A NONLINEAR TRANSFORMATION APPLIED TO BOUNDARY LAYER EFFECT AND THIN BODY EFFECT IN BEM FOR 2D POTENTIAL PROBLEMS
應用於二維勢能問題之邊界元素法中的邊界層效應與薄體效應的非線性轉換
The efficient solution of boundary layer effect and thin body effect problems is one

of the major concerned issues in the boundary element method (BEM). Although great progresses have been achieved in recent years, questions still remain. The effective solution to those problems using the BEM (especially for thin body problems) mainly depends on the following factors: an effective non-singular boundary integral equation (BIE) to calculate the singular integrals, a valid algorithm to calculate the nearly singular integrals, and a high level of approximation to the geometric boundaries of the original problem. The BEM-based approach proposed in this paper is constructed using a combination of the regularized indirect BIEs and a general nonlinear transformation which can eliminate the nearly singular properties of the integral kernels. The introduced nonlinear transformation is suitable for high-order geometric elements when nearly singular integrals need to be calculated, which is recognized as a difficult problem to be solved in the BEM. Both boundary layer effect and thin body effect are considered in this paper. For thin body problems, very promising results are obtained when the thickness to length ratio is in the orders of 1.0E-6 to 1.0E-10, which is sufficient for modeling most thin structures in the micro- or nano-sclaes.

邊界層效應與薄體效應問題的有效求解一直是邊界元素法中非常受到關注的議題之一。雖然近幾年來有突破的進展，但是問題還是依然存在。利用邊界元素法求解邊界層效應與薄體效應的問題，主要與下列因素有關:使用一個有效的非奇異邊界積分方程來計算奇異積分，利用一個有效的算法來計算近乎奇異的積分，與高度近似到原問題的幾何邊界。本文中所提出以邊界元素法為基礎的方法是利用結合正規化的間接邊界積分方程與一般非線性轉換來消除積分核的近乎奇異時的一些特性。這裡所介紹的非線性轉換適合於高階的幾何元素尤其當需要計算近乎奇異時的積分，這部份是被公認為使用邊界元素求解時較為困難的問題。本文同時考慮邊界層效應與薄體效應。在薄體問題中，當厚長比在1.0E-6到1.0E-10間能獲得良好的結果，這已足夠來模擬大部的薄型結構微米或奈米尺度問題。
檔名: JCIE 柏伸製表

