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ENERGY EFFICIENT SOLUTIONS FOR SMALL CAPACITY
ELECTRIC ARC FURNACES OF A FOUNDRY CLASS

The low specific power of the transformer in combination with the increased heat losses due to the
geometrical factor and the unstable operation with long downtimes are predetermined by low technical and
economic indicators of production, in comparison with the EAF of the "big" metallurgy. An urgent task is to
search for low-cost methods to increase the energy efficiency of furnaces of this class by simulating the
thermal work of the elements of the working space. Numerical simulation of heat transfer in the working
space of foundry class AC EAF with a capacity of 3 tons has shown that with a duration of furnace downtime
of 18-20 hours or more, replacing 40% of the walls lining and 16-20% of the roof lining by water cooled
elements with a volumetric structure accumulating the skull, with using of “deep” bath with a reduced by
14-15% diameter of the radiating surface allows, at a given melting mass, to reach the energy consumption
level of the furnace with a fully refractory lining and lower with a significant saving of refractories.
Preloading scrap into the furnace in downtime increases energy efficiency, all other things being equal.
Keywords: electric arc furnace, heat exchange during downtime, energy efficiency, bath geometry, energy-
saving water cooled panels.

Formulation of the problem

At the machine-building plants electric arc steel melting furnaces (EAF) of the foundry class of
small (3-6 tons) capacity are widely used. The low specific power of the transformer in combination
with the increased heat losses due to the geometrical factor and the unstable operation with long
downtimes are predetermined by low technical and economic indicators of production, in comparison
with the EAF of the "big" metallurgy. An urgent task is to search for low-cost methods to increase the
energy efficiency of furnaces of this class by simulating the thermal work of the elements of the
working space.

Analysis of recent research and publications

In view of the complexity of the physical and chemical processes in the EAF, the numerical
models of heat and mass transfer usually describe the "liquid" melting period. D. Guo and G.Irons [1]
found that about 80% of arc energy is transmitted by radiation, 15-18% - by thermal conductivity
directly into the bath and 2-5% is lost in the electrodes. J-C. Gruber, T. Echterhof and H. Pfeifer [2]
investigated the effect of the high-temperature region of the arc on the formation of gas flows in the
working space of the EAF, estimated the energy losses with the inflow of cold air into the working
space and the temperature distribution of the radiating surface of the electrodes. O. Gonzales,
M. Ramirez-Argaez, F. Conejo [3] investigated the rate of heating of the liquid bath by electric arcs
and established a positive effect on this factor of arc length. Heat and mass transfer in a stirred steel
bath, according to the studies of M. Kawakami, R. Takatani, L. Brabie [4], and J. Li and N. Provatas [5],
are determined by the heat transfer coefficient in the melt. In works [6, 7] the author shows the
energy-technological advantages of a "deep” bath at a given melting mass in the EAF. More complex
numerical models V. Logar, D.Dovzan, 1. Skrjanc [8]; F.Opitz and P. Treffinger [9], as well as
Yu.A. Stankevich et al. [10] suggest a description not only of the processes in the liquid bath, but also,
with certain assumptions, the melting dynamics of the homogeneous charge by the arc discharge
energy.
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The above mathematical models are developed for the conditions of rhythmically working EAF
of "large" metallurgy, in which the processes of heat accumulation by the lining do not have a
noticeable effect on energy-technological indicators. A daily downtime of the low capacity EAF leads
to a decrease of the average lining temperature from 900-1000 up to 150-200 ° C, and to compensate
for its enthalpy, it is necessary to input energy commensurate with the theoretical specific value for
smelting of liquid steel [11]. It is of interest to consider the possibility of replacing part of the lining
with less heat-intensive water-cooled elements with reduced heat losses, taking into account the
experience [12], and also using a "deep" bath to increase the energy efficiency of the foundry class
EAF.

The purpose

The aim of the work is numerical studies of energy-efficient solutions for the modernization of
a small capacity EAF of foundry class on the basis of reducing energy costs for heat accumulation by
lining and reducing energy losses from bath radiation.

The main part

A scheme, showing the heat exchange in the EAF during downtime and constructive solutions
for improving energy efficiency are shown in Fig. 1. The researches carried out with reference to
typical 3-tons EAF with a transformer capacity of 1.8 MVA. Two cases of thermal operation of the
furnace at downtimes are considered: the presence of scrap in the working space (100% of the charge
for the next heat with account of the consumption coefficient) and the absence of scrap in the
furnace. The latter case is related to the uncertainty of the steel grade after long periods of inactivity.
For each of the cases, two variants were investigated: without water-cooled elements (WCE), as the
basic solution, and with WCE. The relative area of the walls WCE is fixed and is 0.4. The relative area
B of the roof WCE varies from 0 to 1. In the option with WCE, the effect of the bath geometry

wcr

(initial and the "deep” bath) at a given melting mass on the heat loss in the WCE was also evaluated.

Fig.1 — Scheme of heat exchange in small-capacity EAF working space in downtime. 1-refractory
lining (bottom, walls, roof); 2- water — cooling panels (walls, roof);
3—charge (scrap); 4—electrodes. Description — in the text

The change in the enthalpy of the lining during the idle time of the furnace z, is described in a
one-dimensional setting by the following equation:
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dQ/dr, =B, +P,+P;, ey
where Py, P;2, P15 — the power of energy loss from external surface of the furnace to the environment,
and from inner surface of the lining for WCE and scrap, respectively (see Fig. 1).

Parameter Py, includes the radiative and convective components considered in [12], taking into
account the empirical dependence of the heat transfer coefficient by convection obtained by
processing the experimental data [11]. In turn, the scrap, when heated, transfers part of the heat P;s
to WCE, which is reflected in the process described by (1). When evaluating the heat transfer
parameters P;;, Pjs5, in the engineering calculation, only the radiation component was taken into
account.

The solution (1), performed numerically with steps of 0.1 hour in the MathcadV14 package,
yields the energy expenditure on heat accumulation by enclosing the working space (lining, WCE) as a
function of g

' and 7,. They were used to assess the energy efficiency of the modernization of the
EAF, which consisted of comparing the specific electrical energy consumption for the initial furnace
and modernization options. In view of the comparative nature of the calculation, in the energy
balance of the EAF, a number of consumable components (heat losses with dust and gas media,
electrical losses), as well as incoming (heat of exothermic reactions) are accepted for the variants
considered, and their evaluation is performed by traditional methods [13]. In the theoretical
expenditure of energy on the heating process, melting of the metal charge and superheating of the
bath to the temperature of steel tapping, slagging and alloying, the residual enthalpy of scrap was
taken into account.

Heat loss with cooling water is determined taking into account the design solutions of the WCE,
both traditional (with a dense pipes arrangement), and energy-saving ones [12] according to the
calculation method [6]. The period of work with a liquid bath is considered as the most heat-stressed one.
The resulting heat flow to the water-cooled element is a function of the mutual radiation of the bath, the
surface of the electrodes, and the dust and gas environment in the working space of the EAF. The radiation
of arcs shielded by electrodes and slag is taken into account indirectly through the surface temperature of
the bath. The power of the heat flux from the radiation surface per unit of the receiving surface is
determined by Stefan-Boltzmann law:

Q=08 (T, T, [[[(cosO-cosy)/r* dS,,, , @)

S,

rad

rme o - Stefan-Boltzmann constant; T ,,T - temperatures of radiating and receiving surfaces;

rad? ~ res
&, — reduced blackness; r — radius vector in the direction from the radiating to the receiving surface;
0, y - directing angles. The integrand in (2) is the coefficient of mutual irradiation of the heat

exchange surfaces.
The power of radiation energy loss by the heat-sensing cooled surface S, constitutes:

Qloss = kav .[S Qrad : dS ° (3)
The averaging factor of the resulting heat flux k, along the cooled surface of the energy-saving

WCE with the developed slag depositions in (3), was estimated on the basis of the calculation of the
steady-state heat transfer to the WCE by means of the ELCUT 6.2 package (Fig. 2) using the
procedure, described in [12]. For standard panels with dense pipes structure, the k  value is close to
1.

The version of the "deep” bath can be realized in the existing 3-ton EAF without significant
structural changes in the furnace with a decrease the radiating surface diameter of the melt from D =
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2,1 to D; = 1,8 m (Fig. 1). In this case, the depth of the bath H; with respect to the initial H increases
according to the equation of the volume of the cylinder-spherical body.
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Fig. 2 — Temperature field of the roof panels with displaced pipe axes (a)
and wall panels with loosely laid pipes (b); an estimate of the average value
of the resulting heat flux of energy loss with water (c).
The arrows indicate the direction of the heat flow
The calculated specific heat loss with cooling water under conditions of a liquid period of 1.2
hours for 3-tons heat, obtained by numerical solution (2), (3) in the MathcadV14 package, are shown
in Fig. 3.
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Fig.3 — Specific energy loss with cooling water g, vs. relative surface
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1-standard panels with dense pipes structure;
2-energy saving panels (fig. 2); 3-energy saving panels plus “deep” bath
According to calculations, the loss of heat with water using energy-saving WCE with the spatial
structure that accumulates the slag is reduced by 37-39% in comparison with the traditional panels
with a dense pipes arrangement. "Deep" bath allows to further reduce these losses by 13-18%. With
increasing of parameter £, from 0.16 to 1 the effect of reducing the radiating surface of the melt

increases by 1.5 times.
The following empirical equations are obtained (in the Excel package), which relate specific
losses of heat to water for conventional (Q,.), energy-saving (Q ) and energy-saving with "deep”

~wt ~we

bath (Q,,,, ), respectively, kWh/ton:

Q,, =138.8In(3,,, -100)—204.68 , @
Q,, =87.98In(B,,, -100)-134.30, (5)
Q,.» =68.36In(S, . -100)-92.66 . 6)
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The energy efficiency characteristic of the proposed solutions for the modernization of the low-
capacity EAF of the foundry class y is the ratio of calculated specific electrical energy consumption to

this parameter value in conditions of the refractory lining furnace. On the basis of joint solution (1)
and (4-6), the dependences of parameter y on 7, (a) and on g, (b), shown in Fig. 4 for cases of pre-

loaded scrap and without it.

According to the above data, the increase in the duration of downtime of a small capacity
foundry class EAF to 18-20 hours and more creates conditions for the energy efficiency of the partial
replacement of refractory lining with energy-efficient WCE with a spatial structure for the formation
of the slag garnissage, and "deep" bath. In typical 3-ton AC EAF with a transformer w specific power
of 0.5-0.7 MVA/ton and a relative wall WCE area of 40%, the relative area of the roof cooling surface
can be up to 20%. Preliminary loading of scrap significantly increases the possibilities of the solutions
considered in the direction of both reducing the rational for the modernization of the EAF threshold
duration of downtime, and increasing the relative area of water cooling.

A 4
1
waEl -3 - A=
_,.a"a
12 4
o
Al 2
. I s =Rl R A
: rc] G-ce
11 5 -2 1s

o -_@.. _/_.-—.—I—-...._._____

0 5 10 15 Ty, hours 02 0.4 0é 08 B
a b

Fig.4 — Relative energy efficiency y vs. EAF downtime period 7, at B, =0.16 (a) and vs. relative

surface of water- cooled roof g

wcr

at 7, =20 (b).

Relative surface of water- cooled walls is 0.4. 1 — standard panels with dense pipes structure; 2 —
energy saving panels (fig. 2); 3— energy saving panels plus “deep” bath.
Index “s” means scrap, loaded in downtime period

Conclusions

Low-cost solutions for the modernization of a small capacity foundry class EAF on the basis of
the use of energy-saving WCE and the improvement of the steelmaking bath geometry have
perspectives in conditions of downtime in the furnace for about 18-20 hours or more and provide a
reduction in energy consumption due to decrease of energy loss for the accumulation of heat by
massive refractory lining. This decline is only part of the significant economic effect of reducing
refractory consumption. The proposed solutions implementation is already starts through the
introduction of a combined water-cooled roof in operating 3-ton AC EAF [14].
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EHEPTOE®EKTUBHI PIIIEHHSA I JYTOBUX MEYEN
MAJIOI MICTKOCTI IMUBAPHOTO KJIACY

UncenbHe MOMEMIOBAaHHS TEIJIO0OMiHY B po6ouomMy mpoctopi JCIT 1MBapHOTO KJIacy MiCTKiCTIO
3T moxasasio, [0 IIpY TPUBAJIOCTI MPocTOiB mevi 18-20 roguH i Ginbine, 3amina 40% dyTepyBaHHS
cTiH i 16—20% dyTepyBaHHS 3BOAY BOIOOXOJIOIKYBAHUMMU €JIeMEHTaMU 3 00'€MHOIO CTPYKTYPOIO, SIKa
HAaKOIMMYYE TapHicaXX, IMOPsSIT 3 BUKOPUCTAHHSIM <«IJIMOOKOi» BaHHM 3i 3MeHIIeHMM Ha 14-15%
JiaMeTpoM BUIIPOMIHIOIOUOI TIOBEpXHi [03BOJISIE, OPM JaHiii Maci TIIaBKu, OOCSATTU pPiBeHb
€HeprocIioXMBaHHS IMedi 3 MOBHICTIO BOTHETPUBKOIO (PyTepOBKOIO i HMKYE MPU iCTOTHi eKOHOMIi
BorHetpuBiB. [TonepeaHe 3aBaHTaKeHHsI CKpaImy B Iiu migsuinye ii eHeproeeKTUBHICTb IPU iHIIMX
piBHMX YMOBax.

KimiouoBi cioBa: nyroBa cCTajlelIaBWIbHA ITiY JIMBApPHOTO Kiacy, TeIIOOO6MiH B mepiof
MIPOCTOI0, eHeproedeKTUBHICTh, FTeOMeTpist BAaHHU, eHeprosbepiraioui BOg00X0/I0IKyBaHi MaHeJTi.

OHEPTOD®®EKTUBHBIE PEIMIEHUS JIJI IYTOBBIX ITEUEN
MAJIO/ BMECTUMOCTMU JIMTEMHOTO KJIACCA

UnucaeHHOe MOJeNMpOBaHNe TerioooMeHa B pabouem mpoctpaHcTBe I CIT muTeitHOTO Kiacca
BMECTMMOCTbBIO 3T II0Ka3ajI0, UTO MPU IJUTEJIbHOCTU MPOCTOeB Mmeun 18-20 yacoB u 6ojiee, 3aMeHa
40% ¢yTepoBKkU cTeH U 16—-20% GyTepoBKM CBOJA BOMOOXTAKIAEMbIMU JI€eMEHTAMU C 00beMHOI
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CTPYKTYpO}, HaKaIlIMBAIOIIEel TapHMUCAK, HApSOy C MWCIOAb30BAaHMEM <«IJTyOOKOV» BaHHBI C
YMeHbIIEHHbIM Ha 14-15% muaMeTpoM M3JIydalolleii MOBEpXHOCTM ITO3BOJISET, IPU AAHHOM Macce
TIJIaBKU, TOCTUTHYTb YPOBEHb SHEPTOMOTpe6IeHNs Meun C MOJHOCTbIO OTHEYIIOPHOI (GyTepoBKOi U
HIDKe TIpM CYIeCTBEHHOI SKOHOMUM OrHeymnopoB. IIpenBapuTesibHasl 3arpy3ka cKpara B Ileub
TOBbINIAET ee 3HepPro3(pdeKTUBHOCTD MPU MPOUNX PAaBHBIX YCIOBUSIX.

KimioueBble cjIoBa: OyroBasl Ieuyb JIMTEHHOTO KIacca, TEIIOOOMEH B TIEPUOJ, ITPOCTOS,
9Hepro3PeKTUBHOCTD, TEOMETPUS BaHHBI, SHEProcoeperailye BOI0OX/IaKIaeMble ITaHe .
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