TG AHAg Y =T

A7) ojazdAe dAD 54
a4 5294

20043 29
A sk

71 A F R



ok
N
o

0

<

12 €

2003 9

Nl




I
N

Abstract

Nomenclature

1. A&

2. A7lolaz ndd

2-1 748 e 4
22AF 4 L 4R 5
2-3 Al WA o 6
2-3-1 AAE AP e 11
2-3-2 =5 e84 - 12
2-3-3 FFH daAY 13
2-4 A=A L d8¥A o 14
2-5 ®F{ ol By e 17
3. 7AHA 7
3-1 #A xde HF e e 21
3-2 AN A} B B oo 23
3-2-1 of= o] Yo vt 54 - 25
3-2-2 AFAY] Aol M FY - 29
3-2-37 = A AfE ¥ e 32
3-2-4 A% @ FH)ol wpE B s 34
4. @ ¥ e e 45



Numerical Analygis on Plasma Characteristics of
a Electric Arc Furnace

Byoung-Yoon Han

Department of Mechanical Engineering, Graduate School
Pukyong National Universily

Abstract

As changing different current density and arc lengths which are the control variable of Electric
Arc Furnace, first we examined the heat flux from the arc to the anode and the shear stress at the
anode and analyzed the best efficiency model which is higher cumulative heat flux for any others.
Second we compared DC arc with AC. Fmally as a results, we will bring forth useful data which
are the design of the Electric Arc Furnace.

So as to solve this problem, we have used the magnetic-hydro dynamics equation in order to
couple the electrical fluid with the fluid flow, Maxwell's equation, and the MHD approximation.
Basically, the fluid flow of arc is twrbulent so we have used the two-equation model k-epsilon
turbulent model which is the most widely used and validated turbulence model. For the behavior of
near wall flow, we employed the standard wall function and for the convective termn, we used the
up-wind scheme and for the pressure-velocity linkage, we used the PISO {Pressure Implicit with

Splitting of Operators) algorithm.
So, we solved and predicted heat transfer and shear stress which are needed to apply to initial

conditions for inmer bath thermo-flud flow for different model predicted the cumulative heat flux
into the steel bath.
Finally, the model predictions show the cumulative heat flux is higher as the arc length is

increased and the current is increased
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Nomenclature

Magnetic flux density

Dissipation constant for K — e turbulence model
Average specific heat of plasma

Constant of K— € model

Constant of K— € model

Electron charge
Arc current

Radial current density in plasma

Axial current density in plasma

Boltzmann constant

Turbulent kinetic energy

Pressure in plasma

Conductting radius arc

Cathode spot radius

Radiation loss per unit volume from plasma

Velocity vector

Thermal conductivity

Effective thermal conductivity

Effective viscosity
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Fig. 1.1 Electric Arc Furnace
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A AA A7) e BHeE, AV FE AN FHFI Hag
wRAoeRy frHe A, A fE WAL 5T A%
Alolo] AFL AFFr dviHoz AFIUEE Hgd FHAT
SR dad Yo zRE, Ay = WAL FEHA 2
4 qlrl. ¥ W electric potential WA AL E3, FYH-E o]&3
of AF WEE TI= W
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A7} ofaE9 oA Steel Bath29 4AE S FAHo2

A8 AsM o 2L SHAES ALEET.

1) Fg2vtes AZAEALE HE 7|2 HASYR, 8209
AEAAE 259 o)),

(2) Eg=nle o ¢ AE $x5 58 THeE HAgEE 9=
ute] B o] WaFo oER}A Fevie FUA MR 2xd
44 dHE Aol

(3) Eet=vl YA ARG o] 2o g FE 9 Fek=Evl
EE Y5 Aoy €3 I E o]F = FFEHI(Local
Thermodynamic Equilibrium, LTE) A ejeo] Fo gt}

(4) Bath W ¥FoA] olAAES FEA A3 AFHEHY W
3= FA g

Fig. 2.1 Schemalic diagram of the DC electric arc furnace model
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7|4 hyE 48¥, o= AZAEEE JeErdY, fux] nE
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0z

T Or
0 (10K, 1 0 ( pig K, o
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A7M WE &5 olud Ke WFEEd d@ ZEE e,
- R 2B 248 £o] B
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O (Habe) 1 0 ( Hegle), € -
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A71A e dF &FAYA 24E&E vediy, G 3FEAA

Fo AY29e Fo= e gol Fojurh

G= w2 (22) +( Q) +( )]+ (224 2u)) (2.38)
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2(235~2.38)9 dfF HAAs, ¢F 2F544YA 2 37 &Fd
R g0l 29 C, o o, G, G GF Aoy o] A5 g
AR dF% L Ad dF 59 7z 4 dojHd A% FHH
AE @& AHE3HAT

Table 2.1 Constants used in the turbulence equations

&

p o oy G Gy

0.09 1.0 1.3 1.44 1.87
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Fig. 2.19] ¢}A7]% W7 RA Fig. 2244 A-B73 A3 3e
&34 WA (cathode spot radius) Ry & &3 & AHYEL A}
8ol AASFAGP. 47N Ie A7td AFFo|n L& FH
Mol B AFUE(Y 44 kA/em®)o]r}.

R.= \[—75 (23.9)
R= Rc(l + \/?) (2.3.10)

Fug ARAE LE ojad wRwdoz TEH FuE e
i RS, L=ar’+br+co] U2 XYY 5 Yo Do 4
omRH Aol st

I= /0R21rrJ3dr (231D

r=RYu J,= 00]3 r=400]4 g{z =0Ql FZANA Jy=a(r’—R?)
ol H=d ol& 4 (231D digsid HFHoz g Fo] 24
|

1
J= i (R=2) gu r<p
=0 Adu] r> R (2.3.12)
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drAue AU J& MHD TAMAEC ve J=09 A0y

B A (2313)3 Zo] AAHY AN A|HEdE 4 (23149
By W2 WA VX H=vX(B/p)=JoA BT=BZ=0J 35

1O (By=Ipnezny §E & UG A7 pE AL

(magnetic permeability)2 Ed9 #7138 HAL Uehl: %L 2
o},

],-=—£[ Rra - :5]\/‘];-0 du] r<R

=0 9e] r> R (2.3.13)

5= 4|5 5

T 2R? 4 r<R

w1l
= ur Adu] r> R (2.3.14)

2-3-2 S35 A4

Fig. 229 &35 A~CHF7] E2ulg o377 A 2
83 dodxE FFFo)of s £ =FdAE r<Re 9 99
ol 2] Mckeliget?t Szekely®7} A X3 Y4IL HIAL AL
s ac.

5 k(T,— T

e (2315

AANH T,= 3% Wl LEE YT T,5 £3¢) Hwle
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etz AAA otaze F=(Bath £9H) ZAHAE dF ¢
A}, Thompson effect Z1&l3l AA7} bathiH2 A4 2 we &
A Fol 2 doix 4 WAYFeE Ao,

o714 thH 2 Thompson effect, Axe] Awo] e I&4
234 9e AUt BA=E FLUNET software ol W75 o] ¢l
= BxArdF FEFHEYA DOM(Discrete Ordinate Method) ®
9& 835, Bath £ A2 HALE L 082 SHATH”.

e

0 - _Q._s_li(__&_&)“"‘(_p_zgﬂ_wﬂ)“'ﬁcp( T,— T,)

cont kw Okl ¥ (2.3.16)
5/ :

€ Thompson = “—Z—éi ko C To— T anode) (2.3.17)

RQua=Ja(Vatay) (2.3.18)

2 (23.16)°14 HFA wi bath A& el b F55 dF
& YEAY bathe] GEAAY Yx(e), EAEREF,), A=)
= 2+2} T800kg/m®, 0.72W/m—K, 7.8% 10%kg/m — s A5zkS 2 &3}
Ak 2 231D Je FFAY AFEEely T,& 4355
F EX, T, bath RHL Lot} dx AEd g &4 Q49
M Vs, a0 77 4vd @&g ZAetia RS TH
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AL AE3HT. 5530 A~B ZFAYYE 25E 4000K2 #A5
3 EFRAEAAN W R 71 AF-Y celldl EA4FEY A
(2.3.15& AE34th

5% B~C% C~DolA AAYE &=+ 180K E {AA .
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=& 180Ke® fAH 2 F5F(bath ER)NA SHI()e = 7+
VA celldl G248 2(2316~18)% HE3Ht G~ATFLLE
HAF22 Neumann =3& AMG3Irh el Egt=vle] 243
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50 ~ 100000Kel €% W9 WA ogHoz ANY Hd, HE,
dAct 9 Ar|dxx g9 Fitting Equationl A Al+E +A 38k
AMEE AT g 250 wE 7)o WExRsE ot HEHew
FE Aabstbg o

Fig. 22014 AAW A~Ge 7AW HLH= AL Table 2.3
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200403 -
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tempexature(K)
(¢) Electric conductivity
Fig 2. 3 Plasma properties”
Table 2.2 Boundary conditions
Boundary v w h
T=4000K
A-B Om/s 0m/s
Q=eq(2.4.15)
B-C Om/s Om/s T=1800K
C-D Om/s Om/s T=1800K
oh
D-E P=latm 5 =0
oh
E-F P=latm T =0
T=1800K
F-G Om/
Om/s ° Q=eq(2.4.16~18)
ow oh
G-A 0m/s 5; =0 5, = 0

- 16 -




2-5 A F ot Rdd

2 Ags, 9iAQ 25 AR 43E HAY, 579 o
A BAY JHE 72 NS FPsAT. 4 odF L dAF
2 U ANE FRAx, 1/4 F714 A A3 1/240 Fo)H,
time step& 4.62%e-5 22 3ol ¥ FAANY] AAEE 913
A}, CFL(Courant Friedrichs Lewy) conditions & W& EE A&
3ot

(1) Q5444

o 1ow) oy
6t+r or * oz =0 (25.1)

2) #5% LAY

- FPE £5F P

2
opw) , ey )+gaw>:_g§+2g(#ﬁ@)+lg W(m@) B,
ot oz r or lord Fors oz) ror o oz

(25.2)

- PAOEE FEF Y

Hev) Hpvw) 18(w?)y P 0 (aw 6v} 26[ 6w) 2v
- S I PoLACLE | AR PO A
a a r o o a|f\ TH | e\ T

(25.3)
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@ r & &k &) ral k o, p 2elc,or c, o

a(pvhuawm:_fz(ﬂw 6@;&{ fog Qf'_)i__-’ _ik_a[ir_.aﬁﬂ_z@]
k & k or

(254

4) d5F BE GG

- 35 % AuA Ko #5444

6(;ﬂc)+6(pvk)+_l_8(awk):f_ Moy Ok +li Uy Ok +G- pe
ot Oz ro o &zlo, dz) ror

- WR $£F UA 2ae e9) B4

ope) O(pve) 10 OlHypOe) 10 Hyle) ¢
——(\prwe)=— — [+ —— — i+ —AC,G-C
o * o4 +ré?r ?) &\ o, 0z) ror rog or k( : %)

(25.6)
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A7 AF I+ 2F 49, okl 4 257 R C589)AH B

Lic=V2x I, (25.7)
Lic = /2Ipsin(wt+ @) = /21 csin (2nft+ ¢) (25.8)

AN, Ipe v AEIAFEFED AFAZDY, f& aFFHASF
(60Hz)E Hehle, = Aol ¢ S1d& vedn. a8z o
ghalolE AR 54 R 5 W3 O&7 o] A3 e
Aag) aees HEUE D old FIHHE ALSUE BE AF
7} Eolztel wpeh AZte] i@ v} At

- &334 w7

I
R.=| 5 (25.9)

-z %Y N r $Y AF UE

ol
L= (R =) (2.5.10)

J,= —!ﬁ—g["ﬁrj‘“fg]@ (25.11)

-0 % AEEUE

12 ¥ P
B:?: ;C[ RZ - 2R4 (2.5.12)
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Fig. 3.1 Temperatures of plasma arc in an axial direction

0ion - -

oo Coleufated
- pxperiment

k)

& L

£

2

5

3

X We

i
ot '*
» i
;s
T B T PP T S T PP SO T I T PSR TOr TP THE Ty vy i

oo 80 662 06 0D B0 0O
iy

Fig. 3.2 Axial velocity of plasma arc in an axial direction
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Fopzvie] Aolsal AFAZIY of:old wul A= B
Aane 59 Suo 84 nm, bath #welAel Hpts e
df&el s defalr] 99 FANNE FhetAn,
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Table 3.1 Maximum Temperature and Velocity

3 K sy (K} (m/s} |
15em32kA L 33895 3093 15emd0kA | 34218 | 3345
20cm32kA | 33896 3093 | 20cmd0kA | 34219 | 3346

%em3ZkA | 33807 | 3093 ZemdOkA | 34219 | 3346
em3ZA . 338 303 omdOkA | 3209 | 336
15em3BkA | 34076 3222 1SemddkA | 34274 | 3429

i i |
+ 4

em3BA 077 | 322 | NemddkA 3474 M

Bem3GkA | 34077 | 3222 | 25emdkA | 34274 | 3429
J0em36kA | 34078 | 3222 | 30cmAdkA | 34274 | A8
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(2) DC oba=elA ola o] wsle] me Fe=zv stge opz
Aol7} A5 % steel bath EHEE U9 ¥4 IPo] H2e &
SE ]

(3) DC ofAZolA FHAM7|e] Hate] ntE Fet=zvl st AHF
A717F 2% steel bath FF22 FYHE ¥4 dgo] B8 &

S LS

(4 AC ofazojA o] =AY 4% JAFYE o FAxHY A+
s 223 Aol g B2 A7 dasio)
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R oA EsA 2 fdd A g AP, aEln gy
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