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Research on Thermal-Fluid-Solid Coupling of Oil Pipeline

HU Shuang', JIAO Yan-ping', ZHANG Pei', YU Ji-wei*

(1. School of Petrochemical Engineering, Lanzhou University of Technology, Lanzhou 730050, China;
2. Lanzhou Construction Machinery Section, China Railway Lanzhou Bureau Group Co., Ltd., Lanzhou 730014, China)

Abstract: In order to ensure the safe operation of the oil transportation process, the hot oil transportation pipeline was
taken as the research object, a three-dimensional model of the pipeline was established, and the flow process of crude
oil in the pipeline was simulated using the finite element analysis software FLUENT. In the simulation process, by
changing the inlet velocity of the fluid and the ambient temperature of the outer wall of the pipe, it was found that the
temperature change of the pipe had no obvious relationship with the inlet velocity of the fluid. The total deformation of
the pipe gradually increased with the increase of the inlet velocity of the fluid, and the total deformation was mainly
concentrated at the elbow of the pipe; the greater the temperature difference between the inner and outer walls of the
pipe, the greater the temperature change of the pipe and the greater the heat flux, the smaller the total deformation and
strain. The simulation results can provide a solution for effectively avoiding the possibility of accidents, and making

the oil transportation project safer and more reliable.
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Fig.1 Three-dimensional model of oil pipeline
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Fig. 2 Pipeline meshing
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Table 1 Basic physical parameters of liquid fuel

L (kgm™) AN (kg K) ] FHEAR W (mK) ] B/ [kg-(m-s)] (kg ) B Ri/C
960 1880 0.12 0.048 124 000 315.85
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Table 2 Basic physical parameters of pipeline materials
HE (kg'm”) HEHAT (kg K) ] SRR (W (mK) ] THFALL W IR /Pa BTYIRCRE/Pa AT /Pa
8030 502.48 16.27 0.3 2x 10" 7.692 3% 10" 1.666 7 x 10"
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3.1 FE#BRESH

BEE TR BRI (fuel oil liquid ), A
MBS N 1 m/s, JEIMBIR LT A TR B B
h 50 C, WIARIHEE < R EEE 3, E
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=ENE 6 FiR.
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Fig. 3 Fluid velocity cloud
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Fig.4 Fluid velocity vector
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Fig.5 Pressure cloud of fluid
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Fig.6 Fluid temperature cloud
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Fig.7 Temperature change cloud of the pipeline

PR i M PRI, RN A B TR A R
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Fig.8 Heat flux cloud of pipeline
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Fig.10 Strain cloud of pipeline
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Fig.9 Total deformation of the pipeline
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Fig.11 Variation of the total deformation of the pipeline with
the inlet velocity
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Table 10 Correction results of 1 mg-L™' standard solution
containing 1 000 mg-L™' coexisting ions by internal standard

method
52 55 (g 1) Ph cd Se Ni Hg Cr
W5 083 082 081 084 078 082
FrifE(E .00 100 100 100 100 1.00
e 093 094 092 093 091 097
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