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Computational Study of Welding Fume Behaviour 
- A Model to Track the Hazards of Welding 

 

For many years, welding has been a very dangerous profession with many premature deaths. A 

big contributor to this is the fumes created that are entering the respiration system of the 

welder. Many physical experiments of these fumes have been made in the past. However, there is 

a general need for computational models for this matter due to the fact that tests using 

simulations are more easily performed. The general aim of the project is to create computational 

models that are fast and accurate in order to aid preventing the hazards of welding fumes.  

Three different welding methods, namely MIG, TIG and SMA, have been studied. These are three of 

the most commonly used methods for welding today which is why they are chosen. On each of these 

methods a three dimensional CFD model has been built and later the fume flow was evaluated. 

Important aspects used were to run transient (time dependent) simulations as well as taking thermal 

radiation into account, due to the high temperature of welding. 

In order to make the project even more interesting, the MIG model was also parametrized and several 

simulations were run varying these different parameters. The reason for this was to detect what 

parameters that are affecting the fume flow to a great extent. This is an important aspect since it will 

then be known what parameters to change and how to vary them, in order to protect the welder from 

fumes. The parameters varied was the weld angle, heat release and rate of shield gas. 

 

Figure 1, Geometry showing varied parameters. Noted was that both shield gas rate and weld angle affects the fume flow to 

a large extent. 

As a result of the Design of Experiments above, it could be seen that the angle of the weld during use 

can affect the fume movement to a large extent. This comes from the fact that the shield gas used for 

protection of the melt pushes the fume in a certain direction when the weld is tilted. It was also noted 

that to feed more shield gas will keep the fume along the workpiece in the bottom. When it comes to 

the heat release it was shown that it does not affect the fume movement to any large extent.  
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Figure 2, Fume flow when the weld is tilted. The fume is now heading towards the right-hand side instead of straight up 

The results from the shield gas rate and weld angle varying are very interesting since they could be 

used for placement of fume suction. The aim of suction is to capture as much fume as possible and if 

the fume is pushed in a certain direction then there is no need for suction at other locations. As a 

welder you could then easily know where to place the suction if you have specific parameter values 

More uses from knowing the fume movement are to prevent it from reaching the welder at all. For 

example the welder could know that if a certain amount of shield gas is fed, then there might be no 

need to worry about the fume entering the respiration system at all. Vortices have also been found in 

the fume flow and could be useful since the fume in a sense is captured here. This fact would mean 

that recommendations of suction placement here would be well approved.

 

Figure 3, Fume flow of a MIG weld. Notable are the vortices created just above the workpiece 

A case of optimization regarding a special type of suction called on-torch suction was also performed 

during this project. On-torch suction is situated close to the melt in order to capture as much fume as 

possible. However, it is possible that some of the shield gas is also captured from this suction. The 

shield gas is needed to protect the melt and if it is not present, the welding result can be affected 

negatively.  
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Figure 4, On-torch suction in a case where all fume is captured 

Targets for the optimization was to maximize the fume captured, to maximize the shield gas at the 

melt and to minimize the shield gas used in order to reduce the costs of welding. A faster simplified 

model was practiced for this optimization, with less accuracy of the results as drawback.  As a result 

there was no satisfactory design found by merely altering the shield gas rate and suction rate. Instead it 

was concluded that more tests must be performed, with more parameters altered and preferably an 

even more accurate model.  

Finally it can be concluded that models for testing parameters now exist and are ready to be simulated 

with more parameters varied. Computational models for welding fumes are deemed very useful since 

parametric testing and optimization are much easier to perform than in physical experiments. This 

project has merely been a start of studying welding fumes and much can still be done in the area of 

welding fumes. 
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