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In order to predict the thermal behavior and the morphology of melted stainless steel powder, during selective laser melting (SLM) process, a transient three-dimensional numerical model is developed in the mesoscale to study the temperature and velocity fields evolution. The initial powder bed distribution is obtained by discrete element method (DEM) calculation, and then the temperature distribution and the molten pool shape deformation are calculated and analyzed by ANSYS-FLUENT commercial code. The molten pool shape is obtained by considering the influence of Marangoni convection on the internal flow behavior. The recoil force was not considered in our calculation. As main results, a slight deviation between the position of the maximum temperature of the molten pool and the center of the laser spot is observed. The direction of the heat diffusion is more likely to be horizontal, which causes the melt track to be wide. Finally, the Marangoni convection is the main driver of the flow.

INTRODUCTION

Additive manufacturing comprises a set of processes based on building three-dimensional objects in a layer-by-layer manner. This layer-by-layer additive manufacturing process is a spatially varying complex thermo-kinetics and fluid dynamics [START_REF] Caffrey | Wohlers Report 2016-3D Printing and Additive Manufacturing State of the Industry[END_REF]. The SLM process is one of the rapidly evolving additive manufacturing (AM) techniques. It is a widely used technology in various industries such as medical, aerospace, etc, due to its unique capability of producing complex parts within a short time and with low material waste [START_REF] Loh | Numerical investigation and an effective modelling on the Selective Laser Melting (SLM) process with aluminium alloy 6061[END_REF][START_REF] Metelkova | On the influence of laser defocusing in Selective Laser Melting of 316L[END_REF].

The quality of an SLM part is strongly influenced by a high number of parameters that need to be set thoroughly. To understand the effects of the parameters introduced in this process, on the characteristics of the parts produced, numerical and experimental investigations of a large number of samples were used. It should be noted that, the research work is extensive and covers different aspects such as laser scanning strategies, mechanical properties, and powder nature, among others.

Let us quote some experimental and numerical works. Kempen [START_REF] Kempen | Expanding the Materials Palette for Selective Laser Melting of Metals[END_REF], with various combinations of laser power and scanning speed, he scans single line tracks for a given laser diameter and layer powder thickness. The objective of his study is to determine the optimal scanning strategy and hatch spacing. Wang et al [START_REF] Wang | Experimental investigation into the singletrack of Selective Laser Melting of IN625[END_REF] have correlated the morphology of single line scan with the heat laser energy input numerically. Laser power has a major impact on the stability of the melt pool and its morphology. Excessive scanning speed or insufficient laser power lead to the balling melt pool instability. This phenomenon creates a discontinuous track. When the melt pool depth exceeded the threshold value of half its width (h>w/2), the line scan was known to be in keyhole shape and therefore not suitable for SLM but for welding applications.

By increasing the laser power, the heating changes from the conduction mode to the keyhole mode, leading to the very deep melt pools with spherical voids in its lower region. Observations of the phenomenon during these transitions is especially important, as it tends to develop specific surface morphologies [START_REF] Qi | Selective laser melting of Al7050 powder: melting mode transition and comparison of the characteristics between the keyhole and conduction mode[END_REF][START_REF] King | Observation of keyhole-mode laser melting in laser powderbed fusion additive manufacturing[END_REF].

Melting is governed by thermal conductivity when balling and keyhole modes are avoided, this gives a semicircular shape melt pool. In keyhole mode, material boiling takes place and vaporized material pressure forms a cavity beneath the laser spot. Then, multiple reflections inside the cavity increase laser penetration depth, and when the laser beam moves, irregular voids called keyhole porosity are formed.

Lack of fusion porosity also occurs at excessive hatch spacing by choosing a distance between two adjacent melt pools lower than one layer thickness [START_REF] Khaillarah | Laser powder-bed fusion additive manufacturing: physics of complex melt flow and formation mechanisms of pores, spatter, and denudation zones[END_REF][START_REF] Panwisawas | On the role of thermal fluid dynamics into the evolution of porosity during selective laser melting[END_REF][START_REF] Tang | Prediction of lack-of-fusion porosity for powder bed fusion[END_REF]. Matthews et al. [START_REF] Matthews | Denudation of metal powder layers in laser powder bed fusion processes[END_REF][START_REF] Matthews | Denudation of metal powder layers in laser powder bed fusion processes[END_REF] studied the surrounding loose powder into the melt pool due to the denudation phenomenon. Then, when some particles are partially melted due to a high hatch space, they produce voids [START_REF] Zhou | Textures formed in a CoCrMo alloy by selective laser melting[END_REF], so porosity may appear and may affect the quality of the surface [START_REF] Aboulkhair | Reducing porosity in AlSi10Mg parts processed by selective laser melting[END_REF].

Continuous and uniform track lines are the criteria for parameters selection. However, when the energy is insufficient to melt the powder no continuous melt line is observed, so several defects are noticed. Sometimes, the post-processing and the cleaning steps must be highly controlled, in order to achieve the desired surface conditions for such applications.

Many researchers have presented correlations between parameters with microstructure or mechanical properties [START_REF] Yadollahi | Effects of process time interval and heat treatment on the mechanical and microstructural properties of direct laser deposited 316L stainless steel[END_REF]. Another way to investigate the impact of the process parameters on the characteristics of the material is via numerical models. In the recent years, an amount of research has been investigated in the modelling from thermal models to microstructural models, mechanical models and complex computational fluid dynamics (CFD) models [START_REF] Antony | Numerical and experimental investigations on laser melting of stainless steel 316L metal powders[END_REF][START_REF] Mohanty | Cellular scanning strategy for selective laser melting: Capturing thermal trends with a low-fidelity, pseudo-analytical model[END_REF][START_REF] Heeling | Melt pool simulation for the evaluation of process parameters in selective laser melting[END_REF][START_REF] Mohanty | Numerical model based reliability estimation of selective laser melting process[END_REF]. Simulation models can identify the proper parameters without expensive experimental testing.

The computational efforts to understand and develop the fluid dynamics of the process during the laser interaction was done by finite element modeling (FEM) [START_REF] Criales | Sensitivity analysis of material and process parameters in finite element modeling of selective laser melting of Inconel 625[END_REF][START_REF] Huang | Finite element analysis of thermal behavior of metal powder during selective laser melting[END_REF]. The complex thermo kinetics of the process is influenced by the process parameters and thermo physical properties of the material. Sun et al. [START_REF] Sun | Parametric optimization of selective laser melting for forming Ti6Al4V samples by Taguchi method[END_REF] found a parameters optimization using the Taguchi method and regression analysis. They found that the most significant factors for the process could be classified in this order: Powder thickness, scanning strategy, linear energy density and hatching distance. Hong et al. [START_REF] Hong | The Influence of Process Parameters on the Surface Roughness of a 3D-Printed Co-Cr Dental Alloy Produced via Selective Laser Melting[END_REF] found that the reduce of the laser power and the increase scan rate; avoid the apparition of the balling effect, which has an impact on the surface quality. Khairallah and Anderson [START_REF] Khairallah | Mesoscopic simulation model of selective laser melting of stainless steel powder[END_REF] proved that with lower speeds, the melt surface is much smoother than with higher speeds and higher specific energy is required for lower laser speeds.

In this paper, we study a mesoscale transient 3D model, for a selective laser melting process (SLM). We then present a model to follow one single pass of laser on the 316L stainless steel material. This model is based on the commercial software Ansys Fluent 18.0. Our approach solves the heat transfer equations by including the phase change. The laser is modeled as a three dimensional Gaussian volumetric energy source that is imposed on a two-dimensional surface.

Based on the melting and solidification of the 316L stainless steel powder, we simulate and analyze the temperature and velocity profiles for fixed values of the processing parameters. We also calculate the width, the depth of the solidified single pass (Track).

MODELLING A. Hypotheses

A certain simplifying hypotheses are necessary for the resolution of our equations, we suppose thus:

-3D transient numerical regime.

-The liquid metal is supposed to be Newtonian, viscous and obeys the simplifying assumptions of Boussinesq.

-The molten metal is assumed incompressible and laminar.

-Losses by radiation and recoil pressure are neglected.

-Gaussian distribution of the laser spot is used with a TEM00 mode.

Numerical method and simulation

The grid and the boundary conditions reservation were defined by the means of the preprocessor Gambit, whereas the computing was processed by the Ansys Fluent to solve numerically the Navier-Stokes equations. Fluent offers the possibility to simulate simultaneously incompressible and compressible fluids, as well as multiphase flow with free surfaces. The so-called volume of fluid (VOF) model is well appropriate for tracking sharp interfaces. In our case, the interface is between two immiscible fluids, namely the molten stainless steel and the air. In our model, a volume fraction corresponding to the volumetric occupation of the regarding phase is introduced. The change state of the stainless steel from liquid to solid or from solid to liquid during the melting or cooling is treated by 'Melting and Solidification' model. This model is implemented in Ansys Fluent by an enthalpy based phase change approach; it includes a mushy region around the melting point, where the material is linearly changing from solid to liquid.

During numerical resolution of our equations by the software, user defined functions (UDFs) written in C++ programming language, extended by a library containing functions can be interactively loaded. In our case, UDFs are used to define the laser source energy and some physical properties of our material, which depend on the temperature. Our model is divided into three zones: a melted zone, a solid zone, and air. As we can see from the figure 1, the grid is tightened near the interfaces, where the gradients of temperatures and velocities are important.

Elsewhere, the grid spacing is uniform. The assigned time step for this mesoscale simulation was 10 _8 s and the convergence criterion on the residuals of each equation was less than 10 _4 and 10 _6 for the energy. In this study, we will consider only a single pass of the laser beam on a thin layer of stainless steel powder of 100µm thick, resting on a dense substrate of the same material and 400µm thick. We can set the bottom of the substrate to be adiabatic in order to represent the very low thermal gradients at this distant boundary. The other boundaries are subjected convection via the ambient. The system is in an air environment taken at atmospheric pressure and at ambient temperature. See figure 1. 

RESULTS

In the current simulation, the Laser power, scanning speed and the laser beam radius are assigned respectively as 200W, 0.3 m/s and 75µm. We are analyzing a single pass selective laser melting (SLM) via the profiles of temperature and velocity profiles at different times and positions.

At the beginning of the simulation, we can see that the Gaussian laser distribution in the horizontal plane, shows higher temperatures in the center region, and low at the periphery, see figure 2 below. The maximum temperature (4720K) is situated just before the position of the laser spot beam (yspot= y0+vscant = 0.000494 mm), where the temperature has a lower value of 3300K. This is due to the accumulation of heat at the rear of the laser beam spot. Also, from the profile of the static temperature along the scanning direction, we can see that, when the temperature is below the melting point, the decrease is at a higher rate toward the front. Meanwhile, the temperature drops gradually toward the rear of the molten pool, and the liquid metal solidifies progressively. The temperature distribution is approximately symmetric above the melting temperature (green line) as we can see from the above figure. However, the temperature drops faster at the front of the molten pool than at the rear.

Whereas figure 4 shows the middle section of the temperature distribution in the molten pool.

We can see that the surface temperature is overheating (>>3000K) and tends to cool gradually at the rear, as the laser beam keeps moving. We also observe that the powder absorbs part of the laser energy and the other part is conducted into the substrate. Let us go to speed profiles, the figure 5, shows the velocity distribution at the same time, and the effect of the Marangoni convection on the direction of the liquid metal flow. Since, the stainless steel surface tension coefficient is negative, then the hotter liquid metal flows from the center of the molten pool to its boundaries. The direction of the heat transfer is more likely horizontal, and then in this special case the melt pool is wide.

Fig5. Effect Marangoni convection on velocity magnitude

We can also see from the figure, that the speed in the reverse direction was low because the temperature gradient in this region is week. In the other hand, as the laser beam moves, and as we progress in time the rear of the molten pool tends to cool gradually, the Marangoni convection weakens and disappears (figure 6). The heat transfer is horizontal and mainly longitudinal; this makes the upper surface to be oval. This Marangoni convection causes a small sunken in the center of the molten pool and near the laser spot, as shown by the figure 7. At this special time, the depth of melt inside the substrat is 35µm and its width is 247µm. However, the complete disappearance of the Marangoni effect at the rear leaves the effect of the normal component of the surface tension taking place. These latter increases with time, so we can observe at the rear the flowing up of the molten pool to the surface during the scanning process since the normal surface tension becomes greater (figure 7). The figure 8 gives more details on the normal surface tension, which suggests a larger surface tension in the cooler parts of the molten pool. 

CONCLUSION

From our simulation, we can make the following conclusions:

-The Marangoni convection is the main driving mechanism of the induced flow in the SLm process.

-When the surface tension coefficient is negative, the melt pool is wide and the heat transfer is more horizontal and mainly longitudinal in the direction of the scanning speed.

-The maximum temperature is observed before the position of the center laser spot.

-As the Marangoni effect disappears, the temperature gradients drop, and then a normal surface tension component can be observed in the cooler parts of the molten pool which change the morphology of the solidified track. 
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 78 Fig 7. Morphology and depth of the liquid fraction inside the substrate