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ABSTRACT

Fluid flow and heat transfer from bluff bodies has always remained a topic of intense
research. Bluff bodies with rectangular shapes often find practical applications in various
applications, such as, heat exchangers, electronic cooling, civil and mechanical structures, etc.
Heat transfer in such cases is generally due to turbulence. Predicting such kind of flows is difficult
on account of various complex characteristics, such as, stagnation, vortex shedding, separation
and interaction of separated shear-layers associated with it. In this context, the present study deals
with heat transfer from rectangular cylinders under various physical conditions. A variable
resolution modeling approach, namely, the Partially-Averaged Navier-Stokes (PANS) approach,
and Large Eddy Simulation (LES) are used to model turbulence.

First, a study on the effects of unstructured grid and different wall treatment approaches on
flow and thermal behavior from a square cylinder was carried out. The PANS methodology based
on the SST k-w model was used to solve the governing turbulence equations. An unstructured grid
arrangement with tetrahedral elements was used and the results were compared with those
obtained using the structured mesh with hexahedral elements. Two types of wall treatment were
used, first a wall function model and second a wall resolve approach. It was observed that, there
was no effect of the unstructured mesh or grid shape on the flow and heat transfer characteristics
from a square cylinder. The wall function model used, was able to predict the flow behavior, but
largely under-predicted the heat transfer. With the wall resolve approach both fluid flow and
thermal behavior were accurately predicted compared with the experimental data. Hence, the wall
resolve technique was used for subsequent studies.

Turbulent flow over rectangular cylinders was then studied using the PANS approach with

the wall resolving technique. Rectangular cylinders were characterized based on the ratio of the

iv



length of the streamwise face to the height of the cross-stream face (side ratio, R). Two critical
side ratios were obtained from the present study, R = 0.62 and 3.0. At R = 0.62, the maximum
values of the drag coefficient (Cq), base pressure coefficient and global Nusselt number were
attained. At R = 3.0 a sharp discontinuous increase of 140% was also observed for Strouhal
number and global Nusselt number, due to reattachment of separated flow on the side faces.

Further, simulations were also carried out to study the forced convection from a heated
square cylinder placed near a plane wall boundary in a channel. The parameters that were studied
are Reynolds number (Re) and the distance between the cylinder and the plane wall (gap ratio).
For Re = 22000 the critical value of the gap ratio was found to be 0.3 at which the vortex shedding
was completely suppressed. The face-averaged value of the Nusselt number for the back face
dropped below the front face value for the gap ratio less than 0.5. The effect of Re was also studied
for the gap ratio of 0.4, and it was observed that up to Re = 1000, increase in total Nusselt number
from the cylinder was linear, but as the wake became unsteady and turbulent, the Nusselt number
increased exponentially with Re.

In the last part, a study of the effect of the free-stream turbulence (FST) was undertaken
using LES methodology. Turbulent intensity (lu) was varied from 0 to 12% of the mean free-stream
velocity and the turbulent integral length scale (Ly) was kept constant at 0.75D. It was observed
that the mean pressure coefficient increased with increasing turbulent intensity and the fluctuating
pressure decreased. As expected, the heat transfer from the cylinder increased with increasing
turbulent intensity at the inlet, but the major changes were only observed at the side faces. At the
rear face, due to a reduction in the strength of the vortex street, the heat transfer was not as

enhanced as on side faces.
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