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Fig. 1. Grain and Cement behavior in BPM
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Fig. 2. Calculation Cycle for BPM Algorithm
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Sub-Part Modification
Material Multi-level dynamic technique [8]
Genesis " po|y_disperses ball size distribution
Arithmetic mean for radii of bond
Bond for bond stiffness
Initializati
on Minimum particle radius for bond
for bond strength
Bond Contact bond
Model

Parallel bond with 8 parameters [8]

Table 1. Modifications added to the BPM algorithm

SPH V.b“)ﬁ‘ 53 ol eslizal SNl Y J gl

Sub-Part Modification
Kernel W4 Cubic Spllne [12]
Functions Gaussian [13]
Piecewise Quintic [14]
. Summation density with
Density normalization [15]
Continuous Density [16]
Find

Interactions Linked-List Method [17]

Equation of Weakly Compressible [18]
State Weakly Compressible [14]
Smoothing Length Evolution [19]
XSPH [12]
Artificial Heat [12]
Other Artificial Heat [20]

Artificial Viscosity [21]

Virtual Particle [18]

Virtual Particle [14]

Virtual Particle [22]

Table 2. Modifications used in the SPH algorithm

190

o 5 oy &;Cfgcé:.a@'b Q}J_“uu;b-b 6)”);‘
.MQMJW&L&&L@?B}

Dp v

- = \
D~ PV )
Du _ 1V + B2y 4 \
Dr- Pt VUt (™
De 14 7

—=—-V _caBcap v
D 5 u+2p£ £ ™

O algiy Sl 5 SPH i, 5550 53 addlas sl

.J)@W\]a[ll] C>Jacuo|j3‘_sa

SPH i, KU ilabons o 7 X IS5

!
!

Fig. 3. Calculation cycle for SPH algorithm
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Load Deflection in Deflection in Error

(N) Analytical BPM Model (%)
Solution (mm) (mm)

500 0.358 0.336 6.2

Table 4. Comparison of simulation results and analytical
results for deflection at the tip of cantilever beam model

SPH 595 Sl 3198l py b3l Gwly -1
(Sl i 0L (6 5ltend —V-F

bl 51 S (Shear Cavity) (slo i OL > alics
ol sl ca ) bl VL sldae sl s sl
g Sl o b oS a0 S5 b i
S o G by s el b GVL e &S sl Ll
Sl e3b s Cawslie sy Js VL e oS > S
g bl O e 5o 5 edd Jime Jlw 4 )
Glae i Ol Ol 043 LMLl Loy Ol c2IS L
sy Ol Wle 3 48 53 dalive Jlw 0303 |y S
obedda 53 e il ol Jio 4 S35 Jlw S -
Slopim 0Lz alies i) o B a ls 5 a0l giny 52
S eld Sl and ahe ) shde sl 4 aer S 0

Ao g SAS Verr posate o LT L 0T 00

v
&‘YL o)‘ﬁb ] o.)»ir).é \o Pa.S Q}-Jjjg_ﬁx_{,a
:J&;J,Svﬁg;sf@l:f}u&@\uﬁbw
S5l 3l and sl ol S O 3
LS)]‘ o).)\“" )‘ Lée)‘ﬁ) L;‘J_'jSPH o).) fexin 4§.~.~

BE) [ 63_7’“ aJoles )‘ LS)J‘ C)\)J &S ol eslas! SPH

BPM g’l’;j) ‘Sbg )'}51'9)3 @l.o)T G’M'} -0
o3 ¥ il b
o3 S iy BILS Sl s v, S bl auly )y
1 e pase SL L edd (giledde o b 5 G ik
O s s b 5 e il 5 ol s3ledas O

Sl s dsan S a3 0540 00 ol Jde s L Ll
o3 g5 3l S 4 el Db G sl 008 1S
R A hate 5 e s & LOT bl &S (55,
Jde 53 A5 w55 5 edd el JS Sis (8) S5 0y
skl Ky s e 0lis s 0LL s 1

e (65w D5 Olans

Ogg)éa)bﬁjjég}ﬁdjjja)kjg&MJ)JJ«MM.iJS—’J

201 mm

6 mm

Boundary Particles

Fig. 4. Geometry of cantilever beam model and Stress
distribution in cantilever beam at the end of simulation
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Material Property Value
Density 7800 kg /m3
Maximum Tensile Strength 240 GPa
of Bonds
Young’s Modulus 210 GPa
Poisson’s Ratio 0.33
Particle Radius 0.5mm
Bond Radius 0.5mm
Cantilever Length 201 mm
Cantilever Height 6 mm

Table 3. Material and particle properties of beam model
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Fig. 5. Simulating the shear cavity problem by QUANTA.
Colors represent vertical velocity.
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Fig. 6. Non dimensional vertical velocity along central
horizontal line in SPH simulation and comparison with FDM
simulation
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Fig. 8. Velocity profile in Poiseuille flow between two
parallel plates

Ol 132 3l e B VE (53l 0L > siloans an A IS

Step 64000
d_t(s)= 0.0001

Time (s)=6.4

2.5e-05
2e-05

1.5e-05
9.9e-06
4.9¢-06

0

Fig. 9. Simulation result for Poiseuille flow, 6.4 seconds after
initiation
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Fig. 7. Simulating the shear cavity problem by QUANTA for
Reynolds numbers 100 (top) and 500 (bottom) and
comparison with the simulation results of [23] to their right.
Colors represent vertical velocity.
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Fig. 11. a, b, c: Simulation results for Lock-Exchange flow,
att’s0,2.1and 4.2; d: Heavy and light fronts in time for SPH
simulation and experimental results of [26].
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Fig. 12. Calculation cycle for hybrid BPM-SPH problems.
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Table 5. Material properties for the gas inside the gas tunnel
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Abstract:

The precision and speed of numerical simulations of physical phenomena has led to their increasing use in
designing and research applications. These precision and speed are owed to the improvements in numerical
methods and significant advancements in computing power of CPUs and GPUs.

Particle-based methods are some of the most recently developed numerical simulation methods.
Development of these methods has been long delayed due to the need for a relatively high computational
effort. Particle-based methods can be considered as a subset of Meshless Methods. In nonlinear
computational methods, mathematical equations in the problem domain are estimated only by nodes, and
contrary to the case about the nodes in FEM and FDM methods, there is no need for these nodes to be
connected to each other by a mesh. If the nodes are particles that carry physical properties, such as mass and
stiffness, and simulations proceed on the basis of updating trajectory and physical properties of particles,
then the method is called a particle-based method. Particle-based methods include molecular dynamics
(MD), Discrete Element Method (DEM), Smoothed Particle Hydrodynamics (SPH), and Lattice Boltzmann
Method (LBM). The number of studies and computer codes developed based on these methods has grown
dramatically over the past two decades. Among particle-based methods, DEM method is mainly used to
model solid objects and fractures and in some cases it has been used to model granular materials like soil.
While most of the applications of SPH method include numerical solution of the Navier-Stokes equations in
fluid dynamic problems. Despite their differences, both DEM and SPH methods are particle-based methods
and so there have been successful attempts to integrate them into a single application.

In current study, a computer code called “QUANTA” is introduced. In this software, the researchers have
tried to integrate the SPH method with another particle-based method called Bonded Particle Method (BPM).
BPM is based on DEM and was originally developed to model rock and soil mechanics phenomena.
QUANTA is being developed with the goal of providing a tool to simulate two-dimensional solid, fluid, and
multi-phased interactive environments for research purposes. In this software, the solid environment is
modeled using the BPM algorithm and the fluid environment is modeled using the SPH algorithm by solving
Navier-Stokes equations. Depending on the problem at hand, BPM and SPH particles interact with each
other by equations based on momentum or pressure. The code is developed using Visual C ++ programming
language and has the ability to perform parallel computations with a remarkable speed.

To verify the software, a few simple and frequently used problems in the literature were chosen. A cantilever
beam was modeled and loaded to verify BPM part of the software. Poiseuille and shear cavity problems were
used to verify the SPH part. In order to verify the interaction of these two algorithms, a solid cylinder was
modeled once in a wind tunnel travelling at supersonic speeds and then against the flow of a viscous fluid.
According to the results of these numerical modellings, the software can be deemed successful in simulating
the sample problems.

While simulation with particle methods requires more computational effort than common methods such as
finite element and finite difference, the particle-based and micromechanical nature of these methods and
their ability to model large-scale deformations and complex behaviors has, in many cases, made them logical
choices for simulation. As the next steps of this study, the authors are developing new equations for
interaction of particles and equations of state to improve the software performance.

Keywords: Numerical Modelling, Multi-Phase Medium, Bonded Particle Method, BPM, Smoothed Particle
Hydrodynamics, SPH, Visual C++, QUANTA
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