


AIR CLEANING DEVICES FOR RECIRCULATION OF EXHAUST AIR 

John M. Kane* 

Abstftact;· 

!fletie is a substantial. backtog of e:cpel'ienae '14ith industl'iat pal'ti.outate 

cottec-tors used to zteci!'cutate cteaned ail'. Apptications have been conaen­

tzv.zted in systems whezte pal'ticutates al'e mechanicatty gene:rated and alle !'eta­

tivety inert OZ' nontO:ric. !l'he. fabl'ic dust cottector '14itt be the usuat ctean­

ing. device, at though '14Bt dust cottectol's. have been used fo!' a.· timited numbezt 

of apptications. Atmosphel'ic air clean~zts setdom have dust•hotding capacity 

fol' · part;i.cutate ztemovat · etJen from generat ventitation e:x:haust systems used in 

·indu8'tPlat opeztations. · 

. Jlhspe the contaminant is a gas or vapoi', recii'CUtation has setdmn been 

appt(ed. J!he cost/benefit; retationship. witt be teast /(lf)Orabte t4here a cot-

tector is not ztequizted ezcept to achie1JB zteciztcutation benefits. · 

0 •• •• Monitoring of the t40!'1<spacs l'(Zt;hsl' than the ef(tuent (J'i,r 'fi'or'! the .ail' 

ctsansr has ceztta-z.n advantages and compensates fo!' -z.n-ptant N'tat1-0nsh-z.ps of 

i.nfi'ttmtion. additional.. e:t:hauet tJentita. tion. , buitding. cubi.cat acmtent~ votwne 

of reci%'Cutated ail', and its dietriJ»,tti.tm. _ . _ . . . · 

.-·'the design and utilization of air cleaning devices will be dependent on 

factors such as cont,minant concentration; particle si.ze distribution, if 

particulate; the degree of removal required; and conveying gas characteristics 

including volumes, temperature, and "'ater vapor content •.. In some ·,ystems, 

_the fire or explosion hazard will influence collector selecti~n •. With ~t­

scrubbing devices, corrosive characteristics affect. choice~ and contaminant 

removal from the scrubbing circuit will require evaluation._ oesigns for · · 

particulate~renioval will 'seldom be used for .contlminants in the gas or vapor 
state· and vice versa~ - · · · - · · · 

PARTICULATE COLLECTOR .TYPES AND CHARACTERISTICS 

.. -. Particulate. collectors fall into two basic ~roups: ll htdustrial air 

cJeaners for·removal of the heavy concentration of particulates cOIIIIIQn to 

industrial e~haust systems, and ~) atmospheric air cleaners f~r removal of 

the very<light concen~Y,ation of attno5J)h~ric sus~ensions~ > ,·' · ..... ·. , 

. · .. Industrial Air Cleaners~ •· . These devices are :des_igned to remove the. ht!avy .. 

cor~centrations c0111110n ··.to .local exhaust cf industrial·· ,operations where concan•. .~ 

trations are generally ha the- rilnge of· O.l to 20.0 'grain~. Per cubic foot of 

..• conveyingairstream'(0.23 to.46.0 grams per cubic meter)~ There are four. · 

· bisic types of air cleaners· groupi!d by their major; .. separation IJiechan1sms of 

ll dry c•ntr1fugd, 2) wet scrubbing, 3) fabric filtration, and 4) high.;;vol-

tage electrostatic precipitator~ · ...... · . ·· ...••. · · · · : . · · .. · • . : · 

. ... Qf these, the>dry centrifugal and the electl'c)static will seldom ~ave .. 

. lpplic.ticm fQr sy~tems recirculating cleaned air back t() thl!. workspace •. 

·•.·· C()llec~ion efficiency of·Ciry.ce_nt.rtfugal$<is insigni.f1car~t •nd pr;-acn~,Jly· .... ····. · 

n()nexi$tent. on the- particlesmea$uring ~5 .\1111. so significant where recircul~tion 
., .;" .·_ . . . ' ...... ' .· ~.-.:.;· .. · .. ·· ... ; .>· . .. ·-· ' •'. j_,...... ,· . · .. ·" :· . ·.': .'·.' ... ' . . .. _. ... '. ·' . . . . ' .. 

~' .. 
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is considered. Ozone generation and the types of applications (h.igh-temperature 
combustion, calcinning, and metallurgical stack. gas cleaning,) nearly rule out the 
high-voltage precipitator. · 

The design with the greatest capability for recirr.ulaUon and the one with 
substantial application·experience is the fabric arrester, known also as the 
fabric filter, cloth collector, and baghouse. Collection efficiency on small 
particulates is excellent~·in fact, the highest of the mechanisms available for 
particulate removal. Although the collector is nonnally located outdoors because 
of its size. temperature loss is quite Rlodest because of the limited surface 
available for heat transfer when compared to the pounds of exhaust system airflow. 
As most such systems operate in the range of 10" to 12" of water static pressure. 
(SP), fan heat of compression produces a 5° t~ 6° F regain. . . . 

. . There has been limited application of wet particulate ·collectors for·<recir- . 
culation to the. work area •.. Co.llectors are usually of the medi~n-pressure-drop 

· (4" to 6" SP) range, and preferably h•ve low humicUfyi~g efficiency~ Evapor~tion 
·of. water with the C\lrjsequent increase in • relative humidity can be a limiting 
factor in wet collector recirculation. Also, the lower collection efficiency on 
small particulates restricts application potential· to· ones of low concentration 
and/or larger particle size ranges. Examples would be dust from metal finishing 
operations and mist or droplets from plating tanks. · Appli~ations normally involve 
those for which fabric collectors cannot be used because of fire hazard, or adher-
ence to or blinding characteristics to the cloth media. . · 

·. ·· Atmospheric Air Cleaners· . Because. there are frequent attempts to use atnos­
pheric particulate c.ollectors ("air filters") for industrial exhaust applications, 
a brief discussion of this group of devtces is pertinent. Collection mechanisms 

· include dry centrifugal; viscous· impingement; wet scrubbing, usualty with oil as 
the medium; fabric filtration·, including paper, cloth, and glass fibers; and 
low-voltage electrostatic precipitation, where ozone generation can be. minimized. 
Devices are d~signed for the collecti.on of the small-size particulates found in 
atnospheric suspensions, with good to excellent particulate remov.al ability. 
. Such devices are designed, ho~ver, to collect the. light, invisible particu-
late loadings typical of outdoor air Where concentrations are. in the range of 
0.05 • l0-3 grains per cubic .foot (115 micrOgrams per cubic meter). Becau$e 
particulate loadings .in local exhaust .. ventilation systems are ~eldom less than 

.. .0.1 grain per cubic foot or. 2,000 times that of usual atmospheric concentrations, 
air .filters can, seldom be used for industrial exhaust air cJeaning, because of · 
their limited. dust holding capacity. They do find occasional application as ·. 
final cleaners. after dry centrifugals on metaJworking application where particle 
sizes are large and concentrations low. Removal of oil mist from machin1ng~oP-tr~­
tions is another example. Here the. continuous drainif1g of the collected on drops 
from the collector. surfaces produces a self-cleaning action. . 

Air filters cannot be used readily as' a baclc'Jp or faH~safe devicedown­
stream from a high-efficiency particulat,e collector without excess.ive main­
tenance costs. Wi.th a S•grain inlet loading and a fabric colle~tor. reinO.val 
efficiency of 99.9 percent, the escapement would be 0~005 grains per cubic 
foot of exhaust air or 100 times the usual application range f()r an atmos• 
pheri c air cleaner. ·· . . ·. ·.· · . • : · · · · · .··· ·.· .. 

. . . There have been. p~riodic efforts also to use such devices to remove the . 
. smokes, fumes, and other fine particulates that can accumulate and form v.isible 

··. · haze: i.n the roQf truss area~ .. ·.·Again. ~f1ese conce.,tratiofl$ a~ many .times those 
of aQIDspheric loadings which result in. excessi.ve maintenanct! and replacement costs. ·· ·· ·· ·. · ·. · ·. · ·· · 



GAS AND VAPOR COLLECTOR TYPES AND CH~RACTERISTICS 

For the reni()Val of gases or vapors from an industrial exhaust. system, 
control devices usually employ the removal mechanisms of hacineration, adsorption, 
or absorption. · · · 

Incinera·tion . High•tempt!rature incineration is ·~n effective mechaniSm for 

oxidation of organic gases,· aerosols, and most odorous materials. For direct 

flame designs, usual temperatures are 1,200() F or higher, the retention time is 

0•3 seconds or· longer,. and there is a turbulent gas flow. The fuel cost is sub­

stantial since most ,industrial exhaust systet~~s are"lean," both. because the C:C)n­

taminant provides, little fuel value and because exhaust> volumes involve· so. muc.h 

air (10~000 cfm equal 22~5 tons per hour). generally at low to moderate tel!1)era-
tures. .. .. . . · · ·· .· · . . ·· ·· 

. ,· . 

••. . . Fuel co'nsllriptiol1 can, be. reduced by catalytic incineration in many systems 

,with air entering tempf!ratures in the range of .5()0° to 850° F, sufficient to 
' ..• $u,stain catalytic combustion~ Gases must be relatively free of inorganic dust. 

tha,t wauld coat the exposed catalyt~c surfacf!Si free from metallics suchas . 

~rseni,c, lead, mercury •. and zinc, which would inactivate ("poison") the surfaces; 

. _. .,and free from gas s"ppressants such as halogen gases aqdS02. ·. .· .· . · .. 

. . ~cause. of the high extt temJ)erature and th8 gases of combustion, recirculi- . 

tion wo~ld be impossible t!XCept by. means of an indirect heat exchanger. Indirect ·. 

heat exchangers can have application to both the· direct flame and the c•talytic · 

designs, although teclaimed heat is nonnally used to preheat the incoming gases 

·•·• rather than for rilake~P .. air systems. 
. Cost of incineration equipnient and the high fuel requirements make the instal­

lation of incineration equipment impractical where air conservation is the only· 

objective. 
: · · Absor,tion W~t scrubbin~ ·is the usual ctevice for g~~eous 'absorption. TJie .. . 
g's fl~sn. frequent. arid close contact.with. surfaces. wetted by water often con- .. . 

taining a reactiye alkali or in some cases ari acid. Pickings that provide the ·.·· .. · · ·. 

~ttttd. SUrflCe i.J:e usua:lly plastic shapes with con~r.Ol• dinlensioias fn the 111 to 3" 

range~ .. ·.· .. Wh.ile, ga,s flow~ can .be horizontal ·. ( crossflow) , . :the. vertical· ... counterflow 

tower isthe·aaore,frequent selectiora for·9•~ scrubbing applications.·. To f)rovide. 

the necessary·n.ss transfer~ beds can bel& or 1110re feet high with approach · · 

:.velocities of 300 to 400 •.fplii and pressurtf·drops Of 5" to ·10" wg· or.lnDre~' ... ·· 

.··.:; •. rt6~l1Y~. efficienci·es of, absorbers :a~e tailored to-meetAatmOspheric air 

qullitY~tlndards and,.,Ould have to be upgradecl:at.cons1derab1e cost. and power 

' 'tO lssure'·in-plant air quality~> •· Exit' afr.-is.•very.,close:'tO··Situt'ltiC)n,.·•king ,. .. 

·:.tile •problem otlfltlrvapc)r .. ·cOntent ano~~r.·ot;,s·tacle ··~· .• re.~irculation.,· · o:· · _· 
. • ; . ··.·'::Adsorption ... Wtaere' moJeculir ~1gtats excet.d:about 45~: an adsorbl!rat~ usu~lly 

· actiVa~d carbC)n~.~ll s•lect.1~elycap~re lln;d: remove ·gases··and vapors frytn an .· ·. . 

... a1rst~am.,:•Air telllperat.,r;e~. sh~~l~ DC)t,~xc~d)Q()
0 .F .• , •n.ct f)resence ·of.partic~late 

··•tter·and liquid .m1s'ts.contain1natethttadsorbent, •requiring· 1110re frequent regener~ 
. . at1on~ .. . . .. . . ... . ,... . · · ... ·· ··.· · 

~ > ..• ·•··•··.· .... :. aCt~ause. 'actsorpti~f! •e'ffici ency i~ riduced IS rete~ti ve ·.·. capadty• is reached,·. 

-~nitoring>to·d-~t·th1s .. •••"b"akp()int".··.w111_':~.-:es~~nt1alwflere .. reci.rc.,lit1on• ... 

fJ"G.m,.·~n:·e_xha~~t.SY~t,· 'is •loyed< WIM!re IIJ)re .tl\~n .one contiqa1nant is .in.voJved, ... 

. ,th~_.C)ne·having·t~e .. tgher .. b011ing,pOint w'lJ ~isp1•ce\the l•r•bOiJi.-g point. :_ .. : .. ·.· 

. CC)n~lftinint, requiring·jiQ~ >f~uent . regen. ratiOn' toi' mai ri~lin·:·.adsorptiOI\ e.ffi _ci ency~ 

•··· ... : •. catliot1: ~~-.-.~~"~u-it~ i~w.g~··~i ~h airfl~ .·through' ·tta.bc!d .1·n•···the,JiO• 'to: 1 OO•fpni .... 
·••t•raae·~. 'F.ot':lliDst.inclustrflll~:exhaust syst.appl.i.c.ti.o~s~ :regeneration:.in $pllce y ·· · 

.:t. ::; :' ., .~ : . ' ' 



using live steam will be needed along with equipment, to condense and store the 
dislodged contaminant. . .. 

. ·. FACTORS INFLUENCING RECIRCULATION 
. . Recirculation from exhaust ventilation systems has the potential for the . 
savingf in, fuel or energy that would be expended if exhaust at r were replaced 

. with conditioned outside air•- Also saved would be the capital, operating, and ··.maintenance costs of the makeup air equipment. · . · . .· 
. · ... ·. There ·are also special situations, ~~ when using unit collectors for small-

.. volume applications, where the. cost .ofexpensiV'e duct~ng'to the;atmosphere is 
eliminated or Where mo~ement of the contaminant-praducing operation makes such a · . connection difficult. _ . · · · .. ... . . 

' _. ·: . ·_salva,e··Value·_.··.• T_ he.··. sav._fngs• fr_am ·r. e_circulated a. ir fro_ m exhaust sy. st .. ems will :-be a funct on of exhaust volume, plant location, and operating hours. · It will 
· take ·a substantial air v.o1ume, probably in excess. of 30,()00 cfm on an 8~hour~diy 
cycle, to justify· the acldld costs where monitoring, bypass dampers, and retum 

·· airduet.s offset fuel silvfngs. Larger air volumes woul.d 'be indfcited Where afr . -:cleaning device~ have to be added or upgraded. - · ., · .. -._I.. ' ' ' . ' ' : . . '.·· · .... -. . .. ' ' .. ··. ,' . '· : . . '. 
. .. ·, . The fuel savings will be. a function of._lcical outdoor temperatures, usual 

lef!gth of the work day, and the require~ temperatu~ of the incoming .air. For 
·many industrial plants, heat generited within the plant will permit a 55° F 
. air supply .tempttrature rattler than. the traditional 65° F. ·.·.The impact inlet tem­perature and p)ant location on heat savings can .be observed from 1:he comparisons 

reported in table L · . . . . . . . . 
Note that the degree. days in table 1 assume 24-hour'.days and 7-day Weeks •. 

Fo.r a 40•hour W.ek, the, number .would be reduced by 40/168, reducing each 1,000 
degree·days to 23~~ A volume' of 10~000. cfm exhausted.40 hours each.week involves 

· : for e~~h l,OOO ~gree days i ~ table l: > • , _ , 
BTU lo~s = lO,Ooo cfm • .075. •· .24 • 60. minutes .. · 

· · .. = 10,800 Btu/hr/degree F _ · . ·..... 40 .. -•. h.·· · · ·t· i ·.·, 
··.. • 10_i800>• 24 hr ·-1 ,oo.o degree days·... · ours o'era_ on 

• 61,714,000 Btu/heating season .·· .·.. ·. 168 hr wk .. ,: 
(~075 1·b/ft3 for air; ,specific heat ~ ~24) · ·< :· ·. ... • 

._Fuel .. equ_. fval~_nt_· = ·6lc5713.JOOO Btu •.. \ · · · · · ... · - ··· .. ·· f ,o .. Btu/gal• .90 bo11er. efficiency 
· 111 397 gal f1J~.l.9il. . . 

. ·. T~ble L Degr'e days. per heating·s~ason . 
· .· ... : (bas'd ... on .·.24~hour day, ·7-day_··week). · . :·:.!.\·· .. ··. ·. ··.·.. .· ·. . . . ._ .. --· ·' .. ·· . . : . ' 

: Air s~pply teiftperature .· 
-···' ;.·' . . _ .... 

. . . .. · . 6,31'5 < ... 

-··_.21829<c S-~297 
· Lollis ville · · . 2,294 ••... . .4.180 : 

Ml!niphts : .. 1~·284 ·._ •. · ... · . ') 2-~95o 
·. __ ··:,"i:.:·::: (··: 



·· · · . Table 2. Fuel savings . 
(gal. oil/10,000 cfm recirculated air/40-hr workweek) 

Replacement air supply 
temperature 

Gallons of fuel oil saved in: 

Ch.icago 
Indianapolis 
Louisville 

. Memphis · 

-55° F 

1,486 
1,123 

911 
510 

2,507 
2,103 

1,660 
1,171 

· · For the locations reported in. table 1 • the resulting fuel savi_ngs are shown 
· i~ table 2. In those industries for which s~~~~ner coQ11ng requires mechanical . 
refrigeration, similar energy savings calculations will 1nd.icate conserva~ion · 
potential . ·. · · · · · · . · · · · • · · · · · • . 

<:· . . '·.,.I ' ' ·•. ..... ·., . ·. ..... . . · .. ·.' :': •.'· .... :. ' ·. ' . ' . : '. . ... '. ·:..: ·. ' .. ·, ·..: 

.. ·'.MOnitoring ... · .. For inert or nontoxt~ substances (generally those where large 
TLV's apply). monitoring.of thecleane~ airstream has seldom been. practical or 
deemed neces$aryfor recirculated· systems •. For more critical contaminants• 

. IIIOnitoring of j:he ~rkroom. air ill strategic locil1;ions has a 'nlil!ll)er Of advantages 

over lilonitor"ing collector outlet• The impact of. abno~l. contaminant. concentra­
tions in the rttcycled air will have 1. variable effeCt on the>•workroom air quality, 
·deP-"dent .. ofi.f. :·· .. · .. i···.···.\. 

the. contami'nant. its concentration·. and duration of the abnonnlll . re-
lease · ·· · · .... · . ! .. ·., 

. . . . . . . . . . . .· . ·. . .. · . . . . . . .. ·. ' .. · .. . . 

. the exhaust volume rectrculated relltf!d to .roam volu~~~e; amunt of 
. ·• ~ther exhaust ventUat1otH ttle)~uintity of infiltrated air, anct .·. · 
. ·c~ . the location of rec1rculatedair release~ -~~;~;, ; . . . . i' 

. ··•· .. I~pllC:t will be minimal ..hen! recircul.tecf.~tr '1$ disch.~ 1n an a"a where 
·SUbStantial exhaust 'of .·nonrec1rculated>lir:,occurs.t· and miXillllll, where·• recii"CUlated 
. air represents the ·major source of air supplj.o:-;: .. ; "·. . ·. .. . .. " . . . 

'• r I ! ,< "' ~ ! : \_} f .- ' • ' ' ' ' ' ' 

· ·For ~rticulates, sampling of cleaned ·atr effluent in the recirculated duct 

·· sy~_tllns i_s:dtff'i_C:IJlt···~~- f!X."rasi¥f! ..... ~tJs. har(lly practical w1~~ present_ techt'liques .·. 
,for s~c~ IIIDt'litonng d,uty;. \On the ot~r>hllnd• .. us.a of respir~tory air sampler:$ ..... ·.·.·• 

located at, seJf!Cte(lspots:w~th1n. the ·~rks~~··~lri be readi11 ~btai~d:at .... llSOn- .. 
.. . able cost. L Samples could ·be take.n dailt~ weekly~·. or less• frequently. dependt'ng 0r1 •· 

··•· .. ·.·.·thec,orata~1~nt:~ •wi~h ~~e;rec~gniti9n that 'any.,shor:t:-tefliltnc.,ase·~boveJLY.•. va111es 
~as 110 .ucatastro,ph'c~· 'effect. · I"stea~• th~s ill»nttoring approach· .reflects< and · · ..... 

eval~ates·· the'_othel')ari~~les·'influenctrig:a~r·qualit~ •. : ··.··.· .. ··· ... •·. . ·.. '· · 

·.... . ..•..... fQr g~Sf:!S -~"d v~apcn~s •· . ...Jiiitoril1~ :,of.·. ~he .ttf:f.liJf!n~ a1 r '~~ ~chnologi cah.Y IIDN > 
pract~~~l•HC~tfever •.. mn,t()r~ng e»fJw~rkrc»pm a~a . .,ul.d·~ave the.~ame ~dVan~ges · . 

·· .dt scussed •. · for. • PJ:!'tt cul~t~f!S~ •.... :·!he ratf! o.f ~neratt C)n Qf ,.JIIC)st .• tndus~ria1··.·.·cof1tlm1 ~ · 
nants is . fir frc)IR ':uniform •.• so lll)nt tors niJst tlthter · ai sa~~~ple over a• ri lattve ly 
.1ong· .. ·ttm.·tnter:val:>tO<prevent~r1ggtr1ng, ail alarm.Ciul"ing-a\sh0rt;.ten11·5urge~· .. · .. 

0 'I.·.~:::·· ',':"• : ; :· • ., ,' {·,, .' <·:' >1 :, ,.,:, ~ ..... -... :: <.:::., •:.: ;· ', •) >: .... • :: :·•.>., :,.>: •.;.'· ·.' ',>:.:.' '.~·? ':':': ' • • :,:: ... : .. ,,, '·: ·,·.: '•,: ... • '•:,_ ...... , :,.: ," '\ ·. ·:·: • •" _-;:-"~:: ,:· • •~ ,"' ..... -_' _.· • ', • .·._. • '• • •, ' ,' :., 

•····· ...••... < • OFaUsafePrOteetton·.··.· .. :ln·.•ftD·_·.~•se wuld,ttte .. fa.ilure:o,f .. al"ilctrculation ·~~ .. ·. 
· .. · .•... · .. · .•.. ·· ponent .i.ntroduce; greater.~ijcentriti.ons ~., the' Wor:~tsplce 'than, .•. colllpOnent fail ........ 
.' .. '-:-; '._' . :~>-:· ~;··-:·_,;~.· ·.·:,:·, •. :_._:-: : .. :; .· :_ ,_.:. \~-' ... :·.·.:-:.;~·:: .:·~--- ; :· .--.~-~-; -'<; ·?: :_, ·-.:"' · ... :-:.· ·_: .. ·-':'· ·.:<. . ·."·-<->:--~~ : .· .. ·:·.> ·:;. : ... ; .<. ,' ,/ ... >:··: __ ! . · .• _:_ ~- ·,_ :> .. ,._ : .. -:_ ...... :. ,:·:·<- \~ ~; ·,_!;:;·>·.: :-": · .. •, ·, . -',··:··. ·:::.. · .. ':.· ,._;:~::_·~-. · .. 

. ~·" -, "• .- : -~ 

:;.:·: ··,··~:·:_..: 

.... 



·of the exhaust system port1cni used to confine and convey the contaminant from 
the building. Yet backup of prime mover .or other system components has ~eldom 
been found necessary, and .. indeed would be a rarity in present-day exhaust venti-
lation practice. · · · 

..•.. Likllwisei .it is difficult to v1sllll1ze an air balirice situation where air· .. 
tileecl..;in .would be required to compensate for bypassi~g to the .atmosphere the air 
quantities designed to .. be·recirculate~ •. (Danipers in the building walls. would. be 
of.littht h81P;. st~n~b,y wall fans or, tenflred make~Jp air unit.s . .,ould b~ indicated.) 

, Industrial building$ are far from gas•tight v'ssels, and infiltration will repair 
any unbalance caused by bypassing the recirculation leg of an exhaust system ·. · 
during a milfunction. · · · · · 

. FEASIBILITY OF RECIRcULATION 

. .· 1. The 'area ofgreatest<appeal will be the recirculation. from existing, 
particulate collectors, .. \lilere the dust is •chanically generated (by crushing, 

· ..• screening, conveying, 11bing, packaging. etc.)•· Mechani:cally generated dusts·· .. ·· ··. 
· are relative1y large in particle size. and most re~d11y collected •. · The collection · 
·.efficiency of iian,y .of :.the connectect dust coHec~ors. especially those of the 

.. fabric type, is .-ple and would require nQ upgrading. . . .. . .. · · : : · .. · · 
,i;: 

. . t 

0: • • • 2. Recirc~tation frail the above tY,.• of systeiiiS has. greatest app~l.for 
.. · .l 

; i"'rt or relatively. nont9xi~ •~rials ltavi.ng··a· h,igh TLV' value •. For more to"ic 
·· ·· 111tertals, fuel savi11gs can be .offset by cost ~f ne.:essary monitoring and .the 

· .. poten~ial. for ellployee liab1Uty litigation (s.lf! item. 7). ·.·.· .... ·. ··. · .. : ..• ··. 
; .. :·:·~ •.•. Rec:ircull.tion of collectors rellll)ving fulllls or' smoke from local exhaust. 

· systems would be questionable •. The size of the. particles makes collection mol'e · • · .. 
difficult and the potential for significant release to the ~rkroc:im ~re probable~ 

•. ·. :. 4 •. · .. Fuel cc)n$el'vation fo~ exha~st sy$tllll$ where c~ntam{nants are incinerated. 
can best be obta1neel. b.Y: indirect heat exchangers. · · 

· • ·· .. ··:.··.•.. s~ . 1ec1rcul1.t1on fi'oln ·l~ar exhaust ·SYstem$ lllploying abso~pt1on or.adsorp~ · 
.ticm .types· of collectors will. require:system~y~sys• evaluation due to la~k of ·· .·· 
application expeJ'ience arid the 111ltttude of complex .cOilpoUnds· htvolved~ . ·.···.• .·. 
:.. ·.·,.· 6 ~ : · ~n-ral·· exttllus~, v.,.lt1 latton: f'cn~.· ~vi).de»f· s~~IY Of' fugtti ve eontan~t -- .... ·. / 

····.11ants not .. ~finecl· by ·loeal eJ(hlust. s,YstelnS··is an·.· a~·· Viera ·~tential for. recir­
cul'at1'on.·cloes,exist,.because .of<the···lowcontamfnant concentration~· Stnce air~ .. · 

··' clfint~~VfCe COSt is.· a fun,ction more' of air Y01Uiili thaD. contamifllnt concentra~ 
<t,on~: C:C)st ~f'1.~s ~f_~1reu,latt~wtll be.~f:f,se~~~tovary1ng degrees by cap1talt~ .. > 

opera~1ng, and.maintenance cost$ of' thl control system;. · · · · .. ··•. . ·· ··•·· ... •·· .· ...•. ·. •·. ··.:· · 
·.· ·: 7. ·There. can· b~·1ntangtble or legal drawb~cks. to extensive us~ of rectrcu- .. 

lltionj ···Factors to be evaluated. could be: . . . · .... ··· . . ·: .. ·. . . . . . . . . .. 

. · .. ·. =~·.· .• =~·:~#.::tt~,~J::~~~i!!t~=h~=~~~on iri •es;~blfshed' nv' ' .. 
·. valuesi ·:. . . ··.· .. • .....•..• ·...•. . .. · .. · .. •··.· .• ·•···. ·.···. . ··.··· •. > .• ·.. . . . .liabt ney for liQnece'ssary · dlgr~dlt1 on of ·the wor~room·.atlir>sphere ~ · · . 

. . .· · .. ,This ~~~cept; .used .. so. :suc.c:-~sf~ll~ ~~rdf~9·1!Jtt.J'Ilala1 r pol ~u~ · · 
····, tion•. co11ld rladfl,Y·.~PiJl ovtm flit() 1n~pl.nt en.v~~~ment~•·Thl··· .. ·. . • 
.o.'.basi .. !t•ce»ulcl.:b,e· .. the.un..-cessa.ry.tncre~s•c·C»fcontiJnf.rialltlev.el.wtth••·.•·.·······. 

· · / . ·th! · pnly: Justifi'cl,t1.on .bei11g .that of ·•ne~ry savings to thi • . ·· · · · · 
.. ::·:empl.()Ytr/ \• •. ··ic;c, ....... : ·.· ··.· ... •<'•· . <. ' ·. ·•·· <.·'·.· .. · :· · · .J: : • ·• .' :,.···· 
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CONCLUSIONS 

Where clim.ltic conditions indicate, recirculation of exhaust-sys.tem-cleaneCI 

air offers .a substantial energy savings mechanism. Cost benefits will be greatest 

for local exhaust systems handling mechanically generated dusts for which high­

efficiency air cleaning devices are required for external air pollution control. 

Recirculation from local J!Xhaust systems hand11.ng fumes, smokes, vapors, or gases 

.w111 be the least practical. · 

.•· · Substantial air volumes handled by means of general exhaust ventilation· 

... ~hrough roof or.wa)l fans, usually containing dHute contaminant concentrations, 

des.erve study .of their potential for cleaniog· and.recir~ulatiori~ The first step, 

ho~ver, would be an appraisal of needs. ·.·There appear to be many such systems 

where exhaust c_ould be eliminated or .drastically re~uced~ Both the low cost of 

air .. movers and .the 5~11 horsepower involved are conduche to oversize. selection 

and. generous application of such general ventilation units. · 
. ·,· ., 

DISCUSSION 

. MR~ ·~lAt£S c~ WOODLING (Goodye.r Tire and Rubber Company, Akron, Ohio): We have . 

• . ·. the bi11oons• we have .the blimp~ Mr. Kif\e, would you perhaps .. make a conlilent 

· .... · .· ·· to those who suggeste4 that if reduiidl~t systems are required, that filters 

• i · .. or air cleaning devices should be series, opposed to parallel. · 

t~t: '~iAN£~ To pla~e -~- bickup collector in series introduces substantial added .. 

. ·· · pressure loss> and horsepower consumption that it is hard to)ustify.; In the .. 

. case· of fabric collec:tors• the pressure loss on the downst,.eam filter will 

. build up .to. signi.ffcant values, because. reconditioning by any of the clean-

. ·:.· ing mechanisms 15. quite ineffective ·until a dust cake or mat of considerable 

'· . r• thickness haS be~n acCUIIIJllted. · :· ·.. . .·. . . · , .. :.. .; · ·. , .... ·. . · 
. To place one in parallel on a standby·basis, if the objective is. the 

ability tO recirculate the air during a Jllllfunc:tion of .the initial collector, 

··. ·• ! ·•. ~uld in m.Y opiidon• involve .an investment that could not be economically ·• 
• jl.lstifiedi ··· ·• · :.. · ·· ·· ·. · · · · .... ! · · · ' • 

.. ·.<. :·.:::·· ·· .............. : .... ·.,_ • .. ::·,-:.: . ..:.·_:· .. · .··. " ,' '· .. '.··,·;>·: .. '·:.:.)_··.~··~--;:'·-~-.-~"··<.'::.'·:,·:: .... · .. ~ ... ;·_.::·,· .. :.' .· ;·: .. · . 

. ·. . MR. KNOtLTON J •. CAPLAN (Industrial Health Engi"~ririg Associates. Inc._; .Hopkins, . 

: . Minnesota): When you•re potnting out your -bit.about the B•hour;day on the .· 

.· · > degree.days. John;; if it. is a ~~~e-shift operatlon· (Wih,C:h it prob,a~Jy would,. ·. · 

··'be~~ tlours: a dly). take a ·close look at·your ·tellferature data• The .ctegree · .. •· 

···day$ of•courseinclude 24 hours ada1~··· ·It•s always.colder.at night_than ._it.·· 

is a~ cii.Ytime·, so th8(.You get an eve~ addi~1onal edge or breik on figuring 

·. ""ur·· eating du.ring your daytii!Ji .9t'll.Y• _arid tt'lis'would push the economics · • 

,~gains,t\th,~ ~a,I~ .. ~f.. ~C,.it;u~~~i~~--~·.·•····_········'.'·· ,,3(·;·:······· .0':' .· .. _:,'· ':.:·.~: ..•• · .. ~·, .. -·\~.>··· ·· .· .. · .··, · ..•. _ .. · .. · 
• ,MR. ·KANE: ·. Righ:t~- The. 4ifferer~ce .in the temperature .·on a 24-hou.r.:.a·.i.day basis ;is 

.. ··•·· · · ·· .•. ·•· pronounced.; :However there. are. so many ~ther variables.i~ a heat Joss cal- ··.·· _ ... · 

· · · .· ·._. culatton that: few design~rs attempt to refine .the 2f~he)ur• datal::· Interest,ngly.-< .·. 

······it ·apiJears thlf the degree dly,av~rage .for e1ther·~ingle~shiftor tWc»;.sfiift-.·.· : 

..... ·:1&~.~~1'~~-Y:·~~·.·~~tt~~.~~~·cc: ·.:_ ·. , .• · ., · ... _· .. · ..... _, , :•,~:.: . · .: .. _ 

···· ....... MR.· CAPLAN: TIM!painti.war~t .• ta ars'H.!. wi'th ·yau.abOut.i(t~~:t·wa keep:o.,erlooktllg .. ·. 

· ... ··· · ·-········.•·.·:-·t68 •.f'act that:Wi:th ... a.recirc:ulating:system\we-.havf!. ~he ;potential-for. a.major .· 

···· ·.···.·.•.·.•.ad~aritatetotlie'.tiellthof :the~rker.···?You c,an•·hln.dle g,.eater vC)lumes .of .. air 

.·· .•• ·- •. ~nd.~!iP,\:th8s~~k.!'O~~~sp~re--·~c:Jea"el"li!'es.Pf!.C:,~11t·•if·it .. 1s th.e •. k1n~.·of·. job,. 

·· ... ··' :,;jthere:ypucan~.~·.·ge~:an•encl~s1~g>hoocl;> J .. have ~rked .. wi~h·.such a c.ne~ :• .... We . ·_.· 

.·.··· .. ·• .. · ... _·.· ·~-:-.d~.~n~:t;;~\.:t~·>bd:th_::wa.Y~~ ·~f ·¢o_l.ltse:.r. 1 ~ate,:.~c; .~ll ~~--~.1,~. · bytit.in_v'!~-ves·_. · 

·. ·· .· .·1ea~i:we-:,u~~d.·40 •. QOCl .• cfll •• in~.~l.-- e»f wh•t :you ,W()Lil~-.• pic~ _·ou~. pf:,t~.· han,dbOC)k 
· (25,000) be~use of· the 'diff;icultfes of capture tn tbe first pl~ce. · · 

' ' , I ' ' ' ' ' ' 
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MR. KANE:.· But Cap, wouldn•t 40,000 cfm makeup air exhausted to the atmosphere 
.. · . ; do a. better job? · . . · ·. · · · 
MR. CAPLAN:" That•s ~ight. but it would cost too much. . 

. . . .. ' . ; ' ' . . . . ' .. . . 
·· MR. KANE: There ·1s no such thing as too much cost when it comes to protection 

·: . of labor, is there? . . · 
' ' 

MR. CAPLAN: I was ·a little bit astounded to hear you add lead to your list of 
. no-no•s. That is a time-weighted average problem. 
MR: KANE: ' If ypu•re doing that, you would certainly want to monitor a lot more 

· ·.. : . carefully than you would if it were limestone dust. · 
:•::MR. CAPLAN: . ~ertatnl,Y.·. . ., 

MR. DON R. SCARBROUGH (Nordson Corporation. Amherst. Ohio): I would like to take 
~ 0 ., ·, an adverse position. came back to the tandem fil'~er arrangement. and raise a 
· "'' · point•-that you may be 'deiUng with a combustible d"st. Now, .even though 

._· the TLV may bf1 technically acceptable.in.the effluent from the collector, 
, ., '·and you ma.v. hive a very breathable concentration. you cannot tOlerate the 

acciiiUlation :Of. s.edimentecl cCHIIbustible _dust within the factory-~you•re build­
. ing·~·,•·· ,:-_In·'this case:you 1ll want to run .a very-h1gh-eff.icieney. very . 
fine filter s,erially with ~tile dust collector to polish the effluent. and then . 

::·.··~ ,., instan .. s• SY$.t• between the two filters ~o IIIHsure an 1ncrelse in pres- · 
· sure,.• should th- 'Primary filter start faHi.ng, (start leaki_ng) and loading , 

·"·" thi secondary ftlter ... Having interlocked the sensing device, you should shu.t ··r·· · the .whole mess ciQtlm .before you rupture the .secondary filter. . . ' ...... : . 
. ,: MR. KANE: .. _ OkaY. . ' ' ./; ·. ~ . . . . . •. . . . . . 

<·;MI. JOHN·r~· TALTY .(NIOSH, Chicinnati, Ohio): .• ·About cleaning, you didn•t mention 
· ·. •: < too. much ai)C)ut cleaning .devices for gases, but' how would you assess the 

· · state-Gf-the-art there? Is it advancing, as far as application to what we · 
· : are talking about? · . . . 

MR. KANE: .. ~ exposu..t! to gas cleanirl,g: installations .is not frequent eri~ugh: for 
me tc) be quoted. In the plants that I visit, l see no efforts at recircula­

,. . 'tion for adsorption or absorpt_ion systems. Heat recovery ·frolirincineration 
·_.·_.has .• attractecl substantial interest although the heat.is generally·_used to 

.··. preheat the .incoming. gases/•-.· . · .·.··. · . . · · .·· ... ·· .· . . . 
. :·MR. oov}cusuf!MO _(Hoffmiln D~st:Co~trol, Mlnalpln,·NewJersey): ·'.John,. does not .. 
· ·. :-.· · ..• serial .. ~d~ndancy(~urexpe~ience would bear ~s. out--in tems not_blindi_ng) 

.. w_ork ~ith>bll11dup on .t~:-second .filter only>if ttle>firs~ Jilter .is.•nat . 
. ad~uatel.Y siZed? .W~re the .first filter hJS-been adequately sizt~dll the 

.· .. ·second cnie·.15: seeing maYbe' .005 grains .at lhe toplevellnd1t:-justnever 
. does .get around to build1~g up. lt,ser;ve~ as; a 'bickstop or last resort. you. .··. 
might.say, .when the bag brea~s~ · · _ · · ·· · · · 

·. : MR~. SCARBROUsHi Exactly~ . ·. ·. 

MR. KANE( You mean beca~se you can r~ever build up· a dust mat?'··.···.· ... · .··.. . .. 
. ··. :f4R.··cusliMANo:· .• _It,.r~evel' build~ ~P a d~~fmat. 'It neve,r biJi~ds up··~n¥ add,itional • 
.. ·. · .. ··. ··· ... · resistance over and beyond what you ·are already paying for in the way .of, ·• · 
· · · · -• -~nttial. resistan.ce 'ln,<.the safe~y. fact~r. : · · · · · . 

. _.· :..R~ SCARBROUGH! · u~t11. yo~ ~~ ... a ,bag in ·the:primary filter~ . . .·.··.. ... . .. _· 

. . ~ttR.>cusuMMo: Right.·· And·we.hav~ had ttl1; :e~per1enC:e ·both:whh pulse ~olle~tors 
·.·' , > ·'· o.and:<'shaker''CP.lle~tors;l~ut very good stla~er:·collectors.--•. •MI.nual ~sl)aker >. ·. · . 

. . ' colleC:tor;s I can•t spe~ak abQut·beeause 1•n, not involved with them•. . .. 
,. .· ,. . ··' ·'• . ' ... . ' '· ' .. •., .. · . . .. ·:. '·- ...... - ... ' .. 
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MR. JAMES C~ BARREn {Department. of Public Health, Lans1ng, Mich.igan): ·.John,· . 
· would you say a word about low.;.volt.ige electrostatic precipitators? Other~;· 

wise. we will be out checking for ozones. · · 

MR. KANE: Low-voltage electrostatic air filters do. not have the ozone generattott': 
chiracter1stic of the high-yol~age industrial des.ign •.. Ionizer wires are.of . 
very small diameter, which reduced the arc over potential; and because the ., 
collector plates are so closely spaced {a friction of an. tnC:h). the voltages, 

·involved are much lower--14,000 volts as opposed to 40,000 to 60,000 volts. 
'<'(c 

MR. CAPLAN: · I wanted to add a note to this ctiscusston about what goes through:a 
. fibr1c filter and what ~u .can use after ft. It's kind of ironic, but the. 

fabric filters for so many years were regarded as so good th't nobody did .. 
n11ch ill the way of meas~ring what came through, ·or else they were satisfied .. -. ~ 

· tf1th just .the concentration.. GCA Corporation has been doing quite. a bit of . ·-: . · 
research for EPA on this topic as it related to atmospheric pollution. They . 
find i~ general that the particle size distribution of the material thot 
COllieS through a .fabric ftlter on. industrial dust loadings 1s usually about. 
the same size. distribution as the inlet. I have noted the same phenomenon 
in 1abara~ry tests that. !did. even though 1t sounds reasonable that you 
get ~"ly the f1t'les through~ . But. if you did get only the fines through, you 
would have trouble with blinding on the second filter. However. l .. believe .: . · 
the leakage frcln a properly operating fabric filter is prObably not· just · 
blowri .thro.ugh with the airstream; it •s probably a mechanical. or physi.cal . •. ... . 

. migration. ·· And it comes out the same mix as it went in; t~ere is just less .. ~:- .. 
of it. •·· · ·. . · ·. · · · · · · ' 

'MR~ MAURICE w>w£1 ,{A1;,...1n~m Company of America. Pittsburgh, Penn~ylvania): i . ·· 
.. · · wantid to mention something with regard to the ozone generation. ··.In the .: ,· 
· :industrial and domestic type precipitators, the manuficturers generally make· .. 

the discharge electrode positive. and that way you minimize the ozone produc.;· ·.• 
.. •. tion •.. _ · ·.. · .. . . .·· _ · .. ·. . . · ·· .. 

MR. KANE: :It ts my understanding that .. the lack .of significan-t o~one generatiori ... ·.· ...... · 
·•. . 1n the low~voltage•precipttator results from the wire diameter and .the volt•ge·~ ,.:·. 
, ·· ·I can re~all numerous discussi~ns between ltr filter engineers about the . 

illfluence of positive~ or negative-charged ionizer wires. but they referred •. ·.· 
tocoll~ctiorrefficier~c.Ypotential~ ... ·.. ·. . . ·. •.: ·. · ... ·' 

.. · · · The extenst.ve use of low-voltage precipitators in residential and co•r"' 
cial air cond,tfo'ning systems indicates. in BJIY case, that ozone .concentra~ 
tions· have bee" 11eld to<an acceptable ra.-ge_ for iir supp-ly, whetht!r makeup 

. or> recir~ulated •.... · . :: _ ··• .. . · · · 


