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Introduction

Despite the strong potential of Additive Manufacturing (AM) technologies to produce heat transfer devices, this process is quite recent and the surface topologies are not perfectly known and controlled. Relative roughness values up to 38% of the minichannel hydraulic diameter as well as strong deviations of cross-section shapes are reported in the literature [1]. As a consequence, discrepancies are observed between thermal-hydraulic performances of the CAD-based component and the AM one that induce prediction difficulties of thermal-hydraulic performances. The research about roughness modeling is not new but in the case of AM, the roughness features are very different from all other kind of roughness studied in past decades, specially in minichannels. Among the numerical approaches to study AM roughness, the Equivalent Sand Grain Roughness (ESGR) approach is promising [2].

The present work deals with an AM application in the context of a heat exchanger/reactor intended for process intensification. Its design is based on wavy mini-channels to trigger the laminar/turbulent transition at lower Reynolds numbers. It allows heat and mass transfer intensification with moderate pressure drop [3].

The objective of this work is, first, to compare experimental thermal-hydraulic performances of mock-ups with various surface states; then to propose a numerical approach of the roughness modeling and to validate it on present experimental data. 

Material and methods

Several

Results

As expected, the heat transfer is enhanced in the AM channel compared to smooth ones (made by HIP) at the expense of friction loss. However, considering a global criteria: the thermal intensification factor, UA/V (W•K -1 •m -3 ) as a function of the volumetric pumping power (W•m -3 ), the AM manufacturing is in average 30% more competitive than the smooth channel. This conclusion is very positive for AM because it means that the process is of interest, not to mention the new design opportunities. 

Conclusion and perspectives

To the authors' knowledge, the prediction of the geometry differences between a CAD geometry and the final AM printed component is complex. The two main modifications presented in this work in comparison with a CFD approach of a conventionally manufactured heat exchanger are about the roughness modeling approach and the use of a different geometry than the CAD guideline. Inputting in this model the measured roughness data on the actual mock-up is enough to get satisfactory thermalhydraulic results, providing that the channel geometry is carefully computed using CTscans of the actual mock-up and not using the original CAD. Neither approach includes tuning parameters which is noticeable. Future works could be dedicated to the prediction of both roughness and dimension deviation from defined AM printing parameters.
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  heat exchanger-reactor mock-ups, made of Alloy 600, were fabricated by L-PBF or HIP (Hot Isostatic Pressing) and tested (fig. 1). They include a 2 mm zigzag mini-channel with various roughnesses. Their thermal-hydraulic performances have been experimentally measured. The geometrical variation of the channel between CAD dimension and the real printed channel is characterized with computed Tomography scans. Results showed the effect of the part orientation on the walls quality; circular sections were ovalized with smaller cross-section than on CAD designs; ceiling surfaces were rougher and more defective than floor surfaces (fig.2).
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 1 Figure 1: Mock-up made by AM

  Then, CFD calculations are compared with experimental data with regard to the Nusselt number and the Fanning factor. The data have been reduced assuming the deformation illustrated in fig. 2. The equivalent hydraulic diameter is thus 1.94 mm instead of 2 mm. The prediction of both the Nusselt and the Fanning numbers is satisfactory with an average relative error of 10% (fig. 3).
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 2 Fig. 2: CT scan and computed domain