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Experiment and Numerical Analysis of Natural Frequency
for Liquid-Filled Pipe
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(1. College of Energy and Power Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;
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Abstract ;In order to confirm the validity of calculating natural frequencies for filling liquid pipe by the
FEA ,natural frequencies were measured and calculated for aero-engine pipes with liquid by the FEA and
experiment. Using the hammering method vibration feature was obtained experimentally for pipes which are
either empty, or filling with lubrication oil or filling with fuel, and the natural frequencies were calculated by
the FEA with ANSYS software. The affecting factors were analyzed on natural frequencies for pipe diameter,
pipe material, liquid pressure, liquid velocity and temperature. Especially, the numerical value of frequen-
cy decreasing trend was obtained with filling liquid pipe. The calculation model of natural frequencies was
built up including several factors such as filling liquid. The technology foundation is established for analy-
zing pipe vibration features.
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Fig.1 Vibration frequencies test for pipe
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Table 1 1 st nature frequencies of TA18 pipes

Diameter/mm 8 10 12 14 15
Test/Hz 42 53 66 78 84

Calculation/Hz 41.9 53.6 65.4 77.2 83.0
Error/ % 0.24 1.13 0.91 1.03 1.19
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Fig.2 Nature frequencies of test and calculation
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Table 2 Frequencies of filling fuel pipes( TA18)

Diameter/mm 8 10 12 14 15
Test/Hz 37 45 52 61 62

Calculation/Hz 37.87 46.88 55.38 63.42 67.28
Error/ % 2.35 4.18 6.50 3.97 8.52
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Table 3 Frequencies of filling oil pipes( TA18)

Diameter/mm 8 10 12 14 15
Test/Hz 36 44 51 57 59

Calculation/Hz 37.07 45.62 53.60 61.10 64.69
Error/ % 2.97 3.68 5.10 7.19 9.64
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Table 4 Frequencies of filling pipes( TA18)

Diameter/mm 8 10 12 14 15
Empty/Hz 42 53 66 78 84
Fuel/Hz 37 45 52 61 62
0Oil/Hz 36 44 51 57 59
Ratio for fuel/% 11.9 15.1 21.2 21.8 26.1
Ratio for oil/% 14.2 16.9 22.7 26.9 29.7
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Fig.3 Frequencies of filling liquid pipes
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Table 5 Frequencies of two material pipes

Orders Ist 2nd 3rd 4th Sth
Empty(1Cr18Ni9Ti)/Hz 94 256 498 828 1217
Empty(TA18) /Hz 90 251 484 812 1178
Ratio/ % 4.2 1.9 2.8 1.9 3.2

Fuel (1Cr18Ni9Ti)/Hz 81 222 436 724 1065
Ratio/ % 13.8  13.2  12.4 12.5 12.4
Fuel(TA18)/Hz 66 188 362 605 896
Ratio/ % 26.6 25.1 25.2 25.4 23.9
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Fig.4 Frequencies of two material pipes
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Table 6 Frequencies of oil pressure pipes(Hz)

Press 0.005 0.01 0.5

Orders MPa MPa MPa
st 228.87 228.87 229.27
2nd 625.59 625.6 626.13
3rd 1213.3 1213.3 1213.9
4th 1979.6 1979.6 1980.2
5th 2912.5 2912.5 2913.1
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Table 7 Frequencies of fuel pressure pipes(Hz)

Press 0.4 0.6 6 7
Orders MPa MPa MPa MPa
Ist 234.85 235.02 239.4 240.21
2nd 641.45 641.67 647.61 648.7
3rd 1243.5 1243.8 1250.2 1251.4
4th 2028.3 2028.6 2035 2036.4
Sth 1983.5 2983.7 2990.4 2991.7
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Table 8 Frequencies of different flow pipes( Hz)

elocity/ (m/s)
0 1.31 2.62
Diameter/mn

12 51 51 50
16 106 106 105
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Table 9 Frequencies of pipes with temperature

ETastic .
Temperature/ Frequencies/Hz
modulus/
C . Ist 2nd 3rd 4th
GPa
20 184.0 263.88  720.93 1397.1 2277.3
50 180. 32 261.23  713.69 1383.1 2254.4
100 176. 64 258.55  706.37 1368.9  2231.3
110 175.72 257.88  704.53 1365.3  2225.5
120 174.8 257.2 702.68 1361.8 2219.6
130 172.96 255.85 698.97 1354.6  2207.9
150 172.04 255.16  697.11 1351.0 2202.0
160 171.12 254.48  695.24 1347.4  2196.2
180 169.28 253.11 291.5 1340.1 2184.3
350 157.32 244.0 666. 62 1291.9  2105.7
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Fig.5 Frequencies of pipes with temperature
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