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In this paper, an open-source software framework named “Chesmeh” for numerical solution of the fluid
dynamics equations is introduced. The data structure is designed in a way that the software framework
supports structured grids on arbitrary number of spatial dimensions. The software has the ability to
decompose the numerical grid into several smaller grids for parallel processing. Furthermore, using
some functions, the complexity of the parallel programming is considerably made easier for the user.
The software is developed using the new features of the C++ programming language, specially the
template metaprogramming feature. In addition to the linear finite difference schemes, which can be
simply implemented, the nonlinear schemes such as essentially non-oscillatory shock capturing schemes
are implemented. Using the software, it is also possible to use compact finite difference schemes, which
lead to a tridiagonal system of equations. Defining and applying different kinds of boundary conditions
are also predicted in the software. In addition, utilities are considered for file input and output. Using
several test cases of compressible and incompressible flows and viscous and inviscid flows, the
capabilities of the software are demonstrated.
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#include"FrameWork.h"

u

const real pi = acos(-1.0);
struct init : public MultiVarFun < init, real >
static real apply(real x, real y)
return exp(-10 * (pow(x - 0.5, 2) + pow(y - 0.5, 2)));
3

int main(int argc, char *argv[])

{
intrank =0, size = 1;
MPI_Init(&argc, &argv);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
MPI_Comm_size(MPI_COMM_WORLD, &size);

1 Multi<StructuredGrid> multiGrid,;
2 GridDistributor distributor(size, rank, multiGrid);

real L1=1.0,L2=1.0;

int imax[] = { 101, 101 };
intghost[]={1,1};
real length[]={L1,L2};
real dx[] =
{ length[0] / (imax[0] - 1), length[1] / (imax[1] - 1) };
real dx2[] = { dx[0] * dx[0], dx[1] * dx[1] };

3 distributor.Decompose(2, imax, ghost, length);

VectorField<RealField> X("x", "position”, 2);
ScalarField<RealField> u("u", "dependent variable", 2);
ScalarField<RealField>

un("'un”, "dependent variable new time step", 2);

oo

real dt = 0.5*dx[0];
7 X.Allocate(multiGrid);

8 distributor.SetGeometry(X);
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Fig 1 Adding halo points to sub-grids for parallel processing
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u.Allocate(multiGrid);
un.Allocate(multiGrid);

9 Patch interior(“interior", multiGrid);
10 Patch bottom("bottom", multiGrid);
11 Patch top("top", multiGrid);

12 Patch left("left", multiGrid);

13 Patch right("right", multiGrid);

RealField &x = X(0);
RealField &y = X(1);

14 interior.MakelnteriorPatch();

15 left. MakeBoundaryPatch(0);

16 right.MakeBoundaryPatch(1, y > 0.0);
17 bottom.MakeBoundaryPatch(2);

18 top.MakeBoundaryPatch(3, x > 0.0);

// Initial condition

u() = init:fun(x, y);

un() = u();
/I stencils
19 Stencil<2> backward = CreateStencil(-1, -1.0)(0, 1.0);
20 MultiDimStencil<2> backwardx =
CreateStencil(backward, 0, dt / dx[0]);
21 MultiDimStencil<2> backwardy =

CreateStencil(backward, 1, dt / dx[1]);

int itermax = 50;
real time = 0.0;

22 for (int iter = 0; iter < itermax; iter++)
{
time = dt*iter;
24 un()(interior) =
u() - backwardx.D(u()) - backwardy.D(u());
25 un()(left) = init::fun(x - time, y - time);
26 un()(bottom) = init::fun(x - time, y - time);
27 un()(top) =
u() - backwardx.D(u()) - backwardy.D(u());
28 un()(right) =
u() - backwardx.D(u()) - backwardy.D(u());
29 distributor.UpdateHaloNodes(un());
u() = unQ;

char fname[] = “case/wave/field";

10Controller out(rank, size, fname, multiGrid, X, u);
out.Write();

30

31 MPI_Finalize();
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Y 9X Suz 90 ) g OB Ko 21 520 bshas 3 920 wed @
aloass 0ailouS Slae j0 5 At/Ay 5 At/Ax ol o sl onds iy o
gl L 8o 6,55 Sl 51
slapite 4 boSlee al Jlosl (o il slagSl 1 oslanad L
gl oo drloe 5 AL Ly S0 Jli5 Sl 5355 55k 4l
MUtiDIMStencil oIS 51 = o5 o olaws pie 5 & Shos Jlos! cg
@l sl o a8 F L5 s jlate ol (sl o ool D b 4y asli (gl
4) G e gy @Y sbly o U Gl pite Glie ) akl, Jle

led oo 0 B3 UN loe puitie 40 g duwlone (0 i a3 YU yo o] Slee
un() = central_y.D(u() );

db&lod@&)sbyuﬂw‘éﬁgm28b24 bz s
alayly 24 L o loalds colawl ((ons )'Lé—| 22 L 3l as) Jloj sley
&lp 28 525 bghs ool onds Jlosl Sgy0 bl 4y (2) sgame Jolis
pU 5l o 35l 0gys baalag b ols 13 adlis (5500 Laulps Jlesl
dmbre alog Gloa L& (gl Lo Conl) Cooms alasl) 9355 o0 s it
Ogh 0y3S 2 o pilo ;0 g

30 08 o plxl ead i i sl bosls Jlasl 29 L
Sloy 8 @ a8, 5l i bl ples gl Claslxe JooSS 3l g i
&b aigd Gep la,blie blE polie b beji> bla el 5L o
$lulS olygiws jleslanl b )5 e 5l oley 29 s jo ouls Jlgs,8
Do e plol | laools Jlasl T el

onbatine Bl 55) @i 5l B85 (29,5 lp 5331 930 byl

Sl 58 bLe 0,8 0 g0 aline 920 4y 50 b pstie L gl aladl>
509580 Ol adl anily jeuil g o ISl allgs co lawe Gl i
Slp )l 3szy Cezily 3 (2l @ Gl e K0 gyl ple
Jbe sl 09 oo oolanl jlyy 5l s 51 (Adge) wlys G A g i
S Ggdl) 255 (o) S (IS JLad alps @ g is sln
p(), v(0), tau(0,1)
sl aulyo oMb o 0l 5 (535 gl b Stalon ol 53 bl
Ngd oo yattine v g SO sae b (Y 4dlie) pes ilys yam dae b (x adlse)
WSl o Y 9 X ,S5le s 5 a4 X(L) 9 X(0) Jlw sl
b, @l Jleel 5 ol Sllee [7]V ke slogSl 51 oslial L
DS e Dyge Sy @
v(0) = sgrt ( sin(X(0)) + cos(X(1) )
oolatul b pizmad 098 o 2l aSis bl plas gl 398 alayl) cuid> o
ol bli 4 sgume | laslxe lgs oo bralog 55 by Lalg,
oS bla 4 Slasbre 5le sgame Glp Gleioe Jbo Glp 0ges
g g g 4 ]y aaly (¥ > 0) cul S LT (goges Slatse
v(0)( X(1) > 0) = sgrt ( sin(X(0)) + cos(X(1) )
Glp @S ed coblB L wes oo |y o3l ol Ojle gl i,
Sg0 oolatwl Lol mly g oles slo Klee (YLg)Uf)lg)w) 5k
4 ol by, ol Sldse sl b GhalS Slaslme IS 45 (T (90
s g0 0318 g4, 8] &=
ddizr ooz)lr Ole Gagsll L Al 6l p wax @y e sl
4 b 6in(x) +cos@) Jio @l 1) 065 mb )5 sl Ssalea
ioled 2 ) )90
struct FunctionName : public MultiVarFun < FunctionName, real >
static real apply(real x, real y)
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3 Backward difference operator
4 Central difference operator
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Fig 2 Supersonic flow over a bump; Mach number contour lines
(top), Mach number distributions over wind tunnel walls (bottom)
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Patch interior("interior”, multiGrid);
Patch fluid("fluid", multiGrid);
Patch down("down", multiGrid);
Patch middown("middown", multiGrid);
Patch up("up”, multiGrid);
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Fig 3 Incompressible flow over a backward facing step
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Fig 6 Subsonic flow over an airfoil; vorticity contour lines in two-
dimensions, flow specifications: Mach number 0.2, Reynolds number
10%, angle of attack 18 degree
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Fig 7 Subsonic flow over an airfoil; vorticity iso-surfaces in three-
dimensions, flow specifications: Mach number 0.2, Reynolds number
105, angle of attack 18 degree.
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