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Fig.1 Sketch of an elastic body in an axial flow.
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Fig.2 Sketch of the control rod dropping location.
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Fig.3 Sketch of the guide tubes array.
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Fig.4 The diagram of friction time-history of the control rod dropping. (a) with earthquake; (b) without earthquake
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Analysis on the fluid and structure interaction in the control rod drop process

LI Peng® LIU Tong® ZHOU Yuemin® YANG Yiren' LU Li'® GUO Yan?

1(School of Applied Mechanics and Engineering, Southwest Jiaotong University, Chengdu 610031, China)

2(Nuclear Fuel Research and Design Center, China Nuclear Power Technology Research Institute, Chengdu 610031, China)

Abstract Background: The drop time of control rod assembly is one of the most important parameters to ensure

the safe operation of nuclear power plants. Due to the fluid-structure interaction (FSI), the elastic structures, such as

control rods and guide tubes, will vibrate in the dropping of control rod assembly. The impact and friction between

the control rod and guide tubes caused by large transverse vibration will influence the drop time calculation. Purpose:

To study in detail the flow-induced vibration and the friction, this paper focus on the fluid-structure interaction in the

control rod drop process. Methods: Firstly, the vibration equations of control rod and guide tubes considering the

fluid-structure interaction are established. Then the various fluid forces are analyzed in accordance with their qualities,

and the influences of different guide tubes in a guide tubes array are also considered. Results: The friction between

control rod and guide tube is not zero, and the friction under seismic condition is larger. Conclusions: The analysis on

the fluid and structure interaction presented in this paper is reasonable and can improve current analytical models of

control rod drop time calculation.

Key words Control rod assembly, Dropping process, Impact, FSI, Guide tubes array
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