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A Study on the Prediction of Plate Temperature in Indirectly-Fired
Continuous Heat Treatment Fumace

Young-Deuk Kim, Deok-Hong Kang and Woo-Seung Kim
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Abstract

This study has been performed to predict the transient thermal behavior of the plate in
indirectly-fired continuous heat treatment furnace. The temperature profiles in the plate are determined
solving the transient one-dimensional heat conduction equations. To verify the validity of the present
numerical results, the present results obtained from the transient analysis are compared with those of
experiments. Extensive parametric investigations are performed to examine the effects of the emissivities
of the plate and refractory, plate thickness and velocity, as well as the gas temperature, on the thermal
behavior of the plate.
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Table 1 Base configuration parameters for the
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Fig. 3 Temporal variations of the plate and gas
temperature

Table 3 Time required to the normalization tempe-
rature of each position on the test plate

Length, mm 84,700
Furnace dimensions | Height, mm 2,204 Number of | Height Position 900°C | 910
Width, mm 4,998 thermocouple| (mm) (min) (min)
Material of plate iron @ 5 Center 28 35
Plate size (HpxWpxLp), mm 25%2,512%8,850 @ 12.5 Center 28 33
Plate velocity, mm/s 27.5 ©) 20 Center 27 32
Normalization temperature of plate 910C @ 25 Center 21 26
Time interval of data acquisition 10 sec ® 12.5 D/S 20 27
_ . ® 12.5 W/S 16 19
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Table 4 Number of the zones for the furnace

Location Number | Total number
Side wall 32
Lower
Bottom wall 20 1,540
furnace Roller 1,080
Radiant tube 408
Upper Side wall 36
Top wall 22 746
furnace | padiant tbe | 688
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Table 5 Physical properties used in the present

model®”
oc k
(/mm’K) l (W/mmK) K
3.667><10‘6(Tp-300)l 0.112(1-0.001Tp}+5x10"°T;* ‘ 03
* Velocity : 27.5mm/s ’
« Thickness : 25mm
Miscellaneous:

* Number of radiant tubes:
~ upper furnace 1 172 (W/S: 86, D/S: 86)
- lower fumnace 102 (W/S: 51, D/S: 51)

* Number of rollers: 1 135
» Wall emissivity : 0.8
- Heat transfer coefficient : 10° W/mm’K
« Time step ]

- inlet and outlet regions : 6.5]1 sec

- other regions 1 4.36 sec
« Surface temperature of

. : Gas temperature+50C
radiant tubes P

* Radius of radiant tube  : 10lmm
* Length of radiant tube  : 2,249mm
* Radius of roller : 180mm
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Table 6 Design and operating conditions of a
blind-ended type radiant tube®

Plate Temperature ("C)

Test number M1l | M2

Tube Diameter, mm 82.55 | 82.55

geometry | Length, mm 1,333 | 1,333

Operating | Fuel input, m’/hr 1.98 | 1.98

parameters | Furnace temperature, C| 982 | 871
10 — fodal prediction™
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Fig. 5 Experimental and predicted outer tube wall
temperature profiles for a blind-ended type
radiant tube®

Table 7 Difference between furnace temperature

and average surface temperature of
radiant tube
Test nmumber Ml | M2 Present
.__| results
Furnace temperature, C 982 | 871 | 827.2°
Average surface temperature
of radiant tube(experimental |1015| 915 | 875.6°
data), C
Difference between furnace
temperature and average b
surface temperature of radiant 33| 441 483
tube, T

a: an average value for the whole space of the furnace
b: a linear interpolation by using M1 and M2 results
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