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Numerical Study on Friction Characteristics of Thermal Pipelines
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[ Abstract] In thermal pipeline networks, thermal expansion of the pipeline significantly impacts its safety and reliability. When
the pipeline undergoes thermal displacement, friction occurs between the pipeline and its supports, and the friction coefficient
between them may not remain constant. As the friction transitions from static to kinetic, the system experiences a high-friction
phase, during which the friction coefficient exceeds the kinetic friction coefficient, leading to an increase in stress on the supports.
In this study, friction experiments on the contact surface between the pipeline and sliding supports revealed that the maximum static
friction coefficient for a newly manufactured pipeline reached 0.53, while the kinetic friction coefficient was 0.48. After surface
polishing of the pipeline-support contact area, the maximum static friction coefficient decreased to 0.35, and the kinetic friction
coefficient decreased to 0.3. Subsequently, using ABAQUS, the study investigated the variation in the length of pipeline sections in
the high-friction phase under different friction coefficients and pipeline temperature conditions. Additionally, the effects of pipe
diameter and compensator axial stiffness on pipeline thermal displacement were analyzed. The results indicated that pipeline
temperature, friction coefficient, pipe diameter, and compensator axial stiffness all influence the pipeline's thermal displacement,
thereby affecting the length of the pipeline section in the high-friction phase. Finally, the research findings were validated through

numerical simulations based on the actual heating pipeline system of an airport terminal.
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Table 1 Simulation conditions

T LK TG E Tna/ C 12 /mm AMEBSENEIRIE (N/mm) K R B -5 PR AR
1 40 DN350 350 0.53-0.48
2 50 DN350 350 0.53-0.48
3 65 DN350 350 0.53-0.48
4 70 DN350 350 0.53-0.48
5 80 DN350 350 0.53-0.48
6 95 DN350 350 0.53-0.48
7 130 DN350 350 0.53-0.48
8 200 DN350 350 0.53-0.48
9 250 DN350 350 0.53-0.48
10 40 DN350 350 0.35-0.3
11 50 DN350 350 0.35-0.3
12 65 DN350 350 0.35-0.3
13 70 DN350 350 0.35-0.3
14 80 DN350 350 0.35-0.3
15 95 DN350 350 0.35-0.3
16 130 DN350 350 0.35-0.3
17 200 DN350 350 0.35-0.3
18 250 DN350 350 0.35-0.3
19 130 DN150 350 0.53-0.48
20 130 DN250 350 0.53-0.48
21 130 DN300 350 0.53-0.48
23 130 DN400 350 0.53-0.48
24 130 DN450 350 0.53-0.48
25 130 DN500 350 0.53-0.48
26 130 DN600 350 0.53-0.48
27 130 DN450 150 0.53-0.48
28 130 DN450 350 0.53-0.48
29 130 DN450 550 0.53-0.48
30 130 DN450 750 0.53-0.48
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Fig.4 Friction coefficient versus displacement at different sections of a DN350 pipeline under different temperatures
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Table 2 Effect of pipe temperature on high-friction
sections

EIEIRE Toad/ C REBEBEKE/m  EERAMEE/m

40 153 0.08

70 71 0.163

130 34 0.334

250 10 0.684
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