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Path Tracking Method (PTM) – iterative 
method of  determination of  the length of  
pore channel in the chosen space direction, 
which consists in analyzing the local 
structure of  the pore space based on vector 
geometry.

PTM was developed in order to calculate the 
geometric tortuosity of  a granular bed. 

PTM is implemented in PathFinder  code, 
which was written on my own.
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PathFinder – a program destined for the 
analysis of  the spatial structure of  granular 
beds or its parts, of  a cylindrical or cubical 
shape. The program is available free of  
charge with source code and can be used on 
Windows or Unix/Linux.

PathFinder needs additional software to 
work: gfortran compiler (for compiling 
source code), the Gnuplot environment (for 
basic visualization and analysis of  the 
calculations) and ParaView or MayaVi (for 
the visualization and analysis of  results).
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Wojciech Sobieski developed PTM 
for granular beds in 2009 during an 
internship at the University of  
Manitoba in Winnipeg.

The inspiration to start the work on 
the method was the observation that 
DEM simulation results can be used 
to analyze the internal structure of  
porous media, in particular for the 
calculation of  various geometrical 
parameters, including tortuosity.
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DEM – Discrete Element Method

University of  Manitoba (Winnipeg, Canada)

Qiang
Zhang

Chuanyun 
Liu
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In 2009, the first working version of  
the program was created; the process 
of  its creation was described in the 
Research Report No 1/2009 (in 
Polish). 

In the first phase of  the project, the 
determination of  geometric 
tortuosity in porous media was 
investigated; then other features were 
added. 
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Bed volume (when a cuboid domain is analyzed)

Bed volume (when a cylindrical domain is analyzed)

The main data calculated in the PathFinder code:
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V s= ∑
i=1
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⋅π⋅d i

3Total volume of  the solid body:

Inner surface of  the solid body: S p= ∑
i=1

ns−ns _ rej

π⋅d i
2

Specific surface of  the porous body: S 0,Kozeny=
S p
V d

Porosity: ϕ=1−
V s

V d

Geometric tortuosity: τ=
L p
L0

L0
L p

S 0,Carman=
S p
V s

PTM is applied here
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PathFinder v. 1.1 in Linux (xUbuntu)
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Currently the PathFinder code is available on the Internet. On the project page, 
interested Reader can find more information, as well as download the source code 
and additional tools.
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www.uwm.edu.pl/pathfinder

Wojciech Sobieski – web designer 
Dariusz Grygo – web designer (in the past)
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Before using the PathFinder code (or other elements of  the PathFinder Project), 
please read the licence.
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PTM Algorithm

The length of  pore channel L
p
 is 

determined between two parallel 
planes based on the sum of  the 
unitary lengths, calculated based on 
so-called tetrahedral structures, 
which establish the basis for the 
calculation algorithm. 

Tetrahedral structures are created 
based on the data on the location 
(x

i
,y

i
,z

i
) and diameter (d

i
) of  each 

particle (ni) in the bed.
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The so-called indirect way 
of  obtaining data for the PathFinder code
(in cooperation with S. Lipiński)

Changes of  the porosity
during the simulation
(Radius Expansion Method)

Cumulative curve
of  particle size distribution

An example of  a 
virtual bed (YADE)ni , x i , yi , zi , d i
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Image analysis
(particle detection)

Visualization of  the results

Medical tomograph
used in the investigations

Sample of  a real granular bedni , x i , yi , zi , d i

The so-called direct way 
of  obtaining data for the PathFinder code
(in cooperation with S. Lipiński)
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PTM was developed for the analysis of  
real beds, thus it has some limitations:

● variance of  the spheres size 
distribution cannot be too high – 
tests have shown (using a bed of  
beads having an average diameter of  
6 [mm]) that the program works 
properly for variations not higher 
than 1.1 [mm].
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An example of  the deposit
with a maximum possible variance

Zenon SyrokaSeweryn Lipiński
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a) b) c)

d) e) f)
Assumption: The basic form of  
the spatial structure of  the bed 
consisting of  spherical particles is 
a tetrahedron (case f).

PTM Algorithm – details

Steps:
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ISP

Arbitrarily choose an Initial Starting Point 
(ISP) at the bottom of  the porous bed.

Find three nearest particles to the ISP.

Note: spheres are not in scale.
ISP
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Save information about the first 
triangle (this will be the basis for 
the first tetrahedron).

Calculate the coordinates of  
the centre of  gravity of  the 
surface lying in the porous 
space (in the triangle plane).
W. Dudda modified this part 
in 2016.

ISP

FSP
ISP

centre of gravity

Z

Z

Waldemar Dudda
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Move the Initial Starting Point to the Final 
Starting Point (FSP) – in this way the first 
path section is perpendicular to the 
bottom surface of  the bed.

Final Starting Point (FSP)

Calculate the normal to the triangle, 
in the direction of  Z axis.

FSP
ISP

FSP
ISP

triangle normal

Z

Z
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Estimate coordinates of  so called Ideal 
Location (IL), in which should be located 
the next sphere surrounding the path.

Move the Ideal Location closer to the triangle plane 
(due to the fact, that particles forming the triangle 
basis may be separated and in such case the fourth 
particle is located closer to the triangle plane).
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Find the nearest particle to the Ideal 
Location – this is the Real Location 
(RL) of  the 4-th particle forming 
tetrahedron in the space.

Save information about the first tetrahedron.

RL

FSP
ISP

Real Location

IL

FSP
ISP

IL

Z

Z
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Remove the lowest sphere from 
tetrahedron 1-2-3-4 to obtain the base 
triangle for the next tetrahedron.

Continue the calculations, until 
reaching the top surface of  the bed.

FSP
ISP

Next triangle

FSP
ISP

Z

Z
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The Initial Starting Point (ISP) must be chosen for performing the calculations. 
Currently such options are available:

a) Choosing ISP directly in the settings file as one of  9 default locations. 
b) Choosing ISP after running the program as one of  9 default locations
c) Running calculations for all characteristic Initial Starting Points in one loop.
d) Using the so-called Regular Grid Method. 
e) Defining ISP in a file using the “fc” (from coordinates) setting.
f)  Defining ISP in a file using the “fp” (from percent) setting.

UNIVERSITY OF WARMIA AND MAZURY IN OLSZTYN, The Faculty of Technical Sciences, POLAND
10-957 Olsztyn, M. Oczapowskiego 11, tel.: (48)(89) 5-23-32-40, fax: (48)(89) 5-23-32-55

Sobieski W.: http://pracownicy.uwm.edu.pl/wojsob/ (in Polish) 

+000

++

+−

0+

0−−−

−0

−+

x

y

++
0+

+0

+−
0−

00

−+

−0

−−

y

x

xshiftxshift xshift

yshift

yshift

a)

x

y

nx

n y

d)

xISP

yISP

x

ye) e)

x

y

x%

y%

http://pracownicy.uwm.edu.pl/wojsob/


UNIVERSITY OF WARMIA AND MAZURY IN OLSZTYN, The Faculty of Technical Sciences, POLAND
10-957 Olsztyn, M. Oczapowskiego 11, tel.: (48)(89) 5-23-32-40, fax: (48)(89) 5-23-32-55

Sobieski W.: http://pracownicy.uwm.edu.pl/wojsob/ (in Polish) 

An example of  tetrahedral structures in ParaView
(virtual bed created in YADE code)

Particles surrounding the paths in ParaView
(virtual bed created in YADE code)
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An example of  path visualization in ParaView
(virtual bed created in PFC3D code)

An example of  path visualization in ParaView
(virtual bed created in PFC3D code)

http://pracownicy.uwm.edu.pl/wojsob/


UNIVERSITY OF WARMIA AND MAZURY IN OLSZTYN, The Faculty of Technical Sciences, POLAND
10-957 Olsztyn, M. Oczapowskiego 11, tel.: (48)(89) 5-23-32-40, fax: (48)(89) 5-23-32-55

Sobieski W.: http://pracownicy.uwm.edu.pl/wojsob/ (in Polish) 

Examples of  data visualization
in MayaVi software

(virtual bed created in YADE code)

MayaVi 2.x

MayaVi 1.5
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PathFinder

dp
dx

=A(Φ)⋅(μ⋅v f )+B (Φ)⋅(ρ⋅v f 2)

Φ Φ
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Possibilities of  applying the data
obtained in the PathFinder code
– analytical approach

Φ={d ,ϕ (V p ,V ) ,ϵ(V s ,V ) , e(V p ,V s) , τ(L p , L0) , S 0(S p ,V s ,V ) ,ψ (l x , l y , l z)}

- set of  geometrical parameters characterising the spatial structure of  a granular bedΦ

ni , x i , y i , zi , d i

An general formula matching the topology of  the Forchheimer equation
Anna Trykozko
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ni , xi , y i , zi , d i

PathFinder

dp
dx

=A(Φ)⋅(μ⋅v f )+B (Φ)⋅(ρ⋅v f 2)

Φ

CFD (FVM)
∂
∂ t

ρ+∇(ρ v⃗)=0

∂
∂ t

(ρ v⃗)+∇ (ρ v⃗⊗ v⃗ )=∇(−p I
↔

+ τ
↔
)+ρ s⃗b

∂
∂ t

(ρe)+∇(ρe v⃗ )=∇ ((−p I
↔

+ τ
↔
) v⃗+q⃗)+ρ se

Porous
Media
Model
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Possibilities of  applying the data
obtained in the PathFinder code
– numerical approach

Φ

Anna Trykozko
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ni , x i , y i , zi , d i

Other possibilities of  investigations

Linking with the
Lattice Boltzmann Method
(Palabos)

Maciej Matyka

Jarosław 
Gołembiewski
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ni , x i , y i , zi , d i

Other possibilities of  investigations

Linking with the
Immersed Boundary Method
(code written by M. Marek)

Maciej Marek
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ni , x i , y i , zi , d i

Other possibilities of  investigations

Linking with the
Finite Volume Method
(OpenFOAM)
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ni , x i , y i , zi , d i

Other possibilities of  investigations

Linking with
methods of  fractal analysis
(code written by M. Bramowicz)

Mirosław 
Bramowicz
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Cooperation in the framework
of  the PathFinder Project:
http://www.uwm.edu.pl/pathfinder/
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Examples of  own 
investigations: 
determination the 
tortuosity fields in the 
dominant flow 
direction (with the 
use of  the Regular 
Grid Method)
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Examples of  own investigations: 
applying the Lattice Boltzmann 
Method for modeling the fluid 
flow through the pore space

ϕLBM=
n p

nxn ynz

Virtual bed (YADE) Conversion to the lattice 
geometry (own code)

Velocity field in the pore 
space (Palabos)
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Examples of  own investigations (in cooperation 
with S. Lipiński): study of  the influence of  particle 
distribution on the elements of  the set Φ

http://pracownicy.uwm.edu.pl/wojsob/
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Examples of  own investigations (in cooperation 
with M. Matyka, J. Gołembiewski and S. 
Lipiński: comparison of  geometric tortuosity 
(PathFinder) and hydraulic tortuosity (LBM, 
Palabos)
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Thank you for watching
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