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Purpose. Substantiation of solutions aimed at reducing heat losses, mainly, by refractory lining during forced downtime and by
steelmaking bath in conditions of traditionally low specific power of transformer.

Methodology. Mathematical modeling of heat and mass transfer processes and numerical experiment.

Findings. A mathematical model of energy-technological processes in arc furnace workspace has been developed to analyze
and minimize energy consumption in daily production cycle. Geometrical and operating parameters are taken into account, in
particular: variation in arcs energy efficiency at evolution of wells in charge under electrodes during melting process; circulation of
melt due to bubbling with inert gas through bottom porous plug; energy loss on heat accumulation by refractory, with cooling
water and off-gas.

Originality. For the first time, the concept of increasing energy efficiency of arc furnace has been substantiated, based on the
following set of solutions: increase in specific electrical power by reducing of charge at given productivity; reduction of bath shape
factor (ratio of diameter to depth) from traditional 5 up to 2.5 by deepening and, accordingly, its radiating surface; optimization of
walls and roof cooled surface relative area, where massive heat-absorbing refractory lining is not used; application of energy-saving
water-cooled elements with spatial structure that promotes formation of heat-insulating and heat-accumulating slag filling.

Practical value. Implementation of the set of energy-efficient solutions in conditions of typical 6 and 12-t foundry class arc
furnaces provides reduction in power consumption and refractory expenditure by 13—15 and 28—30 % respectively without sig-
nificant changes in production infrastructure due to reducing energy loss, mainly, for accumulation of heat by refractory lining,

and intensification of heat and mass transfer processes in forcibly stirred “deep” bath.
Keywords: electric arc furnace, energy efficiency, “deep” bath, heat and mass transfer, water-cooled elements

Introduction. In foundries electric arc steelmaking furnac-
es (EAF) are used with a charge, mainly 3—12 t. Energy-inten-
sive classical technology with a low specific transformer power
in combination with irregular operation, insufficient opportu-
nities for heat loss utilization and diversification of energy sup-
ply, predetermine a low, in comparison with EAF of “large”
metallurgy, energy efficiency of foundry class furnaces. In a
number of cases, the problem is aggravated by excess capacity
due to reorientation of sales markets.

Literature review. As a rule, known mathematical models
of heat and mass transfer in EAF describe processes in rhyth-
mically operating furnaces of “large” metallurgy. D. Guo and
G. Irons [1] found that 80 % of the arc energy is transmitted by
radiation, 15—18 % by thermal conductivity in the bath and
2—5 % is lost in the electrodes. O. Gonzales, M. Ramirez-Ar-
gaez and F. Conejo [2] showed that the heating rate of liquid
bath increases with arc length. J-C.Gruber, T.Echterhof,
H. Pfeifer [3] investigated the effect of high-temperature arc
region on the formation of gas flows in EAF workspace, energy
losses with the influx of cold air, and evaluated the tempera-
ture distribution along radiating surface of the electrodes.
M. Kawakami, R.Takatani, L. Brabie [4] generalized the pa-
rameters of heat and mass transfer in a forcedly mixed steel
bath in the form of criterion equations. J.Li, N.Provatas,
G. Irons [5] showed the possibility of intensifying the melting
of a continuously loaded charge in a liquid EAF bath.

In mathematical models by V. Logar, D. Dovzan, 1. Skrjanc
[6]; F. Opitz and P. Treffinger [7]; Yu. A. Stankevich, et al. [8],
within the framework of the conjugate problem of heat and
mass transfer, solved the system of equations for conservation
of mass, momentum and energy in media with moving bound-
aries and phase transitions; investigated the dynamics of melt-
ing the charge and effect of scrap bulk density on it.

Mironov Yu. M. and Petrov V. G. [9] found that in foundry
class EAF, the heat loss through casing into environment is
significantly higher than in furnaces of “large” metallurgy.
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Data on thickness of dynamic, in which there is a predominant
change in enthalpy, and the quasi-static thermal layers of the
lining were obtained.

Insufficient energy efficiency of the EAF is associated with
the notion of technological efficiency of shallow flat bath with
a shape factor (ratio of diameter to depth) m =5.5—4.5, in con-
trast with a “deep” bath in converter or ladle furnace unit, hav-
ing m ~ 1. Studies [ 10] have shown the opportunity in reducing
of radiation energy loss in the EAF of “large” metallurgy by
8.5—49 % in different conditions due to decrease in m up to
2.5—1.8. The possibilities of steel refining remain no lower
than in a furnace with traditional bath geometry, despite re-
duction of metal-slag interface, due to intensification of heat
and mass transfer processes under conditions of pneumatic
mixing in a “deep” bath.

Low specific power of the EAF transformer does not allow
the application of traditional for “large” metallurgy water-
cooled elements (WE) with a dense structure [11] due to tech-
nological risks [12], which causes heightened consumption of
refractory. A promising solution for given case seems to be WE
with a spatial structure, in particular, combined with a lining,
which provide heat losses reduced by 25—35 % [13].

In known studies, the issues of combined effect of power
input, bath geometry, relative area of WE and traditional lining,
and duration of downtime on the foundry class EAF energy ef-
ficiency have not been adequately reflected. Therefore, it is of
interest to find a rational combination of mentioned factors.

The purpose of the article is to substantiate energy-efficient
solutions for foundry class EAF.

Methods. Research methodology is mathematical model-
ing of technology processes and numerical comparative analy-
sis of energy consumption in EAF daily production cycle. The
criterion for effectiveness of considered solutions is the reduc-
tion of specific energy losses and relative downtime, refractory
savings with minimal changes in the production infrastructure.

Mathematical model. A scheme representing heat and mass
transfer processes in the EAF and proposed energy-efficient
solutions is shown in Fig. 1.
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Fig. 1. Base EAF option (1) and energy-efficient solutions (11).
Heat and mass transfer in work space (a) and charge melt-
ing scheme (b):
1 — bottom; 2 — walls; 3 — roof; 4 — wall WE; 5 — roof WE; 6 —
electrode; 7 — arc; 8 — charge; 9 — steel bath; 10 — slag bath;
11— casing; 12 — purge unit; 13 — t wo-phase region. Designations
are in the text

The concept of increasing the energy efficiency is as fol-
lows:

- growth of specific power input due to a corresponding
decrease in the charge at the initial productivity with a de-
crease in downtime and associated energy losses;

- reduction of the bath shape factor from traditional value
5.5—4.5 to 2.5 to reduce the radiating surface of the melt;

- installation of a purge unit in the EAF bottom for inert
gas (Ar) blowing to intensify heat and mass transfer in the
bath;

- applying of WE with a spatial structure instead of a part
of walls and roof lining to reduce energy loss on heat accumu-
lation in workspace and consumption of refractory.

Numerical modeling is carried out in Mathcad software
package for the classical technology of smelting structural steel
in an AC EAF with a cylindrical-spherical bath and a conven-
tionally flat roof. In the roof, the WE is installed in the central
area, critical in terms of resistance [13], in the walls — along
the perimeter. The relative area of the roof cooled part f3,, eval-
uated from design considerations, is 0.20 and 0.32 in 6 and 3-t
furnaces, respectively. For wall WE, the appropriate parameter
B, is limited by 0.8 to exclude contact with the melt when the
furnace is tilted.

In the thermo-physical representation, steel melting in the
EAF includes energy and technological periods with the dura-
tion 1, and t,. Time of the heat t and downtime 1’ at daily

furnace productivity G(f) and charge M(r), taking into account
no-current pauses t, is, min

T=T,+ Ty + Tp; (1)
1" = 1440 — ceil(G/M)r. 2)

Heat transfer by radiation. To assess the energy efficiency of
the arc during the energy period and the heat loss with water
during the technological period, a model of heat exchange by
radiation, adapted to the EAF conditions [14], was used. It
deals with the primary sources of radiation: the bath surface,
arcs and electrodes. The insignificant contribution of second-
ary radiation caused by dust and gas environment was not taken
into account in the comparative analysis. Heat flow power P,,,
emitting by surface F,,, (m?) with temperature 7,,, (K) per unit
of receiving surface with temperature 7' (K) is, kW

cosOcos
Poa=0e(Ty5 ~ T4)H [rzydemd’ (3)
Fmd

where o is Stefan-Boltzmann constant, kW/(m?K*); & is mu-
tual emissivity of heat exchange surfaces; 0, y, r are direction
angles and radius vector, respectively.

The emitting surface of arcs and electrodes in a model is
the lateral surface of the cylinders with electrodes pitch diam-
eter d,, length 4, and H) — h,, respectively. The arc length is
approximated by the dependence: 4, =0.15 + 0.003M, m. The
temperature of the bath surface, arc and WE is taken 1820,
3550 and 1100 K, respectively. Electrode surface temperature
T, = 3050 + 19 2000* — 48 000w* + 40 4000 - 13 800w, K is a
function of relative height of a point on the conditional cylin-
der surface above the bath o, obtained basing on the data [3].

Irretrievable losses associated with radiation in arc furnace
without WE are relatively small and occur mainly through the
surface of casing. In a furnace with WE, radiation leakage
power perceived in the workspace is absorbed mainly by water
and amounts to, kW

Pwe = kwe J. Pmddee’ (4)
F,

where k,, = 0.63 is the averaging coefficient of the heat flux on
surface of the WE with a spatial structure covered with a slag
[13]; F,, is water-cooled surface, m?.

Calculated value of P,, for the considered group of fur-
naces is approximated by the multiple regression equation, kW

P,,=50.78M + 46.63m + 833.75p, - 282.31.  (5)

Energy period consists in melting of scrap by electric arcs
through formation of wells with a diameter d,, = 1.35d, [8] un-
der electrodes with diameter d, and expanding them to the
EAF walls (Fig. 1, b).

A feature of small EAF, due to geometry of workspace, is
the formation of a common well almost immediately
(Fig. 1, b). The arc energy efficiency ratio in the well 1, as-
sessed within the model using (3, 4), is 0.68—0.70 [15]. Dura-
tion of well formation t,, s in conditions of uniform active
power release in the arcs is determined by the energy balance

of melting scrap with a mass m,, = 3nps(d£/4)(Hk +H,),t

. - [(m, &k (C (T, —Tp)+v,)l(1+k,)
v MS 103k, k

; (6)
where C,, T,,, v, are heat capacity, kJ/(kg K), melting tem-
perature, K and fusion heat of scrap, kJ/kg, respectively; 7j is
the initial temperature of media, K; k; is the scrap consump-
tion factor; .S is transformer specific capacity, MVA/t; k, =
=0.80 is the power factor during scrap melting [11].
Coefficient k, = 0.07 takes into account heat loss with dust
and gas environment, which is formed mainly by the inflow of
cold air into the furnace under the action of rarefaction [15].
The parameter k,,= 1 — (AH/H,) characterizes the reduction of
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radiation shielding by the well walls, when using heavy scrap
with bulk density p, > 10* kg/m?3 due to decrease in the height of
the charge layer by AH relative H,, designed for p, = 10° kg/m>.
The consequence is an increase in heat loss by radiation and
the duration of energy period.

Duration of well expansion 1,,(s) to the EAF walls is evalu-
ated on the basis of energy balance for melting of conventional
annular charge layers with a thickness ds and average height
H,=H,+0.5H, within the width of the melting space s
(Fig. 1, b), the transfer of heat between which is difficult, due
to the high porosity of the charge.

_ b,
T, :M C(T, T, Zd ﬂ+
Pk, +P. e,
L sds )
+y5..‘d112+dwn‘|(1+kg)+Mks/1[Cs/(Tms/ _7-6)+Ys/] >
3 1

where m, is arc energy efficiency during energy period; Cj,
T, Vs is average heat capacity, kJ/(kg - K), temperature, K
and the heat of fusion of slag-forming, kJ/kg, respectively; P,
is thermal power delivered by hot lining, kW; kg, = 0.035 is
standard slag specific yield in energy period.

In counting 1/, accepted linear dependence of n; by coor-
dinate s: from n,, in the well at s = 0 to 1, during the techno-
logical period at s = (D, - d,, — d,)/2.

The duration of the energy period includes the stages of
formation (6) and expansion (7) of the well, min

1, = (1, + 1,,)/60. 8)

Technological period consists in arc heating of the liquid
bath to the steel tapping temperature, melting of scrap resi-
dues, slag-forming and alloying additives. Arc energy efficien-
cy ratio 1, determined by active power P, = MS - 10%k,, kW
(where k, = 0.65 — power factor during bath heating by arc
[11]) and the power of heat loss P, KW

M2 = (Py = Ppyy)/ Ps. )

Heat loss power P, = P,, + P, + P,+ P, includes compo-
nents: with cooling water P,, according to (5), for accumula-
tion of heat by refractory lining P,, with gases P, and by the
surface of the oven to the environment P,,. Electrical losses
(up to 5—7 % of the input power) are not considered on the
condition that the EAF electrical parameters after moderniza-
tion remain as initial ones.

Value of P, (kW) is determined by the heat flux through

WE-free surface F, =F, [1 -B, + B,)J, m? (where F}, is the in-
ner surface of the workspace, m?) in dynamic lining layer thick-
ness & = 0.12 m and thermal conductivity A, =2.9 W/(m - K) at
a temperature difference between working surface and quasi-
static layer A7, = 1200 K, according to [9]
P.=ATA, 107 F; /5. (10)

n

Factors determining P, (kW) are the inflow of cold air un-
der the rarefaction in the furnace Ap, specific oxygen g¢,, and
electrodes g,, consumption. With operating parameters: Ap =
= 15-20 Pa, g,, = 12 nm®/t, q,, = 9 kg/t a regression equation
was obtained to estimate P, in furnaces with a charge of 3—121t,
operating according to classical technology

P,=19.41M + 10.50. (11)

The value of P,,, (kW) is defined by the convective and ra-
diation components of the heat flux from WE-free surfaces

Fr = Fom[l —(BW +B,)J, m? (where F,, is the furnace fence
surface, m?)

P =Fra 0 (T =Ty ) +oe(Th-T) | (12)

In the calculation model it is assumed that heat transfer co-
efficient by convection from the shell o, = 0.046 kW/(m? - K)
[9], and from bottom and roof is by 30 % lower and higher, re-
spectively; temperature of outer casing surfaces 7, = 470 K;
e=1.

Let us consider regulated operations of the technological
period and their duration.

The heating time of bath 7, (s) from scrap melting point
T,.s= 1770 K to tapping temperature 7;= 1855 K is determined by
the EAF active power P,n, taking into account heat losses (9—12)
and alternative chemical energy entering the bath Q, (kW).

1 (Tt _Tms)(cm +Mks12cs/ +kfcf)
S > (13)
Pn,+0,| + M(ksl2ysl "'kfyf)

where C,,, C,is heat capacity of liquid steel and ferroalloys,
respectively, kJ/(kg - K); vy, k,is heat of fusion, kJ/kg and con-
sumption factor of ferroalloys, respectively; k,, = 0.030 is stan-
dard slag specific yield in technological period.

Assessment of Q, = 68.4M (kW) was carried out basing on
the heat of oxidation reactions of carbon and iron with gas-
eous oxygen 32.8 and 5.2 MJ/kg (with the ratio FeO and
Fe,0; 7 to 3) and the degree of its assimilation by the bath,
according to experimental data, 20 and 75 %, respectively
[11]. At typical g,, = 12 m?/t, the duration of oxidation period
is 30 min. and the regulated amount of oxidized carbon is
6 kg/t, the remainder of oxygen is consumed mainly for the
oxidation of iron in the amount of 20 kg/t. Insignificant con-
tribution of the heat of other reactions was not taken into ac-
count in (13).

Dephosphorization of steel is combined with melting of
the charge and does not encounter kinetic difficulties in con-
nection with decrease in bath shape factor during moderniza-
tion of the furnace [15].

Desulfurization kinetics is defined by the sulfur flow Jg,
kg/s caused by metal-slag concentration difference A[S]
(kg/m?), mass transfer coefficient Bg (m/s) and metal-slag
interface F,, (m?)

JS = BSFmsA[ﬂ (14)

Equation (14) assumes definition of B in the steelmaking
bath from the criterion equation of mass transfer [4], taking
into account different process intensity in active spot area
above the purge unit and at the bath periphery [15]. Active
spot radius r, = ry + H, - tg(0) (Fig. 1, a) is determined by size
of purge unit r,, opening angle of two-phase region 0 [16], in-
ert gas flow rate and bath depth. The average flow rate of liquid
steel in the two-phase region and at the bath periphery is de-
scribed by empirical dependences [ 16, 17] on the inert gas flow
rate and bath geometry.

The area of the interface in the active spot is total surface
of inert gas bubbles in the slag layer, which is determined by
the gas content ratio of the two-phase region and average bub-
ble size. Bubbles carry metal droplets into the slag, on the sur-
face films of which the desulfurization reaction takes place, as
well as metal-slag interface. At the periphery of the bath, the
interface is area of the ring, concentric with the active spot
within the bath.

Estimation of desulfurization duration of liquid steel with
account its density, sulfur content in scrap and finished metal,
respectively [S], and [S],, (%) is, s

ts= (1S, - [51,)10M/Js. (15)

Melting time 1, of a piece of ferroalloy weighing m, (kg)
and surface F; (m?) in a steel bath is described by the Semikin-
Stark equation, s.

(mf/Sf)Cf 1,-T,
I o In -7, | (16)

m
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where C, T,,is heat capacity, J/(kg - K) and melting tempera-
ture of ferroalloy, K, respectively; o, is heat transfer coeffi-
cient in a liquid bath, W/(m?- K).

Coefficient a,, is fond from criterion equation of heat ex-
change in stirred steelmaking bath [4].

Averaging time of steel by chemical composition and tem-
perature is determined by the empirical dependence [17] on
the geometry of the bath (D,, H,, m) and inert gas consump-
tion Q,, (nm3/s), s

T = 25.4Q;2'33H;I(Db/2)2'33- (17)

Due to the simultaneous flow of desulfurization, alloying,
heating and averaging of the bath, the duration of technologi-
cal period 7, is determined by the longest operation. The esti-
mates of procedure time are given in Table 1 for working con-
ditions, mentioned below. The sulfur content in scrap, steel
and lime is 0.06, 0.025 and 0.08 %, respectively; slag specific
yield is 0.035; sulfur distribution coefficient between slag and
metal is Lg = 43 [16]. Steel is alloyed with ferromanganese
DMH75 based on receiving 2 % Mn from 0.3 % after melting;
assimilation rate of Mn is 0.8; lump size is 5 x 5 x 7 cm; den-
sity 7140 kg/m?; melting temperature 1530 K. Inert gas flow
rate is 5 nm?/h; average bubble diameter is 0.01 m; the purge
unit diameter is 0.2 m.

Thus, the duration of technological period is determined
by desulfurization time

Ty =Tg- (18)

Furnace downtime. Dynamics of changes in the enthalpy of
the EAF workspace, including lining, WE and loaded scrap,
during the downtime of the furnace (2) is described by the
equation, kWh/t

Ha:U‘(deerPlz+dP|3)dT'/6OJ/G’ (19)
0

where Py, Py, P;; are power loss of energy by the casing, the
surface of the lining on WE (not shielded with scrap) and for
scrap, respectively, kW (Fig. 1).

Parameter P, has a structure similar to (12). A special fea-
ture is the setting of a temporary function for o,,,=31.51n (200 —
—0.00111") — 120.8, W/(m?- K), in which the expression under
the logarithm is an empirical dependence 7,,, from t', derived
from data [9].

Scrap, heated by the radiation energy of the lining, trans-
fers part P, of the heat to WE, which is taken into account in
(19) through current scrap temperature. The expression for
residual enthalpy of scrap has a form, kWh/t

H, = ](da3 -dP,)dv/G. (20)
0

In the calculations of heat transfer inside the furnace, only
the radiation component was taken into account, and the con-

Table 1
Estimation of the duration of technological period procedures
Operation time, min
Technological operation EAF EAF
(calculation formula) base modernized
12-t 6-t 6-t 3-t
Bath heating (13) 18.2 10.1 214 11.8
Desulfurization (15) 54.2 34.7 32.8 20.2
Melting of ferroalloys (16) 13.1 6.1 5.9 2.7
Bath averaging (17) 12.3 3.5 9.3 2.6

vective component (estimation of its contribution is 2—5 %)
was neglected. Expressions for P,, P)3, P3, are similar in struc-
ture to the second term of (12). Radiation heat transfer param-
eters: mutual emissivity and mutual irradiance factor are taken
according to [ 18]. In calculating the average temperature of the
lining, its dynamic layer is considered with a thickness & =
= 0.12 m and slag on WE 0.05 m thick, whose temperature
quickly takes on water temperature 75,

Energy losses and refractory consumption. When assessing
energy losses in the EAF the components (5, 10—12), the costs
of heat accumulation (19) minus the enthalpy of pre-loaded
scrap (20), taking into account the time of its exertion in the
daily working cycle, are considered. It is assumed that energy
loss with cooling water (5) takes place in the technological (18)
and during half of the energy (8) period. The equation for spe-
cific energy losses has the form, kWh/t

|| (240,57, )+
Qs = (P,+P,)t+ P,

} M |+(H,—-H,). (1)
out

When evaluating refractory consumption, the same lining
durability in similar zones was taken for base and modernized
furnace. The lining mass in given conditions is determined by
the bath geometry (a cylindrical-spherical shape of the bath is
adopted with a ratio of elements in height of 1 to 1) and the
space for placing the charge above it, thickness of the lining
zones (bottom, walls, roof) corresponding to typical furnaces
of given charge, relative area of WE, density of refractory.

Numerical simulation results. The estimation of average arc
energy efficiency coefficient n; during energy period of the
heat (at s = s/2), taking into account the influence of a set of
parameters: m, B, S and pg, is shown in Figs. 2, a, b. Impact
of bath shape factor m and specific power S reflected by curves
1, 2 for the base (S=0.5 MVA/t, B,,=0, ps=1t/m?) 12 and 6-t
furnaces, respectively, and curve 3 for 6-t modernized unit
(S=1MVA/t, B, =0.6, ps=1t/m?). Effect of walls WE relative
area f3,,on n; for 3-t modernized furnace is presented by curves
4, 5, 6 corresponding to B,,= 0.4, 0.6 and 0.8 (Fig. 2, a).

Ratio of melting time in modernized and base furnaces Tj,
when varying f,, and pg, is shown in Fig. 2, ¢. Curves 7 and 8
refer respectively to 6 and 3-t modernized furnaces at pg= 1,
curve 9 — to 3-t unit at pg= 1.5 t/m?>.

The complex influence of energy and geometry factors on
the arc thermal efficiency seems ambiguous, as evidenced by
the extreme dependence 1, versus m (Fig. 2, a). The result is
determined by interrelation of the heat loss values: with cool-
ing water, for heat accumulation by lining and through the cas-
ing into environment.

Use of heavy scrap with pg > 1 t/m?® negatively affects on
the EAF energy efficiency (Fig. 2, ¢) through reduced oppor-
tunity of radiation shielding.

Fig. 3 shows the dependences between arc energy efficien-
cy 1, during technological period and parameters of the EAF:
S, m, B,. Curves 1,2 refer to the EAF with a base geometry of
12 and 6 t, curves 3, 4 — to modernized 6 and 3 t furnaces, re-
spectively. The values, varied in numerical modeling, corre-
spond to the conditions of Fig. 2.

During technological period, with a decrease in bath shape
factor, the energy efficiency of arc heating increases (Fig. 3, b)
due to reduction in heat loss by radiation and intensification of
heat and mass transfer processes in the “deep” bath (Table 1).
Magnification of B, under the conditions of open radiating
bath leads to decrease in efficiency of arc heating (Fig. 3, ¢).
Reduction of relative energy losses with increasing specific
power causes growth of n, (Fig. 2, b) and n, (Fig. 3, a), which
is an argument in favor of the proposed concept of EAF mod-
ernization.

The dynamics of changes in the temperature of lining, pre-
loaded scrap and energy losses for heat accumulation in the
workspace are presented in Fig. 4.
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Fig. 2. Arc energy efficiency n, during energy period of the heat versus bath shape factor m (a) and specific power input S (b). Relative
melting duration v, versus WE of walls relative area B,, (c). Designations are in the text
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Fig. 3. Arc energy efficiency , in technological period of the heat versus specific power input S (a), bath shape factor m (b) and WE of

walls relative area B,, (c). Designations are in the text

Curve 1 refers to the base 12-t furnace, curves 2, 3 — to
modernized 6 and 3-t EAF, respectively. Values of parameters
varied in numerical simulation S, m, 3,, correspond to the con-
ditions in Figs. 2, 3.

During downtime, the temperature of lining and scrap in
upgraded furnace decreases more dynamically (Figs. 4, a, b),
which is due to scale factor of M and growth of B,,. However, less
downtime allows saving more heat in the workspace and sig-
nificantly reducing energy losses for accumulation (Fig. 4, ¢).

Evaluated thermal and technology parameters for operat-
ing values of G in 6 and 12 base furnaces 30 and 60 t/day, tak-
ing into account (1,2,21) and t, = 20 min, are given in Table 2.

As a result of the EAF modernization, the energy losses,
according to calculation model, are reduced by 13—15 % or by
50—51 kWh/t and the relative operating time in the daily cycle
of the furnace increases from 0.65—0.74 to 0.82—0.87.

Relative savings of refractory due to modernization of
the EAF, taking into account the restrictions according to
conditions of loading the charge in one step, are shown in
Fig. 5.

Reduction of the furnaces charge by half and the bath
shape factor from 5 to 2.5, with using WE, provides a possibil-
ity of refractory savings by 28—30 %.

Conclusion. Based on numerical modeling of heat and
mass transfer processes, taking into account the change in the
energy efficiency of the arc during the melting process and the
workspace thermal state during downtime, the concept of in-
creasing the energy efficiency of foundry class EAF in the
conditions of existing infrastructure, has been substantiated.
It involves double growth of specific input power with corre-
sponding decrease in the charge at given productivity; reduc-
ing the bath shape factor from 5 up to 2.5 and, accordingly, its

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2021, N 3 85



‘. ts, H,
c C kWhi/t 1
A, PV i
\%‘ 120 '
450
2
1000 4
90
2
300 \
60
500 3
3
150
30
0 0 0
0 2 4 6 < hour 0 2 4 6 < hour 0 2 4 6 < hour

a

c

Fig. 4. Lining temperature t. (a), scrap temperature t; (b) and energy losses for heat accumulation H, (c) versus EAF downtime. Des-

ignations are in the text

Table 2
Evaluated EAF working parameters
Specific energy losses
Characteris- | Furnace | Relative daily -
ticof EAF | charge,t | operating time | wh/t Rela‘tlve

units

Base 12 0.74 338 1

6 0.65 395 1
Modernized 6 0.87 288 0.87
3 0.82 344 0.85
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Fig. 5. Refractory savings w,.for 12-t (curve 1) and 6-t (curve 2)
EAF versus bath shape factor m at WE of walls relative area
B,=0.6

radiating surface; optimal combination of water cooled and
refractory parts of walls and roof, applying of energy-saving
WE with a spatial structure.

For typical 12 and 6-t EAF, a decrease in energy loss for
heat accumulation in the workspace, intensification of heat
and mass transfer processes in a “deep” bath and local re-
placement of refractory lining with WE prevail over the growth
in energy loss by radiation during the technological period,
which leads to energy and refractory savings by 13—15 and
28—30 %, respectively.
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EneproedekTuBHi pimeHHs1 TyroBoi
CTAJIeIUIABUIbHOI Mevi JMBAPHOTO KJacy

C. M. Timowenxo', M. B. [youncoxuii®, E. M. Hemuyes'

I — JloHeubKuii HalliOHATbHUN TEXHIUHUI YHiBEpCUTET,
M. [TokpoBceK, YKpaiHa, e-mail: stimoshenko155@gmail.com
2 — HamionanpHa MeTanypriitHa akagemist Ykpainu, m. [IHi-
npo, YkpaiHa

Meta. OOrpyHTyBaHHs pillleHb, CIIPSIMOBAHUX Ha 3HU-
JKEHHS BTPAT TEIJIOTU, TOJIOBHUM YMHOM, (DYTEpOBKOIO IPU
BUMYILIEHUX MPOCTOSIX Meyvi i cTajernaaBUIbHOI BaHHOIO B
YMOBax TPaJMLIiMHO HU3bKOI MUTOMOI MOTYXXHOCTi TpaHC-
¢dopmaropa.

Metonuka. MaTeMaTuuHe MOJENIOBAHHSI TPOLECIB Te-
TJIOMAcOOOMiHY Ta YMCEbHUM eKCIIEPUMEHT.

Pesyabratu. Po3poGiieHa MaTreMaTuyHa MOJIEJb €HEPro-
TEXHOJIOTIYHMX TTPOLIECiB Y pOOOYOMY MPOCTOPi TyroBoi reyvi
IUISL aHaJli3y ¥ MiHiMi3alii eHeprocrnoxuBaHHs B 1000BOMY
BUPOOHUYOMY LIMKJTi. YpaXoBYIOThCSI TEOMETPUYUHI i1 peXXruM-
Hi TapaMeTpH, 30KpeMa: eHeproe(eKTUBHICTb IyTU IPH €BO-
JIIOLIT KOJOAS3IB Mij eJeKTpoJaMu Yy TpoLeci IUIaBJIeHHS

LIMXTU; UMPKYJISILisS po3IuiaBy mpu 6apOoTaxi BAHHU iHEpT-
HUM Ta30M, 1110 BBOAWTHCS Yepe3 HOHHY MOPUCTY MPOOKY;
BTpaTH €Heprii Ha aKyMyJIs1ilo TeTUIOTH (hyTEPOBKOIO, 3 0XO-
JIOIXKYBAJILHOIO BOZIOIO Ta 3 MIJIOTa30BUM CEPEIOBUIIIEM.

HaykoBa HoBu3HA. Yrmepille OOrpyHTOBaHa KOHLUEIILLisl
MIBUILIEHHS eHeproe(eKTUBHOCTI AYroBOi Mevi, 3aCHOBaHA
Ha HACTYITHOMY KOMILJIEKCI pillleHb: 30iUIbIIEHHS TTUTOMOI
BBECHOI MOTYKHOCTI 32 PaXyHOK 3HWXKEHHSI CaJIKU TP Aa-
Hill TPOAYKTUBHOCTI; 3MeHIIEeHHSs KoedillieHTa (hopMu BaH-
HM (BiZTHOIIIEHHS AiaMeTpa 10 TIMOMHM) 3 TPAAMIIIAHOTO 5 10
2,51, BiIMoOBiIHO, i TOBEPXHi, 1110 BUTIPOMIHIOE, LIIJISIXOM T10-
MIMOJIEHHS; ONTUMI3allisl BITHOCHOI TUIOLL OXOJIOIXKYBaHOI
MOBEPXHi CTiH i 3BOAY, 16 HE BUKOPUCTOBYETHCS MacHBHA
TeruioeMHa (yTepoOBKa; 3aCTOCYBaHHSI €Hepro30epiraioumx
BOJOOXOJIOMKYBAHUX €JIEMEHTIB i3 MPOCTOPOBOIO CTPYKTY-
PO10, IO CIPUSIE YTBOPEHHIO TETIOI30II0I0Y0T0 1 TETUI0aKy-
MYJTIOIOYOT0 rapHicaxy.

IIpakTyna 3nauumicThb. Peasnizallisi KOMIUIEKCY eHeproe-
(bexTUBHMX pillleHb B yMOBax 6 i1 12-T TUIIOBUX €JEKTPOIY-
TOBUX IT€Yeil TMBapHOTO KJ1acy 3abe3rneuye 3HIKEHHS BUTpa-
THU eJIEKTPOEHEepril Ta CIOXXUBAHHS BOrHETpUBIiB HA 13—15 i
28—30 % BinmnoBinHO, 6e3 iCTOTHOI 3MiHU iH(DpACTPYKTypH
BUPOOHMUIITBA 32 PAXyHOK CKOPOYEHHS BTpaT €Heprii, rojo-
BHUM YMHOM, Ha aKyMYJISIiI0 TeToTu ¢hyTepoBKOIO, Ta iH-
TeHcudiKalii MpoLEeciB TEMIOMaco0OMiHY Y IPUMYCOBO I1e-
pemilyemiit «ranboKii» BaHHI.

KiiouoBi ciioBa: esexmpodyeosa niu, enepeoegpekmusHicmo,
«enuboka» 6aHHa, MenaomMaconepeHoc, 60000X01004Cy8ani eae-
MeHmu
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