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MATHEMATICAL MODELLING VACUUM DEGASSING OF STEEL IN ARGON-
STIRRED LADLE

The article presents a mathematical model of a non-stationary process of denitro-
genation and dehydrogenation of steel melt in vacuum chamber with argon stirring. Vacu-
um degassing is a technology that is widely used in metallurgical plants to achieve ex-
tremely low concentrations of hydrogen and nitrogen in the metal melt, which is needed to
improve the quality of steel products [1]. According to the well-known hypothesis, initially
the gas in the melt is in the dissolved state. Hydrogen and nitrogen bubbles are formed
from a solution on the surface of the ladle lining provided that the pressure of metal melt is
sufficiently low. The pressure required for the bubble to appear is determined in accord-
ance with Sieverts' law. To a large extent, the degassing is also affected by the argon stir-
ring, when bubbles collect hydrogen and nitrogen in their paths, floating through the melt
and flying off the free surface. It is also important to reduce the duration of degassing to
keep the melt temperature at a sufficiently high level, as well as to speed up overall pro-
cess. Conducting numerical studies of the above process on a mathematical model reduc-
es the cost of time and financial resources, so building a model is an actual task. The de-
scription of the melt flow and gases in the ladle is based on the mass and impulse conser-
vation laws for a continuous medium, which is justified by the small size of the bubbles and
their large number. Given the complexity of finding the analytic solution of nonlinear differ-
ential equations in partial derivatives in three-dimensional formulation, it is proposed to use

the central difference method, which is sufficiently accurate and widely used for similar
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problems. It is proposed to implement the mathematical model in a C# computer program,
because that language has sufficient programming capabilities, including parallelization of
computation. The software application will allow evaluating the influence of the intensity of
argon stirring, as well as the depth of the melt, on the degree of degassing, which can be
used in the implementation of technological recommendations in the production of steel.
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HauioHanbHun TexHivHu YHiBepcuteT

«Xapkiscbkuu [NoniTexHiYHnn IHCTUTYT», XapkKiB

MOAOENOBAHHA TEXHOJNOIMN4YHUX NPOLEECIB NNUTTA AB3

Po3BuTOK Ta NpoekTyBaHHA OBUryHIB BHYTPILWHBbOro 3ropsHHs (OB3) xapakTtepusy-
€TbCA MpParHeHHsM OO MiABULLEHHS MOTYXHOCTI Ta €KOHOMIYHOCTI deTaneu, Lo, Y CBOH
Yyepry, NpPU3BOANUTb A0 3POCTAHHSA MEeXaHi4HUX i TENSOBUX HaBaHTaXeHb: 36inbLUyeTbCA
TUCK y By3nax TepTd, TemnepaTypa getanen AsuryHa. Y 3B'd3Ky 3 UMM 3pOCTaloTb BUMOIK
A0 SKOCTi Ta AOBroBiYHOCTI AeTanen uuniHgpUYHO-NOPLUHEBOT rpynu, 30Kpema, NopLUHIB.

MopweHb - Lue ogHa 3 HanMbinbLL BigNOBIAANbHUX AeTanen cy4acHoro ABuryHa, sika
BM3Ha4yae MOro MOTOPECYpC i EKOHOMIYHI XxapakTepuctuku. Bigomo, wo binbwe 90% nop-
LWUHIB BUrOTOBSISIOTb CaMe 3 BUSIMBOK. ICHYIOTb TakoX MpoLecn BUrOTOBMEHHS TakUX BUMU-
BOK, SIKi MEHLU NPOLYKTUBHI Ta AOPOXYi, LLO HE LO3BOMSE BUKOPUCTOBYBATU MOPLUHI B Ma-
COBOMY BMPOOHMLTBI.

3pocTatoui BUMOrn 4o (hisuko-MexaHiYHMX BNacTUBOCTEN BUNMBKIB, AeTanen UnniH-
APWYHO-MOPLUHEBOI rpynn, 3a YMOBWN 30epeXeHHs LiHOBOI KOHKYPEHTOCMPOMOXHOCTI NNT-
TS, CMOHYKal0Tb PO3POOMAATN HOBI EKOHOMIYHI CMOCOBM IX BUTOTOBIEHHS.

Mepen BMpOGHMLTBOM HOBOI AeTani po3pobnsATb ii NPOEKTyBaHHA Ta noganblue
MOZENOBAHHA 3 BUKOpUCTaHHAM cydacHux CAE cuctem. [Ina mopentoBaHHS BUKOPUCTO-

BYHOTbCS HanWbinbll nowmpeHi kiHueBo-enemeHTHi CAE cuctemu. Hanpuknag: LVMFlow -
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