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A Mathematical Model of Continuous Billet Heating Furnace

Synopsis:

Kazuo WATANABE

A mathematical model of the continuous billet heating furnace simulating the dynamic behavior of billet

temperature in the furnace as a function of the fuel flow rate and billet speed has been developed.

Ilame and combustion-gas temperatures along the furnace are calculated from the combustion heat and
heat transfer from both the flame and the combustion—gas. Temperatures of individual billets are calculated
from heat transfers from the flame or the combustion—gas and the furnace wall.

The calculated dynamic response of the billet temperature at the extracting time with a change in the
fuel flow rate from this model gives a good agreement with the response obtained by the correlation method.
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Fig. 1. Continuous billet heating furnace.
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Fig. 2. Schematic diagram of flame and com-
bustion-gas flows.
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Table 1. Data uesed for calculation.
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16.0—0.00839, 800<#<1 200
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[p=0.085m
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Fig. 5. Measured and calculated results of tran-
sient temperatures of billet surface and
roof temperatures.
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Fig. 6. a) Calculated step resporse and b) static
characteristic of billet surface temperature
at extracting time for fuel oil flow rate
in soaking burner.

e (DUTRRLC Eiiel) 0% & L.
HERRED A7 » TRE T T3 M 83 RmEmiRE
DIEEDOFEFIZ Fig. 6 a) WiRT.

Fig. 6a) wXxhiE, @imiEo 10% oZ{tickt
HiMHEEREEOELERE X, BEHMESEMULIIES
(X 1.1°C / min, FPLAEEE 1.3°C/ min, E#y L
< 1.2°C/ min Th5.

— 28 —

~



P

-

\,‘

EEME maiF oMt F A 1335

Fig. 6 a) WRLEIGEEHRD L, EHKENLELL
FeEE S HF) 60 min FHIC—EEELE VTS T
DT N, THRENSAT v TR LRSI E W
R LTV P ElTER Lo EL2 T,
EMRESZE L LIRS OBBRCF RICEAI NI-#HA
DI ARAIREDT, 1 UDHT, FRIBESEE
FTHZERTRLTWS. LH2T, EHREZELOR
S SRR IRE 23— BB & H7E < & TORFELH
B OF N E —H T 5T Th B, K, Fig. 5
DA R OIF PN EEREENE 65 min TH Y, EEd60 min
EEE-HLTWS.

Fig. 6 b) i, EHMTKEZZELLTH» 5 65min 0
FESCRITHIBELRHRE & LGS0 e T L
Fo. BIREEIX 20917 /hr 2 1009 & LCHED LA
Fig. 6b) kT, EMGERD 80% 25 120% DI
TREMHETISIEESRIRTD D, EMhED 10% OF
{bicxbd % T RA IRE O £ ik 50°C TH 5.

Wi, MEOBENEENZ T v TR LLIcHED
Tty IRE OIS % Fig. 7a) Ry MK BEEE
D 10% OZALICH T 5 HHMA OB LERE, W%
ENEE R L I o EE1E, 1.4°C / min, 5# L ig o708
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Fig. 7. a) Calculated step response and b) static
characteristic of billet surface temper-
ature at extraction for billet speed.
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Fig. 8 EMREIS 2T HAES & EERDH
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Tig. 8. Measured surface temperature of billets
under beeing rolled and b) binary sequ-
ence assigned to fuel oil flow rate.
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Fig. 9. Auto-correlation function of fuel oil
flow rate.
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Fig. 10. Cross-correlation funciion between billets
temperature under beeing rolled and fuel
oil flow rate.
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Fig.v11. Weighting function of billet temperature
for oil flow rate.
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Fig. 12. a) Measured and calculated billet surface
temperature curves caused by stop of
billet speed and b) data used for calcu-
lation,
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