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Fig.1 Schematic drawing of struct

B2 SSWEKEIEE
Fig. 2 Test equipment of laboratory
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Fig. 3 Experimental heat exchanger fluid-structure

interaction model
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Fig.4 Fluid mesh model
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under pulsating flow and non-pulsating flow conditions
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Fig. 5 The first-order mode shape figure of

heat exchange tube
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Fig. 6 The second-order mode shape figure of

heat exchange tube
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Fig.7 Frequency amplitude curve at which away from
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Fig. 8 The frequency amplitude curve of the heat

exchange tube intermediate position
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Fig.9 Stress variation diagram with frequency of the

heat exchange tube intermediate position
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Fig. 10 Stress variation diagram with frequency of the

heat exchange tube end

0 04 08 1.2 1.6 2 24 28 32 36 4
i [A]/s

B 11 BEEEH 0. 15 m &b FE B iE) 3540 (0 78 #h 22

Fig.11 Displacement variation diagram with time away
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Fig. 12 Displacement variation diagram with time of

the heat exchange tube intermediate position
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Fig. 13 Stress variation diagram with frequency of

the heat exchange tube intermediate position
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Fig. 14 Stress variation diagram with frequency of

the heat exchange tube end

7.2

6.4
5.6
4.8F

4tk

/mm

3.2F

{1

2.4H
1.6F
0.8F

ok

~0.8 s L L L L ' L s 3 )
0 04 08 12 16 2 24 28 32 36 4

i [ /s

B 15 e e i E e iR e R 8 2R 40 gl 22 E

Fig. 15 Displacement variation diagram with time of

the heat exchange tube intermediate position
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heat exchange tube end
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Application of pulsating flow technology in vibration analysis of
shell-and-tube heat exchanger

ZHENG Xian-zhong ,YU Qian-jun ,ZHOU Ning-bo , XU Xiao-ming
(School of Mechanical and Electrical Engineering, Wuhan Institute of Technology, Wuhan 430205, China)

Abstract: To avoid structure failure caused by excessive strength and stiffness of heat exchanger tube’s
with fluid induced vibration while using the pulsating flow technology, the finite element analysis
method was adopted. In the simulation process, fluid-structure coupled model of heat exchanger was
created, and the boundary conditions and load conditions under pulsating flow and non-pulsating flow
conditions were applied. The influence of fluid induced vibration on the heat exchanger tube was
analyzed from modal vibration mode and dynamic response under the two kinds of working condition.
Modal vibration mode and dynamic response curves at center point and end point of heat exchanger
tube'swere extracted. The curves of calculation results above two kinds of working condition were
compared. The results show that the natural frequency of Tube-and-Shell heat exchanger tube structure
is not effected by pulsating flow or non-pulsating flow; stiffness failure of the heat exchange tube’s
middle position and the strength failure of the heat exchange tube’s end position frequently happens in
non-pulsating flow circumstance; the displacement of middle position and the stress of end position of
the heat exchange tube’s are changed periodically with pulsating flow effect; heat exchange tube
vibration failure can be avoided by changing the pulse excitation function’s coefficient. The above
conclusions provide certain technical reference to pulsating flow technology applied safely to heat
exchanger equipment.

Key words: heat exchanger; pulsating flow; fluid-structure coupled; dynamic response

AL B8 AT



