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00003 fvVectorMatrix UEQn

00004 (

00005 fvm::ddt(U)

00006 + fvm::div(phi, U)

00007 + turbulence->divDevReff(U)
00008 );

oo Sllas a5 098 o oolitul olSaa 5 el "finite-volume matrix" ssei0 4 FVm
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00012 if (momentumPredictor)

00013 {
00014 solve (UEgn == -fvc::grad(p));
00015}
oS prai dils —Y—F— ¥
cwl g lae a5 090 co (3l PEANH LB 10 c0S oral sla p8
00001 {

00002 volScalarField rUA("rUA", 1.0/UEgn.A());

00003 surfaceScalarField rUAf("(1]A(U))", fvc::interpolate(rUA));
00004

00005 U = rUA*UEqgn.H();
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00006

00007 surfaceScalarField phiU

00008 (

00009 (fvc::interpolate(U) & mesh.Sf())

00010 + fvc::ddtPhiCorr(rUA, U, phi)

00011 );

00012

00013 phi = phiU + rUAffvc::interpolate(rhok)*(g & mesh.Sf());
00014

00015 for (int nonOrth=0; nonOrth<=nNonOrthCorr; nonOrth++)
00016 {

00017 fvScalarMatrix pEgn

00018 (

00019 fvm::laplacian(rUAf, p) == fvc::div(phi)

00020 );

00021

00022 if (corr == nCorr-1 && nonOrth == nNonOrthCorr)
00023 {

00024 pEgn.solve(mesh.solver(p.name() + "Final"));
00025 }

00026 else

00027 {

00028 pEgn.solve(mesh.solver(p.name()));

00029 }

00030

00031 if (nonOrth == nNonOrthCorr)

00032 {

00033 phi -= pEqgn.flux();

00034 }

00035 }

00036

00037 U += rUA*vc::reconstruct((phi - phiU)/rUAf);
00038 U.correctBoundaryConditions();

00039

00040 #include "continuityErrs.H"

00041}
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R e Ot — R
_____________ *\
| e |
|
I \\ / F ield | OpenFOAM: The Open Source CFD
Toolbox |
[ \\ / O peration | Version: 2.0.1
|
| AN/ A nd | Web: www.OpenFOAM. com
|
| \\/ M anipulation |
|
&
_____________ */
FoamFile
{
version 2.0;
format ascii;
class dictionary;
location "system";
object controlDict;

}

//*******************************

******//

application pisoFoam;
startFrom startTime;
startTime 0;

StopAt endTime;
endTime 0.5;
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deltaT 3e-05;
writeControl timeStep;
writeInterval 100;
purgeWrite 0;
writeFormat ascii;

writePrecision 6;
writeCompression uncompressed;
timeFormat general;
timePrecision 6;
runTimeModifiable true;

//
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/* ________________________________ e Ot = e o
__________ *\
| ========= |
|
I \\ / F ield | OpenFOAM: The Open Source CFD Toolbox
|
I A\\ / O peration | Version: 1.7.1
|
| \\/ A nd | Web: www.OpenFOAM. com
|
| \\/ M anipulation |
|
A\ K
__________ */
FoamFile
{
version 2.0;
format ascii;
class dictionary;
location "constant";
object transportProperties;

}

//********************************

*****//

nu nu [ 02 -100007] 0.01;

//
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* kA Kk kK //
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[D2-10000
No. Property S1 unit USCS nmt
Mass kilogram (kg) pound-mass (lbm)
Length metre (m) foot (ft)
Time second (&)

Temperature
Cluantity

Current

Luminous intensity

e =

Kelvin (K]} degree Rankine ["R)
kilogram-mole (kgmol)  pound-mole (lbmol)
ampere (A)
candela (ed)

o A 0,50 a8l Dl ol a5 sl pOlyMesh o)ls 1,8 IS ol jo aS (6,5 ,als8

onl sl osaline LB blockMesh ol 4y (6,0a500 w3, (o0 ,a88 cpl S5l a4 28y 0l

OpenFOAM ,s ool Lews mesh generation G 4 by o Slasin Jol jo 6 1isos

vertices

(
(0 0 0)
(1 0 0)
(1 1 0)
(01 0)
(0 0 0.
(1 0 0.
(1 1 0.

//********************************
*****//

convertToMeters 0.1;

= e

'¢$buf
/* ________________________________ * — C++ e K
__________ *\
| ========= |
|
I \\ / F ield | OpenFOAM: The Open Source CFD Toolbox
|
I \\ 0 peration | Version: 1.7.1
|
| N\ / A nd | Web: www.OpenFOAM. com
|
| \\/ M anipulation |
|
\
__________ */
FoamFile
{
version 2.0;
format ascii;
class dictionary;
object blockMeshDict;
}
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blocks
(
hex (01 2 3 45 6 7) (20 20 1) simpleGrading (1 1 1)

) 7

edges
(
)7

patches
(

wall movingWall

(
(3 7 6 2)

)
wall fixedWalls

mergePatchPairs
(
)

//
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__________ *\
| =========
|
I \\ / F i
|
I A\N\ / O p
|
| \\/ A n
|
| \\/ M a
|
\* ______________
__________ */
FoamFile
{
version
format
class
object

}

//*******

*****//

dimensions
internalField

boundaryField
{

movingWall

{
type
value

}

fixedWalls
{
type
value

}

frontAndBack
{
type

}

__________________ K O —Fm
|

eld | OpenFOAM: The Open Source CFD Toolbox

eration | Version: 1.7.1

d | Web: www.OpenFOAM. com

nipulation |

2.0;

ascii;

volVectorField;

U;

* k k k Kk k Kk Kk Kk *k * k* * * * * * * * * * * * * *

(01 -1000 0];

uniform (0 0 0);

fixedValue;
uniform (1 0 0);

fixedvalue;
uniform (0 0 0);

empty;
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}
//

KA AR AR A A AR AR A A AR AR A A AR A A A AR I KA A AR I A A AR IR AA AR I A A AR I A A ARk ALK hhk

* k kK kK //

e ke O — K me
__________ *\
| ========= |
|
I \\ / F ield | OpenFOAM: The Open Source CFD Toolbox
|
I \\ / 0 peration | Version: 1.7.1
|
| NN/ A nd | Web: www . OpenFOAM. com
|
| \\/ M anipulation |
|
\* _________________________________________________________________
__________ */
FoamFile
{
version 2.0;
format ascii;
class volScalarField;
object i°H

}

//********************************

*****//

dimensions [0 2 =2 000 01;
internalField uniform O;
boundaryField
{ movingWall
{ type zeroGradient;
}
fixedWalls
{ type zeroGradient;
}
frontAndBack
{ type empty;
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/* ________________________________ e Ot = e o
__________ *\
| ========= |
|
I \\ / F ield | OpenFOAM: The Open Source CFD Toolbox
|
I \\ / 0 peration | Version: 1.7.1
|
| NN/ A nd | Web: www.OpenFOAM. com
|
| \\/ M anipulation |
|
2
__________ * )
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FoamFile

{
version 2.0;
format ascii;
class dictionary;
location "system";
object controlDict;

}

//**************

*****//

application icoFoam;
startFrom startTime;
startTime 0;

stopAt endTime;
endTime 0.5;
deltaT 0.005;
writeControl timeStep;
writeInterval 20;
purgelirite 0;
writeFormat ascii;
writePrecision 6;

writeCompression uncompressed;

timeFormat

timePrecision

general;

6;

runTimeModifiable yes;

//

KA AR KRR A A AR AR A A AR AN A A AR A I A A A A A hAA AR I AR AR I I A A AR I A A A A Ak A A Ak k Ak Ak K

* kK kK kK //

*x kX kX kX Kk KX Kk K* Kk Kk Kk Kk Kk k¥ Kk KX * *

i StartTime L startFrom cod jo S o coslice YU JSo 0 a5 jshilen
oy ek A sl S 9o 0wl ead eols 180 Bl ol Jlaw jo aS canl o
2 b sle o5 xe @) deltaT ooy v jo el oo ools J1,5 0.5 Hly > LU b
sltransient sle ol olp Logass deltaT )l .ol oo sols 1,8 asl 0.005 o, (>
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WS e aie |y el s oSl S¥slee 4o Galie gle

/* ________________________________ *_C++_* ________________________
__________ *\
| ========= |
|
I \\ / F ield | OpenFOAM: The Open Source CFD Toolbox
|
I \\ / 0 peration | Version: 1.7.1
|
| \\ O/ A nd | Web: www.OpenFOAM. com
|
| \\/ M anipulation |
|
&
__________ * /
FoamFile
{
version 2.0;
format ascii;
class dictionary;
location "system";
object fvSchemes;
}
//****k*k******‘k‘k‘k‘k‘k***********‘k‘k‘k‘k*
*****//
ddtSchemes
{
default Fuler;
}
gradSchemes
{
default Gauss linear;
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grad (p) Gauss linear;
}
divSchemes
{
default none;
div(phi, U) Gauss linear;
}
laplacianSchemes
{
default none;

laplacian(nu,U) Gauss linear corrected;
laplacian((1|A(U)),p) Gauss linear corrected;

}

interpolationSchemes
{
default linear;
interpolate (HbyA) linear;
}

snGradSchemes
{
default corrected;
}
fluxRequired
{
default no;
p ;

}

Yol jo ol o o3 coled gilulas slo g, il (adein YU SG jo 4 jghiles
oAl e (60l o g b olile da LolS b (ullies o Sy wlaiin )l o]
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fvSolution (o,1a5hs jo 1) 055 ,hai 5550 Jo gy Wilgs o )5 > (bsy (00,5 Lasede

WS,

e ke O — K me
__________ *\
| ========= |

|
I \\ / F ield | OpenFOAM: The Open Source CFD Toolbox

|
I A\N\ / O peration | Version: 1.7.1

|
| NN/ A nd | Web: www . OpenFOAM. com

|
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| \\/ M anipulation |
e
__________ */
FoamFile
{
version 2.0;
format ascii;
class dictionary;
location "system";
object fvSolution;
;/***************************‘k‘k‘k‘k‘k
*****//
solvers
{
b
{
solver PCG;
preconditioner DIC;
tolerance le-06;
relTol 0;
}
U
{
solver PbiCG;
preconditioner DILU;
tolerance le-05;
relTol 0;
}
}
PISO
{
nCorrectors 2;
nNonOrthogonalCorrectors 0;
pRefCell 0;
pRefValue 0;
}
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Abstract

Abstract

Turbulent flow inside square ducts represent important engineering issues,
which are characterised by the existence of secondary flows. A phenomenon not
observed in circular ducts nor in fully developed laminar flows through straight
rectangular ducts.

Many researches about secondary flow in non-circular duct is conducted for
square duct. In this research, fully developed turbulent flow in non-circular
straight ducts with square, rectangular, triangular and regular polygon of cross
sections has been simulated using the large eddy simulation for an
incompressible flow and the presence or absence of secondary flows is
investigated.

In this model Navier-Stokes Equations using the finite volume method on non-
uniform grid for the entire field using Smagorinsky model will be considered.
The secondary velocities are usually about 0.5%-1% of the streamwise bulk
velocity in magnitude but appreciably alter the rates of momentum and heat
transfer near the walls. This secondary flow has been thought to be arising due
to the anisotropy of the Reynolds stresses.

There is no secondary flow in circular duct. Therefore in second section of this
research, the corners of these sections is rounded and step by step round radius
Is increased and cross section likes circle, and the presence or absence of
secondary flows is investigated.

Flow simulation is performed using OpenFOAM software. PisoFoam solver is
used in this simulation that is created for single-phase and incompressible fluid.
Numerical solution methods used in pisoFoam solver is based on PISO
algorithm.

Keywords: Turbulent flow, Duct, Non-circular cross sections, Open source

OpenFOAM, Large Eddy Simulation, Rounding corne
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