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stDfiAnY

Tlre paper prcscnts physlcal ¡odcl toet rc¡ult¡ conccrnlng lrprovcrnt of
perfornance of cxaust systcus of a¡r elcctrlc arc furnacç for ¡tccl
nelttr¡g, 140 l-l8 volune.

lbc furnacc le cqulppcd ylth'a dtrGct c:<h¡u¡t u¡d ¡ddtttonally, ovlng to
the ncce¡elty to llult thc cnl¡¡lon of nol¡c and pollutante lnto th. h¡ll.
vtth a largc enclo¡ure lncludlrg ¡r¡ c:¡hau¡t hood, bcl¡rg the rccond rttgc
of thc cxhaust.

Ilurlng the tcsts epeclal attcntlon was glvcn to propcr shåpo of tho
capturc hood ln the cnclo¡urc e¡rd to propcr dctcr¡lnatlon of thc a¡ou¡t of
r¡¡l¡¡usted gases rcqulrcd to snaurs the good pcrforeencc.

tlc rrn3c of ¡conontc¡¡ coop.rrtlon of tho ftr¡t rr¡d thc rcco¡¡d o¡¡h¡u¡t

rtege vrr dotcrolnod. llrc rnelyrlr of thc onclo¡ur. v¡ntllrtton conCltton¡
u¡¡ ¡¡dc vlth the u¡c of 8tr DrGssurc dl¡trtbutlon rlthln thc rnclo¡ure.
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IxPROY'EHENÍ OF EtFtC¡EilCr Or COfl xtl¡^tÍTs CAPn nE
IN ENCI¡$'NE OF AII E¡¡CIÎIC ANC F¡'RI¡ACE

Stantelaw Mtcrzvtf¡skl, J¡¡rus Plotrow¡kl, Zblgnlcw Trzcclelslsvtcz
Sllcstar¡ Tcchntcal Unlvcrrlty ln Gltvlcc

Gllylcc, Pola¡¡d

IttlROD[Et¡(Ir

llctallurglcal proccse of stecl aelttng ln thc partlcular stccl ueltlng
plant takes placc ln electrlc arc furnaccs of capaclty of 140 llg consunlng
60 MVA of clectrtc powcr cach. Tlre proccss ls carrlsd out vlth the uee of
rcgatn nsthod whcrc oxygcn t¡ u¡cd at the flnal ctagc of reltlng rnd ¡t
thc rtagc of rcflntng. Durlng onc rcltlng cyclc, thc furnacc ls chargcd
¡cvcrrl tlnc¡. At thc rrnc tlnc, thc fur¡rcr vrult t¡ ral¡od ¡¡¡d ¡ovrd
rslde. Duc to the cnl¡slon of gas ¡nd duct contr¡l¡¡¡¡tg froD the furn¡cc
thc ¡o¡t haruful rtegce of tl¡c tolttng proccss ¡rc thc ¡tegoo whcn thc
chergc tr ectuelly ncltlng r¡rd whon thc llguld rlt l¡ rcflnod vlth ger
oxygcn re well as thc rtagce whon thc furn¡cc la chargcd. Prtnary duet
cnl¡clon ¡t the flnal :te¡c of rclttng rnd rcflnln¡ l¡ fron 7 kg to 25 kg
pcr I ltS of ¡tccl. Thc duet con¡t¡t¡ talnly of fcrru¡ oxldc¡ ltc parttclc
cooposltlon contalns ualnly of eubulcronc fr¡ctlone. Sccondary dugt
cutsslon, whcn charglr¡g and tapplrU the fi¡rnace, ls t¡plfled by largcr
parttclc stzcs, frou 1 to 20 ¡n. It tugt bc rcduccd Bo ta to evo!,d
¡o-callcd -vlstble cut¡slon'.

In ordcr to ltnlt nol¡c ¡¡rd cont¡¡t¡r¡¡rt¡ e¡l¡sloa to thc clcctrtc ¡tccl
¡lll h¡ll, the clcctrlc erc fi¡rn¿co uaa ¡qulppcd ylth ¡ dtrcct c¡ch¡u¡t of
geaca, a ¡o-cellcd ¡fourth opcntng' bct¡¡g ths ftr¡t cxh¡uet stagc.
Horcovcr. lt vas alro placcd tn r lrrgc elr-ttght cnclo¡urc ulth rr¡ rtr
and gae exhau¡t bctng thc second cxl¡au¡t etagc.

Ttrc cxploltatlon of thc ¡tccl ¡tll ¡rv¡¡lod ¡orc dtfftculttce tn
efflclent perfornancc of both the cxhausts. the tnprovcncnt
capturc cffccttvcncss of cxhaustcd garcs con¡f¡ts ralnly ln rcttllng
prêssurê dlstrtbutton and thc flo¡l of thc cxhauetcd gasca stthtn
qnclosurc of thc source. by propor ¡h¡pl¡¡g of the cnclo¡ure ar¡d of
clc¡cnts.
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tlhcn rorklng on the loprovcnent of thc capturc cffcctlvcnccs of gacce urd
dusts c¡¡lttcd fron thc arc furnacc thc rerodyna.nlcat procGsaes r,ara
¡l¡ulatcd by ucans of physlcal rodclllng.



lTrc cnclosurc ¡¡rd thc cont¡¡l¡¡a¡¡t¡ ¡¡cb¡ust dcvlcc¡ aro ¡hom ln Flgurc t.

The purpose of the tcsts ua¡ to ¿cfinc congtructton a¡rd elçlottatton
perenctJrs of, cÈ¡auet dcvlcc¡ talct¡¡g .tnto ¡ccourt thc ¡ctual cor¡dltlons''
¡¡rd ltnltatlons ln tbclr lr¡duetrtal c,,¡rplgttatlon. , .

'i
Ttre rcasurendnt eta¡rds u.rc coni¡tru9tcd In ordcr tÔ:
- choosê the shape *¿ ttt" ftitrnge of thc cxl¡aust hood lnstdc thc-,

cnclô¡urc and to dctcrulne lta ¡crodyn¡nlcel charactcrletlcr 
,(Flgurc L p,2)

- sl¡ulatc. the perfornancc of the dtrcct cxhaust of gaace frou thc
furnacc (Ftgure 1 p.1)

- deter¡lnd 'tt¡e range of ccononlcal coopcratlon of thc l-st and 2¡¡d.
Ftage cxlrausts and to analyze thc cncloËurc vcnttlatlon'cor¡dltlon¡.
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7' Furttcc locttton tæludtrg ¡lls cxh¡¡¡'sts

I - dlrelet'cxl¡¡¡¡st :

"'' 2 - captltrc hood tri the ewtostilrc '

' 3 t cttþPy c¡pturc ho<d''

; ., ,i .. , a ; i.rl

Tl¡c aesu¡cd scale of the nodcl yas 1:20 rnd the tcnperature dtffcrcncc
scalc 1:1.8. The scaleÈ of othcr'paranctèrs vcfc dctcrulncd accôrdt¡U tit
sl¡llarlty prtnclples f1l for approxluate rodelllng. Tcchnologlcal
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rssur¡ptlons ncccssary for ¡calc rodcl tc¡t¡ ¡rcrc ba¡cd on thc rctual
condlttone tn thc full-sc¡lc lndu¡trtal Þulldlng. fto rodcl of thc furnrcc
va¡ clcctrlcly hcatcd. Ttrc rc{ulrcd rtr uoru¡t n¡s lntroduccd to thc ¡odcl
etnulattng the fluc gae flow rt 'tbc acalc. lhe garcs cnlttcd fro¡ thc
furnacc wcre colourcd wtth tltr¡lur totnchlorldc TtClr or vlth ¡nokc
produècr.

Thc teets vcrc bcgun b¡¡ rtnulatton of vcntfhtlon of thc furn¡cc etr-tlght I

cnclo¡urc ru¡dcr thc l¡¡du¡trlrl o:çloltrtton co¡¡dltlon¡. thcn the '
perfornancc of cxhaust systcns wlth e ¡odlflcd hood n¡d tc¡tod. the
¡nou¡t¡ of the gasce cxhaustcd by thc 1¡t ¡¡td 2nd cxhau¡t rtagc vcrc
changcd vhtle the furnacc cnclosurc vas clthcr closcd or opcn. On that wáy'
thc range of the cxploltatlon pareroctcm thst nould Gnsurc cfflcte¡tt'
perfornanrcc of ths cnclosrirc r¡e dcflncd

In addttlon. " ""ttopy 
hood wae coirstructsd (Ftgurc 1 p. 3) thet vould

rupport thc oxh¡u¡t pcrfornancc rt thc ttrc of thc fur¡¡ace chargtng. Tbc
cenopy hood wa¡ placcd ln tho rodcl ebovc thc lcvel of thc transport
travclllng cranê6. I I 'ì': '

, nEsulÎs oF lrD tEsls

.$ood c-Fturo lÐldo tbr qcloana

Tlrc tc¡t¡ rsfcrrcd to thc rhapc ¡¡¡d tba flttlng¡ (Ftgurc I 9. 2l of thc
hood. bctng thc flnal stegc of thc c¡<h¡¡¡¡t of geecs rltbln thc atr-tlght
enclosurc. All the tcetcd hood yarl¡r¡t¡ lncludcd thc local ll¡ltatlone
rclatcd to thc'constructlon: of thc rlr-tlght cncloaurc ¡¡rd to the vay of
thc furnacc chiigrù.

Prclhtnery cvaluatlon of thc vcloclty dl¡trlbutlon rt thc hood lnlct y¡¡
redc by vtsu¡Itzatlon of th¡ l¡rductton epcctrtr cnploylng ro-callcd 'hot
vlrc lcthod". Flgurc 2 picronte sorc ptctorlal rccord¡ of thc
vl¡r¡¡llz¡tlon.

Ttrs quantltatlvc tc¡t 'rccultb¡ ln thc for¡ of rerodynaatcel
char¡ctcrt¡tlcs, arc Þrcscntc{ ln Ftgurc 3. Tlrcy coaprl¡c thc rclatton¡
bctwccn thc prcarurc drop vtthln thc hood ¡r¡d thc gae flow vcloclty ln thc
cxhaust duct connector. Thc vcl,oclty dl¡trlbutlon ln thc hood lnlet planc
for partlcular hood varla$!¡ ilc.¡horar es const¡nt vcloctty llnss ¡nd a
thrcc-dlncnslonal vcloctty prof llc.
Fron thc polnt of vtcr{ of'thc pcrfolrancc. qfftcloncy, th; hood vtth ¡lx
proflled cquallzlng-dlrcctlng vancs, thc trla¡8uhr cro¡e-rcctlon r¡¡d thc
vcdgc-shapcd tnlct (varla¡¡t 2E, nes,-.th9, ,\st. It¡ l¡rductton Has thc
cvcncct anong thc othcr tc¡tcd hood¡ (ü¡¡Z¡lrra r 2) û¡d lt h¡d thc
rclattvcly good acrodynantcal charactcrl¡tlc oçrcrccd ln thc Flgurc 3. It
ls north ucntlonlng. that for thc hood v¡rlent t, the lnductton tr¡¡ no!
cven (tJ¡¡¡ll,l¡¡n r 11.34) ¡nd the loc¡l rcsl¡te¡rcc f¡ctor uac € r ?.?.
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Fig. 2. t/lsuaJisatJ on of-performdnce af the capture.hoad fron the
enclosure efter vartdnt- ?F."

'.,
l

Ilorking parancùers of the fi¡nr¡ace

When sl¡nulatlng the aerodynanlcel cgndltlons of the furnace perfornance
the arnount of gases to be exhausted through fourth openlng ln the furnace
vault was deternlned. For'tlie'furnace of capaclty of 14q Mg at the
expected amount of gas-es from the nelt equal 4OOOO - 45OOO rn"/h accordlng
to [2] about 160000 m:/h should be exhausted through the fourth openlng.
However, 1t 1s also north nentlonlng that ln ordei to overcome the
aeratlon effect ltself, wlthout any gases from the melt,
60000-70000 nr3lh should be exhausted from the furnace through the fourth
oPentng' i , .:. i. :, i:ì, .

In order to verlfy the llterature data, the pressure dlstrlbutlons lnslde
the furnace rrere measured at dlfferent anounts of gases from the nelt and
exhausted t|rlough tÌie 'föurth openl{¡g. The, pheno¡n'enon of.-"'linocklng the ' '

gases out of the fur¡ace dlsappeared when the negatlve pressure under the
vault was 27 Pa. Zero underpressure was acqulred when 40000 n-lh were
exhausted through the fourth openlng whlch was the an¡ount stated in the
llterature .for a furnace of the same slze,

Lack of effuslon of gases out of the
crlterlon of efflclency of atr-tlght

enclosure was assumed as
seallng devlces for an

the
arc
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furnacc. The crltcrlon fulftlltng rcqulrcc dlffcrcnt ¡¡orurt¡ of gcccs
cxl¡auetêd by let a.nd 2nd exhauet irt.age al dtffercnt ,tl8ht¡rclFs condlttons
of thc cncloeure.
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,Flg.3. Acrodytll,atc¡l cà¡rdctcrtsttc of the tcstcd hood æd;els
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Tl¡c rosult¡ icqulrcd durtng the ¡òdcl te¡t¡ úhcn the cnclosurc ¡,aa clo¡cdì
aro ¡horn tn Flgurc 4. TÌrcy rcgard' thc ¡¡r¡t probeblc cor¡dlttoin¡ thc'
furnacc perfornrancc - when the arou¡¡t of ' gadåå cnlttcd fton :thè
relt ls V¡ - 4OOOO D'/t¡ (r¡¡der nornal condttlonsf. '

It appcgrs that at q dtrcct cxl¡au¡t fro¡ thc furnace (lst rtagc) of c.g.
8OOO0 o-lh, 650000 n-lh ¡hould bc cx tcd througlr thc 2nd cxl¡auet stage
ulthout an cfftclcnt hood cepturc nhc¡ear tn thc ca¡c rrlth a hood capturc
lt ls cnough to exhausl only 450000 n-Zr.- lJhen thc.,cnclosuFe ls not ¡calcd
the output of the exhaust systcn rust be clgrrlflcantly lncieascd c.g. vhcn
opcntng the etceltruck gatie onc ¡uat tqcrcarc thc a¡ou¡t of thc
exlnusted gases frou 700000 n-ll¡ to 1200000 ¡-zl.
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Tl¡c ¡o¡t dlfflcult to ovorconc I¡ thc c¡t¡¡ton of coat¡¡¡tn¡nta st thc tlnc
when théi.furnacc ts belng chargcd vhtlo ùbc rnclo¡urå ts opon ¡¡¡d thc
veult lq. novcd ¡sldc. thc capturc of thc contsnlna¡¡t c¡lttcd durtrrg that
rtagc of- Èhc proess¡ would rogulrc thc zDd ttegc cxhau¡t ratc of
125OOOO ¡"¿¡. Sc¡¡c cxaßplôo of thc tc¡t¡, vt¡u¡Ilz¡tton for the cnclosurc
r¡lth thc cxheust hood 2E are shor¡r tn Flgurc 5;.'j

j
Grnopy hood

Ftg, 4. Reqttred reoi¡nt
as a fulictloni

A trl¡l yåa,nrdc to edapt thc canopybooC.Plrçrd u¡¡Ccr thc.etçe! i¡lll roof
(Flg.1 p,g) :for"the etags of tho furn¡cè chargtrig. Tt¡c canopy hood
cfflctcncy was only.407r. O$fy r¿hcn thc oncloaurc exl¡aust 'eapeclty vae
lncrcascd to 85OOOO D"/h the cfflcloncy of the wholc syrtcn tncrca¡cd
to 802.

Dr¡e to the atÉ notlon ytthln thc ¡tocl nlll ha¡l thc ¡trc¡¡ of thc
contamlnants carrled out of the enclosurc dcvlated beyond thc rcglon of
the hood actlon. ¡t vas not capablc of cffcctlve contantnants
capturlng.

1- lnle,t withon fiftirçs
2- hootl

\ø

c
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a.

b.

t .,:..J ., : :i, 1ì ,' Î

Fig 5, tlodeL)ing of the .perfornance. enclosure with hood accordtng:¡,ì to the'varia¡it ZE ,titìle:>harþlng the, fùinàce ,:.; --:i: :'.;;-t p'.i n* , = eo ooio n3tn ,1.'-r, =t'tìo ooo ni/h
Vt = 48 o00 n3/h Vt - 48 000 n3/h
Vtt = 260 OOO n3/h Vu = 65o o\o n3/h
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Atr ætton rtt'hln thc ¡nclo¡¡r¡

Any tl¡¡c uhcn thc onclo¡urc t¡ rc¡ealcd lt ls neccE8ary to tncrca¡c
¡tgnlftc¡ntly thc ¡¡or¡nt of thc o¡<h¡u¡tctt gl¡cs' FtSurc 6 ¡howe 'tn
exãnplary pregsuie dlstrtbut¡on lnetdc thc enclo¡ure rt' dlfferant:
tlghientng and at deter¡i¡lned a¡ûountE of gaÈes cÈ¡austcd dlrcctly fron thc
fuin¡cc. ¡n¿ fro¡ ths enclo¡ure., lhc ¡ca¡urcocntg vcrc lade ln Òono

ch¡r¡ctorlstlc reglon¡ of the'cnclÒ¡urc: !n the 'hot' rcglon closc to tt¡o
furnecc and tô: thc l¡t .exhrri¡t 'rttgo duct, (zono A) e¡ ,trcll rs ln .t'he
ncool' rcglon.et thc 81dc of,thc ¡tccltruck glto (aon¡-,:B) lceordlrrt to
Ftgure 1.

The obscrvcd preesure dlstrlbutlone rrc the cffcct of thcr¡al buoyancy
forcc¡ a¡¡d thc lnductng ¡ctlon of thc c¡<h¡r¡¡t fr¡r¡. In rssult of thosc
actlons dlagonal upward atr flow¡, throrrgh thc cnclo¡urc to thc ¡tocltruck
gate occur. L|hen the anorurtE. of 8aaes, 6hour¡ tn. FtgUrc { (curvc 2) rrc
ãxlr¡u¡tcd. ncgattve prês6urc c¡n be ob¡crvcd Preittcatly Ylthln the wholc
cnclosurc (Ftgurc 6, A,B). Qr¡ly wtthln thc zone A rt the hclght above
18.5 ¡n a reglon of sllght ovcrPrêaaurc aPPcars ae vcll r: e pocrlbl.llty.of
gases cffuslon (Ftgure 6 curvcE t and 2). lJhcn thc stscltruck gitc lr
oper¡. overpregsure occur5 already alo¡¡g the vhole helght of the enclosurc
ln the zone A (curve 3).
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Ftg. 6. Pressure dlstrbttton vtthtn the enclosure
1'r,ll gates shut
2 - charg,tng gate oPcn lcvet +8.O n
3 - stceltruck gate opcn tcvcl tO.O o
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ooNcursroüs

sc¡lc nodcl ¡luulatlon nadc'lt porstbte to analyze ¡crodlma¡lcal aspccte
of varloue cxploltatlon conflltlqDa.r. of thc furna.ce a¡¡d of thc
exhaust HaE
declded tts
capture thcr
hând, d 1zecl.."
taklng urc cha¡¡8cs ln. the technolog¡¡ of
¡tcel ¡eltlr¡g. 'Thc euggcetcd eolutlons provcd rlght. In a dlfflcutrt case
of a large electrlc arc furnace of the capaclty of 140 llg lt was posslble ,'to acgulre about 95% cfflclency of a ventllatlon exlraust systcn for fr¡¡c
control. r ,
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