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The Aerosol Jet® material deposition technology enables additive manufacturing micron-

scale fine features on various substrates with almost arbitrary geometry, which is of particular 

interest in manufacturing 3D conformal electronics among other applications.  Its operation 

principle is based on delivery of an aerosol mist stream consisting of micron-scale “ink” 

droplets, through an aerodynamic focusing nozzle with sheath gas, to the substrate several 

millimeters away [1].  The purpose of the present work is to use the “interFoam” VOF solver 

of the OpenFOAM® CFD package (v. 2.2.2) for studying the dynamics of ink material (liquid 

with free surface) building up on a moving substrate under the influence of impinging gas jet.  

The numerical results provide informative insights into the process recipe development as 

well as ink formulation and design. 

In a preliminary study, an axisymmetric wedge mesh with the “funkySetFields” OpenFOAM 

utility is used for computing the case of a sessile drop on a static substrate subject to an 

impinging gas jet.  This exercise allows us to efficiently explore the parameter space for 

phenomena of interest, by examining basic types of free-surface deformations.   

Although the mist-sheath gas flow may be considered as mostly axisymmetric, the moving 

substrate makes the free-surface deformation intrinsically three-dimensional.  In the present 

study, the computational domain consists of concentric cylinders, corresponding to the 

converging-channel nozzle and moving substrate as two ends and the lateral surface serving 

as the outlet boundary, tessellated with structured hexahedral mesh generated in terms of the 

“blockMeshDict” (as shown in Figure 1).  To simplify simulation of the actual aerosol-jet 

deposition, the effect of micron-size ink droplets additively cumulating on the substrate is 

treated as a growing liquid ink sessile drop with a single phase ink inlet patch on the substrate 

plane, and using the “codedFixedValue” type of BC to specify the inlet ink velocity profile.   



 

Figure 1.  3D OpenFOAM® computational model for ink deposition by Aerosol Jet® onto a 

moving substrate, with the jet shooting in z-direction and substrate moving in x-direction. 

 

With the substrate moving in one direction, such a growing sessile drop forms a “printed” line 

that is subjected to an impinging gas jet from the nozzle.  The aerodynamic pressure and 

stresses due to the impinging jet can deform the liquid free surface so as to alter the profile of 

the printed line cross section, either desirable or otherwise.  Therefore, it is important to 

understand the intricate influences among several factors, via computational simulation and 

analysis, for effective operating parameter selection and process development.      
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