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ABSTRACT 

There has been lack of fact-based knowledge for design and operation of supply-air filters for 
general industrial ventilation. A multi-company project within the Industrial Ventilation 
(INVENT) technology programme was started in 1994 to tackle this problem area which is 
assumed to be the most problematic one, according to the feedback from end-users in several 
industries, who also made the initiative to this project. 

The main objectives of the project were to clarify a methodology for control of particulate 
contaminants in industrial premises, and to define the basic criteria for design and optimal 
selection of supply and recirculation air filters. This methodology will take into account 
outdoor air quality, desired indoor air quality, emissions from the processes and cleaning of 
ductwork and equipment. 

The first stage of the project, finalized in the end of 1995, included state-of-art surveys, 
preliminary case studies and a preliminary proposal for the filter performance classification. 
The second stage, currently ongoing, will include validation of the existing knowledge by 
laboratory and field tests, development of an expert system for filter selection, and draft 
contributions to the international Design Guide Book for Industrial Ventilation (DGB). 

DESIGN CRITERIA AND FILTER SELECTION 

The detailed design of air cleaning systems should be based on the well defined target levels 
of airborne contaminants and it should result in a guaranteed performance. To achieve this 
goal and to define the requirements for the filter performance, it is also essential to know the 
particle concentration and the size distribution in the air to be filtered. 

However, it is reasonable to assume that in most cases the design of the air filtration system 
does not require detailed information about the particle concentrations and particle size 
distributions. The design in these cases can be based on the assumption that the air to be 



filtered does not contain .any especially hazardous contaminants and the total concentrations 
are well below ~ccupatio~~! expo~ttff limits,. Al~o it1 i<;~n qe a,ss~ed that a)minorimaccuracy, 
when selecting the m.ininJ¥1A effici.e,ncy _9,f ~he filter1r;does.·n,ot•lead.:t<t>':serious omntaminailt 
problems. 
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The suggested design approach is based on the definition of target levels for filter 
performance in a such way J~at, they are easy to under~tfm~PY all par.tie jncluding end;..uscrs . 
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Alsctit i's requrred that Jhe~e)~& smp~9 p~y.s igil <:m>lanation w;tlich ~lar.ifies th~ result which 
can be achieved, when a certain target level is applied, i.e. the end-user must be able to easily 
understand the advant<ig~~ 1 ;;in4.1.~isadvantages :of different.:target 1 levels::: 1·Furthermore;· ··the 
target levels are ~~fll_led ii! _a such_ w_ay t~(lt th~, fulfillment of the designed values ,as.guarantee 
Val~~S Can fie che~ke.d U mg felativel:y Simple measurement techniques. 1'. " ' ~ ::J:'.' JW.iilill• .~. :• 
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Target levels for: filter performanc~ 
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. Th~_ pr~se~t:i_ ytork i~trQ~_es ~ Qew_style f ter.. performance c!assificatfon_ which-aim~ to 
avoid the vagueness of ~~e p;es.ent clhssificat.~~?- ~o/~~1~ . I~ su~~~s~~1 a ~ee~l~~~l .~ ~~~wcatio? 
~hich can qe used' ·:-ih_ep making1 r.ough e~~ci.te. , , ~oc;m . the ._proper ~M~l ~fa~, filtratio? ; ~ 
different typps of bmldmgs and euvir@mnents, ,, ,11 .. 111 .1 · ., ,,1. , .:, · .• .111.11:• .. 11 ·'· ~· · 1• • , 
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I . . . . . . . - ·- ... - . . . .. - . , 
The conventional · filterr-classificatiOils 1 ,(~.g.;;. ~P.RQ)[;l;<;NT,. ,,4/.51 01: •. the.i·.G-and, ,Jt,..clas.ses 
according Jo EN,,779) I provic!es,, iOnly part· !oLall essential· ir1formati(l)hi ;a_b'out;';the ;fi~ter 
performance. In fact tMse classifications !have .. been·1de eloped''~or ) ~tip.'~ 1 1!p.''.te~f'tptl~i#O'n$ 

•• • I · .• q II 41 •• ' •• 1 1.,,. , j. J .. 1 J ". - . . II 
·only, and wirh only a vague connecti9n to filter p~rformaIJ.ce_,in the ~eal , w-0rJdn; ,,,,, .. ,. ,1 .,,,,: ;i 
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1µ'he basi - id~ 0f the-new approach ~s to define target Iex~'~;·1'8=J~~r .~~.i~'.qf _ aQ. e J.if~.&sion 
,:which inclu~e exact info!matiQµ aboUf the,xyquired .fil ter,.peL"formance,and the ,.p~cle size1at 
'which the required performance must :be fulfilled ffi ;alI conditions1of1ope1'atfon't:h.rdugnouf'thq 
lifetime-of-tl}e filter:· This-approach is · assumetl to .¢.tiq?,~qge,.fl~;Cp'Aft.ies ,t9, \l~e~W.elf d.efined 
data when describing the performance1 of .tilters. ,, . , . 1 ·1 ·: .u · ·, j' •• • ···· , ' •• • • • • •

1 • 1! 
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:The suggest ,d basic target levels for ifilter p~tfodnaiice ' vhnch' '.~np.uj.i:l $e fi]Iffill~~
1

·~~u.ghou ;: 
the filter life- ime have q~n expresseCl i!L..the fqpn.-oicieanl ines classes as, follows: ~ : - ' 

-=~ ... .. ":" ....;..."'=".:'" - - -
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T5/10 : ,:: 1 ;Th~rr~ait~u!ll;1 ~µ·~1Y,v;a~~y, p~m,etra.t1on . fox· 5,um ipartictes •. is 101 .% · :· ·his .filte~ is 
assumed to .. effectively: captute;· lar•gli'. particles , · Wbicli' "'to.a:{ ' ca't't~'e ''qust 

11 ,iaccurlmlation·e'.'g. in1ventilation duct~ : 1(~eIDi,ng1 <;t~tY ' ,·'" : ''',' ,:: ~\.'.;·. 1 ·~ -..- ., 1 .: .. : 
.1i1. ,t:i1·!L-: ~ri .n ',):·1 ·.i'·i!;~' .. : '•'!.. 'lu ~ ! f ~ fl ~ 11 r ' 

, ; r 'J T dJ i · \ll )rfl :1. ,, f 1: f.cJ;Ji/!; i:i I ,-~!:;. ~i! \~ 

Tl/10 1.,, ,, ,Jiht maximum .allowable ·penetration1"f0r1:;1µni 1 patticl~s , ·s ioi "~?. '(mM:ri:ri~ 
e~cien~y . . 9P .

1
"'!,t; 1 ~~i~·;~Ate~·: 1rs','#~~u*~ci·

1 r9 ·c~~~~
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[) 'igpifi~~:
1

1~~~rease' ~in . the 
: · · ,;:~ 1 concentfatmn ot those parb.cles which effectively deposit 1.in the1 )hun,ian 

respiratory system. · , : 1,.,,., · 1 , 1 ,··.r-:h:: · i:· · 

T0,5/10 
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The maximum allowable penetration of 0,5µm particles is 10 % . This filter is 
assumed to be effective even for fine particles, i.e. the particles which orginate 
from combustion processes (traffic and energy production) and atmospheric gas 
to particle conversion, and also a considerable part of staining particles. 
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T~· advallil.tagei wfi; this: type': ot· classifiektioh' is'' that filt&r perfdrman ce :'.is 
,specified iin. terms -0f ~axtiniutn penetration ilt a certain 'Particle Ml~ value. 

unambiguously 

·.' 

Industrial environment categories 
.. ': ' •· . 1· f; ' r-. · ~ ~ rt • ~ -f, ' ( ; j. l . •• -~ ~~ • ") ! .i t «n! ?. . , .· I ~·:: J ~ l · ' 11 1IJ • .. · ; .t• .,,. ,_ ·· ' __ 

The-.premises in indusfrfal.etivironment cari•be cliaracteriZe'&hi';tatego'd~s. Fqr each.cat~gory, 
it.Js·possible to recoinmetfd1'6ne tifrget!levt l for filter petfomfance, see 

0

Tablel ~.: . 
I ' J • rl' · . 0 '-JV"" 1"' •1 '1(· ' f'I ' l " 1· ._.: 1:1• .- lr-.1.J · ~ .:.':.• ';·w ·1':'i'. l!···r1 " 1-. , .1 :J, , ,, - · -, " · • - • · 

I ' o.)f . )r ' - ! •f!:.~ - j'j!) • 
'.:'. [f ABLE k: ~e4<I>lli1Jli~nc,l~(l_tar,get:leyels: foridus.t filteri> in tliffer~nt emvif-Onmental'~&'tegu~es. I) ":.' . " j_ ' 
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Enviro~in~nt category: I '.);( :«t ·'. ·, !'SUPPLY 1!,1;[;-1 

AIR 
'llECrRd: ' I · EXHJt0ST 

AIR 2> AIR 

1. Covered processes 
):JTSFJO-¥.Jl·. No stationary working places, occupation is only temporary. Main 

part of the particulates is process emissions and the process doesn't 
set any requirements for the cleanliness. 

,.. , . ,, ., , •,t 11 ·i hlt. .r .. it..::)IJ. 

,2 .. ~~~~;;~ .~n.yirpru;~~ff inin~stry . 1 ·1 .; {l ::. t · ,. iJc.Ji i( ,· .!· ' mJ1;~Y' , '. r! J'1.> ;:::.. 
·:~a:~ek ·~li ifi t~a'lioi;iab- .\vot~!n~ _pJac~ai;d ~ontin)~q~1 s~~?.c 1:1p.~p~Y- ··,Tl.'.lP 5

> m . · 1}11~,0 
1 1 Patllic'U-h'tt~fevels n\a~ vary-tons1dfrably-between ~lffc:frMr spaces. ·~ · · 

Supply air is normally better ducted and distributed than on ~11 1 :..• 1 1»'. v,-.. , ;Jf!S 
category 1. 

113<•Spa(es with sp~ciall~leaiilines~ 
1

req~ire~en't (ihcl. h tean·roonis{• · " ' r::, 1 fl ~'- · ': 1 ' -.. . ' . 

~paces ,tl1at ~et ·,w,qci~l ·f:P.%Y.iremcni~ for thi<;air cleart lfoess! iTyprca~ in·~. · :T0.'5/.Hl\' l : ·1c, i ' T0.5/fO 6i 
.,e 1:crrot,e~P,n ~ca.l ,, p~arn:iac~4 ~fal _and foodprq\fs~in& i~astry.,; A. lsq :l '' ii: t l2(;i,; ') I L •11 ' r 
' spe~ i'al rolSms like electrical 'eqliipment, ele; automation, and , ;.

1 
.- , ·, fl . 

I I I -.. . •J~J:J' I) J 1J 1 .f!-\/ 
computer rooms and•i'ool'ns for personal:protectio'rr.·Spetiial • '" ' · 
quidelines are to be followed when exists. 

., I 

t• . I f~ "-(1 I ~ • '"' 1 ' • \'.JJ" " j l)' 1 / ~.(, ( t J. r > l 
;'SJ Offices, other dtfidal s~~ces-ano't~tcAl!ntia arl\as J • " • ~ 

,. ,. r•J.(l 
Ductworks and used components, such as VAY-regulators, humidity Tl/10 5•1> , :J . • Tll1u -·' 

... '• 

and air quality sensors, are usually more complicated in offices that 
[n industrial pre~· s~. Arnol)o other things i t makes duc.tw.orjs . .1. r • . ,· ,:... , . 1 ". '- "1. 

· • - ! ' ' ) p l,' ·l1, • \':/ f(l' t "Jl f l'J._, I • . • r ' ' ~ 
. cleaning h1oreid cult and c!xperl~ive . - -

~• ' ·"'' • - i• I' I . .. ,._.,·I •1rlJ 'J'.' ' .>'!(\ - .: ·;~ , V o, J , '.,,, ;.IJ 
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I) Cleanl~n~s ~lass TS/ I 0: ~he max.~ 1~um ~e~~trat~on of P.~rt~?ul ~!~s >Sp1 W(re!11?Y~ I of.s.~~lf n~; p~st) ;is 10. %. \J . \ "· -<. 

· ~ll!ruthne§Ji t:'tas~!I' lt! O : 1lh<Ytmix'1H'lur(I pclietralloh ol'par6C\l l ates8. 11.'l: Ht(c.kia~slfyifrti'c!ehte removed) 1s I 0 %. 
I -uPeav.JLors~ cl~p. ;il0.5/ 1 Pi_:. T,~c;, maxiOJl!!T! RtJn;tratiQll Qr partiol.llates > .5µ1tt1s ro %. (Y' b:-... I 
2) PartiC~e size distr ibution of crnissi~q .frRm, !~~QPp~ur~es has to>ffi;\~kt;ll ip!f>pci;:puy\, when Sl?lecting;recirculation 

air fi lter. Usually rec.ircu!ation ait t"rftef shduld 5e at le'ast the same class as in supply air. 
3) If supply air is ducted it is recommended to use Tl/10. 
4 \ i f

1
n i.~·oll1e cas~~. su~.~ly ~\r ~~11 1 Ie~Vf: ":f ithou~ fil tl'jlt),on , 1l;n,such.J:'<lse wentifat ion system compotlen'ts (boils, blower, etc.) 

·· na~ o be. ~~o~~n a~d ~o~a!~:SO t.h~p~_ey 9;on'.t c9Urct s\\1st ~nd are;~asY, }P?le3:m _ :·: 1: .. ~.' • : 

5) It is recommended to 'u~btieast cl~lines"$ class :r u io-'oetore heat-recov_ery unit; If it i ~)dJ_fficult to clean the unit, it 
· •. .i d ·. · 1' · To ·s11t. ·· -: .. , ··':>l ··•·ri c• ·..i ,n1 a • "' " J : 1s r~cQmm.en4e to ;os~ ;c ass '. v. · · · -· · · 

6) Special guidelines is to be followed if exists. : · 1 :J )/. ·1 :,. · ll . 
7) T0.5/10 is recommended in areas, where there are high emissions from traffic and energy sources . 

. JW'C) '.' - . .:VI iJlL l i.n i-li,.' 

:: fL·i \ ' J ·.:vt:: >~;r·~~! · d .. Jc ~, 



The proppsed target levels in relation to :present filter classes : · v. :;: : r: 
• \."j} ! j ''.: oi •j 1:J~i~.; j'~}: f.\1·r!) ;,~ 1 1:_: ,·1 l~\l1 '~;).'J \: I I .:d 

The correlation between present filter.:classification tests and.filter performance onrthe field fa 
weak. This situation together with the lack of design criteria and too many filter classes has 
led to non-{~ct ba.sed selection Of filter in most cases . , . 111; : ·; i"' ·: : r. • 1 , l i! · ' " · · ; q o·.' : ~ 

' · 
New test methods based on a filter's fractional efficiency·makc, it possible to ·compare the 
performance of filters and filter media in practise. According to latest measurements and 
discus.~ions in Finland it is also.· evident that presently used ifilter classification has too many 
Glass~ i.Jii, ,_,Qrder . to make difference r :betweel\l differient classes {filters· tested : according to 
EUROVENT 4/5 /2/, 8 classes EU1-EU8 for normal ventilation purposes). Even' mor.ei 
confusing is that test results of several manufacturers EU6-class filters shows a wide variation 
in filter'. performance;. wheti new meth©dS, are l:lsed."InitiaLefficien~y of. some EU6;.class;jft1tern-
---- - ---.--- --- ------ ..1..1--.-- .&.1-.-.L -...C T";TTt:: -1 .............. ~1..._,_ _ _, -- .. L.! ..... L -- .. .--.-. ~-,..... ..... ,... ___ ,.....-1 .!~ ,..._,, __ ,,_ .i....-~.i..... /1·/-~, ~, r
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Based) on the:;test}'l i of several· !glass..,:fiibrerbag; filters ,qf diffo rent i:filter classes 1/ 11 it :'is :porisible 
to define, which of the present filters fulfil the recommended cleanliness classes. (The 
fractional penetration (efficiency) of different classes represent: the aYterage vafoes of all' tested 
filters.) Glass fibre filters normally has highest penetration as clean, so the requirement has to 
pe compared) to the penetrati@n:eurves. of clean.filter:·n·,,, 1·, t:·; ;, ·y: ·, \i k ·,iii', .1 J. 1<> \iii,:" 

The relation between Lhe filter classes and the cleanliness classes, based on the measurements 
111, is shown1in.table 2,.- . ri.,11<•, •: , ;i;;i. •1 ·,·i•: 1, . ' . (i, ,, .r · t1• . iJ.: ·-,;. ·,;._,· ·;;([ 

. -:r 
1 J /, I ( ~' I '. J } j • ,,_ 

TABLE 4, _Approximate relation: between the target levels (cleanlinessJclasses) of dust 1filters 
; ., : . . . and :lowest acceptable filter" classes;; when .. maximuak.allowed penetration; 0£ 

::'.;,; .. l\\ no.minal particle:s.ize is 10%·in·each cleanliness;1class. ·1:; '.'' < ;.; · . , , , . , • 
''!'') ... ·1 I .. , • 'J '·•;I . ; f' I I!'" .·.' ... · . . :,·' ·,_·. •• ;_ ',,·: ·:··, '·.Ir. J,.'i~, _.~.11·~~· • ·' .lJ J1,! :. '; ),\J, \rr ~i ~ 

TARGET LEVEL FILTER CT..ASS""' 

TS/HJ EU4 

'Tl/10 E:U7 
---, I 

TO , sj rn EU8 
' r '· 

TECHNICAL-ECO~~wc~~/~~IMiZA~~d,l~j ,·'·" · ,;'.
1
;;
1 

.'.
1

))''.,

1 

/, I•. 1, I I ... ., .. '".. . . '" '"" ..... 

Basis and problems of optimiz~tion are ~iscussed and written down in this project. The 19;iow­
l~dg~ ;i~:~tiil at to6; g~herafiev~h6~be'ils~a in 'opillniiatioli:' The. a~n'hs 1to &crefop1an ~~~c~f 
system for filter selection and optimization. The followi'rig ' ls ~ ~li6tt' dec~iptforl 1 of tli~\~:grb otJ 
the expert system, still under development but already collecting the best available knowledge 

intoarealpraticaltool. /·~ '. ·~ ;l . . Di .. ,,_,,, 
1
,-J'•i';'";

1 
_l'; _:. ; 

The most important technical figure iµ . system optimization is maximum all<;>w~d final 
prdsiirerdr6p :cif filtet'.; that! aepe1Wis" 6h 1the

1 aliS*e~1 £ft! 'nb\V Ellahge ar~1rillg I ~bedti'6n' ahd' ¥aii ! 



performance. This figure sh©uld be calculate<,i " during. design phase, ·corrected after 
installation, if e.g. fan parameters is changed, and must not be exceeded during operation. 
Tihe ptoperties of,fi1ter,-materia1 and filter·constructiml'"has to be'taken on accel!lnt as well. 

The properties of filter material and coastruction;-!has td>.'be taken on ac'cou::nt as 1well. 
Breakage of the material is not a problem in normal cases, but too high pressure drop can 
cause :in~reased penetration ef!fine dust (.coarse•fiiws). ;(·;31 :·: L r >11• - ,, ·1 :; 'Ji 

. ii 

The: filter solectian ;alw-ays ha!f!to ·btt ~tarted > 1from1 the ... target '. level; After qmilifiicafion of 
aqceptabl~filtering,1metho<is is " do'ne, can raccep>table:methodSi. be quantifietl economica11y "iil 
~.r<lellto:,:':-t '/:J i~'' • q rwil.Ghlr-'.~l. !Jc."l'llif' i\ i i ::i- ~ · i r-::. i~!,1 :.1 (~ 1:\ ,,_ 

1
· \· ---\,._

1 :< ; r -· 

. tGI .. ; J! _. i\.' l:l ! - ?. ~ "'JJ!r'l ;:2.r:.J· 11; , :··. l '.._ j'.) F.h:L; .. IJ JL ;:J 1•·:1;- h, Jiu :·· :. : k : IG: ' J ''.1 ~>! >,:;·I~.~ 

-c~are :the total, economy--._c!yf:rfilteri 1that fulfil mllirim.um. requirements to ruore;·.-eff€ctive 

-c.ompai;e filters'with equal1class :with.respeet.mtlifetiilne and initial:and final1iiressure drop. ;-,(_; 
'. .. i'J) · Al. ~ 1:·: 'YO: ' .. ~ ; - Hfi·J:J~r: , '.: :di. :: ~-'T :•i 1 ~t !le~ - ~>'i ~; ·,:i ' ' ti ; ' .i : ,, "f .:. 

-define economical fmalipressbre;droprn -·~ : ?<!f:; :.J ':i . , l if~ .. . ·::ii·;:Ji:Jif1 :J\ 1:oirn . •w: !r:r~ 

1r1 :.~r -Jc~·e .. d.Ji. ~: ·. ··L . · .. 1 1.Jt:J µ ,;f~bLdJ'·J11 :·r ~f ·:;1 1 u ~L~ ;t: J v!_lnn · '° 1: . . ~J-.Ji ! ;· 1
•
11 •!iJ ·;( ~ r ··· 

-compare economy of different filter constructions (compactL~~rrbag·Jfilter.s etc:} or propertie~ 
(e.g. bag length) with respect to dust holding capacity and lifetime. 

11':J: 1~1"J?.J<h ' ' '.:Jr!t n ·,., .,;,· :;::~ '.:' '"· i. ; J''" .- 1J ·;;11 uw· .<·~~J:i: •. Kijjj'j ::: r:J , ,_.:, • .. · 1: '· 1 

Because the lack of knowledge of filter performance in real conditions and of.:the. irtfluences 
of filtering e.g. to dust growth of ductwork and ventilated spaces, many assumptions and 
simplifications:ha~tQ'.)be' done during cal¢u).ations. 'fhis 1facvoau.Ses 'that.reliability Of -:genera( 
calculations '.is quast>ionahle·.' 1.Thus,11edonomicalL.optithlzation-. 1;an . be'; used · in single cases 
effectively, especially during~! :(l)peration ~ ltime,::i when(" morn\iaaurare·t inf6rmation of local 
conditions is available than during design phase. 

I ;;;;r;1::-. 'Tc· r·i7'1-=-·1- -:- Jr,-'---.,·;;-;:;-·· : ·;:1 
> '•, ,._ J ; , - """' " ·oJ - I " I h 
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SECOND STAGE (1996-97), THE ~-oBJEqr-I¥E~ --- ~- ;-:r-- .J 
1---- - - --·- - -- - - - - - . 

The main objectives and tasks for the secq~ _s~ge·~~f th_: __ ~~~ pjoJec~ ar~: 

-write iriterifational guidelineS!-' fur~ifi.hering ·filtldameritals·;, '-fi1tbr •sel~etiort~> "optimization and 
maintenance (start of contributions to the Design Guide Book for Industrial Verltifaild~). 

-develop an expert system for filter selec!ipn, , in,c~uding alsp impurity >datab.'\~~ copsisting data 
on consentrations and particle size distrifr~1tiori.'hf~niissi6ns 'f'ioin diffei:ent~ources .,_. i. ·. 

-produce' ri~~;a~~ :~~- filt~tp~iiciriN~~e11ii{ ieaf~gii~htr6~t'aiiff- ·ciri.[ 1 t;~Aic~i~~~ jriie~~~e~~ht 
tefiuu'\i~ 'B< " .1ati&r~loli.J 1alid. fieict ·test/' ':~ · 11

:. u':! :~ i ·_t.
1 -r,.. : r<,, :~: l'J .. • • · .:. ;?,., . · _•;.• 
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EXPERT SYSTEM - SOME PRELIMINARY FEATURES 
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The expert S.)7Stem will be developed. in at least two steps, starting with the contents of the 
basic frame~ork. At the moment, the following tasks are being planned: · · ~. 

l 
I 

1. To collect the existin'g mliter'i~ oh otltdoor ~ll: cp~ditions, emission sources, target levels 
and filter per~~mnance, and equa~iq~_, to,,qe used· for ~filter selection. 

2. To restru~ture the. existing data (units, form, curves ... ) 
•,t . ......... , 1 ., .. : _, . 

3. To develop and validate the ~~_;c~C?,rfand .tt~4~W)p§1 

I . . I 

4. To complete a manual version of the expert system; this shall serve as a guideline for filter 
selection, anµ included in the Design Guide Book. ·, ·, 

\ . ' 'i ' t ,1,: ,) ' 

5. To conve*(the expert systedirblock b~Jblo'<ik1itifd' electronic form, including 
I I 

-simpllfied filter · sdeetioii, p,r9j<*s~ .. ::; , , .. ;.=. ! ,, ,;~~ 
-detailed sekGt.ion .0:fJilt~r 1=.ri"'' + , ;. ! ., .,, , :, ·" • · 

-feasibility CQplparison of filters _ : .';AC f' r ,. : . 

-total controf of particulate contaminants 
{ ... 

The methodJlogy is presented;'iirtiie 
16hd6~lhi~t~'. Some additional remarks to the blocks: 

l '' I . " l l.• ("' '° f <J 1 _1 .J , .~ I . \-

1. Properties .Of-the .. outdoor ail;~ .. the . expert~ s.ystem.. shall .. contain. a_ database. of-existing 

"typical" figj.lre5. that c~;:?f·,.s~~3ft~fo:: ?~:Pf.~~?il]~ ~default values). If ,°:10~~-pr~~is~ values 
are known ?or th~ sp ... ec1~c .cas~. (~~· .. .,O"Yn rp.easurements), these can be' U~ed mstead'. 1 fn1 the 
survey of exi~tinlf'6\1tdaor ~i,~~;1t;.f~. 9~:e~~~g~_revealed that only a minor part of the 
data can be prrectly ·applied ·for tj.lter selection purposes especially when the main concern is 
small particles (less than 1 or 0,5 µm). ,In the.: 1frid1hitrialf;are!::th'e ,~nceiitratl"bn-·and size 
distribution lof particles cen var~ a lot of those in typ~5Vr pr}?3.f\,11~((': ~fir~ <l~~Y,ii;~mnents. 
Therefore l<fal me(_l§.urements are~recomajendecl whenever possible.:· -

2" l::::"".: . I :':UG, Fl <)"j/, lf) v'l·'JIT~J .. :J:: ;_;; '; 
' 2. Process de.Scrifjfion:·~~riridpiesJ of gehedff.Oroces's=tlescription will be presented in Volumes 

• ~11·;•y 7-, · ·r 1 · ~" T ()T 10?.J\i,.i.,CJf. ~"- · • · ' r ~ · · 
A (FundaIJ1entaisl an.a · B ~(~ystems ··a:no ~ nquiptnent), and branchwise in Volume C 
(Applicatiol\s), although not~cl~~~r'..~,~p~cl~~~~:8P:k!et for filtration alone but as one design 
parameter 3¥1ong othersiw<ra,t~,gq~_e.s.J~t..~X"Pt~ ~ T~ble 1 are based on the requirements set 
by work cotjditions or·;proaess~s;; ;,b~~~::: ·,, '.'~J~~1~') 1~ 1~ :~ , 

i " . . 

3. Target level~:--to be bas&rd11.1.ihe::·c1efiliiiribss .classification. In the DGB, principles to be 

presented on gener-atf~~~! ~.,X~lli,1!f~c~' _ap4( tH~~~i~i~_u; process related features in Volumes 
B and C. . · ··,T:M ;1o"n:'J'" ff~·! 11c1 

j ,, 51\_:,c:. :...J !Vl.J :,; I 
~1·.'.l~1P.~ .. 1".'")" . :3'=1 rv; __ . CYG 2·· :J:l~ "" : -

4. Source description: a (latabase will be ~sepai:ately '.~eyeloped in a research project; and the 
resu.lts d~cUpl~nt~d ~?iFuri~amcil:tals~ ?fhe ~re.S~tJ;rmO'~Iedge varies much; su_fficient da~ on 
particle stz~fd~stnbutton ex_1sts fo~ a few p~~<Jy,C~~~ei'Q.c~sses only: e.g .. wel~mg ~es, rron 
or brass gnn~mg and ce~tam s1l~~1f;i~~· prg;~~·es{V}i~Ri~nncal and mechanical mdustnes. . 

Blocks from the lower part (6 ... 12) are planned to be included in the filtration blocks in 
Volume B. 
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F1ELU1 AND LABO RA TORY· TES\J'S, SOME . PREtJIMINARY.'-:.iRESUbTS'.i AND 
CONCLUSIONS . !'.. I! 11;· . . '• .cit·"[ . ~Jt;i .c· 1., c: i:IJ·;·-1 ·r: 

As a part of the second stage of the INVENT project, pilot field tests and one series of 
laboratory tests have been made to give a solid background to long-term field tests,,.which 
will cbnthiue to 'the end of year 1997 with selected :filters. · - -- · ' 

• ' ~ I 

The pilot field tests were made to test the measurement techniques and tq, produce some 
information 'ab

1

out the filter behaviour in suburban environment. The laboratory tests w..ere 
made ·f@r. pre-selection of filters to the long-term field tests and to study the ,filter behaviour'> in 
different controlled loading conditions. " · · ·-

1'1, "-· . ,,• 

Laboratory tests were made by using material samples from t~elvgufllters. Filter iin~terials 
were ~1mo~ed,,t.o a test aerosol which was a mi~ture of sta_nd~d SEA Fine t~stdust and diesel 
fume. Air flow velocities were adjusted to correspond to the notµitial flow rates of the: filters. 
The pressrire''dr1op and penetration of.the filtei>materials were 'lnea$ured as function of filter 
loading.· liliJter, loading was given ill terms. of aerosol e,Xp~sure, i.e. ~ass concentration x 
loading time. In this way, it is possible to give a rough estimate for the filter performance in 
true operation conditions' in the time scale of one year (e.g. the exposure of 30 µg/m3 year 
co11respgnds1to 1a one year-operation in the average concentration of 30 µg/m3). 

(, 7_' (, I: ii 
.11 [U fl)'.:~ •_,,I "\) ' ; f') ofi" . 

Figure 1 shows the relationship between :lfilter material pressure drop and loading. This result 
indicates that there are big differences in the performance of the filters. 

I .': .~: 'd .i~(I 

- • - Filter5 (synthetic) 
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Figure: l'i :Filter,.ma:teriFtl pressure dr©pJas a functibn ofi:filter1'1oading. (1 1 ki1. n; ; '." '] it!i :J 



Significant differences can also be observed in Figure 2 which illustrates the relationship 
betw~en mass-~p<;Ji)..etration and l0;:i,ding. : Taking into{ account that an filters should b~ , of the 
same filter class (F7), the variations were surprisingly high. • . , . , 

I• 
,. 
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Figure 2. Mass penetration as a function of filter loading . 
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In industd~i e~vironment, the selection ofsµpply 'all- filters is traditiqnally based on very few 
facts arld'therefore has niany times resulted in either unnecessarily 'high filter class, resulting 
in high: operatic>n costs, ~r - and more 9ften - in too, lq,w.,.Class filter and uhnecessary t ieaning 

14 - f . , 

costs or sometimes even; troubles in the production pi:oces~ : A neyd for systematic selection 
to?l is 1 ev.~~e1i\~ .. ~ qur ap~r~ach is an expert_ system, wh~cli ,~ill 511,~bl~; the designer .~d his 
chent to apply the best available data for the filt1~r selectJ.on m~eacl:\, CflSe .. Furth~r efforts are, 
however ;'"iie'eaeCt fo fill the gaps in existing kno;wledge especially on th~·-~ust ··concentratfons 
and particle siZe distributions in different industrial environments . The' mechanism \low to 
update the ,expert system 

1
is still to be developed. ' · ': 

~ l. • J - r 

It has been also realized m many cases that the filter class does not reveal all essential facts of 
the fit'ter petformance t_\lrouglfout tl},e-filtei' s-lif.yt:iriie. Frill-:~cale tests ~m; but slq~ly, give 
more basic information. It has to be kept in mind that design, instaJlatio~ and maintenance are 
important for filter performance: e.g.it · ~·· ·fi ~r1 ?~ecoi{ies ~et,J ' 1t will lose its functioning 
permanently, and all bypass leakages reduce the performance aswell. The future challenge is 
to fill the gaps in existing knowledgei"about,.filt~Jperforft.J,allce io:tfeal operating ·:c<>ntlitions .~ "·; 
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