-
raeterlzed'by the reld"ti.bns[tp tétweerl a ¡et a¡ea ( F¿) and

the ¡oom area per one alr tllfftrEer ( Fzl.
.;,

for com¡Bct .iete -

#=c,¡l'i
Ë-.-1: f) 1.iìr " ¡

3)_(
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for farurerl-out jets -

F*=t-0.t5(2 H-ho, 2

tE
for conlcal jets -

(4)

( ¡)

(6)

F¡ -- 9.27 
(H --þry)z

Ihe valuee of coriEta¡¡ts
taIIy. ;1 :: . '-

i

for ¡llane Jets.

,'C" are fox¡dl experrlneä-

In. nost. qases the nalue of F¡ rugt be within

o.2 3 F¿ < o-,1

': . t.'.,

Wben air is suppl_Íerl througb rli,ffusers by qonical
F¿ror=O:6 ; ,in;the ,!aa9.",of fa¡¡r¡erl-out or, dto-ub1e

Eupply, Fj.,mv=, 0..:,,7

i

jetsr,.
jels ..

I (8)

Ihre' secoíd äoUö' inelurÌes tli¡ien:àior¡1",¡,5i. þîinpÌexee wb,ieb
èèÈèriþ€ the' ôeVelopment of couvectlVe: flòws' èón'ireg õff
heàt eôurdes fn a !oom: tbe l,elat1ve area,of tñer*heat r.
Eoíiices I = t/f; , the rel,atfve pef\imeþE¡:sf,:i"tþe hest
souròes- Þ= þ/þa, *d.the relatíve tteigbt::of ,,the roön -.
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h= h l'/=F<

The .conditions for a staÈIe vertica]., motion of conveetíve
fIows shoul.tl be as follows:

J < o.tt þ < 0.8 arrcl h<1.4 (g)

When the first a¡rd the seconal conclitions are violatecl, con-
vecti.vp. flovys ôevlate f,rom the verticalr.- a.s proveô bçr-

Ê.[.Pozj¡r /4/, wbereas 1n tàe caEe of violation of tb.e
thirtl eoaclition we b,ave discovered a phenomenon of tbe¡^oal
Jets clisÍntegrating into,vortices begiaming at a height of
T.4 {E
It is proposedl to inclucle numbEr l(¡ which elxpresses tbe re-
lationship between the rrrt¡¡ùri¡gl kj¡etlc æergles intro-
cluced,by'lnrr\owland eonvectlve Jets i.nto the zone.of their ''

co1llsj.on per unit of'tlne into the tlrirtl 'Eroup of i¡nlices
ciescribl¡rg the lnteraction between inflow ancl convgctíve ': r'

Jeïg. T:, -p" o{ Jhe.ir collipion ig,ass¡rmecl to bg,th€,,,:," 
_ :

flbe nalues of nunb æ Krfor specifib ca:6és when one kfnrl of
Jets prevails over the other one bave been foundl experimen-
taI1y. "': 'i rl';;l :; 'l '1 ' : :1 i, 

"j

BaEec[ on these ôata, tbe concli,tions fôr. tleslgntng tbe aup-
pression of convective Jets þ i.nf,Low jete have been founôt
which are glven l¡r lab1e 2. -!

the c{9grrì,atign, pptteæs p4:,9ùIi: flows are, tlet-eÍn3qd *-*F.'
the abgye.i Ey:BteE-- of, griteria'ù*:, tbe fol-towlng rvay; Ib'e che-
raeter of* co¡r,-v..ectivç fJ.ows;:rction'.ie found fron tbs inilJ.ceq'
of the geeonat poupr,rl.f;-tþe flopp.can posElþI-y ttevlate f-rop.¡

the vert,ical ln tbeirr.motJ.on¡ the relqtionsb.l.pe gá.veq,l.n, .-
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Iab1e 2 ate to be usecl to fi:rd out a solution for BuppreÈ
slng convectlve jets, havíng previously ensurecl the de-
signecl pattezn for tbe ínflow jets wlth the ;belp of the
incllces of the first group.

If the vertical notlon of The convectíve fLops is stable,
the air supply set-up e'l.tber l¡rc1ucles or cloesn't Lnclutle '

the suppression of convec.tlve flows, tlepencl{g on tb,e re-.
quirett value of the air-excha¡rge coefficient.

Table f
Relationghips Used to Deterni¡re K¡ l,h¡nber

$pe. of coIIÍcling jets Fo:¡uula for tlesign calculations

A compact inflow jet
a¡rd, a compact :convec-
tive jet

A fa.:nnert-out i¡rflowj
t
et a¡rô p1a,ne convee-
ive jets

A pIane inflow jet
a¡¡d, a pla.ne conveq-
tlve jet

4.4s.t(iq2tffl 3

s4m Ten". Go7.46 -t0 )"cey Q,

5.30. 
'0 

4 -Æ ( T.nr. C.,¡3

,lv! Q, F¿?

CONCIJISIONS

Relationshipê whj.cb rlescríþe the laws of 'developnent dnal

interaction bet$een alr fLöws in ventilated. spaces witJx
heat enissions'have been proposed-. In particular appllca-
tlons these relationshlps offer a soLuti.on for tlre problem
of tlesignfng ventilatÍon a¡rl air contlitioning systens wit¡l
a variable value of the air-exch.a.rige coefficient througlr-
out the year, which makes it posaible, as sbovrn La /5/,
to reôuce heat a¡rrl coJ.d consum¡ltlon.



r0onpact Jets at an
otbei (lncllnatlon
Betr{-c axle.of tÞe
hord.zon rritbl.n oo <

Table 2

Jeslgn CalcriJ.atlons for the interactLon bätween Collltltng'.
' i InfÏow a¡d Cónvective Jets. l

!'

,TæP 'of CotlLding Condítl ons :'f òr Suppre sslo{: of Cónvectfve,,
' i Jretg by Inflow Jets

q

. ,::1 .r

Cdatclaf conpact Jets
l

: '.D ,? .-t[ .,í";
'À fa¡neô-öut, lnflòw'convectlve Jets -I i. -,i. '4 a ); -'

i, "-l

( t,4 H *{Ç )Q"

Ih;,. c"
,,{l '

t
t

.3
) t-t 0

rÀ
Ctl

I
Jet antl

:

ioo

.3
) =- Le'to

& of geo-
lnleü to the
! <ì 9o"¡ :1

.m

'm co

3

Ln". G"

H

angle to eabh
5)

(
.F. (a.Hi"a- E,ts[) Q' ,tA
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, rrqcE¡p

I : ,;r.

m - coef,ficient of air veloclty varlation i¡ a jet;
.n - eoefflcient of excess tenperatu4e wariatign in a jet;
Ço - naes air flow at th.e-,.out1et of gne air èiff,user¡ kús;
d. - convective heat flowr W; ú - alr flow velocíty, m/s;
Tr^v. - abEolute tenperatr¡re of environmental air, K;

! - atea of horlzontal surfaces of heat sor¡¡""", 12;
fo - ftee cross-eection area of air rliffueer, m2i F" -floor
area of tbe room or Lts oodule, rn2; P - heat aorrrces
perbeter along wbich convective flows are replenisheê, n;
Po - ooot perineterr Di ll - room heigbt, q HuL- heigbt
of alr {rrIct location, m; h - teo@ helght calculate<l fron
the borlzontal surface of a heat source, m; X,Y - paths
coverecl by inf,Low a¡rd eonvective jets up to the zone of
thej-r collisioni 8" - r5'clth of air tllffus€E slot which
fo:ms a pla,ne Je.t.

I,IEM,AN'BE

/t/ Grinitlin [.I. nAir Dietrlbutl.on in Bncloseü Spaceao.
Strollzdat, U., Í982.

/Z/ n'tigta¡r A.Er. rPhysics of tùe Àtnoepbercrr. àtd eð.,
revlseË. Gosflznatlzôat, 1958.

/l/ Blte¡oa¡r V.[.nVsntiÌation of Cbemical P:cocluctlon
Premieea." 3rô edl., revieeô. Khi.nla, X., f980.

/q/ Poøi¡¡ G.[.¡ Euye¡oÍ V.I. nl¡a¡-Govegreô Patter¡s of
Airflowg Clrcr¡l.atlon l¡ Vqatl1atetl Spaoea with Heat
hiEgi,oaei. Problsog of Occupational Safety a,adl

Ihei¡ Solutio¿: Sb. Nauchn. Eabot Institutov
Okbrany 8n¡ÀB YlleSPS, f988.



45V ,

/Z/ $mkevlch À.À.¡ Grinitltli"f;I. non tbe Rffect of
Alr &ccha'ng;E ulron Heat anô Ooltl Coneunpl¡:ion l¡
Yentilatloa adil Atr cobill.tfon't¡g Systenel. dôuptex
Problqte of OóorþattonÉl'S;aføty: Sb. IÍauehu Baliot

.i laetlïutov olcbfürry Inidta vfssÞs, ú., f919."' : '

'.' .1. . ,; :: . i.;-

;J

, ii

':-ta

\ :, ,,0,

't j*,

t:¡ - ,r ,;'.i : -'l .l

t: i

g,

|;;:,,1 - 
'. 

.": i, ,:.' i:-

r.:,í i ',¡ ¡!




