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ABSTRACT

The purpose of current study is to develop and verify the newly developed solver

for analyzing rotor flow using the open-source code. The algorithm of standard solver,

OpenFOAM, is improved to analyze the rotor inflow with and without fuselage. For
the calculation of the rotor thrust, the virtual blade method based on the blade element
method is employed. The inflow velocities on the rotor disk used to specify the

effective angle of attack, have been included in the solver. The results of the current

rotor inflow analysis are verified by comparing with other experimental and numerical

results. It was confirmed that the modified solver provides satisfactory results for

rotor-fuselage interaction problem.
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class actuatorDiskExplicitForce {
public:

//- Runtime type information
TypeName("actuatorDiskExplicitForce");

actuatorDiskExplicitForce();
~actuatorDiskExplicitForce();

void ReadGeometry(const fvMesh &iMesh);

void CalcActuatorDiskVolForce(const fvMesh &iMesh, vol
VectorField &iU, volVectorField &ioVolumeForce, volScalarField &i
oAlphaEff, volScalarField &ioAlphalnd, scalarField &iolnflow, bool
oReset);

void WriteVTK();

void CalcInitTrim();

void CalcTrim(const fvMesh &iMesh, const volVectorField
&iU, vectorField &ioVolumeForce, volVectorField &ioMomentHub);

void CalcInflow(const fvMesh &iMesh, const volVectorFiel
d &iU, const vectorField &ioVolumeForce, volScalarField &olnflo
w, volVectorField &ioMomentHub);

void clearData();

private:

bool PointlsInDisk(const vector &iPointStartCenterLine, con
st vector &iPointEndCenterLine, const vector &iPoint, scalar &oDis
t2, vector &oLineTangent, vector &oCircumferentialDirection, vecto
r &oVecLineToPoint, scalar &oAziAngle, scalar &oLineTangentLen
gth);

bool PointlsinHub(const vector &iPointStartCenterLine, con
st vector &iPointEndCenterLine, const vector &iPoint);

scalar CalcAxialForce(const scalar &iRadialDist, const scalar
&oAziAngle, vector &iU, const vector &oLineTangent, const vector
&oCircumferentialDirection, const vector &oVecLineToPoint, const
scalar &iRho, const scalar &oCellSfmag, scalar &oAlphaEff, scalar
&oAlphalnd, scalar &olnflow, scalar &oTangentForce);

scalar CalcCircForce(const scalar &iRadialDist, const scalar
&iRho);

scalar CalcDiskThickness() {return mag(mPointEndCenterLi
ne - mPointStartCenterLine);};

void tablLookup(const scalar &iMach, const scalar &iAlph
aEff, scalar &iCL, scalar &iCD);
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//7VE Edol= Fe= A4
actuatorDiskExplicitForce actuatorDisk;
/7P Edol= FYzd 4 AW dY
actuatorDisk.ReadGeometry(mesh);
/1718 BHlol= ZE29] 2713}
actuatorDisk.CalcInitTrim();

E 3 25Y wy4 3=

//Calculate volume force from VBM
actuatorDisk.CalcActuatorDiskVolForce(mesh, U, VolumeForce,
AlphaEff, Alphalnd, Inflow, rotor_reset);

// Momentum predictor

tmp<fvVectorMatrix> UEqn

(
fvm:div(phi, U)
+ turbulence->divDevReff(U)
- VolumeForce

);

UEqn().relax();

solve(UEqn() == -fvc::grad(p));
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