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Conjecture of Salamander Penetration into the Blast Furnace
Hearth Refractories Using Infrared Camera

Jiro OHNO

Synopsis:

The salamander penetration profile may be obtained by means of thermography (measurement of temper-
ature distribution pattern) outside the blast furnace mantle using an infrared camera. There are two points
in the study; (1) introduction of wear index &, (2) computer simulation of the process of penctration. In
connection with a problem that the measuring condition is not constant during taking thermographs, &
was introduced, which was so taken as to avert those changes of the condition in processing a quantitative an-
alysis of obtained thermographs. Computer simulation was carried out on a process of salamander penetra-
tion, assuming a model of stress concentration in hearth refractory body. Changing two major parameters
within the model, the computation turned out simulated penctration profiles and value of £. The latter was
compared with the values of & obtained from measured thermographs.

mine the above two parameters, and to estimate the salamander penetration profile.

This procedure enables us to deter-
A good agreement was
obtained beteeen the estimated salamander penetration profiles and results of destructive survey of hearth

:620.193.93 :771.319 : 778.344

refractories after operation—down.
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Fig. 1. Typical structure of salamander penetration

profile after campaign.
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Cdrﬁpressive force o
Caused by thermal expansion

5 o Stress at notch point
5 3r o o . g =(2Vdjp +1) o
o N Yield stress leve| .
g5 2r S ()
R7IRS T o 7
— = | B |
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: brick £8 0 S
Initial , a o , Wear. line .
hearth level . | “ . :
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_ \ defect Zone J Hemispheroidal notch
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defect zon - concentration !
L11144/ L/ : i
Chomo'r're brick lst st 2nd stage I(_d_>{
. 8% stage defect zone Stiff slab
defect zone

(a) Classification of
‘defect
notch (15)

‘(b) Stress concentration of
3 dimensional half sphere

{c) Equivalent hemispheroidal
notch (16)

 Fig. 15. Stress concentration model,
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16. Propagation of hemispheroidal defect '@~ |~
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17.. Simulation example of penetration profile.
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Input data

hearth dimension, boundary condition,
thermal constant , mesh dota,
calculation control parameter , efc.

Convergency
sufficient ?

yes

Calculation
ternperature distribution
of hearth bottom

yes no

?
Mesh = carbon
yes ? no

Temperature > | 150°C

]

Transformation

mesh = molten iron

]

———

Breakout condition no \
Eq. (6), (9) sufficient ?

Transformation
mesh = metallic

mixture
|
2

Mesh—carbon

Setting A
Fig. 13

O

Change of boundary condition

mantie : water cooling {forced convection)
- air cooling (natura!l convection)

ion

Calculat
temperature distribution
of hearth bottom

Eq.

Calculation of ¢

(2)

no / Deviation of calculated £ from observed ¢ >)’ES

\ sufficiently small ?

1

Change of »
Eq. (9}

I

X

End

Fig. 18. Calculation flow for the conjecture of salamander penetration profile.
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