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SANITARY ESTIMATION OF 
VORTEX Am ClliCULATION FOR WORK-ROOM VENTILATION 

L.V. Kuz'mina1
, A~M~ Pop~vaf, A~ ·s. Gus'lco..f~ L.S~ Dmitrieva. 

National Central Research.Institute for Occupational Sa

fety end Health' , Moscow 

Over a couple of recent decades1; world science and teclmolo

gy li·terature has featured reports on using vor·tcx air oirculati

on by way of improvlng worlcroom environments. The vor·tex effect 

is achieved due to some pecul:lar properties of wh:lrling air cur

rents'~ Vlhlch are as follows: high turbulence', significant diffusi-

.;· on1
·, heE~:t and mass coefflclents'~ which contribute to process inten

sificatJ.on nnd shorten its duration;· Th:J.s study showed the pos~:Ji

bility to conaidero.bly reduce a:l.r cortsump·tion required to ensure 

.,. desired indoor env:Lronmen·t parameters', such as air temperature:, 

velocity vnd gas and dust levels. At the same time', however'~ the 

stuuy contains no par·t:lcular cle sign data for the above-mentioned 

Air exchange arrangement. 

we'; in .the industrlo.l ventllatJ.on labor~:d;ory of the Moscow, 

Research Institute for Occupational S0fe~y. aml ,Ileal·th (VCNIIOT)', 

hove for severo.l years now conduc ·~ed inveatlga·tions aimed at 

itlenti~y.i.ng the condl t:l.ono for the a,~rnngeme~1t (emergence) of ste

ady indoor air circulatio.n wi·th a. ver·acal axis of revolution and 
-- . ~ . ., ~ 

possi b:l.li ties of ensuring c.lesired workplace air environment par(l-
~ . .--_ ~' ·"[t ~ , . .!~ ·= '· ''i : } --: ·. 

meters. 
. ' ' ~ J ·, . ,· 

The process of vortex air ciroula:tion vd thin ltm:l ted tndoor 

sp nee :l s very . comp·l~:x: 0: phenomenon end ' t 'o d!~ scr:l be 1 t mathem~ti-
' .. 

cally presents rather diff:lcult a. task·. This is port:ially the re-

ason why to solve .the above-stated problems we useu phya:i.cal 

(three-d:l.mens:Lonal) rnodellJ.ng', u. methotl rather oonunonly employed 

:l.n ven·~ila.t:lon engineerJ.ng~ We used ma·themat{cal methods of expe

riment planning.· A second order polynomial was asstuned as equation 
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(lescribing the parameters being studied', namely maximum and 

air movement velocities in occupied e.reas, maximum to minimum air 
I.' ~ • • • • • '• • I 

temperature · gredie.nt across the v1orkpla.ce floor-sp-ace · 
I 

ximum en(l mean . concentrations of harmful substances ~n workpl_a ce 

air. 

Vortex air circulation vii th:i.n the spo.ce (room) being ventila

ted was arranged by a tangential supply of clean air using 2 or 4 
-

o.:Lr distribution units·, placed equid:i.sta.ntly from the floor level, 
'C 

to ensure e. unidirectional air outflow e.long the spo.ce outl:i.ne (pe
. d 

rimeter)', a.ir ,d:_Lstr:Lbution being most effic:Lent o.s the air is ~:~up.i.t 

lie(l in flat jets; the eY.haust sj.r was removed V.i. a a unit, placed .·.J'l: 

right in the vert~cal axis of air revolution (whirling) at 

heights', as dictated by concrete design specifications. This study: 

was particule.rly concer.ned~with investigating the efficiency 

tex ventilation with ihe air removal unit being placed in · the vertl -

cal ~ axis of ;e.ir ;tlov7J·revolution at the roofing level.· : ':: v 

: An industrial building ; (structural ' space · limited by four co..;.r "1 

lumns) mock-up was used to detbrm:bte the condl tions Under wh1.ch e?1 

tMge:ritiri.l supply of'l fre'shnair w:i. th ~xhaust air being . removed via a 

unit (I)l~6ed v·fn 'Lthi3 ·JV!e~t:lc~J:'1lt~ tif>\V ' r~.,;.oiution :: a:X1_:~-: at the roo fin~ 

level was 6onduci~~ · to ' the ' £6~ritiori 1 of )v~rtex ~ir circulatf ono Th~ 
quailti ty df' 1eii~~gy 0l.nti!cia~ti~'d.'Tby i~iet ~~-per 1m3 o:f ~p~c~ ~~ing i 

... ,.,.,:: ">dj u.Cv 'f .-_~ · :· J:•> r' ;_~'t./l :I.s:.::J: :J L)V' i) ;: ;;; .v ·:I · 1~ ··, · 
ventilated, as well as the ratio between the geometrical dimensi ons 

·-t:-- J: !·:1 ' -! tT: ~ :~; ~ ; VL~':.\ ·, · , ··~1'1 A n;j 1 • , .- ·:· •.! • ... \ ' · , 1 

o:f the room (space) ond venttlation units were found to be the most 
I 

po\'rerful determinants. _ 
' ~ ' '! ' ' (. I : : ~ I ' ·, , t ! ( > 1 -, ~ . I '. :.:. 

In order to s_t;udy the hygiene efficJ'3ncy o:f vortex nir c:Lrculn

tion, and the pos.s~bil,i_t~ ,9~ uti~is~?g it by \Yay of induo_trial pre

mise vent:Llat:l_<;>n -Vt'e, investlsated workplace air environ111ent pnrr=une- , 
. .·.. ' . ' ) . . . . . \ 

ters', determined the pr:Lnc:tple s governing their changes end m~Ji.n 

contributing fo.ctors. 3uch investJ.gat:i.ons could in practice be car-

:r 
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out~ only on an industrial building mode~ (mock-up)', equipped 

w:rth 'a •view to finding solutions to the above-stated problema, 

Jl(ade (two ' building mock-ups of different size', whereof the smaller 

the bui~ding model proper (mode~ conditions) 

was assumed to be the actual space being ven

ated (field condi tiond ~-

' Such investigations were necessitated by the fact that we failed 

find eny literary reports ascertaining the possibility of extra

air environment parameter findings to field condi ti

ono .• \'/orkpla.ce air parAIDeter i':lnd:i.ngs v1ere presented in the form of 

-relnti ve dimensionless quanti t:tes', relating: norkpla.ce air voloci ty 

to-·the velocit:tes at the outlets of air distribution systems; horm

ful substance concentration in workplace air to that in the air 

being ·. removed via the roofing; and the difference between the tem

peratures of air at some measurement point and supplied e~r to that 

bet~een uupplied and removed air temperatures~ 

- ; The obtained e~erimental data led us to believe that the pro

cess ot indoor v.ortex a:i.r circulation r1as self-similar with 'respect 

to .Raynolds number', nhich indicated ·the possibility of designing 

vortex etfect-bas'ed ventilation' systems using' the proposed equat:J.ona 

·::· As far :· as .we · can, :judge':, be .fore .. thi's study there ·.·seeme-d .to -havo 

been no literary mention of hm-mful substance tcmperattirc 'distr:ibu..; 

ti.on over the :cross-section of \7hirling eir streams. :·, ' .-. 

The experimental study of harmful substance concentration and 

air temperature distribution patterns across the '17orkplaco area 

(\7hercfor the e:x:per:tmental model was furnished v::t th mock-ups of . 

hea.t nnd go.s emi ttirtg equipment rli th electric heaters1
, operated off 

mn:i.nd, and toluene vapour supply', carried in vTi th air flow) showed 
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tl~ee air ,current zones to actually form within model space, 

were as follows: :i.u the vicinity of the guarding devices air 

ticles followed concentrical paths (potential or clean flovr, 

city varying (spreading) in inverse proportion to the radius); in 0 

the n1odel centre ·bhe rrlr flow revolved round its own axis (vortex 

core, revolv:i.ng s:i.milcrly to a solid body) ; in the transi t:i.on 

n:i.r particles (clements) moved along spire.l paths from ~ardn 

a::ci. s. 

Toluene vapour concentrntions increased steeply from ·bhe e;uarcls 

tone.rds the model · oentre', reaching their marimtUit nes.rest the 

e.xis. Ho toluene va.pour levels whatsoever vrere observed over o. ra-rm 

ther large por·tion · of .the model area (some 30%), - the outer zone; 'rt 

in about 68% of the ·model surface area toluene vapour concentrati-ot 

ons were within current exposure limits; and only 2% of the area :: . .u.l 

(in the ii'nmedio.te '"pror..i.m:l ty of tho whirling axis) had toluene vr\

pour Jconcentrations .twice .. ·~ · .the maximum level. 

As ce.....-rtain dimensional ratios \"ti thin the "room-ventilation" .:·'Jc/ 

system e.re achieved:'•· the 'excess concentration zone could be elimi-

nated_ a.l together•: .: r ; ·. •· ·; .::: ·~ · · ·•o 
:~We· c.an cite as · an !·example :some air .flm7 rate values sufficicntt 

to :ensure the requ_;i.red l:_evel of .vtorkplace air cleanliness', l7hich; · nv 

R.t three different "room-ventilation" system versions',. · constituted,r-.-; 

respectively, 52%, 64% ,and 78% of those normally required in more 

tradi tione.l eir exchange arrongements. .• "i t f 

The fact that highest he.rmful substanve levels (or excess heat) 

concentrated in one rather limited location ma.de it possible to ar

ro.nge for their efficient removal ond considerably reduce eir con- · • 

sumption for general (d:ilution) ventila·bion. It would be a.ppos:l te 

to note that concentration field formation depends on some aerody- · 

nrunic process parameters, namely, on oir .flow structure, nhich, :i.n 
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ts turn, is detcrminecl by the ro.tio betvreen the revolving, ax:i.c.l 
; \. ' 

"radial · components of vcloci ty, dcpen<line; on the e;c.orilctrical <.li-

ons and location of ventilation units. 
- r ·· 

.~re.sen:ted bolort ~e examples of the equationEJ ~1iablin5 w?;rk-
(w. z'.) air parameter vs.lues to be calculated un

r the cond:l tiona \'rhen vortex a.ir circulation is achieved by e.ir 
ft ' • 

eing j_ntroduce<l j_n 4 compact jets rii th harmful emission source 
cr . . . , 

,;oca tcd in the centre end ellm·ring for the effects of the follovTing 

f a ;tors: room height', r:dr distribution unit location height ebovc 
ftr'\ ,. 

the floor leva l, the height find surface m-ea of e;ns encl he a.t emit-

oqu:i.pmcnt·, specific quantity of he~.t emissions; 

removal outlet located in the roofing: 

- calculating mean excess temperature value: 

= O. 358+0.04SX1+o'.0141X3-0.052X5+0.06JX6+0.086X 1X2-

-0.052X2x4_+0.048X3X6+0.083X4x5-0.138X3x5-o.076X3x4; 

calcula.tj_ng meru1 conccntra.t:Lon value: 

~mean = 0mea.n10mean 
:. il • Z 0 . "ile Z • Ot'lt = . ( 

= 0~256+0~046X1 +0.077X2-0.132X5-0.051X6+0.041X1X2~ .. 
-o.o21x1x6-o.o2x;x6+o.o27x4x5+o~o2sx~x5; .· ·. . ·~· 

l·,·r- , T '.."J.i~· ~,·• ':;!'; ~: ' .. L :.·_:;:I: ;._, ......... ~!'-..·. ·-,·-..~-...: .: ;:;:) r;_(.. ,;_:~:.r~_~:'_\·:·i:f) ,., (c ~ 

., 
vmean ia Vmoan /V · = 

Vl • z • ;7 • z • 0 
. ' - f' 
- • ' ) - ~ J 

>-:-: J = : 0.1 06:-0• 021X 1 +0~ 0}7X2-?·· 002X3+.o, 0~ ?.~4- . 

-Oo 011X 1x6-t-0.007X2x4_-o.'0075X3x5-o~~11X3x4 

.:~- • .< r ' . ~ ~ . 

J j : . ~ ... : ,;· 

' ' •;), -.: "' 

: -~ 

In the above ~quo.t1ons x1 through x6 represent cocled designa

tions of the following fe.ctors: 
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. J'U' 

. E~du -· O.J75 
X = 
- 1. 0~375 

v;hcrc. 
\. .. ' Jf": 

'1
0 

·;;,. o~oo264 

0.00158 

;req - o:245 
. i~!-· = ------

::> 

• : fJ .; r ' ·~ -

H - O.J?::i 
~J = •. 0.1 25 

0~·91 .-q ~- ia 
x6 === --------

. 7,8 
' - . 

'I! .. f , 

~ __ lald·_· _,u __ ,·c·. -- (111o.d ___ u - h 'I (II h ) · tl 1 t · h i 1 t ,.. n __ _ ."''i.z.~ .- :-·w.z~ i J •• s ·1c re o. J..ve. e £P. o..~. r 

r.ri.r tH.stri bution un:i: t (o.du) loco.t:t~n . (1 ) 1 ,_· ·~.1 : ·;,. tn:)'.Orlc. zone ~ei 

II i::J. the he i ght o! ro,om (space) bc1ng vent:t.latc~· ; 11' 0 = F 0 /F fl . is 
1 

tot n.l rc ln,t:i.vc area. of a.:Lr ~istrJ.~ut :i. ,on unit s·, F .fl is flo~r surf 

nrc a. o! the room being ventilO:tcd:; J! = II/ F fl in rcloti ve roorn hoj 

lieq = h0q/~1 .z. Qllcl Fcq = F0 q/Ffl c,rc hent ,r'ntl c;:1.s cm:lt._:ti:lg tMnu~r 

turing equipment height and are a , r,~_optc-t:i.vcly; q = Q
0

q/V i _a. :::;pcci 

fic excess heat ernisoion quantity (W/m3), Qeq is excco:::; indoor heat 
~ -, 

flux (\'V) ' , V is the size (volume' of room being ventilated (m"'}. 

CONCLUS lOllS 

We, in the Moscow Rcoem-ch Ins-titute fOJ.' Occupational 

and IIee.l th', uDcd induotrial builtling mock-ups to find whether :T.t 

is possi blc to utili sc -vortex a.:i.r circulation for \'fork room vcnti 

lo.t:i.on. 

The study demonstrated the expediency m1d efficiency of 

tex air circulation arrangement·, •7hich contributed to the 

o! sir consumption', required !or Tiork · i:-oom ventilation-, ®a. h~lp 
ensure the desired \"Jit.i:'lcplace air environment parameters. ',It~ 

' :) 

Equations are propoBed enabling one to calculate workplace 

parame tors \Ti th 'aptly chosen air di stri buti on unit area and 

on height above the floor level. 
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