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Fluid-solid coupling dynamic response analysis of a simplified desulfurization
tower model
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ABSTRACT In order to study the influence of fluid-solid coupling on the dynamic response of a simplified desulfurization tower
structure model the fluid-solid coupling effects of the model under seismic waves were simulated by using the finite element program
Adina. Firstly the desulfurization tower structure was reasonably simplified its modal analysis was done at different liquid levels and
the influences of the liquid level on its self-oscillation frequency and vibration mode were analyzed. Secondly the effects of the liquid
level the input angle and the peak value of earthquake acceleration on the acceleration and displacement of the desulfurization tower
were discussed by loading seismic waves and were compared with experimental results. The result shows that the self-oscillation fre—
quency intensifies with the liquid level rising. The liquid level the input angle and the peak value of earthquake acceleration all have
great influence on the acceleration of the desulfurization tower but they have little effect on the displacement of the desulfurization tow—
er.
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Table 1  self-oscillation frequencies of the structure with four liquid lev—
° . Namkoong ° els
/Hz
45m 9.0m 13.5m
. Zhang  Hisada ’ 1 0.4915 2.1583 x107°° 2.1583 x10°° 2.1058 x10~°
2 0.5822  0.4915 0.4915 0.4915
FSI( fluid-struc— 3 0.9051 0.5822 0.5818 0.5795
ture interaction) ALE 4 0.9604 0.905 1 0.905 1 0.9049
( arbitrary lagrangian eulerian) 5 1.4000 0. 9604 0.9581 0.9384
1 6 1.4870 1.3989 1.3849 1.3116
7 1.6820 1.4871 1. 4865 1.3818
Adina * 8 1.7180 1.6810 1.6656 1.3953
9 1.9570 1.7184 1.7183 1.4652
6.55 m 10 2.0460 1.9559 1.9382 1.4835
36.5m l6m  33m 11 2.3290  2.0454 1.9852 1.6771
(5.0mx9.4m) (2.6mx13. 1m); 12 2.3650  2.3231 2.1292 1.6784
0235 0.013m 13 2.5490  2.3650 2.3386 1.7188
7850 kgem ™’ 2.06 x 10" Pa 14 2.6700  2.5490 2.3618 1.8159
shell63 ; . 15 2.8340  2.6616 2.4058 1.8234
1050 kgem™ 16 3.0660  2.8332 2.5535 1.9087
3D Fluid 2.3 x10" Pa; 17 3.1190 3.0473 2.5515 1.9092
4.5.9.0 18 3.1200  3.1517 2.7259 2.0436
13.5m
9m 1 1
1.1
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Fig.2 The first modal figure of the structure with four liquid levels: % —05+
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Fig.4 Acceleration time history curves of Tianjin seismic wave
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Fig.3 The eighth modal figure of the structure with four liquid lev—
els: (‘a) vacant tower; (b) 4.5m; (¢) 9.0m; (d) 13.5m
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Fig.5 Distribution curves of acceleration ( a) and displacement ( b) of the tower body with four liquid levels (0°)
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Table 2 Comparison of acceleration between the tower overhead and 7
tower bottom with four liquid levels ( 0°)
/ /
m /(mes~?2) /(mes~?2) %
o
0 2.985 7.441 149.3 90
4.5 3.784 8. 695 129.8
9.0 7.895 8.264 4.7 '
13.5 17.479 10. 000 -42.8
30°
30°
90° N
0°
30°
2.3 2.4
(13.5m) 13.5m  0°
1.5mes™* 1.5.2.5 4.0me*s™’
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Fig.6 Distribution curves of acceleration ( a) and displacement ( b) of the tower body with four liquid levels ( 90°)
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Fig.7 Distribution curves of acceleration ( a) and displacement ( b) of the tower body with seismic wave input in different degrees
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Fig.8 Distribution curves of acceleration ( a) and displacement ( b) of the tower body with different peak values of earthquake acceleration
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Table 3 Magnification of the acceleration and displacement of the tower body with different peak values of earthquake acceleration
/ / /
(mes~2) (mes~?) /% (mes™?) 1%
1.5 51.70 100 0.133 100
2.5 86. 34 167 0.200 150

4.0 138. 30 160 0. 301 151
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Fig.9 Distribution curves of acceleration under the simulated seismic

wave and experiment of earthquake

9

90°

Xu G Ren WM Zhang W et al. Dynamic characteristic analy—
sis of liquidilled tanks as a 3-D fluid-structure coupling system.
Acta Mech Sin 2004 36(3): 328
(

2004 36(3): 328)
Sheng Z H Song B. Influence of fluid-solid coupling on dynamic
characteristics of large desulfurization tower. J Archit Civ Eng
2010 27(1): 36
(

2010 27(1): 36)

Bathe K J Zhang H. A flow-condition-based interpolation finite
element procedure for incompressible fluid flows. Comput Struct
2002 80( 14/15): 1267
Kohno H Bathe K J. A nine-node quadrilateral FCBI element for
incompressible fluid flows. Commun Numer Methods Eng 2006
22(8): 917
Zienkiewicz O C  Taylor R L
Method: Vol. 3 Fluid Dynamics. 6th Ed. Oxford: Butterworth
2000
Namkoong K Choi HG Yoo J Y. Computation of dynamic fluid—

Nithiarasu P. The Finite Element

Heinemann

structure interaction in two-dimensional laminar flows using com—
bined formulation. J Fluid Struct 2005 20(1): 51

Zhang Q Hisada T. Analysis of fluid-structure interaction prob—
lems with structural buckling and large domain changes by ALE fi-
nite element method. Comput Methods Appl Mech Eng 2001 190
(48) : 6341

Yue G Chen Q. Fundamental Application and Example Explana—
tion of Adina. Beijing: People’s Transportation Press 2008
( . Adina

2008)

Yue G Liang Y B. Advanced User Training of the Function of Flu—
id and Fluid-Structure Interaction on Adina. Beijing: Peoples
Transportation Press 2010
( . Adina

2010)

Degroote ] Bathe K'J Vierendeels J. Performance of a new par—

titioned procedure versus a monolithic procedure in fluid-structure

interaction. Comput Struct 2009 87( 11/12) : 793



