Eleventh International Conference on Domain Decomposition Methods

ii

Eleventh International Conference on Domain Decomposition Methods

Edited by CHOI-HONG LAI, PETTER E. BJØRSTAD, MARK CROSS AND OLOF WIDLUND

DDM.org

Contents Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 Instruction for the Preparation of Final Scripts (UTHOR1, UTHOR2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2 A Domain Decomposition Technique for Viscous/Inviscid Coupling (LAI, CUFFE, & PERICLEOUS) . . . . . . . . . . . . 4 vi CONTENTS

Preface

Eleventh International Conference on Domain Decomposition Methods Editors Choi-Hong Lai, Petter E. Bjørstad, Mark Cross and Olof B. Widlund cfl1999 DDM.org

Instruction for the Preparation of Final Scripts

A.Uthor1^1, A.Uthor2^2

Introduction

The web page you should read is the section on Proceedings in http://dd11.gre.ac.uk/ An Example is shown in Chapter 2.

(1) Copy the style files: ddm.sty, ddm.bst (2) Copy the example files: DD11proc.tex, author1.tex, lai.tex, lai.bib, aies1f5.eps into your directory.

(3) Try out the example.

Instructions

(a) Prepare your bibliography using bibtex and refer to it using the \cite command. Use the ddm bibliography style as shown in the example.

(b) Do not provide an abstract. (c) Start from the Section Introduction.

(d) Do not number Sections when you prepare your scripts. (e) Include graphics by using epsf. Do not use colour images, they may not come out well in black and white print. Avoid bitmap graphics if possible; if you do use bitmaps, use the highest resolution possible up to 1200dpi.

1 hello1. 2 hello2.

Eleventh International Conference on Domain Decomposition Methods Editors Choi-Hong Lai, Petter E. Bjørstad, Mark Cross and Olof B. Widlund cfl1999 DDM.org

2 UTHOR1, UTHOR2

(f) Place all figures and tables on top of the page or on a page with figures and tables only.

(g) Place captions below figres and above tables. The caption should not be part of a figure. Instead, it should be generated by the setminuscaption command.

(h) Do not use other macro packages, define any new commands except for frequently used formulas, redefine any TeX and LaTeX commands, reset any LaTeX parameters, such as spacings, pages size, or margins, or override and LaTeX defaults. Do not define any fonts or use any explicit formatting. Instead, use the ddm environments and sectioning commands. In particular, please do not use any TeX commands such as \vspace, \hspace, \cr, \centre.

(i) Use \label and \ref to refer to the numbers of sections , equations, figures, tables, etc.

(j) Please try to fill at least 50% of the last page. It is good to add an extra paragraph, picture, or table in the final version if it helps. Check carefully for anything that may require changing the page breaks, such as a single line ending a paragraph at the top of a page, or a heading with less than two lines of text following it at the bottom of a page. It is especially important that you correct any such page break problems if you fill more than 70 (k) Follow all the DOs and DO NOTs on the web page http://www.ddm.org/DD11/index.html

Sending final manuscripts in

(1) anonymous ftp to ftp.gre.ac.uk, with password ¡your email address¿ (2) cd /incoming/dd11 [There is no read access. You should not worry if you cannot ls your files.]

(3) make a directory named after the first author’s surname and cd to the directory (4) in the case when the first author is the sole author of a paper As well as a joint author of another paper, s/he should make a directory named after the first author’s surname concatenated with the second author’s surname.

(5) put the source .tex file, the source .bib file for bibtex with all references (and no others), all postscript files for pictures, as well as all files produced by latex and bibtex, and the final .ps file.

(6) send email to dd11@gre.ac.uk to alert us about the transmission. The message should contain the name of the directory where you put files, a list of the files with their sizes (output of ls -l is fine), all authors of the paper, and the title of the paper.

(7) send a second email to dd11@gre.ac.uk to list point by point how you have addressed the referee’s and editor’s comments in your final submission. Those conditionally accepted papers where comments have not been addressed will not be considered for publication.

FINAL SCRIPTS 3

(8) If you cannot use ftp for some reason, you may send a uuencoded tar file by email to dd11@gre.ac.uk, or all files as MIME attachments to a single email message. In any case, include in your email message all names of the authors and the title of the paper.

We apologise not accepting files sent in any other manner because of the large amount of work involved.

(a) The safe receipt of your files in the above specified way will be confirmed by email. Do not consider the files received by sus until you get a confirmation.

(b) If you use someone else work in your paper, please contact the copyright holder about a written permission right away, and acknowledge the origin of the work in your paper. The written permission will be required by DDM.org before the book may be published.

(c) Please make sure your final manuscript is really final. Do not send us multiple versions with some typos corrected. We cannot guarantee we will be able to use the version you want.

To assist future volumes of Proceedings, the editors of DD11 take this opportunity to encourage every author updating the common biblib as occurred in http://www.ddm.org/Bibtex/bibtex.html

2 A Domain Decomposition Technique for Viscous/Inviscid Coupling

C.-H. LAI^1, A.M. CUFFE^2, & K.A. PERICLEOUS^3

INTRODUCTION

The numerical simulation of viscous flows past realistic configurations using timedependent compressible Navier-Stokes for high Reynolds numbers requires a large amount of computing time [cfd94]. Although steady-state solutions of a compressible inviscid flow past over a complete aircraft described by the Euler equation can be obtained in just a few minutes time, modelling 3-D unsteady flows to understand the aerodynamics of a complete aircraft is still a grand challenge. With the limits of computing resources, it is important to develop efficient numerical technqiues which are suitable for implementation on parallel computers and for engineering design purposes.

One such technique relies upon a problem partitioning concept. The concept in relation to viscous flows past over obstacles was originally observed by Prandtl [Pra04], of which the following two observations are involved. When a viscous fluid flow past a solid boundary, tangential and normal components of the velocity must both equal to the components of the velocity of the surface, and fluid sticks to the surface. For an ideal inviscid fluid, only the normal components are equal and there is no restriction on tangential slip of fluid relative to the boundary. The fundamental differences lead

1 School of Computing & Mathematical Sciences, University of Greenwich, Wellington Street, Woolwich, London SE18 6PF, U.K. email: C.H.Lai@grn.ac.uk 2 Address same as above. This author is supported by a Bursary of the University. 3 Address same as above.

Eleventh International Conference on Domain Decomposition Methods Editors Choi-Hong Lai, Petter E. Bjørstad, Mark Cross and Olof B. Widlund cfl1999 DDM.org

VISCOUS/INVISCID COUPLING 5

to the idea of a boundary layer first proposed by Prandtl. It is a thin layer of fluid adjacent to the solid surface within which viscous effects are dominant and that such effects become negligible outside the thin layer. Hence it is valid to divide the flow region into two parts, i.e. the boundary layer and the inviscid flow outside the layer.

TRUNCATION TECHNIQUES

Truncation methods have been around for a long time. It has been used, in a different form, for the determination of local hyperbolic and elliptic regions in a plane transonic flows for shock location [MC71] or local adaptive mesh refinement for shock capturing. This Section describes two frequently used truncation techniques related to flows past an obstacle.

Prandtl’s truncation Prandtl introduced the idea of boundary layer by neglecting the effect of viscosity outside the thin layer next to a surface. One assumption to implement the idea in 2-D incompressible viscous flows past an obstacle described by

∇ · u = 0 (2.1) ∂ϕ ∂t + ∇ · (uϕ − ν∇ϕ) = − 1 ρ ∂p ∂n (2.2)

where ϕ = u, v and u = (u, v)^T is u ≫ v. The assumption leads to the boundary layer equations as described by ∇ · u = 0 (2.3) ∂u ∂t + u ∂u ∂x + v ∂u ∂y = − 1 ρ ∂p ∂x + ν ∂^2u ∂y^2 (2.4) 1 ρ ∂p ∂y ≈ 0 (2.5)

There are other assumptions which reduces the 2-D incompressible viscous flow model to other turbulent boundary layer models [Kno86] or models suitable for regions with separations and wakes [GWB73] [Rau75].

The upstream Reynolds number is chosen to be 1000. Figure 2.1 shows the velocity profiles against the distance along η-axis, obtained at ξ = 0.46 and ξ = 0.66. Figure 2.1 shows the effect of ||u_{ϵ,σ} − u_{fv}||1 for the aerfoil problem.

CONCLUSIONS

The scalar truncation method is extended to a vector truncation method and is embedded in a cell-centred finite volume method. The effect of the threshold parameter σ is insignificant to the accuracy of the solution. The choice of the threshold parameters namely, σ and ϵ, is effectively equivalent to the determination of a minimal inner region

6 LAI, CUFFE, & PERICLEOUS

defined by the thickness function t. The present approach shows that the computation of velocity gradients in the finite volume method can be used in both the evaluation of the line integrals as well as for viscous effect comparison.

REFERENCES

[cfd94] (1994) New Opportunities and Directions in Aeronautical CFD, number 16 in EASE Programme: CFD Community Club Seminars, Chilton, Didcot, UK.

[GWB73] Green J., Weeks D., and Brooman J. (1973) Prediction of turbulent boundary layers and wakes in incompressible flow by a lag entrainment method. Technical Report and Memo T3792, Royal Aircraft Establishment, Farnborough, UK.

[Kno86] Knott M. (1986) Numerical Solutions of Two-Dimensional Unsteady Boundary Layers. PhD dissertation, University of London.

[MC71] Murman E. and Cole J. (1971) Calculation of plane steady transonic flows. AIAA J. 9: 114–121.

[Pra04] Prandtl L. (1904) Über Flüssigkeitsbewegung bei sehr kleiner reibung. In Proceedings of the 3rd International Mathmatics Congress. Heidelberg.

[Rau75] Raudkivi A.J. & Callander R. (1975) Advanced Fluid Mechanics. Edward Arnold (Publisher) Ltd, London.

Figure 2.1 jjuϵ,σ � ufvjj1 for some values of ϵ and σ.