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Received 7 May 2021 and mechanical quality by heat treatment. In this process, when the temperature
Revised 9 June 2021 difference between the surface and the center of the product increases,
Accepted 15 June 2021 problems such as creep and residual austenite occur. In this study, a CFD
analysis model was developed to determine the adaptive operating environment
Keywords: that minimizes temperature deviation. The model was verified for validity
CFD _ according to the experimental results, with an error of <3%. Moreover, the
Rehe.atmg fumace' ' internal flow field based on the product location, the difference in temperature
Heating characteristics between the upper and lower parts of the product, and the uniform temperature
Transient heat conduction distribution were confirmed. In addition, this study compared the area fraction
at which the fitting product reached the target temperature through CFD
analysis. In conclusion, it was confirmed that the CFD analysis model can be
applied for optimizing the shapes, product, and operation environment of the

furnace.
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Fig. 1 Batch-type furnace model for finite element analysis
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Fig. 2 Schematic diagram of reheating furnace used in the
experiment
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Fig. 3 Flow chart of the burner control
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Fig. 4 Parameters of the model used in the experiment

Table 1 Dimensions of the model used in the experiment

Model Dimension (mm)
Furnace Length x Width x Height | 7250 x 4300 x 4140
Fitting pipe CE x ID x Thickness 490 x 570 x 47
Plate Length x Width x Height | 2200 x 3600 x 25

247

*CE : Center to end, ID : Inner diameter
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Fig. 5 Burner condition and velocity distribution of burners

Table 2 Nodes and elements of model mesh

Static mesh
Model
Elements Nodes
Air 505,124 97,036
Fitting Pipe 528 1,134
Plate 3,012 6,314
Total 508,664 104,484

4. 29 % 5fA

£ AFolA 32k d/fE AL sl 918 ANSYS CFXE

AHESIAT. siiAfoll AREH o] FEje AR ARRS] HEE
Fig. 13} Table 20 YeRHSITh 123 ¥ 2] On / Off #of
Al&glg 2] siAo] BHgsigith. Fig. 5(a), (b= 7HE A7l
6000 2041 15000 2 Atojo]l H147} On / Off == IS Hof
FTh 7200 (AR )M HA| F7te] B97] 2=7} 7hol= &
T oot W BE HuE Ondel2 §A1ET 10950 2(BAI7)
oAl AA2¢t AIA3 F7Ee] £917] &7t 7o|E 2k oo R
Assima U3, 49k MUs, 62 Off S fAgih 44 3
Aol AREE A7HER, Y Al 9 e Aol ARE 41

sUsi.

Qat 7ldze Hug AF 919 45 1S T 5T 4
=S 242 BTG UF BRL ke 20] TTYL,

248

( a) (—o—Thermal Conductivity

- ——Specific Heat
i 45 1000
E —
“é 900

40 ol
& 800 ﬁ
% 35 700 5

¥

£ i
= L=
3 600
- 30 g
E 500 &
-5
E 25 400

400 600 800 1000 1200 1400
Temperature (K)
(a) Thermal conductivity and specific heat of the pipe

(®)

—0—Thermal Conductivity
|—&—Specific Heat

= 50 1000
p
E 40 )
L3
800 :~._:°
£ a0 S
t 700 %
= &
e 20 an
=] 600 o
v =1
= 10 P
= 500 &,
E @
&
g 0 400
400 600 800 1000 1200 1400

Temperature (K)
(b) Thermal conductivity and specific heat of the plate

Fig. 6 Thermal conductivity and specific heat as a function of
temperature
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