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Editorial

Welcome to this new issue of inSIDE
the journal on innovative Supercomputing
in Germany published by the Gauss
Centre for Supercomputing. Good
news for High Performance Computing
in Europe is ahead.

Two new systems from Germany are
going to support PRACE in the coming
years. The High Performance Computing
Center at Stuttgart will install a 1 PFlop
Cray XEB called Hermit in summer.
This will be followed by a 3 PFlop IBM
cluster called SuperMUC installed by the
Leibniz Rechenzentrum at Garching in
2012. Both systems are part of the
German PetaGCS project and are funded
by the Federal Ministry of Education
and Research (BMBF) and the State
Govern-ments of Baden-Wurttemberg
and Bavaria.

Both systems will become part of the
European HPC landscape established
by PRACE. They join the 1 PFlop IBM
Blue Gene/P system called JUGENE,
co-funded by the State Government

of Nordrhein-Westfalen and being in
operation since July 2008. We give a
report on the status of PRACE in this
issue. Furthermore we can report about
the first regular PRACE HPC access
grants for research projects. It is obvious
that the concept of a European research
landscape for simulation takes shape.
Bundling its resources Europe again sets
out to take a leading role in one of the key
technologies of the 21st century.

The wide range of scientific fields that
benefit from the newly available hardware
is emphasized in this issue of InSIDE.

58 pages of application reports show
the impact of new hardware and soft-
ware on basic and applied research.

\We start with three articles that were
awarded the Golden Spike by the
steering committee of the HLRS:
Climate research from the Leibniz
Institute for Ocean Research at Kiel/
Germany, flow over an airplane wing
and helicopter simulation from the
University of Stuttgart. The two
following articles describe the progress
in turbulence simulation; both report
on research performed by Gauss
Large-Scale projects carried out on
JUGENE in the previous granting period.
Physics and chemistry research are
represented by three outstanding and
extensive articles. Finally two fascinating
articles show what can be done in astro-
physics using high end supercomputers.

The success of future applications origi-
nates from projects. This issue reports
on four of them. LarKC is funded by
the European Commission and focuses
on high performance semantic web
experience. Another European project
pluglT works on the integration of busi-
ness in High Performance Computing.
Monitoring is a big issue for large scale
systems. LRBZ reports on a project

to develop a software package called
PerSyst. AstroGrid reports on a break-
through in Grid Computing in a project
funded by BMBF. Two short communi-
cations report on the starting of a
new ITEA project called H4H on hybrid
programming and on HOPSA, a new
joint EU-Russian project for holistic
performance analysis.

Among our many activities we highlight
the 100 Gigabit Ethernet connection
between Research Centre Julich and
Karlsruhe Institute of Technology.
All'in all inSIDE will again give you a
comprehensive overview of HPC not
only in Germany but also in Europe.

Enjoy reading!
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Golden Spike Award by the HLRS Steering Committee in 2010

Laminar Flow Control in Vortex-
deformed Swept-Wing Flows:

Pinpoint Suction

Improving the fuel efficiency of aircraft
has become an important task within
the last decades. Not only do airlines
benefit from saving increasingly expensive
fuel but also the environmental aspect
has gained growing interest and it

will only be a matter of time until en-
vironmental laws limiting greenhouse
gas emissions will be approved. Cur-
rent commercials for newly designed
aircrafts show the demand for more
efficient airplanes: “The 787 Dream-
liner is using 20% less fuel than any
other airplane of its size” (Boeing) or
“The A380 provides the lowest fuel
burn per seat - which allows airlines
to substantially reduce COP-emissions
while achieving profitable, sustainable
growth for decades to come” (Airbus).

To date, realized optimizations for
new airplanes are limited to enhanced
shaping, avoiding too rough surfaces,
and engine improvement, but little
potential is thought to be left in these
fields except surface quality on
aerodynamic surfaces. New
concepts have therefore to
be envisaged that con-
sider the underlying
fluid dynamics
phenomena

in detail. Inflight tests with a kind of
shark-skin surface striving for turbulent
boundary-layer drag reduction have
shown improvements only in the range
of very few percents. Laminar flow con-
trol (LFC) on the other hand provides

a total drag reduction potential of e.g.
16% by realizing 40% laminar boundary-
layer flow on wings and control sur-
faces of a current airliner [5]. There-
fore it is the most promising candidate
for expedient drag reduction.

Maintaining large regions of laminar
boundary-layer flow has been proven
for decades now in two-dimensional
situations by applying boundary-layer
suction which efficiently delays laminar-
turbulent transition. A typical airliner
wing, however, is swept back (cf. figure 1)
to allow for higher cruise speed at
acceptable pressure drag. The evolv-
ing crossflow component inside the
boundary layer causes a new, dominant
instability mechanism, and a straight-
forward implementation of the two-
dimensional suction setups is not
possible. For a three-dimensional
boundary layer it turns out that - typically
steady - longitudinal crossflow vortices
evolve due to the new primary instabil-
ity of the flow. While still being laminar
these vortices - if grown to large ampli-
tudes - are highly unstable to ubiquitous
unsteady background disturbances.
Due to the extremely large growth rates
of this so-called secondary instability
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laminar-turbulent transition sets in
rapidly, typically after only few percents
of the airfoil chord length. The crossflow
vortices are generated by even minute
surface non-uniformity.

Figure 2: Vortex visualization (snapshots)
in the boundary-layer flow on an aircraft
wing of a reference case (left) and a
case with pinpoint suction (right).
To scale. The color scheme shows
the wall-normal coordinate. Suc-
tion holes are marked by black
circles at the wall. The main

flow is from bottom left

to upper right, and the

main crossflow from

right to left.
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inviscid flow streamline.

Boundary-layer suction diminishes the
crossflow by sucking high-momentum
fluid to the wall, and thus also attenu-
ates crossflow instability. However,
the typically applied discrete suction

Figure 1: Considered integration domain with

Applications

19



Applications

20

holes
can
generate,
on the other
hand, relatively
large initial cross-
flow-vortex distur-
bances, jeopardizing
the LFC.

Improved suction concepts
for this kind of three-dimensional
wing flows had therefore to be
developed. Messing & Kloker [4]
proposed an idea called distributed
flow deformation (DFD), in particular
formative suction. By designing a suit-
able slot-suction panel useful vortices
- with a much closer spanwise spacing
than the turbulence-triggering ones -
are continuously excited and main-
tained that are known to be stable
with respect to secondary instability
and suppress the nocent vortices.
Laminar-turbulent transition could be
delayed significantly.

A new idea of directly influencing
large-amplitude crossflow vortices and
secondary instabilities called pinpoint
suction is currently developed [1,2,3].
The scenario considered contains the
harmful, secondarily unstable cross-
flow vortices that develop naturally.
Localized, strong suction through few
holes only at the updraft side of each
vortex, i.e. the locally most unstable
region with high-shear layers, directly
reduces the secondary growth while
also reducing the vortex strength.

If the exact position of the vortex is
known this suction setup turns out

to be very effective and the transi-
tion location can be shifted far down-
stream. Note that this is an inherently
non-linear three-dimensional process
compared to standard suction with its
much lower suction velocity.

Figure 2 shows two snapshots of
vortical structures. On the left side a
reference case is shown where three
steady crossflow vortices can be ob-
served. A pulse-like disturbance is trig-
gered upstream of the shown domain
at extremely low amplitudes, eventu-
ally undergoing secondary instability.
These disturbances grow rapidly and
soon finger-like secondary structures
can be detected that trigger laminar-
turbulent transition. On the right side
the development of the same vorti-
ces (containing the identical pulse)
is shown, now being subject to pin-
point suction (cf. also figure 3).
Nine closely spaced holes per
vortex are placed at the updraft
side of the respective vortex
(black holes at the wall) and
transition is prevented in

the considered domain.

Figure 3: Vortex visualization
(snapshots) of three setups to
illustrate the pinpoint suction
concept. To scale. Red: refer-
ence case without suction.
Green: vortices generated
by suction holes without
oncoming vortices. Blue:
(non-linear) superposi-
tion - applied pinpoint
suction.
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Setups with
identical over-
all suction but
through slits or
homogeneously
permeable wall
employing a smaller
maximum suction
velocity on a larger
area turn to be far
less effective.

All results were ob-
tained using spatial
direct numerical simula-

tions with (incompressible
and also compressible]
in-house codes of the In-
stitut fur Aerodynamik und
Gasdynamik at the University
of Stuttgart. Our largest set-
ups of up to 10° grid points
require 0.4 TB BAM on NEC

SX-8 and SX-8 vector computers

operating at over 1.1 TFlop/s.
Scenarios with more complex
domains, e.g. containing suc-
tion channels, will require larger
computational domains and hence
more powerful supercomputers in
the future.
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