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Heat Balance of “ECONOS” Low Thermal Conductivity Carbon Containing
Brick Lining Applied for Torpedo Ladle
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Abstract

Heat-transfer analysis was conducted in order to study the heat balance in the torpedo ladle.

More than 40% of liquid pig iron heat consumed when being transported by the torpedo ladle

is absorbed and stored in the wear lining. Reducing the quantity of heat absorbed and stored

in the wear lining is important. ECONOS bricks, which our company developed, were found to

be effective for reducing the quantity of heat lost, which is strongly correlated with controlling

temperature drop of liquid pig iron. On the other hand, insulation bricks which were applied as

the safety lining were directly effective for reducing the quantity of heat radiated and lost from

the shell. They were indirectly effective in reducing the temperature drop of the liquid pig iron. In

order to most effectively reduce the drop in temperature of liquid pig iron, it is important that the

ECONOS lining is combined with an insulation safety lining with optimumly designed properties

and proportions. Present analysis techniques are helpful for optimizing such designes.
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1. Introduction

We have developed many kinds of environ-
ment friendly refractory products. One of them,
the ECONOS series, is carbon containing refrac-
tory products series, with low thermal conduc-
tivity without decreased ordinary service life.
This characteristic is useful in controlling liquid
iron temperature drop and shell temperature
rise. ECONOS series products have been giving
good performance in many furnaces”™.

Two methods have been tried to verify the
effectiveness of ECONOS series products quan-
titatively. One is a trial test at an actual furnace
and the other is heat-transfer analysis*”. For
example, the effects and features of various
types of ladle linings were examined in connec-
tion with shell and liquid iron temperatures.

In the present study, heat-transfer analysis
was conducted on torpedo ladle models, for

* AT ZERT Wkt v ¥ —& T84 Dr. Eng, Manager, Testing & Evaluation Center, Research Center
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Fig. 1 Quarter section 3D-model for calculation,
used because of the symmetry of the whole
ladle.
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which the ECONOS series products and the
insulation bricks were applied. In order to show
the merits and validity of ECONOS series prod-
ucts, this paper discribes the quantity of liquid
pig iron heat lost and where it is transferred
when being transported by a torpedo ladle.

2. Calculation Models and Conditions

As shown in Fig. 1, quarter section 3-D mod-
els were constructed for calculation, because of
the symmetry of the whole ladle model.

In order to define the merits and effective-
ness of the following three different lining
configulations, ECONOS lining which consists
of ECONOS wear bricks, a conventional lining
and an insulation safety lining which consists
of insulation safety bricks, investigation were
carried out.

ECONOS bricks were applied for the metal,
slag and impact area wear linings. The thermal
conductivity of conventional wear bricks was
17~20[W/m-K] and that of ECONOS bricks
was 10~11[W/m-K] which was about 45%
lower than the conventional one. However, the
data for the mass density and specific heat of
the ECONOS bricks was approximately the
same as those of the conventional. On the other
hand, the thermal conductivity of the insulation
bricks which were applied for the insulation
safety lining was 0.7[W/m - K].

The boundary conditions for calculation were
set up on the assumption that an actual ladle
was operated as follows. Namely, after refrac-
tory lining installation, the ladle was preheated
from R.T. to the temperature appointed and
was kept at the temperature before starting the
operation. Then the ladle which was charged
first with liquid pig iron at 1510C was operated
in cycles of transporting—discharging—wait-
ing—charging.

3. Results and Discussion

The results are shown in Figs. 2-5 and

Table 1.

(1) The stationary temperature of the shell and
liquid pig iron are illustrated for the 3rd to
4th heating cycle, as shown in Figs. 2 and
4. The analysis was done at the stationary
temperature as follows.

(2) Shell temperature was highest in the middle
of the cone shell, as shown in Fig. 3.

(3) Shell temperatures at the ECONOS
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Fig. 2 Shell temperature for conventional lining
(a), ECONOS lining (b) and insulation safety
lining (c).
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Fig. 3 Shell temperature distribution for the
conventional lining during operation.

lining and the insulation safety lining were
respectively 25C and 60C lower than that
at the conventional. The insulation safety
lining had a great effect on reducing the
shell temperature, as shown in Table 1.

(4) At the stationary temperature, AT was
obtained by subtracting the value for liquid
pig iron temperature at discharging from
that at charging. AT was 77C for the
conventional lining, 69C for the ECONOS
lining and 73C for the insulation safety lin-
ing. The ECONOS lining had a great effect
on reducing AT, as shown in Fig. 4.

(5) If each lining performance is evaluated by
only shell temperature, it might be con-
cluded that the insulation safety lining is
superior. However, if it is evaluated by AT
which is the amount of temperature drop
of the liquid pig iron, it can be concluded
that the ECONOS lining is superior.

As mentioned above and shown in Fig. 5,
the ECONOS lining seems to have an effect
on reducing the heat quantity absorbed and
stored in the wear lining, although the insula-
tion safety lining was effective in reducing the
heat quantity radiated and lost from the shell.
These features are quantitatively explained in
following section.

4. Heat Balance on Quantity of Heat Lost
from Liquid Pig Iron between Charging
and Discharging

4. 1 Calculation of heat quantity

The heat quantity AQ: which is lost
from liquid pig iron between charging and
discharging is calculated according to equation

@.
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Table 1 Shell temperature at the iron impact and the cone areas
Conventional lining ECONOS lining Insulation safety lining
The minimum The maximum The minimum The maximum The minimum The maximum
temp. during temp. during temp. during temp. during temp. during temp. during
5th heat. 5th heat. 5th heat. 5th heat. 5th heat. 5th heat.
Shell face
at the iron 261°C 264°C 242°C 24 4°C 2090°%C 211°C
impact area.
Shell face at
the middle of 294%C 301°C 269°C 274%C 230%C 236°C
the cone area.
1450 Insulation safety linin
S s Y INNS ECONOS lining
o | AQi= AQs+ AQuw+ AQqo +wrvrerrrereeeeeses @
5 1440 Oo——0—7—0
IS —® ® . . .
o 1436 }i‘f\ Where, AQs is the heat quantity radiated and
§ 1430 //‘___’—‘ lost through the shell, AQyw is the heat quantity
= Conventional lining ; L.
2 Wd—g absorbed and stored in the wear lining and AQo
o 1420 oy is the heat quantity radiated and lost through
g 1415 the other areas such as the ladle mouth and
M0 e 100 15 Ti0 15 10 125 a}b.sorbed and stored in areas such as jthe safety
Time () lining. Those were calculated according to fol-

Fig. 4 Liquid pig iron temperature just before
discharging at 1ch to bch.
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lowing equations.

AQI = CI X VVI X AT cevveeeemnneeeinns @
AQs = Hs X (Ts — To) X S X reeeeeeee ©)
AQW = Cw X Wy X ATyrrreerrereeeeeenees @

AQo = AQi— (AQS+ AQW)

Where, C, is the specific heat of liquid pig iron,
Wi is the weight of liquid pig iron in the ladle, Hs
is the overall heat transfer coefficient between
the shell and air, Ts is the average temperature
of the shell, To is the atmosphere temperature,
S is the area of the shell surface, t is the length
of transportation time in the torpedo ladle, Cw
is the specific heat of the wear bricks, Wy is
the total weight of the wear bricks used for the
ladle and ATy is the average temperature of
the wear bricks which is elevated to between
charging and discharging.

4. 2 Calculation results

The heat quantity was calculated by quarter
section 3-D models which were constructed
for calculation because of the symmetry of the
whole ladle. The total heat quantity for a tor-
pedo ladle was estimated by four times of value
calculation. The results are shown in Table 2
and Fig. 6.

In the case of any of the three linings, the
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the shell was 30 plus percent. Other influenc-
ing factors were around 20%. Accordingly, the
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effective countermeasure is to decrease the
heat quantity absorbed and stored in the wear
lining.

In order to understand the effect of the
ECONOS lining and the insulation safety lining
in detail, the following (6)—@3 calculations were
conducted using the heat quantity values in
Table 2. The meaning of the following symbols
is shown in Table 2. The results are shown in
Fig. 7.

AQieg = AQre — AQurrrrrrrerereeeees @
AQipg = AQp — AQurrwrererrrrrrreseeess @
AQseo = AQse — AQsc rrrrrrrereremeene
AQsm-c) = AQSD — AQSC ..................... @
AQW(e—C) = AQWe - AQWC .....................
AQwpo = AQuwp — AQue rrrrrrereremeeeee @
AQoeo = AQoe — AQoe wreverrrrrerrsnsees @
AQopo = AQop — AQoe rrrerererereeeees 3

The ECONOS lining was better in reducing
the quantity of heat lost from liquid pig iron
than the insulation safety lining.

The ECONOS lining reduced not only directly
the quantity of heat which was absorbed and
stored in the wear lining but also indirectly the
quantity of heat which was radiated and lost
through the shell and stored in and radiated
through the other areas.

On the other hand, insulation safety lining
reduced the quantity of heat radiated and lost
through the shell very well. However the quan-
tity of heat which was absorbed and stored in
the wear lining and was stored in and radiated

Table 2 Balance of heat quantity lost from liquid pig iron during torpedo transport

Conventional lining ECONOQOS lining Insulation safety lining
Temp.["C] | Heat(kWh] | Temp.[*C] Heat(kWh] | Temp.["C] Heat(kWh]
Heat lost from AQr=5,202 AQi.=4,662 AQp=4,932
liquid iron during Decrease of Decrease of Decrease of
AT=77C AT=69°C AT=73C
torpedo transport
Heat radiated and AQs=1,928 AQs=1,759 AQs,=1,639
lost through the Shell average Shell average Shell average
temp. 248°C | 8Qs/8Qe | tgmp. 228°C | BQs/AQe | tomp. 202°C | £Qs/ A0
shell surface =379 — 389 319
Heat absorbed AQw.=2,206 AQuw.=1,944 AQue=2,284
and stored in Increase of Increase of Increase of
o 87.5C AQue/AQe | 77°¢ AQue/AQe | g0.6°C AQus/ AQs
wear lining =499% — 1% — 460
AQo.=1,068 A Qo.=959 AQo=1,109
Other heat lost AQo./ AOk AQo/AQx AQu/ A0
=21% =20% =23%
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Fig. 6 Balance of heat quantity lost from liquid pig iron during torpedo transport.
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through the other areas increased. So, that lin-
ing had a bad effect on the wear lining and the
other areas.

5. Summary

Heat balance during liquid pig iron trans-
port was studied using calculation models for
torpedo ladles which were configured with a
conventional lining, ECONOS lining or insula-
tion safety lining.

- More than 40% of the quantity of liquid pig
iron heat consumed when being transported
by torpedo ladle was absorbed and stored in
the wear lining. Reducing the heat quantity
absorbed and stored in the wear lining is
important.

- The ECONOS lining not only directly reduced
the heat quantity which was absorbed and
stored in wear lining but also indirectly
reduced the quantity of heat which was radi-
ated and lost through the shell and stored in
and radiated through the other areas.

- The insulation safety lining reduced the
quantity of heat radiated and lost through
the shell. However the quantity of heat which
was absorbed and stored in the wear lining
and stored in and radiated through the other
areas increased. It had a bad effect on the
wear lining and the other areas.

- Insulation safety lining was able to reduce
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(a) Effectiveness of ECONOS lining
compared with conventional lining.

(b) Effectiveness of insulation safety lining
compared with conventional lining.
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Difference in heat loss which was calculated by subtracting the heat loss of the conventional

lining from that of the ECONOS lining (a) and that of the insulation safety lining (b). Meaning

of symbols is shown in text.
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