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Chapter 1INTRODUCTION1.1 OBJECTIVEThis guide is intended to provide a quick reference for the use of the UTIAS2d Automated MultiBlock Elliptic gRid generator (AMBER2d) developedat the University of Toronto Institute for Aerospace Studies (UTIAS). Itdescribes the components of the grid generator, the input and output, andgives some example test cases.1.2 OVERVIEWAMBER2d is a package that allows the automated generation of structuredmultiblock grids around multiple element airfoil con�gurations.Based on the potential 
ow solution obtained using a Kennedy-Marsdenpanel method, block boundaries are introduced at the airfoil walls, a rect-angular or C-shaped outer boundary, stagnation streamlines, and stagnationequipotential lines. Additional equipotential lines may be utilized at anyleading edge(s). This is particularly handy where the leading edge radius issmall and the singular point is not in the immediate vicinity. Without theuse of a leading edge phi line, the resulting mesh may not be of su�cientquality. Equipotential lines may also be added at points of discontinuousslope on the airfoil surface, called sharp points, where the resulting grid maynot be smooth. By introducing a block boundary in this way, mesh qualitycan be controlled more easily. 1



Algebraic grids are then generated in each of the resulting blocks. Thiscan be done manually, by creating the DSBFILE describing the grid parame-ters by hand, or by utilizing the AUTOMESH option. The latter enables theuser to describe a few basic mesh parameters instead of a minimum of ten foreach block (i.e., eight spacings, two grid point numbers, and four parametersper cluster point). In the 4 element DHC WTBV 35/35 test case provided inAppendix A, 33 blocks decompose the domain. The algebraic grid generatorwould then require 330 grid parameters, in the absence of cluster points, tofully describe this mesh. However, by using AUTOMESH only 25 user speci-�ed grid parameters were needed. This number can be further reduced if theuser wishes to take advantage of default grid parameters. If these prove to besatisfactory, the user need not de�ne any grid parameters, as AUTOMESHwill still generate the required parameter �le based on intelligently chosendefault settings. Had the blunt trailing edges of the four elements in thisgeometry been retained, 51 blocks would have been required. This wouldlead to a total of 510 algebraic grid parameters to be speci�ed. Even greater
exibility is available to the AMBER2d user as the AUTOMESH generatedDSBFILE can be edited or tailored to meet speci�c needs while maximizingconvenience and ease of use. If this approach is taken, or if the required�les are indeed ambitiously hand generated, the AUTOCHECK routine inthe algebraic gridder will warn the user of any possible inconsistencies. Morespeci�cally, AUTOCHECK ensures that the spacings, grid point numbers,and any clustering points are speci�ed consistently across block boundaries.Finally, the algebraic grid is smoothed elliptically to produce a high qual-ity mesh. The user also has control of the smoothing process and as a con-sequence, the resulting grid. By choosing appropriate values for the angleand spacing control function decay parameters, the user can dictate howthe grid is smoothed. However, to fully specify the angle and spacing con-trol functions, a total of eight inputs are required for each block. Thus forthe 4 element DHC WTBV 35/35 test case shown in Appendix A, 264 in-dividual parameters are to be speci�ed (or 408 with blunt trailing edges).The AUTOMESH option provides the user with a convenient and quick wayout of the time consuming task of de�ning these parameters manually. AU-TOMESH allows the user to specify only 4 individual parameters based onthe type of boundary. These also have default settings that have been pre-programmed based on the test cases performed to date. As such, the defaultvalues will su�ce for most of the cases that a prospective user is likely to2



encounter. Similarly to the grid parameter �le that can also be created byAUTOMESH, the control function decay parameter �le (CTLFILE) can beedited or tailored to meet the precise needs of the user.As a consequence, AMBER2d consists of three parts :1. the domain decomposition routine, kmS,2. the algebraic grid generator, agrid, and3. the multiblock elliptic smoother, megrid.This is shown schematically in �gure 1.1. Each of these routines will bedescribed in turn.When AMBER2d is used in conjunction with the TORNADO 
ow solver,also developed at UTIAS, the user is a�orded a degree of automation thatallows complex geometries to be modeled easily. This is achieved via theCONFILE, GRIDFILE, STGFILE and the standardized topology conven-tions used by both codes. This is shown in �gure 1.1. Although, either codecan be used with other packages, the degree of automation is reduced.
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input fileFigure 1.1: Schematic for AMBER2d and connectivity with TORNADO.4



Chapter 2DOMAINDECOMPOSITION: `kmS'2.1 OVERVIEWThe domain decomposition routine, kmS, decomposes the domain into a se-ries of rectangular blocks. Based on a potential 
ow solution obtained usinga Kennedy-Marsden panel method, this is done using the airfoil element(s), arectangular outer boundary, stagnation streamlines, and equipotential linesas block boundaries. The blocks are such that any given edge has only oneboundary condition type (i.e., an airfoil, a far �eld boundary, or an interiorboundary between blocks). This allows the 
ow solver to be simpler thanone that allows mixed boundary conditions along the sides. The domainsand, as a consequence, the grids are of the H-Mesh variety. However, theuser has the option of generating C-Meshes for single element geometries.All of the parameters in the control or input �le have default settings.Thus, a decomposition can be performed by simply specifying the airfoilcoordinates. The user is able to just specify the parameters that are to di�erfrom the default values.kmS also provides the user with the AUTOMESH option which greatlysimpli�es the process of specifying the algebraic and elliptic grids. Insteadof specifying ten grid parameters and eight smoothing parameters for eachblock, the user need only set as few as seven grid parameters and a total offour smoothing parameters! If the user is still dissatis�ed with the resulting5



`�rst guess' grid, two options are available. The �rst, rather onerous, optionis to edit the appropriate �le(s). This allows the greatest control over theprocess but with the most work and requiring more know-how from the user.The second option available is to rerun the decomposition. This would,under normal circumstances, be tedious and time consuming. However, ifthe DECOMP option is set to false, only the grid parameter and smoothingparameter �les are changed while the decomposition is unchanged. Thisallows the user to take advantage of the user-friendly environment of thedomain decomposition routine, kmS, without performing the decompositionevery time. The user is also provided with the number of points containedin the grid as kmS displays this upon execution if the AUTOMESH optionis active. Some sample domain decompositions are given in the Appendices.2.2 INPUT CONTROL FILE: kmS.inpSome sample domain decomposition control �les are shown in the Appendicesand a sample showing the default settings is provided below. The contentsof these �les are broken up into sections by comment lines denoted by anexclamation mark `!' preceding the comment. In this �le, comments mayappear anywhere as long as there is a `!' on the same line as the commentand preceding the comment. Any input parameters appearing after a com-ment statement and on the same line will be ignored. The input type isa NAMELIST format (i.e., similar to ARC2D) whose name is INPUT. Allentries except the airfoil coordinates have default settings. Listed below isa kmS input control �le containing the default settings. The default for themaximum number of elements is 5, but this can be altered by changing thevalues of the appropriate parameters in the source code. Note that wherethere is no default for a particular variable, <no default> is indicated andthe line is commented out:!! CONTROL FILE FOR K-M DOMAIN DECOMPOSITION! DEFAULT PARAMETERS!! A Wilkinson! UTIAS, November 1993!&INPUT 6



! AIRFOIL COORDINATES :FOIL='airfoil.dat' ! Airfoil coordinate file name! CONTROL PARAMETERS :ALPHA = 0.0, ! Angle of attackROTATE = 0.0, ! Rotation angleX0 = 0.5, ! X coordinate of rotation centrexY0 = 0.0, ! Y coordinate of rotation centerLEPHI = FALSE,FALSE, ! PHI-line from L.E. (t/f)FALSE,FALSE,FALSE,CMESH = FALSE, ! C-MESH option (t/f)! SHRPFL = <no default> ! SHarP point on FoiL(s)! SHRPPT = <no default> ! SHarP PoinT location(s)AUTOMESH = TRUE, ! AUTOMESH Option (.dsb & .ctl files) (t/f)DECOMP = TRUE, ! DECOMPose domain (t/f)MESHSEQ = 3, ! max. number of MESH SEQuencing levels! OUTPUT FILES :SPLFILE = 'g.spl', ! SPLine file (spline coefficients)DECFILE = 'g.dec', ! DEComposition file (block definitions)CONFILE = 'g.con', ! CONnectivity file (block connections)DSBFILE = 'g.dsb', ! Define Sides of Block fileCTLFILE = 'g.ctl', ! ConTroL file (control fn' decay param.)P3DFILE = 'g.p3d', ! Plot3D file for block boundariesSTGFILE = 'g.stg', ! STaGnation point descriptor FILE! BOUNDARY PLACEMENT :XLB = -10.00000, ! Left Hand Boundary locationXRB = 10.00000, ! Right Hand Boundary locationYLB = -10.00000, ! Lower Boundary locationYUB = 10.00000, ! Upper Boundary location! MESH PARAMETERS - NODES :NPTSAF = 129,129,129, ! No. PoinTS on AirFoil(s) in order from t.e.129,129, ! to any cluster points to t.e. going c.w.NTE = 25,25,25,25,25, ! No. points on the blunt Trailing EdgeNFFBX = 49, ! No. points to the Far-Field BoundaryNFFBY = 49, ! No. points to the Far-Field BoundaryNINT = 49, ! No. vertical points IN-beTween the sectionsNGAP = 29, ! No. horiz. points in negative overlap (GAP)! MESH PARAMETERS - SPACINGS :DNW = 2.0E-05,2.0E-05, ! normal off Wall spacing2.0E-05,2.0E-05,2.0E-05,DNFFB = 2.0, ! normal spacing at the Far-Field BoundaryDSSTG = 1.0E-04,1.0E-04, ! surface spacing at the STaGnation point1.0E-04,1.0E-04, 7



1.0E-04,DSTE = 5.0E-05,5.0E-05, ! surface spacing at the Trailing Edge5.0E-05,5.0E-05,5.0E-05,DSLE = 1.0E-04, ! surface spacing at any L.E. ctl lineDSSHRP = 1.0E-04, ! surface spacing at any SHaRp points! MESH PARAMETERS - CLUSTERING :! CLUSFL = <no default> ! CLUSter on FoiL # ..! CLUSX = <no default> ! norm. arc length from LE (=0.0) to TE (=1.0)! CLUSUL = <no default> ! U for Upper surface, L for Lower surface! CLUSDS = <no default> ! CLUSter surface spacing (ds)! MESH PARAMETERS - CONTROL FUNCTION DECAY PARAMETERS :SPCFFB = 0.2, ! SPaCing ConTroL parameter for ffbSPCPSI = 0.01, ! SPaCing ConTroL parameter for PSI linesSPCPHI = 0.02, ! SPaCing ConTroL parameter for PHI linesANGDECAY = 0.2 ! ANGle ConTroL parameter&ENDEach of the sections of this �le with their variables are discussed in thefollowing pages.2.2.1 Airfoil CoordinatesFOIL is the name of the �le, including the whole path and any extensions,containing the airfoil coordinate data. The format is described in section2.3. The default airfoil coordinate �lename is `airfoil.dat'. Some examples ofairfoil geometry data �les are shown in the Appendices.2.2.2 Control ParametersThis group of parameters controls the topology of the domain decompositionand, as a consequence, the resulting grid.1. ALPHA. This is the angle of attack of the airfoil section as used bythe panel method. Note that this does not alter the orientation of thesections with respect to the outer boundaries. Thus ALPHA allows theuser to control the position of the singular point (i.e., the intersection ofthree block boundaries or streamlines and equipotential lines with theairfoil near the leading edge) and the angle of the stagnation streamlinesin the far �eld. Note that ALPHA is de�ned positive nose up and is8



expressed in degrees. The default value for the angle of attack is 0.0degrees.2. ROTATE, X0, Y0. This option allows the user to rotate the airfoil withrespect to the far �eld boundaries by ROTATE degrees about (X0,Y0).By changing the orientation, the e�ective angle of attack is also altered.ROTATE is de�ned in the same way as ALPHA and is also in degrees,while (X0,Y0) are de�ned in the airfoil coordinate system. The defaultfor ROTATE is 0.0 degrees, while (X0,Y0) is set to (0.5,0.0).3. LEPHI. If this logical 
ag is set to be true, then a phi (equipotential)line is drawn from the leading edge to the upper boundary. The di-rection this line travels (i.e., upward or downward) is such that it doesnot cross the stagnation streamline. As the stagnation streamline is notgenerally at the leading edge, the user is able to place a block bound-ary at the leading edge via a phi line. This can be helpful where theleading edge radius of a 
ap is small and the singular point is on thelower surface and further aft of the leading edge. By using a leadingedge phi line in this case, a highly curved block at the leading edge canbe avoided. The default setting is false.4. CMESH. If this logical 
ag is set to true, then a C-Mesh domain de-composition is performed (providing that the airfoil is a single elementonly). In the case of this 
ag being inadvertently set to true for a multi-element con�guration, it is ignored. The default setting is false. Notethat if a C-Mesh is requested, the LEPHI and SHARPPT/SHRPFLoptions do not work.5. SHRPFL, SHRPPT. This option is used with an airfoil with a discon-tinuous slope along its surface. When implemented, a phi (equipoten-tial) line is drawn from the discontinuous point to another boundary(i.e., a far �eld boundary, a streamline, or another airfoil). SHRPFL(SHaRP FoiL) is set to the element number that the �rst sharp pointis on, while SHRPPT (SHaRP PoinT) is the number index of the (x,y)pair at the sharp point in the airfoil coordinate �le. Note that if el-ement i has N sharp points then, SHRPFL will consist of i,i,i,i,.....with N occurences. The default is no sharp points.9



6. AUTOMESH. This logical option automatically produces the �les re-quired to run the algebraic grid generator (DSBFILE) and the ellipticgrid generator (CTLFILE) using data speci�ed below. If this option isnot active then it is assumed that the user is either going to producethe required �les by hand or that they already exist. The default istrue.7. DECOMP. This logical 
ag is used in conjunction with AUTOMESHwhen only the grid details are being changed while the decomposition isunaltered. Once the domain decomposition has been performed, it willnot change as long as the section, angle of attack, rotate angle, outerboundary placement, leading edge phi line(s), and sharp point(s) arethe same. Thus if only the number of grid points, spacings, clustering orcontrol decay parameters are altered, the domain decomposition doesnot have to be performed and DECOMP can be set to false to avoidthis cpu intensive activity. The default is true.8. MESHSEQ. If grid sequencing is to be used by a solver, the grid mustbe checked to ensure that the required number of sub-grids can begenerated from the main grid. That is, the number of grid points plusone (i.e., N + 1) must be divisible by two in BOTH directions. If twolevels of grid sequencing are required, then N + 1 must be divisibleby four, and for three levels, by eight, and so on. This integer is thenumber of sequencing grids that can be generated from the main gridby ensuring that the number of grid points plus one (N + 1) in bothdirections, is divisible by two, MESHSEQ times. That is, MESHSEQnumber of sub-grids will be able to be generated from the main grid.Note that a non-zero value for MESHSEQ will result in a slight changein the number of nodes as speci�ed by the user, while a value of zerowill result in no change but no guarantee of being able to producesub-grids. The default is 3.2.2.3 Output FilesThis section speci�es the names for the output �les. The output �les gener-ated by kmS are described in detail in section 2.4.10



� SPLFILE (SPLine FILE). SPLine points and coe�cients from the do-main decomposition in TECPLOT format (see section 6.1.1). Thedefault is `g.spl'.� DECFILE (DEComposition FILE). Block de�nitions from the domainDEComposition. The default is `g.dec'.� CONFILE (CONnectivity FILE). How the blocks CONnect to one an-other. The default is `g.con'.� DSBFILE (De�ne Sides of Block FILE). De�nitions of Block Sides,cluster points, grid point numbers, and grid point spacings (AUTOMESHoption). The default is `g.dsb'.� CTLFILE (ConTroL FILE). Decay parameters that de�ne the ConTroLfunctions in the elliptic smoother (AUTOMESH option). The defaultis `g.ctl'.� P3DFILE (Plot3D FILE). Graphical representation of blocks in 2dmultiblock PLOT3D format (see section 6.1.2). The default is `g.p3d'.� STGFILE (SinGular poinT list FILE). Descriptions and locations ofall singular points in domain. The default is `g.stg'.2.2.4 Boundary PlacementThis parameter group de�nes the position of the far�eld boundary. The outerboundary is either a rectangle or a C (depending on the status of CMESH)whose dimensions are de�ned by four coordinate values :1. XLB is the X coordinate of the Left hand Boundary (default: -10.0).2. XRB is the X coordinate of the Right hand Boundary (default: 10.0).3. YLB is the Y coordinate of the Lower Boundary (default: -10.0).4. YUB is the Y coordinate of the Upper Boundary (default: 10.0).In the case of the C-Mesh, XLB is ignored as the C is a semicircle centredaround the trailing edge with a radius de�ned by YUB and YLB.11



2.2.5 Mesh Parameters - NodesThis group de�nes the number of nodes or grid points in the mesh :1. NPTSAF (Number of PoinTS on the AirFoil(s)). This is a single num-ber de�ning the total number of points around the airfoil in the case ofa single element and in the absence of cluster points. For a multiele-ment geometry without cluster points, NPTSAF is a series of integers(separated by commas) de�ning the number of nodes around each ofthe elements. Thus there are as many numbers as elements.In the presence of cluster points, the number of entries increases. Fora single element geometry with N cluster points, NPTSAF consistsof N+1 numbers de�ning the number of nodes. These are de�ned asstarting from the (lower) trailing edge traversing clockwise around theairfoil to the �rst cluster point (being the one closest to the trailingedge on the lower surface), then between each successive cluster point,and �nally from the last cluster point (being the one closest to thetrailing edge on the upper surface) to the (upper) trailing edge.In the case of multielement geometries with cluster points, NPTSAFdescribes the node numbers for each element in the order they appearin the input geometry �le. NPTSAF is constructed in a similar wayas the single element case above in that the number of grid points foreach element are listed as described. These individual elemental listsare then appended into one list in the order that the elements appear inthe input geometry �le. The default for NPTSAF is 129 for all regionsbetween cluster point(s) and trailing edge(s).Note that the actual number of nodes placed on the airfoil is alwaysslightly greater than speci�ed. This is done intentionally by the AU-TOMESH option to generate realistic grid point numbers in smallblocks.2. NTE (Number of points on the blunt Trailing Edge). This de�nesthe number of points along the blunt trailing edge for each element.Thus there are as many integers as elements. As for NPTSAF, NTE isde�ned by listing the number of points for each element in the orderthey appear in the input geometry �le separated by a comma. NTEdefaults to 25 for all elements. 12



3. NFFBX, NFFBY (Number of points to the Far Field Boundary in theX and Y coordinate directions). This single input de�nes the numberof grid lines between the surface and the far�eld boundary in the twocartesian coordinate directions. NFFBX and NFFBY both default to49.4. NINT (Number of points IN beTween the elements). This single in-put de�nes the number of grid points vertically spacing any gaps inbetween the elements for multielement geometries. For single elementgeometries, this input is ignored. NINT defaults to 49.5. NGAP (Number of points in the horizontal GAP). This single input de-�nes the number of grid points spanning the (horizontal) negative over-lap between the elements for multielement geometries (if indeed thereis one). For single element geometries, the input is ignored. NGAPdefaults to 29.2.2.6 Mesh Parameters - SpacingsThe mesh spacing parameters are all de�ned in airfoil units and are listedbelow. Note that the D pre�x used for the spacings is to di�erentiate thespacings form the node numbers at a quick glance.1. DNW (Normal o� Wall spacing). This input consists of a series of realnumbers (one number for each element) that are the distances from thewall to the �rst grid line o� the surface. For an N element geometry,there are N numbers (all separated by commas) listed in order thatthe elements appear in the airfoil geometry data �le. DNW defaults to2:0� 10�5 for each element.2. DNFFB (Normal spacing at the Far Field Boundary). This single inputconsists of a real number that is the normal o�-boundary spacing atthe far �eld boundary. DNFFB defaults to 2:0.3. DSSTG (Streamwise spacing at the SinGular poinT). This input con-sists of N real numbers (for an N element geometry) de�ning the stream-wise spacing at the singular point(s) of the element(s). The default is2:0� 10�5. 13



4. DSTE (Streamwise spacing at the Trailing Edge). This input consistsof N real numbers (for an N element geometry) de�ning the streamwisespacing at the trailing edge(s) of the element(s). Note that in the caseof a blunt trailing edge, this number de�nes the o�-wall spacing alongthe blunt trailing edge. The default is 5:0� 10�5.5. DSLE (Streamwise spacing at the Leading Edge). This single real is thestreamwise spacing at all of the leading edge phi lines (if any). If thelogical option LEPHI is set to false, then this is ignored. The defaultis 1:0� 10�4.6. DSSHRP (Streamwise spacing at any SHaRP points). This single realinput is the streamwise spacing at any user de�ned SHaRP points.Note that DSSHRP is only used if SHaRP points have been speci�ed(see above). The default is 1:0� 10�4.2.2.7 Mesh Parameters - ClusteringThe domain decomposition routine, kmS, has the function of automating theclustering option inherent in the algebraic grid generator. This parametergroup controls the automated clustering option. Note that kmS reorders theclustering data, so as long as the information can be cross-referenced betweenthe following variables, the order is arbitrary (note also that the default isno cluster points).1. CLUSFL (CLUSter on FoiL number ..). This is a list of the elementnumbers that each cluster point resides on. Thus for a geometry thatcontains N user speci�ed cluster points, there will be N entries. If thisgeometry consists of a single element, then CLUSFL will be a list of Nones all separated commas (i.e., `1,1,1,1,1....' N times). This works inthe same way as SHRPFL variable described above.2. CLUSX (CLUSter point location). This is the cluster point locationde�ned as a fraction of the normalized arc length. In other words, theleading edge is speci�ed as 0:0, while the trailing edge is speci�ed as1:0. Note that there is one entry for each cluster point (again entriesare separated by commas). 14



3. CLUSUL (CLUSter point on the Upper or Lower surface?). This inputis a list of single characters. The upper surface is speci�ed by a `u' ora `U', while the lower surface is speci�ed by a `l' or a `L'. Again, thereis a single entry for each cluster point that cross-references with theother inputs, all separated by commas.4. CLUSDS (CLUSter point streamwise Spacing). This input consists ofa list of real numbers de�ning the streamwise spacing in real space. Asabove, all entries must cross-reference with the other CLUSter pointdata entries and be separated by commas.2.2.8 Mesh Parameters - Smoothing Decay Parame-tersThese parameters are written to CTLFILE, and de�ne the angle and spac-ing control functions in the elliptic smoother. The �rst three parameters,SPCFFB, SPCPSI, and SPCPHI, determine how much the grid lines paral-lel to an side are pulled in toward the side. The higher the decay rates theless the e�ect on interior grid lines. Conversely, the lower the decay rates, thefurther out into the interior the angle and spacing control extends. ANGDE-CAY determines how close the grid lines are to being normal to the surfaceand to what extent this continues into the �eld. Generally, for the ellipticsmoother to be stable, ANGDECAY is set to be higher than SPCDECAY.The default settings for SPCFFB, SPCPSI, and SPCPHI are 0:2, 0:01, and0:02 respectively. The default for ANGDECAY is 0:2.2.3 AIRFOIL COORDINATE INPUT FILEThe airfoil geometry data �le is in a slightly modi�ed DeHavilland RMS for-mat. This consists of a simple list of (x,y) coordinate pairs (in two columns).The data progresses from the trailing edge, on the lower surface, clockwisearound the airfoil passing the leading edge and �nishing at the trailing edgeon the upper surface. Thus, the trailing edge point appears twice in the list,once at the start, and once at the end of the list (in the case of a sharptrailing edge). At the start of the (x,y) list for an element, there must bea `*NAME=<airfoil name>' to identify the start of the section data. Simi-15



larly, following the coordinate data list there must be a `*EOR' (i.e., End OfRecord) to signify the end of the section data. This must be included evenif there is another stream of data to follow de�ning another section (e.g., a
ap for a multi element case).If a section is blunt then it is assumed that the trailing edge curve isstraight (i.e., the upper and lower trailing edge points are joined with astraight line). If this is not the case (e.g., the trailing edge is concave) thenthis can be speci�ed also. This is done by inserting a `*TE=<airfoil name>'directly following the (x,y) pairs for the section and prior to the `*EOR' andlisting the (x,y) coordinates de�ning the trailing edge. The coordinate pairsmust run clockwise around the airfoil to be consistent with the rest of thedata (i.e., the list must start at the upper trailing edge point and traverseto the lower trailing edge point). Note that a `*EOR' must follow the wholesection (i.e., airfoil and trailing edge).Comments may be placed in the airfoil data list by using an exclamationmark (i.e., `!') preceding the comment in the same manner as in the inputcontrol �le. These may be used at any point in the data �le, as they are justignored when the coordinates are read.2.4 OUTPUTOnce kmS �nishes running, an estimate of the number of grid points basedon AUTOMESH parameters is given. An array size allowing for 2 rows ofhalo points around all blocks is also provided.There are eight output �les that kmS generates. These are :1. SPLFILE (SPLine FILE). This �le contains the spline coe�cients andpoints for all curves decomposing the domain. It is used by the algebraicgrid generator. SPLFILE is always created and defaults to `g.spl'. Theformat is TECPLOT as shown in section 6.1.1.2. DECFILE (DEComposition FILE). This �le contains the block de�ni-tions for the decomposition. The �rst and second columns de�ne theblock and side numbers. The third through �fth columns show thecurve number and the starting and ending parametric values that de-�ne the block side. The numbering convention for the sides is shown in16



�gure 2.1, while the block and side numbering convention for a sim-ple single element airfoil with a H-domain and a C-domain are shownin �gures 2.2 and 2.3. DECFILE is always created and defaults to`g.dec'.
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The �nal two columns are the range of grid point indices where theturbulence model is not active (i.e., where the 
ow is laminar). Thesecolumns will consist of \-99", indicating that the turbulence model isto be used, or that the 
ow is turbulent, along that edge. TORNADOautomatically determines the transition grid point indices from the userspeci�ed TRANSUP and TRANSLO variables. This provides the useran easier way to set transition than manually adjusting the last twocolumns. Note that this is irrelevant unless TORNADO is used. Moredetails can be found in the TORNADO user's guide. CONFILE isalways created and defaults to `g.con'.4. DSBFILE (De�ne Sides of Blocks FILE). This �le contains the gridinformation required by the algebraic grid generator. The �rst twocolumns de�ne the block and side numbers. In the third column, thenumber of grid points along the block side is de�ned. Columns fourand �ve contain the starting and ending parametric values for the curvethat de�ne the block side. In the absence of any clustering points, thisinformation (in columns four and �ve) is identical to that in DECFILE,and as such is a reference only. For a decomposition that contains clus-tering points, the parametric value of the cluster point is also included.This is done by de�ning the ending parametric value of the given sideto be the cluster point parametric value. The next line starts with thesame block and side number but the starting parametric value is thatof the cluster point, whereas the ending value is the ending value forthe whole block side. Finally the last two columns de�ne the startingand ending grid point spacings along the de�ned edge in real space.DSBFILE is only created if the AUTOMESH logical option is set totrue. The default is `g.dsb'.5. CTLFILE (ConTroL FILE). This �le is used by the elliptic grid smootherand de�nes the control decay rate parameters. Columns one and twoindex the block and side number. The third column is a reference onlyand shows the number of grid points along the side (as de�ned in DS-BFILE). In columns four and �ve de�ne the boundary condition typeand the control type to be used within the elliptic smoother. The lasttwo columns contain the angle and spacing decay rates used by theelliptic smoother determine the control functions. See section 2.2.8 for19



more details. CTLFILE is only created in conjunction with DSBFILEwhen the AUTOMESH logical option is set to true. The default is`g.ctl'.6. P3DFILE (Plot3D FILE). This �le contains the block coordinates indouble precision 2d multiblock PLOT3D format. Thus this �le allowsthe user to view the domain decomposition block by block via PLOT3Dor FIELDVIEW to ensure that the decomposition is suitable. Note thatthe appropriate conversion routine must be used prior to viewing. Theblock numbering logic can also be seen using this feature. P3DFILE isalways created and defaults to `g.p3d'. Double precision 2d multiblockPLOT3D format is shown in section 6.1.2.7. STGFILE (SinGular poinT FILE). This �le contains the description(s)and location(s) of all singular points in the decomposed domain. The
ow solver TORNADO requires this input. The �rst three lines aredescriptors and are not used. Columns two and three contain the blocknumber (integer) containing the singular point. The location of thesingular point is contained in columns 12 and 13 and is one of thefollowing: \UL" (Upper Left), \UR" (Upper Right), \LL" (Lower Left),or \LR" (Lower Right). This input describes the corner of the blocknumber that the singular point lies at using the convention shown in�gure 2.1. The last input (columns 22 and 23) de�ne the type (\LE"for Leading Edge, and \TE" for Trailing Edge). Note that for a blunttrailing edge airfoil, there are two trailing edge singular points to bede�ned. Also, for a C-Mesh domain, there is no leading edge singularpoint, as there are no streamlines or equipotential originating from thisregion. STGFILE is always created and defaults to `g.stg'.8. RESTART FILE (\kmS.dat"). This �le contains the data required bykmS to perform the AUTOMESH option without redoing the decom-position. The user need not concern themselves with the format of this�le. No control over the name is given and \kmS.dat" is always createdwhen the decomposition is performed.20



Chapter 3ALGEBRAIC GRIDGENERATOR: agrid3.1 OVERVIEWThe algebraic grid generator, agrid, is intended to quickly produce a roughstarting grid that will be smoothed by the elliptic smoother. This routinetakes the domain generated by kmS, along with the required grid parametersproduced by AUTOMESH, and develops a grid. Alternatively, the grid pa-rameter �le, DSBFILE, can be generated by either editing the AUTOMESHversion or constructing it manually. The routine AUTOCHECK automati-cally examines DSBFILE and warns the user of any inconsistencies in themesh spacing and grid point speci�cation. This can save time and e�ort ingenerating a customized mesh. The number of grid points is counted by agridand displayed when executed. Any wrappings or other undesirable featuresin the algebraic grid will be smoothed out by megrid in the next stage.3.2 INPUTThere are four input �les that are used by the algebraic grid generator, theinput control �le, DECFILE, SPLFILE, DSBFILE, and CONFILE. Each ofthese �les will be discussed in turn. 21



3.2.1 INPUT CONTROL FILE: agrid.inpThis �le, named `agrid.inp', speci�es the names of the other input �les andthe output grid �le in the following order :1. DECFILE (DEComposition FILE)2. SPLFILE (SPLine data FILE)3. DSBFILE (De�ne Sides of Block FILE)4. CONFILE (CONnectivity FILE)5. OUTPUT GRID FILE3.2.2 DECFILEThis �le contains the block de�nitions for the decomposition. The �rst andsecond columns de�ne the block and side numbers. The third through �fthcolumns show the curve number and the starting and ending parametricvalues that de�ne the block side. The �le is created by the domain decom-position routine kmS.3.2.3 SPLFILEThis �le contains the spline coe�cients and points for all curves decomposingthe domain. The format is in TECPLOT format (see section 6.1.1). It isalso created by kmS.3.2.4 DSBFILEThis �le contains the grid information required by the algebraic grid gen-erator agrid. The �rst two columns de�ne the block and side numbers. Inthe third column, the number of grid points along the block side is de�ned.Columns four and �ve contain the starting and ending parametric values forthe curves that de�ne the block side. In the absence of any clustering points,this information (in columns four and �ve) is identical to that in DECFILE,and as such is a reference only. For a decomposition that contains clusteringpoints, the parametric value of the cluster point is also included. This is done22



by de�ning the ending parametric value of the given side to be the clusterpoint parametric value. The next line starts with the same block and sidenumber but the starting parametric value is that of the cluster point, whereasthe ending value is the ending value for the whole block side. Finally thelast two columns de�ne the starting and ending grid point spacings along thede�ned edge in real space. This �le can be created using the AUTOMESHoption when running the domain decomposition routine kmS or created byhand. If the user is unhappy with the resulting algebraic grid, either theDSBFILE can be edited to alter the spacings and/or number of grid points,or kmS can be rerun using altered grid parameters with DECOMP set tofalse.3.2.5 CONFILEThis �le describes the connectivity of all the blocks that decompose thedomain. It is generated by kmS automatically. The routine AUTOCHECKuses this information to check for grid point and grid spacing speci�cationinconsistencies. For the exact format of this �le, see section 2.4.3.3 OUTPUTAgrid creates a single output grid �le, usually denoted by a `.agr' extension.This �le contains the algebraic grid coordinates in a double precision versionof PLOT3D unformatted 2d multiblock format. This can now be smoothedusing the elliptic smoother. Double precision 2d multiblock unformattedPLOT3D format is shown in section 6.2.
23



Chapter 4MULTIBLOCK ELLIPTICSMOOTHER: megrid4.1 OVERVIEWThe elliptic smoother, megrid, smooths the algebraic grids generated by agridin order to produce a high quality mesh. This is important in order to achievean accurate 
ow solution. Sorenson's method is employed in this routineallowing the user control of the smoothing and general appearance of thegrid. An optional graphical window is also provided to show the smoothingin action.The grid smoothing parameters are de�ned in the CTLFILE. This �le caneither be created manually, a rather arduous task indeed, or created automat-ically by the AUTOMESH option in the domain decomposition routine kmS.To create this �le manually, the user must specify eight separate smoothingparameters (four spacing control and four angle control decay parameters)for each block! To create the smoothing parameter �le using AUTOMESH,the user simply speci�es a total of four parameters (one angle control decayrate and three spacing control decay rates) based on block side type. Thisproduces grids of high quality that will su�ce for the majority of cases. Forthe small number of cases that extra control is required, the CTLFILE canbe edited to achieve the desired results.24



4.2 INPUTThere are four input �les that are required by megrid, the input control �lemegrid.inp, the grid �le (the algebraic .agr grid �le, CTLFILE, CONFILE,and an o�set �le (denoted by the .o� extension) that can be used to specifyvarying o�wall spacing (this option is currently not supported). These aredescribed below.4.2.1 INPUT CONTROL FILE: megrid.inpSample megrid.inp input control �les are shown in the Appendices. Eachentry in this �le will be described individually :1. GRAPHICS. The �rst entry is a simple logic switch that indicates ifthe graphic display is to be active (true or false).2. GRID INPUT FILE NAME. Row two contains the grid input �le name.This grid could be generated by the algebraic grid generator, agrid, ora previously smoothed grid from megrid. Note that the format of thisinput �le is either double precision unformatted PLOT3D 2d multiblockor (double precision) TECPLOT (see section 6.3).3. GRID INPUT FORMAT. This is either \plot3d" or \tecplot".4. CTLFILE. This �le is generated by kmS but may be edited or replacedwith a handmade version.5. CONFILE. The connectivity �le as generated by kmS.6. OFFSET FILE NAME. This currently unsupported option allows theuser to specify a distribution of o�wall spacing along block sides.7. GRID OUTPUT FILE NAME. This �le is the smoothed grid output �lein either double precision PLOT3D unformatted 2d multiblock formator (double precision) TECPLOT format (see section 6.3).8. GRID OUTPUT FORMAT. This is either \plot3d" or \tecplot".9. NUMBER OF BLOCKS. This is the number of blocks in the domainas created by kmS. Note that this is for reference only.25



10. SOR RELAXATION PARAMETER. This is the SOR relaxation pa-rameter used by the numerical scheme inmegrid. Note that this numbermust be greater than zero and less than two (1.0 works well).11. MAX ITERATIONS. This integer sets the maximum number of itera-tions used to smooth the grid.12. RESIDUAL. This is the largest residual required to terminate smooth-ing (i.e., once the residual falls below this value, smoothing is termi-nated).13. RELAXATION FACTORS FOR P AND Q. These are the relaxationfactors for the control functions P and Q used in the elliptic gridder.Values of 0:1 and 0:1 work well.14. LIMITING FACTORS FOR P AND Q. These numbers control howlarge the control functions get during the successive iterations. Valuesof 0:1 and 0:1 work well.4.2.2 GRID INPUT FILEAs stated above, this is a grid �le generated by agrid (although a grid frommegrid could be used if more smoothing is wanted). The format is doubleprecision PLOT3D unformatted 2d multiblock or it can be in TECPLOTformat (see section 6.3) if speci�ed.4.2.3 CTLFILEThis �le contains the control function decay parameters and boundary condi-tion type for all block sides. The user can manually create this �le or use theAUTOMESH option. Columns one and two index the block and side num-ber. The third column is a reference and shows the number of grid pointsalong the indexed block side. Column four de�nes the boundary conditiontype and is currently set to 1 indicating �xed boundaries. The �fth columnde�nes the control type and defaults to Sorenson's method (indicated by theinteger 2). This can be changed to a Laplace method which tends to equi-space grid lines with the control functions being ignored (indicated by theinteger 1). The sixth column is the angle decay rates for each side. This26



determines how close the grid lines are to being normal to the surface, andhow far this extends into the interior. The larger the number, the greaterthe decay rate of the angle control function. Finally, the last column de�nesthe spacing control decay rates which determine to what extent the grid linesparallel to the body are attracted to the body. The higher the number theless the attraction. In fact, the lines will generally move away from walls(i.e., the tendency is to achieve an equispaced grid). A low, or zero, decayrate will counter this outward migration somewhat. This is also discussed insection 2.4.4.2.4 CONFILEAs the name implies, this �le contains information on how the blocks connecttogether. This �le is created by the decomposition routine kmS. For a fulldescription see section 2.4.4.2.5 OFFSET FILEThis �le contains information which allows the user to specify the distributionof o� wall spacing along any block side(s). Currently, this option is notsupported.4.3 OUTPUTThere is a single output �le, being the output grid �le. This �le, usuallydenoted by the .egr extension, contains the coordinates of the ellipticallysmoothed grid. The format is user speci�ed, being either double precisionTECPLOT format, or double precision PLOT3D unformatted 2d multiblockformat (see section 6.3).
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Chapter 5PLOTTING GRID FILES5.1 OVERVIEWThere are a number of ways that can be used to graphically view the result-ing grids from either agrid or megrid. These are discussed below in turn. Itshould be noted that the plot3d format used by AMBER2d is not standard.All the plot3d format grid �les (i.e., .agr and .egr �les) are in double precisioninstead of the standard single precision. This was done to preserve accuracyfor very �ne meshes where grid points are so close together that single pre-cision is not precise enough to resolve the points as distinct. It was deemedprudent to take this path rather than to use a completely new data format.5.2 FIELDVIEWFIELDVIEW is the graphical interface chosen by DeHavilland Aircraft Com-pany for use with AMBER2d. This plotting package is PLOT3D `compat-ible'. However this compatibility does not extend to 2d multiblock format.Thus a post processor called prefv is provided to convert the data into a formreadable by FIELDVIEW. What prefv (PRE FieldView) does is to convertthe double precision 2d multiblock PLOT3D format into single precision 3dmultiblock PLOT3D format. The grid �le can then be read in by FIELD-VIEW and plotted. The usage is as follows :28



prefv <input> <output>where <input> is the input �le name (double precision 2d multiblockPLOT3D format) and <output> is the output �le name (single precision 3dmultiblock PLOT3D format). Both �le names are assumed to include anyextensions. Usage of a preprocessor was chosen over outputting a FIELD-VIEW format as padding the 2d grids with 1's required to express the datain 3d would increase the size of these �les by �fty percent!5.3 PLOT3DIf the GRID INPUT FORMAT in megrid.inp is set to plot3d then the result-ing format is double precision unformatted 2d multiblock format. In orderthat this grid �le be read by PLOT3D, it must be simply converted into sin-gle precision, all else being equal. The post processor prep3d (PRE-Plot3D)is provided for just this purpose. The usage is :prep3d <input> <output>where <input> is the input name in double precision 2d multiblockPLOT3D format and <output> is the equivalent in single precision. Notethat, again, the �lenames include any extensions.5.4 TECPLOTIf the GRID INPUT FORMAT option in megrid.inp is set to tecplot thenthe TECPLOT plotting package can be used to plot and view the resultinggrids. Alternatively the TECPLOT graphics package will process PLOT3Dformat data �les correctly. Thus prep3d could also be used here.29



Chapter 6GRID FILE DATA FORMATS6.1 DOMAIN DECOMPOSITION: kmS6.1.1 SPLFILEThe SPLFILE is in double precision TECPLOT format as shown below:WRITE(IUNIT,*)+ 'TITLE = " SPLINES FROM KM DOMAIN DECOMPOSITION" 'WRITE(IUNIT,*)+ 'VARIABLES="X","Y","S","CX1","CX2","CX3","CY1","CY2","CY3"'DO 10 II=1,ICCNTWRITE(IUNIT,101) NCRV(II)DO 10 JJ=1,NCRV(II)WRITE(IUNIT,102) XCRV(JJ,II),YCRV(JJ,II),SCRV(JJ,II),+ CX(JJ,3,II),CX(JJ,2,II),CX(JJ,1,II),+ CY(JJ,3,II),CY(JJ,2,II),CY(JJ,1,II)10 CONTINUE101 FORMAT('ZONE, I=',I3,', F=POINT')102 FORMAT(9E16.8)6.1.2 P3DFILEThe P3DFILE is in double precision unformatted multiblock 2d PLOT3Dformat as described by the write statements below:30



WRITE(IUNIT) NBLOCKWRITE(IUNIT) (N(IGRID),1,IGRID=1,NBLOCK)DO 10 IGRID=1,NBLOCKWRITE(IUNIT) (X(II,IGRID),II=1,N(IGRID)),+ (Y(II,IGRID),II=1,N(IGRID))10 CONTINUE6.2 ALGEBRAIC GRID FILEThe output algebraic grid �le is in double precision unformatted multiblock2d PLOT3D format as shown:WRITE(IUNIT) NGRIDWRITE(IUNIT) (JDIM(IGRID),KDIM(IGRID),IGRID=1,NGRID)DO 10 IGRID=1,NGRIDWRITE(IUNIT)+ ((X(J,K),+ J=1,JDIM(IGRID)),+ K=1,KDIM(IGRID)),+ ((Y(J,K),+ J=1,JDIM(IGRID)),+ K=1,KDIM(IGRID))10 CONTINUE6.3 ELLIPTIC GRID FILEThe elliptic grid output �le can be in either (double precision) TECPLOTformat or in double precision unformatted multiblock 2d PLOT3D format.These are shown individually below.6.3.1 TecplotWRITE(IUNIT,*) 'TITLE = " TEST OF TGRID BLOCK GRIDS" 'WRITE(IUNIT,*) 'VARIABLES = "X","Y"'DO 10 KK=1,NBLKSWRITE(IUNIT,101) NGRDX(KK),NGRDY(KK)31



WRITE(IUNIT,102) ((X(II,JJ,KK),II=1,NGRDX(KK)),+ JJ=1,NGRDY(KK))WRITE(IUNIT,102) ((Y(II,JJ,KK),II=1,NGRDX(KK)),+ JJ=1,NGRDY(KK))10 CONTINUE101 FORMAT('ZONE I=',I3,', J=',I3,', F=BLOCK')102 FORMAT(8E14.6)6.3.2 Plot3dWRITE(IUNIT) NGRIDWRITE(IUNIT) (JDIM(IGRID),KDIM(IGRID),IGRID=1,NGRID)DO 10 IGRID=1,NGRIDWRITE(IUNIT)+ ((X(J,K),+ J=1,JDIM(IGRID)),+ K=1,KDIM(IGRID)),+ ((Y(J,K),+ J=1,JDIM(IGRID)),+ K=1,KDIM(IGRID))10 CONTINUE
32



Appendix A : WTBV 35/35This Appendix contains example input and output for the four element De-Havilland WTBV 35/35 test case. More speci�cally, the following are given:1. Domain decomposition control �le : kmS.inp2. Algebraic grid generation control �le : agrid.inp3. Multiblock elliptic smoother control �le : megrid.inp4. Domain decomposition plot (�gure 6.1)5. Algebraic H-grid plot (�gure 6.2)6. Elliptically smoothed H-grid plot (�gure 6.3)
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kmS.inp:! CONTROL FILE FOR K-M DOMAIN DECOMPOSITION! BENCHMARK #2 TEST CASE!&INPUT! AIRFOIL COORDINATES :FOIL='/usr/people/andrew/airfoils/benchmarks/bm2newS.dat'! CONTROL PARAMETERS :ALPHA = 2.0, ! Angle of attackROTATE = 0.0, ! Rotation angleX0 = 0.5, ! X coordinate of rotation centreY0 = 0.0, ! Y coordinate of rotation centreLEPHI = FALSE, ! PHI-line from L.E. (t/f)CMESH = FALSE, ! C-MESH option (t/f)AUTOMESH = TRUE, ! AUTOMESH Option (.dsb & .ctl files) (t/f)DECOMP = TRUE, ! DECOMPose domain (t/f)MESHSEQ = 0, ! max. number of MESH SEQuencing levels! OUTPUT FILES :SPLFILE = 'bm2.spl', ! SPLine file (spline coefficients)DECFILE = 'bm2.dec', ! DEComposition file (block definitions)CONFILE = 'bm2.con', ! CONnectivity file (block connections)DSBFILE = 'bm2.dsb', ! Define Sides of Block fileCTLFILE = 'bm2.ctl', ! ConTroL file (control fn' decay param.)P3DFILE = 'bm2.p3d', ! Plot3D file for block boundariesSTGFILE = 'bm2.stg', ! STaGnation point descriptor FILE! BOUNDARY PLACEMENT :XLB = -10.00000, ! Left Hand Boundary locationXRB = 10.00000, ! Right Hand Boundary locationYLB = -10.00000, ! Lower Boundary locationYUB = 10.00000, ! Upper Boundary location! MESH PARAMETERS - NODES :NPTSAF = 29,39, ! No. PoinTS on AirFoil(s) in order from t.e.29,125, ! to any cluster points to t.e. going c.w.24,29,49,29,39,NTE = 15,15,15 ! No. points on the blunt Trailing EdgeNFFBX = 29, ! No. points to the Far-Field BoundaryNFFBY = 29, ! No. points to the Far-Field BoundaryNINT = 35, ! No. vertical points IN-beTween the sectionsNGAP = 32, ! No. horiz. points in negative overlap (GAP)! MESH PARAMETERS - SPACINGS :DNW = 2.0E-05,2.0E-05, ! normal off Wall spacing2.0E-05,2.0E-05,DNFFB = 3.0, ! normal spacing at the Far-Field Boundary34



DSSTG = 1.0E-03,1.0E-03, ! surface spacing at the STaGnation point1.0E-03,1.0E-03,DSTE = 2.0E-04,2.0E-04, ! surface spacing at the Trailing Edge2.0E-04,2.0E-04,DSLE = 5.0E-04, ! surface spacing at any L.E. ctl lineDSSHRP = 6.0E-04, ! surface spacing at any SHaRp points! MESH PARAMETERS - CLUSTERING :CLUSFL = 1,2,3,3,4, ! CLUSter on FoiL # ..CLUSX = 0.15,0.65,0.65, ! norm. arc length from LE (=0.0) to TE (=1.0) 0.02,0.03,CLUSUL = 'L','L','L', ! U for Upper surface, L for Lower surface'L','L',CLUSDS = 4.0E-03,4.0E-03, ! CLUSter surface spacing (ds)4.0E-03,3.0E-03,2.5E-03,! MESH PARAMETERS - CONTROL FUNCTION DECAY PARAMETERS :SPCFFB = 0.2, ! SPaCing ConTroL parameter for ffbSPCPSI = 0.01, ! SPaCing ConTroL parameter for PSI linesSPCPHI = 0.02, ! SPaCing ConTroL parameter for PHI linesANGDECAY = 0.2 ! ANGle ConTroL parameter&ENDAlgebraic grid generation control �le: agrid.inpbm2.dec ! Input decomposition filebm2.spl ! Input spline filebm2.dsb ! Input block side filebm2.con ! Input connectivity filebm2.agr ! Output file agrid file
35



Multiblock elliptic smoother control �le: megrid.inpfalse ! graphics on/offbm2.agr ! grid input fileplot3d ! grid format (tecplot or plot3d)bm2.ctl ! boundary condition filebm2.con ! block connectivity filebm2.off ! offset filebm2.g ! output file in tecplot formatplot3d ! output file format (tecplot or plot3d)33 ! number of blocks1.0 ! SOR relaxation parameter (0<w<2)2000 ! Max iterations1.0E-5 ! Min residual for stopping0.100000 0.1000000 ! Relaxation Factors for P & Q0.100000 0.1000000 ! Limiting Factors for P & Q
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H-MESH DOMAIN DECOMPOSITION FOR WTBV 35/35, CASE1Figure6.1:DomaindecompositionforTestCase1
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ALGEBRAIC H-MESH FOR WTBV 35/35, CASE 1 (37,743 points)Figure6.2:AlgebraicgridforTestCase138



H-MESH FOR WTBV 35/35, CASE 1 (37,743 points)Figure6.3:SmoothedgridforTestCase139



Appendix B : WTBV 25/00This Appendix contains example input and output for the three elementDeHavilland WTBV 25/00 test case. More speci�cally, the following aregiven:1. Domain decomposition control �le : kmS.inp2. Algebraic grid generation control �le : agrid.inp3. Multiblock elliptic smoother control �le : megrid.inp4. Domain decomposition plot (�gure 6.4)5. Algebraic H-grid plot (�gure 6.5)6. Elliptically smoothed H-grid plot (�gure 6.6)
40



kmS.inp:! CONTROL FILE FOR K-M DOMAIN DECOMPOSITION! BENCHMARK #3 TEST CASE!&INPUT! AIRFOIL COORDINATES (NO DEFAULT) :FOIL='/usr/people/andrew/airfoils/benchmarks/bm3s.dat'! CONTROL PARAMETERS :ALPHA = 10.0, ! Angle of attackROTATE = 0.0, ! Rotation angleX0 = 0.5, ! X coordinate of rotation centreY0 = 0.0, ! Y coordinate of rotation centreLEPHI = FALSE, ! PHI-line from L.E. (t/f)CMESH = FALSE, ! C-MESH option (t/f)AUTOMESH = TRUE, ! AUTOMESH Option (.dsb & .ctl files) (t/f)DECOMP = TRUE, ! DECOMPose domain (t/f)MESHSEQ = 0, ! max. number of MESH SEQuencing levels! OUTPUT FILES :SPLFILE = 'bm3.spl', ! SPLine file (spline coefficients)DECFILE = 'bm3.dec', ! DEComposition file (block definitions)CONFILE = 'bm3.con', ! CONnectivity file (block connections)DSBFILE = 'bm3.dsb', ! Define Sides of Block fileCTLFILE = 'bm3.ctl', ! ConTroL file (control fn' decay param.)P3DFILE = 'bm3.p3d', ! Plot3D file for block boundariesSTGFILE = 'bm3.stg', ! STaGnation point descriptor FILE! BOUNDARY PLACEMENT :XLB = -10.00000, ! Left Hand Boundary locationXRB = 10.00000, ! Right Hand Boundary locationYLB = -10.00000, ! Lower Boundary locationYUB = 10.00000, ! Upper Boundary location! MESH PARAMETERS - NODES :NPTSAF = 29,39, ! No. PoinTS on AirFoil(s) in order from t.e.25,105, ! to any cluster points to t.e. going c.w.99,NTE = 5,15,19 ! No. points on the blunt Trailing EdgeNFFBX = 29, ! No. points to the Far-Field BoundaryNFFBY = 29, ! No. points to the Far-Field BoundaryNINT = 35, ! No. vertical points IN-beTween the sectionsNGAP = 32, ! No. horiz. points in negative overlap (GAP)! MESH PARAMETERS - SPACINGS :DNW = 2.0E-05,2.0E-05, ! normal off Wall spacing2.0E-05,DNFFB = 3.0, ! normal spacing at the Far-Field BoundaryDSSTG = 1.0E-03,1.0E-03, ! surface spacing at the STaGnation point41



1.0E-03,DSTE = 2.0E-04,2.0E-04, ! surface spacing at the Trailing Edge2.0E-04,DSLE = 5.0E-04, ! surface spacing at any L.E. ctl lineDSSHRP = 6.0E-04, ! surface spacing at any SHaRp points! MESH PARAMETERS - CLUSTERING :CLUSFL = 1,2, ! CLUSter on FoiL # ..CLUSX = 0.15,0.65, ! norm. arc length from LE (=0.0) to TE (=1.0)CLUSUL = 'L','L', ! U for Upper surface, L for Lower surfaceCLUSDS = 1.0E-03,4.0E-03, ! CLUSter surface spacing (ds)! MESH PARAMETERS - CONTROL FUNCTION DECAY PARAMETERS :SPCFFB = 0.2, ! SPaCing ConTroL parameter for ffbSPCPSI = 0.01, ! SPaCing ConTroL parameter for PSI linesSPCPHI = 0.02, ! SPaCing ConTroL parameter for PHI linesANGDECAY = 0.2 ! ANGle ConTroL parameter&ENDAlgebraic grid generation control �le: agrid.inpbm3.dec ! Input decomposition filebm3.spl ! Input spline filebm3.dsb ! Input block side filebm3.con ! Input connectivity filebm3.agr ! Output file agrid fileMultiblock elliptic smoother control �le: megrid.inpfalse ! graphics on/offbm3.agr ! grid input fileplot3d ! grid format (tecplot or plot3d)bm3.ctl ! boundary condition filebm3.con ! block connectivity filebm3.off ! offset filebm3.egr ! output file in tecplot formatplot3d ! output file format (tecplot or plot3d)28 ! number of blocks1.0 ! SOR relaxation parameter (0<w<2)2000 ! Max iterations1.0E-5 ! Min residual for stopping0.100000 0.1000000 ! Relaxation Factors for P & Q0.100000 0.1000000 ! Limiting Factors for P & Q42



H-MESH DOMAIN DECOMPOSITION FOR WTBV 25/00, CASE2Figure6.4:DomaindecompositionforTestCase2
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ALGEBRAIC H-MESH FOR WTBV 25/00, CASE 3 (25,276 points)Figure6.5:AlgebraicgridforTestCase244



H-MESH FOR WTBV 25/00, CASE 2 (25,276 points)Figure6.6:SmoothedgridforTestCase245



Appendix C : WTEA4t.e.=0.5%cThis Appendix contains example input and output for this single elementDeHavilland WTEA t.e.=0.5%c test case. More speci�cally, the followingare given:1. Domain decomposition control �le : kmS.inp2. Algebraic grid generation control �le : agrid.inp3. Multiblock elliptic smoother control �le : megrid.inp4. Domain decomposition plot (�gure 6.7)5. Algebraic H-grid plot (�gure 6.8)6. Elliptically smoothed H-grid plot (�gure 6.9)
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kmS.inp:! CONTROL FILE FOR K-M DOMAIN DECOMPOSITION! BENCHMARK #4 TEST CASE!&INPUT! AIRFOIL COORDINATES (NO DEFAULT) :FOIL='/usr/people/andrew/airfoils/benchmarks/bm4.dat'! CONTROL PARAMETERS :ALPHA = 0.0, ! Angle of attackROTATE = 0.0, ! Rotation angleX0 = 0.5, ! X coordinate of rotation centreY0 = 0.0, ! Y coordinate of rotation centreLEPHI = FALSE, ! PHI-line from L.E. (t/f)CMESH = TRUE, ! C-MESH option (t/f)AUTOMESH = TRUE, ! AUTOMESH Option (.dsb & .ctl files) (t/f)DECOMP = TRUE, ! DECOMPose domain (t/f)MESHSEQ = 0, ! max. number of MESH SEQuencing levels! OUTPUT FILES :SPLFILE = 'bm4.spl', ! SPLine file (spline coefficients)DECFILE = 'bm4.dec', ! DEComposition file (block definitions)CONFILE = 'bm4.con', ! CONnectivity file (block connections)DSBFILE = 'bm4.dsb', ! Define Sides of Block fileCTLFILE = 'bm4.ctl', ! ConTroL file (control fn' decay param.)P3DFILE = 'bm4.p3d', ! Plot3D file for block boundariesSTGFILE = 'bm4.stg', ! STaGnation point descriptor FILE! BOUNDARY PLACEMENT :XLB = -8.00000, ! Left Hand Boundary locationXRB = 9.00000, ! Right Hand Boundary locationYLB = -8.00000, ! Lower Boundary locationYUB = 8.00000, ! Upper Boundary location! MESH PARAMETERS - NODES :NPTSAF = 100,100, ! No. PoinTS on AirFoil(s) in order from t.e.! to any cluster points to t.e. going c.w.NTE = 29, ! No. points on the blunt Trailing EdgeNFFBX = 49, ! No. points to the Far-Field BoundaryNFFBY = 49, ! No. points to the Far-Field BoundaryNINT = 89, ! No. vertical points IN-beTween the sectionsNGAP = 32, ! No. horiz. points in negative overlap (GAP)! MESH PARAMETERS - SPACINGS :DNW = 2.0E-05, ! normal off Wall spacingDNFFB = 1.0, ! normal spacing at the Far-Field BoundaryDSSTG = 1.0E-03, ! surface spacing at the STaGnation pointDSTE = 2.0E-04, ! surface spacing at the Trailing EdgeDSLE = 5.0E-04, ! surface spacing at any L.E. ctl line47



DSSHRP = 6.0E-04, ! surface spacing at any SHaRp points! MESH PARAMETERS - CLUSTERING :CLUSFL = 1, ! CLUSter on FoiL # ..CLUSX = 0.0, ! norm. arc length from LE (=0.0) to TE (=1.0)CLUSUL = 'u', ! U for Upper surface, L for Lower surfaceCLUSDS = 2.0E-04, ! CLUSter surface spacing (ds)! MESH PARAMETERS - CONTROL FUNCTION DECAY PARAMETERS :SPCFFB = 0.2, ! SPaCing ConTroL parameter for ffbSPCPSI = 0.01, ! SPaCing ConTroL parameter for PSI linesSPCPHI = 0.02, ! SPaCing ConTroL parameter for PHI linesANGDECAY = 0.2 ! ANGle ConTroL parameter&ENDAlgebraic grid generation control �le: agrid.inpbm4.dec ! Input decomposition filebm4.spl ! Input spline filebm4.dsb ! Input block side filebm4.con ! Input connectivity filebm4.agr ! Output file agrid fileMultiblock elliptic smoother control �le: megrid.inpfalse ! graphics on/offbm4.agr ! grid input fileplot3d ! grid format (tecplot or plot3d)bm4.ctl ! boundary condition filebm4.con ! block connectivity filebm4.off ! offset filebm4.egr ! output file in tecplot formatplot3d ! output file format (tecplot or plot3d)4 ! number of blocks1.0 ! SOR relaxation parameter (0<w<2)2000 ! Max iterations1.0E-5 ! Min residual for stopping0.100000 0.1000000 ! Relaxation Factors for P & Q0.100000 0.1000000 ! Limiting Factors for P & Q48



C-MESH DOMAIN DECOMPOSITION FOR WTEA t.e.=0.5%c, CASE3Figure6.7:DomaindecompositionforTestCase3
49



ALGEBRAIC C-MESH FOR WTEA4 t.e.=0.5%, CASE 3 (16,023 points)Figure6.8:AlgebraicgridforTestCase350



C-MESH FOR WTEA4 t.e.=0.5%, CASE 3 (16,023 points)Figure6.9:SmoothedgridforTestCase351



Appendix D : WTEA4t.e.=1.0%cThis Appendix contains example input and output for this single elementDeHavilland WTEA t.e.=1.0%c test case. More speci�cally, the followingare given:1. Domain decomposition control �le : kmS.inp2. Algebraic grid generation control �le : agrid.inp3. Multiblock elliptic smoother control �le : megrid.inp4. Domain decomposition plot (�gure 6.10)5. Algebraic H-grid plot (�gure 6.11)6. Elliptically smoothed H-grid plot (�gure 6.12)
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kmS.inp:! CONTROL FILE FOR K-M DOMAIN DECOMPOSITION! BENCHMARK #5 TEST CASE&INPUT! AIRFOIL COORDINATES (NO DEFAULT) :FOIL='/usr/people/andrew/airfoils/benchmarks/bm5.dat'! CONTROL PARAMETERS :ALPHA = 0.0, ! Angle of attackROTATE = 0.0, ! Rotation angleX0 = 0.5, ! X coordinate of rotation centreY0 = 0.0, ! Y coordinate of rotation centreLEPHI = FALSE, ! PHI-line from L.E. (t/f)CMESH = TRUE, ! C-MESH option (t/f)AUTOMESH = TRUE, ! AUTOMESH Option (.dsb & .ctl files) (t/f)DECOMP = TRUE, ! DECOMPose domain (t/f)MESHSEQ = 0, ! max. number of MESH SEQuencing levels! OUTPUT FILES :SPLFILE = 'bm5.spl', ! SPLine file (spline coefficients)DECFILE = 'bm5.dec', ! DEComposition file (block definitions)CONFILE = 'bm5.con', ! CONnectivity file (block connections)DSBFILE = 'bm5.dsb', ! Define Sides of Block fileCTLFILE = 'bm5.ctl', ! ConTroL file (control fn' decay param.)P3DFILE = 'bm5.p3d', ! Plot3D file for block boundariesSTGFILE = 'bm5.stg', ! STaGnation point descriptor FILE! BOUNDARY PLACEMENT :XLB = -8.00000, ! Left Hand Boundary locationXRB = 9.00000, ! Right Hand Boundary locationYLB = -8.00000, ! Lower Boundary locationYUB = 8.00000, ! Upper Boundary location! MESH PARAMETERS - NODES :NPTSAF = 100,25,69,49, ! No. PoinTS on AirFoil(s) in order from t.e.! to any cluster points to t.e. going c.w.NTE = 29, ! No. points on the blunt Trailing EdgeNFFBX = 49, ! No. points to the Far-Field BoundaryNFFBY = 49, ! No. points to the Far-Field BoundaryNINT = 89, ! No. vertical points IN-beTween the sectionsNGAP = 32, ! No. horiz. points in negative overlap (GAP)! MESH PARAMETERS - SPACINGS :DNW = 2.0E-05, ! normal off Wall spacingDNFFB = 1.0, ! normal spacing at the Far-Field BoundaryDSSTG = 1.0E-03, ! surface spacing at the STaGnation pointDSTE = 2.0E-04, ! surface spacing at the Trailing EdgeDSLE = 5.0E-04, ! surface spacing at any L.E. ctl lineDSSHRP = 6.0E-04, ! surface spacing at any SHaRp points53



! MESH PARAMETERS - CLUSTERING :CLUSFL = 1,1,1, ! CLUSter on FoiL # ..CLUSX = 0.0,0.035,0.64, ! norm. arc length from LE (=0.0) to TE (=1.0)CLUSUL = 'u','u','u', ! U for Upper surface, L for Lower surfaceCLUSDS = 2.0E-04,4.0E-04, ! CLUSter surface spacing (ds)2.0E-03,! MESH PARAMETERS - CONTROL FUNCTION DECAY PARAMETERS :SPCFFB = 0.2, ! SPaCing ConTroL parameter for ffbSPCPSI = 0.01, ! SPaCing ConTroL parameter for PSI linesSPCPHI = 0.02, ! SPaCing ConTroL parameter for PHI linesANGDECAY = 0.2 ! ANGle ConTroL parameter&ENDAlgebraic grid generation control �le: agrid.inpbm5.dec ! Input decomposition filebm5.spl ! Input spline filebm5.dsb ! Input block side filebm5.con ! Input connectivity filebm5.agr ! Output file agrid fileMultiblock elliptic smoother control �le: megrid.inpfalse ! graphics on/offbm5.agr ! grid input fileplot3d ! grid format (tecplot or plot3d)bm5.ctl ! boundary condition filebm5.con ! block connectivity filebm5.off ! offset filebm5.egr ! output file in tecplot formatplot3d ! output file format (tecplot or plot3d)4 ! number of blocks1.0 ! SOR relaxation parameter (0<w<2)2000 ! Max iterations1.0E-5 ! Min residual for stopping0.100000 0.1000000 ! Relaxation Factors for P & Q0.100000 0.1000000 ! Limiting Factors for P & Q54



C-MESH DOMAIN DECOMPOSITION FOR WTEA t.e.=1.0%c, CASE4Figure6.10:DomaindecompositionforTestCase4
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ALGEBRAIC C-MESH FOR WTEA4 t.e.=1.0%, CASE 4 (18,130 points)Figure6.11:AlgebraicgridforTestCase456



C-MESH FOR WTEA4 t.e.=1.0%, CASE 4 (18,130 points)Figure6.12:SmoothedgridforTestCase457



Appendix E : WTEA4t.e.=0.5%c / -20degThis Appendix contains example input and output for this single elementDeHavilland divergent blunt trailing edge WTEA t.e.=0.5%c / -20 degreestest case. More speci�cally, the following are given:1. Domain decomposition control �le : kmS.inp2. Algebraic grid generation control �le : agrid.inp3. Multiblock elliptic smoother control �le : megrid.inp4. Domain decomposition plot (�gure 6.13)5. Algebraic H-grid plot (�gure 6.14)6. Elliptically smoothed H-grid plot (�gure 6.15)
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kmS.inp:! CONTROL FILE FOR K-M DOMAIN DECOMPOSITION! DHC WTEA 0.5% BLUNT -20deg T.E. Test Case!&INPUT! AIRFOIL COORDINATES :FOIL='/usr/people/andrew/airfoils/wteaXX/wtea-20.dat'! CONTROL PARAMETERS :ALPHA = 0.0, ! Angle of attackROTATE = 0.0, ! Rotation angleX0 = 0.5, ! X coordinate of rotation centreY0 = 0.0, ! Y coordinate of rotation centreLEPHI = FALSE, ! PHI-line from L.E. (t/f)CMESH = TRUE, ! C-MESH option (t/f)AUTOMESH = TRUE, ! AUTOMESH Option (.dsb & .ctl files) (t/f)DECOMP = TRUE, ! DECOMPose domain (t/f)MESHSEQ = 0, ! max. number of MESH SEQuencing levels! OUTPUT FILES :SPLFILE = 'wtea-20.spl', ! SPLine file (spline coefficients)DECFILE = 'wtea-20.dec', ! DEComposition file (block definitions)CONFILE = 'wtea-20.con', ! CONnectivity file (block connections)DSBFILE = 'wtea-20.dsb', ! Define Sides of Block fileCTLFILE = 'wtea-20.ctl', ! ConTroL file (control fn' decay param.)P3DFILE = 'wtea-20.p3d', ! Plot3D file for block boundariesSTGFILE = 'wtea-20.stg', ! STaGnation point descriptor FILE! BOUNDARY PLACEMENT :XLB = -8.00000, ! Left Hand Boundary locationXRB = 9.00000, ! Right Hand Boundary locationYLB = -8.00000, ! Lower Boundary locationYUB = 8.00000, ! Upper Boundary location! MESH PARAMETERS - NODES :NPTSAF = 100,100, ! No. PoinTS on AirFoil(s) in order from t.e.! to any cluster points to t.e. going c.w.NTE = 29, ! No. points on the blunt Trailing EdgeNFFBX = 49, ! No. points to the Far-Field BoundaryNFFBY = 49, ! No. points to the Far-Field BoundaryNINT = 89, ! No. vertical points IN-beTween the sectionsNGAP = 32, ! No. horiz. points in negative overlap (GAP)! MESH PARAMETERS - SPACINGS :DNW = 2.0E-05, ! normal off Wall spacingDNFFB = 1.0, ! normal spacing at the Far-Field BoundaryDSSTG = 1.0E-03, ! surface spacing at the STaGnation pointDSTE = 2.0E-04, ! surface spacing at the Trailing EdgeDSLE = 5.0E-04, ! surface spacing at any L.E. ctl line59



DSSHRP = 6.0E-04, ! surface spacing at any SHaRp points! MESH PARAMETERS - CLUSTERING :CLUSFL = 1, ! CLUSter on FoiL # ..CLUSX = 0.0, ! norm. arc length from LE (=0.0) to TE (=1.0)CLUSUL = 'u', ! U for Upper surface, L for Lower surfaceCLUSDS = 2.0E-04, ! CLUSter surface spacing (ds)! MESH PARAMETERS - CONTROL FUNCTION DECAY PARAMETERS :SPCFFB = 0.2, ! SPaCing ConTroL parameter for ffbSPCPSI = 0.01, ! SPaCing ConTroL parameter for PSI linesSPCPHI = 0.02, ! SPaCing ConTroL parameter for PHI linesANGDECAY = 0.2 ! ANGle ConTroL parameter&ENDAlgebraic grid generation control �le: agrid.inpwtea-20.dec ! Input decomposition filewtea-20.spl ! Input spline filewtea-20.dsb ! Input block side filewtea-20.con ! Input connectivity filewtea-20.agr ! Output file agrid fileMultiblock elliptic smoother control �le: megrid.inpfalse ! graphics on/offwtea-20.agr ! grid input fileplot3d ! grid format (tecplot or plot3d)wtea-20.ctl ! boundary condition filewtea-20.con ! block connectivity filewtea-20.off ! offset filewtea-20.g ! output file in tecplot formatplot3d ! output file format (tecplot or plot3d)4 ! number of blocks1.0 ! SOR relaxation parameter (0<w<2)2000 ! Max iterations1.0E-5 ! Min residual for stopping0.100000 0.1000000 ! Relaxation Factors for P & Q0.100000 0.1000000 ! Limiting Factors for P & Q60



C-MESH DOMAIN DECOMPOSITION FOR WTEA t.e.=0.5%c / -20deg, CASE5Figure6.13:DomaindecompositionforTestCase5
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ALGEBRAIC C-MESH FOR WTEA4 t.e.=0.5%c / -20deg, CASE 5 (16,023 points)Figure6.14:AlgebraicgridforTestCase562



C-MESH FOR WTEA4 t.e.=0.5%c / -20deg, CASE 5 (16,023 points)Figure6.15:SmoothedgridforTestCase563



Appendix F : DHC WTCTAUGMENTED LIFTAIRFOILThis Appendix contains example input and output for the three elementDeHavilland WTCT augmented lift airfoil test case. More speci�cally, thefollowing are given:1. Domain decomposition control �le : kmS.inp2. Algebraic grid generation control �le : agrid.inp3. Multiblock elliptic smoother control �le : megrid.inp4. Domain decomposition plot (�gure 6.16)5. Algebraic H-grid plot (�gure 6.17)6. Elliptically smoothed H-grid plot (�gure 6.18)
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kmS.inp:! CONTROL FILE FOR K-M DOMAIN DECOMPOSITION! DHC AUGMENTED LIFT SECTION!&INPUT! AIRFOIL COORDINATES :! FOIL='/usr/people/andrew/airfoils/augwing/wtct.dat',!! CONTROL PARAMETERS :! ALPHA = 0.0, ! Angle of attackROTATE = 0.0, ! Rotation angleX0 = 0.5, ! X coordinate of rotation centreY0 = 0.0, ! Y coordinate of rotation centreLEPHI = FALSE,FALSE,FALSE, ! Leading Edge PHI lines (t/f)CMESH = FALSE, ! C-MESH option (t/f)AUTOMESH = TRUE, ! AUTOMESH Option (.dsb & .ctl files) (t/f)DECOMP = TRUE, ! DECOMPose domain (t/f)MESHSEQ = 0, ! max. number of MESH SEQuencing levels!! OUTPUT FILES :! SPLFILE = 'wtct.spl', ! SPLine file (spline coefficients)DECFILE = 'wtct.dec', ! DEComposition file (block definitions)CONFILE = 'wtct.con', ! CONnectivity file (block connections)DSBFILE = 'wtct.dsb', ! Define Sides of Block fileCTLFILE = 'wtct.ctl', ! ConTroL file (control fn' decay param.)P3DFILE = 'wtct.p3d', ! Plot3D file for block boundary definitionsSTGFILE = 'wtct.stg', ! STaGnation point descriptors FILE!! BOUNDARY PLACEMENT :! XLB = -10.00000, ! Left Hand Boundary locationXRB = 10.00000, ! Right Hand Boundary locationYLB = -10.00000, ! Lower Boundary locationYUB = 10.00000, ! Upper Boundary location!! MESH PARAMETERS - NODES :! NPTSAF = 209,209,209, ! No. points on the AirFoil(s)NTE = 39,29,29, ! No. points on the blunt Trailing EdgeNFFBX = 59, ! No. points to the Far-Field Boundary65



NFFBY = 59, ! No. points to the Far-Field BoundaryNINT = 49, ! No. vertical points IN-beTween the sectionsNGAP = 30, ! No. horiz. points in negative overlap (GAP)!! MESH PARAMETERS - SPACINGS :! DNW = 4.0E-05,4.0E-05,4.0E-05, ! normal off Wall spacingDNFFB = 2.0, ! normal spacing at the Far-Field BoundaryDSSTG = 2.0E-04,2.0E-04,2.0E-04, ! surface spacing at the STaGnation pointDSTE = 1.0E-04,1.0E-04,1.0E-04, ! surface spacing at the Trailing EdgeDSLE = 5.0E-04, ! surface spacing at any L.E. ctl lineDSSHRP = 2.5E-04, ! surface spacing at any SHaRp points!! MESH PARAMETERS - CLUSTERING :!! CLUSFL = ! CLUSter on FoiL # ..! CLUSX = ! (X/C) coordinate of CLUSter point! CLUSUL = ! U for Upper surface, L for Lower surface! CLUSDS = ! CLUSter surface spacing (ds)!! MESH PARAMETERS - CONTROL FUNCTION DECAY PARAMETERS :! SPCFFB = 0.2, ! SPaCing ConTroL parameter for ffbSPCPSI = 0.01, ! SPaCing ConTroL parameter for PSI linesSPCPHI = 0.02, ! SPaCing ConTroL parameter for PHI linesANGDECAY = 0.2 ! ANGle ConTroL parameter&ENDAlgebraic grid generation control �le: agrid.inpwtct.dec ! Input decomposition filewtct.spl ! Input spline filewtct.dsb ! Input block side filewtct.con ! Input connectivity filewtct.agr ! Output file agrid file66



Multiblock elliptic smoother control �le: megrid.inpfalse ! graphics on/offwtct.agr ! grid input fileplot3d ! grid format (tecplot or plot3d)wtct.ctl ! boundary condition filewtct.con ! block connectivity filewtct.off ! offset filewtct.g ! output file in tecplot formatplot3d ! output file format (tecplot or plot3d)27 ! number of blocks1.0 ! SOR relaxation parameter (0<w<2)200 ! Max iterations1.0E-5 ! Min residual for stopping0.100000 0.1000000 ! Relaxation Factors for P & Q0.100000 0.1000000 ! Limiting Factors for P & Q
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H-MESH DOMAIN DECOMPOSITION FOR DHC AUGMENTED LIFT AIRFOIL, CASE6Figure6.16:DomaindecompositionforTestCase6
68



ALGEBRAIC H-MESH FOR DHC AUGMENTED LIFT AIRFOIL, CASE 6 (80,325 points)Figure6.17:AlgebraicgridforTestCase669



H-MESH FOR DHC AUGMENTED LIFT AIRFOIL, CASE 6 (80,325 points)Figure6.18:SmoothedgridforTestCase670



Appendix G : WILLIAMS AThis Appendix contains example input and output for the double elementWilliams A test case. More speci�cally, the following are given:1. Domain decomposition control �le : kmS.inp2. Airfoil coordinate data �le3. Domain decomposition plots (�gures 6.19 and 6.20)

71



kmS.inp:! CONTROL FILE FOR K-M DOMAIN DECOMPOSITION! WILLIAMS TEST CASE A!&INPUT! AIRFOIL COORDINATES :FOIL='/usr/people/andrew/airfoils/williams/williams_a.dat',! CONTROL PARAMETERS :ALPHA = 2.0, ! Angle of attackROTATE = 0.0, ! Rotation angleX0 = 0.5, ! X coordinate of rotation centreY0 = 0.0, ! Y coordinate of rotation centreLEPHI = FALSE,TRUE, ! PHI-line from L.E. (t/f)CMESH = FALSE, ! C-MESH option (t/f)AUTOMESH = TRUE, ! AUTOMESH Option (.dsb & .ctl files) (t/f)DECOMP = TRUE, ! DECOMPose domain (t/f)! OUTPUT FILES :SPLFILE = 'willy_a.spl', ! SPLine file (spline coefficients)DECFILE = 'willy_a.dec', ! DEComposition file (block definitions)CONFILE = 'willy_a.con', ! CONnectivity file (block connections)DSBFILE = 'willy_a.dsb', ! Define Sides of Block fileCTLFILE = 'willy_a.ctl', ! ConTroL file (control fn' decay param.)P3DFILE = 'willy_a.p3d', ! Plot3D FILE for block boundariesSTGFILE = 'willy_a.stg', ! SinGular poinT descriptor FILE! BOUNDARY PLACEMENT :XLB = -10.00000, ! Left Hand Boundary locationXRB = 10.00000, ! Right Hand Boundary locationYLB = -10.00000, ! Lower Boundary locationYUB = 10.00000, ! Upper Boundary location! MESH PARAMETERS - NODES :NPTSAF = 249,149,29, ! No. points on the AirFoil(s)NTE = 0,0, ! No. points on the blunt Trailing EdgeNFFBX = 49, ! No. points to the Far-Field Boundary in XNFFBY = 49, ! No. points to the Far-Field Boundary in YNINT = 40, ! No. vertical points IN-beTween the sectionsNGAP = 30, ! No. horiz. points in negative overlap (GAP)! MESH PARAMETERS - SPACINGS :DNW = 4.0E-05,4.0E-05, ! normal off Wall spacingDNFFB = 2.0, ! normal spacing at the Far-Field BoundaryDSSTG = 2.0E-04,2.0E-04, ! surface spacing at the STaGnation pointDSTE = 1.0E-04,1.0E-04, ! surface spacing at the Trailing EdgeDSLE = 2.0E-04, ! surface spacing at any L.E. ctl lineDSSHRP = 4.0E-04, ! surface spacing at any SHaRp points! MESH PARAMETERS - CLUSTERING : 72



CLUSFL = 1, ! CLUSter on FoiL # ..CLUSX = 0.75, ! (X/C) coordinate of CLUSter pointCLUSUL = 'u', ! U for Upper surface, L for Lower surfaceCLUSDS = 2.0E-04, ! CLUSter surface spacing (ds)! MESH PARAMETERS - CONTROL FUNCTION DECAY PARAMETERS :SPCFFB = 0.5, ! SPaCing ConTroL parameter for ffbSPCPSI = 0.005, ! SPaCing ConTroL parameter for PSI linesSPCPHI = 0.01, ! SPaCing ConTroL parameter for PHI linesANGDECAY = 0.2 ! ANGle ConTroL parameter&ENDAirfoil coordinate data �le:! AIRFOIL DATA FOR WILLIAM'S TEST CASE A!*NAME=MAIN! X Y CP1.00000 0.00590 1.000000.99931 0.00612 -0.040220.99417 0.00748 0.236870.98434 0.00903 0.500610.96975 0.00941 0.673690.94998 0.00766 0.754770.92461 0.00361 0.776890.89358 -0.00236 0.769140.85728 -0.00965 0.747660.81639 -0.01771 0.720580.77169 -0.02612 0.692050.72396 -0.03451 0.664370.67396 -0.04261 0.638980.62240 -0.05018 0.616990.56993 -0.05699 0.599360.51716 -0.06287 0.587080.46466 -0.06766 0.581150.41297 -0.07214 0.582640.36259 -0.07350 0.592710.31398 -0.07438 0.612520.26759 -0.07386 0.643270.22381 -0.07194 0.685960.18304 -0.06866 0.741180.14563 -0.06409 0.808300.11190 -0.05833 0.88385 73



0.08214 -0.05151 0.957240.05663 -0.04378 0.999690.03560 -0.03530 0.932960.01927 -0.02625 0.537050.00783 -0.01681 -0.797790.00143 -0.00714 -4.202490.00017 0.00264 -8.349890.00409 0.01242 -8.731660.01311 0.02211 -7.145340.02707 0.03155 -5.730370.04582 0.04056 -4.739400.06914 0.04898 -4.050840.09681 0.05663 -3.554710.12857 0.06335 -3.181660.16414 0.06902 -2.889740.20321 0.07352 -2.653150.24543 0.07678 -2.455640.29044 0.07875 -2.286740.33785 0.07942 -2.139650.38724 0.07881 -2.009920.43814 0.07700 -1.894770.49010 0.07408 -1.792600.54258 0.07019 -1.702720.59507 0.06550 -1.625250.64697 0.06020 -1.561090.69769 0.05453 -1.512040.74656 0.04870 -1.481060.79290 0.04293 -1.472650.83597 0.03743 -1.493420.87501 0.03232 -1.552250.90929 0.02762 -1.658100.93815 0.02323 -1.809000.96122 0.01893 -1.957270.97850 0.01458 -1.953740.99043 0.01041 -1.601690.99753 0.00718 -0.021191.00000 0.00590 1.00000*EOR*NAME=FLAP! X Y CP1.31389 -0.20363 1.000001.31360 -0.20335 0.616831.31121 -0.20083 0.623181.30635 -0.19598 0.64997 74



1.29886 -0.18893 0.678271.28864 -0.17996 0.704201.27564 -0.16939 0.726681.25995 -0.15765 0.745601.24177 -0.14518 0.761221.22146 -0.13243 0.774011.19948 -0.11982 0.784571.17640 -0.10766 0.793581.15285 -0.09619 0.801841.12944 -0.08553 0.810221.10676 -0.07572 0.819761.08535 -0.06674 0.831591.06565 -0.05854 0.846991.04799 -0.05105 0.867221.03263 -0.04423 0.893411.01972 -0.03807 0.925971.00930 -0.03258 0.963081.00134 -0.02781 0.995200.99572 -0.02381 0.981540.99226 -0.02065 0.716580.99073 -0.01835 -1.174760.99087 -0.01686 -5.759970.99242 -0.01604 -2.859180.99508 -0.01571 -1.430490.99864 -0.01569 -0.898911.00295 -0.01582 -0.703671.00797 -0.01598 -0.683321.01372 -0.01607 -0.779901.02027 -0.01609 -0.962991.02768 -0.01606 -1.207571.03600 -0.01610 -1.488441.04527 -0.01631 -1.780521.05548 -0.01684 -2.061031.06658 -0.01785 -2.311241.07852 -0.01946 -2.517441.09119 -0.02181 -2.670931.10447 -0.02499 -2.767511.11824 -0.02909 -2.806641.13235 -0.03415 -2.790671.14667 -0.04020 -2.723961.16103 -0.04725 -2.612321.17532 -0.05525 -2.462351.18938 -0.06416 -2.281121.20310 -0.07391 -2.07571 75



1.21637 -0.08439 -1.853071.22907 -0.09548 -1.619701.24112 -0.10704 -1.381591.25245 -0.11891 -1.144051.26298 -0.13090 -0.911681.27267 -0.14281 -0.688291.28147 -0.15440 -0.476871.28934 -0.16544 -0.279611.29624 -0.17566 -0.097891.30214 -0.18476 0.067771.30697 -0.19245 0.217881.31064 -0.19840 0.354561.31303 -0.20226 0.484831.31389 -0.20363 1.00000*EOF
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H-MESH DOMAIN DECOMPOSITION FOR WILLIAMS A TEST CASEFigure6.19:DomaindecompositionforTestCase7
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H-MESH DOMAIN DECOMPOSITION FOR WILLIAMS A TEST CASE
DETAIL OF LEADING EDGE PHI-LINE ON FLAP

Figure6.20:DomaindecompositionforTestCase7-detailof
ap
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Appendix H : NACA0012WITH CONCAVE T.E.This Appendix contains example input and output for the single elementNACA 0012 test case with a blunt concave trailing edge. More speci�cally,the following are given:1. Domain decomposition control �le : kmS.inp2. Airfoil coordinate data �le3. Domain decomposition plots (�gures 6.21 and 6.22)
79



kmS.inp:! CONTROL FILE FOR K-M DOMAIN DECOMPOSITION! NACA 0012 AIRFOIL WITH BLUNT CONCAVE TRAILING EDGE!&INPUT FOIL='/usr/people/andrew/airfoils/naca0012/n0012te.dat',! OUTPUT FILES :SPLFILE = 'b12.spl',DECFILE = 'b12.dec',CONFILE = 'b12.con',DSBFILE = 'b12.dsb',CTLFILE = 'b12.ctl',P3DFILE = 'b12.p3d',STGFILE = 'b12.stg',! BOUNDARY PLACEMENT :XLB = -5.00000,XRB = 6.00000,YLB = -5.00000,YUB = 5.00000 &ENDAirfoil coordinate data �le:! Airfoil coordinates for NACA 0012!*NAME=NACA121.0000 -0.001260.9500 -0.008070.9000 -0.014480.8000 -0.026230.7000 -0.036640.6000 -0.045630.5000 -0.052940.4000 -0.058030.3000 -0.060020.2500 -0.059410.2000 -0.057370.1500 -0.053450.1000 -0.046830.0750 -0.042000.0500 -0.035550.0250 -0.026150.0125 -0.018940.0000 0.00000 80



0.0125 0.018940.0250 0.026150.0500 0.035550.0750 0.042000.1000 0.046830.1500 0.053450.2000 0.057370.2500 0.059410.3000 0.060020.4000 0.058030.5000 0.052940.6000 0.045630.7000 0.036640.8000 0.026230.9000 0.014480.9500 0.008071.0000 0.00126!! Coordinates of the blunt trailing edge :!*TE=NACA121.0000 0.001260.9991 0.000890.9987 0.000000.9991 -0.000891.0000 -0.00126*EOF
81



H-MESH DOMAIN DECOMPOSITION FOR BLUNT CONCAVE T.E. NACA0012Figure6.21:DomaindecompositionforTestCase8
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Figure 6.22: Domain decomposition for Test Case 8 - detail of trailing edge83



Appendix I : NACA0012WITH CUT OUTThis Appendix contains example input and output for the single elementNACA 0012 test case with a blunt trailing edge and 
ap cut out. Morespeci�cally, the following are given:1. Domain decomposition control �le : kmS.inp2. Airfoil coordinate data �le3. Domain decomposition plot (�gure 6.23)
84



kmS.inp:! CONTROL FILE FOR K-M DOMAIN DECOMPOSITION! NACA 0012 AIRFOIL WITH BLUNT TRAILING EDGE and a flap cutout!&INPUT FOIL='/usr/people/andrew/airfoils/naca0012/n12co.dat',! SHRPFL = 1, 1,SHRPPT = 5, 10,! OUTPUT FILES :SPLFILE = 'n12co.spl',DECFILE = 'n12co.dec',CONFILE = 'n12co.con',DSBFILE = 'n12co.dsb',CTLFILE = 'n12co.ctl',P3DFILE = 'n12co.p3d',STGFILE = 'n12co.stg',! BOUNDARY PLACEMENT :XLB = -10.00000,XRB = 10.00000,YLB = -10.00000,YUB = 10.00000 &END

85



Airfoil coordinate data �le:! Airfoil coordinates for NACA 0012!*NAME=NACA121.0000 -0.001260.9500 0.001070.9000 0.004480.8000 0.012230.7500 0.014640.7400 0.004380.7300 -0.005870.7200 -0.016130.7100 -0.026380.7000 -0.036640.6000 -0.045630.5000 -0.052940.4000 -0.058030.3000 -0.060020.2500 -0.059410.2000 -0.057370.1500 -0.053450.1000 -0.046830.0750 -0.042000.0500 -0.035550.0250 -0.026150.0125 -0.018940.0000 0.000000.0125 0.018940.0250 0.026150.0500 0.035550.0750 0.042000.1000 0.046830.1500 0.053450.2000 0.057370.2500 0.059410.3000 0.060020.4000 0.058030.5000 0.052940.6000 0.045630.7000 0.036640.8000 0.026230.9000 0.014480.9500 0.008071.0000 0.00126 86



H-MESH DOMAIN DECOMPOSITION FOR BLUNT T.E. NACA0012 WITH CUT OUTFigure6.23:DomaindecompositionforTestCase9
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Appendix J : NACA0012WITH UPPER STEPThis Appendix contains example input and output for the single elementNACA 0012 test case with a blunt trailing edge and an upper surface step.More speci�cally, the following are given:1. Domain decomposition control �le : kmS.inp2. Airfoil coordinate data �le3. Domain decomposition plots (�gures 6.24 and 6.25)
88



kmS.inp:! CONTROL FILE FOR K-M DOMAIN DECOMPOSITION! NACA 0012 AIRFOIL WITH BLUNT TRAILING EDGE and an upper surface step!&INPUT FOIL='/usr/people/andrew/airfoils/naca0012/n12step-.dat',! SHRPFL = 1, 1,SHRPPT = 31, 32,! OUTPUT FILES :SPLFILE = 'n12step.spl',DECFILE = 'n12step.dec',CONFILE = 'n12step.con',DSBFILE = 'n12step.dsb',CTLFILE = 'n12step.ctl',P3DFILE = 'n12step.p3d',STGFILE = 'n12step.stg',! BOUNDARY PLACEMENT :XLB = -10.00000,XRB = 10.00000,YLB = -10.00000,YUB = 10.00000 &END

89



Airfoil coordinate data �le:! Airfoil coordinates for NACA 0012! Step at 70% of 0.1% outward!*NAME=NACA121.0000 -0.001260.9500 -0.008070.9000 -0.014480.8000 -0.026230.7000 -0.036640.6000 -0.045630.5000 -0.052940.4000 -0.058030.3000 -0.060020.2500 -0.059410.2000 -0.057370.1500 -0.053450.1000 -0.046830.0750 -0.042000.0500 -0.035550.0250 -0.026150.0125 -0.018940.0000 0.000000.0125 0.018940.0250 0.026150.0500 0.035550.0750 0.042000.1000 0.046830.1500 0.053450.2000 0.057370.2500 0.059410.3000 0.060020.4000 0.058030.5000 0.052940.6000 0.045630.7000 0.036640.7010 0.035640.8000 0.025560.9000 0.014150.9500 0.007901.0000 0.00126*EOF 90



H-MESH DOMAIN DECOMPOSITION FOR BLUNT T.E. NACA0012 WITH UPPER STEPFigure6.24:DomaindecompositionforTestCase10
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H-MESH DOMAIN DECOMPOSITION FOR BLUNT T.E. NACA0012 WITH UPPER STEP

Figure6.25:DomaindecompositionforTestCase10-detailofstep
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