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Summary

How is the flow in a rotating impeller. About 35 years have passed since one experimentalist rotating with the
impeller of a huge centrifugal blower made the flow measurements using a hot-wire anemometer (Fowler 1968).
Optical measurement methods have great advantages over the intrusive methods especially for the flow measurement
in a rotating impeller. One is the optical flow visualization (FV) technique (Senoo, et al., 1968) and the other is the
application of laser velocimetry (LV) (Hah and Krain, 1990). Particle image velocimetries (PIVs) combine major
features of both FV and LV, and are very attractive due to the feasibility of simultaneous and multi-points measure-
ments (Hayami and Aramaki, 1999).

A high-pressure-ratio transonic centrifugal compressor with a low-solidity cascade diffuser was tested in a closed
loop with HFC134a gas at 18,000rpm (Hayami, 2000). Two kinds of measurement techniques by image processing
were applied to visualize a flow in the compressor. One is a velocity field measurement at the inducer of the impeller
using a PIV and the other is a pressure field measurement on the side wall of the cascade diffuser using a pressure
sensitive paint (PSP) measurement technique. The PIV was successfully applied for visualization of an unsteady
behavior of a shock wave based on the instantaneous velocity field measurement (Hayami, et al., 2002b) as well as a
phase-averaged velocity vector field with a shock wave over one blade pitch (Hayami, et al., 2002a, b). A violent
change in pressure was successfully visualized using a PSP measurement during a surge condition even though there
are still some problems to be overcome (Hayami, et al., 2002c). Both PIV and PSP results are discussed in comparison
with those of laser-2-focus (L2F) velocimetry and those of semiconductor pressure sensors.

Experimental fluid dynamics (EFDs) are still growing up more and more both in hardware and in software. On the
other hand, computational fluid dynamics (CFDs) are very attractive to understand the details of flow. A secondary
flow on the side wall of the cascade diffuser was visualized based either steady or unsteady CFD calculations (Bonaiuti,
et al., 2002). EFD and CFD methods will be combined to a hybrid method being complementary to each other.
Measurement techniques by image processing as well as CF D caluculations give a huge amount of data. Then, data

mining technique will become more important to understand the flow mechanism both for EFD and CFD.
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Flow Measurement in a Transonic Centrifugal Compressor

Impeller Diffuser
Diameter 1280 mm Outer Diameter  : 560 mm
Exit Blade Width 189 mm Sodity 10,69
Backward Sweep Angle : 40 deg. Stagger Angle + 69 deg.

Number of Main Blades :15
Number of Splitter Blades  : 15

Number of Blades : 11

Velocity Field Measurentent in a Transonic Centrifugal
Impeller Using a PIV

Seeding Particle : Dioctyl Pthalate (DOP), ¢ 0.6

Asrosol Atomizer : TS| 9306 Impelter

Light Sheet Projector

Nd:YAG Laser
{Contunuum MINILITE I}}

CCD Camera (KODAK MEGAPLUSE ES1.0)
532nm, 25mJ

1008 x 1016 pixels, 8-bit gray level

PIV System

time interval : 2 ps
Nd:YAG laser § l timing controller Jf
(25 mJ/pulse)

phase locked
measurement

detay pulse
generator

T

every 100
revolutions / 3 Hz

every main blade
passing / 4.5 kHz

light sheet projector ;2
¢ 10 mm x 200 mm

light sheet :
19 mm x 1.2 mm

seeding pipe *¢ 5 mm-

oy . non-contact
DOP (Dioctyl Phthalate) disptacement
particle (¢ 0.6 ym) glass window ($ 16 mm) sensar
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Wavelet Analysis of Pressure History in Surging
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Application of PSP to Pressure Measurement Between Diffuser Vanes
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Conclusions

@PIV was successfully applied to catch the instantaneous
location of shock waves.

E@PSP was successfully applied to catch the surge phenomenon.

#CFD demonstrated the complex secondary flow on the side
wall of cascade diffuser.

EMeasurement techniques by image processing as well as CFD
caluculations give a huge amount of data. Then, data mining
technique will become more important to understand the flow
mechanism both for EFD and CFD.




