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Grey system prediction of corrosion on oil atmospheric
distillation equipment
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Abstract: A refinery plant processes Middle East crude oil, so the equipment is exposed to washing erosion seriously. The el-
bow on the entrance of the atmospheric distillation tower top exchangers was always eroded. The thickness of elbow was meas-
ured every month, and the thickness change was monitored. The thickness series is quasi smooth sequence, and GM(1,1)
model was established by grey system theory according to quasi exponent law. The average relative error is 1.90% using the
model. Adding a number 100 to the thickness series of the elbow, then subtracting it from the result, the improved GM(1,
1) model was established. The average relative error is 1.31% , and the prediction precision was increased. The full data
were used to create an improved GM(1,1) model to predict the thickness of elbow in the future. The results show that the el-
bow life can reach 2 a, but can not reach 3 a. It is feasible to predict the elbow life using the grey system model for eroding
corrosion, can help for setting down overhaul period and ensure the safety of equipment.
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Table 1 Elbow thickness

mm

=S 1 2 3 4 5 6 7 8

9

10 11 12 13 14 15 16 17 18

%14 88 881 885 874 836 836 7.85 7.65
%24 892 888 805 887 856 7.81 7.62 7.52
#3445 8.87 8.87 823 823 7.89 7.63 7.9 7.14
#4445 8.8 856 875 7.96 7.65 7.36 7.46 7.01

7.53
7.44
7.06
7.11

7.14 7.54 7.36 7.03 6.65 6.24 5.84 563 4.86
6.83 6.85 6.53 6.25 6.23 5.83 533 523 5.39
7.22 6.32 6.36 6.51 6.31 6.01 5.62 5.04 5.06
6.85 6.71 6.57 6.36 6.01 5.78 5.69 5.43 5.13

¥ 8.87 8.78 8.47 8.45 8.115 7.79 7.73 7.33

7.285 7.01

6.855 6.7056.5375 6.3 5.965 5.62 5.3325 5.11
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Table 2 Error test results
CM(1,1) 4% SR CM(1,1) B
g x®/mm
20 s B2 e/mm HXHRE A/ % 2 /mm BRE e/mm HRTRE A/ %
1 8. 870 8.8700 0 0 8.87 0 0
2 8. 780 8.9097 0.1297 1.4776 8.8010 0.0210 0.2393
3 8. 470 8.6362 0. 1662 1.9625 8.5764 0.1064 1.2563
4 8. 450 8.3711 -0.0789 0.93358 8.3523 -0.0977 1. 1566
5 8.115 8.1141 -0.0009 0.010633 8.1286 0.0136 0.1675
6 7.790 7.8651 0.0751 0.96342 7.9054 0.1154 1.4812
7 7.730 7.6236 -0.1064 1.3763 7.6826 -0.0474 0.6128
8 7.330 7.3896 0.0596 0.81284 7.4603 0.1303 1.7782
9 7.283 7.1627 -0.1223 1.6783 7.2385 ~0.0465 0.6382
10 7.010 6.9429 -0.0671 0.95784 7.0171 0.0071 0.1017
11 6. 855 6.7297 -0.1253 1. 8275 6.7962 -0.0588 0.8576
12 6. 705 6.5231 -0.1819 2.7124 6.5757 -0.1293 1.9277
13 6. 5375 6.3229 -0.2146 3.2828 6.3557 -0.1818 2.7802
14 6. 300 6.1288 -0.1712 2.7176 6.1362 ~0.1638 2. 6002
15 5.965 5.9406 -0.0244 0. 40824 5.9171 -0.0479 0.8032
16 5. 620 5.7583 0. 1383 2.4606 5.6984 0.0784 1.3958
17 5.3325 5.5815 0.2490 4.6698 5.4802 0.1477 2.7707
18 5.110 5.4102 0.3002 5.8743 5.2625 0.1525 2.9843
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Table 3 Influence of original data series

translation on error

FS MmeE  REFFMs M RE A/ %
1 100 0.1898 1.3084
2 200 0.1857 1.2911
3 300 0.1843 1.2850
4 400 0.1836 1.2820
5 500 0.1832 1.2801
6 600 0.1829 1.2788
7 700 0.1827 1.2779
8 800 0.1826 1.2773
9 900 0.1825 1.2767
10 1000 0.1824 1.2763
11 10000 0.1816 1.2729
12 100000 0.1815 1.2725
13 1000000 0.1815 1.2725
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Table 4 Error test results of GM(1,1) model

B 2 /mm 20 o REe/mm HMIREAD
1 8.87 8.87 0 0
2 8.78 8.7883 0.0083 0.0945
3 8.47 8.5541 0.0841 0.9929
4 8.45 8.3205  -0.1295 1.5325
5 8.115 8.0873  -0.0277 0.3413
6 7.79 7.8546 0.0646 0.8293
7 7.73 7.6224  -0.1076 1.3920
8 7.33 7.3908 0.0608 0.8295
9 7.283 7.1596  -0.1234 1. 6944
10 7.01 6.9289  -0.0811 1. 1569
1 6.855 6.6987 -0.1563 2.2801
12 6.705 6.4691  -0.2359 3,5183
13 6.5375 6.2399  -0.2976 4.5522
14 6.3 6.0112  -0.2888 4,5841
15 5.965 5.7830 -0.182 3.0511
16 5.62 5.5553  -0.0647 1.1512
17 - 5.3325 5.3281 ~0.0044 0. 0825
18 5.11 5.1013  -0.0087 0.1703
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Table 5 Prediction results of elbow thickness interval

mm
Bis H & bn i -
19 5.0452 4.6826 5.4056
20 4.8284 4.4647 5.1882
21 4.6120 4.2472 4.9713
22 4.3960 4.0301 4.7549
23 4.1805 3.8135 4.5388
24 3.9654 3.5973 4.3233
25 3.7508 3.3816 4.1081
26 3.5366 3.1663 3.8935
27 3.3229 2.9515 3.6792
28 3.1096 2.7371 3.4654
29 2.8968 2.5232 3.2521
30 2.6843 2.3097 3.0391
31 2.4724 2.0967 2.8267
32 2.2608 ° 1.8841 2.6146
33 2.0497 1.6720 2.4030
34 1.8391 1.4603 2.1919
35 1.6288 1.2490 1.9811
36 1.4190 1.0382 1.7708
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