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Abstract: The inner tube bundle of shell and tube heat exchangers often suffers from wear and damage owing to pro-
longed exposure to gas-water two-phase flow, which compromises their service life. Therefore, accurately calculat-
ing the power spectral density of two-phase flow force is crucial for wear calculation of tube bundle. The lack of ex-
perimental data on flow field correlations inside the tube bundle under two-phase flow conditions makes it challenging
to directly calculate the equivalent power spectral density alongside the excitation force. To investigate the correlation
of the two-phase flow field and develop a reliable envelope spectrum for the excitation force of the two-phase flow, a
two-phase water tunnel experimental device was designed and built. This setup incorporated an innovative electronic
pressure scanning system, which was introduced into the two-phase flow environment to directly measure pressure on

the tube surfaces. The study focused on the transverse flow-induced vibration of a single elastic tube in a normal trian-
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gular rigid tube array featuring a pitch-to-diameter ratio of 1.41 under ambient temperature and pressure. We examined
the frequency domain characteristics of the exciting force on a flexible tube measuring 0.026 m in diameter and
0.237 m in length across a void fraction range of 10% to 90% and calculated the correlation length. Periodic vortex
shedding was determined by analyzing the change in pressure, the autocorrelation power spectral density of the exci-
tation force, and the Strouhal number. The dimensionless reference equivalent power spectral density of the excitation
force, calculated based on the interface’s flow rate under different void fractions, was determined. The results reveal
that pressure tends to increase in a parabolic form with interface flow rate, but vortex shedding can cause significant
pressure drops around the tube. The coherence function of the excitation force inside the bundle is low across a wide
frequency range, with the correlation length measuring less than the tube diameter. Using the tube diameter as the
correlation length, the equivalent power spectral density of the excitation force of the elastic tube was computed for
three structural parameters, and dimensionless processing was applied using a normalized factor based on the inter-
face’s flow rate. Envelope spectra of the excitation force were provided for void fractions of 10%—30%, 40%—
60%, and 70%—90%. The highest excitation force energy was observed at 40%—60% void fraction, followed by
70%—90%, with the lowest energy at 10%—30%. These results offer a practical load spectrum that aligns with engi-
neering practice for calculating tube wear bundles at different positions along the shell path.

Keywords: shell and tube heat exchanger; tube bundle; two-phase flow; excitation force; power spectral density
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