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Abstract. The mixing of continuum and microscopic laws is a contradiction often existing in the
boundary conditions utilised in meshfree particle methods. Boundary techniques employing fictitious
(or ghost) particles and artificial forces (defined in the molecular microscopic scale) are still used in
SPH simulations and should be avoided. Currently, there is an effort in replacing boundary techniques
that mix concepts of different scales by others that respect the continuum laws. This paper aims to
present the implementation of the physical reflective boundary conditions (RBC) in Smoothed Particle
Hydrodynamics (SPH) method for solving three dimensional (3-D) fluid dynamics problems. In this
work, SPH was applied to solve the physical conservation equations for a Newtonian, incompressible,
uniform and isothermal fluid. Applications in hydrostatics and hydrodynamics are presented as well as
the validation of the results in 3-D domains. Two problems were studied: a still fluid inside an
immobile reservoir and dam breaking flow. The results achieved presented a good agreement with the
analytical solution and literature data.

Keywords: Smoothed Particle Hydrodynamics, reflective boundary conditions, fluid dynamics,
continuum mechanics.

Notation

C, initial position of the centre of mass of the particle (initial instant of the numerical iteration)
(C0 ) . coordinates of the initial position of the centre of mass

C1 position of the centre of mass, in a motion without obstacles, at the end of the numerical
iteration

(C1 ) . coordinates of the centre of mass position, in a motion without obstacles, at the end of the

numerical iteration
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(C),

coordinates of the centre of mass normal to the collision plane, in a motion without obstacles,

at the end of the numerical iteration

C,
(C),

(Ce)y

response

CR

position of the centre of mass obtained after the collision response

coordinates of the centre of mass position, after the collision response

coordinates of the centre of mass position, normal to the collision plane, after the collision

coefficient of restitution of kinetic energy
coefficient of friction
gravity
gravity magnitude
support radius
vertical coordinate of the free surface in the reservoir
Cartesian direction
mass of the neighbouring particle
absolute pressure acting on the fixed particle
absolute pressure acting on the neighbouring particle
modified pressure
modified pressure of the fixed particle
modified pressure of the neighbouring particle
pressure of reference
time
fluid velocity
velocity of the reference particle
velocity of the neighbouring particle
relative velocity between a fixed and a neighbouring particle
component of the initial velocity of the particle (initial instant of the numerical iteration)
component of the final velocity of the particle (final instant of the numerical iteration)
kernel or interpolation function
position of the reference particle
position of the neighbouring particle
vertical coordinate of the fluid inside the reservoir

coefficient used in the calculation of the artificial viscosity
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coefficient used in the calculation of the artificial viscosity

Ap parameter used in the calculation of the artificial pressure
€ parameter used in the calculation of the artificial pressure
v kinematic viscosity of the fluid

P density of the fluid
Pa density of the reference particle

P density of the neighbouring particle

Y% Kinematic viscosity of the reference particle

v mathematical vector operator nabla

1 Introduction

Recent publications ([1-5]) have been realised aiming to propose new boundary conditions
techniques excluding the use of fictitious particles on or adjacent to the contours in meshfree particle
methods. Literature [2] presented the first implementation of the RBC, based on Newton's restitution
law and foundations of analytic geometry, in two-dimensional (2-D) domains. This paper extends the
implementation of the RBC to a higher (3-D) dimension with validation tests and simulation results in
both hydrostatics and hydrodynamics cases.

A collision detection and response algorithm has been implemented. Two coefficients were used
in the collisions treatment: the kinetic energy restitution coefficient (CR), related to the energy loss in
the direction normal to the collision plane, and the friction coefficient (CF), that measures the slow
down in the particle’s motion parallel to the collision plane. A complete description of the
implementation of the algorithm (considering only the effects of the elastic restitution of energy) is in
[2]. Literature [1] presents the improvement of the algorithm with the implementation of friction
effects.

The remainder of this paper is organised in sections as follows. In Section 2, results of the
collision detection and response algorithm are presented. Section 3 brings the cases studies and their
numerical results and discussions. Finally, conclusions are in Section 4.

2. Algorithm Validation

Analytical results have been employed to verify the positions and velocities that particles reached
after the collisions treatment, at the end of each timestep. The velocity of the particle was considered
constant in each step of time and its centre of mass moved linearly along the direction of the velocity

from C_ to C, (considering a motion without obstacles).

The collisions of one particle against the planes have been verified by the comparison of the final
positions and velocities of their centres of mass, provided by the algorithm implemented at the end of
each time step, and those obtained from the physical-mathematical modelling (analytical results).

Tests have been carried out, in which the particle radius was 0.01 m. The 3-D closed box had
sides of 0.50 m. The time step was 0.25s. The coefficients of restitution of kinetic energy (CR) and
friction (CF) received different values. Some tests results achieved are presented in Tables I - IX and
Figs. 1-9.
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Test I: Initial position of the centre of mass: C, = (0.25, 0.25, 0.25) m; Initial velocity: V, = (1.00,
0.00, 0.00) m/s; CR =1.00; CF =0.00 (see simulation results in Table I and Fig. 1).

TABLE I. Results of the 1* validation test* (SI units).

Input data Output data
Vox Voy Voz Cox Coy Coz C1x C1y C1z Cfx ny sz fo ny sz

t**

0.251.000.00|0.00{0.25{0.25|0.25]0.50|0.25]0.25 [ 0.48 | 0.25 | 0.25 |-1.00 0.00 | 0.00

0.50 |-1.00| 0.00 | 0.00 | 0.48 [ 0.25 | 0.250.23 | 0.25] 0.25 [ 0.23 | 0.25 | 0.25 |-1.00 0.00 | 0.00

0.75 |-1.00] 0.00 | 0.00 |{ 0.23 [ 0.25 | 0.25 |-0.02] 0.25 | 0.25 [ 0.04 | 0.25 | 0.25 | 1.00 | 0.00 | 0.00

1.00 | 1.00 | 0.00 | 0.00 | 0.04 [ 0.25 [ 0.25]0.29 |1 0.25] 0.25 [ 0.29 | 0.25 | 0.25 | 1.00 | 0.00 | 0.00

1.25(1.00|0.00|0.00 | 0.29 [ 0.25 [ 0.25 | 0.54 |1 0.25 | 0.25 [ 0.44 | 0.25 | 0.25 |-1.00| 0.00 | 0.00

*Rounded to two decimal places
**Number of collisions in every timestep: 1st - 01; 2nd - 0; 3rd - 01; 4th - 0; 5th - 01

Test II: Initial position of the centre of mass: C, = (0.25, 0.25, 0.25) m; Initial velocity: V, = (0.00,
1.00, 0.00) m/s; CR =1.00; CF =0.00 (see simulation results in Table II and Fig. 2).

TABLE II. Results of the 2™ validation test* (SI units).

Input data Output data
Vox Voy Voz Cox Coy Coz Clx C1y Clz Cfx ny sz fo ny sz

t**

0.250.00|1.00|0.00|{0.25{0.25|0.25]0.25]0.50 | 0.25 [ 0.25 | 0.48 | 0.25 | 0.00 |-1.00| 0.00

0.50 | 0.00 |-1.00| 0.00 { 0.25 [ 0.48 | 0.25 | 0.25]0.23 ] 0.25 [ 0.25 | 0.23 | 0.25 | 0.00 |-1.00| 0.00

0.750.00|-1.00| 0.00 | 0.25 { 0.23 | 0.25 | 0.25 |-0.02| 0.25 [ 0.25 | 0.04 | 0.25 | 0.00 | 1.00 | 0.00

1.00 [ 0.00 | 1.00 | 0.00 | 0.25 [ 0.04 { 0.25 | 0.25]0.29 | 0.25 [ 0.25 | 0.29 | 0.25 | 0.00 | 1.00 | 0.00

1.25(0.00| 1.00 | 0.00 | 0.25 [ 0.29 [ 0.25 ] 0.25] 0.54 | 0.25 [ 0.25 | 0.44 | 0.25 | 0.00 |-1.00| 0.00

*Rounded to two decimal places
**Number of collisions in every timestep: 1st - 01; 2nd - 0; 3rd - 01; 4th - 0; 5th - 01

Test III: Initial position of the centre of mass: C, = (0.01, 0.01, 0.01) m; Initial velocity: V, = (1.00,
1.00, 1.00) m/s; CR = 1.00; CF = 0.00 (see simulation results in Table III and Fig. 3).

TABLE III. Results of the 3" validation test* (SI units).

Input data Output data
Vox Voy Voz Cox Coy Coz C1x C1y C1z Cfx ny sz fo ny sz

t**

0.25| 1.00 | 1.00 | 1.00 | 0.01 { 0.01 | 0.01 | 0.26 | 0.26 | 0.26 | 0.26 | 0.26 | 0.26 | 1.00 | 1.00 | 1.00

0.50( 1.00 | 1.00 | 1.00 [ 0.26 | 0.26 | 0.26 | 0.51 [ 0.51 | 0.51 | 0.47 | 0.47 | 0.47 {-1.00|-1.00| -1.00

0.75|-1.00 |-1.00{-1.00| 0.4710.47 | 0.47 | 0.22 | 0.22 | 0.22 | 0.22 | 0.22 | 0.22 |-1.00|-1.00| -1.00

1.00(-1.00 |-1.00(-1.00{ 0.22 | 0.22 | 0.22 |-0.03|-0.03 {-0.03| 0.05 | 0.05 | 0.05 | 1.00 | 1.00 | 1.00

1.25( 1.00 | 1.00 | 1.00 | 0.05 | 0.05 | 0.05 | 0.30 | 0.30 { 0.30 { 0.30 | 0.30 | 0.30 | 1.00 | 1.00 | 1.00

*Rounded to two decimal places
**Number of collisions in every timestep: 1st - 0; 2nd - 01; 3rd - 0; 4th - 01; 5th - 0
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Test I'V: Initial position of the centre of mass: C, = (0.01, 0.01, 0.01) m; Initial velocity: V, = (1.00,
1.00, 0.00) m/s; CR =1.00; CF =0.00 (see simulation results in Table IV and Fig. 4).

TABLE IV. Results of the 4™ validation test* (SI units).

Input data Output data
Vox Voy Voz Cox Coy Coz C1x C1y C1z Cfx ny sz fo ny sz

t**

0.25|1.00|1.00|0.00{0.01{0.010.01]0.26|0.26 |0.01 [0.26|0.26 |0.01 | 1.00 | 1.00 | 0.00

0.50|1.00|1.00|0.00{0.26 {0.26 (0.01|0.51|0.51|0.01 {0.47|0.47|0.01 |-1.00(-1.00 0.00

0.75|-1.00|-1.00| 0.00 | 0.47 [ 0.47 | 0.01 | 0.22 | 0.22 | 0.01 [ 0.22 | 0.22 | 0.01 |-1.00|-1.00| 0.00

1.00 [-1.00(-1.00| 0.00 | 0.22 | 0.22 | 0.01 |-0.03]-0.03| 0.01 { 0.05 | 0.05 | 0.01 | 1.00 | 1.00 | 0.00

1.25(1.00 | 1.00 | 0.00 | 0.05 | 0.05 { 0.01 | 0.30 | 0.30 | 0.01 { 0.30 | 0.30 | 0.01 | 1.00 | 1.00 | 0.00

*Rounded to two decimal places
**Number of collisions in every timestep: 1st - 0; 2nd - 01; 3rd - 0; 4th - 01; 5th - 0

Test V: Initial position of the centre of mass: C, = (0.49, 0.49, 0.49) m; Initial velocity: V, = (-1.00, -
1.00, -1.00) m/s; CR = 1.00; CF = 0.00 (see simulation results in Table V and Fig. 5).

TABLE V. Results of the 5™ validation test* (ST units).

Input data Output data
Vox Voy Voz Cox Coy Coz Clx C1y Clz Cfx ny sz fo ny sz

t**

0.25|-1.00|-1.00|-1.00| 0.49 [ 0.49 [ 0.49 | 0.24 | 0.24 | 0.24 [ 0.24 | 0.24 | 0.24 |-1.00|-1.00 (-1.00

0.50 [-1.00]-1.00|-1.00{ 0.24 | 0.24 | 0.24 |-0.01|-0.01{-0.01{ 0.03 | 0.03 | 0.03 | 1.00 | 1.00 | 1.00

0.75|1.00|1.00|1.00{0.03 {0.030.03]|0.28|0.28 | 0.28 [ 0.28 | 0.28 | 0.28 | 1.00 | 1.00 | 1.00

1.00 (1.00|1.00|1.00|0.28 [ 0.28 {0.28 | 0.53 | 0.53 | 0.53 [ 0.45 | 0.45 | 0.45 |-1.00(-1.00(-1.00

1.25|-1.00|-1.00|-1.00| 0.45 [ 0.45 [ 0.45 0.20 | 0.20 | 0.20 | 0.20 | 0.20 | 0.20 |-1.00|-1.00 |-1.00

*Rounded to two decimal places
**Number of collisions in every timestep: 1st - 0; 2nd - 01; 3rd - 0; 4th - 01; 5th - 0

Test VI: Initial position of the centre of mass: C, = (0.01, 0.01, 0.01) m; Initial velocity: V, = (1.50,
1.00, 1.00) m/s; CR = 1.00; CF = 0.10 (see simulation results in Table VI and Fig. 6).

TABLE VL Results of the 6™ validation test* (ST units).

Input data Output data
Vox Voy Voz Cox Coy Coz Clx C1y Clz Cfx ny sz fo ny sz

t**

0.25|1.50|1.00|1.00{0.01 {0.01 [0.01]0.39]0.26|0.26 [ 0.39 |0.26 | 0.26 | 1.50 | 1.00 | 1.00

0.50 | 1.50|1.00|1.00 | 0.39 {0.26 | 0.26 | 0.76 |0.51 |0.51 [0.22 | 0.47 | 0.47 |-1.22|-0.81 [-0.81

0.75-1.221-0.81|-0.81| 0.22 | 0.47 | 0.47 |-0.08] 0.27 | 0.27 [ 0.10 | 0.27 | 0.27 | 1.22 |-0.73 [-0.73

1.00 | 1.22 |-0.73]-0.73] 0.10 [ 0.27 [ 0.27 | 0.41 ] 0.09 | 0.09 | 0.41 | 0.09 | 0.09 | 1.22 |-0.73 -0.73

1.25|1.221-0.73]-0.73| 0.41 | 0.09 [ 0.09 | 0.71 |-0.10|-0.10{ 0.27 | 0.12 | 0.12 |-0.98 | 0.59 | 0.59

*Rounded to two decimal places
**Number of collisions in every timestep: 1st - 0; 2nd - 02; 3rd - 01; 4th - 0; 5th - 02
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Test VII: Initial position of the centre of mass: C, = (0.25, 0.25, 0.25) m; Initial velocity: V, =
(-1.00,-1.50,-1.50) m/s; CR = 0.90; CF = 0.10 (see simulation results in Table VII and Fig. 7).
TABLE VII. Results of the 7th validation test* (SI units).
Input data Output data

Vox | Voy | Vor | Cox | Coy | Coz | Cix | Cay | Ciz | Cix | Cy | Crz | Vix | Viy | Vi
0.25|-1.00|-1.50(-1.50] 0.25 | 0.25 { 0.25 | 0.00 [-0.12{-0.12] 0.02 | 0.13 [ 0.13 | 0.73 | 1.09 | 1.09
0.50{0.73 | 1.09 [ 1.09 | 0.02 | 0.13 { 0.13 | 0.20 [0.40 {0.40 | 0.20 | 0.40 | 0.40 | 0.73 | 1.09 | 1.09
0.7510.73|1.09 | 1.09 1 0.20 | 0.40 |1 0.40 | 0.38 | 0.68 | 0.68 | 0.38 [ 0.32 [ 0.32 | 0.59 (-0.89 (-0.89
1.00 | 0.59 |-0.89(-0.89] 0.38 | 0.32 | 0.32 | 0.53 { 0.10 | 0.10 | 0.45 [ 0.10 | 0.10 |-0.53 [-0.80|-0.80
1.25 [-0.53-0.80(-0.80]| 0.45 | 0.10 | 0.10 | 0.32 |-0.10|-0.10{ 0.32 [ 0.11 | 0.11 {-0.43 | 0.65 | 0.65

*Rounded to two decimal places
**Number of collisions in every timestep: 1st - 02; 2nd - 0; 3rd - 01; 4th - 01; 5th - 01

t**

Test VIII: Initial position of the centre of mass: C,= (0.01, 0.25, 0.25) m; Initial velocity: V, =
(1.50,1.50,0.00) m/s; CR = 0.80; CF = 0.20 (see simulation results in Table VIII and Fig. 8).

TABLE VIII. Results of the 8th validation test* (SI units).

Input data Output data
Vox | Voy | Vor | Cox | Coy | Coz | Cix | Ciy | Ciz | Cix | Cy | Crx | Vix | Viy | V&
025(1.50(1.50{0.00]0.01]025]1025(0.39(0.62]0.25]0.39]0.38|0.25 | 1.20 (-1.20{ 0.00
0.50 | 1.20 (-1.20] 0.00 { 0.39 |1 0.38 [ 0.25 ] 0.69 [0.08 |0.25 [ 0.33 | 0.08 | 0.25 |-0.96|-0.96 | 0.00
0.751-0.96(-0.96| 0.00 { 0.33 ] 0.08 [ 0.25]0.09 [-0.16] 0.25 [ 0.09 | 0.14 | 0.25 |-0.77| 0.77 | 0.00
1.00 {-0.77(0.77 | 0.00 { 0.09 | 0.14 | 0.25 |-0.10{ 0.34 |1 0.25 [ 0.10 ] 0.34 | 0.25 | 0.61 | 0.61 | 0.00
1.25(0.61 [ 0.610.00({0.10]0.34{0.25]0.25[{0.4910.25[0.25]0.49 | 0.25 | 0.61 | 0.61 | 0.00

*Rounded to two decimal places
**Number of collisions in every timestep: 1st - 01; 2nd - 01; 3rd - 01; 4th - 01; 5th - 0

t**

Test IX: Initial position of the centre of mass: C, = (0.01, 0.01, 0.49) m; Initial velocity: V, = (1.50,
1.50, 1.00) m/s; CR = 0.85; CF = 0.15 (see simulation results in Table IX and Fig. 9).

TABLE IX. Results of the 9th validation test* (SI units).

Input data Output data
Vox Vov Voz Cox Cov Coz Clx Clv Clz Cfx cfv sz fo va sz
025(1.50(1.50]1.00]0.010.01[0.49(0.39(0.39]0.7410.390.39 (0.28 [ 1.27 | 1.27 |-0.85

0.50 | 1.27 | 1.27 |-0.85] 0.39 | 0.39 | 0.28 | 0.70 {0.70 |0.07 | 0.31 { 0.31 | 0.07 |-0.92-0.92 {-0.61
0.751-0.921-0.921-0.61| 0.31 { 0.31 | 0.07 | 0.08 | 0.08 [-0.09 | 0.08 | 0.08 | 0.09 |-0.78 [-0.78 | 0.52

t**

1.00 [-0.78(-0.78] 0.52 | 0.08 | 0.08 | 0.09 |-0.12]-0.12| 0.22 [ 0.12 [ 0.12 | 0.22 | 0.57 | 0.57 | 0.38

1.25(0.5710.57]0.380.12]0.12 {0.22 ] 0.26 | 0.26 | 0.32 [ 0.26 [ 0.26 | 0.32 | 0.57 | 0.57 | 0.38

*Rounded to two decimal places
**Number of collisions in every timestep: 1st - 01; 2nd - 01; 3rd - 01; 4th - 01; 5th - 0
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Figure 1. Positions of the centre of mass of the particle at the 1* validation test.
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Figure 2. Positions of the centre of mass of the particle at the 2™ validation test.
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Figure 3. Positions of the centre of mass of the particle at the 3" validation test.
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Figure 7. Positions of the centre of mass of the particle at the 7" validation test.
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t=0.25s

AN

\/V/
Wiv,

VAV,
Vav,¥
\/ V"

g 05
0.5 0.5 05 0.5
0 oo im) v xm)
yim} xim) yim) x(my) ¥
t=0.75s t=1.00s t=1.25s

=]
wn

=

e

A7\

\/ V/
AN
\/V/
AN

yimp 00 x(m)

\/V

o
un

wim) 0o () yim) oo x(m)

Figure 9. Positions of the centre of mass of the particle at the 9" validation test.
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3. Cases Studies
3.1 Still Fluid Inside a Reservoir Open to the Atmosphere

This hydrostatics problem consists of a reservoir open to the atmosphere, filled with a Newtonian,
incompressible, uniform and isothermal liquid. The dimensions of the tank are 1.0 m x 1.0 m x 1.0 m.
The water particles inside the reservoir are at 20° C and at sea level (p =1.00 x 10’ kg/m’, v =1.00

x 10 mz/s). 235 particles per side of the tank (15,625 in total) were used in the discretisation of the
fluid.

The modified pressure concept [6] has been used (Eq.(1) ) and the physical reflective boundary
conditions ensuring the non-motion of the particles and the obedience to the continuum laws.

Pmod:(P_PO)_pg(H_Z) (1)

Taking into account that (P — F)) is the pressure exerted by the fluid column on the particle with

vertical coordinate Zz, the modified pressure is zero to each particle in the domain.
The SPH approximations to the physical laws of conservation of mass and momentum have been

employed in the problem solving, Eqgs. (2)-(3).

d n
Pa _ dm,(v,-v,). VWX, -X,.h) 2)
dt 5
dv, 1
=—>m, (Pmod(b) _Pmod(a))VW(Xa ~ X, h)+
dt  p, b

0 (3)
v2u, 3y X=X gy _x, n)

= X, —Xb|2

where v, =v, —v,.

Equation (3) is the SPH modified formulation for the momentum conservation equation obtained
through application of the concept presented in Eq. (1).

Figure 10 shows the hydrostatic and the modified pressure fields acting on the particles
(represented by their centres of mass) inside the reservoir.

The coefficients of restitution of kinetic energy (CR) and friction (CF) were 1.0 and 0.0,
respectively. The time step employed was 1.00 x 10* s,

The initial velocities of the particle were null. After the solution of the mass and momentum
conservation equations and updating of the positions of the centres of mass and velocities of the
particles, the positions of the particles remained unchanged (regardless of the interpolation function
used in the particle method) and the hydrostatic equilibrium was maintained.
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Figure 10. Pressure acting on the particles inside the reservoir. (a) The hydrostatic pressure field. (b)
The modified pressure field (equal to zero). The particles are represented by their centres of mass.

3.2 3-D Dam Break Flow over Dry Bed

The reservoir has length of 0.420 m, height of 0.440 m and depth of 0.228 m. The damned water
has a volume with length of 0.114 m, height of 0.228 m, and depth of 0.228 m, discretised by 32,000
particles, with the initial lateral distances between two consecutives centres of mass of 5.70 mm. The
water physical properties at 20° C were: p =1.00 X 10° kg/m® and v =1.00 x 10° m%s. The water

damned was considered incompressible, uniform and isothermal. The standard SPH formulation to the
equations of conservation of mass and momentum - Eqgs. (2) and (4) - were employed combined with
RBC in the boundary treatment (aiming to respect the continuum laws).

(1 n
9 S (3, %) IW XX, @

dv a P P

L=—>m|—%+—2% VWX, -X,,h)+

dt ; b{paz pbz} b

“4)
C 21) (Xa_Xb)

+)» m,| ————2 VWX, -X,,h) |(V,-V,)+g
bzzll b pb |Xa—Xb|2 b ( b)

The absolute pressure acting on every fluid particle was composed by the sum of two parcels:
the hydrostatic and the hydrodynamics (predicted by the Tait equation). The free surface particles
were found at the initial time instant and marked. Their absolute pressures were set to zero (Newman
boundary conditions). These pressures (on the marked particles) were kept null throughout the
numerical simulation.

The simulation timestep was 1.00 x 10 s. The temporal integration method employed was 1"
order Runge-Kutta integration method (Euler’s method).

Density renormalization was performed at every 30 timesteps and the correction of the kernel
gradient near the boundaries (where the kernel truncation occurred) was done at each numerical
iteration. A support radius varying with time, have been used [7, 8].
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In the RBC implementation, the coefficients CR and CF received the values 1.00 and 0.00,
respectively. Numerical corrections have been applied in the simulations:

V' artificial viscosity [7, 8]: to avoid numerical instabilities and the interpenetration between
particles (with the coefficients a; =0.04 and S, = 0.00),

v artificial pressure [9] (with the parameters € equal to 0.10 and Ap equal to the initial lateral
distance between two consecutives centres of mass) aiming to avoid the tensile instability, related to
the particles' interpenetration.

The validation of the results has been done from experimental data and Eulerian finite element
method (FEM) results provided by literature [10]. Figure 11 shows the SPH results achieved in this
work for the dam breaking flow in some time instants of the simulation.

0.10 s y(mo) 0'%?/ 0.20s v (m) 0.2?’/

0.30s ”mo’ 020 0.40s

0.50's R 0.60's Mo

Figure 11. 3-D dam breaking flow evolution (SPH simulation results) until 0.60s.
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The evolution of the dam breaking flow (lateral Xz cross-section), in some instants of time, is
shown in Figs. 12-13. In Figure 12, a comparison between the experimental data [10] and the SPH
results is shown. The comparison between FEM results, provided by [10], and the SPH results
(achieved in this work) is in Fig. 13.
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Figure 12. Experimental data [10] and the SPH simulation results (in blue) for different time instants
until 0.60 s.
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0.10s 0.20s 0.30s
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Figure 13. Finite element method (FEM) [ 10] results (free surface lines) and SPH results for different
time instants until 0.60 s.

From the analysis of Figs. 12 and 13, a good agreement, with the experimental data and
particularly with the FEM results both provided by [10], has been seen.
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4. Conclusions and Future Work

In this work, the implementation of RBC in the 3-D domain has been presented. Validation tests
have been performed to verify the results provided by the 3-D collision detection and response
algorithm. Simulations of two fluid dynamic cases (hydrostatics and hydrodynamics) have been
performed.

In hydrostatics, a Newtonian, incompressible, uniform, and isothermal fluid at rest inside a
reservoir has been simulated. The SPH results showed complete agreement with the analytical
solution, regardless of the interpolation function employed in the SPH meshfree particle method.

In the hydrodynamics (dam break flow simulation), a good agreement between with the SPH
results and the experimental data and Eulerian FEM results, both provided by [10] , has been seen.

In future work, more computational simulations should be performed using different
combinations of values for CR and CF, and different parameters in the computational corrections
(artificial viscosity and artificial pressure) in order to improve the accuracy of SPH results for the 3D
dam break flow.
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