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In this work we numerically investigate turbulent planar jet flows of polymer solutions through 
Direct Numerical Simulation (DNS) aimed at developing adequate turbulence models for Large 
Eddy Simulations (LES). The rheological behaviour of the dilute polymer solutions is described 
by the Finitely extensible nonlinear elastic rheological model with Peterlin closure (FENE-P). In 
particular we perform an a-priori analysis of the Dynamic Similarity closure of Ferreira et al. [1] 
for the subgrid scale distortion of the resolved conformation tensor equation of the FENE-P 
model, whereas the subgrid stress is modeled by the Smagorinsky closure. This is then followed 
by an a-posteriori LES assessment.  
The domain size was 18×18×4.5 inlet slot widths in the streamwise (x), transverse (y) and 
homogeneous (z) directions, the corresponding DNS mesh was 512×512×128 and the 
simulations were carried out in a cluster of 64 cores (2.1 GHz Intel Xeon E5 CPUs), which took 
64 days of CPU time. The a-priori post-processing was performed assuming filter sizes of 2 Dx, 
4 Dx and 8 Dx (Dx is the DNS mesh size), with each a-posteriori LES taking 4 days of CPU in a 
mesh of 128×160×32. The parallelized code used was a highly accurate pseudo-spectral (y and 
z)/6th order Compact finite difference (x) solver previously used by da Silva et al. [2]. 
Even though the DSIM model was developed from investigations of forced homogeneous 
isotropic turbulence [1], it showed a good performance in planar jets and the LES simulations 
were able to predict well the mean flow features, such as the growth rate of the jet and the decay 
law of the centreline velocity, amongst other quantities. However, the very long CPU times 
required for such a simple flow in this fundamental investigation emphasize the need to use more 
advanced computing facilities.  
This is the first time a turbulence model is being assessed for this class of flows of viscoelastic 
fluids, which affect dramatically the dynamics of turbulence. These models are essential to 
significantly reduce engineering computational cost and time, as is well known in computational 
fluid dynamics, and the use of expensive DNS, that needs to be performed in HPC, is not only 
required to develop accurate turbulence models but also to understand the physics. Viscoelastic 
fluids result from the addition of macromolecules to a solvent or from the use of surfactants in 
the fluids. These fluid flows can be found in the process industry and their use as energy carriers, 
say in district heating and cooling systems, promise large savings in energy (e.g. in straight pipes 
well in excess of 50%). 
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