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SANITARY ESTIMATION OF
VORTEX AIR CIRCULATION FOR WORK-ROOM VENTILATION
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fety and Iealth, Moscow
3 Over a couple of recent decades’; world science and technolo-
alative gy literature has featured reports on using vortex air olrculati-
’ ‘on by Wey of improving Workroom environments. The vortex efflect
objects is achieved due to some peculliar properties of whirling air cur-
Tiggmegf rents, whi.ch are as follows: high turbulence', significent diffusi-
nces by 7 on, heat end mass coeflicientd, which contribute to process inten-
:ggrtigg gification and shorten its duratlon, This study showed the posgi-
bility to considerably reduce amlr consumption required to ensure
??nfigg ~degired lndoor environment parameters, such as alr temperature’,
? ::ri; velocity snd gas end dust levels. At the same time', however', the
f§;1°gé study contains no particuler design data for the above-mentioned
air exchange arraengement, |
we', in.the_induatrial ventilation laboratory of the Moscow . i
1990 Research Institute for Occupational Safety and Ilealth (VCNIIOT), |
m Vent- have for several years noﬁ'conductedIinvestigqtionﬂ almed at |
yiindie idenfifying thé cdndifiéna for the arr;ngémenf (emergence) of gle-
ady indoor alr clrculation with e vertical axis of revolut;on and
[%&tiﬂﬁ possiblllties of ensurxng d351red workp}aég air env;ronment para-
- meters. _ I o s
icy  of g |
ASHRAE The process of vortex air c¢rou1abion wlthin 1dmited jndoor t
# space 18 Very complex a} phenomenon and to descrtbe it mathemut;- i
ms  in 22 celly presents rather difficult a taak. Thia is partially the re-
v : ason why to solve the above~stated problems we used physical

(three-dimensilonal) modelling, a method rather commonly employed

riment plamning. A second order polynomiaj was assumed as equation
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in ventilation englneering. We used mathemetical methods of expe- ‘
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describing the parameters being studied, namely maximun and mepn
| i
i s
air movement velocities in occupied ereas, meximum to minimum air‘

temperature grpd*ent across the workplace floor—space area and ma-

r |

ximum end meen . concentrations of harmful substances in workplace

air,

Vortex eir circulation within the space (room) being ventila- .

ted was arrenged by & tengentiol supply of cleen air using 2 or 4

oir distribution wnits, placed equidistantly from the floor level, &
; '
to ensure a unidirectional air outflow elong the space outline (pe-:

QR

rimeter), air distribution being most efficient as the air is sups, -

lied in flat jets; the exheust air was removed wia & unit, placeqf[}

right in the vertical axis of air revolution (whirling) at differgnﬁ

heights, as dictated by concrete design specifications. This atudy:;

wag particulerly concerned with investigating the efficiency of vor-

tex ventilation with the air removal unit being placed in-the vertl{}

cel ‘axis of eir flow. revolution at the roofing level.: 2 Tav
[ b

© An industrial building(structural space limited by four co=

lumne) mock=-up was used to detdrmine the conditions under which a™”

tangenitial siupply of’frésh’air with exhsust eir béing'reﬁoved via a i

"&ir flow revolution exis at the rooflng E

unit ‘placed in'the " vartical

level was conducive to the'formation of vortex alr circulationo The

arpanin o rsman k-
quantity of energ& introduced I by inlet air per 1m3 of sgpace being 3
I} ‘-(f.i 3 '.'. _L‘ % I - . ‘.

ventmlated, as well as the ratlo between the geometrloal dimensions

of the room (Space) and ventiletion wnits were found %o be the most 9

poverful determ:nantso SR, _ . .
In order to study the.hygiene eIfr01nncy of vortex air circuln—
twon and the possibility 0£ utlllslng it by way of industirial pree
misge ventllatrpp.391;nyestrgatedtworkplace air environment poreome= .
ters} determined the principles governing their chenges end main

contributing foctors. Such investigations could in practice be car-
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5%hldute°nly on an industriael building model (mock=-up)', equipped
el

iijplenum and exhaust systems.
fﬁggwith'a view to finding solutions to the above-stated problens,

L X
" made (two building mock-ups of different size, whereof the smaller

.
j:;&wés assumed to be the building model proper (model conditions)
L \:

:ﬁ'le‘the pmeller one was assumed o be the actual space being ven-

[
$iiated (field conditionz).
fﬁ, Such investigations were necessitated by the fact that we failed
:62£ind eny literary reports ascertaining the possibility of extra-

e
polating model air environment parameter findings to field conditi-

fons. Workplace air perameter findings were presented in the form of

relative dimensionless quantities, relating: workplace air veloeity

' to-the velocities at the outlets of air distribution systems; horm-

eI g S

;ful substance concentration in workplace air to that in the air

?being removed via the Toofing; and the difference between the tem-

fperatures of eir at some measurement point and suppliocd eir to that

B T

. between supplied and removed air temperatures.
The obtained experimental data led us to believe that the pro-

cess of indoor vortex air circulation was self-similar with respect

10 Raynolds number, which indicated the possibility of designing

vortex effect=based ventilation systems using the proposed equationg
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Vhatever air flow: rates i1odiy:
v As far as we:-ocan ‘Judge, before .this study there 'seemed to have -

I i | ol
'

e g By e = A e

been no literary mention of harmful substance temperaturc distribu~
tion over the cross-section of whirling eir streems, © '-

The experimental study of harmful substance concentration and
air temperature distribution patterms across the workplace area
(vherefor the cxperimental model was furnished with mock-ups of .
heat and gos emitting equipment with electric heaters, operated off

maing, and toluene vapour supply, carried in with air flow) showed




£

three eir current zones to ectually form within model space, which iy

)

were ag followsg: in the vicinity of the guarding devices air par=y &

ticles followed concentrical peths (potential or clean flow, velo- i

-

city varying (spreading) in inverse proportion to the radius); in g:i

the model centre the mir flow revolved round its own axis (vortex s

core, revolving similexrly to a solid body); in the trensition zone {y

pir particles (elements) moved along spirel paths from guards to the t

axi.ge

~  Toluene vapour concentrations increased steeply from the guardsff

towards the model centre, reaching their meximum nearest the vhirling®

exise. o toluene vepour levels whatsoever were observed over a pg.rio

ther large portion of the model area (gome 30%), - the outer zone;qx

in about 68% of the model surface area toluene vapour concentrati=-#

ong were within current exposure limits; and only 2% of the area juléf

(in the immediote proximity of the whirling axis) hed tolucne v nd‘fﬁ

pour.concentrations twice . « the maximum level. o
As ce-rtain dimensioneal ratios within the "room-ventilation" !od

system ere achieved, the ‘excess concentration zone could be elimi-

nated altogethers ':in-tir-: : o | _ - : wsfﬁl'f
-We-can cite as an ‘example some air flow rate velues sufficientt E@ ?
to ensure the required level of workplace elr cleanlinesé,vﬂﬂch;wnvigh:
at three different "room=ventilation" system versions, constituted,” ' §
respectively, 52%, 64% end T8% of those normelly required in more
traditionel eir exchange arrongements. : v ;‘7' ;
The fact that highest hermful substanse levels (or excess heat) .
concentrated in one rather limited location made it possible to ar-
range for their efficient removal ond considerably reduce sir con-
sumption for general (dilution) ventilation. It would be spposite
to note that concentration field formation depends on some aerody=- " °

nomic process paramelers, nemely, on pir flow structure, vhich, in
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;}s turn, 1s detcrmined by the ratio between the revolving, axicl

ﬁ;h ;é&ial'componcnts of velocity, depending on the geometrical di-

'y Whigh b
T pary

"s velo-§ @351ons and location of ventilation units.

8) 3 in-f PTesented below are examples of the equations enabling work-

Vortexq{. place or work zone (Wez.) air perameter values to be calculated un-
: Ty

on zone s ider the conditions when vortex air circulation is achieved by eir

ds to,fhe being introduced in 4 compact jets with harmful emission source

Jocated in the centre end ellowing for the effects of the following

\factors: room height, 2ir distribution unit location height ebove

he guardi

e whirlf@? ftﬁcrfloor level, the height end surface area of gns and heat emit-

T8 Taﬁ!f 'ﬁ%ing manufacturing equipment, specific quentity of hest emissions;

' zone jog JEir removal outlet located in the roofing:

ntratl-q_. 3 - calculating mean excess temperature value:
. -+

area [ith

?nean - (,cmean .tn)/(.t

o o =
1e vae tod s b WeZe WelZe out to) .

-rqq;. = 04358+0.048X,+0.,0141X4=0. 052X 5+04 063X +04 086X X,
ation" fodl =0.052K,X 4 +04 048X 3X c+04083% ;X =04 138X X =04 0T6X X 5
elimi= _ _

d( - calculating mean concentration value:

A i - L . - -
tlotont O T - oo -
hi Chl, 0 h"_
=ituted;wT” = 0,256+0, 046X1+0 077X —0.132X5-0 051X6+0 04111 2~
more . '-O 021X IG—O « 02X X6+0 027}{4 5+0 025}{3 5, .;“q

wdg = colculating mcan q;rzflow velocity yelue:

ss heat):i- PN L
- vl‘ﬂec.n e v"ﬂeﬁ:ﬂ/v T SRl H

to- 8w 'I'T Zo = u".’ Z. - e T s AP B i Bl
Ccon='9 S — 0.106=0. 021x1+o OJTY -0 OO“X3+O 01614_
ogiLt . e g ~0.

ite i O O11X ZgtOe «007%, X O, OOTJX3 5 0. 01133 4
2rody— |
h. i In the above equetions X1 through XG represent coded designa=
: , ].11I §

tions of the following factors:
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- 0.00264
0.00158

To

'eq - 0.245

012

where : Lk e
Tad?,= (hﬂdu - My, , )/ = h, . ) is the relative height of,

.

air distridbution wnit (adu) location (1)%,~h,-, = is work zone hcight,!

H is the height of room (space) being ventilated; Fo = Fo/Ffl is ii

total relative arca of air distribution wnitao, Fil ig floor surfnce-

arca of the room being ventilated; H = 11/ Ff 1s relative room hoi {

2

Heq = heq/hw.z. ond ﬁeq = Feq!FII are heat nnd gns cmdtting mnnurﬁag

turing equipment height and area, regpectively; q = Qeq/v is 5pccirl

fie excess heat emiszion quantity (W/mB), Qeq is excess indoor hoaﬁ

: .
flux (W), V is the size (volume] of room being ventilated (m*).

CONCLUSIONS
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We, in the Mozcow Resenrch Imnstitutec for Occupational Safgff-

and Heslth!, uged industrial building mock-ups to find whether 1%

[ R ——

is possible to utilisc vortex air circulation for work room venti=
lotion. N

The study demonstrated he cxpedicncy and efficiency of vor- g
tex air circulation arrangement, which contributed to the reducfi?

of oir consumption, required for work room ventilation, and helped;

. hé
ensure the desired workplace air environment parameters. = v
Equations are proposed enabling one to calculate workplacg ot

parameters with aptly chosen air distribution unit ares and loce¥
1

on height above the floor level, 3
A
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