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Abstract: An analytical model was developed to estimate the viscous and squeeze-film damping ratios of heat
exchanger tubes subjected to a two-phase cross-flow. Damping information is required to analyze the flow-induced
vibration problem for heat exchange tubes. In heat exchange tubes, the most important energy dissipation mechanisms
are related to the dynamic interaction between structures such as the tube and support and the liquid. The present model
was formulated considering the added mass coefficient, based on an approximate model by Sim (1997). An
approximate analytical method was developed to estimate the hydrodynamic forces acting on an oscillating inner
cylinder with a concentric annulus. The forces, including the damping force, were calculated using two models
developed for relatively high and low oscillatory Reynolds numbers, respectively. The equivalent diameters for the tube
bundles and tube support, and the penetration depth, are important parameters to calculate the viscous damping force
acting on tube bundles and the squeeze-film damping forces on the tube support, respectively. To calculate the void
fraction of a two-phase flow, a homogeneous model was used. To verify the present model, the analytical results were
compared to the results given by existing theories. It was found that the present model was applicable to estimate the
viscous damping ratio and squeeze-film damping ratio.
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Fig. 3 Geometry of the fluid annulus, showing elementary
control volume and velocity components
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Table 1 Comparison of the added mass coefficients and
the nondimensional damping forces obtained (a)

by the approximate method with (b) the existing
numerical results''""'?
Added Mass Nondimensional
b/a | Res |5,/ H|Coefficient (& )| Damping Force
(a) (b) (a) (b)
; F
avL avH FdL aH
50 0.80 6.85| 574 | 24.19 | 5.11 22.02
1.25 5.77
500 | 0.25 533 | 5.65 242 1.62 2.44
5000 | 0.08 485 | 5.02 0.24 0.51 0.55
50 0.40 334 | 3.50 423 1.91 3.89
1.5 3.50
500 | 0.13 292 | 3.11 0.44 0.60 0.67
5000 | 0.04 2.79 | 277 0.04 0.19 0.18
50 0.20 2.07 | 238 1.02 0.78 1.08
2.0 2.48
500 | 0.06 193 1.92 0.10 0.29 0.28
5000 | 0.02 1.89 | 1.74 0.01 0.09 0.08
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Table 2 Summary of existin ex?erimental conditions and
tube Array data"31>!

Authors Fluid ?ﬂ ‘;Y p/d d DJ/d | m; f

(year) P mm kg/m | Hz

Feenstra et al. RI11 RT 1.44 6.35 | 24 0.174 | 35~37

(1995):F95

Feenstra et al RI11 RT 1.33 10.7 | 2.16 | 0.253 | 60

(2005):F05

Pettigrew et | AW RT 1.47 13 2.48 0.33 27~31
al.,(1989):P89

Pettigrew et | R22 RT 1.5 12.7 | 2.56 0.27 23~28
al.,

(1995):P95

Pettigrew et | R22 NT 1.5 12.7 | 2.56 0.27 24~28
al.,

(1995):P95

Pettigrew et | AW NT 1.22 13 1.9 0.33 25~30

al., (2001):P01

Pettigrew et | R134 | RT 1.5 127 | 256 | 027 | 39~47
al., (2002):P02
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Fig. 8 Typical results of squeeze film damping ratio for
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