
Synthesis Lectures on
Mechanical Engineering

Carlos Alberto Dutra Fraga Filho

Reflective Boundary 
Conditions in SPH 
Fluid Dynamics 
Simulation
Two and Three-dimensional Validation 
and Applications



Synthesis Lectures on Mechanical 
Engineering



This series publishes short books in mechanical engineering (ME), the engineering branch 
that combines engineering, physics and mathematics principles with materials science to 
design, analyze, manufacture, and maintain mechanical systems. It involves the production 
and usage of heat and mechanical power for the design, production and operation of 
machines and tools. This series publishes within all areas of ME and follows the ASME 
technical division categories.



Carlos Alberto Dutra Fraga Filho 

Reflective Boundary 
Conditions in SPH Fluid 
Dynamics Simulation 
Two and Three-dimensional Validation 
and Applications



Carlos Alberto Dutra Fraga Filho 
Vitória, Brazil 

ISSN 2573-3168 ISSN 2573-3176 (electronic) 
Synthesis Lectures on Mechanical Engineering 
ISBN 978-3-031-71581-5 ISBN 978-3-031-71582-2 (eBook) 
https://doi.org/10.1007/978-3-031-71582-2 

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer 
Nature Switzerland AG 2025 

This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether the whole 
or part of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, 
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information storage 
and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology now known or 
hereafter developed. 
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication does 
not imply, even in the absence of a specific statement, that such names are exempt from the relevant protective 
laws and regulations and therefore free for general use. 
The publisher, the authors and the editors are safe to assume that the advice and information in this book are 
believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the editors give 
a warranty, expressed or implied, with respect to the material contained herein or for any errors or omissions that 
may have been made. The publisher remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations. 

This Springer imprint is published by the registered company Springer Nature Switzerland AG 
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland 

If disposing of this product, please recycle the paper.

https://doi.org/10.1007/978-3-031-71582-2


Thine eyes did see my substance, yet being 
unperfect; and in thy book all my members were 
written, which in continuance were fashioned, 
when as yet there was none of them. 
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Preface 

This book provides a synopsis of the efforts to implement and validate the physical 
reflective boundary technique coupled with Lagrangian particle modelling in continuum 
mechanics. In addition to the physics theory that justifies the use of the reflective tech-
nique in the continuous domain, it was essential to demonstrate that the implementation 
of this technique was feasible in the computational realm. 

The characteristics of Lagrangian particle modelling, which provide the input data 
for the collision detection and response algorithm (the tool used to implement reflective 
boundary conditions computationally), are not the main focus of this work; however, the 
reader is provided with bibliographical references on particle modelling used in each case 
study in this book. 

The first implementations in two-dimensional domains occurred about ten years ago. 
As the numerical results were validated, new implementations were carried out until the 
collision detection and response algorithm was possible to deal with collisions between 
particles and solid contours in three-dimensional domains. 

This work’s scientific contribution lies in compiling and synthesising the implemen-
tation’s reflective boundary conditions and the validation stages for some relevant and 
well-known hydrodynamics and hydrostatics problems, which were historically solved 
using artificial boundary treatment techniques. 

Vitória, Brazil 
July 2024 
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