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Abstract

In this work, a mathematical heat transfer model of a walking-beam type reheating furnace that can predict the formation
and growth of the scale layer, which is produced due to oxidative reaction between the furnace oxidizing atmosphere and the
steel surface in the reheating furnace, has been developed. The model can also predict the heat flux distribution within the
furnace and the temperature distribution in the slab and scale throughout the reheating furnace process by considering the heat
exchange between the slab and its surroundings in the furnace, including radiant heat transfer among the slabs, the skids, the
hot gases and the furnace wall as well as the gas convection heat transfer in the furnace. Using the model developed in this
work, the effects of the scale layer on the heat transfer characteristics and temperature behavior of the slab is investigated. A
comparison is also made between the predictions of the present model and the data from an in situ measurement in the

furnace, and a reasonable agreement is founded.
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Table 1 Temperature conditions [°C]

Zone Ty, upper Z/, lower Tskid
Non-firing 950 930 730
Charging 950 930 730
Preheating 1000 980 780
Heating 1200 1170 970
Soaking 1180 1160 960

Table 2 Conductivity and specific heat of the slab

Temperature Conductivity Specific Heat
°C] [(W/mK] [W/kgK]
30 26.89 299.0
400 25.44 401.6
600 22.70 512.0
800 20.89 542.8
1000 23.69 478.9
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Fig. 2 The scale growth on the top and bottom

surfaces of the slab
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Fig 3. Predicted slab temperature contours at various locations of the slab for two cases (without Scale(left), with
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Fig. 4. Predicted temperature profiles along the axial direction of the furnace

S die vdel vjs) A Aol7h v e 3 F odlE A G 71A7] Wi Bk Fe pdz §As 9
ek ALY dHErE S dHErd Hjg duiHez 8 ~AY T RS weA] aeEojof stk 4ES Ul
nj$- ron] AHEEI} Ytk A Ak 93 dxdo] T OSITh o B AgelA e RARFE A A
dojupA] FEthe A 9njsith Fig. 3& AU F9f fel A2 Ag7se vastolal vad Mz g dAshs gelssl
2 MR 7 YAeA Y] &3 BHoA Y] A4 £
o] REREE BT 9tk o] daviadl stdR o
HogRe dg ol Halo] ¥ 27 WA A5 F I % 7|
Zol oo} £ PF-E FAdo] o] Fox= EHle] fIEA
A SURH] AT A 2L A9 e ddEED 9 B A7 POSCO 71491748l Q7] AR slgje] ol
ste] 7t Aol &3 UiRe LEAHAE 7M7), oldl olgom olo| ZAL= -t}
nel HF FE 2% T AaA0E A4S Fg0d = gl
o &9 UFeke wdxe HF FEER &k Fwt F Sk
83 7MEE Ao A& "ol HogA Ade AhAof
= o A 9 s oAshs Alo] Fastal & [1] Chapman, K. S. Ramadhyani, S. and Viskanta, R., "Modeling
%E]F-_ _ R i and Parametric Studies of Heat Transfer in a Directed-Fired

Fig. 4(@)t Fig. 4(b):= 22t &) A5} shpmoA & Continuous Reheating Furnace," Metallurigical Transactions B,
AL FA2E; 2AU 9] ARLE 2ga 27 Y] 1 228, (1991), pp.513-521L.
HHA G Ao £8 ZULEE EARIH. 71 27]9 [2] Maki, A. M., Osterman, P. J. and Luomala, M. J. "Numerical
= 2AY gRe] 2E7F 2] nHA] 2 B9 E9 Study of the Pusher-Type Slab Reheating Furnace,"
B U e A e b e Scandinavian Journal of Metallurgy, 31, (2002), pp.81-87
Table 2004} o] hdzrlel= Gsie] 2h 7] wel [3] Kim, M. Y. "A Heat Transfer Model for the Analysis of
2Adde] o] Sjie] Hjdun Jal 1 Ao]7h Ao Transient Heating of the Slab in a Direct-Fired Walking Beam
A7) WEl Ae® AT SRt A} 7hdo] dagel] w Type Reheating Furnace,” Int. J. Heat and Mass Transfer, 50,
gt H|ge Apol7h Zopd ¥k ofuel 2% #Ys} o]FoiA| (2007), pp.3740-3748.
Al E]aL ofof uwlet i?ﬂ_%‘ﬂr &9 pHeERY O_MF/_} A [4] Birks, N. and Meier, G., H., Introduction to High Temperature
7SRO AWMEE =3 A Zopiths s #IT 9l Oxidation of Metals, Edward Amold, London, (1998).
ok Fig. 4(0)= 7h® AoPdgel m2 S5 FAT A & [5] Patankar, S. V., Numerical Heat Transfer and Fluid Flow,
Tkl AS AAd) Alole] HlaE BoETh Fig. 39 A
o} frALSAl 2AYo] EAshe 59 27t 2AYe) EAjs
A ke Rt Agdor Lrr) U= AL ¢l & &
om A3 Avel Hugs W ~AY Fo] uHd 47t
A5 Avel & AR5k 39 3 4 gl

4, 4 2

£ AToME TR Ul &3 319 2AY A 2 4%
& oS3l o5 aeste] JMEE U frg B WY o
279S F3E S0 2RI E o Z87] 99 24 dA
9 BdS AAEAE EE B Aol i BdS o8-8}
o &9 & EAo ulgt ~AY F9 9T s,
2AY T AL Az AT ol &9 A AF

McGraw Hill, New York, (1980).

[6] Chui, E. H. and Raithby, R. D., "Computation of Radiant Heat
Transfer on a Nonorthogonal Mesh using the Finite-Volume
Method,” Numer. Heat Transfer, Part B, 23, (1993), pp.269-288.

[7] Baek, S. W, Kim, M. Y. and Kim, J. S., "Nonorthogonal
Finite-Volume Solutions of Radiative Heat Transfer in a
Three-Dimensional Enclosure,” Numer. Heat Transfer, Part B,
34, (1998), pp.419-437.

[8] Tseng, A. A., "Thermal Modeling of Roll and Strip Interface in
Rolling Processes : Part 2-Simulation,” Numer. Heat Transfer,
Part A, 35, (1999), pp.135-154.

[9] Akiyama, T., Ohta, H., Takahashi, R., Waseda, Y. and Yagi, J.,
"Measurement and Modeling of Thermal Conductivity for Dense
Iron Oxide and Porous Iron Ore Agglomerates in Stepwise
Reduction," ISIJ Int,, 32, (1992), pp.829-837.





