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Rotating Turbine Test Facility

{HELEEH A X Test section size

5%{# Present facility

s high-pressure turbine
OfthE%fE  Other facilities

operational range
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Mainflow Reynolds number
RHEROEE (EREEICHT BLH)
Cooling flow density (as ratio of mainflow)

0.4 0.6

BAREENZE 850mm 850 mm max. (passage outer diameter)
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Typical high-temperature,
high-pressure turbine

operational range

20% 30%
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Mainflow Mach number
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Detailed aerodynamic measurements of high-efficiency,

high-pressure turbine component
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In the “Environmentally Compatible Core Engine Technology Research Project

(En-Core)”, JAXA and a research partner developed a high-efficiency,
high-pressure turbine component and conducted detailed aerodynamic
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measurements and performance evaluations at this facility. It is known that
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flow vortices make the flow fields in turbines three-dimensional and very
complex. In this study, it was clarified how the interference and mixing of
secondary air with the main flow affect such three-dimensionality.
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Cooling mass flow (as ratio of mainflow)
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Turbine exit-flow angle distribution based on detailed
area-traverse measurements
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Turbine exit-flow angle
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Comparison of CFD (JAXA-UPACS) and measurement data
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Rotating Turbine Test Facility
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This large open-loop rotating turbine test facility was built in 2019 and
can accommodate full-scale turbine components. As a steady-state
facility under continuous operation, it can maintain stable operating
conditions over long periods of time, making it suitable for detailed
aerodynamic measurements at various operating points, which can
be difficult to achieve at conventional blowdown-type turbine
facilities. Another feature of the facility is that it can simulate not only
the main annulus flow but also secondary air streams (e.g., cooling
and seal air), and it can faithfully reproduce various fluid phenomena
arising from secondary air mixing with the main flow, just as would be
observed in an actual turbine. This is extremely important for
accurately evaluating the performance of state-of-the-art
high-temperature, high-pressure turbines. A third feature of this
facility is that it can realize test conditions that are aerodynamically
equivalent to those experienced by actual turbines. Typical
commonly used aerodynamic parameters include Reynolds number
and Mach number. This facility can match these key parameters with
actual turbine conditions at high temperatures and pressures so that,
in principle, performance evaluations in the turbine are precisely the
same as actual engine operations. The system can also reproduce
actual turbines, including the above-mentioned parameters related to
secondary air (e.g., cooling mass flow and density ratios). No other
facility in the world can simulate actual conditions with this level of
accuracy.
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Inlet/exhaust scroll
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Rotating Turbine Test Facility
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Air supply system
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The inlet scroll distributes the main
airflow from upstream piping
uniformly in the circumferential
direction while diverting and
directing it to the test section, which
is extremely important for obtaining
high-quality test data.
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Test section(turbine)
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Control room
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The control room is completely independent from the test cell,

where control and monitoring of the facility and the test section
as well as acquisition of measurement data are performed.
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Secondary air piping
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This facility has a unique air system. First, the
main airflow is heated to up to 500°C in an air
heater to achieve a density ratio equivalent to
that of the actual turbine. Secondary air can
also be temperature- controlled, and
independent flow control is possible for

multiple supply lines.
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Air heater
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Overview of the test cell
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Floor arrangement

o

F4RTIT—F
Disc brake
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Reduction gearbox
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Drive and braking systems
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A reduction gear connects to the rotating shaft of the test section
through an interface, reducing the rotation speed and then
braking by an electric motor. This facility thus achieves extremely
precise control and measurements of rotation speeds.
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Disc brake(for emergency stopping)




