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The requirements on modern jet engine's performance,
compactness and operating costs continuously increased
during the last decades. Precondition for a further
improvement of today’s highly developed engines is a better
understanding of the complex internal flow structure of these
machines. Reliable information of this type can be obtained
by flow visualization provided access to the internal flow
field is ensured.
A variety of measurement techniques have been applied to
investigate the flow phenomena occurring in advanced
turbomachinery components. In an ongoing research project
at DLR Cologne the performance and internal flow field of a
high pressure ratio centrifugal compressor was investigated.
Based on the results obtained the compressor was redesigned
which resulted in an improved impeller and diffuser, as
shown in Fig. 1. The stage was designed for a total pressure
ratio of 6:1 and a mass flow rate of 2.6 kg/s, the
corresponding rotor tip speed was 586 m/s, which resulted in
transonic flow conditions at the inlet of the diffuser vane
passage based on a static temperature of 260°C. The
improvement of the flow character at the impeller exit and the
broadening of the stable operating range was predicted by
CFD and successfully verified by means of Laser-2-Focus
(L2F) measurements.
Current activities in the research program involve the use of
PIV to further improve the understanding of the complex
flow phenomena inside the optimized transonic centrifugal
compressor. The study includes phase-resolved measurements inside a diffuser vane passage with respect to the
impeller blade position. Both, instantaneous and phaseaveraged velocity fields will be presented. As an example the
Mach number distribution is given in Fig. 2.
Optical access is given via a quartz glass window, which was
manufactured to match the 3-d contour of the diffuser casing
in order to minimize disturbance of the wall-near flow. The
window viewing area allows the investigation of a complete
diffuser vane passage including the impeller exit flow area, as
indicated in Fig. 3. An adjustable periscope light sheet probe
has been specifically designed for this application which
delivers the Laser Light Sheet to the vane span levels chosen
for investigation of the flow field. The periscope probe can be
inserted on two different positions of the compressor casing
close to the flow bend downstream of the diffuser vanes to
allow for an almost complete illumination of the observed
vane passage in two steps. The periscope probe is purged with
compressed air during operation for cooling and to avoid
deposition of seeding particles on the optical parts.
The flow field results obtained with PIV will be used for
validation of the CFD calculations. Based on this approach a
better understanding of the complex flow characteristics is
expected, which will finally result in a further improvement
of the compressor performance.

Fig. 1 3D-view of the improved centrifugal compressor stage with
casing and instrumentation for flow field and pressure diagnostics

Fig. 2 Mach number distribution at 50% diffuser passage height and
compressor operating conditions of 50,000 rpm (mass flow =
2.6 kg/s)

Fig. 3 Schematic of the measurement area including window section
(blue), diffuser vanes (black), light sheet (green) and camera
viewing area (red)
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