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Numerical Analysis on Plasma Characteristics of a DC Electric Arc Furnace

J. H. Lee, B. Y. Han, S. M. Kwak, Y. W. Lee and C. W. Kim

In order to analyze the heat transfer phenomena in the plasma flames, a mathematical model
describing heat and fluid flow in an electric arc has been developed and used to predict heat
transfer from the arc to the steel bath in a DC Electric Arc Furnace. The arc model takes the
separate contributions to the heat transfer from each involved mechanism into account, i.e. radiation,
convection and energy transported by electrons. The finite volume method and a SIMPLE algorithm
are used for solving the govermning MHD equations, i.e., conservation equations of mass, momentum,
and energy together with the equations describing a k-€ model for turbulence. The model predicts
heat transfer for different currents and arc lengths. Finally these calculation results can be used as
a useful insight into plasma phenomena of the industrial-scale electric arc furnace. From these
results, it can be concluded that higher arc current and longer arc length give high heat transfer.
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Fig.1 Calculation domain in a DC arc furnace
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Fig. 4 Temperature contours in the arc Arc
current is 36KA and arc length 25cm
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Fig. 5 Azimuthal magnetic field contours in the

arc region. Arc current is 36KA and arc
length 25cm

Fig. 39 45 £ w59 223 A% 2348 v
Bt AYess $3%, AUSEE SIEW
A 006ImAlN 27 AW, AREEE 2737m/s
o)1, HYLXxE+E 31,860Ko|tl. Fig 58 AEEEE
JERE, 4108 AN Asolth 3% FelA
Ao 038TE 2+ R & + A

33 oladol ¥ HMFAMZI0 g SN
3.3.1 o}z Qo] Wzlof O EHep=vl 54

Fig. 6 (@)= olAdA(@)NA ofZ WAL z
of W ste] Frbslm, oba Ho|7t EEFTE
o] AYZste ZAErh Anode EHY AFT
AF2EY, E€ EF 9T d/45S dodln o
Zo|7t 24 % Bath 90 ABHE 059 &
< FHIHAY. Fig. 6 (b)E BA ozt
SFE Y2t ok oJAL HAALE, ETEY
of 23 df&o Hddsed AFHUET Fig. 6 (a)
oo} Zm, £ Bath FHAA WF dHR&L
a0l vrF RS EA RS oA UdAE of

M
o 2 K
Mo i A

28

ot #LSE, chawy WweAE okaelst
A4 E bath RO 2 HEYo] AH. Fig. 6 ()4
£945L bath EWLE TA} Fabe) 2 o=
Qo] WE FA%Ee WHE UF AREF 2ab
9820 Aol Fig. 6 oIA bath FBOZ
AeHE ¥4 9442 vehat AFANL 24
g9 & A9 okadolst d A% FA dHsol
e Ae & & At

Anode curent{Aim?)
6.0E+06

-+ 36KA15cm
- 36KAZS¢cm
-o- 36KA30cm

5.0E+06

40E406 W
30E+06
2,0E+06

1.0EX06

0 0.1 0.2 0.3 0.4
Radius{m)

0.0E+00

(a) Anode current density

Radid temperature(K)
10000 —+-36KA15cm
-5 36KA20cm
-~ J6KA25cm
->- 36KA30cm

] 0.1 0.2 0.3 0.4
Radius(m)

(b) Radial Temperature

Heat flux to Steel bath(W/m2)
256408

-+ 36KA1Sem
-a- 36KA20cm
-+ 36KA25cm
-o- 36KA30cm

2.0E+08

1.0E+08

5.0E+07

0.0E+00
0 0.1 0.2 0.3 0.4 05
Radius {m)

(c) Heat transfer from the arc to the bath
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(d) Cumulative heat transfer

Fig. 6 Characteristics accompanied by the change
due to the arc length
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