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In computational fluid dynamics (CFD), the implementation of various boundary conditions 
plays a significant role in achieving convergent, accurate and stable results. The boundary 
conditions which define the interaction between the calculation domain and surrounding 
environment are also the most difficult part in a numerical method. This is particularly true 
for flows with inlet or outlet boundaries where the specification of how the fluid enters and 
leaves needs to be rational and consistent with the Navier-Stokes equations. An improper 
boundary condition may lead to excessive overall error or divergence since the error produced 
at the boundary is very likely to erode the whole calculation domain.  

Inlet and outlet boundary conditions have a wide range of applications in engineering 
problems. They are commonly used in the simulation of arterial networks [1, 2], circular tube 
flow [3], heat transfer systems [4], combustion [5], micro-flow [6], etc. In the light of the 
above research, proper inlet and outlet boundary conditions are indispensable to numerical 
methods for solving real world problems.  

In the present study, we propose simple and consistent open boundary conditions for viscous 
incompressible laminar flow calculation using an Arbitratry-Lagrangian-Eulerian (ALE) 
particle methods [7]. A pressure specified inlet/outlet condition, a velocity profile specified 
inlet/outlet condition and a fully developed flow outlet condition are proposed. We also 
proposed particle insertion and deletion technique for particles inlet and outlet particles. In 
our ALE particle method, a 2nd-order consistent spatial discretization scheme - a least squares 
moving particle semi-implicit method (LSMPS) [8] and the projection method to solve 
Navier-Stokes equations. A spring model and an upwind interpolation is applied to deal with 
the particle irregularity problem. We give the open boundary conditions that we proposed and 
their implementation. Numerical examples including a Poiseuille flow driven by specified 
pressure or specified velocity and a flow over a backward-facing step and a steady laminar 
flow in a 90 degree planar branch are calculated and compared with both experimental data 
and computational results by the FVM. 

The inlet and outlet conditions for particle methods are validated. They are accurate and can 
be simply implemented.  
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