RN R T ABSTRACT

A detailed mathematical model [or the cored wire imjcction process has been
developed for the addidon of low-density allovs tike calcium alloys into the
steel bath. The calcium recovery in the wire injection process 15 relatively
higher than thet in the comventional and some other improved addition tethods
like shooting bullets, ‘pouring over” ¢te. Factors such as minimum interaction
with the slag, reduced liquid'su:cl mrwement, possibility of suppressing (he
premamure evaporation and, thereby, improving otilisation, possibility of
nreheating the filling matarial belore release and sitmple and incxpensive
operations have given an edge Lo this methed over the others, To realise these
nenefits, however, it is imperative that the filling material i refeused af such a
depit in the Tadle (hat the resultant residence Gme iz the haghest. This work
presents an understanding of the dissolution mechanism developed through a

numerical approach and thereby suggosts madification in the operating and the
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design paramelers to jncrease whe depih of penetration before the refcase of the

pwdel.

Prior to the present study, only three indcpendent investigations, on the melling
behaviour of cored wine in sweel bath, have been roported, All these swdies
a'med 1a predicl the depmh of the ladle where the wire melts and releases the
filiing powder through mathematical modeiling. In none of these studics neither
the investtgators cowld prosent a sufficlent detail of their marhematical
formulations nor did they come out with a definite guideline Jor wire injection
al different conditions of a steel melt shop. Besides, the formation of a theemal
contact resistance and the freezing of the slag on the wire surface have been

considered for the first time in a study of cored wire dissolution.

The sleady statc heat conduclion cquation %ot the temperature distribation
inside an infinite cylinder has been modified 1o suit the cored wire tnjection
process. Finally, a one-dimensional unsieady-state heal conduction equation
with respect to a moving observer has been oblained and solved i muiti-zone
domain,  Several boundary conditions applied i this model atlow the melting
or solidilication of frozen shells of slag, steel, wire cusing, and powaer
material, The model equations were sobved using implicit gontrol volums
appmach_. Model predictions were  yorified rigorously  with simplified
analytical solulions, published work mul laboratory investigations on the
dissolution of static metallic cylindars in guiescentfinductively stirred stecl

mett. The model was also validated with e plant data wilh o rather indirect
and innovative wav,

With reasonalye wlati ai :
I validation oblained, the mode wits tun for several conditiond

‘o develop an wnderstanding of the melr,

were analysed and he

g pehaviour of cored wire, The results

different rautes of melling have been grouped Into four
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broud categaries, Mainly the presence o absence of slag at the ludle top and
the bath supcrheat dictate these melting behaviours, A uiigue feature of
secondury stecl shell growth during wire meiting toute has been identificd in
presence of slap layer over the liquid stee! bullh. The effver of design and
operating parémeters on the melting bekaviour of wire which have elazifed
Trom the present study are:
4) It hus been demonstrated that there exists an optimum speed beyond
which increase in speed lowers the distance travebled by the wire
b} It has becn observed that the melling of cored wire 15 more sensilive on
the casing thickness than on the wire diameler
c) The denendency of the injection process on the grade of steel 1o be
processed kas been assessec. I has been expluined why for a low carbon
heatz the wirc penetrates a smaller distance in the steel bath with
subseeuent [ower recovery in caleium,  Similarly, it has been showm that
[or high carbon heals the wire will penetrate retatively Jarger dislanee in
the meit.
¢) Based on several plant rrials a nomogram has been made to identify the
wire dimensions, speed of the wire for various grades of carbon steel to

derivie the maximum benefit of cored wire in'ection,
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