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Introduction. As a rule, to improve product quality, some additional production lines and
equipment should be installed. The ladle degassing vacuum plant serves to extract the metal melts’
unnecessary components and to add the required ones. Therefore, the enterprise can produce steels that
can not be manufactured without vacuum technology use. The vacuum evacuation process is associat-
ed with dedusting and cooling of the exiting process gases. Requirements for the molten steel ladle
degassing plant’s dust control equipment are different from the requirements for equipment operating
under normal conditions that is due to changes in amount, density and chemical composition of the
process gases. Definitely, both choice and design of dust capturing equipment do affect the reliability
and economic performance indexes of the entire ladle degassing system.

Analysis of recent research and publications. The multichannel dust collector (buran) with
dusty gas flow vertical rotation axis includes a hopper and a system of serially linked closed-loop
curved channels connected thereto with a curved slot [1]. Aggregates of solid particles are removed
from the dusty gas which is further filtered through layers of fine dust in each channel. Dust entrain-
ment with the treated gas follows the relation [1]

Cinit
Crm =T W
where Cj,;; and Cj, —inlet and outlet gas’ dust burden;

n — system’s channels (closed loops) number.

The atmospheric emission comparable to the filter air dedusting is achieved at »>10. The validity
of relation (1) is confirmed by the results accumulated over long-term operation of various burans at
different enterprises under conditions close to normal ones [2].

The Aim of the Research is to analyze the possibilities to reduce environmental dust pollution by
replacing cyclone with a buran equipped with four closed loops boiling steel ladle degassing system.
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PlPoadd T Main Body. The vacuum chamber internal pressure
0.016 decreases from the atmospheric value reaching 0,5 mbar
’ during ladle degassing of 120 tons of molten steel [3].
0,012 That stepping-down is implemented through consecutive
actuation of three different groups of vacuum rotary pumps.
0,008 An assembly of fourteen parallel-connected vacuum pumps
GV-400 (total capacity of 5600 Nm’/h) initially reduces the
0,004 pressure from atmospheric to 100 mbar. Further actuated is an
assembly of three pumps HV-14000 (total capacity of 42000

0 02 04 06 08 i Nm/h) with pressure dropping up to 10 mbar. The working
) ) vacuum of about 0,5 mbar is registered upon actuation of the
Fig. 1. Vacuum chamber pressure diagram: ;.4 assembly of pumps HV-30000 (total capacity of 120000
P,u=16639 Pa, t,,,=18 min. 3 . R
Nm/h). The pressure is temporarily increased when argon and
nitrogen entering into the molten steel (Fig. 1).

The vacuum chamber and the boiling steel ladle are the main sources of vacuum plant process
gases’ dust pollution. The process gases removed from vacuum chamber contain argon, carbon diox-
ide, air, liquid and solid refractory particles and particles of powder additives to steel [4]. Submicron
particles (less than 0,2 microns) make about 45 % thereof, with particles of 5 microns size reaching
95 % of the total post-dispersion weight. Volatile components released from the steel (alkaline metals,
calcium, magnesium, manganese, etc.) are replaced in respective oxides with aluminium, silicium,
carbon. Reduced metals interacting with the gas flow are forming the smallest nitride oxides, i.e. metal
vapor condensation nuclei. Steel droplets taken out of the ladle by gases do harden when cooled. Thus,
in the vacuum chamber and the gas duct formed are the heterogeneous systems with different physical
and chemical properties, adversely affecting the vacuum rotary pumps and the environment.

Initially to decrease the vacuum rotary pumps and the environment dust burden we used a cylin-
der cyclone (d=1600 m) further replaced with a parallel-positioned vertical buran, n=4 (Fig. 2).
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The gas duct (d=1000 mm, initial section horizontally-positioned) connects the vacuum chamber
to cyclone; the same diameter have the gas ducts at the cyclone output and the HV-30000 pumps man-
ifold, the HV-14000 pumps manifold gas duct diameter is 700 mm, and the GV-400 gas duct diameter
is 600 mm. The buran connecting ducts are & 500 mm near the vacuum chamber and after the cyclone
with gas ducts @ 1000 mm. The buran’s designed productivity makes 10* Nm*/h.

Degasing the first 1080 tons of steel (9 test melts) resulted in accumulating such dust amounts:
18 kg at the cyclone inlet’ gas duct, 10 kg at the cyclone, 10,4 kg at the manifold of ¢ 1000 mm, 3,3 kg
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at the protection grilles of HV-30000 pumps, 2 kg at the protection grilles of HV-14000 pumps. The
horizontal section of gas duct @ 1000 mm together with the cyclone extracted from process gases up to
70 % of overall dust weight accumulated at the gas duct. At the issue of degasing 1800 tons of steel
the 36 kg of process gas dust are extracted at the gas duct and 25 kg are collected by the cyclone.

The buran collected 7 kg of dust upon degasing 120 tons of steel and 67 kg of dust have been dis-

charged from the plant having degased 1680 tons of steel (Fig. 3).

a b
Fig. 3. Discharging the trapped dust: from cyclone (a), from buran (b)

The buran provided degassing of 1800 tons liquid steel without revision and dust removal of rota-
ry pumps HV-30000 grilles; the cyclone productivity was 3 times below [5]. Bright glow of magnesi-
um oxidized in air does evidence its significant amounts at the discharged dust. There arises the
Ranque intense thermal effect at the channels system with gas swirling flow central regions’ peripheral
heating and cooling as shown in Fig. 4, a. Straightening the output swirling flow at the outlet and the
circulation in closed hot dusty gas circuits do create an intense forevacuum effect increasing the rotary
pumps station productivity (Fig. 4, b).
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Fig. 4. Thermal and forevacuum effects of the vertical buran, n= 4:
inlet (1), outlet (2) (a); cyclone (1), buran (2) (b)

Average decrease of the transit technological gas flow temperature at the storm plant (n=4)
makes 2-folds. Replacing the cyclone with a vertical storm plant we increased the vacuum rotary
pumps station productivity for 40 % having 1/3-reduced (from 37 to 25 minutes) the time of ladle de-
gassing the 120 tons of molted steel.

The vacuum rotary pumps GV-400 are parallel-installed in two rows on the first floor of the
pumps station (Fig. 2). They are actuated the first and reduce the pressure at vacuum chamber from
atmospheric value to 100 mbar, further providing pressure of 0,5 mbar via forepumps (HV-1400 and
HV-30000), compressing the process gas. Pumps GV-400 do emit process gases into atmosphere. The
pump GV-400 No. 5 is preceded with a horizontal buran, allowing to connect the hopper with systems
of four and six curved channels with closed loops (Fig. 5). The neighboring pump No. 7 has been stud-
ied to compare its results with these of the pump No. 5.
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The burans bearing n=4 and n=6 gave practically
equal indexes of fine-dispersion dust emission into at-
mosphere when non-stationary (initial) and stationary
(final) conditions of liquid steel degassing. At the first
case emission dustiness index at the pump’s No. 7 inlet
was 1,4 g/m’ and 0,7 g/m’ at the pump No. 5, and respec-
tive ciphers for the second case were 0,15 and 0,07 g/m”.
The buran’s dust suppression coefficient n=0,5 is main-
tained at 10-folds variations of gas consumption and dust
content at process gas.

The horizontal buran (n=4) cooled the process gas
under stationary conditions from 50 to 17 °C (Fig. 6, a)
and 5 time augmented the GV-400 rotary vacuum pump

Fig. 5. Horizontal buran, n=4 productivity (Fig. 6, b).
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Fig. 6. Thermal and forevacuum effect of a horizontal buran, n=4: inlet (1), outlet (2) (a); pump No. 5 (1),
pump No. 7 (2), tuax=12 min, Q=456 m’/h (b)

Results. Replacing the cyclone with a vertical buran (n=4) we 5-times decreased the dust atmos-
pheric emission, increasing the vacuum rotary pumps station productivity for 40 %, the capital and
operational expenses reduced, concurrently the time of ladle degassing the 120 tons of boiling steel is
1/3-shortened. The technological gases cooling and dedusting resulting from research of closed-loops
buran allows to install and efficient operation of bag filter at the plant’s outlet.

Conclusions. The closed-loop connected curvilinear channels system creates conditions for the
negative feedbacks’ emergence at a gas flow with curved transit and circulating streams. They are em-
bodied with circulating flows connecting the inputs and outputs of the whole system each channel.
Multiple continuous transit flow filtration through circulating dust layers leads to the formation and
accumulation of particles’ aggregates at the hopper. The validity of such dusty flow control mecha-
nism using complex probabilistic systems is confirmed by experimental data obtained in a vacuum.
Therefore, we consider promising to replace one of the buran’s two fore pumps groups with the re-
quired number of curved canals (closed loop).
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AHOTALIA / AHHOTALUA / ABSTRACT

0.0. bypos, O.1. Bypos, JI.B. Bunocpadenxo. O6e3NMIIOBAHHS Ta 0X0JIOIKeHHH rasiB B Bakyymi. [IpencrasieHo
pe3yJIbTaTH eKCITyaTanii BaKyyMHOI yCTaHOBKH mo3amignoi ferasarii 120 T pixkoi crtami 3 pi3HHIMH NMHJIOBJIOBIIIOBAYAMH.
OtpumaHi TIpHu JOOCIIPKEHHI OypaHy 3 3aMKHYTUMHU KOHTYypaMH OXOJOKEHHsS i 00€3MIIIIOBAaHHS TEXHOJOTIUYHHX Tra3iB 3a-
0e3neynsIo BCTAHOBJICHHS Ta €KCIUIyaTallilo Iicsisl HbOro pyKkaBHOTO (inbrpa. JloBeneHO eeKTUBHICTD 3aMiHM LMTIHAPHY-
HOTO LMKJIOHY OaraToKaHaJbHHMM IIMJIOBJIOBIIIOBaYeM (OypaHOM) 3 BEPTHKAIBHOIO BiCCIO OOEpTaHHS 3alMJIEHOTrO ra3oBOTO
MOTOKY, B OCHOBI SIKOTO JIS)KUTh CUCTEMa TTOCIIJOBHO 3’ €IHAHUX KPUBOJIHIHHNX KaHAIIB i3 3aMKHEHHUMH KOHTYpaMH (3BOpPO-
THUMH 3B’s:3kamu). CHCTeMa MOCIIZOBHO 3’€IHAHMX KPUBONIHIMHUX KaHANIB i3 3aMKHEHHMH KOHTYpaMH CTBOPIOE YMOBH
IUIE BAHWKHEHHS B Ta30BOMY KPUBOJIHIHHOMY TNepebiry 3 TpaH3UTHUMHE 1 IUPKYIIOIOUYUMH OTOKaMH HETaTHBHUX 3BOPOT-
HUX 3B’513KiB. BOHU peanizyIoThbesl HUPKYITIOIUUMH MOTOKAMH, IO 3’ €THYIOTh BUXOAM 1 BXOAW KOKHOTO KaHaJy BCi€i cucre-
mu. bararopaszosa 6e3nepepBHa (inbTpamnis TPAaH3UTHOTO MOTOKY dYepe3 Maph MUPKYITIOI0YOro Iy MPU3BOAUTH 10 yTBO-
pEHHS i HaKOIIMYEHHs B OyHKepi arperaTiB yacTHHOK. CIIpaBe/UIMBICTh TAKOTO MEXaHi3My YIPaBIiHHS 3aMMJICHIMH ITI0TOKA-
MH HiITBEPPKYETHCSI OTPUMAHUMU B BAaKyyMi JOCIITHUMU JaHUMH. [IpeacTaBiseThest MEpCIIeKTUBHOIO 3aMiHa OZHIET 3 IBOX
rpyn ¢opBakyyMHHUX HacociB OypaHy 3 HEOOXiJHOIO KUIBKICTIO KPHBOJIIHIHHUX KaHAIIB.

Kniouosi cnosa: BakyyMm, cucTeMa KaHaliB, I, Ta3, Pika CTallb, OXOJIOIKEHHS.

A.A. Bypos, A.U. Bypos, JI.B. Bunoepadenxo. OdecnbliIMBaHue U OXJIAK/IeHHe ra30B B BakyyMme. [IpeacraBneHs! pe-
3yJIbTaThl 3KCIUTyaTaIl[UM BaKyyMHOH yCTaHOBKHM BHeENEUYHOW jerasamuu 120 T »KUAKOH CTaay C pa3lUYHBIMHU MBUICYIOBUTE-
msivu. [omydenHsle npu Hcce0BaHUM OypaHa C 3aMKHYTHIMH KOHTYPaMH OXJIAKICHHE M OOECIBUIMBAHHE TEXHOJIOTHYE-
CKUX Ta30B 00ECIICUMIIO YCTaHOBKY M SKCIUTyaTallHIO MOCie Hero pykaBHOTo ¢uiabTpa. [lokazaHa 3((EeKTHBHOCTh 3aMEHBI
UIMHAPUYECKOTO HUKJIOHA MHOTOKAaHAJIBHBIM TIbLIEYIOBUTENEM (OypaHOM) ¢ BEPTUKAILHON OChIO BPAIEHHS 3aIbUIEHHOTO
ra30BOT0 IIOTOKA, B OCHOBE KOTOPOT'O JISKHUT CHCTEMA IIOCIEI0BATEILHO COCANHEHHBIX KPUBOJIMHEIHBIX KaHAIOB C 3aMKHY-
TBIMH KOHTYpamu (0OpaTHBIMU CBs3AMH). CHCTEMa MOCIe0BaTENbHO COSTMHECHHBIX KPHBOJIMHEHHBIX KAHAIOB C 3aMKHYThI-
MH KOHTYPaMH CO3JaeT YCJIOBUS I BOSHUKHOBEHHS B Ta30BOM KPUBOJIMHEHHOM TEUEHHM C TPAH3UTHBIMHU U LUPKYIHUPYIO-
OIMMH TIOTOKAaMU OTPHLATENBHBIX OOpaTHBIX cBszeil. OHM peanm3yroTCsl MUPKYIUPYIOIUMH HOTOKaMH, COEIUHSIOIINIMUI
BBIXOJBI M BXOABI KaXKJOTO KaHaJda BCe cHCTeMbl. MHOTOKpaTHAs! HEMPephIBHAS (PHUIBTPAsl TPAH3UTHOTO MOTOKA Yepe3
CJION LUPKYIUpyIoeil MbUTH MPHBOJUT K 0Opa30BaHUIO M HAKOIUJIEHHIO B OyHKepe arperatoB uacTHi. CHpaBemMBOCTh
TaKOTO MEXaHM3Ma yIPABJICHUS 3allbUICHHBIMHU ITOTOKAaMH MOATBEPKAACTCS ITOJYYECHHBIMH B BAKyyMe OIBITHBIMU JaHHBIMH.
IIpencTaBnsercs mepcrieKTUBHOM 3aMeHa OJHOW M3 ABYX Ipymn (OpBaKyyMHBIX HACOCOB OypaHa ¢ HEOOXOIMMBIM YHCIOM
KPHUBOJHMHEWHBIX KaHAJIOB.

Kniouesvie cnosa: Bakyym, CUCTeMa KaHAJIOB, IbITb, Ta3, JKUJIKAsl CTANIb, OXJIAXKICHHUE.
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A.A. Burov, A.L Burov, L.V. Vinogradenko. Gases vacuum dedusting and cooling. Represented are the results of op-
erating the ladle degassing vacuum plant (productivity: 120 tons of liquid steel) with various dust collectors. The process
gases’ cooling and dedusting, obtained in the closed loop buran study, provides opportunity to install a bag filter after that
closed loop and its efficient use. Proven is the effectiveness of the cylindrical cyclone replacement with a multichannel (bu-
ran) dust collector, based on a system of closed-loop (return coupling) serially connected curved ducts, where the dusty gas
flow rotation axis is vertically positioned. The system of closed-loop serially connected curvilinear channels creates precon-
ditions for the emergence of a negative feedback at the curvilinear gas flow containing transit and circulating flows. These
conditions are embodied with circulating flows connecting the in- and outputs of the whole system’s each channel. The trans-
it flow multiple continuous filtration through the circulating dust layers leads to the formation and accumulation of particles’
aggregates in the collection chamber. The validity of such a dusty flow control mechanism is confirmed by experimental data
obtained in a vacuum chamber. Therefore, replacing one of the two buran’s forevacuum pumps assemblies with the necessary
number of curved channels (closed loop) is estimated in a promising method.

Keywords: vacuum channel system, dust, gas, molten steel, cooling.
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