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Fig. 1 A piezoelectric V-notch and region near notch tip
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Evaluation of singular physical field near the vertex of
piezoelectric material notch

PAN Wei, CHENG Chang-zheng”, WANG Fei-yang, LI Teng-yue, NIU Zhong-rong
(School of Civil and Hydraulic Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: The idea of combining the singularity characteristic analysis with the finite element method is
used to calculate the singular physical fields near the vertex of a notch of a piezoelectric material. Firstly,
based on the singular asymptotic expansion technique,the singular characteristic equation of the notch is
established. The interpolating matrix method is then introduced to solve it. The singularity order,
characteristic angular function and its derivative of the singular asymptotic expansion are obtained. The
displacement and electric potential near the notch are calculated on a relatively sparse finite element
mesh. These results are introduced into the asymptotic expansion to obtain the amplitude coefficients in
the asymptotic expansion. According to the calculated amplitude coefficients, singularity order,
characteristic angular function and its derivative, the singular physical field can be reconstructed, and
then the stress and electric displacement intensity factors can be calculated. The proposed semi-analytical
method is basing on the results from the finite element sparse grid. Thus,a small amount of calculation is
needed and a higher-precision singular physical field can be obtained. The proposed method does not need
to modify the interpolation function of the finite element method. It is suitable for embedding into the

commercial finite element software.

Key words: piezoelectric material; notch; asymptotic expansion; singular stress field; singular electric

displacement field
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Meshless extended finite volume method of compositional reservoir model

RAO Xiang*"*?*, XU Yun-feng"?, LIU Wei"*, ZHOU Yu-hui’?, LIU Yi-na'*
(1. Hubei Key Laboratory of Drilling and Production Engineering for Oil and Gas, Yangtze University,
Wuhan 430100, China;

2. School of Petroleum Engineering, Yangtze University (Wuhan Campus) , Wuhan 430100, China;

3. Ali I. Al-Naimi Petroleum Engineering Research Center, Physical Science and Engineering Division,

King Abdullah University of Science &. Technology,Jeddah 23955-6900,Saudi Arabia)

Abstract: In this paper, the first meshless numerical solver of compositional reservoir models is
developed. This meshless solver uses the point cloud which is subject to few topology constraints when
generating and the extended finite volume method (EFVM) to discretize the reservoir calculation domain
and the governing equations respectively, and can directly use the existing nonlinear solver in a mesh-
based commercial simulator to calculate the global nonlinear discrete equations to obtain the profiles of
pressure, phase saturation, and component concentration. In this paper, two typical compositional
reservoir models (including CO, flooding and steam flooding) are implemented to test the computational
performance of the meshless simulator. The results of the numerical examples show that compared with
the mesh-based methods, the meshless simulator can significantly reduce the difficulty of discretization of
the computational domain of complex reservoirs, avoid the grid orientation effect of the Cartesian grid-

based (FVM) ,and improve the computational accuracy and convergence efficiency of the nonlinear solver.

Key words: generalized finite difference method; meshless extended finite volume method; compositional

reservoir model;reservoir numerical simulation



