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Fluidelastic Instability Analysis of the U-Tube Bundle
of a Recirculating Type Steam Generator

J.C. Jo, SK. Lee, W.S. Kim, W.K. Shin and Y.S. Eun
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Abstract

This paper p}esents the results of fluidelastic instability analysis performed for the U-tube
bundle of a Westinghouse model 51 steam generator, one of the recirculating types designed at an
early stage, in which the principal region of external cross-flow is associated with the U-bend
portion of tube. The prerequisites for this analysis are detailed informations of the secondary side
flow conditions in the steam generator and the free vibration behaviours of the U-tubes. In this
study, the three-dimensional two-phase flow field in the steam generator has been calculated
employing the ATHOS3 steam generator two-phase flow code and the ANSYS engineering
analysis code has been used to calculate the free vibration responses of specific U-tubes under .
consideration. The assessment of the potential instability for the suspect U-tubes, which is the
final analysis process of the present work, has been accomplished by combining the secondary
side velocity and density distributions obtained from the ATHOS3 prediction with the relative
modal displacement and natural frequency data calculated using the ANSYS code. The damping
of tubes in two-phase flow has been deduced from the existing experimental data by taking into
account the secondary side void fraction effect. In operation of the steam generator, the tube
support conditions at the tube-to-tube support plate intersections may change from unfixed
support conditions to clamped support conditions due to either tube denting degradation or
deposition of tube support plate corrosion products or ingression of dregs. Thus, various hypothet-
ical cases regarding the tube support conditions at the tube-to-tube support plate intersections
have been considered to investigate the clamped support effects on the forced vibration response
of the tube. Also, the effect of anti-vibration bars support in the curved portion of tube has been
examined.
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Table 1 Operating parameters for a westingh-

ouse model 51 steam generator at 100% Fig.2 (a) Finite-difference grid with fine resolution

in the U-bend region of steam generator
power

[816(8) x 13(r) X 36(2)]
-Dome pressure bars 57.05
-Feedwater flow rate kg/sec| 472.02 Center line of the tube lane
-Drain flow rate kg/sec Houside Cotd side
-Fraction of feedwater 0.829
distributed to hot side dow-
ncomer
-Feedwater temperature C 220.0 / .55
-Primary mass flow rate kg/sec | 4003.6 hd
-Primary inlet temperature C 319.0 it ﬁ%“
-Downcomer water level m 12.88 Fow 5 10 15 20 25 30 35 40 4
-Carry under % 0.0 Fig.2 (b) Enlargement of the horizontal cross-
—Carry over 9% 0.156 section of calculation domain with the tube
bundle layout
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(note) R :row, C:column
*Supported by no AVB
**Supported by one AVB on each side of the tube

***Supported by two AVBs on each side of the tube
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Fig. 6 First four modes of vibration for the tube R10 C70. Tube support conditions at
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'Fig. 7 First out-of-plane modes for the tube R10 C70
corresponding to the 10 different tube support
conditions at TSP.
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Table 3 Predicted maximum stability ratios for the 7 different cases of the U-tube R10 C70

Case [Fig. 5] AlHz] do Meo[kg/m] Velm/s] Vae[m/s] S.R.
4 20.67 0.80 1.0152 3.189 2.316 0.726

5 30.34 0.85 0.9989 2.880 2.239 0.777

6 29.89 0.77 1.0254 2.710 1.979 0.730

7 23.59 0.82 1.0077 3.445 2.509 0.728

8 34.21 0.85 0.9962 3.306 2.598 0.786

9 33.95 0.80 1.0140 3.227 2.379 0.737

10 50.16 0.85 0.9976 3.036 2.779 0.915




212 254 - oA - A% - ALY - 23

Table 4 Predicted maximum stability ratios corresponding to the case 10 in Fig. 5

Tube A[Hz] @ Mmeokg/m] Va[m/s] Vearlm/s] SR.
R7 C51* 85.91 0.859 0.9938 5.194 2.917 0.562
R8 C51* 70.69 0.859 0.9938 4.274 2.881 0.674
R9 C48* 59.08 0.854 0.9959 3.575 3.093 0.865
R9 C51* 59.16 0.860 0.9937 3.569 2.801 0.785
R9 C55* 59.18 0.861 0.9932 3.572 2.775 0.777
R9 C89* 58.71 0.819 1.0084 3.619 3.068 0.848
R9 C91* 58.38 0.788 1.0201 3.638 3.457 0.950
R9 C92* 58.38 0.788 1.0201 3.638 3.444 0.947
R10C51* 50.27 0.862 0.9931 3.027 2.748 0.908
R10C70* 50.16 0.849 0.9976 3.045 2.780 0.915
R11C51* 43.24 0.863 0.9925 2.605 2.693 1.034
R12C51* 37.56 0.864 0.9922 2.261 2.675 1.183
R11C51** 122.7 0.863 0.9925 7.393 2.756 0.373
R12C51** 183.4 0.864 0.9922 11.039 2.830 0.256
R35C75** 30.11 0.842 1.0004 1.833 2.847 1.553
R46C50** 19.00 0.844 0.9994 1.157 2.494 2.155
R35C75*** 88.96 0.842 1.0004 5.415 2.694 0.498
R46C50*** 52.53 0.844 0.9994 3.200 1.735 0.542

(note) *Supported by no AVB
**Supported by one AVB on each side of the tube
***Supported by two AVBs on each side of the tube
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