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Abstract: This manuscript discusses a novel method to map pressure results from one 3D surface 
shell mesh onto another. This technique is especially important when transferring results from one 
numerical analysis to another. This method works independent of the actual pressures, and only 
focuses on ensuring the surface areas consistently match. By utilizing this approach, the cumulative 
forces consistently match for all input pressures. This method is demonstrated to work for pressure 
profiles with precipitous changes in pressures, and with small quadrangular source elements being 
applied to a mix of large quadrangular and triangular target elements, and the forces at all pressure 
profiles match remarkably.
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1. Introduction10

Numerical methods [1–5] are among the most important and valuable tools for engineers and11

scientists today. When an engineering analysis is necessary on an object or domain, and that domain is12

too complex a shape to be mathematically defined as a cube, cylinder, or sphere, numerical methods13

serve to mesh the domain up into clearly defined elements, and the calculating power of a computer14

can give a realistic answer to the engineering question. One of the most common numerical methods15

for the study of stresses in a solid is Finite Element Analysis (FEA). Meshed domains are often used in16

the study of Computational Fluid Dynamics (CFD), an entire field separated from FEA of solids. Of17

crucial importance in practical engineering is Fluid Solid Interactions (FSI), and while this is a field18

in-and-of itself, a combination of CFD and FEA is often used in practical engineering design.19

In the studies on the stresses of pressure vessels, water twisters and dynamometers, turbines,20

airfoils, and countless other applications of fluids and solids, the engineer often uses CFD to model the21

fluid flow around the incompressible solid, and then uses the pressures at the boundary to study the22

stresses and strains observed in the solid object. Almost always the meshed geometry of a CFD domain23

will vary from the meshed surfaces of an FEA model, and a computational approach to properly map24

the CFD results onto the FEA boundary is necessary [6–19]. In practical application, it is essential that25

both the pressure functions match for both meshes, and the cumulative forces in all three dimensions26

all match for both meshed surfaces. This effort demonstrates a simple and robust algorithm to convert27

the CFD pressure data into boundary conditions for a different FEA mesh.28

2. Set-Up29

Before a final list of the target pressure data can be produced, a transfer matrix must first be30

generated. This transfer matrix is data on each target element, which source elements will impact31

the target pressures, and their weighted averages. Each target element pressure can be defined as the32

summation of several weighted source pressures33

PT = ΣN
i=1PS,i·AS,i, (1)
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where PT (Pa) is the target pressure, PS,i is the pressure of N specific sources i, where i is defined by the34

transfer matrix, and AS,i is the dimensionless weight of each source element’s impact on the target. It35

is absolutely possible for a source to have an impact on more than one target, although in practice the36

overwhelming majority of the force from one source will go to one target. The purpose of generating a37

transfer matrix that is exclusively dependent on the geometry is because in practice when one conducts38

a CFD simulation for FSI, it is often with multiple time-steps and therefore a parametric FEA study39

will be conducted using a series of pressure data for varying time-steps. With the transfer matrix, one40

can make sure the cumulative forces in all three direction match consistently regardless of the specific41

CFD pressure profile.42

The first step in this mapping algorithm is to define the element surfaces for both the source43

mesh and the target. This is comprised of matrices of nodes and elements. The node matrices, both44

the source and the target, have dimensions of NN,S·3 and NN,T ·3, where NN,S and NN,T represent the45

number of source and target nodes. These represent the X, Y, and Z coordinates of the nodes, and46

they are in real or double precision format. There also are two element matrices, of dimensions NE,S·547

and NE,T ·5, where NE,S and NE,T represent the number of source and target elements, and they are in48

integer format. Each row of these two matrices represents a unique element, which comprises of the49

number of nodes in the element (3 for linear triangles or 4 for linear quads; this algorithm does not50

process quadratic element faces), followed by the integer value for the row in the node matrix that51

contains the X-Y-Z coordinate for the specific node. If there is a triangle element, the forth node is52

listed simply as 0. For example, a quad with coordinates at (1,1,0), (1,2,1), (2,1,0), and (2,2,1) would be53

listed in the element matrix as54

4 1 2 3 4

whereas the first four nodes of the node matrix would be55

1.0 1.0 0.0 (2)

1.0 2.0 1.0

2.0 1.0 0.0

2.0 2.0 1.0

While each element declared will be used in the generation of the transfer matrix, there can be excess56

nodes in the node matrix without any detriment, so long as all of the nodes referenced by the elements57

are present.58

The next step is to determine the centroid of each element, for linear tetrahedral faces (triangles)59

and linear hexahedrals faces (quads), this is simply calculated by taking the X, Y, and Z coordinate60

value of the 3 or 4 nodes that comprise the element. Each element row has three columns, regardless61

of the shape of the element face, for the X, Y, and Z coordinates of the centroid of each element. The62

centroid is necessary for applying a smoothing function in between elements, which is directly related63

to the distance between centroids. A separate centroid matrix is assigned for both the source and the64

target elements, with the dimensions of NE,S·3 and NE,T ·3.65

The next step is to calculate the area of each element face. This is performed by taking the cross66

product of the vectors between the element node and the center of the triangle. If the element is a67

triangle, it is split into three mini-triangles formed with the vectors from the node to the centroid. The68

steps are as follows:69

• Find the centroid of the triangle element, and in the case of an element being a quad, the triangle70

that forms half of the quad element surface71

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 December 2018                   Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 December 2018                   doi:10.20944/preprints201812.0358.v1

http://dx.doi.org/10.20944/preprints201812.0358.v1


3 of 13

Figure 1. Triangle element face divided into 3 parts.

– If a quad, then the first three node elements are used to calculate the area. Afterwards, the72

process is repeated with the first, second, and forth node. Regardless of the node order, this73

should create two triangles that form the quad.74

– The centroid coordinates is found by simply averaging the X, Y, and Z location of the three75

nodes that made up the surface triangle.76

• Generate the vectors from each node to the centroid.77

• Three times, find the area formed by each of the three pairs of vectors.78

– R1×R2, R2×R3, and R1×R3, where R1, R2, and R3 represent the vector formed in between79

the centroid and node 1, 2, and 3, respectively.80

– The area is calculated as half of the absolute value of the cross product of the two vectors, to81

form each smaller triangle82

A =
1
2
·|R1×R2|

=
1
2
·{(R1B·R2C − R1C·R2B)

2 + (R1A·R2C − R1C·R2A)
2 + (R1B·R2A − R1A·R2B)

2}

∗ where R1 and R2 are vectors of components A, B, and C.83

• The areas of these three small triangles is added up to determine the area of the larger triangle84

(Figure 1)85

• If the element surface is a quad, this process is performed twice, treating the quad as two triangles86

– Different software packages use different node patterns. If the wrong pattern is used, the87

area could be erroneously calculated (Figure 2)88

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 December 2018                   Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 December 2018                   doi:10.20944/preprints201812.0358.v1

http://dx.doi.org/10.20944/preprints201812.0358.v1


4 of 13

Figure 2. An example of how picking the wrong nodes to divide a quad into two triangles can cause
error due to area overlap, utilizing nodes 1-2-3 and 1-3-4.

Figure 3. Another example of how picking the wrong nodes to divide a quad into two triangles can
cause error due to area overlap, demonstrating how an assumption cannot be made by searching for
the longest vector between two nodes.

– It is not an option to find the node the greatest distance away, as an oddly shaped element89

would give an erroneous calculation (Figure 3)90

– The areas of all three combinations of two possible triangles are calculated (Table 1)91

– The maximum of these three possible areas is selected as the area of the quad of interest92

The next step is to calculate the normal vector of each element. In addition to weighting the93

source-to-target impact by distance between centroid, this approach also considers the angles of each94

surface. If a source surface is parallel to a target surface, then the force may be fully applied; if the95

elements surfaces are perpendicular then there is no impact of the source on the target. The normal96

vector is found by normalizing the cross product of the vectors between Node 1-2 and Node 1-3. It97

would not matter if the element surface was a quad or a triangle, or what order the nodes were located;98

assuming the surface is flat as would be the case for a linear element, then any combination of node99

vectors should yield the unit normal.100
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Table 1. Three different areas of two triangles; the maximum total area represents the correct area of
the quad element face.

Area 1 Node 1, 2, 3 Node 1, 2, 4
Area 2 Node 1, 3, 2 Node 1, 3, 4
Area 3 Node 1, 4, 2 Node 1, 4, 3

3. Algorithm101

Once it is defined what the centroid, surface area, and unit normal vector is for each source and102

target element, the mapping algorithm can commence. The goal of mapping is to determine how much103

of an impact each source element will have on each target element. If there is perfect overlap from104

a source and an element, then all of the force from that source element will be applied to that target105

element. Of course, in practice this almost never happens, and therefore a weighting scheme is needed106

to determine what proportion of each source element is applied to each target element. The impact of a107

source onto a target can be defined as W, a dimensionless number from 0 to 1; a value of 0 means there108

is no force from the target applied, and a value of 1 means all of the force from the source is applied to109

the target.110

The first step is to look at the distance from centroid to centroid, and the relative impact Wr. A111

magnitude function should be one where the magnitude decreases exponentially with distance, such112

as the Gaussian function113

Wr = exp(− r
h
)

where r (m) is the linear distance from the source centroid to the target centroid, and h (m) is the114

smoothing value. The value should be such that Wr is small if the distance between centroids is so115

great that the source element is completely outside of the target element. It was found that good results116

came from setting h to equal the mean average value of the square root of the target element areas117

The second aspect of the impact WA between source and target elements is the angle separating118

the unit normal for each element. This value can be found by taking the dot product of the unit normal119

vectors:120

WA = VS•VT = VS,x·VT,x + VS,y·VT,y + VS,z·VT,z

where VS and VT are the unit-normal vectors for the source and the target 2D element. If the two121

elements are perfectly parallel, then WA = 1. Even if the centroids of a target element are proximate,122

if they face perpendicular to each other they ought not to have any impact with each other and WA123

= 0. In practical application if the surfaces are identical, proximate elements should be very close to124

parallel to each other; only distant source elements might be significantly less parallel, and they will125

have a low value of Wr so that the value of WA should be insignificant. The importance of this step,126

however, is when there are sharp edges in a 3-D model; such source elements might have dramatically127

different directions and therefore should have little impact, yet be proximate to a target element. For128

this reason, both the separation distance as well as the normal vectors of each source and target vectors129

are considered to get a total dimensionless weighting value130

W = Wr·WA

where W, a dimensionless value between 0 and 1, is the weighted impact value of a source and a target.131

This approach is performed for source and target pair, and is the most computationally intensive132

task of the mapper, requiring NS·NT distance calculations, where NS and NT are the number of sources133

and targets. For typical models of hundreds of thousands of surface elements, an NS·NT array would134

take up far more memory than most computers can handle, and therefore an optimizing approach is135
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necessary. The first step is categorizing the targets that each source can have a meaningful amount of136

impact with; this is stored in two NS·NX arrays, where NX is an arbitrarily small, user defined integer137

value (typically 5 to 10). The first array defined as a real variable array of the impact value W; the138

second is defined as an integer array and represents the target the specific source impacts. For each139

source element, the impact magnitude all of the targets was found. To keep the number of contacted140

targets within the value of NX, the calculated impact magnitude was only stored in the array if the141

value was greater than the minimum of all NX impact magnitudes stored. If it was greater than the142

minimum, the calculated value was stored in the array location of the previous minimum impact value;143

the target element number was stored in the equivalent location in the integer array. This method144

serves the goal of finding the top NX target elements that have the greatest impact magnitude W to a145

given source.146

One potential issue that can come up with mapping is the potential for target elements to have no147

proximate source elements. This is especially possible from different geometries or meshes. A user148

may prefer to map every target with the nearest mesh, regardless of how far it is; but this will result in149

pressures not actually applied on the target being predicted. Another option is for the user to set a150

minimum value of the impact magnitude W. This has the advantage of preventing pressures far from151

a target element from impacting the final pressure calculation; there is the risk (possibly desired by the152

user) that some target elements fail to get meshed by any source elements. There is another advantage153

that since the vast majority of target elements will be too far from the source element of interest to have154

an impact magnitude W exceed the minimum value of W, all these calculated values are not written to155

memory, significantly reducing run time for large meshes.156

After this step has completed, each of the NS source elements have NX or less target elements157

with a varying impact magnitude of W ranging from 0 to 1. The calculated value of W is fairly arbitrary,158

and the smoothing function can be modified by the user. What cannot be arbitrarily altered is the159

total summation of the forces; the total forces must match in the transfer matrix. With each source, the160

actual impact of all NX proximate target elements are normalized WN , so that161

ΣNX
i=1WN,i = 1.

These normalized impacts represent the proportion that the force from one source element is applied162

to a given target element. This approach enables that the total force from each source is equally applied163

to NX target elements, and the cumulative forces match for both the source and the target.164

The transfer matrix does not work in terms of force but of pressure; the goal of the mapper is165

to find an even distribution of source pressures that combine to a given source. To determine the166

magnitude of a source pressure on a target element WP, the ratio of the element areas are applied, and167

thus168

WP = WN,i·
AS
AT,i

,

where AS is the area of the source, AT,i is the area of the specific target, WN,i is the normalized ratio of169

the force from the source that is applied to target i, and WP is the ratio of how much pressure from the170

source is added to the total pressure of target i.171

The last and final step is to swap the calculated values of WP from a NS·NX array to a NT ·NX2172

array, where NX2 is an integer value significantly greater than NX . This is simply determined by173

• Sorting through the NS·NX array of WP for each source element174

• Adding to the target number found, the location in a NT ·NX2 array175

– That source element, the source element number, and the pressure magnitude data WP176

• Incrementing the count of proximate sources to a given target177

– Stored in a separate integer vector (NT ·1)178
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– Used to track how many source elements are proximate to the given target element179

– Can be expected to exceed NX provided the number of source elements is greater than the180

number of target elements181

– Should never exceed NX2; if this happens it is necessary to increase the value of NX2 to182

avoid memory errors183

• Save the transfer matrix184

Saving the transfer matrix is the last and final step. This algorithm saves the transfer matrix as185

a separate output file for the combination of two specific meshes; the actual pressure is irrelevant.186

The transfer matrix by definition is a proportion all the source pressures that make up each target187

pressure, so that the cumulative forces all match. The purpose of saving this transfer matrix is so that188

in the future a host of different pressures can be mapped onto the surface without needing to rerun189

the computationally expensive mapping script. In practice, a numerical analysis will run in many190

time-steps, and one might want to map a host of different pressures to the same mesh. The format of191

the output transfer matrix includes:192

• Number of elements NT193

– This number is saved so a future mapping algorithm knows when the number of target194

pressures to generate195

• For NT times, list the specific target and the following information196

– Target number, Number of Sources Proximate, and Sum of Pressure Impacts WP197

– The reason for the sum of WP is because each individual value of WP is normalized by the198

cumulative sum of WP for all proximate targets, so that the pressure of the target element is199

a proportional average of these proximate source elements.200

• For each target, for the number of proximate source elements201

– Sequential number, source element number, and pressure impact WP202

4. Test Example203

To demonstrate the robustness of this mapping algorithm, an arbitrary mapped source mesh will204

be mapped onto a target, for 180 different pressures. The source is a grid of 450·450 nodes, spanning205

from -0.1 to 1.1 in the X, Y, and Z direction; the grid is slanted along the Z plane so that Z = Y. All206

of the elements are the quads formed by the 202,500 nodes, resulting in (450˘1)2 = 201,601 source207

elements. The target domain is smaller, stretching from 0 to 1 in the X, Y, and Z direction, also parallel208

to the Z plane, and these nodes are an even grid of 225·225 = 50,625 nodes. Different from the source,209

which uses exclusively quad surface elements, the target has a mix of quads and triangles. Moving210

up in the Y and Z direction, odd numbered rows are all quads, whereas even numbered rows are all211

triangles, with two triangle surface elements formed per four nodes.212

An arbitrary pressure was applied to 180 time steps, all with different pressures. The pressure for213

a given time step is214

P(x, y) = (CX ·xx2) + (CY·yy2) + Pspot,

where215

xx = x + (
oo

180
·1.2),

yy = y + (
oo

180
·1.2),

CX = 500 + 2·oo,

CY = 1500− 3·oo,
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Figure 4. Comparison of the Total Forces of the source versus the target.

and oo is the time step, ranging from 1 to 180. If xx or yy ever exceeded the value of 1.1, then xx216

or yy was subtracted by 1.2. This will cause a moving pressure boundary in the X and Y direction,217

demonstrating the robustness for sudden pressure changes. In addition, a Gaussian pressure spike is218

added at a cyclic location219

Pspot = 5000·exp(−10·rr),

rr =
√
(x− XC)2 + (y−YC)2,

where220

XC = 0.5 + 0.25·cos(
oo·π
90

),

YC = 0.5 + 0.35·sin(
oo·π
90

).

The mapping was completed, and for all 180 time steps, the cumulative forces matched almost221

exactly (Figure 4). Obviously the total forces for the source is greater, as the surface area for the source222

is greater, but by isolating all of the elements within the range of 0 to 1 that will be applied to the223

target mesh, the target force matches nearly perfectly for all of the pressure steps. When looking at the224

individual mapped surfaces such as in Figure 5, it is clear that sharp lines, high peaks, and random225

pressure spikes are unaffected, and the mapped pressures on the target closely match the mapped226

pressures on the source.227
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Figure 5. Comparison of the Pressures of one time step, both Source and Target, for oo=100.

5. Conclusion228

A robust algorithm has been demonstrated to map pressures from a source 2-D shell mesh onto a229

surface target of similar geometry but a vastly different mesh. This algorithm has been tested to work230

with both quads and triangles, and both geometries work. After mapping two dramatically different231

meshes, with different overall geometries, different structured elements, and significantly different232

sizes, forces and pressure profiles have managed to consistently match. This test demonstrates the233

effectiveness of using this method to robustly map pressures from one mesh onto another.234
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Sample Code275

Introduction276

This sample code was prepared to demonstrate the mapping test example discussed in the277

manuscript, where 180 time steps of pressure data is mapped from one mesh to another, all the while278

preserving the overall forces. This supplementary code enables the users within the Fortran and279

the MatLab programming environment to recreate the results from start to finish. The steps are as280

follows: generating the source and target mesh, as well as the input target pressures for 180 time steps;281

generating the transfer matrix; mapping the input source pressures to generate output target pressures;282

and post-processing to generate the images and check the total forces on the source and target surfaces.283

All of these steps are run independent of each other, allowing a future user to customize it, though284

require the previous steps as input.285

Generating the Input Files286

The first step is to generate the source and target mesh, as well as the source input pressure files.287

A script to generate all of the sample mesh and pressure files was written in the Fortran programing288

language as file Make_Input.f and can easily be run after compiling. If one were to run it in the Linux289

operating system environment with gfortran installed, it can easily be run by typing:290

gfortran -O3 -o makeinput Make_Input.f291

./makeinput292

in the command prompt. This assumes that the empty directory Input that is in the supplementary293

folder remains. In addition, the executable filename makeinput is arbitrary, and can be substituted for294

any filename the user wishes. Generating the meshes and pressure files should take approximately295

five minutes on a standard desktop computer.296

Four files will be generated in the directory that the executable is run: the source node297

Ns_dat_source.txt and element Es_dat_source.txt input file, as well as the target node Ns_dat_target.txt298

and element Es_dat_target.txt input file. The node files are the X, Y, Z coordinates of each node, and299

the element files lists which node comprises each triangle or quadrangular element. I addition, 180300

input pressures are generated as Ps_001.txt, ..., Ps_180.txt in the input directory are generated. With301

these files, the mapping algorithm can be compiled and executed in order to get the transfer matrix.302

Generating the Transfer Matrix303

The second step is to generate the transfer matrix; this file is labeled transfer_matrix.dat. The source304

input pressure files are not needed at this time; the transfer matrix is only defined by the geometries of305

the two meshes. It is necessary that in the same directory as the executable file are the source node306

Ns_dat_source.txt and element Es_dat_source.txt input file, as well as the target node Ns_dat_target.txt307

and element Es_dat_target.txt input file. Finally, it is necessary to have the input mapper parameter file308

Map_Parameters.txt in the same directory. This file enables manipulation by the user of the mapping309

parameters without ever having to manipulate the source make_tm.f Fortran file.310

The input mapper parameter file contains six lines of simple inputs; no variable names are shown.311

The variables in terms of line numbers are as follows:312

1. Nx = 5: This is the maximum number of targets that can be considered proximate to a given313

source. Matrix arrays of Ns·Nx will be generated, so it must be small enough that the script does314

not exceed the memory resources of the computer. Even if there is a lot of memory, unless the315

target elements are smaller than the source (definitely possible but often not the case in practice)316

then it should not be desirable for Nx to be greater than a few, as one would not want the source317

element to be mapped onto elements a significant distance away.318
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2. Nx2 = 500: This is the maximum number of sources that can be considered proximate to a given319

target and used in the transfer matrix. Matrix arrays of Nt·Nx will be generated, so it must be320

small enough that the script does not exceed the memory resources of the computer, but also321

large enough to contain every source matrix considered proximate to a given target; in practice322

having a value of Nx2 that is 100 times greater than Nx was found to work well.323

3. MinW0 = 0.0000000001: This is the minimum value of W that is necessary for a target particle to324

be considered proximate to a source. This value can be set to zero, but the computational time325

will be dramatically increased, and there is a risk that source elements that do not in fact overlap326

a target can be used for the final pressure. If a minimum value is set, then target elements that do327

not have any proximate source elements will not be mapped, resulting in a consistent pressure of328

zero. Different circumstances may prefer or oppose this possibility. This value of 10−10 was used329

in the example in the manuscript.330

4. hcoef = 1.0: This is a coefficient to calculate the weighting function between a source and target331

element centroid as a function of distance apart. The smoothing length is proportional to this332

arbitrary value times the square root of the average area of all of the target elements. The larger333

hcoef is the more likely a source element fully separated from a target element will influence the334

pressure, and less likely a target element will turn out to not be mapped.335

5. ct1 = 1: This value is not used in the mapping, only in the generation of the final target pressure336

output files. This fifth line is the number of the first of the input pressures, and should be 1 unless337

modified by the user.338

6. ct2 = 180: This value is not used in the mapping, only in the generation of the final target pressure339

output files. This sixth line is the number of inputs, and should be 180 to capture all 180 input340

pressures unless modified by the user.341

To run the script in the Linux operating system environment, merely enter the following342

commands343

gfortran -O3 -o run make_tm.f344

./run345

in the command line. The executable filename run is arbitrary, and can be substituted for any filename346

the user wishes. On a typical desktop, the mesh example generated will take approximately an hour347

and a half to run to completion. Progress on the run is saved in the file prompt.dat and the user can348

see how many steps of searching remain, as well as the run time to date, by opening this file with the349

command:350

less prompt.dat351

Generating New Pressures352

After the transfer matrix is generated, the next step is to map the input pressure files to new353

output pressure files Pt_001.txt, ..., Pt_180.txt in the empty directory target. There is a simple and354

practical reason for keeping this script to generate the output pressure files separate from the mapping355

algorithm to generate the transfer matrix. Quite simply, the transfer matrix, which is computationally356

expensive to generate, might be used for different analysis, and one very well may reuse a transfer357

matrix for the same geometry but with different pressure inputs. By separating these steps, this script358

becomes a practical tool useful in real engineering design.359

In the file Map_Parameters.txt the fifth and sixth line are 1 and 180, representing the numbered360

filename. The choice to use 180 pressure files in this example is arbitrary, merely representing a single361

revolution (the pressure data was generated with sinusoidal functions) in two-degree increments.362

There are infinite possible quantities of pressure files that a parametric numerical analysis could363

generate, depending on the needs and computational resources of the user. To execute the read-map364

script, merely enter the following commands in the command prompt:365
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gfortran -O3 -o readmap ReadMap.f366

./readmap367

The executable filename readmap is arbitrary, and can be substituted for any filename the user wishes.368

On a typical desktop, this will take approximately five minutes to run to completion.369

Post-Processing370

At this step, the new pressures are generated for the target elements, and the forces should match371

for all pressure steps. To validate and visualize this, a series of MatLab scripts were developed to372

process and plot the results. The first step is to calculate the total force on the surface; this is easily373

done by multiplying the pressure times each element’s area and summing these forces up:374

F = ΣNe
i=1Pi·Ai.

375 When comparing forces, it is necessary to distinguish the force from the source over the 1·1 area of the 
376 target, versus the elements on the edge. The next step is to generate the two manuscript figure files, 
377 including the cumulation of the forces for all 180 pressure steps in Figure 4, as well as the source and 
378 target 2D pressure plots (pressure file 100) in Figure 5. Finally, all of the 2D pressure plots, both source 
379 and target are generated and saved, and an animation of the entire change in pressure clearly matches 
380 for all time steps. This post-processing script validates the pressure data, and validates that the forces 
381 match for all pressure functions, even with dramatic and precipitous shifts in pressure magnitude, and 
382 demonstrates that this algorithm is a practical tool to convert pressure data from different 3D surface 
383 meshes for numerical analysis in practical engineering design.
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