vgriAgsl =& B, A 293 A 11 5, pp. 1257~1264, 2005 1257

~An I‘nver‘s'e Analysis on the Estimation of Two-dimensional
Overall Heat Absorptance on the Slab in the Reheating Furnace

Deok-Hohg Kang, Dong-Seong Kwag and Woo-Seung Kim
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Abstract

_An inverse problem to determine two-dimensional total heat exchange factor is studied for the prediction
of the slab temperature in the reheating furnace. Temperature measurements by the experiment are used in the
inverse analysis. This inverse analysis employs the conjugate gradient method. The overall heat absorptances
for 12-zones of the cross-section of the slab are estimated. The estimated temperatures at measurement
locations are in good agreements with the measured temperatures.

7 ey B @A 27)
2= =z 7
€ T aasAl
ey B g (I/kgK) ¥ T AA S
. d Fans . 3
.Y P P W (kg/m’)
H 27 57 (mm) o N R
Tk FHEE (WmK) u 425 (T)
. m = oS
L 27 £ (m) & ) 2PAT=Y
M %‘7" ;{Uq o _/;: CcG . S = &
Py ZREETEAST 44 & X
T : A2AREE (T) b 2 A EE
Te 2 (0) c 2 ERG FU4R
T, : Z7] 2AXE (T) f A Mgn
Lo EAERLEE (0) m aA B 0%
R A2 6) N &) FBAESFE T GRS
g -5’4_—7&’\12} (s) , AA mgE
Xy AR t A4
x,,,,y,-,,\ i A4 95
gl A2} 1. M B

R . : 7}E Z(reheating furnace)=  VFFAHAA L
T AYAR, # Y RIST YA Q74 )\]H}Ei (: eao:g;} Ma]lce)xqasy_r;;;;i
E;mail : kangdh@rist.re.kr aA(slab)E st SR FAT A
TEL': (054)279:6548 * FAX : (054)279-6688 7tEsiFe @EHE, 248 1LoF JHd
* 39 e AT BE CuAE AMEsy] WEel HAR AdE

0




1258 A=
T AHE AUA Ho] b Fasith WY,
7FEFZAA Axd O HFFE  tEL
ddFELE 5% HF AT FHL Z2HSA
Yo, B3 429 GEF 4% A4 2 FA
1353 FAo ot FEA &AY BR ELE
2 Fg=d 5§ BEA 3 gAAAw
e ARl o BL A% wFEo ¥
Egdolnz AYG JER9 diAo 7lEY
grt Agst AAolg.

71429 diAloles 249 FE F
dE=E #FRsy] Yl AAz 7
AMEEE Astn, ZF Aoltid HAG 971
2 AAE BT dAv|9 d28F lo}at=
Holt}, ojgd dAxAYy |EE JIER9
ZZPd wE A LEEIXE HARe=
BE3] AdFste Aotk AT FERZUolA
2A9 Jlgolgg AdzE FYs= R Hl¢
ot I olfrE 7IEE U9 Aakde Hig
38 ¥ 329 da wrtE fFe s
g Elet dAd9 @42 Holy] wiEd A

Al A4tel o¥m, 71E=A
Fol &A T AR A5 2ALTY JdFE
agsior &t7] wEo|ch o] wEol, diA
2A2E dFd dF FHFH HERGH
AAEte] Hgstq 93 Qirh

O F gukd o g i gl AMREHI e &
Q(on-line) FAA Y 7|PL AA 7HE2
A AetHos fdse B3 AEddE 1
3t 229 F S (overall heat absorptance)2] 7
ojgste] RHEE FAIFFEYPIGM® o
43 7ge AAle 4R € sEHoR
223 FAYEGe] 2T EYE A5
dojt}, HIT Atrle) £FF5UY dE]
g tdAE Hsted &A] FA W
o] ote} Tyge] FAx HRIF QTHI
Aot}

mepr] 2 AFdME A FA 2 FUa
ol EHAIEFE AFE H3l|M(inverse analysisyS
olg3le FAEL, FZEFTEUS oEd FA
2 Zugre] ojatl 2ARE dFEgo] A
7td2e] daAolg 2ERirdR A $
AEAd dig eSS dotatzt gt

ST
12 ro
et
£ 2

» =

ﬂJlO o

in

flo oo

2 Ty
fF e okt o v ooy b P

2

o o e

ST

)

2. HY=H

21 Itz

dze Ada W AFFAH g8 BER

:oj_f‘z

%54 - Y9
£ 328 19n A4S Plse & B
A9 ¢AFAY Gl BF ¥ WEES
Zo 249 AYHE oFEd 1 %

2
o
30
o

HERE FYZo2REH ol Y Aod=E
Hoy o &, o€ l(preheating zone), Al 1 7St}
(1% heating zone), A 2 7}E (2™ heating zone), 12
1 FZEl(soaking zone)Z T4 HTl

Fig. 1 o AA 7tE 779 4ozt 4im Q) 7+
29 AFHA 728 YA Fig. 1 o 4%
age 4 tdee F4e Ui AolH, %
a9e 4 Az 247 34 HA9e W 24
7 7ZFEE ol F 1A ol A gle A
& Uil agolth. Lz delA AAE olF
A A t(moving beam)ell <3} AZstA Hw LA
A ZHES B A (fixed beam)o] 3 AR &
ATt GA] ol FA Aol ofF HEE ABL
BEEA 2h? 2 Qe YR 27 = mo)xX
(skid pipe)”t R Y257t E2A Hof o] W
o] H3le FE(skid )9 &4 =& 424 W9
la WAalo)9] BB (non-skid ol vl Adjd o
2 2&7} g} ' ‘ o

O:

Charging Preheating Heating zone " Soaking
zone | zone | zone
Bumner , . .
Ll s dh N
[ Skb [ -

Charging —»

(a) Schematic diagram for the reheating furnace

. |
[ — Cha!giﬁrectionl . _ I?
& &g &

R " Fixed
Moving
beam beam

(b) Cross-sectional view of a slab and support beams:.

Fig. 1 Schematic diagram for the reheating ‘fumicq and
the configurations of a slab and support beams



ez W 249 2%

Non-skid part

Skid part

rjlg
off
NE

Front Mid-front Center Mid-rear
/_H )ﬁ Y Y \
-~
L] L] L] L ] L
b
._2 ° \H °
8
2
=gy
L] L] L ] L J o
[y X y X X )
Front Mid-front Center Mid-rear Rear
(bottom) (bottom) (bottom) (bottorn) (bottom)
Li Lz | L; Le | Ls__.l

Fig. 2 The cross-section of a slab and the overall heat
absorptance sections (* : thermocouple)

22 2%y BlHY ¥ A

2 dFAE 2 AU FBATFE F4L 9
8 249l R §Y 2 A4 MAL A o
& sl B o8 AT ANUIE Fie.
2 01] e AT Fig. 2 of YEHY e aAle]
e vhgat

"ol i@ 2 A9 WA A %
2t

a( 6TJ a( ar) ar

ax\ ox ) oyl oy ? bt

in 1>0,0<x<L,0<y<H (1)

Aol 229 T disto

o2 wWyel F 12 Jfe FEE

FFEE FAsA 9o 23 7 39 gig

AAzRC) A H¥ e Bo) EEY 5

Ak,

—kz—:=¢cc,/sa(T,.'5,f—T£ﬁ) at x=0
or
k—éx_:(DCG,rso-

ar '
"k'é;z‘DCG,jbo'(T:,b_T;,/b) at y=0,0<x</,

oX
A

i
dlo

Fig. 2 A & %
12 79 F9

(2a)
(r2,-18,) at x=1L (2b)

(29

ar
—kgy—_q%c,mﬂ,a(rm-rs,,,ﬂ,) at y=0,L <x<L+L,
(2d)
or
-k 5; =Qcs00 (Tl?,b - T;,cb)

at y=0,L+L,<x<L+L,+L, (2€)

or
- kg = DG, mrC (TF b T;,mrb)

at y=0,L +L,+Ly<x<L +2L,+L; (2f)

AEFE 270 B 494 1259
T
_kgy—_q)CG,rbo-(TFb TSrb)
at y=0,L +2L,+L;<x<L 2g)
k%mmﬂa(rg,,_rs{ﬂ) at y=H,0<x<L, (2h)
or
k§=¢’ccmﬂ (TFt TSmﬁ)
3 at y=H, L <x<L +L, 2y
g, oT
hk—=®p,0 (T;J_Tgct)
%
at y=H,L+L,<x<L+L,+L, 2
oT
k—= q)CG,mrtO- (TI?,I _T;,mrl)
o
at y=H,Li+Ly+Ly<x<Li+2L,+L; (2k)

k%f‘ = q)CG,rto- (T;,t _T;,rl)

at y=H,L+2L,+Ly<x<L (2
a8 2712AL g2 g

T=T, at 1=0 )
W 3o sldzygg iiﬂ
Axruj7lx So=2RE AA29 o‘gﬁ%
Yepdich uheps 2
O, T 2 T=FE BA
AdALol o] zpo)S &728}5— =2 247
oujgic}. o]9} Fo] F2HIZFEL ALE
olfrE JtEzY AEERS :
AL Wy itz
il Pa R
E2oltt. 2l (1) #3414 Y (Finite
Method)& ©

4 @4 %
o
y

é
_\:
fuj
=3
o
g
024
it

¥ Sy

i
-

O ool o X b o s

2
Ay
ol
of
i
e
ol
4
itfo
tlo
4
o
F“
P

Volume

(functiona) & A 3

+ e,
M
STRu1= [ D (TGP~ Ot N =

A @AM =

U= 24
P, & &A

= AZNT, M2
B AA x,,y, AN =
paAe 12 A BREES



1260 7BelE .

4, 283 T(x,,;Py) & 44 944 x,,y,
A9 P, & H&std AdEd 2EE JEH
Add % T(x,,y,.5Py) © 7388 TZEF
FAT Py & olgstd AHTAE Fo ¢ F
ol '
P

2 2 FolAE EFRFFY Ful(gradient)=

FEEgTAs 88 Py o 4 AEo distd
TFaAA Hey # AtdAMe 12 Aol F2E
Fr&e A FAs: ok By o W@
&

2APso) Fole Ge3 2
VSy[Py]

=-2 vs H)-T +P E’I_d,
- Log[ym()— (s Vst ”)]aPN

(6)
_ZJ‘ Z[Ium(t) T(Xps Vot PN)]aP

N.j
._1’...,12, j=1---,K
1714 FEF2
Aot
2 ()X oT/oPy & VZEAST 3 Y(sensiti-
vity coefficient matrix)e] ™ th&3 Zo] Yepd &
9l ct. :

K & 7tgze 4%%

o, o on ]
oF, OR, OP,
o7, .
ar |[=—== . :
— =| OP, 7
oP, H N : Q)]
M .. .. 9y
_aPI,l 3P,,K_
nEAs Pho T H4Ee oy e
Ag E3lo dojd 4 Ut
oT,
__'E ]1’(P ,P7’...’P +£P Lo P )
a})l,j { 12412 1,7 LK (8)
_TI(PIJaPI,z,"',PI,K)}/ZEPI’j
A @)lM &2 0001 2 AT F A (8)]

dy = VS, (By)+ypdy' N=1,--]12 (10)

A (10014 e
coefficient) 2 o}&-3 2T}

z[vs (PN")]
A )

Shsue]

Z 9 A} 5 (conjugate

& Uk k+1 WA
oS3 g}

stes1= {7 Z[T(x,,,,ym,t,Pz*‘) P (0] dt
N—l, 12 (12)

A (12
o9& 2o

stei= [ Z[T(xm,ym,tPﬁ) ptct

- ﬁlZCfZ

Taylor S5 #s4stq Aestd

(13)
—ﬂé‘C’;—---— HCh - (O] dt
871 A,
oT
ct =d*
N N aP]];

(14)

4 (13 Azseb) Aok fh (N =1,12)9)
Wstel zbzh vlRech WA ol s Rl
ud gew 2o



AR W A 2atd FEd

ggthﬁ”L¥L;éééchwxxm»%,an)
- piCy - iC5 -

- BiCH = BECY — 1, (0)dL =0
e gy el de AR AL
gtk olg WP dehiw g3t 2o

15)

A1,12 ﬁlk Bl
1 ST (16)
Bl

A2,l A12,12

o 7] A,

Age] g 2 dolEE AA 742 ol
ANE HFF LAE FYske] ARkl whet
2EE 7|E3%H. MEEU AAY 2EEX
2H4L 3£ E97](1000~1350°C)cll A FAZE
2A7F AFstder  Fr]  wWEd  dAWE
AT Axn ddd g ZA dZdso
7HE2 grolA EZE 8 =& FAse
e dAde d4d 52 xdE + Jn
Agd w$ BHsg. gz 2 ATy
Agode  dAY  dol" ASA 2% (heat

resistive data logger system, Datapaq 11)& A}-& 5}
AA WRLEE FAST. HE AFALRY
Ax e @ SAYAE Fig. 39 el ot
B AR =79 7w =7} 105 °C oS
z23atA] gotok 7] WEe FFr7 wWETI}
Ve 34 & 9EAZ & b5 d4s T
& 25L A= AY ¥t oI F il
< A t(Mineral insulated, Type K, 3.0mm diameter)$}
Q2" LE /9B AYAL F 2A99
AsiA stezdel FYATE B3 92

A 1261

58 F40l @ o

L2 & AA ot} /\;}](011]—71-5 40 kg/urg
odukzt 230 mn x 1270 mm x 8540 mm, 19,510Kg)E
7td 2o Fhstr] Aol ASA RS FFAIR
2A7F FEHEWE 2E¥E ZAn e
ANANEE FYAD F SE2FA Ho] 279
Lxolds AUk oW AFVY e
£3Colyoln, EAF7]& 30 ot}

Ceramic woo!

‘Water jacket
(Cooling water}

Thermocouple

Measuring point

Fig. 3 Schematic diagram of the heat resistive data -
logger system

"™ Data logger

A N Fixed Beam
Data memory Moving Beam
capsule

Table 1 Estimated total heat exchange factors at skid part

o s =0
zog | 4% = e E
1 0.3279 1.1326 1.8642 1.2778
2 1.3280 1.0313 1.4965 1.0825
3 0.6145 0.4938 0.7126 0.6145
4 0.4634 0.5302 0.4504 0.4059
5 1.0513 1.5562 0.3115 0.5845
6 0.2000 1.9409 0.5467 0.7160
7 0.2000 0.2000 0.6809 0.9796
8 0.2000 0.4801 0.8440 0.0875
9 0.3533 0.5585 0.6502 0.2095
10 0.3121 0.5467 0.6531 0.1791
11 0.4894 0.5205 0.4765 0.5977

Table 2 Estimated total heat exchange factors at non-skid

part
2o zag =0
E3E 4= ot e 0l&t
1 0.5254 1.0594 1.7503 0.9936
2 © 14883 2.0000 0.2986 0.2456
3 0.4787 0.6468 0.7839 0.4379
4 0.4667 0.4568 0.9164 0.1404
5 1.2878 1.8930 1.1247 0.5979
6 0.4158 0.2000 0.4060 1.3876
7 0.2000 0.2000 0.3803 1.8769
8 0.3757 0.2000 0.8168 1.9433
9 0.4618 0.3956 0.0873 1.9140
10 0.4293 0.3424 0.7948 2.0000
11 0.4873 0.4797 0.4323 1.4757




1262 AR R

5. Z2n & 1%
2 gTE sldsel FBREFE TUL
12 reld Z Faet 12 Y FB
B5Ee TS 1 /09 T FAReRE)

A2l mm)Z FHsHA thg3) Zo] T H3irh
0/7400 / 14000 / 16000 / 21000 / 24000 / 28000/
30700 / 32000 / 34200 / 36200 / 41000

ZTHEETEY FHE AT gslAolE Fig 2
o o] FBIEETE —T‘% & gE EF 12
Mol F30] A1&EHN e ‘?M 45T E

1400
1300

I Front (Skid) — ~
1200 P ‘_1/./-;'?—&@;; ~
1100 - = . 57
C IR
1000 A :
///'/'

(o]
Q o
(= -]
T
\

(S > B T d
(=3
o
~

S S
S &
T
‘?b\
s

Temperatures (°C)

F-3
S
=3
T
e

Measured - 200mm depth
— - — -~ Estimated - 200mm depth | —
— — - Measured - 30mm depth
- 30mm depth t—

300 - "’//
200k /
100 v

Fumnace temp. {top)
= = = Fumace temp. (bottom)

0 f 1 1 1 1 L 1 1 1 I L 1 1 L I 1 1
0 50 100 150
Time (min)
(a) Front skid part
1400
I Front (Non-skid) P
1300 L at .
1200 ~ P,
1100 - b T
3 /J, 7 =z L
_Jooo /. =
£ 900 i ’ 4 ~
& 800 A
g ool /
*E- 700 2 7
“é_eoo - /
5 500
" 400} / -
r / Measured - 200mm depth
300 ~= - ==- ~ Estimated - 200mmdepth | —
L / — - - Musuud « 30mm depth
200 - 30mm depth i
»/ e Fumace tsmp. (top)
100 ( == == = Fumace temp. (bottom)
o 1 1 1 L 1 1 1 1 | 1 1. 1 il ‘ 1 1
[} 50 100 150

Time (min)

(b) Front non-skid part
Fig. 4 Measured and estimated temperatures of the front
part of a slab at the positions of 30mm and
200mm below the slab surface

S fE AddRer odReAE 3 7Y
oo} AHEHT 2 99 oA 2 el
2=7} AHEHSIT Fig 2 oA B o dgRe
o AgHn, wgRe $5Fd sgdch
27|28 skid )9 H]A7| EE(non-

mePﬂWﬂ@:?%ﬂwoﬁ Zoll sl 4

FEEFAFE Tble 1, 2 9 grh By
Zond U 2BATFEVE Jehizic

Fig. 4(2) ~ (b)E 27 =g W2

REER
7)=Ro X9 EdE e Aolt) 7t 2g=E

400 ot (Skid '
r Fron (| : A I Y
o sk [ =]
[ D
1200 : s
N i / i
1100 7 — —
1000 z :

ool /7 7

an_o_ i Yosad

7

a 70 rdd /|
S ol L
2 600 r - //'
E 500 7
P /i —
r % Measured - 1156mm depth
300 4 — — - Estimated-2Danalysis [
- / -+ — -~ Estimated - 1D analysis
200 g Furnace temp. (top) S
;_// — — = Furnace temp. {bottom)
100 |4
0 ; 1 L 1 I 1 1 ] L l 1 1 1 1 i
0 50 100 150

Time (min)

(a) Comparison of the estimated temperatures in 1-D and
2-D analyses at the position of 115mm below the slab
surface

50
E Front (Skid)
45
o Relative! % errors (115mm depth)
40
E ]
é 35 Ca®
g 308
! L ]
w C
25
°\° E [ ]
[} F s
-3 20 - 2
K] F - L]
@ q5F . ) [ ] 1D analysis
4 F a .. .h A 2D analysis
- g "
104 ) 5
£ A a 'y []
O e e L —
Foa M " .n‘:% = _—
0 Lt 1Ay Al aem I
0 50 100 150
Time (min)

(b) Comparison of the relative percentage errors of 1-D
and 2-D analyses
Fig. 5 Comparison of the results from 1-D and 2-D
overall heat absorptance estimations of the front
skid part at the position of 115mm below the slab
surface



E. RS-
32 3BFFEE A3Ad AVD Ly
J 7} 3

BAPEOZRY soem Hold Aol
29)7) £E8 A8

1400

r Front (Non-skid o~
1300 ( ) B Y
1200 [ A //J:\
- P4 o
1100 > \-—' r / =
[ /J/ - / u
_J000 o .
3) i /{ /’/
900 /, 7
[ ;-
2 800 -
3 rdd ya
2
5 700 f // S
2 600 /
2 f
E cool Jr
kS 500 /,
400 /// —
- 4 M d-
300 4 T Exated 20 e —
L it — - — - - Estimated - 1D analysis
200 /4 Furnace tamp. (top) —
L ‘/ = = = Fumace tamp. (bottom)
100 |4 —
0 50 100 150
Time (min)

(a) Comparison of the estimated temperatures in 1-D and
2-D analyses at the position of 115mm below the slab
surface

50

Front (Non-skid)

TTTTIT

45

Relative|% errors (115mm depth)

S
o

TTT7TTT
>

* T

w
o

(=]

O Py T T T T T T T RT T T[T T 77T
L
[ >

L]
- P

n
(=]

Relative % Emors (%)
N
(4]

L ]

15 ) [] 1D analysis
F "Mﬁ a 2D analysis

10 A"‘: .-

b naadii ™™
5 A‘A A‘“‘A“A - __‘" s
'ﬁ““ u = -~
o, s
1 | M 1

50 100 150

Time (min)
(b) Comparison of the relative percentage errors of 1-D
and 2-D analyses

Fig. 6 Comparison of the results from 1-D and 2-D
overall heat absorptance estimations of the front
non-skid part at the position of 115mm below the
slab surface

2 GoE 5o TA0 LEE e Ao

A
eld Aotk | AY FZEESFEL Nelder 9

Mead ¢] SIMPLEX ¥'¥-& AM4319H®, Fig, 5(a):
L, 23449 29558 2444 249 &2AEE
Ueld Aolth, 27 SddMe AGHGoz Q)
3 A ERes i 1 AY 22EESFEE
= TAYsez FARA 115mm A HAA &
TZE # o= 4 glddey B dFe 2 2Y F

z
< E At} olo] UiE dE=AREZ Ann7)
Hﬁ}@l % A AE 2 (18)2 Aste o A
Z3Z Fig. 5y HERAA T

Estimated temp.— Measured temp |
Relative % error = \ i enp ‘ x 100 (18)

Estimated temp.

Fig. 6 & 149 3225587 2 49 529
558 A8 24 $A%E 34 A 115mm
Ao Ag warl=Rel @ A3 st
bl oo,

AR wav|eie] dgg A3 G Mgy
2712319 Aol FALSIGIT Fig. 6(@)oll A B 5
Qo] 2A7F FAF ok 50 £} 120 £ Ao F
Ad 2=t fﬂ% Aol AarE AL A
Yehdg o £ Atk ol dF Al dddelA
2eo) 3% 450l val 24 YRE old
F4% wstd tgol Brls 8ty wiEold}. Fig
6l YEbd AAF 2 A9 sl rﬂa % 3
o= 149 4ol vlE 2ee ¢ 5 Aok

axn 2] b 94 g FHo s
A% A&EP Wid fAG oz Adsge
U 2 =RdAE 4z .

6. 2 &

_L4
rlr

49498 olgstel gz o
x} HEELEE 23T £
a7 349 2714

Lz 20l
ok %
g

o £ -y
_>d‘r‘r'l‘_,
)-N

o n
il
+r
o

o A g
2

8 1o &m O o b
e
SRR
Lol e
W = o
o rie
M g
B
i o
e}
2
o}
e =

g4 B dTe AgzrH
o]ﬂ_é‘} ‘:7;1] al &bﬂ-iﬂ:,,] ]i}-o
o] Ax stz o] AxA ol s .Q.a]ro_ly_j___,
A5 A8 Hojd + UL Ao AzEY.

lﬂl
J-Lt



1264 PRSE
2 AFd&E 12 Y FEEETES FAS
o AAY L& oFo] gy FF Hrh
& 2239 ESEY FE F7F 2 Afd O
gk A7} o]FojAol & Aoz Azt
% 7|
2 dAFE POSCO o |74 x| 9o 23t o
ZolA Aoz oo ZAMFUT)
123

(1) Hisashi, E., Yoshiro, S., Naoki, Y. and Hiroyuki, S.,
1997, “Development of a Simulator to Calculate an
Optimal Slab Heating Pattern for Reheat Furnaces,”
Electrical Engineering in Japan, Vol. 120, No. 3, pp.
42~53.

(2) Masahiro, K., Yoichi, S., Yasuo, M. and Yutaka, S.,
1995, “Adjusting Neural Networks for Accurate
Control Model Tuning,” International Conference on
Fuzzy Systems, Vol. 4, International Joint Conference
of the 4th IEEE International Conference on Fuzzy
Systems and the 2nd International Fuzzy Engineering
Symposium, pp. 1995~2000.

(3) “Experiments and Calculations Related to Heat

%54 A%

ol

Transfer in Continuous Bloom Processing,” The Iron
and Steel Institute of Japan, Subcommittee for Reheat
Furnaces, 1971.

(4) “The Fundamentals and Applications of Heat
Transfer Analysis in a Continuous Reheating
Furnace,” The Iron and Steel Institute of Japan,
Subcommittee for Reheat Furnaces, 1982.

(5) Lee, YK, Kim, K. H., Kang, D.H. and Chang, R W,
2002, “Predlctlon of Billet Temperature by the Total
Heat Exchange Factor in Reheating Furnace,” 6"
European Conference: Industrial Furnaces and
Boilers, Rio Tinto, Portugal, Apr. 2~5.

(6) Deok-Hong Kang, Dong-Seong Kwag, Woo-Seung
Kim and Yong-Kuk Lee, 2003, “A Study on the
Estimation of One-dimensional Heat Fluxes on the
Slab in Reheating Furnace by Using Inverse Analysis,”
Trans. of the KSME(B), Vol. 27, No. 1, pp. 61~68.

(7) Hollander, F. and Zuurbier, S. P. A., 1985, “Accurate
Temperature Control of the Reheating Process at Mixe
d Cold and Hot Charging,” Proceedings of the Internat
ional Conference on Process Control and Energy Savin
gs in Reheating Furnaces, Vol. 36, No. 6, pp. 1~6.

(8) Deok-Hong Kang, Ki-Hong Kim and Young-
Kuk Lee, 2000, “Prediction of Billet Temperature by t-
he Total Heat Exchange Factor in the Reheating Furna-
ce,” Trans. of the KSME(B), Vol. 24, No. 11, pp. 1549~
1554.



