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Identification of Gas-liquid Two-phase Flow Patterns in Hydraulic
Braking Pipeline Based on Cluster Analysis

Li Xiaolu Wang Wenyue Zhang Yuanhui Wu Shangiang Li Yuntang
(College of Electrical and Mechanical Engineering, China Jiliang University, Hangzhou 310018, China)

Abstract; The automobile braking liquid is in a gas-liquid two-phase state. The gas-liquid two-phase
flow in hydraulic braking pipeline is complicated and difficult to be detected. To detect the flow patterns
in hydraulic braking pipeline effectively, an experimental bench was built up by mounting a transparent
quartz pipe in a hydraulic braking system of automobile, and a flow pattern identification method was
proposed based on the gray level co-occurrence matrix and hierarchical cluster analysis. Totally 160
images of gas-liquid two-phase flow patterns in the hydraulic braking pipeline were captured by a digital
high speed camera, the feature parameters of gray level co-occurrence matrix of images were extracted by
using image processing techniques, and then these feature parameters were used as source data, which
were analyzed by the hierarchical cluster analysis method. In order to improve the accuracy of cluster
analysis, different sample spaces and class spaces were compared to find the best combination of sample
space and class space. Finally, the flow pattern intelligent identification was realized. The test results
indicated that the brake fluid was a gas-liquid two-phase flow in hydraulic braking pipeline of automobile,
whose flow patterns were recognized as bubbly flow, plug flow, slug flow and annular flow. The cluster
analysis results also proved that the method was successful to identify the four typical flow patterns in
hydraulic braking pipeline of automobile, and the whole identification accuracy was up to 95.625% .
Especially for bubble flow and slug flow, their identification accuracies were 100% . Due to its high
speed and high accuracy, the method provided an effective way for researching the flow patterns of gas-
liquid two-phase flow in the hydraulic braking system.

Key words: hydraulic braking pipeline; gas-liquid two phase flow; flow pattern identification; gray level

co-occurrence matrix; hierarchical cluster analysis
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Fig.1 Experimental system of gas-liquid two-

phase flow of hydraulic braking system
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Fig.2 Images of flow patterns before processing
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Fig.3 Images of flow patterns after processing
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Tab.1 Feature parameters of gray level

co-occurrence matrix

e FRAES %

AE I [USEV R PSS S P
1 0.3539 1.3262 0.1379 0.894 5 0.3538
2 0.407 5 1.2342 0.1455 0.844 6 0.407 4
3 0.3176 1.3824 0.1192 0.796 3 0.3176
4 0.3451 1.401 6 0.1838 0.649 8 0.3451
5 0.309 6 1.4551 0.1621 0.6292 0.3095
6 0.278 7 1.9475 0.2308 0.147 8 0.2785
7 0.1908 2.3021 0.273 4 0.1389 0.1905
8 0.2457 1.9705 0.1720 0.178 3 0.2455
9 0.2099 2.143 4 0.1999 0.1602 0.2097
10 0.1943 2.2436 0.2397 0.1536 0.1940
11 0.1395 2.724 4 0.514 6 0.1217 0.1388
12 0.1475 2.7313 0.4223 0.1102 0.146 8
13 0.156 1 2.6121 0.4250 0.1447 0.1554
14 0.166 4 2.5043 0.3852 0.1322 0.166 0
15 0.1106 2.899 4 0.5542 0.1147 0.109 7
16 0.0829 3.016 8 0.644 8 0.1426 0.081 2
17 0.0735 3.1842 0.753 1 0.1142 0.0719
18 0.068 2 3.1860 0.6259 0.1159 0. 066 7
19 0.0753 3.0910 0.648 0 0.1354 0.073 6
20 0.079 1 3.074 4 0.5756 0.1208 0.0777
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Tab.2 Calculation result of complex correlation coefficient
eyl FE it (5] 1

K TG B 4 %) FE RS SN EE 75 7 AR B VI IR EE 5 e f AR TRIE B AH %
R 0.8165 0.828 1 0.8331 0.7910 0.7858 0.8616 0.8501
I 0.8754 0.8677 0.8594 0.836 6 0.834 4 0.860 3 0.8462
T 0.867 8 0.8747 0.873 4 0.8593 0.807 9 0.864 6 0.8673
) 0.8729 0.874 6 0.8749 0.8587 0.807 9 0.864 5 0.868 7
BTy R B 0.8726 0.8757 0.8754 0.8577 0.856 1 0.863 8 0.803 4
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Fig.4  Dendrogram of cluster analysis Fig.5 Classification result of cluster analysis
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Fig.6 Classification result of data
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Tab.3 Identification result of annular flow

5 - S5 RBER || 5 ” HHES 3 U 25 R
[ ] B Mt B2 A TH B M BE2EE
1 0.2787 1.9475 0.2308 0.1478 0.2785 FRPR I 21 0.2431 2.0552 0.2153 0.1301 0.2430 PR
2 0.1908 2.3021 0.2734 0.1389 0.1905 ORI 22 0.2272 2.1560 0.2497 0.1193 0.2270 ORI
3 0.2457 1.9705 0.1720 0.1783 0.2455 ORI 23 0.2371 2.0487 0.2142 0.1224 0.2370 ORI
4 0.2099 2.1434 0.1999 0.1602 0.2097 PR 24 0.2736 1.8504 0.1709 0.1628 0.2735 IR
5 0.1943 2.2436 0.2397 0.1536 0.1940 PP 25 0.2159 2.3607 0.3105 0.1046 0.2155 IR
6 0.1762 2.4634 0.3553 0.1040 0.1758 ORI 26 0.1843 2.5627 0.4249 0.1012 0.1738 IR IR
7 0.2154 2.1439 0.2049 0.1574 0.2152 ORI 27 0.2418 2.0073 0.2080 0.1318 0.2416 ORI
8 0.2192 2.1714 0.2256 0.1518 0.2190 PR 28 0.1861 2.4407 0.3526 0.1087 0.1857 EZR N
9 0.1872 2.2462 0.2201 0.1485 0.1870 AR 29 0.1971 2.3878 0.3430 0.1116 0.1968 PR
10 0.1908 2.3021 0.2734 0.1389 0.1905 ORI 30 0.2313  2.1159 0.2295 0.1267 0.2311 ORI
11 0.2099 2.1434 0.1999 0.1602 0.2097 BN TN 31 0.2232 2.2524 0.2738 0.1168 0.2229 ORI
12 0.1943 2.2436 0.2397 0.1536 0.1940 MR 32 0.2735 1.9975 0.2323 0.1354 0.2734 ORI
13 0.2381 1.9678 0.1568 0.1777 0.2380 AR 33 0.2015 2.4092 0.3548 0.1131 0.2011 ORI
14 0.2192 2.0237 0.1652 0.1714 0.2191 ORI 34 0.1885 2.3785 0.2841 0.1174 0.1883 ORI
15 0.2557 1.9824 0.1902 0.1604 0.2556 ORI 35 0.2940 1.8965 0.1849 0.1424 0.2938 ORI
16 0.2473 1.8914 0.1601 0.1855 0.2472 PP 36 0.2938 1.8395 0.1623 0.1685 0.2937 IR
17 0.1918 2.4392 0.3844 0.1082 0.1913 ORI 37 0.2259 2.1589 0.2362 0.1219 0.2257 ORI
18 0.1805 2.5377 0.3521 0.1024 0.1701 HOR 38 0.2163 2.3547 0.3145 0.1157 0.2160 ORI
19 0.2989 1.9481 0.2429 0.1249 0.2988 ORI 39 0.1887 2.5893 0.4268 0.1115 0.1781 PR IR
20 0.2488 2.2031 0.3017 0.1056 0.2485 ORI 40 0.2202 2.4395 0.3545 0.1148 0.2197 ORI
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Tab.4 Identification result of plug flow o TE 160 4 R dE v, g 153 240 32 9 1E o 49
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s o umes s isea 09531 01182 0.01e ki VAR 2 FRRE ORI RO R I ) F
4 0.0682 3.1860 0.6259 0.1159 0.0667  ZEIR¥ {53531 96.10% 91.96% 94.74% 100% , Xf X 4
5 0.0753 3.0910 0.6480 0.1354 0.0736 JER¥ PR B FAE AT AT 5315, 5 88 F (R
6 0.0791 3.0744 0.5756 0.1208 0.0777 FEiRu 95.55% . B F {H B K KR 40 25 05R 22 BAIG, T 0
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10 0.0690 3.1496 0.6297 0.1152 0.0676  ZEWRUE RS AERRAMER
11 0.0711 3.1791 0.7175 0.1126 0.0605 FEdkii Tab.5 Results of hierarchical cluster analysis
12 0.0718 3.1599 0.7153 0.1200 0.0702 %4k WAL R
13 0.0805 2.9945 0.5812 0.1550 0.0788  iR¥ e G, G, G, G, plR
14 0.0729 3.1476 0.7169 0.1206 0.0713 22k AR 37 3 0 0 92.5
15 0.0823 2.9788 0.5807 0.1603 0.0807  #UK HOIR U 0 40 0 0 100
16 0.0723 3.1374 0.7060 0.1234 0.0708 @R SR 0 4 36 0 90.0
17 0.0882 2.9313 0.4848 0.1527 0.0867 Z£IR¥i AR 0 0 0 40 100
18 0.0707 3.1540 0.7088 0.1247 0.0689  ZEIR¥
19 0.0692 3.1685 0.7028 0.1255 0.0676  Z£IR¥i 5 #ig
20 0.0728 3.1436 0.7252 0.1223 0.0713  ZER¥
21 0.0687 3.1818 0.7439 0.1266 0.0670 FEik (1) 7E 3 20 48 #% b, A T 00 P AH IR 28
22 0.0662 3.2666 0.9227 0.1030 0.0649  ZEIRWE B B 2 AT AE 4 FlOfs 045 50 R W 22 IR
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24 0.0673 3.2605 0.8627 0.1043 0.0658 %W}T (2) B 1 T B S A A W 3 B0 04 5 4 8, 0o
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30 0.0739 3.1346 0.7337 0.1215 0.0723  ZEHR S, R A 2 F R G R BACR KX
31 0.0732 3.1358 0.7110 0.1229 0.0718  ZERIf T3k FH T s ) 3l B b A A I O B ) TR
32 0.0781 3.0823 0.6755 0.1331 0.0765 ZEIR¥ TE B 5 e I T 452 25 00 Y 7 4 AR ) e R L L A
e e e ouns oo wp (VI P 05550 R RT T
. . . . . FEAR UL o NV
35 0.0767 3.1331 0.6318 0.1132 0.0751  FE4k¥i HER S RBORA
36 0.0795 3.1163 0.6316 0.1124 0.0779  FEIRH (4) S0 UE T, i 0 P 50 900 R AR P2 I A
37 0.0716 3.1541 0.6912 0.1215 0.0700  FEIR¥E FHIESBOM AR GRS T W 4 & 19 7 15 2 FTAE I, g
38 0.0715 3.1562 0.6436 0.1193 0.0699  ZE4R¥ i PR T I A B TR S R T B A B R Y 4 A LR
39 0.0721 3.1406 0.6787 0.1224 0.0705  ZE4R R R R 95, 625% , H i 6 T 5 IR A TR
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