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I Block-Structured Grids Joe F. Thompson



Introduction to Structured Grids The grid generation process, in general, proceeds from first defining the boundary geometry as discussed in Part III. Then points are distributed on the curves that form the edges of boundary sections. A surface grid is then generated on the boundary surface, and finally a volume grid is generated in the field. Chapter 13 gives a general overview of the entire grid generation process and the fundamental choices and considerations involved from the standpoint of the user. The underlying essential mathematics of structured grid generation, including essential concepts from differential geometry and tensor analysis, is collected in Chapter 2. The mathematical constructs explained in this chapter are utilized throughout the chapters of this handbook. The distribution of points on boundary curves (edges of boundary surfaces) is commonly done through several distribution functions as described in Section 3.6 of Chapter 3. (The mathematics of curves is covered in Section 2.3 of Chapter 2.) These functions have been adopted over time as providing point distributions that comply with certain constraints that must be applied in order to control error that can be introduced into the solution by the grid if the spacing changes too rapidly, as discussed in Chapter 32 of Part IV. Structured grids can be generated algebraically or as the solution of PDEs. Algebraic grid generation is simply some form of interpolation from boundary points — the variants just use different kinds of interpolation. The most fundamental and versatile form — and now commonly incorporated in grid generation codes — is TFI (transfinite interpolation), which is introduced in Section 1.3.5 of Chapter 1 and described in Chapter 3. The basic equations of TFI are given in Section 3.4 of Chapter 3, and the specific equations for application with and without orthogonality at the boundaries are given in Section 3.5. Algebraic grid generation based on TFI is the fastest procedure for structured grids, and is also commonly used to generate an initial grid in generation systems based on PDEs. Grids generated algebraically can, however, have some problems with smoothness and may overlap strongly convex portions of boundaries.
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Generation systems based on PDEs can produce smoother grids with fewer problems with boundary overlap. Such generation systems are therefore often used to smooth algebraic grids. Since grid generation is essentially a boundary-value problem, grids can be generated from point distributions on boundaries by solving elliptic PDEs in the field. The smoothness properties and extremum principles inherent in some such PDE systems can serve to produce smooth grids without boundary overlap. The PDE solution is generally one by iteration, and therefore elliptic grid generation is not as fast as algebraic grid generation. The elliptic PDEs for grid generation are not unique, of course, but must be designed. This design has converged over the years to the elliptic system given in Section 1.3.3 of Chapter 1, which forms the basis for most grid generation codes today. This formulation incorporates control functions that are determined from the boundary point distribution to control the grid line spacing and orientation in the field to be compatible with that on the boundary. Procedures for the determination of these control functions in grid codes have evolved in time to the forms noted in this section of Chapter 1, which can accomplish boundary orthogonality through iterative adjustment during the generation process. A more recent and general formulation, with a sounder basis for evaluation of the control functions, is given here in Chapter 4: for 2D in Section 4.2 and for 3D in Section 4.4. This iterative solution of the elliptic system is often done by SOR, but a Picard iteration is given in Section 4.2.2 of Chapter 4, and a conjugate gradient solution is given in Section 12.10.4 of Chapter 13, in connection with parallel implementation. The generation of a grid on a boundary surface is a necessary prelude to the generation of a volume grid, and this is generally done by representing the boundary surface parametrically by NURBS or another spline formulation, and then generating the grid in parameter space either algebraically or using PDEs. This is perfectly analogous to 2D grid generation except that surface curvature terms appear in the PDEs. With the generation system operating in parameter space, the resulting grid is guaranteed to lie on the boundary surface. The parametric representation of the boundary surface is covered in Chapter 29, utilizing the underlying curve and surface constructs given in Chapter 28. Other aspects of surface generation are covered in the other chapters in Part III, and the mathematical foundations are given in Section 2.4 and in Section 2.5.2 of Chapter 2. Algebraic surface grid generation is simply the application of TFI to generate values of the surface parameters on the surface from the values set on the edges of the boundary surface by the grid point distribution on those edges, as covered in Section 9.2 of Chapter 9. Elliptic surface grid generation operates with the PDEs formulated in terms of the surface parameters, and surface curvature terms appearing in the PDEs (see Section 2.5.2 of Chapter 2). A commonly applied procedure is given in Section 9.3 of Chapter 9, and a more recent and general procedure is given in Section 4.3 of Chapter 4. Hyperbolic surface grid generation is covered in Section 5.3 of Chapter 5. It is generally advantageous, in view of such things as boundary layer phenomena and turbulence models, to have the grid orthogonal to boundaries even though orthogonality is not imposed in the field. This is commonly done through iterative adjustment of the control functions as described in Chapter 6: in Section 6.2 for 2D grids, Section 6.3 for surface grids, and Section 6.4 for volume grids. Another procedure in 2D, also using the control functions, is given in Section 4.2 of Chapter 4. An alternative approach to grid generation via PDEs is to use a hyperbolic generation system rather than an elliptic. Elliptic equations admit boundary conditions, i.e., grid point distributions, on all boundaries of a region. Hyperbolic systems, however, can take boundary conditions only on a portion of the boundary. Therefore, while elliptic grid generation systems can produce a grid in the entire volume from point distributions of the entire boundary, hyperbolic systems generate the grid by marching outward from a portion of the boundary. Hyperbolic grid generation systems therefore cannot be used to generate a grid in the entirety of a volume defined by a complete boundary. Chapter 5 covers hyperbolic grid generation in volumes in Section 6.2 and on surfaces in Section 6.3. Structured grids are not generally made orthogonal, although orthogonality at boundaries is often incorporated, as has been noted above. In fact, 3D orthogonality is not, in general, possible without imposing certain conditions on the grids on the boundary surfaces. And even in 2D, orthogonality imposes severe restrictions on the grid distribution. Transformed PDEs, however, take a much simpler
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form on orthogonal grids, providing some incentive for their use when feasible — with relatively simple boundary configurations and physical problems without strong localized gradients. Chapter 7 covers orthogonal grid generation systems. As has been noted, PDEs for grid generation are designed, not discovered. Considerable research has gone into this topic, leading to generally standard elliptic (Chapter 4) and hyperbolic (Chapter 5) grid generation systems. The underlying theory of harmonic mappings provides a framework for the development of elliptic grid generation systems, and this topic is treated in some depth in Chapter 9. This theoretical base also leads to the formulation of adaptive grid systems, also covered in this chapter. Adaptive grids are most fundamentally formulated from variational principles, and this is covered in Chapter 36 of Part IV. Adaptive grids and grid quality are covered in the chapters of Part IV. A strong and versatile alternative to block-structured grids is the overset grid approach (originally called chimera, after the composite monster of Greek mythology). With this approach, individual structured grids are generated around separate boundary components, e.g., bodies, and these separate grids simply overlap each other in some hierarchy. Data is transferred between overlapping grids by interpolation. The overset grid approach is covered here in Chapter 11. The grid generation involved is typically done by hyperbolic generation systems, described in Chapter 5. The mathematics and technology of structured grid generation have matured now so that the techniques covered in Part I can be expected to be of enduring utility. The block structure is versatile, and serves as the foundation for efficient solutions because of its inherently simple data structure. Construction of the block configuration by hand, even with graphically interactive tools, is very labor intensive, however, as noted in Chapter 13. Automation of the block structure, rather than graphical interaction, is the goal, and this is an area of active research and development (Section 21.2 of Chapter 21 is relevant here). A very promising recent approach is included in Chapter 11. Finally, operation on parallel processors is essential now, and the block structure provides a natural means of domain decomposition, as covered in Sections 12.8–12.10 of Chapter 12. The operation of the block structure is discussed in Sections 12.2–12.6 of Chapter 12. Chapter 12 also covers a script-based meta-language approach to structured grid generation in Section 12.7. Although most available grid generation systems have departed from the script-based approach in favor of graphical interaction, the script-based approach has definite advantages in design cycles.
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