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Abstract; A hearth erosion monitoring model for blast furnace was proposed based on the
temperature data from the embedded thermocouples in the blast furnace hearth, and combining the
numerical heat transfer calculation and gradient descent method of optimization theory to find the
optimum boundary moving step length factor. The unknown-boundary inverse heat-transfer
problem can be effectively solved with the model. Using the monitoring temperature data from
thermocouples as input, the hearth inner lining erosion profile and residual thickness were
computationally obtained by the proposed model through solving the unknown-boundary heat-
transfer problem. Taking the collected known hearth erosion profiles and the corresponding
temperature data from thermocouples as check samples, the comparison shows that the average
relative error of the model prediction is about 3.6% , and the reliability of the model is thus
confirmed.

Key words: boundary movement method; gradient descent method; hearth erosion; monitoring
model; blast furnace
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Fig. 1 Flow chart of hearth erosion monitoring
model for blast furnace
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Table 1 Physical properties of hearth materials
L/ C
N z;{*

PRt £ 20 100 300 600 1 000 1400
S 2R/ (kgem ™) 1550 — — — — —
0 SHEK/ (W-m™-C) 10. 90 10. 90 11.35 12.70 — —
LR BB/ (kem ™) Lo = - - - -
" SHAEH/ (W-m™-C™") 20. 80 20. 80 20. 95 21. 60 — —

R B I/ (kgm ) B~ - - - -
’ SHEK/ (W-m™-C™") 7.30 6.59 5.15 3.90 3. 80 4.30
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Fig. 2 Schematic diagram for hearth structure with ceramic cup and carbon brick,
thermal couple arrangements and computation grids
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Fig. 3 Schematic diagram for impact factor and the optimum step length
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Table 2 Impact factor of number 14 node at initial time

TS S

JIRIREE 14 2355 Al

m T /T T
1 5.5 8.0 242.047  242.047 0. 000
2 5.5 7.0 236.352  236.353 -0.001
3 5.5 6.0 305. 911 305.916  -0.005
4 5.5 5.0 332.236  332.252 -0.016
5 5.5 4.0 313.615  313.656 -0.041
6 5.5 3.0 278.045  278.129 -0.084
7 5.5 2.0 179. 467 179.546  -0.079
8 5.5 1.0 100. 728 100. 761  -0. 033
9 4.5 1.0 150. 411 150.446  -0.035
10 3.5 1.0 188. 965 188.983 -0.018
11 2.5 1.0 208.535  208.546 -0.009
12 1.5 1.0 218.547  218.554 -0.007
13 0.5 1.0 221.553  221.557 -0.004
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Fig. 4 Temperature field distribution and lining
erosion profile of the sample hearth
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Table 3 Comparison of temperatures at

measurement points T

AR UEL =,
I o 2k
5h=s 1% 2% 3k 4w HA

1 242. 047 250.585 274.184 273.122 273.243 323. 996
2 236.352 255.240 278.993 278.755 279. (042 317. 796
3 305. 911 355.720 388.482 390. 327 390.960 371. 325
4 332,236 412.830 448.981 455.230 455.504 472. 657
5 313.615 427.607 457.789 466. 846 466. 842 510. 264

)}

278.045 475.169 477.990 485.431 485. 167 482. 525

=

179. 467 332.898 324.302 331. 151 330.924 347.414
100. 728 167.997 168.168 171.598 171.516 207. 673
9 150. 411 239.836 247.304 252.060 251.985 305. 161
10 188.965 269.728 288. 182 292. 111 292. 084 350. 643
11 208.535 272.718 297. 162 300.066 300. 068 352. 970
12 218.547 268.067 294.275 296.368 296. 384 344. 788
13 221.553 263.778 288.642 290. 347 290. 365 339. 516

M2 3 AT LUA B AR AT, 003 A5
JEEAE DA BE IR 2SI iy A of 2 30 A A U . 24 3k
R4 YL, T E A K.

T AN TR R ARE TR R, AT LA
ST R B e A R T v B AR 1] AR Ak
A B AR AR AR [A]. E XE R 25 S I E R
3.6% , i BRI ELAT 58 i ] S

R4 PHEREETHESER
Table 4 Computational results of the inner lining
residual thickness

e SBRRUE MR AXHE%  HIXHRZ

% mm mm mm %
1 1.300.0 1471.8 171.8 11.7
2 1444.0 1567.9 123.9 7.0
3 1580.5 1658.5 78. 1 4.8
4 1714.8 1755.6 40.8 2.9
5 1 840. 4 1 860. 2 19.8 1.7
6 1953.4 1968.9 15.5 1.5
7 2062.8 2090. 2 27.4 2.0
8 2178.3 2190. 4 12.1 1.4
9 2224.6 2238.7 14.0 0.5
10 2206.5 2195.7 -10.8 -0.7
11 2219.0 2163.1 -55.9 -0.3
12 2241.7 2397.8 156. 1 6.6
13 2299.8 2481.8 182.0 7.3
14 2327.7 2514.2 186.5 6.4
15 2388.9 2554.2 165.3 5.4
16 2454.9 2624.2 169.3 5.6
17 2500.0 2624.3 124.3 4.7
18 2500.0 2627.2 127.2 4.8
19 2500.0 2583.8 83.8 3.2
20 2500.0 2939.4 439.4 15.0
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