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1 Introduction

This guide outlines the installation of ICY, which is a software interface published in the paper titled Pirnia, Pouyan, et al. "ICY:
An interface between COMSOL multiphysics and discrete element code YADE for the modelling of porous media.” Computers
& Geosciences 123 (2019): 38-46. ICY is an interface between COMSOL Multiphysics finite element engine and YADE (“Yet
Another Dynamical Engine”) open source discrete element code. COMSOL is capable of solving systems of partial differential
equations to model multiple physical phenomena simultaneously, such as flow, seepage, chemical reactions, stress-strain
behaviour and heat transfer. YADE is capable of solving highly flexible and dynamic particulate simulations. User input for
COMSOL is accomplished using a GUI while YADE input is controlled by Python scripts. Meanwhile, the ICY interface
enables communication between YADE and COMSOL by a JAVA class. Two project folders named Verification and Application
codes are provided by the authors (Pirnia et al., 2018) (file download). The Verification project code simulates a particle
falling in water according to Stokes’ law while the Application project code simulates an internal erosion test. The project
files include JAVA classes (ICY.java, Clientcaller.java, Reader.java), property files (define.properties), YADE interface scripts
(test.py), client-server scripts (client.py and server.py), mesh file (4.mesh), testO.yade (including initial specimen composed of
two layers of glass beads: a finer layer on top and a coarser layer at the bottom) and COMSOL models (test.mph). The two
projects involve the exchange of different data between COMSOL and YADE. The files that differ for the two projects are
test.py (YADE model), test. mph (COMSOL model) and the ICY.java class (main interface code). These are also the file that
should be modified to create new applications for the interface.

2 Prerequisites

YADE and ICY are only executable on Linux operating systems. YADE, COMSOL and a JAVA integrated development
environment (IDE) need to be installed before using the interface. The codes have been tested under Linux Ubuntu version
14.04 using YADE version 1.14.1 and COMSOL version 5.2. The JAVA classes were compiled and run using the NetBeans
IDE version 8.0.2. The JAVA classes and Python scripts may need to be adapted if ICY is run with different versions of YADE
and COMSOL, or under a different JAVA IDE.

3 Preparing the COMSOL model

The COMSOL file (test.mph) contains information on geometry, materials, fluid properties, boundary conditions, and mesh.
The easiest way to edit these parameters or to define new ones is through COMSOL’s graphical user interface (GUI). The
main JAVA class can also modify the parameters of the COMSOL model, for example the particle velocity in the verification
example, and the permeability values (k1, k2, k3, k4 or k5) or hydraulic head at the top of the specimen (Hupstream) in the
Application example.

Figures 1-4 show how to prepare the GUI for the Application project code. Figure 1 shows how to define parameters
using the COMSOL GUL. For the Application example, the initial parameter values are arbitrary as they are controlled by the
interface. Figure 2 shows how to define the points where the pressure values at the top and bottom of each cell will be obtained
from the COMSOL model. Figure 3 shows how the relationship between hydraulic conductivity and the z coordinate (x in
COMSOL) is defined using the parameters defined in Figure 1. The GUI can also be used to modify any other parameter on the
FEM side of the model, such as the finite-element mesh (Figure 4).
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4 Preparing the project in NetBeans
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Figure 2. Definition of the points where p values will be obtained

4 Preparing the project in NetBeans

After creating an IDE project folder, the COMSOL plugins have to be added to the project through:

Properties — Libraries — Add JAR/Folder — add all .jar files in plugins folder in COMSOL installation folder (Figure 5).
For running the examples, the COMSOL file (test.mph), YADE script (test.py), client-server (client.py and server.py), mesh
file (4.mesh), pressure file (pressure.txt including arbitrary initial pressures for the Application test), dragforce.txt (including
drag force for the verification test), test0.yade (including initial specimen) and the JAVA source packages (src folder including
ICY java, Clientcaller.java, Reader.java, define.properties) need to be added to the IDE project folder (Figure 6).
The project’s files ICY.java, Reader.java, Clientcaller.java and define.properties have first to be opened in NetBeans. The
directories (MainPath and SavingFolder) in the property file (define.properties) have to be changed to correspond to the project

directories on the computer, an example of the Application test was presented in Figure 7.
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Figure 3. Definition of the hydraulic conductivity function and assignment to the domain
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Figure 4. Mesh definition in COMSOL

Users do not need to change anything in Reader.java and clientcaller.java files for the application test. The command lines only
need the YADE model and output files names which are taken from the property file (Figure 8).
Figure 9 shows the tasks are performed in the ICY.java class for the application test.

5 Preparing the YADE script

Parameters can be modified in the YADE script for the Application example as presented in Figure 10.

6 Running the interface

Before compiling ICY in NetBeans, the COMSOL server and the python client-server need to be launched. To start the
COMSOL server manually, a terminal window is opened and the following command is typed in the COMSOL installation

directory:

s .

/ comsol mphserver

For connecting the client to the server, a second terminal window is opened. The following command is typed in the directory
containing the server.py file (MainPath directory):
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Figure 6. Required files and folder for running the a) Verification example and b) Application test.

$ python server.py

At this point, ICY can be compiled and run. The simulation progress is printed step by step on the NetBeans screen. It lets
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client.py
Type: PY File

dragforce.txt

D (7

server.py
Type: PY File

[z

test.mph
Type: COMSOL Application File

¥

test.py
Type: PY File

=

%]
=
[a]

client.py
Type: PY File

pressure.txt

server.py
Type: PY File

G (A D [ =

test.mph
Type: COMSOL Application File

test.py
Type: PY File

I

testO.yade
Type: YADE File

4.mesh
Type: MESH File

users follow the YADE and COMSOL outputs during the simulation.

oom -

+ 100%



6 Running the interface

# Java Project directory

MainPath=/home/user/NetBeansProjects/Applicationtest/ -+

# Directory where the Yade output files are saved

SavingFolder=/home/user/NetBeansProjects/Applicationtest/results/

[ ICY.java * [ Readerjava x| Clientcaller java x| (8 define.properties x

r
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4 numberofsimulation=1: <
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6 # Direct va Project e

7 MainPath=/home/pouyan/tetBeansPoeiects/Annlicationtest

8

ol # Directory of

10 SavingFolder=/home
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of iterations
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13 |YadeModel=test

# Nam g Itput
16 |YadeOutputFile=yadare

18 m C utput il
19 I PressureResultFile=pressure.fxt

Figure 7. Setting variables and directories in the property file.
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Figure 8. Names in Reader.java and clientcaller.java files taken from the property file.
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Here, ICY load the COMSOL model
created by the GUIL.

The dataset (Cut point) created
previously in the model is set for the
results feature.

ICY reads parameters
from property file.

a2 prop.load(reader) ;
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The constant hydraulic head needs to
be defined by the user. It could also

be assigned from the property file in

this example.

Parameters (permeability and
porosity values) taken from
Reader.java are set in the COMSOL

System.out.println{results[il);
ame th E tput fil pl8 in result
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ModeleCOMSOL .param() .set(“Hupstrean”, .23);
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ModeleCOMSOL .param{] .set ("k1", results[8]);
ModeleCOMSOL .param(] .sat("k2", results[l]);
ModeleCOMSOL .param() .set("k3", results[2]);
ModeleCOMSOL .param() .set("k4", results[3]);
ModeleCOMSOL .param() .set (" » results[4]);
ModeleCOMSOL .param() .set("nl", results[5]); mOdel‘
ModeleCOMSOL .param() .set (" results[6]);
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102

Figure 9. Main tasks in the ICY.java class script.
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testpy X
28 p6=float(f)

29 p at(g)
30 print 'p1,p2,p3,p4,P5,P6,p7 1%, P1,P2,P3,P4,PS,P6,p7

32 dp1=p1-p2

37 dp6=p6-p7

38 print 'dp1,dp2,dp3,dp4,dps,dps :*, dp1,dp2,dp3,dp4,dps,dps
39

40 # counter is the number of the current simulation

42 counter=params[1]

43 print 'counter :', counter

45# load YADE's sinulation fron previous time step, it involves particles and facets positions and forces
46 0.lod( test vcounters - yade’)

o anamnn Tent. informarion
4911 = .003/2.0 # coarse particles radius (m)

502 = .00035/2.0 # fine particles radius (m)
51E1 = 1e7 # filter Young's modulus

522 = 167 # soil Young's modulus
53potssont = 0.3 # filter poisson ratio

54 potsson2 = 0.3 # sand Young's modulus

55 frictionangle = .4

56 density1 = 2500 # kg/m3

57 density2 = 2500 # kg/m3

58 densitywater = 1000 # kg/m3

15000 # number of fine Particles

Users can introduce their own
materials and mechanical
properties to the YADE model.

626s=2.5
63 plate=s

68 HHuRASIRIEEY Defining materfals for spheres
69 0.materials. append((FrictMat(young=E2, { Jfrictt t
70 mat2 =
7

,density=250000)))

0.materials[1]

test.py X

86 5p1. tosinulation()
89 sp. tosimulation()
96

91
S2bodiest = [b far b tn 0.bodtes 1f sinstance (b.shape, Sphere) and b.shape.radius

94 for b n bodies1

shape.color = (1,1,0)

4
97 bodies2 = [b for b in 0.bodles if isinstance (b.shape,Sphere) and b.shape.radius
98

> for b in bodies2:
b.shape.color = (6,1,0)

‘naterial’:6}
163 0.bodies.append(utils.geon. facetBox((6.065,0.005,6.1),(6.005,0.005,0.1) ,wal Mask=31))

164 0.bodles.append(ymport.gnsh('4.mesh’, shift=Vector3(6, 6, .03), scale=.601, orientation=Quaternion((6, 0, 6), 6)
165 print 'len(0.bodies) final :',len(0.bodies)

, **kw))

106
107 # FUNCTIONAL COMPONENTS
108 # simulation loop
109 0.engtnes=[

Particles color

The box and mesh prepared
before by Gmsh are defined into
the model.

Set the Contact model

116 ForceResette
111 [nsertlonsortcnll\der([Bol Sphere_Aabb(),B01_Facet_Aabb(),B01_Wall_Aabb()]),

112 InteractionLoop(

13 # the loading plate is a wall, we need to handle spheressphere, sphere+facet, sphere+wall

114 [192_Sphere_Sphere_ScGeon(),1g2_Facet_Sphere_ScGeon(), Ig2_Wall_sphere_ScGeon()], # colliston geonetry

115 [1p2_FrictMat_FrictMat FrictPhys()], _# collision "physics”

116 [Law2_scGeon_Frictphys_Cundallstrack()] ~ # contact law -- apply forces

ur )y,

18 NewtonIntegrator(gravity=(0.0,5),danplng=0.4), ¥ apply gravity force and damplng: numertcal dissipation of energ

119 PyRunner(conmand='func()',virtPeriod=. checkertS: % caLL the func fonction (defined below every 3090 iteration
126 PyRunner(conmand="'save() ', virtperiod=. ‘checker2’

121

122

123# set timestep to a fraction of the critical timestep

124 0.dt=1*utils. PNavETlmeStep()
1zsprint Jo.dt, 0.dt
126 0. trackEner
1zr0. TesetTine() #Reset stmulation tine

| Time step can be set by O.dt

Figure 10.

virtpertod

Components in the YADE script for the Application example.
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