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hat we should “treat the crisis as

an opportunity” we’ve all heard

rather too often, recently. It's true
that the pandemic has disrupted our lives
in ways that made us inventive. It's true
that the amount of CO, emissions we have
saved by attending conferences and meet-
ings from the comfort of our laptops is im-
pressive. Our members’ meeting in Novem-
ber likewise was held online and did not in-
clude the traditional visit to the research in-
frastructure of a member institute. We've
learned some lessons and we don’t com-
plain. We wear our masks and wash our
hands and remain upbeat and optimistic
that we'll get through this “opportunity”!

Fortunately there’s not only the crisis,
there’s also research as an opportunity.
Andwhenitcomestoresearch, manythings
are proceeding at undiminished speed.

This is also true for our Initial Funding Pro-

Fields of Expertise TU Graz

gramme, which has continued as usual.
In the 13th round of the programme, held
in the spring of 2020, the following four pro-
ject proposals were deemed eligible for
funding by the Field of Expertise leadership.

The GeoTendon project was submitted
by Franz Tschuchnigg from the Institute
of Soil Mechanics, Foundation Engineer-
ing and Computational Geotechnics — just
this spring he was awarded his habilitation.
He wants to improve the measuring basis
for non pre-stressed tension elements that
are often used for securing sloping terrain
along infrastructure routes, thereby mak-
ing them more resource efficient and more
economical. A consortium of academic
and industry partners are teaming up for
this project to be submitted to the Austrian
Research Promotion Agency (FFG).

“Climate-fit building” is what Barbara Tru-
ger from the Sustainable Construction
working group of the Institute of Technol-
ogy and Testing of Construction Materi-
als wants to study in the small region of
Stiefingtal by applying to the FFG funding
program City of the Future. The four-stage
project includes the building of a pilot
project which will subsequently be mon-
itored for its sustainability. The goal is to
develop consulting guidelines for region-
optimized building. Barbara Truger submit-
ted her successful bid even before com-
pleting her Master’s studies in May. She

will be working alongside a consortium of
partners from inside and outside TU Graz.

The Graz region is one of the most lightning-
active regions not just in Austria, but in
Europe. Lukas Schwalt of the Institute of
High Voltage Engineering and System
Performance has already worked on new
ways to measure and analyze lightning in
his dissertation. The FFG Bridge research
proposal now put forward will apply arti-
ficial intelligence and big data analysis to
his highly refined acoustic measurements
in order to arrive at an even more complete
understanding of this natural phenomenon.

The fourth funded project has online and
digitally enhanced education, which has
achieved particular prominence during
the pandemic, as the object of its re-
search. With the Beyond Boundaries pro-
ject, Armin Stocker from the Institute of
Construction and Design Principles along
with an interdisciplinary team of partners
wants to investigate future methods of
online and in-person teaching in architec-
tural education. The proposal will be sub-
mitted to the FFG program Laura Bassi
4.0 equal opportunity in digitalization.

We wish all applications the best of luck
and hope that the resulting projects can
one day be presented on these pages,
just like the work of Helmut Benigni on
the next few pages. [ 4
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Figure 1:

Model test of a high specific
speed pit turbine, horizontal
axis 3-blade runner with
the nominal specific speed
n, = 1000.

Source: HFM / TU Graz

Enhancing Production of Hydropower Plants
and Eco-Friendly Electricity Generation

The EU’s Green Deal and Austria’s efforts to generate the total demand for
electricity in Austria based on renewable energies call for a boost of
advancement in the hydropower industry. At present, hydropower is

the only technology capable of storing and generating renewable
electrical energy on a large scale, on-demand and in large capacities.

All forms of generation or storage of electri-
cal energy have one thing in common: in a
best-case scenario, a power plant should
be available everywhere, however not in
the vicinity of habitats and invisible to the
eyes of the observer, regardless of wheth-
er it is hydroelectric power in urban areas,
wind parks in alpine regions, photovoltaics
in agricultural regions, chimneys of thermal
power plants, or nuclear power plants near
our country’s borders.

Potentially, proximity to residential areas
and people, in general, has an unwant-
ed influence on permissible emission lev-
els. It is, therefore, standard practice to de-
vote particular attention to problems such
as noise or vibrations, audio-visual impair-

ments or the ecological impact in general.
Although these aspects are nowadays es-
sential in the development of power plant
sites and their mechanical equipment,
the cost issue is especially critical for hy-
dropower. Due to increasing grid require-
ments, machines are being operated in ar-
eas as never before, leading to increasingly
innovative cost-optimised projects for hy-
dropower technology. As of the growing in-
tegration of other renewable energy sourc-
es, the market calls for permanent partial
load operation at the lowest possible lev-
el, speed variability and increased load
change frequency. Research on hydraulic
machines and their upgrading is therefore
carried out on different levels. Upgrading
and repowering machines for this purpose

Helmut Benigni

studied mechanical engineering at Graz
University of Technology, specialisation
in numerical simulation, PhD thesis on
the optimisation of hydraulic machines.
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for hydraulic machine simulations
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different hydraulic designs and machine
configurations, test rig and on-site
measurement, habilitation in hydraulic
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Institute of Hydraulic Fluid Machinery,
Graz University of Technology.
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View from trash rack downstream

requires virtual and experimental tests,
some of which are presented as selected
examples in the following.

HIGH SPECIFIC SPEED UNITS

In recent years, different machine con-
cepts have been developed to exploit loca-
tions with low heads for energy production
as well. A closer look at the cost allocation
within a low-pressure system reveals that
the economic aspect stands out, as in ad-
dition to the construction costs the gener-
ator is a fixed cost block. Utilising a stand-
ard generator (asynchronous or synchro-
nous) and having a one-step translation

results in an enormous cost advantage as
direct-coupled low-speed generators are
expensive and respective manufacturers
are few. The demand for high-performance
bulb turbines, which provide high efficien-
cies and low pressure fluctuation charac-
teristics, has been increasing. However,
head losses in draft tubes may induce high
energy losses in relation to the low heads
under which they are operated.

The model test serves as a link for almost
all developments in hydraulic machines,
on the one hand, to verify numerical devel-
opments, and, on the other hand, to sub-
sequently extrapolate the results of mod-

Figure 2: Numerical
simulation of downstream

fish migration.
Source: HFM / TU Graz

el tests to prototypes. For this type of tur-
bine, the central element is the pit, which
is mounted on the turbine frame and in-
cludes the torque measurement shaft and
a bevel gearbox to transfer the shaft pow-
er to the generator during the model test
(see Figure 1). The hydraulic design has
been numerically enhanced, based on
an existing start geometry, and a manu-
factured model has been installed on the
4-quadrant test bench of the institute for
an IEC 60193-compliant test. Further in-
vestigations within the presented research
project, which was funded by the Italian
government, included cavitation, pressure
and pressure pulsation measurements di-
rectly on the blades in the rotating system,
for which the signals were transmitted by
radio via a telemetry system, and veloci-
ty field measurements in different sections.
The results of these measurements were
used in particular to compare the CFD re-
sults with experimental data.

FISH FRIENDLY DESIGN — DOWNSTREAM
FISH MIGRATION

Migrating fish can be injured when passing
through turbines in the downstream direc-
tion. Although the overall influence on the fish
population is still not known, it is undoubted-
ly linked to the damage potential of the tur-
bines, the stage of maturity and the size of
the migrating individuals as well as the num-
ber of migrating fish in proportion to the to-
tal population. The main damage mecha-
nisms are usually the contact with the turbine
blades, and the pressure drop in the turbine
as well as shear forces and turbulences. In-
vestigations with live fish in a 5-bladed ver-
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tical Kaplan turbine were carried out, and
Barotrauma Detection Sensors (BDS) were
applied to determine physical parameters
during the turbine passages. The numeri-
cal flow simulation included the entire turbine
to realise transient simulations with a scale-
adaptive turbulence model, combined with a
particle tracking model to determine the cor-
rect flow path of the machine. These trajecto-
ries provided the input information based on
which the magnitudes of injury mechanisms
could be quantified. The lowest pressures
could be quantified and localised (Figures 2
and 3). The results and correlations detected
can be incorporated into the development of
fish-friendly turbines, where —to date — it has
been necessary to rely on the results of ex-
periments which do not represent the con-
ditions prevailing in Central Europe. The in-
vestigations are part of a project supported
by the Austrian Research Promotion Agency
(FFG) and the Austrian Association of Elec-
tricity Companies (Osterreichs Energie).

INCREASING THE ENERGY PRODUCTION
BY EMPOWERING A KAPLAN TURBINE

Hydropower plants have already proven
their long service life with countless plants
that have been in operation for more than
100 years. Nowadays, the refurbishment
of such plants leads to a maximum annu-
al production with a simultaneous increase
in the ecologically necessary residual wa-
ter. For a 25 MW power plant in Upper Sty-
ria, an improvement of the annual produc-
tion by 6 GWh could be achieved through
a replacement of the runner. Based on the
results of the numerical development, the
starting point of cavitation could be shift-
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Figure 3: Comparison of numerical
and experimental results for down-

stream migration, Nadir pressure.
Source: HFM / TU Graz
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ed to the limit of the new operating range.
This effect could also be confirmed by a
model test (Figure 4).

Taking a look at the point of maximum dis-
charge now, the limit is easy to determine.
At slightly lower sigma values, pronounced
surface cavitation forms, whereas at plant-
specific sigma values a clean blade, free
of surface cavitation, is obtained (Figure 5).
Single-phase CFD simulation determines
the cause of this surface cavitation, which
originates from the low pressure in the area
of the blade centre, where bubbles are
formed and carried to the rear of the blade.
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Figure 4: Model of the turbine unit.
Model test according to IEC 60193.

Source: HFM / TU Graz

Hydropower contributes and will continue
to contribute by far the most to the goal of
generating 100 % of the electricity demand in
Austria from renewable energy sources. @

Figure 5: Cavitation observation

in full load operation.
Source: HFM / TU Graz
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