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Abstract: Through the numerical modeling of temperature field for Blast Furnace (BF) lining and stavé coolers, it can tell designers how
to design a cooler which the hot surface temperature is less than its critical temperature under very high heat flux. Applying low heat re-
sistance lining and staves cooler to BF is good for a layer of slag skull frozen on the hot surface of cooling stave. As long as the slag skull
can stand, the furnace wall is stable and the heat loss of furnace does not increase. This is the basic principle for designing long campa-

ignship BF.
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1 Introduction

Now most Blast Furnace (BF) operators believe that
BF campaign life (particularly the below part) is not
mainly determined by refractory lining, but by cooling
apparatus. The refractory lining can be worn out within
few years. But if the cooling apparatus can stand for
longer time, the frozen iron and slag skull can renew
itself and stand forever. It is sure that the BF operation
is under an unstable state, today the skull melts down,
but tomorrow they can be frozen again, i.e. a new layer
of lining is forming. If the hot surface of the cooling ap-
paratus does not exceed the temperature which the ma-

terial can stand, (e.g. cast iron <760 °C), it can also
stand forever. That is the philosophy of the long cam-
paign life BF.

In Japan USA,Germany et al., much work [1-12]
that simulated the temperature field of BF coolers by
mathematical model has been done, the BF coolers that
were designed to make use of the results of the work
greatly improved BF campaign life.In China, only a lit-
tle work about the calculation for coolers temperature
field has been reported till now. Generally speaking,
the campaign life of most BF in China is less than 8
years (see table 1), but in Japan it can reach to 15 years,
even longer.

Table 1 A few BF's campaign life in 1980s in China

[tem Inner volume / m* Beginning date  Stopping date Life

No. 2 BF in Wuhan Iron & Steel Company 1536 Aug. 1981 Mar. 1985 3 years and 7 months
No. 3 BF in Capital Iron & Steel Company 1200 Jan. 1984 Dec.1989 5 years and 11 months
. Dec. 1982 Feb. 1985 3 years and 2 months

No. 10 BF in Anshan Iron & Steel Company 1627
Aug. 1987 July 1989 2 years and 11 months
. . Sept. 1981 Apr. 1987 5 years and 7 months

No. 5 BF in Benxi Iron & Steel Company 2 000
June. 1987 May 1990 2 years and 11 months

Finally, all considerations are centered on how to
calculate the temperature field of cooling staves, and
what are the main influences on the temperature field
and what are new improvements on the cooling appar-
atus design:

In reference {13}, the mathematical model was estab-
lished, the physical model of stave cooler was designed
and made discretization, it includes furnace shell, pack-
ing, cooling stave body and lining or slag skull. Here,

the mathematical model is discretized by the finite el-
ement method, the program is designed by C-language,
and some results for the cooler temperature field have
been done and analyzed.

2 Programming for Temperature Field Cal-
culation of Coolers

The finite element method for calculating three-di-
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mension temperature field and C-language for programming are used. The frame diagram is shown in figure 1.
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Figure 1 The frame diagram for programming

3 Analysis of Calculating Results

(1) The influence of structural parameters on the
temperature field of cooling staves.

Figures 2 and 3 show the temperature profile of the
old and new design stave with single layer of cooling
pipe, respectively. From the two figures, it can be seen
that the hot surface temperature can be lowered down
by changing the cooler structural parameters. As the di-
ameter of straight cooling pipes (d) is enlarged from 70
to 80 mm,the distance between the pipes centerline (L)
reduced from 254 to 200 mm, and the distance between

the centerline of straight cooling pipe and the hot sur-
face of stave (/) decreased from 160 to 140 mm, then
the hot surface temperature for the cast iron rib can be
lowered less than 760 “C and the inlaid brick tempera-
ture less than 870 °C on extremely high heat flux. These
temperatures are below their critical temperature.

In figure 4, the calculation parameters is: the diam-
eter of front straight cooling pipes, d;=70 mm; the di-
ameter of back S-shaped cooling pipe, d, =50mm; L=
254 mm; /=160 mm, respectively. Figure 4 shows that
the temperature profile of the cooling stave with double
layer of cooling pipes is less than that in figure 2. Com-
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Figure 2 Temperature profile of the old design stave with
single layer of cooling pipe, d=70mm, L=254 mm, /=160
mm.
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Figure 3 Temperature profile of the new design stave with
single layer of cooling pipe, =80 mm, L =200 mm, /=140
mm.
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Figure 4 Temperature profile of stave with double layer of
cooling pipes, d; =70 mm, d,=50 mm, L =254 mm, /=160 mm

paring the temperature profile for stave in figure 3 with
that in figure 4, it can be seen that the stave in figure 3
can take the place of the stave in figure 4. From the
point view of heat transfer, manufacturing, weight and
thickness of the staves, the stave with single layer of
cooling pipe has better property than one with double
layer of cooling pipes. For the stave with the single lay-
er of cooling pipes,the technological requirements is
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lower, the weight is lighter, the thickness is thinner and
the production cost is cheaper.

The computing results also show that the cooling ca-
pacity of the new stave cooler in figure 3 is better than
the old one in figure 2, the maximum temperature on
hot surface (the hot surface of stave with only 10mm
slag skull) is reduced from 573 °C to about 503 °C, but
the heat flux that the new stave can stand increases
from 49 to S8 kW/m? . it is proven that the change of
the structural parameters for cooling stave can improve
its temperature profile, our task is to select the suitable
designing parameters to maihtain the hot surface tem-
perature less than its critical temperature.

4 The influence of Unstable Operation on the
Cooling Stave

Figure 5 shows the influence of the thickness of slag
skull on the maximum temperature of the stave rib (¢,..,
C), and on the heat flux (g, W/m®) through the stave
cooler along the radial direction of BF. When the
thickness of slag skull changes from 100 to 10 mm, ¢,
changes from 572 to 765 °C, and g from 67 to 126 kW/
m’. Only when a thin layer of slag skull exists, can the
cooling stave not be burmnout.
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Figure 5 Influence of thickness of slag skul! from 10 to 0 mm
on t,, and ¢

Figure 6 shows the influence of the temperature of
hot gas stream from 1200 to 1400 °C on ... and g¢.
When the temperature of gas stream changes from
1200 to 1400 °C, ... changes from 864 to 930 °C, it will
result in the stave burning down.

Figure 7 shows the influence of the periphery hot
gas stream on t,,. and g. When the coefficient of heat
conivection between gas stream and the hot surface of
stave changes from 232 to 375 W/m’.°C, f.. changes
froin 864 to 913 °C, the temperature has gone beyond
the critical temperature 760 °C.
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Figure 6 Influence of temperature of hot gas stream from
1200 to 1400 °C on tu., and ¢

In a word, an unstable operation can result in the in-
creasing of hot surface temperature, temperature gradi-
ent and thermal stress inside the stave cooler; then the
coolers will be burnout for overheating.

5 Conclusions

(1) The modeling of heat transfer of BF lining and
cooling system shows that the temperature field of
cooling stave can be changed with adjusting the struc-
tural parameters of the cooling stave.

(2) It is possible that the unstable blast furnace oper-
ation leads to the cooling stave burning down, it should
be avoided.
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