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Vibration Study of Tube Bundles of Shell-and-Tube Heat Exchanger

SUN Yaqiang,SU Wenxian

(Institute of Chemical Machinery & Process Equipment, University of Shanghai for Science and Technology , Shanghai 200093 , China)

Abstract ;: Aiming at the damage caused by vibration of heat exchangers in engineering applications, the method of fluid-

structure coupling was adopted to simulate the resonance characteristics of a single heat exchange tube, and the result

was verified by the calculating formula in GB/T 151—2014 " Heat Exchangers". In addition, the influence of heat

exchange tube number on the resonant frequency of the heat exchanger was further analyzed by the finite element

software ANSYS. The simulation results show that with the quantity of heat exchange tubes increasing, the frequency

bandwidth of the tube bundle will increase, and the lower limit will gradually decrease, the upper bound will gradually

increase. The results will be of some guiding significance for the anti-vibration design of the heat exchangers.
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Figure 1 =~ Schematic diagram of fluid-structure

coupling model of a single heat exchanger tube
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Figure 2 Fluid-structure coupling finite
element model of single heat transfer tube
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Figure 3 First order vibration mode f, =17.416 Hz
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Figure 4 Second order vibration mode f, =25.446 Hz
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Figure 6  First order vibration modes of three heat transfer tubes under fluid-structure coupling

AN AN AN AN AN AN
AN AN | AN
e e W T — . [ S

(@)K £,=24.899 Hz (b) =7 £,=24.927 Hz (o)A £,=25.297 Hz



<94 . B THI# Light Industry Machinery 2018 FESE2 HY
AN AN ‘ AN AN AN
X
‘ AN AN
(d) =B £,=27.586 Hz (&) KT £,=27.594 Hz (O =2 £,=29.259 Hz
A7 3RBAERABABESEN T —NHRER
Figure 7 Second order vibration modes of three heat transfer tubes under fluid-structure coupling
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Table 1

exchangers under fluid-structure coupling

Natural frequencies of three heat

(a) IR 2Y £/=16.655 Hz

(o) % £/=16.891 Hz

S A S %

e e —

iy — B R B A AR He BRI A AR/ He
a 17.055 24.899
b 17.074 24.927
c 17.328 25.297
d 18.896 27.586 B
e 18.902 27.594
f 20.043 29.259
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Figure 8 Schematic diagram of fluid-structure

coupling model of seven heat exchanger tubes
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Figure 9  First order vibration modes of seven heat

transfer tubes under fluid-structure coupling
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Figure 10  Second order vibration modes of seven

heat transfer tubes under fluid-structure coupling
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Table 2  Natural frequencies of seven heat

exchangers under fluid-structure coupling

P —Br PRI R E —BrREE R E
AIA/ e IR/ He AR/ M IR/ He
a 16.655 24.322 h 17.784 25.970
b 16. 891 24.667 i 19.342 28.244
c 16.905 24.687 j 19.346 28.251
d 17. 604 25.708 k 19.756 28.849
e 17.704 25.855 1 20.316 29.464
f 17.714 25.870 m 20.321 29.666
g 17.782 25.967 n 20. 586 29.675
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