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On the Experimental Study of Tuyer Model Ablation

and Its Heat Transfer Analysis

Synopsis’:

Syigo MATSUNAGA, Hiroshi YAMAOKA,

Morio Kawasaky, and Koichi HARADA

Through the examination of blast furnace tuyers failed and replaced by new one, it was found that 439,
of the failure occured at upper wall, 45%, at lower wall, 129, at side wall and 73%, at outer wall of tuyer.
The ablated failure occured at the upper and lower part of outer wall and edge wall of tuyer, and the fail-
ure of this type exceeded almost 809, of the total failures.

The experimental studies of ablation failure of the blast furnace tuyer were made by the model tuyers
of wall thickness 15 mm which made from Cu, PBC, BS materials and the cooling water velocity was kept
to 3~4 m/sec at the inner surface of model tuyers, and molten iron was poured onto the side wall of model

tuyers.

On the basis of the experimental ablation data of model tuyers, the heat transfer simulation model of
ablation was established, in which the heat transfer coefficients were determined by the results of electronic

computer calculations.

By this heat transfer simulation model, the cooling water velocity must be over 13 m/sec by the consi—
deration of burn—out data already published by McApawms.

Further, an investigation was also made on the effects of thickness of tuyer wall and its thermal conduc-

tivity effect on the ablation speed of tuyer.
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Table 1. Classification of blast furnace tuyer failures, and number
of failed tuyers in each examined period.
No of blast furnace 1 2 3 4 5 6 | 7 8 | Mean
1

Periog  from 1970-4 | 1970-7 | 1970- 1| 1970-4 | 1970-4 | 1970-9 | 1970-4 | 1971-1 V?;f;

enod 44 1972-3 | 1972-6 [1971-12| 1972-3 | 1972-2 | 1972-7 | 1972-3 | 1972-3 o
Ablation failure 85 39 92 77 59 100 97 100 80
Worn out failure 15 53 5 16 31 0 3 0 15
Failure by crack 0 8 3 7 10 ! 0 0 0 5

Table 2. The failure positions of blast furnace tuyers.

No of blast furnace 1 2 3 4 5 6 7 8 Mean value (%)
. Upper zone 21 50 11 49 59 83 42 | 100 43
Feripheral | Sige zone 19 | 33 | 13 5 6 | 13 | 21 0 12} 43+ 45—889
(*1) Lower zone 60 17 76 46 35 14 37 0 45
. Outer surface (*3)| 70 44 83 85 67 46 42 | 100 73 o
Radial End surface 17 | a4 | 14 | 8 | 14 | 46 | 3 | o0 | 17)]73+17=90%
ec “(*2) Inner surface (*4)| 13 12 3 7 19 8 | 20 0 10
* *
D e PP 20Ne *2) Outer surface
Side A LN\ Side zone I End surface (*1) Peripheral direction.
zone Ay Inner |, (*2) Radial direction.
T surface (*3) Outer surface includes outer edge of end surface.
_,/End surface (*4) Inner surface includes inner edge of end surface.

““Lower zone Outer surface

Table 3. Upper and lower parts failure, outer
and end surface failure, and failure by

ablation of the blast furnace tuyer.

No of blast furnace 6 8 713 1
Failure by ablation(2)]| 100, 100 { 97 | 92| 85
Upper and lower

parts failure (%) 97| 100 |79 |87 | 8l
Outer and end

surface failure (95) 92| 10018097 87
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Table 4. The experimental A.iresults of model tuyer ablation by molten iron blowing.

. . Molten iron Ablation Temperature of
Material of tuyer model Cooling water blowing time area (mm?) molten iron
Cu 1 No 5:0sec 30 x50 1320°C

Yes 4-0 No 1 340
Cu 9 4 6-0 No 1330
4 7-2 30x35 1 300
4 76 30x35 1380
PBC (Sn 10%) ” 4-0 50 <60 1370
BS (Zn 25%) 4 30 50 x 60 1 380
Cu-Cr (Cr 0-52;) 4 4-0 20x 30 1270
Cu-Cr-Zr (Cr, Zr 0-59,) 7 4-0 40 %< 60 1 230
8

Cu

Air cylinder 7L

— Stopper 6 I

(Molten iron 20 kg)

— No.2 basin

|_z<——Thermocouple and
cooling water piping.
Sliding support device

' Exhaust
Cooling water supply
Exhaust

g;;%w;%%

Tuyer model dimensions

Flow of Mode! tuyer

molten
iron

Fig. 1. Schematic expression of ablation test device

for model tuyer.
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BS by simulation.
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Temperature diffusivity (m#/ hr)

Fig. 2. The effect of temperature diffusivity on
the ablation time of tuyer model.
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Molten Tuyer wall Cooling
iron mesh points water flow
flow
—— Q, (heat)
Hll ' Y . o lHZ
MX (MX 2 |
Th kot Tw
‘ l ’ (Cu) | ‘ ‘

H1, H2 : Heat transfer coefficient

Fig. 3. Heat transfer simulation model at the heat-
ing up time before ablation starts.
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Tuyer wall

Molten Cogling
iron mesh points wdter
flow (\.T’———’*’_’\ flow

(Hect)
3 Q, (heat) le
[ ] L] L ] 4
MX {MX | 2 |1
Th H Tw
DX
’H{* S (Cu) _H,F
Molten Cu

Fig.

. 4. Heat transfer simulation model in the period

of ablation proceeds.

H,, H; : Heat transter coefﬁcient]
[5 : Thickness of molten Cu
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ImBEVY 1083°C, PARMEEWE 49kcal/ kg, WE 1 8960 B Mesh point .
kg /m3, FYZiBHRI 0°C iz T 340kcal/mhr°C, 1000° UI L2z 3 13 4 15 16 j £
£ . ° Tuy ° ° ° &
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W&o, Fig. 5. Simulation result of tuyer ablation.
Table 5. Tuyer ablation simulation results and experimental data of model tuyer.
. . Heat transfer coefficient Ablation Ablation
Slm:;lgtxron starts finished Li=te
numbe H, H, H, te (sec) t, (sec) (sec)
111 11 000 1 000 50 000 654 744 0-90
112 4 4 70 000 4 7-19 0-65
113 7 7 90 000 2 7-05 0-51
124 4 2 000 150 000 714 7-41 0-27
125 4 4 200 000 v 7-34 0-20
211 13 000 1000 30 000 5-42 7-01 1-59
221 4 2 000 4 5-78 7-45 1-67
232 4 3000 50 000 6-21 722 1-01
243 7 4 000 70 000 6-67 747 1-80
244 4 4 90 000 4 732 0-65
245 7 4 110 000 7 7-17 0-50
246 4 7 150 000 4 7-06 0-39
311 15000 ” 30 000 542 7-36 1-94
322 7 7 000 150 000 7-06 ” 0-30
323 4 7 200 000 4 728 0-22
411 17 000 9000 70 000 645 724 0-79
412 4 v 90 000 4 7-05 0-60
Model experiment | Cooling water 136 [/ min 6 7'5 1-5
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Fig. 7. The effect of thermal conductivity of tuyer
wall on the ablation time, and the result
of tuyer model ablation test.
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Burn out test of
tuyer model

Bum out heat transfer coefficient (keal/me hr °C)

0 S 10

Cooling water velocity (m/s)

Fig. 9. Burn out condition modified W. H. McApawms’
data, and burn out test result of tuyer model
expressed by heat transfer coefficient.

Table 6. Burn-out condition between cooling water
temperature, cooling water velocity and
tuyer inner surface temperature estimated
by McApams’ burn-out diagram.

Cooling water | Cooling “water ;1; l:}’:‘l;e inner
temperature velocity temperature
56 (00) 128(m/sec) 200 (oc)
28 9-3 156
11 7°2 144
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1) =%, #%H#E, EM: &8, 57 (1971) 2, p.201
2) W. H. McApams: Heat Transmission (1954),
p. 391, Fig. 14-21, (McGraw-Hill Book Co.
Inc.), Asian Student’s Edition.

3) kTR, (1968), p. 251, X 3.61, (%)
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