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Fig. 4 (a) Temperature contour of powder particles along with contours of vapor plumes 
temperature at two vertical distances of 200 µm and 2000 µm from the powder bed. (b) 3D 
velocity magnitude contours of powder particles and 2D velocity contour of the jet at 200 µm 
and 2000 µm from the powder bed. 

The powder particles also transfer heat with the fluid and according to Fig. 3, it is 
noticed that the maximum powder particles temperature rises to about 772 K. This 
temperature rise is a result of strong convection between the jet and particles. According 
to the blow-up part of Fig. 3, only a narrow region of the powder bed undergoes an 
observable temperature change and this is ascribed to the low thermal conductivity of the 
powder bed, which is in essence caused by imperfect point contacts with high thermal 
resistance between particles. Moreover, in the same manner as observed before, the 
maximum temperature of the plume also declines as the jet moves further inside the 
nearby resting fluid. 
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scanning speed. The main reason behind this change of ejection angle with respect to the 
vertical plume jet is, as mentioned earlier, the fact that particles which are inside the 
central core of the jet, move almost vertically upwards. Therefore, the faster the 
translational speed of the plume, the shorter will be the vertical thrust of the powder 
particles. A very similar trend has also been observed in the in-situ online monitoring of 
the L-PBF process of 1.4404 stainless steel in [29] where it is shown that by increasing 
the scanning velocity of the laser beam, the jet angle deviates further from the 
perpendicular line normal to the build table. In this scenario, fewer particles will possess 
high vertical velocities at higher translational speed of the plume. To better understand 
this effect, one can go to the extreme case and imagine a static plume where the particles 
will move primarily parallel to the jet direction, thus, there will be no deviation between 
the jet and the ejected particles.  

Furthermore, one can see in Fig. (a) and (b) how high-temperature powder particles 
that enter the fluid region behind the jet, locally affect the temperature field in the wake of 
the plume. Moreover, since the interaction time between particles and the jet is shorter at 
higher scanning speed, particles will have lower temperatures at higher scanning speeds. 

CONCLUSION 

In this work, a coupled particle-fluid dynamics numerical simulation of the L-PBF 
process is developed to study the spatter phenomenon and its resulting denudation. The 
model is developed in the commercial software package Flow-3D using its AM module 
and is made of two parts, a CFD model that simulates the heat and fluid flow conditions 
of the fluid phase, and a DEM model that predicts particles' motion dynamics as well as 
their thermal conditions. The modelling results demonstrate that the fluid dynamics 
impact of the high-velocity vapor plume jet creates a localized low-pressure zone near the 
plume location and this leads to a pseudo-Bernoulli effect that drags nearby powder 
particles inside the jet plume and then these particles will be lifted upwards due to the 
very high viscous drag force from the high-speed jet. As a result of this, a local denuded 
zone will form in the wake of the plume location. Furthermore, it is noted that the linear 
momentum of the jet starts becoming dampened as the jet comes into contact with 
neighboring static air. This will then lead to a diverging flow and as a result, powder 
particles also diverge from the central core of the vapor plume. These particles then 
quickly lose both their temperature and velocity as they get in contact with the resting 
static air. Moreover, two cases with scanning speeds of 300 mm.s-1 and 500 mm.s-1 were 
simulated and it is observed that the angle between ejecting powder particles and the 
vertical plume jet increases from 16o to 28o, mainly because in the latter case, particles 
have shorter contact with the jet and therefore have lower acceleration compared to the 
ejecting particles in the case with 300 mm.s-1. 
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