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Abstract

Based on the parallel and the serial model for laminated plates of composite material mechanics,
the double layer pipe is equivalent simplified as single pipe. On this basis, the respectively theo-
retical calculation, numerical simulation and experiment research about the empty pipe proof the
effectiveness of this model. The natural frequencies of fluid-solid coupling system of liquid filled
composite pipe are calculated by using the traveling wave method, and the results are made com-
parison between the results of numerical simulation and experiments; they confirm the concise-
ness and effectiveness of the traveling wave method. Finally the influence of the material and size
in double layer composite pipe on the natural frequency of the structure is discussed by the trav-
eling wave method. The results show that the parallel simplified model is more suitable for the
metal pipes while the serial model is more suitable for the metalloid pipes; the traveling wave
method is clear for problem-solving, suitable for programming, and the calculation results are
consistent with the existing results.
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Figure 1. Axial section of double layer pipe
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Figure 2. Composite plate model

B2 S6WER

) A

,/OO Y, U

Figure 3. Hollow pipe model
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Figure 4. Double layer pipe model
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Figure 5. Simplified pipe model
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Figure 6. Stainless steel lined steel pipe
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Figure 7. PVC lined steel pipe
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Figure 8. Lined with nano-material plastic pipe
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Figure 9. Test bed for stainless steel lined steel pipe
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Figure 10. Frequency domain signal diagram for stainless steel lined
steel pipe
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Figure 11. Frequency domain signal diagram for PV C lined steel pipe
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Figure 12. Frequency domain signal diagram for lined with nano-

material plastic pipe
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Table 1. Natural frequency of stainless steel lined steel pipe
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U By 3781.85 3780.3 3859.1 3852.3 3851.43

Table 2. Natural frequency of PVC lined steel pipe
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Table 3. Natural frequency of lined with nano-material plastic pipe
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Figure 13. Straight pipe unit
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Figure 14. Double layer straight pipe model
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Figure 15. Liquid filled pipe model
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Figure 16. Liquid element mesh
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Table 4. Numerical simulation of stainless steel lined steel pipe
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Table 5. Comparison of traveling wave method and numerical simulation
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55 3
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s 3
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Figure 17. Test bed for PVC steel lined steel pipe
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Figure 18. Time domain signal diagram for PVC lined steel pipe
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Table 6. Natural frequency of PVC lined steel pipe
7= 6. WHf PVC NEEGINE

I A= Hz FoKE TE L (iR/37S EACIELE DN
—k 2171 22.18 22,57
—Br 147.96 148.33 149.94
=M 413.05 419.82 423.77
PuB 836.45 841.51

Table 7. The first order natural frequency of pipe with different inner diameter
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o FFE— W A % Hz
em HE- TN ARG Wi -4

5 17.5 19.02 17.48

10 31.59 34.51 32.21

15 45.75 50.08 46.64

20 59.93 65.67 61.1

25 74.11 81.26 75.65

30 88.3 96.86 90.02
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Table 8. Natural frequency of brass-carbon steel pipes with different inner layer thickness

iz 8. TRIEE REHINE BHIE AR

[ 4% Hz
igid
A 0 mm A 1 mm A 5 mm 4 7.5 mm

1 52.34 51.29 46.81 43.74

3 206.36 205.16 185.22 174.96
5 465.06 461.61 42351 393.66
7 837.44 820.64 746.38 699.84
8 1301.5 1282.25 1168.12 1093.5
10 1887.24 1846.44 1681.5 1574.64
12 2561.66 2513.21 2293.2 2143.26
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Figure 19. The first order natural frequency of pipe with different inner diameter
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Figure 20. Natural frequency of brass-carbon steel pipes with different inner layer thickness
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Figure 21. The first order natural frequency of the pipe with different thickness of inner and outer layer
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Figure 22. The first order natural frequency of the pipe with different elastic modulus
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