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Abstract

COMSOL Multiphysics® was utilized to generate a computational fluid dynamics simulation of
an impinging jet in a cross-flow. The k-ε model for turbulence available in the 3D single phase
flow module was used to evaluate an airflow experiment of an impinging jet against a cube
surface from previous literature as detailed in Fig. 1. This resulting complex three dimensional
vortices and flow phenomenon were compared to prior studies using velocity contour plots as
presented in Fig. 2. The model was then altered utilizing the hydraulic analogy for an experiment
planned within a water tunnel that will maximize the visualization capabilities of the secondary
flows that develop. Solutions to this hydraulic version of the study were completed in both
steady and time dependent states. The results were examined through non-dimensionalized
comparisons of the velocity components to previous work, steady state cross-sectional data
throughout the computational domain, and time dependent data. The features of the flow structures
and insight into the physics that form them are established. 

The structure of the complex three dimensional flow can be seen in Fig. 3 streamline plots. A
low velocity and kinetic energy horseshoe vortex forms at the front edge of the cube. At the rear
side of the cube the upwash and downwash vortices form that result in an area of high turbulent
kinetic energy. Compared to previous literature the COMSOL k-epsilon model indicates
considerable agreement with the results. The study presented here however depicts an increasing
diameter of the counter-rotating vortex pairs as the flow progresses in the computational domain.
It also portrays a less rigidly defined diameter of the downwash vortices. The non-
dimensionalized analysis of the axial velocity component divided by the average jet velocity at
multiple cut planes of the computational domain further reiterate these subtle differences in flow
as depicted in Fig. 4. 

Conclusions regarding the flow development are made through comparison of the steady and
time dependent results of the COMSOL k-epsilon model to vortical structures from a study
completed by Rodi et al. without the presence of a jet at the top face. The up-wash vortex and the
low velocity pocket at the top of the cube face are solely due to dynamics created by the cross-
flow. The other aspects of the flow are due to the impinging jet interacting with the cross-flow.

By utilizing the CFD model results found in this examination, a future study in a water tunnel can
be completed where the predicted can be compared with actual experimental data. Confirming the
existence, size, and shape of the vortex structures will further validate this study. This physical
experiment will be made possible by the refurbishment and construction of a water table donated



to the University of Hartford and summarized in the next section.
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Figures used in the abstract

Figure 1: Experimental Setup and Computational Domain.

Figure 2: Velocity Profile Comparison.



Figure 3: Streamline Plots.

Figure 4: Non-dimensionalized comparison of velocity (u/Uj) at various cut planes of x/ht.


