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Thesis 1

A numerical model was developed in the general purpose code FLUENT
for simulating the flow and the heat transfer in ribbed duct with high
blockage. The flow and the heat transfer can be considered fully developed
in one pitch distance. The large-eddy simulation (LES) technique was used
with four different sub-grid scale modelling approaches.

1. By extensively comparing the results to PIV measurements (Casarsa,
2003) it was shown that first and second order flow features could be
predicted with good accuracy. Non of the LES modelling approaches
were found to be superior, and the MILES approach could be used
for further analysis for which the longest averaging was available.

2. The heat transfer was simulated with the pure MILES approach and
the results were compared to measurements (Çakan, 2000). Most
of the heat transfer characteristics were predicted with acceptable
accuracy.

Thesis 2

The flow topology for the two ribbed ducts were described by the com-
bination of various visualisation techniques: stream surfaces, sectional
streamlines, wall streamlines and corresponding wall bifurcation lines and
vortex core detection and high Q region visualizations, iso-surfaces of high
velocity regions. The application of this composite techniques allowed to
highlight the differences of the flow in the duct with 90◦ and 45◦ aligned
ribs.

1. The vortex arching over the rib close to the side walls (already an-
ticipated from the experimental data Çakan (2000), Casarsa (2003)
before) were highlighted by the presently proposed techniques.

2. The secondary flow for the 90◦ rib is of Prandtl’s 1st kind in contrast
to the 45◦ case where the rib is forcing the stream-wise swirl.

3. The friction factor enhancement was few percents higher for the 45◦

inclined ribbed duct, but the turbulent kinetic energy was remarkably
(∼ 70%) higher for the 90◦ rib case.
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Thesis 3

The connection between heat transfer and turbulent flow was highlighted
for the two cases of 3D complex forced convection heat transfer phenom-
ena.

1. The heat transfer enhancement factor was presented together with
wall streamlines and the corresponding bifurcation lines. It was
shown that most of reattachment/separation lines coincide with low/high
enhancement factor, but it was also highlighted that some regions can
exist, where this rule is not applicable.

2. It was proposed to analyse the thermal energy budget term by term
to explain the importance of different heat fluxes for stream-wisely
periodic heat transfer problem with uniform heat flux boundary con-
dition. High positive and negative value regions can be plotted to
highlight the role of the different heat fluxes, since their spatial dis-
tribution is important from the perspective of actual heat transfer
enhancement.

3. These terms of the budget represent the divergences of different heat
fluxes, i.e. can be considered as local cooling or heating, which
enables an explanation of forced turbulent convection heat transfer.

Thesis 4

Conditional averaging was applied on the turbulent flow and heat transfer,
taking the coherent structure detection Q criterion as the condition.

1. The probability distribution of the vortices for the two duct geome-
tries was determined.

2. It was shown on an example (symmetry plane of the duct with rib at
90◦) that the streamlines of the vortices can be remarkably different
from the ones of the averaged flow.

3. The proposed conditional averaging technique was used to deter-
mine the role of the vortices in creating the fluctuation of pressure
and temperature. It was found that vortices mainly create negative
pressure fluctuations and for the present positive inward wall heat
flux case vortices cause mainly positive temperature fluctuations.
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man Institute for Fluid Dynamics. 1

3


