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8.53× 10−5 + 4.22× 10−6Re 8.45× 10−5 + 4.04× 10−6Re
r2 : 0.9982 r2 : 0.9979

Figure 4.8. The increase in mean flux as Re increases.

x = 0.339 x = 0.454 x = 0.568

x = 0.682 x = 0.796 x = 0.911

Figure 4.9. A comparison of how changing the ν parameter affects mean flux in a
viscoelastic fluid. The preliminary runs for viscoelastic fluids have not yet reached a
steady state yet at the time this is being written.
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ν = 10/h2 ν = 15/h2 ν = 20/h2

Figure 4.10. Comparing the different values of ν at the six positions along the ratchet
in a viscoelastic fluid. The preliminary runs for viscoelastic fluids have not yet reached
a steady state yet at the time this is being written.

Figure 4.11. Comparing the mean flux between the Newtonian case and the Vis-
coelastic case. The preliminary runs for viscoelastic fluids have not yet reached a
steady state yet at the time this is being written.
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Appendix A

2D NS FluidRatchet main.c

#include "../../Library/LibraryHeader.h"

#undef __FUNCT__

#define __FUNCT__ "main"

int main(int argc,char **args)

{

/**

* Viscode is a parallel Immersed boundary solver for fluid flow problems

* using PETSc. This main is used to model the movement of a swimming sheet next to an

* immersed boundary wall. The wall is made up of a collection of teather points.

*

* Command line arguements over ride the \ref viscode.params "viscode.params." file where

* code defaults can be set.

*

* \callgraph

*/

/* =======================================================================*/

/* All the needed variables */

/* =======================================================================*/

PetscMPIInt rank,size; /* MPI Veriables used in run */

fileInfo_t *FileInfo; /* Files/Directory info needed */

grid_t *Grid; /* Set up the grid stucture */

timeparams_t *TimeParams; /* Time stepping Parameters */

fluidparams_t *Fluid; /* Fluid Parameters */

error_t *Error; /* Structure for Error Values */

solvec_t *SolutionVector; /* Collection of Solution Vecs */

flux_t *Flux1, *Flux2; /* Flux Data structures */

flux_t *Flux3, *Flux4; /* Flux Data structures */

flux_t *Flux5, *Flux6; /* Flux Data structures */

ratchet_t *RatchetParams; /* Place for the Ratchet Params */

IB_t *FluidRatchet1; /* Fluid Ratchet Structure */

IB_t *FluidRatchet2; /* Fluid Ratchet Structure */

IB_t *FluidRatchet3; /* Fluid Ratchet Structure */

IB_t *FluidRatchet4; /* Fluid Ratchet Structure */

IB_t *FluidRatchet5; /* Fluid Ratchet Structure */

IB_t *Wall; /* Horizontal Wall */

IB_t *MPBox1,*MPBox2,*MPBox3; /* Marker Point boxes */

IBlist_t *IBList; /* List of IB objects */

clock_t ClockStart, ClockEnd; /* Stop watch for CPU time */

time_t WClockStart, WClockEnd; /* Wall Clock Start and Stop */

PetscScalar WallHeight = 0.0; /* A Horizontal Wall Height */

double current_time = 0.0; /* Current time */

int timeindx = 1,saveindx=0; /* Time index and save index */

char filename[PETSC_MAX_PATH_LEN]; /* File Name for saved Data */

/* =======================================================================*/

/* Start the Stop Watch */
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/* =======================================================================*/

ClockStart = clock(); (void) time(&WClockStart);

/* =======================================================================*/

/* Initalize MPI and set things so the code will run in parallel */

/* =======================================================================*/

FileInfo = viscode_init(argc,args);

MPI_Comm_size(PETSC_COMM_WORLD,&size);

MPI_Comm_rank(PETSC_COMM_WORLD,&rank);

PetscPrintf(PETSC_COMM_WORLD,"Usage: mpiexec -np <number> ./viscode \"Runtime options \"\n");

/* =======================================================================*/

/* Initalize: Grid, Fluid, Time, and IB structures (with runtime options) */

/* =======================================================================*/

Grid = grid_init(); GetGridFromOptions(Grid);

TimeParams = time_init(); GetTimeInfoFromOptions(TimeParams);

Fluid = fluid_init(); GetFluidInfoFromOptions(Fluid);

FluidRatchet1 = IB_initAndName(RATCHET,"/FluidRatchetIBPts1");

FluidRatchet2 = IB_initAndName(RATCHET,"/FluidRatchetIBPts2"); SetRatchetIndex(FluidRatchet2->priv, 2);

FluidRatchet3 = IB_initAndName(RATCHET,"/FluidRatchetIBPts3"); SetRatchetIndex(FluidRatchet3->priv, 3);

// FluidRatchet4 = IB_initAndName(RATCHET,"/FluidRatchetIBPts4"); SetRatchetIndex(FluidRatchet4->priv, 4);

// FluidRatchet5 = IB_initAndName(RATCHET,"/FluidRatchetIBPts5"); SetRatchetIndex(FluidRatchet5->priv, 5);

GetIBInfoFromOptions(FluidRatchet1);

GetIBInfoFromOptions(FluidRatchet2);

GetIBInfoFromOptions(FluidRatchet3);

// GetIBInfoFromOptions(FluidRatchet4);

// GetIBInfoFromOptions(FluidRatchet5);

RatchetParams = FluidRatchet3->priv;

// PetscPrintf(PETSC_COMM_WORLD,"My index = %i \n",RatchetParams->RatchetIndex);

// PetscPrintf(PETSC_COMM_WORLD,"ToothStart_y = %10.8lf \n",RatchetParams->ToothStart_y);

// PetscPrintf(PETSC_COMM_WORLD,"ToothStart_x = %10.8lf \n",RatchetParams->ToothStart_x);

// PetscPrintf(PETSC_COMM_WORLD,"TeethHeight = %10.8lf \n",RatchetParams->TeethHeight);

Wall = IB_initAndName(TWODHWALL,"/WallIBpts"); GetIBInfoFromOptions(Wall);

SetHorizontalWallPositionAndVelocity(Wall,WallHeight,0.0); // Verticle Position and Speed.

MPBox1 = IB_initAndName(MARKERBOX,"/MarkerBoxSet1"); GetIBInfoFromOptions(MPBox1);

MPBox2 = IB_initAndName(MARKERBOX,"/MarkerBoxSet2"); GetIBInfoFromOptions(MPBox2);

MPBox3 = IB_initAndName(MARKERBOX,"/MarkerBoxSet3"); GetIBInfoFromOptions(MPBox3);

Error = error_init(TimeParams);

// Each flux value is set at the start of tooth 2,3,4,5,6 and 7

// and shifted by h/2.0. Stupid end points are ignored

Flux1 = flux_init(TimeParams,0.3392857142857143);

Flux2 = flux_init(TimeParams,0.4535714285714286);

Flux3 = flux_init(TimeParams,0.567857142857143);

Flux4 = flux_init(TimeParams,0.6821428571428572);

Flux5 = flux_init(TimeParams,0.7964285714285714);

Flux6 = flux_init(TimeParams,0.9107142857142858);
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/* =======================================================================*/

/* Place the immersed boundary and marker point structures into a list. */

/* =======================================================================*/

IBList = IBlist_init();

IBlist_add(IBList,FluidRatchet1);

IBlist_add(IBList,FluidRatchet2);

IBlist_add(IBList,FluidRatchet3);

// IBlist_add(IBList,FluidRatchet4);

// IBlist_add(IBList,FluidRatchet5);

IBlist_add(IBList,Wall);

IBlist_add(IBList,MPBox1);

IBlist_add(IBList,MPBox2);

IBlist_add(IBList,MPBox3);

/* =======================================================================*/

/* Create distributed array and initialize solution vectors */

/* =======================================================================*/

SolutionVector = solvec_init(Grid,Fluid,TimeParams);

Initialize_VelocityandPressure2D(Grid,Fluid,SolutionVector,TimeParams,current_time);

#ifdef DBG_VIEWINITVEL

view_2Dsol(SolutionVector->U_n);

view_2Dsol(SolutionVector->U_true);

#endif

/* =======================================================================*/

/* Initialize the immersed boundary and save data to a file */

/* =======================================================================*/

setupFluidRatchet(FluidRatchet1,Grid); IB_dump(FluidRatchet1);

setupFluidRatchet(FluidRatchet2,Grid); IB_dump(FluidRatchet2);

setupFluidRatchet(FluidRatchet3,Grid); IB_dump(FluidRatchet3);

// setupFluidRatchet(FluidRatchet4,Grid); IB_dump(FluidRatchet4);

// setupFluidRatchet(FluidRatchet5,Grid); IB_dump(FluidRatchet5);

setupHorizontalWall(Wall, Grid);

SetMarkerBoxAxisPosition(MPBox1,0.0,0.375,1.25,0.375,0.75);

PlaceMarkerBox(MPBox1); //IB_dump(MPBox1);

SetMarkerBoxAxisPosition(MPBox2,0.0,0.2,1.25,0.2,0.4);

PlaceMarkerBox(MPBox2); //IB_dump(MPBox2);

SetMarkerBoxAxisPosition(MPBox3,0.225,0.05,1.025,0.05,0.1);

PlaceMarkerBox(MPBox3); //IB_dump(MPBox3);

/* =======================================================================*/

/* Cold Start Option (Re start the code or print out starting data) */

/* =======================================================================*/

if(TimeParams->coldstart > 0){

saveindx = TimeParams->coldstart;

timeindx = ((TimeParams->coldstart)*TimeParams->csnumout+1);

current_time = (timeindx-1)*TimeParams->csdt;

ColdStartSetTethers(IBList,filename,FileInfo,saveindx);

ColdStart2D_NS(Grid,Fluid,SolutionVector,IBList,TimeParams,current_time,FileInfo,filename);

} else {

SaveVelocityAndImmersedBoundary(Grid,SolutionVector,SolutionVector->U_n,IBList,filename,current_time,saveindx,FileInfo);

}
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/* =======================================================================*/

/* Generate a Pre Run Parameters Report */

/* =======================================================================*/

ReportPreRunStatistics(Grid,Fluid,TimeParams,IBList,Error,FileInfo);

PostProcessParams(Grid,Fluid,TimeParams,IBList,FileInfo);

/* =======================================================================*/

/* Start the time stepping loop */

/* =======================================================================*/

while(current_time <= TimeParams->T){

/* set up matrix system */

current_time = current_time + TimeParams->dt;

/* ===================================================================*/

/* Calculate the forces on the immersed boundary */

/* ===================================================================*/

CalcIBForces_ChannelWall(Wall,Grid);

CalcIBForces_FluidRatchet(FluidRatchet1);

CalcIBForces_FluidRatchet(FluidRatchet2);

CalcIBForces_FluidRatchet(FluidRatchet3);

// CalcIBForces_FluidRatchet(FluidRatchet4);

// CalcIBForces_FluidRatchet(FluidRatchet5);

/* ===================================================================*/

/* Spread the forces onto the fluid */

/* ===================================================================*/

SpreadIBForces(IBList,Grid,SolutionVector);

/* ===================================================================*/

/* Solve the fluid flow problem */

/* ===================================================================*/

SolveTimeNSE(Grid,TimeParams,Fluid,SolutionVector,current_time);

/* ===================================================================*/

/* Move the Immersed Boundary points */

/* ===================================================================*/

MoveIBPoints(IBList,Grid,SolutionVector,TimeParams);

/* ===================================================================*/

/* Create Viewers for Debugging if flagged */

/* ===================================================================*/

#ifdef DBG_VIEWOUTPUT

if ((timeindx%(TimeParams->numout))==0){

//view_2Dsol(SolutionVector->F_ib);

//view_2Dsol(SolutionVector->U_npo);

//view_2Dsol(SolutionVector->U_true);

//view_2Dsol(SolutionVector->P_npo);

}

#endif
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/* ===================================================================*/

/* Do the Error computation needed at each step */

/* ===================================================================*/

CalculateError(Grid,Fluid,SolutionVector,current_time,Error,TimeParams,timeindx);

/* ===================================================================*/

/* Save Data to .vtk or .m files if needed */

/* ===================================================================*/

#ifdef DBG_SAVEDATA

if ((timeindx%(TimeParams->numout))==0){

saveindx++;

SaveVelocityAndImmersedBoundary(Grid,SolutionVector,SolutionVector->U_npo,IBList,filename,current_time,saveindx,

FileInfo);

/* Save Flux between walls at a given x point */

CalculateAndSaveFluxAcrossXvalueFluidRatchet(WallHeight,Grid,SolutionVector,saveindx,RatchetParams,current_time,

TimeParams,FileInfo,Flux1);

CalculateAndSaveFluxAcrossXvalueFluidRatchet(WallHeight,Grid,SolutionVector,saveindx,RatchetParams,current_time,

TimeParams,FileInfo,Flux2);

CalculateAndSaveFluxAcrossXvalueFluidRatchet(WallHeight,Grid,SolutionVector,saveindx,RatchetParams,current_time,

TimeParams,FileInfo,Flux3);

CalculateAndSaveFluxAcrossXvalueFluidRatchet(WallHeight,Grid,SolutionVector,saveindx,RatchetParams,current_time,

TimeParams,FileInfo,Flux4);

CalculateAndSaveFluxAcrossXvalueFluidRatchet(WallHeight,Grid,SolutionVector,saveindx,RatchetParams,current_time,

TimeParams,FileInfo,Flux5);

CalculateAndSaveFluxAcrossXvalueFluidRatchet(WallHeight,Grid,SolutionVector,saveindx,RatchetParams,current_time,

TimeParams,FileInfo,Flux6);

}

#endif

/* ===================================================================*/

/* Move the tether points on the immersed boundary objects */

/* ===================================================================*/

Move2DRatchetTetherPts(FluidRatchet1,TimeParams,current_time);

Move2DRatchetTetherPts(FluidRatchet2,TimeParams,current_time);

Move2DRatchetTetherPts(FluidRatchet3,TimeParams,current_time);

/* ===================================================================*/

/* Save Data for a Cold Start if needed */

/* ===================================================================*/

if ((timeindx%(TimeParams->csindex))==0){

SaveColdStartVelocity(Grid,SolutionVector,filename,FileInfo,saveindx,current_time);

SaveColdStartTethers(IBList,filename,FileInfo,saveindx);

ReportFlux(Flux1,FileInfo,TimeParams);

ReportFlux(Flux2,FileInfo,TimeParams);

ReportFlux(Flux3,FileInfo,TimeParams);

ReportFlux(Flux4,FileInfo,TimeParams);

ReportFlux(Flux5,FileInfo,TimeParams);

ReportFlux(Flux6,FileInfo,TimeParams);

}

/* ===================================================================*/

/* Update the solution index */

/* ===================================================================*/
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VecSwap(SolutionVector->U_n,SolutionVector->U_nmo);

VecSwap(SolutionVector->U_npo,SolutionVector->U_n);

timeindx++;

}

/* =======================================================================*/

/* End the time stepping loop */

/* =======================================================================*/

/* =======================================================================*/

/* Generate Needed Reports */

/* =======================================================================*/

ClockEnd = clock(); (void) time(&WClockEnd);

TimeParams->RunTime = (ClockEnd - ClockStart)/(double)CLOCKS_PER_SEC;

TimeParams->WallClockTime = (WClockEnd - WClockStart);

ReportRunStatistics(Grid,Fluid,TimeParams,IBList,Error,FileInfo);

error_dump(Error);

ReportFlux(Flux1,FileInfo,TimeParams);

ReportFlux(Flux2,FileInfo,TimeParams);

ReportFlux(Flux3,FileInfo,TimeParams);

ReportFlux(Flux4,FileInfo,TimeParams);

ReportFlux(Flux5,FileInfo,TimeParams);

ReportFlux(Flux6,FileInfo,TimeParams);

/* =======================================================================*/

/* CLEAN UP AND EXIT */

/* =======================================================================*/

FreeNewtonianSolutionAndGrid(Grid, Fluid, SolutionVector, TimeParams, FileInfo);

FreeImmersedBoundaryList(IBList);

FreeError(Error);

FreeFlux(Flux1); FreeFlux(Flux2); FreeFlux(Flux3);

FreeFlux(Flux4); FreeFlux(Flux5); FreeFlux(Flux6);

PetscFinalize();

return 0;

}
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Appendix B

2D NS FluidRatchet.c

#include "LibraryHeader.h"

ratchet_t *FluidRatchet_init(void){

#ifdef DBG_FUNCTIONCALL

PetscPrintf(MPI_COMM_WORLD,"CALL FluidRatchet_init()\n"); PetscSynchronizedFlush(PETSC_COMM_WORLD,PETSC_STDOUT);

#endif

/* Function to create fluid ratchet structure for viscode */

ratchet_t *fluidRatchet = NULL; /* The fluid ratchet struct */

/* Allocate the space needed */

fluidRatchet = (ratchet_t *)malloc(sizeof(ratchet_t));

fluidRatchet->RatchetIndex = 1;

fluidRatchet->ToothStart_y = 0.0; /* Starting position y of first ratchet tooth. */

fluidRatchet->ToothStart_x = 0.0; /* Starting position x of first ratchet tooth. */

fluidRatchet->TeethHeight = 0.0; /* Ratchet Teeth Height */

fluidRatchet->RatchetLength = 0.0; /* Length of Ratchet. */

fluidRatchet->NumberOfTeeth = 0; /* Number of teeth on the fluid Ratchet. */

fluidRatchet->amplitude = 0.0; /* Amplitude of the fluid ratchets movement. */

fluidRatchet->WaveSpeed = 0.0; /* Wave speed for the ratchet’s vertical movement. */

fluidRatchet->tetherK = 0.0; /* Spring force constant for moving the ratchet */

fluidRatchet->springScalar = 0.0; /* Spring force scaling for adjacent links */

return(fluidRatchet);

}

#undef __FUNCT__

#define __FUNCT__ "SetRatchetIndex()"

PetscErrorCode SetRatchetIndex(ratchet_t *Ratchet, PetscInt index){

Ratchet->RatchetIndex = index;

PetscFunctionReturn(0);

}

#undef __FUNCT__

#define __FUNCT__ "GetSwimmingSheet1FromOptions"

PetscErrorCode GetFluidRatchetFromOptions(ratchet_t *Ratchet){

#ifdef DBG_FUNCTIONCALL

PetscPrintf(MPI_COMM_WORLD,"CALL GetFluidRatchetFromOptions()\n"); PetscSynchronizedFlush(PETSC_COMM_WORLD,PETSC_STDOUT);

#endif

/* Sets values at run time for a fluid ratchet shape. */

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet_ToothStart_x", &Ratchet->ToothStart_x, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet_ToothStart_y", &Ratchet->ToothStart_y, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet_TeethHeight", &Ratchet->TeethHeight, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet_RatchetLength",&Ratchet->RatchetLength, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet_WaveSpeed", &Ratchet->WaveSpeed, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet_amplitude", &Ratchet->amplitude, PETSC_NULL);

PetscOptionsGetInt(PETSC_NULL ,"-ratchet_NumberOfTeeth",&Ratchet->NumberOfTeeth, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet_tetherK", &Ratchet->tetherK, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet_springScalar", &Ratchet->springScalar, PETSC_NULL);
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if(Ratchet->RatchetIndex == 2){

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet2_ToothStart_x", &Ratchet->ToothStart_x, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet2_ToothStart_y", &Ratchet->ToothStart_y, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet2_TeethHeight", &Ratchet->TeethHeight, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet2_RatchetLength",&Ratchet->RatchetLength, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet2_WaveSpeed", &Ratchet->WaveSpeed, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet2_amplitude", &Ratchet->amplitude, PETSC_NULL);

PetscOptionsGetInt(PETSC_NULL ,"-ratchet2_NumberOfTeeth",&Ratchet->NumberOfTeeth, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet2_tetherK", &Ratchet->tetherK, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet2_springScalar", &Ratchet->springScalar, PETSC_NULL);

}

if(Ratchet->RatchetIndex == 3){

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet3_ToothStart_x", &Ratchet->ToothStart_x, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet3_ToothStart_y", &Ratchet->ToothStart_y, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet3_TeethHeight", &Ratchet->TeethHeight, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet3_RatchetLength",&Ratchet->RatchetLength, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet3_WaveSpeed", &Ratchet->WaveSpeed, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet3_amplitude", &Ratchet->amplitude, PETSC_NULL);

PetscOptionsGetInt(PETSC_NULL ,"-ratchet3_NumberOfTeeth",&Ratchet->NumberOfTeeth, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet3_tetherK", &Ratchet->tetherK, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet3_springScalar", &Ratchet->springScalar, PETSC_NULL);

}

if(Ratchet->RatchetIndex == 4){

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet4_ToothStart_x", &Ratchet->ToothStart_x, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet4_ToothStart_y", &Ratchet->ToothStart_y, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet4_TeethHeight", &Ratchet->TeethHeight, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet4_RatchetLength",&Ratchet->RatchetLength, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet4_WaveSpeed", &Ratchet->WaveSpeed, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet4_amplitude", &Ratchet->amplitude, PETSC_NULL);

PetscOptionsGetInt(PETSC_NULL ,"-ratchet4_NumberOfTeeth",&Ratchet->NumberOfTeeth, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet4_tetherK", &Ratchet->tetherK, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet4_springScalar", &Ratchet->springScalar, PETSC_NULL);

}

if(Ratchet->RatchetIndex == 5){

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet5_ToothStart_x", &Ratchet->ToothStart_x, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet5_ToothStart_y", &Ratchet->ToothStart_y, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet5_TeethHeight", &Ratchet->TeethHeight, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet5_RatchetLength",&Ratchet->RatchetLength, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet5_WaveSpeed", &Ratchet->WaveSpeed, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet5_amplitude", &Ratchet->amplitude, PETSC_NULL);

PetscOptionsGetInt(PETSC_NULL ,"-ratchet5_NumberOfTeeth",&Ratchet->NumberOfTeeth, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet5_tetherK", &Ratchet->tetherK, PETSC_NULL);

PetscOptionsGetScalar(PETSC_NULL ,"-ratchet5_springScalar", &Ratchet->springScalar, PETSC_NULL);

}

PetscFunctionReturn(0);

}

void setupFluidRatchet(IB_t *Ratchet,grid_t *Grid){

#ifdef DBG_FUNCTIONCALL

PetscPrintf(MPI_COMM_WORLD,"CALL setupFluidRatchet()\n"); PetscSynchronizedFlush(PETSC_COMM_WORLD,PETSC_STDOUT);

#endif

/**
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* Function to set up a Fluid Ratchet.

*

*/

PetscPrintf(PETSC_COMM_WORLD,"Setting up a fluid ratchet. \n");

PetscMPIInt rank,size; /* MPI Variables used in run */

PetscInt dof = 2; /* Degrees of freedom for IB vectors */

PetscInt overlap = 1; /* Over lap of da for handling ghosting */

PetscInt i,j; /* counting index */

PetscInt indxrow = 0; /* Index row */

PetscScalar xpt; /* Current value of x being examined */

PetscScalar ibx, iby; /* x and y position of IB points */

PetscScalar ibx_f, iby_f; /* final x and y position of the IB point */

PetscScalar ibx_old, iby_old; /* x and y position of previous IB point */

PetscScalar norm; /* Norm of the distance between links */

PetscScalar ds; /* distance between IB points. */

PetscScalar hx; /* The mesh spacing in the x direction */

PetscScalar ToothStart_x; /* The starting x position of the ratchet */

PetscScalar ToothStart_y; /* The starting y position of the ratchet */

PetscScalar NumberOfTeeth; /* Number of teeth in ratchet */

PetscScalar RatchetLength; /* The width of the ratchet */

PetscScalar toothWidth; /* The width of each individual tooth */

PetscScalar toothHeight; /* The height of each individual tooth */

PetscScalar toothHypotenuse; /* Length of hypotenuse of each tooth */

PetscScalar theta; /* Angle of the tooth against horizontal */

PetscScalar dsHyp; /* Small steps up the hypotenuse */

PetscScalar sl; /* Small step up hyp in x direction */

PetscScalar sh; /* Small step up hyp in y direction */

PetscScalar dsHght; /* Small steps down face */

PetscInt numPtsHyp; /* Number of points on hypotenuse. */

PetscInt numPtsHght; /* Number of points on face. */

Vec dlVec; /* Vec 2 communicat the dist betwn IB pts */

PetscInt IBrecommended; /* IBpoints Recommended for ratchet */

PetscInt debug; /* Checking Indexing errors */

/** For simplicity the initial set up of the immersed boundary is done

* using only a single processor, and then distributed to each. */

MPI_Comm_size(PETSC_COMM_WORLD,&size);

MPI_Comm_rank(PETSC_COMM_WORLD,&rank);

/* Finite Fluid Ratchet Distrubuted Array */

DMDACreate1d(PETSC_COMM_WORLD,DM_BOUNDARY_NONE,Ratchet->nIBpts,dof,overlap,PETSC_NULL,&((ratchet_t*)Ratchet->priv)->da_ibpts);

DMCreateGlobalVector(((ratchet_t*)Ratchet->priv)->da_ibpts,&Ratchet->IBpts);

VecDuplicate(Ratchet->IBpts,&Ratchet->IBforces);

VecDuplicate(Ratchet->IBpts,&Ratchet->Tetherpts);

VecDuplicate(Ratchet->IBpts,&Ratchet->IBptsStar);

/* Get some local values to work with */

hx = (Grid->xmax - Grid->xmin)/Grid->xpts;

ToothStart_x = ((ratchet_t*)Ratchet->priv)->ToothStart_x;

ToothStart_y = ((ratchet_t*)Ratchet->priv)->ToothStart_y;

NumberOfTeeth = ((ratchet_t*)Ratchet->priv)->NumberOfTeeth;

toothHeight = ((ratchet_t*)Ratchet->priv)->TeethHeight;

RatchetLength = ((ratchet_t*)Ratchet->priv)->RatchetLength;
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/*==========================================================*/

/* Calculate the dimensions of each tooth using basic trig. */

/*==========================================================*/

toothWidth = (RatchetLength)/NumberOfTeeth;

toothHypotenuse = pow(pow(toothWidth,2.0)+pow(toothHeight,2.0),0.5);

#ifdef DBG_RATCHET

PetscPrintf(PETSC_COMM_WORLD,"toothHypotenuse: %16.14lf\n\n",toothHypotenuse);

PetscPrintf(PETSC_COMM_WORLD,"hx/2.0: %16.14lf\n",hx/2.0);

#endif

/*================================================================*/

/* Compute the number of IB points on the fluid ratchet structure */

/*================================================================*/

ds = hx/2.0;

numPtsHyp=toothHypotenuse/(ds);

if (numPtsHyp==0){

numPtsHyp=1;

}

numPtsHght=(int)abs(toothHeight/(ds)-1);

IBrecommended = NumberOfTeeth*(numPtsHyp+abs(numPtsHght))+1;

/* Print out number of points to use in viscode.params */

PetscPrintf(PETSC_COMM_WORLD,"Recommended Number of IB points for the Ratchet Structure = %i. \n",IBrecommended);

PetscPrintf(PETSC_COMM_WORLD,"Code is using %i IB points in current run. \n", Ratchet->nIBpts);

/*===========================================================================*/

/* Set the spacing between IB points based on the number of IB points given. */

/*===========================================================================*/

// Set size of step up hypotenuse

dsHyp=toothHypotenuse/numPtsHyp;

// Set size of horizontal and vertical steps for ramp

theta=atan(toothHeight/toothWidth);

sh=dsHyp*sin(theta);

sl=dsHyp*cos(theta);

// Set size of step down face

dsHght=toothHeight/(numPtsHght);

#ifdef DBG_RATCHET

PetscPrintf(PETSC_COMM_WORLD, " sh: %16.14lf, sl: %16.14lf\n\n",sh, sl);

#endif

if(rank == 0){

/* =========================================================================== */

/* Set the first IB point on the fluid Ratchet for each tooth (Left to Right) */

/* =========================================================================== */

ibx = ToothStart_x; /* x-coord of IB point */

iby = ToothStart_y; /* y-coord of IB point */

ibx_old=ibx; /* ramp builds off previous x point */

iby_old=iby; /* ramp builds off previous y point */

debug=0;

for(j=0; j< NumberOfTeeth+1; j++){
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VecSetValue(Ratchet->IBpts ,j*dof*(numPtsHyp+numPtsHght),ibx+toothWidth*j,INSERT_VALUES);

VecSetValue(Ratchet->IBpts ,1+j*dof*(numPtsHyp+numPtsHght),iby ,INSERT_VALUES);

debug++;

}

#ifdef DBG_RATCHET

PetscPrintf(PETSC_COMM_WORLD,"Debug: %i\n\n",debug);

#endif

/* =========================================================================== */

/* Loop over the rest of the IB points and set their equal spacing. */

/* =========================================================================== */

#ifdef DBG_RATCHET

PetscPrintf(PETSC_COMM_WORLD,"DEBUGGING RATCHET IB.POINT SET UP \n");PetscSynchronizedFlush(PETSC_COMM_WORLD);

#endif

// Stepping up ramp

for(i = 1; i < numPtsHyp+1 ; i++){

indxrow = i;

ibx=ibx_old+sl;

iby=iby_old+sh;

ibx_old=ibx;

iby_old=iby;

for(j=0; j<NumberOfTeeth; j++){

VecSetValue(Ratchet->IBpts ,dof*indxrow+j*dof*(numPtsHyp+numPtsHght) ,ibx+toothWidth*j,INSERT_VALUES);

VecSetValue(Ratchet->IBpts ,dof*indxrow+1+j*dof*(numPtsHyp+numPtsHght),iby ,INSERT_VALUES);

debug++;

}

#ifdef DBG_RATCHET

PetscPrintf(PETSC_COMM_WORLD,"RATCHET DEBUGGING point: %i = %10.8lf \n",indxrow,norm);

#endif

}

#ifdef DBG_RATCHET

PetscPrintf(PETSC_COMM_WORLD,"Debug: %i\n\n",debug);

#endif

// Stepping down face

iby_old=ToothStart_y+toothHeight;

for(i=numPtsHyp+1; i< numPtsHyp+numPtsHght; i++){

indxrow=i;

ibx=ToothStart_x+toothWidth;

iby=iby_old-dsHght;

iby_old=iby;

for(j=0; j<NumberOfTeeth; j++){

VecSetValue(Ratchet->IBpts ,dof*indxrow+j*dof*(numPtsHyp+numPtsHght) ,ibx+toothWidth*j,INSERT_VALUES);

VecSetValue(Ratchet->IBpts ,dof*indxrow+1+j*dof*(numPtsHyp+numPtsHght),iby ,INSERT_VALUES);

debug++;

}

}

/* ========================================================================= */

/* Set the very last point in the ratchet */

/* ========================================================================= */

ibx = ToothStart_x + RatchetLength;
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iby = ToothStart_y;

#ifdef DBG_RATCHET

PetscPrintf(PETSC_COMM_WORLD, "DEBUG: %i\n\n", debug);

PetscPrintf(PETSC_COMM_WORLD,"Last ratchet IB pt %i \n",i);

PetscPrintf(PETSC_COMM_WORLD," IB pt x: %10.8lf \n",ibx);

PetscPrintf(PETSC_COMM_WORLD," IB pt y: %10.8lf \n",iby);

#endif

}

/* ===+==================================================================== */

/* Put the value of ((ratchet_t*)Ratchet->priv)->dl on every processor */

/* ====+=================================================================== */

VecCreate(PETSC_COMM_WORLD,&dlVec);

VecSetSizes(dlVec,1,PETSC_DECIDE);

VecSetFromOptions(dlVec);

if(rank == 0){

for(i=0;i<size;i++){

VecSetValue(dlVec,i,ds,INSERT_VALUES);

}

}

VecAssemblyBegin(dlVec);

VecAssemblyEnd(dlVec);

PetscInt myrank[1];

myrank[0] = rank;

VecGetValues(dlVec,1,myrank,&((ratchet_t*)Ratchet->priv)->dl);

VecDestroy(&dlVec);

PetscPrintf(PETSC_COMM_WORLD,"Over write the given IB point spacing value ((ratchet_t*)Ratchet->priv->dl) = %16.14lf \n",

((ratchet_t*)Ratchet->priv)->dl);

VecAssemblyBegin(Ratchet->IBpts);

VecAssemblyEnd(Ratchet->IBpts);

/* ======================================================================== */

/* Copy the initial position of the immersed boundary into the xstar vector */

/* ======================================================================== */

VecCopy(Ratchet->IBpts,Ratchet->IBptsStar);

VecCopy(Ratchet->IBpts,Ratchet->Tetherpts);

}

void Move2DRatchetTetherPts(IB_t *Ratchet,timeparams_t *TimeInfo, PetscScalar time){

#ifdef DBG_FUNCTIONCALL

PetscPrintf(MPI_COMM_WORLD,"CALL Move2DratchetTetherPts()\n"); PetscSynchronizedFlush(PETSC_COMM_WORLD,PETSC_STDOUT);

#endif

/* Function to move the tether points on an immersed boundary ratchet, and */

/* in doing so causing the ratchet to move. Pumps fluid. */

PetscInt ibptstart, ibptstotal; /* Local number of IB points */

PetscInt point; /* IB point being examined */

field_t *tether, *original; /* Local tether point storage */

PetscScalar WaveSpeed; /* Sets period of wave */
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PetscScalar amplitude; /* wave amp. < ToothStart_y/2 */

PetscScalar alpha; /* Amount of sinusoidal shift at t */

WaveSpeed = ((ratchet_t*)Ratchet->priv)->WaveSpeed;

amplitude = ((ratchet_t*)Ratchet->priv)->amplitude;

/* ====================================================================== */

/* Get info associated with the local processor. */

/* ====================================================================== */

//Tether Position

DMDAGetCorners(((ratchet_t*)Ratchet->priv)->da_ibpts,&ibptstart,PETSC_NULL,PETSC_NULL,&ibptstotal,PETSC_NULL,PETSC_NULL);

DMDAVecGetArray(((ratchet_t*)Ratchet->priv)->da_ibpts,Ratchet->Tetherpts,&tether);

//Original Position

DMDAVecGetArray(((ratchet_t*)Ratchet->priv)->da_ibpts,Ratchet->IBptsStar,&original);

/* ====================================================================== */

/* Loop over each IB Tether point */

/* ====================================================================== */

alpha=amplitude/2.0*(cos(2*pi*WaveSpeed*time)-1.0);

for (point=ibptstart; point<ibptstart+ibptstotal; point++){

/** We only change the y component of the Tether points for a moving

* fluid ratchet */

tether[point].y = original[point].y + alpha;

}

DMDAVecRestoreArray(((ratchet_t*)Ratchet->priv)->da_ibpts,Ratchet->Tetherpts,&tether);

}

void CalcIBForces_FluidRatchet(IB_t *Ratchet){

#ifdef DBG_FUNCTIONCALL

PetscPrintf(MPI_COMM_WORLD,"CALL CalcIBForces_FluidRatchet()\n"); PetscSynchronizedFlush(PETSC_COMM_WORLD,PETSC_STDOUT);

#endif

/* Function to calculate the forces on a moving peristaltic pumping wall. */

PetscInt ibptstart, ibptstotal; /* Local number of IB points */

PetscInt point; /* IB point being examined */

PetscScalar F_x, F_y; /* Forces calculated */

field_t *tether, *ibpts; /* Local tether and IB points */

Vec ibpts_local; /* Local IB pts vector */

Vec tether_local; /* Local tether pts vector */

PetscScalar DesiredLength; /* Desired length between pts */

PetscScalar SpringStiffnessK; /* Spring K between ibPts */

/* ====================================================================== */

/* Get info associated with the local processor and ghosted values */

/* ====================================================================== */

DMDAGetCorners(((ratchet_t*)Ratchet->priv)->da_ibpts,&ibptstart,PETSC_NULL,PETSC_NULL,&ibptstotal,PETSC_NULL,PETSC_NULL);

/* The IB points */

DMGetLocalVector(((ratchet_t*)Ratchet->priv)->da_ibpts,&ibpts_local);

DMGlobalToLocalBegin(((ratchet_t*)Ratchet->priv)->da_ibpts,Ratchet->IBpts,INSERT_VALUES,ibpts_local);

DMGlobalToLocalEnd(((ratchet_t*)Ratchet->priv)->da_ibpts,Ratchet->IBpts,INSERT_VALUES,ibpts_local);

DMDAVecGetArray(((ratchet_t*)Ratchet->priv)->da_ibpts,Ratchet->IBpts,&ibpts);

/* The Tether points */

DMGetLocalVector(((ratchet_t*)Ratchet->priv)->da_ibpts,&tether_local);
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DMGlobalToLocalBegin(((ratchet_t*)Ratchet->priv)->da_ibpts,Ratchet->Tetherpts,INSERT_VALUES,tether_local);

DMGlobalToLocalEnd(((ratchet_t*)Ratchet->priv)->da_ibpts,Ratchet->Tetherpts,INSERT_VALUES,tether_local);

DMDAVecGetArray(((ratchet_t*)Ratchet->priv)->da_ibpts,Ratchet->Tetherpts,&tether);

/* ====================================================================== */

/* Zero all the previouly set Immersed Boundary Forces. */

/* ====================================================================== */

VecZeroEntries(Ratchet->IBforces);

/* ====================================================================== */

/* Loop over each IB Tether point */

/* ====================================================================== */

// /* C1<--L1 */

// F_x += SpringForceX(my_x , my_y, adjacent_x , adjacent_y, DesiredLength, SpringStiffnessK);

// F_y += SpringForceY(my_x , my_y, adjacent_x , adjacent_y, DesiredLength, SpringStiffnessK);

// dist2pts(X,Y,x,y);

//PetscPrintf(PETSC_COMM_WORLD,"Forces TetherK = %10.8lf \n",((ratchet_t*)Ratchet->priv)->tetherK);

//PetscPrintf(PETSC_COMM_WORLD,"Forces dl = %10.8lf \n",((ratchet_t*)Ratchet->priv)->dl);

SpringStiffnessK = ((ratchet_t*)Ratchet->priv)->tetherK*((ratchet_t*)Ratchet->priv)->springScalar;

for (point=ibptstart; point<ibptstart+ibptstotal; point++){

// PetscPrintf(PETSC_COMM_WORLD," point: %i", point);

/* Zero Local forces */

F_x = 0.0; F_y = 0.0;

/* Calculate Tether Force */

F_x = F_x - ((ratchet_t*)Ratchet->priv)->tetherK*(ibpts[point].x - tether[point].x)*((ratchet_t*)Ratchet->priv)->dl;

F_y = F_y - ((ratchet_t*)Ratchet->priv)->tetherK*(ibpts[point].y - tether[point].y)*((ratchet_t*)Ratchet->priv)->dl;

//PetscPrintf(PETSC_COMM_WORLD,"Fx = %10.8lf \n",F_x);

//PetscPrintf(PETSC_COMM_WORLD,"Fy = %10.8lf \n",F_y);

// Force from adjacent points.

if(point > 0){

// If not the first point

// Next point

// (x0,y0,x1,y1)

DesiredLength = dist2pts(tether[point].x,tether[point].y,tether[point+1].x,tether[point+1].y);

F_x += SpringForceX(ibpts[point].x, ibpts[point].y, ibpts[point+1].x , ibpts[point+1].y, DesiredLength, SpringStiffnessK);

F_y += SpringForceY(ibpts[point].x, ibpts[point].y, ibpts[point+1].x , ibpts[point+1].y, DesiredLength, SpringStiffnessK);

#ifdef DEBUGGING

PetscPrintf(PETSC_COMM_WORLD,"Actual Length= %10.8lf \n",dist2pts(ibpts[point].x, ibpts[point].y, ibpts[point+1].x ,

ibpts[point+1].y));

PetscPrintf(PETSC_COMM_WORLD,"DesiredLength= %10.8lf \n",DesiredLength);

PetscPrintf(PETSC_COMM_WORLD,"Fx = %10.8lf \n",F_x);

PetscPrintf(PETSC_COMM_WORLD,"Fy = %10.8lf \n",F_y);

#endif

}

if(point < (Ratchet->nIBpts-1)){

// If not last

// Previous point
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// (x0,y0,x1,y1)

DesiredLength = dist2pts(tether[point].x,tether[point].y,tether[point-1].x,tether[point-1].y);

F_x += SpringForceX(ibpts[point].x, ibpts[point].y, ibpts[point-1].x , ibpts[point-1].y, DesiredLength, SpringStiffnessK);

F_y += SpringForceY(ibpts[point].x, ibpts[point].y, ibpts[point-1].x , ibpts[point-1].y, DesiredLength, SpringStiffnessK);

#ifdef DEBUGGING

PetscPrintf(PETSC_COMM_WORLD,"Actual Length= %10.8lf \n",dist2pts(ibpts[point].x, ibpts[point].y, ibpts[point+1].x,

ibpts[point+1].y));

PetscPrintf(PETSC_COMM_WORLD,"DesiredLength= %10.8lf \n",DesiredLength);

PetscPrintf(PETSC_COMM_WORLD,"Fx = %10.8lf \n",F_x);

PetscPrintf(PETSC_COMM_WORLD,"Fy = %10.8lf \n",F_y);

#endif

}

VecSetValue(Ratchet->IBforces,2*point ,F_x,INSERT_VALUES);

VecSetValue(Ratchet->IBforces,2*point+1,F_y,INSERT_VALUES);

}

/* ====================================================================== */

/* Restore Vectors to global processors and assemble IBforces */

/* ====================================================================== */

DMDAVecRestoreArray(((ratchet_t*)Ratchet->priv)->da_ibpts,Ratchet->IBpts,&ibpts);

DMDAVecRestoreArray(((ratchet_t*)Ratchet->priv)->da_ibpts,Ratchet->Tetherpts,&tether);

DMRestoreLocalVector(((ratchet_t*)Ratchet->priv)->da_ibpts,&ibpts_local);

DMRestoreLocalVector(((ratchet_t*)Ratchet->priv)->da_ibpts,&tether_local);

VecAssemblyBegin(Ratchet->IBforces);

VecAssemblyEnd(Ratchet->IBforces);

}

void CalculateAndSaveFluxAcrossXvalueFluidRatchet(PetscScalar WallPositionY, grid_t *Grid, solvec_t *SolVec, PetscInt saveindx,

ratchet_t *RatchetParams, PetscScalar time,timeparams_t *TimeInfo,fileInfo_t *FileInfo, flux_t *Flux){

#ifdef DBG_FUNCTIONCALL

PetscPrintf(MPI_COMM_WORLD,"CALL CalculateAndSaveFluxAcrossXvalueFluidRatchet()\n");

PetscSynchronizedFlush(PETSC_COMM_WORLD,PETSC_STDOUT);

#endif

PetscScalar flux; /* The horizontal flux calculated */

PetscScalar a, b; /* Y-positions to integrate between */

PetscScalar h; /* Grid spacing */

PetscInt npts; /* number of intergration pts to use */

PetscInt NumberCells; /* Number of grid cells in verticle */

PetscScalar WaveSpeed; /* Speed of the wave */

PetscScalar alpha; /* Height adjustment for ratchet */

PetscScalar amplitude; /* amplitude of the Ratchet */

WaveSpeed = RatchetParams->WaveSpeed;

amplitude = RatchetParams->amplitude;

alpha = amplitude/2.0*(cos(2*pi*WaveSpeed*time)-1.0);

/* Calculate the points to integrate between at position X */

b = RatchetParams->ToothStart_y+alpha; // Top Ratchet position.

a = WallPositionY; // Bottom Wall position.

/* calculate local variables */
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h = (Grid->ymax - Grid->ymin)/Grid->ypts;

NumberCells = (PetscInt)((b - a)/h);

npts = NumberCells*3;

/* A function to calculate the flux in a peristaltic pumping problem */

flux = VerticalFlux(Grid,SolVec,a,b,npts,Flux->position,saveindx);

Flux->FluxVec[saveindx] = flux;

Flux->ReportTimes[saveindx] = time;

}
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Appendix C

meanFlux.py

import os

import sys

print "Call this script within the Data/ directory to iterate through all dirs"

clean="rm PostProcess/meanFlux_Re_*"

os.system(clean);

# Function to compute mean flux from t to t+1 for t \in [0,1]

def compMF(dirName, l,m,tail,numPts,period):

if(os.path.isdir(dirName)):

print;

print dirName;

for n in [’339’, ’454’, ’568’, ’682’, ’796’, ’911’]:

filename = dirName +"/FluxXpos0."+n+"_csindex_00000000.txt"

sep = " ";

nums = [];

for line in open(filename):

columns = line.split(sep);

if len(columns) >= 2:

nums.append(float(columns[1]));

fileOut = "PostProcess/meanFlux_Re_"+l+"_Th_"+m+"_Pos_"+n+tail+".txt";

for i in range(numPts):

meanFlux = 0.0;

for j in range(period):

meanFlux = meanFlux + nums[i+j]*(1.0/period)

fOut = open(fileOut,"a")

fOut.write(str(i/50.0)+sep+str(meanFlux) + "\n")

fOut.close()

## End of functions ##

## Run for all NS sim

for l in [’001’, ’002’, ’005’, ’010’, ’020’, ’030’, ’040’ ,’050’, ’075’, ’100’]:

for m in [’30’, ’45’, ’60’]:

dirName = "RunOn3_08_2016_Re_"+l+"_Th_"+m;

compMF(dirName,l,m,’’,50,50);

## Run for refined NS sims

dirName = "RunOn3_15_2016_Re_050_Th_60_refined";

compMF(dirName,’050’,’60’,’_refined’,50,50);

## Run for VE sims

## numPts- How many to view

## period- width of sliding window

numPts=25; period=50;

dirName = "RunOn3_21_2016_Re_1We1";
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compMF(dirName,’001’,’60’,’_We1’,numPts,period);

dirName = "RunOn3_21_2016_Re_1We1_10h2";

compMF(dirName,’001’,’60’,’_We1_10h2’,numPts,period);

dirName = "RunOn3_23_2016_Re_1We1_15h2";

compMF(dirName,’001’,’60’,’_We1_15h2’,numPts,period);

dirName = "RunOn3_23_2016_Re_1We1_20h2";

compMF(dirName,’001’,’60’,’_We1_20h2’,numPts,period);
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Appendix D

plotFiles.py

import os

import sys

import numpy as np

import matplotlib.pyplot as plt

def pltFile(filename,label):

#Plot filename

sep = " ";

nums = [];

for line in open(filename):

columns = line.split(sep);

if len(columns) >= 2:

nums.append(float(columns[1]));

n=len(nums);

xpts=np.linspace(0,1.0*(n-1)/50,n);

plt.plot(xpts,nums,label=label);

def pltLineOfFile(filename,lineNo):

#Return specific line of filename

sep = " ";

nums = [];

for line in open(filename):

columns = line.split(sep);

if len(columns) >= 2:

nums.append(float(columns[1]));

return nums[lineNo];

def aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle):

for l in ReVals:

for m in ThVals:

for n in PosVals:

for tail in tailVals:

#Loop through all arguments and feed filename to plot

fileSuffix="meanFlux_Re_"+l+"_Th_"+m+"_Pos_"+n+tail+".txt";

filename=dirName+fileSuffix;

#print filename[67:]

if(os.path.isfile(filename)):

label=’’

if(len(ReVals)>1):

label=label+’ Re = ’+l;

if(len(ThVals)>1):

label=label+’ Th = ’+m;

if(len(PosVals)>1):

label=label+’ Pos = ’+n;

if(len(tailVals)>1):

label=label+tail;

pltFile(filename,label);

plotLabLeg(pltTitle, saveName);
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def plotLabLeg(pltTitle, saveName):

print saveName[46:]

plt.legend(); #loc=’lower right’);

plt.title(pltTitle);

plt.xlabel(’Time’);

plt.ylabel(’mean Flux’);

plt.savefig(saveName);

#plt.show();

plt.close();

###############################################################################

baseDir="/mnt/data/viscode/src/Projects/"

outDir="/mnt/data/Dropbox/Thesis_Peter/thesisPW/plots/"

## Plot Flux ##

dirName=baseDir+"2D_NS_FluidRatchet/Data/PostProcess/"

yLow=-0.07;

yUp = 0.07;

## Plot Re vs Mean Flux ##

ReVals=[’001’, ’002’, ’005’, ’010’, ’020’, ’030’, ’040’ ,’050’, ’075’, ’100’];

Th=’45’;

PosVals=[’339’, ’454’, ’568’, ’682’, ’796’, ’911’];

for lineNo in [30,35]:

for Po in PosVals:

mfVals=[];

for Re in ReVals:

fileSuffix="meanFlux_Re_"+Re+"_Th_"+Th+"_Pos_"+Po+".txt";

filename=dirName+fileSuffix;

if(os.path.isfile(filename)):

mfVals.append(pltLineOfFile(filename,lineNo));

sep = " "

fileOut = dirName+"IncreaseReVsMeanFlux_t0"+str(lineNo/5)+"_Pos"+Po+".txt";

os.system(’rm ’+fileOut);

for i in range(len(mfVals)):

#print ReVals[i], mfVals[i];

fOut = open(fileOut,"a")

fOut.write(str(ReVals[i])+sep+str(mfVals[i])+"\n")

fOut.close()

pltTitle="Increase in Re vs mean Flux at x=0."+Po+" at t="+str(lineNo/50.0)

xpts=np.linspace(1,100);

#TODO plot lin reg using normal eqns

if (lineNo==30):

ypts=4.22*10.0**-6.0*xpts+8.53*10.0**-5.0

if (lineNo==35):

ypts=4.04*10.0**-6.0*xpts+8.45*10.0**-5.0

plt.plot(xpts,ypts)

plt.plot(ReVals,mfVals, ’ro’, markersize=6)

plt.title(pltTitle);

plt.xlabel(’Re’);

plt.ylabel(’mean Flux at t=’+str(lineNo/50.0));

saveName=outDir+"IncreaseReVsMeanFlux_t0"+str(lineNo/5)+"_Pos"+Po

plt.savefig(saveName);

#plt.show();

plt.close();
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## Plot individual ##

dirName=baseDir+"2D_NS_FluidRatchet/Data/"

ReVals=[’001’, ’002’, ’005’, ’010’, ’020’, ’030’, ’040’ ,’050’, ’075’, ’100’];

ThVals=[’30’, ’45’, ’60’];

PosVals=[’339’, ’454’, ’568’, ’682’, ’796’, ’911’];

NuVals=[’’,’10’,’15’,’20’];

for Re in ReVals:

for Th in ThVals:

for Po in PosVals:

## Newtonian ##

filesuffix="RunOn3_08_2016_Re_"+Re+"_Th_"+Th+"/FluxXpos0."+Po+"_csindex_00000000.txt"

filename=dirName+filesuffix;

if(os.path.isfile(filename)):

label="Re="+Re+", Th="+Th+", x=0."+Po

pltFile(filename,label);

pltTitle="Flux for " r"$Re = $"+Re+", " r"$ Th = $"+Th+" at " r"$x=0.$"+Po

saveName=outDir+"Flux_Re"+Re+"_Th"+Th+"_Pos"+Po

plt.ylim([yLow,yUp]);

plotLabLeg(pltTitle,saveName);

dirName=baseDir+"2D_VE_FluidRatchet/Data/"

for Po in PosVals:

for Nu in NuVals:

## Viscoelastic ##

filesuffix="RunOn3_27_2016_Re_1We1_"+Nu+"h2/FluxXpos0."+Po+"_csindex_00000000.txt"

filename=dirName+filesuffix;

if(os.path.isfile(filename)):

label="x=0."+Po

pltFile(filename,label);

pltTitle="Flux for " r"$Re = 1,\ We=1,\ \nu=$"+Nu+r"$h^2$"" at x=0."+Po

saveName=outDir+"Flux_Re1_We1_Nu"+Nu+"h2_Pos"+Po

plt.ylim([yLow,yUp]);

plotLabLeg(pltTitle,saveName);

## Plot Re @ position and Th

dirName=baseDir+"2D_NS_FluidRatchet/Data/"

ReVals=[’001’, ’002’, ’005’, ’010’, ’020’, ’030’, ’040’ ,’050’, ’075’, ’100’];

ThVals=[’45’];

PosVals=[’339’, ’454’, ’568’, ’682’, ’796’, ’911’];

NuVals=[’’,’10’,’15’,’20’];

for Po in PosVals:

for Re in ReVals:

## Newtonian ##

filesuffix="RunOn3_08_2016_Re_"+Re+"_Th_"+Th+"/FluxXpos0."+Po+"_csindex_00000000.txt"

filename=dirName+filesuffix;

if(os.path.isfile(filename)):

label="Re="+Re+", Th="+Th+", x=0."+Po

pltFile(filename,label);

pltTitle="Flux at " r"$x=0.$"+Po

saveName=outDir+"Flux_multRe_Th45_Pos"+Po
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plt.ylim([yLow,yUp]);

plotLabLeg(pltTitle,saveName);

## Plot Pos @ Re

ReVals=[’001’, ’002’, ’005’, ’010’, ’020’, ’030’, ’040’ ,’050’, ’075’, ’100’];

ThVals=[’30’];

PosVals=[’339’, ’454’, ’568’, ’682’, ’796’, ’911’];

NuVals=[’’,’10’,’15’,’20’];

for Re in ReVals:

for Th in ThVals:

for Po in PosVals:

## Newtonian ##

filesuffix="RunOn3_08_2016_Re_"+Re+"_Th_"+Th+"/FluxXpos0."+Po+"_csindex_00000000.txt"

filename=dirName+filesuffix;

if(os.path.isfile(filename)):

label="x=0."+Po

pltFile(filename,label);

if(os.path.isfile(filename)):

pltTitle="Flux for " r"$Re =$"+Re+","r" $Th= $"+Th

saveName=outDir+"Flux_Re"+Re+"_Th"+Th+"_multPos"

plt.ylim([yLow,yUp]);

plotLabLeg(pltTitle,saveName);

ReVals=[’001’, ’002’, ’005’, ’010’, ’020’, ’030’, ’040’ ,’050’, ’075’, ’100’];

ThVals=[’45’];

PosVals=[’339’, ’454’, ’568’, ’682’, ’796’, ’911’];

NuVals=[’’,’10’,’15’,’20’];

for Re in ReVals:

for Th in ThVals:

for Po in PosVals:

## Newtonian ##

filesuffix="RunOn3_08_2016_Re_"+Re+"_Th_"+Th+"/FluxXpos0."+Po+"_csindex_00000000.txt"

filename=dirName+filesuffix;

if(os.path.isfile(filename)):

label="x=0."+Po

pltFile(filename,label);

pltTitle="Flux for " r"$Re = $"+Re+r" $Th = $"+Th

saveName=outDir+"Flux_Re"+Re+"_Th"+Th+"_multPos"

plt.ylim([yLow,yUp]);

plotLabLeg(pltTitle,saveName);

ReVals=[’001’, ’002’, ’005’, ’010’, ’020’, ’030’, ’040’ ,’050’, ’075’, ’100’];

ThVals=[’60’];

PosVals=[’339’, ’454’, ’568’, ’682’, ’796’, ’911’];

NuVals=[’’,’10’,’15’,’20’];

for Re in ReVals:

for Th in ThVals:

for Po in PosVals:

## Newtonian ##

filesuffix="RunOn3_08_2016_Re_"+Re+"_Th_"+Th+"/FluxXpos0."+Po+"_csindex_00000000.txt"

filename=dirName+filesuffix;

if(os.path.isfile(filename)):

label="x=0."+Po

pltFile(filename,label);
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if(os.path.isfile(filename)):

pltTitle="Flux for " r"$Re = $"+Re+r" $Th = $"+Th

saveName=outDir+"Flux_Re"+Re+"_Th"+Th+"_multPos"

plt.ylim([yLow,yUp]);

plotLabLeg(pltTitle,saveName);

## Plot mean Flux ##

## Plot Newtonian vs Viscoelastic ##

dirName=baseDir+"2D_NS_FluidRatchet/Data/"

yLow=-0.0003;

yUp = 0.0009;

#339

dirName=baseDir+"2D_NS_FluidRatchet/Data/PostProcess/"

filename=dirName+"meanFlux_Re_001_Th_60_Pos_339.txt"

label = "Newtonian"

pltFile(filename,label);

dirName=baseDir+"2D_VE_FluidRatchet/Data/PostProcess/"

filename = dirName+"meanFlux_Re_001_Th_60_Pos_339_We1_20h2.txt"

label = "Viscoelastic"

pltFile(filename,label);

pltTitle = "Comparing Newtonian to Viscoelastic at " r"$Re = 1$"" at position 0.339"

saveName = outDir+"meanFlux_Re_001_NSvVE_pos339"

plt.ylim([yLow,yUp]);

plotLabLeg(pltTitle, saveName);

#454

dirName=baseDir+"2D_NS_FluidRatchet/Data/PostProcess/"

filename=dirName+"meanFlux_Re_001_Th_60_Pos_454.txt"

label = "Newtonian"

pltFile(filename,label);

dirName=baseDir+"2D_VE_FluidRatchet/Data/PostProcess/"

filename = dirName+"meanFlux_Re_001_Th_60_Pos_454_We1_20h2.txt"

label = "Viscoelastic"

pltFile(filename,label);

pltTitle = "Comparing Newtonian to Viscoelastic at " r"$Re = 1$"" at position 0.454"

saveName = outDir+"meanFlux_Re_001_NSvVE_pos454"

plt.ylim([yLow,yUp]);

plotLabLeg(pltTitle, saveName);

#568

dirName=baseDir+"2D_NS_FluidRatchet/Data/PostProcess/"

filename=dirName+"meanFlux_Re_001_Th_60_Pos_568.txt"

label = "Newtonian"

pltFile(filename,label);

dirName=baseDir+"2D_VE_FluidRatchet/Data/PostProcess/"

filename = dirName+"meanFlux_Re_001_Th_60_Pos_568_We1_20h2.txt"

label = "Viscoelastic"

pltFile(filename,label);

pltTitle = "Comparing Newtonian to Viscoelastic at " r"$Re = 1$"" at position 0.568"
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saveName = outDir+"meanFlux_Re_001_NSvVE_pos568"

plt.ylim([yLow,yUp]);

plotLabLeg(pltTitle, saveName);

#682

dirName=baseDir+"2D_NS_FluidRatchet/Data/PostProcess/"

filename=dirName+"meanFlux_Re_001_Th_60_Pos_682.txt"

label = "Newtonian"

pltFile(filename,label);

dirName=baseDir+"2D_VE_FluidRatchet/Data/PostProcess/"

filename = dirName+"meanFlux_Re_001_Th_60_Pos_682_We1_20h2.txt"

label = "Viscoelastic"

pltFile(filename,label);

pltTitle = "Comparing Newtonian to Viscoelastic at " r"$Re = 1$"" at position 0.682"

saveName = outDir+"meanFlux_Re_001_NSvVE_pos682"

plt.ylim([yLow,yUp]);

plotLabLeg(pltTitle, saveName);

#796

dirName=baseDir+"2D_NS_FluidRatchet/Data/PostProcess/"

filename=dirName+"meanFlux_Re_001_Th_60_Pos_796.txt"

label = "Newtonian"

pltFile(filename,label);

dirName=baseDir+"2D_VE_FluidRatchet/Data/PostProcess/"

filename = dirName+"meanFlux_Re_001_Th_60_Pos_796_We1_20h2.txt"

label = "Viscoelastic"

pltFile(filename,label);

pltTitle = "Comparing Newtonian to Viscoelastic at " r"$Re = 1$"" at position 0.796"

saveName = outDir+"meanFlux_Re_001_NSvVE_pos796"

plt.ylim([yLow,yUp]);

plotLabLeg(pltTitle, saveName);

#911

dirName=baseDir+"2D_NS_FluidRatchet/Data/PostProcess/"

filename=dirName+"meanFlux_Re_001_Th_60_Pos_911.txt"

label = "Newtonian"

pltFile(filename,label);

dirName=baseDir+"2D_VE_FluidRatchet/Data/PostProcess/"

filename = dirName+"meanFlux_Re_001_Th_60_Pos_911_We1_20h2.txt"

label = "Viscoelastic"

pltFile(filename,label);

pltTitle = "Comparing Newtonian to Viscoelastic at " r"$Re = 1$"" at position 0.911"

saveName = outDir+"meanFlux_Re_001_NSvVE_pos911"

plt.ylim([yLow,yUp]);

plotLabLeg(pltTitle, saveName);
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## Master list of all plot combos ##

dirName=baseDir+"2D_NS_FluidRatchet/Data/PostProcess/"

ReVals=[’001’, ’002’, ’005’, ’010’, ’020’, ’030’, ’040’ ,’050’, ’075’, ’100’]

ThVals=[’30’, ’45’, ’60’]

PosVals=[’339’, ’454’, ’568’, ’682’, ’796’, ’911’]

tailVals=[’’,’_We1’,’_We1_10h2’,’_We1_15h2’,’_We1_20h2’]#,’_refined’]

saveName=outDir+"test"

pltTitle="test"

plt.ylim([-0.0003,0.0007]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

# Plot meanFlux files at various positions

yLow = 0; yUp = 0.0005;

ReVals=[’050’]

ThVals=[’45’]

PosVals=[’454’]

tailVals=[’’]

saveName=outDir+"mfRe050Th45Pos454"

pltTitle="Mean flux for " r"$\theta$= 45"" in " r"$Re = 1$"" at " r"$x=0.454$"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

yLow = 0; yUp = 0.0007;

ReVals=[’001’]

ThVals=[’45’]

PosVals=[’339’, ’454’, ’568’, ’682’, ’796’, ’911’]

tailVals=[’’,’_refined’]

saveName=outDir+"varyPosTh45Re001"

pltTitle="Varied positions for " r"$\theta$""= 45 at Re 1"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’002’]

ThVals=[’45’]

PosVals=[’339’, ’454’, ’568’, ’682’, ’796’, ’911’]

tailVals=[’’,’_refined’]

saveName=outDir+"varyPosTh45Re002"

pltTitle="Varied positions for " r"$\theta$""= 45 at Re 2"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’005’]

ThVals=[’45’]

PosVals=[’339’, ’454’, ’568’, ’682’, ’796’, ’911’]

tailVals=[’’,’_refined’]

saveName=outDir+"varyPosTh45Re005"

pltTitle="Varied positions for " r"$\theta$""= 45 at Re 5"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’010’]

ThVals=[’45’]

PosVals=[’339’, ’454’, ’568’, ’682’, ’796’, ’911’]

tailVals=[’’,’_refined’]

saveName=outDir+"varyPosTh45Re010"
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pltTitle="Varied positions for " r"$\theta$""= 45 at Re 10"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’020’]

ThVals=[’45’]

PosVals=[’339’, ’454’, ’568’, ’682’, ’796’, ’911’]

tailVals=[’’,’_refined’]

saveName=outDir+"varyPosTh45Re020"

pltTitle="Varied positions for " r"$\theta$""= 45 at Re 20"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’030’]

ThVals=[’45’]

PosVals=[’339’, ’454’, ’568’, ’682’, ’796’, ’911’]

tailVals=[’’,’_refined’]

saveName=outDir+"varyPosTh45Re030"

pltTitle="Varied positions for " r"$\theta$""= 45 at Re 30"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’040’]

ThVals=[’45’]

PosVals=[’339’, ’454’, ’568’, ’682’, ’796’, ’911’]

tailVals=[’’,’_refined’]

saveName=outDir+"varyPosTh45Re040"

pltTitle="Varied positions for " r"$\theta$""= 45 at Re 40"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’050’]

ThVals=[’45’]

PosVals=[’339’, ’454’, ’568’, ’682’, ’796’, ’911’]

tailVals=[’’,’_refined’]

saveName=outDir+"varyPosTh45Re050"

pltTitle="Varied positions for " r"$\theta$""= 45 at Re 50"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’075’]

ThVals=[’45’]

PosVals=[’339’, ’454’, ’568’, ’682’, ’796’, ’911’]

tailVals=[’’,’_refined’]

saveName=outDir+"varyPosTh45Re075"

pltTitle="Varied positions for " r"$\theta$""= 45 at Re 75"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’100’]

ThVals=[’45’]

PosVals=[’339’, ’454’, ’568’, ’682’, ’796’, ’911’]

tailVals=[’’,’_refined’]

saveName=outDir+"varyPosTh45Re100"

pltTitle="Varied positions for " r"$\theta$""= 45 at Re 100"

plt.ylim([yLow,yUp]);
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aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

# Vary Re over all Pos

ReVals=[’001’, ’002’, ’005’, ’010’, ’020’, ’030’, ’040’ ,’050’, ’075’, ’100’]

ThVals=[’45’]

PosVals=[’339’]

tailVals=[’’]

saveName=outDir+"varyRe339"

pltTitle="Varied Re’s for " r"$\theta$""= 45 at position 0.339"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’001’, ’002’, ’005’, ’010’, ’020’, ’030’, ’040’ ,’050’, ’075’, ’100’]

ThVals=[’45’]

PosVals=[’454’]

tailVals=[’’]

saveName=outDir+"varyRe454"

pltTitle="Varied Re’s for " r"$\theta$""= 45 at position 0.454"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’001’, ’002’, ’005’, ’010’, ’020’, ’030’, ’040’ ,’050’, ’075’, ’100’]

ThVals=[’45’]

PosVals=[’568’]

tailVals=[’’]

saveName=outDir+"varyRe568"

pltTitle="Varied Re’s for " r"$\theta$""= 45 at position 0.568"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’001’, ’002’, ’005’, ’010’, ’020’, ’030’, ’040’ ,’050’, ’075’, ’100’]

ThVals=[’45’]

PosVals=[’682’]

tailVals=[’’]

saveName=outDir+"varyRe682"

pltTitle="Varied Re’s for " r"$\theta$""= 45 at position 0.682"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’001’, ’002’, ’005’, ’010’, ’020’, ’030’, ’040’ ,’050’, ’075’, ’100’]

ThVals=[’45’]

PosVals=[’796’]

tailVals=[’’]

saveName=outDir+"varyRe796"

pltTitle="Varied Re’s for " r"$\theta$""= 45 at position 0.796"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’001’, ’002’, ’005’, ’010’, ’020’, ’030’, ’040’ ,’050’, ’075’, ’100’]

ThVals=[’45’]

PosVals=[’911’]

tailVals=[’’]

saveName=outDir+"varyRe911"

pltTitle="Varied Re’s for " r"$\theta$""= 45 at position 0.911"

plt.ylim([yLow,yUp]);
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aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

# Vary Theta Re = 1

yLow = -0.0002; yUp = 0.0005;

ReVals=[’001’]

ThVals=[’30’,’45’,’60’]

PosVals=[’339’]

tailVals=[’’,’_refined’]

saveName=outDir+"Re001varyTh339"

pltTitle="Varied " r"$\theta$"" with Re=1 at position 0.339"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’001’]

ThVals=[’30’,’45’,’60’]

PosVals=[’454’]

tailVals=[’’,’_refined’]

saveName=outDir+"Re001varyTh454"

pltTitle="Varied " r"$\theta$"" with Re=1 at position 0.454"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’001’]

ThVals=[’30’,’45’,’60’]

PosVals=[’568’]

tailVals=[’’,’_refined’]

saveName=outDir+"Re001varyTh568"

pltTitle="Varied " r"$\theta$"" with Re=1 at position 0.568"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’001’]

ThVals=[’30’,’45’,’60’]

PosVals=[’682’]

tailVals=[’’,’_refined’]

saveName=outDir+"Re001varyTh682"

pltTitle="Varied " r"$\theta$"" with Re=1 at position 0.682"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’001’]

ThVals=[’30’,’45’,’60’]

PosVals=[’796’]

tailVals=[’’,’_refined’]

saveName=outDir+"Re001varyTh796"

pltTitle="Varied " r"$\theta$"" with Re=1 at position 0.796"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’001’]

ThVals=[’30’,’45’,’60’]

PosVals=[’911’]

tailVals=[’’,’_refined’]

saveName=outDir+"Re001varyTh911"

pltTitle="Varied " r"$\theta$"" with Re=1 at position 0.911"

plt.ylim([yLow,yUp]);
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aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

# Vary Theta Re = 10

ReVals=[’010’]

ThVals=[’30’,’45’,’60’]

PosVals=[’339’]

tailVals=[’’,’_refined’]

saveName=outDir+"Re010varyTh339"

pltTitle="Varied " r"$\theta$"" with Re=10 at position 0.339"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’010’]

ThVals=[’30’,’45’,’60’]

PosVals=[’454’]

tailVals=[’’,’_refined’]

saveName=outDir+"Re010varyTh454"

pltTitle="Varied " r"$\theta$"" with Re=10 at position 0.454"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’010’]

ThVals=[’30’,’45’,’60’]

PosVals=[’568’]

tailVals=[’’,’_refined’]

saveName=outDir+"Re010varyTh568"

pltTitle="Varied " r"$\theta$"" with Re=10 at position 0.568"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’010’]

ThVals=[’30’,’45’,’60’]

PosVals=[’682’]

tailVals=[’’,’_refined’]

saveName=outDir+"Re010varyTh682"

pltTitle="Varied " r"$\theta$"" with Re=10 at position 0.682"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’010’]

ThVals=[’30’,’45’,’60’]

PosVals=[’796’]

tailVals=[’’,’_refined’]

saveName=outDir+"Re010varyTh796"

pltTitle="Varied " r"$\theta$"" with Re=10 at position 0.796"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’010’]

ThVals=[’30’,’45’,’60’]

PosVals=[’911’]

tailVals=[’’,’_refined’]

saveName=outDir+"Re010varyTh911"

pltTitle="Varied " r"$\theta$"" with Re=10 at position 0.911"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)
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# Vary Theta Re = 50

ReVals=[’050’]

ThVals=[’30’,’45’,’60’]

PosVals=[’339’]

tailVals=[’’,’_refined’]

saveName=outDir+"Re050varyTh339"

pltTitle="Varied " r"$\theta$"" with Re=50 at position 0.339"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’050’]

ThVals=[’30’,’45’,’60’]

PosVals=[’454’]

tailVals=[’’,’_refined’]

saveName=outDir+"Re050varyTh454"

pltTitle="Varied " r"$\theta$"" with Re=50 at position 0.454"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’050’]

ThVals=[’30’,’45’,’60’]

PosVals=[’568’]

tailVals=[’’,’_refined’]

saveName=outDir+"Re050varyTh568"

pltTitle="Varied " r"$\theta$"" with Re=50 at position 0.568"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’050’]

ThVals=[’30’,’45’,’60’]

PosVals=[’682’]

tailVals=[’’,’_refined’]

saveName=outDir+"Re050varyTh682"

pltTitle="Varied " r"$\theta$"" with Re=50 at position 0.682"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’050’]

ThVals=[’30’,’45’,’60’]

PosVals=[’796’]

tailVals=[’’,’_refined’]

saveName=outDir+"Re050varyTh796"

pltTitle="Varied " r"$\theta$"" with Re=50 at position 0.796"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’050’]

ThVals=[’30’,’45’,’60’]

PosVals=[’911’]

tailVals=[’’,’_refined’]

saveName=outDir+"Re050varyTh911"

pltTitle="Varied " r"$\theta$"" with Re=50 at position 0.911"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

# Vary Theta Re = 50, not refined
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ReVals=[’050’]

ThVals=[’30’,’45’,’60’]

PosVals=[’339’]

tailVals=[’’]

saveName=outDir+"Re050varyTh339_unref"

pltTitle="Varied " r"$\theta$"" with Re=50 at position 0.339"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’050’]

ThVals=[’30’,’45’,’60’]

PosVals=[’454’]

tailVals=[’’]

saveName=outDir+"Re050varyTh454_unref"

pltTitle="Varied " r"$\theta$"" with Re=50 at position 0.454"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’050’]

ThVals=[’30’,’45’,’60’]

PosVals=[’568’]

tailVals=[’’]

saveName=outDir+"Re050varyTh568_unref"

pltTitle="Varied " r"$\theta$"" with Re=50 at position 0.568"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’050’]

ThVals=[’30’,’45’,’60’]

PosVals=[’682’]

tailVals=[’’]

saveName=outDir+"Re050varyTh682_unref"

pltTitle="Varied " r"$\theta$"" with Re=50 at position 0.682"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’050’]

ThVals=[’30’,’45’,’60’]

PosVals=[’796’]

tailVals=[’’]

saveName=outDir+"Re050varyTh796_unref"

pltTitle="Varied " r"$\theta$"" with Re=50 at position 0.796"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’050’]

ThVals=[’30’,’45’,’60’]

PosVals=[’911’]

tailVals=[’’]

saveName=outDir+"Re050varyTh911_unref"

pltTitle="Varied " r"$\theta$"" with Re=50 at position 0.911"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

#################

# Plot VE sims ##

#################
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dirName=baseDir+"2D_VE_FluidRatchet/Data/PostProcess/"

yLow = 0; yUp = 0.0007;

# Vary nu

ReVals=[’001’]

ThVals=[’60’]

PosVals=[’339_’]

#tailVals=[’We1’,’We1_10h2’,’We1_15h2’,’We1_20h2’]

tailVals=[’We1_10h2’,’We1_15h2’,’We1_20h2’]

saveName=outDir+"Re001_We001_VaryNu_Pos339"

pltTitle="Varied " r"$\nu$"" with Re=1 at position 0.339"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’001’]

ThVals=[’60’]

PosVals=[’454_’]

tailVals=[’We1_10h2’,’We1_15h2’,’We1_20h2’]

saveName=outDir+"Re001_We001_VaryNu_Pos454"

pltTitle="Varied " r"$\nu$"" with Re=1 at position 0.454"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’001’]

ThVals=[’60’]

PosVals=[’568_’]

tailVals=[’We1_10h2’,’We1_15h2’,’We1_20h2’]

saveName=outDir+"Re001_We001_VaryNu_Pos568"

pltTitle="Varied " r"$\nu$"" with Re=1 at position 0.568"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’001’]

ThVals=[’60’]

PosVals=[’682_’]

tailVals=[’We1_10h2’,’We1_15h2’,’We1_20h2’]

saveName=outDir+"Re001_We001_VaryNu_Pos682"

pltTitle="Varied " r"$\nu$"" with Re=1 at position 0.682"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’001’]

ThVals=[’60’]

PosVals=[’796_’]

tailVals=[’We1_10h2’,’We1_15h2’,’We1_20h2’]

saveName=outDir+"Re001_We001_VaryNu_Pos796"

pltTitle="Varied " r"$\nu$"" with Re=1 at position 0.796"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’001’]

ThVals=[’60’]

PosVals=[’911_’]

tailVals=[’We1_10h2’,’We1_15h2’,’We1_20h2’]

saveName=outDir+"Re001_We001_VaryNu_Pos911"

pltTitle="Varied " r"$\nu$"" with Re=1 at position 0.911"

plt.ylim([yLow,yUp]);
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aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

# Fix nu, vary pos

#yLow = 0; yUp = 0.001;

ReVals=[’001’]

ThVals=[’60’]

PosVals=[’339’, ’454’, ’568’, ’682’, ’796’, ’911’]

tailVals=[’_We1’]

saveName=outDir+"Re001_We001_Nu01h2_varyPos"

pltTitle="Six positions for Re=1, We=1, " r"$\theta$""=45, " r"$\nu=1/h^2$"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’001’]

ThVals=[’60’]

PosVals=[’339’, ’454’, ’568’, ’682’, ’796’, ’911’]

tailVals=[’_We1_10h2’]

saveName=outDir+"Re001_We001_Nu10h2_varyPos"

pltTitle="Six positions for Re=1, We=1, " r"$\theta$""=45, " r"$\nu=10/h^2$"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’001’]

ThVals=[’60’]

PosVals=[’339’, ’454’, ’568’, ’682’, ’796’, ’911’]

tailVals=[’_We1_15h2’]

saveName=outDir+"Re001_We001_Nu15h2_varyPos"

pltTitle="Six positions for Re=1, We=1, " r"$\theta$""=45, " r"$\nu=15/h^2$"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)

ReVals=[’001’]

ThVals=[’60’]

PosVals=[’339’, ’454’, ’568’, ’682’, ’796’, ’911’]

tailVals=[’_We1_20h2’]

saveName=outDir+"Re001_We001_Nu20h2_varyPos"

pltTitle="Six positions for Re=1, We=1, " r"$\theta$""=45, " r"$\nu=20/h^2$"

plt.ylim([yLow,yUp]);

aggregatePlt(ReVals,ThVals,PosVals,tailVals,saveName,pltTitle)
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