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Fluid-elastic Instability in a Tube Array Subjected to Two-Phase Cross Flow
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Key Words :

Added Mass(-7}2 =), Two-phase Cross Flow(2 * & -f-75), Two-phase Damping(2 “3

f%5 74, Critical Velocity( Al 1+5), Fluid-elastic Instability (-] €-4 &-914)

Abstract

Experiments have been performed to investigate fluid-elastic instability of tube bundles, subjected to two-
phase cross flow. Fluid-elastic is the most important vibration excitation mechanism for heat exchanger tube
bundles subjected to the cross flow. The test section consists of cantilevered flexible cylinder(s) and rigid
cylinders of normal square array. From a practical design point of view, fluid-elastic instability may be
expressed simply in terms of dimensionless flow velocity and dimensionless mass-damping parameter. For
dynamic instability of cylinder rows, added mass, damping and the threshold flow velocity are evaluated. The
Fluid-elastic instability coefficient is calculated and then compared to existing results given for tube bundles

in normal square array.
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Fig. 1 Schematic diagram of test tube.
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Table 1 Property of test tube.

Modulus of Elasticity, E 0.12 GPa
Length of the flexible pipe, L 123mm
Mass of pipe per unit length, m_ 0.017kg/m
Outer diameter of pipe, d ., Smm
Outer tube mass per unit length, m,,. | 0-289 kg/m
Outer tube inner diameter, d,, 8 mm
Outer tube outer diameter, d 20 mm

B, =0.75906 , B, =3.94283, B, =7.07823  (9)
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Fig. 3 (a) Experimental test loop and (b) Array of normal
square tube bundles. d=20mm, p/d=1.3
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Table 2 Various damping ratios of single-phase flow for

tube No 1
é’t é/S (in air) é/v aEq-(ZO) élt - é’s
0.041 0.029 0.011 0.012
0.18
1| <& 2.4958 m~ashr
0.164| O 5.839 m~a/hr O
o 1|1 O 6.422m~"3 /hr
SOL441 A 5186 mn3 /hr
9, 12_‘ B 5839 m~3 /hr
=52 @ sazzmrasmr S
S 010]| A 8166 M3 /hr O e
g ] Linear Fit of DataNo33_B o~ O
1 0.081 Qn0 O B~ N
£ 0.064 nel o u <
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Fig. 4 Two-phase damping ratio on tubes, No. 1;solid
and No 3:open, versus void fraction for various
flow rates of water
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Table 3 Experimental data with void fraction for the
tube 1 in Fig. 3 (b)

& m, m, f ¢
% [kg/m] [kg/m] [Hz] t
3.0 0.3612 0.6462 12.45 0.1128
5.8 0.3725 0.6575 12.34 0.1245
8.5 0.4108 0.6958 12.00 0.1150
11.0 0.3556 0.6406 12.50 0.1264
13.4 0.3255 0.6105 12.81 0.1270
15.0 0.3117 0.5967 12.95 0.1284
17.8 0.3598 0.6448 12.46 0.1336
22.3 0.2874 0.5724 13.22 0.1241
26.5 0.2966 0.5816 13.12 0.1387
30.0 0.2336 0.5186 13.89 0.1254
34.0 0.2830 0.5680 13.28 0.1474
38.0 0.3253 0.6103 12.81 0.1154
. water flow rate
100+ O 5.839m¥h
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Fig. 5 Two-phase hydrodynamic mass
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Table 4 Data for fluid-elastic instability of tube bundles subjected to two-phase cross-flow

T'\ll,l(l;)e m, f Hz 08 Y 0 e . Upe | 2% t;‘t U, K Damping ratio  [%]
: kg/m LI Y kg/m m/s o fd Z, Z, Z, o
2 0.870 8.25 0 131 1000 0.096 0.547 2521 | 3.410 4.00 2.70 | 1.30 0
3 0.870 | 11.25 0 131 1000 0.100 0.560 1.926 | 2.573 4.10 290 | 1.20 0
3 0.615 | 10.13 2 1.34 973.03 0.468 0.775 2.309 | 2.622 7.80 6.13 | 1.64 | 0.02
3 0.677 9.53 5 1.37 942.07 0.442 0.948 2.319 | 2.382 8.39 6.13 | 151 0.74
1 0.692 | 12.03 8 1.42 915.10 | 0.455 1.367 1896 | 1.622 | 1155 | 6.39 | 1.29 | 0.39
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