


3D results - effect of plenum pressure
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Effect of plenum pressure - relaminarisation
for lower plenum pressures

po = 1.5p%




3D flat plate with blowing through slots
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Cooling performed mainly at the slot sides and along the wake
Limited streamwise extent of the cooled region due to transition to turbulence 24



Slotted flat plate - Oxford exp. -
assessment of disturbance effects on BL
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Simulations suggest that transition to turbulence has not occurred yet
in the experiment, but the boundary layer is actually in a perturbed
state, characterized by disturbance excitation and growth
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Modelling of porous media experiment

Original project proposal assumed grain structures of >50um

Current material has grains <2um (cost of DNS increases by factor approx. 254=390625)
New approach: model the porous media flow using regular sphere/cylinder arrays of
resolvable mesoscopic size

Cylinders with radius of 200um, pressure contours
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Darcy-Forchheimer multiscale model
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Matching with experiment in terms of blowing
ratio, and rescaling to higher pore sizes

Quantifying integrated blowing ratio solution
(q) for the different pore/particle sizes:

d=12uym - q=38 x1073

d=24um - q=37 x1073

d=48um - q=23.6 x1073

d=9%um - q=38x1073

Simulation results show rescaling
capability from very small pore
sizes to higher scales in terms of
the D-F behaviour




Effect of pore size on the flow features
d =24 um

d =96 um
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-very similar patterns of the D-F
behavior within the porous layer
-stronger shear layer at the pore
edges for higher sizes - and
generated acoustic waves




Conclusions

We have successfully validated a hybrid 6t order hybrid
WENO/CD method in the AMROC framework for DNS of
hypersonic boundary layers with wall injection

The method is efficient, robust and runs well on massively
parallel systems

Additional modelling challenges have to come to light

3D simulations with disturbances (of the most unstable mode
found) show better agreement with experimental results for
moderate disturbances, suggesting that the available
experiment is still in a perturbed pre-transitional state
Multiscale model required to enable mesoscopic simulations
with idealized porous material

Rescaling capabilities at higher pore sizes have been
demonstrated and assessed, however effects of the particle size
on the near-wall BL are observed



