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PROGRESS REPORT

PERIOD: 15.7.90 TO 21.12.90

During the period starting from July 1990, tasks have largely been
concerned with the manufacturing modifications to the test assembly
described in the previous report and shown in Figure 1. Operation of the
rig has not been possible in this period as the test machine is being
modified in our workshops.

The rig stand had previously been prepared which included the connection of
the unit to the main plant air and the provision of an upstream combustor.
It also included the installation of an ejector at the outlet of the
turbine and associated instrumentation. Figure 2 is a diagram of the fully
instrumented turbocharger in the test cell.

In addition to the preparatory worked described in the first paragraph,
work has also been undertaken on the development of a solid seeding device.
A seeding device is required to ‘seed’ the flow with small particles which
when passing through the measurement volume of the laser anemometer,
scatter light which can be detected by the photodetectors. The particles
involved must follow the flow and to achieve this they must be sub-micron.
Devices for generating liquid seed particles have been in continual use
over recent years but liquid ’seed’ has temperature limitations associated
with the properties of the liquids being used (a discussion of the problem
is made in reference 1). Cold flow tests typically use kerosene or propane
diol as liquid but these have severe temperature limitations. Following the
advice of Dr A Boutier of ONERA, Cranfield has used silicon o0il as a liquid
for seeding at temperatures up to 250°C but this appears to be the limit
for liquid seeding. Whilst sufficient for some studies in compressors and
cold turbine tests, there is a severe limitation for turbine tests and
solid seeding techniques have to be adopted. Solid seeding methods have
received little attention and are considerably more difficult to use than
the liquid variety. When dealing with sub-micron solid particles it is
essential to avoid compaction and to avoid moisture since the substances
often involved (e.g. titanium dioxide) are highly hygroscopic and quickly
forms into aggregate lumps.

The method employed to generate these particles at Cranfield takes a dry
air supply through a set of porous plates to a fluidised bed consisting of




bronze beads. Injection of the seeding into the fluidised bed is arranged
using a continuous loop of polyurethane cable ‘drive chain’ which feeds
powder from a feed chamber. The ’'drive chain’ then returns by a series of
pulleys back to the powder chamber. The powder chamber is vibrated using
an air driven vibrator to minimise compaction. The powder is ’stirred’
(and broken up) by the motion of the bronze beads in the fluidised bed. The
particles are then carried by the feed air supply to the seeding injection
point. Using this method the pressure level and the flow rate of the
fluidised bed are independent of the powder feed rate which is dependent on
the speed of the ’'drive chain’ {(this is controlled by a motor). Figure 3
shows the arrangement developed at Cranfield for hot turbine testing. Work
on the device during this period has permitted development of the solid
seed to a situation where it now works well although it can be prone to
controlability problems and the shedding of accumulated material which
collects in delivery pipes if insufficient care is taken.

During this phase of the study the laser anemometer, Plate 1, has also been
positioned on the test rig and trial runs on gas flows undertaken whilst
manufacture of the test piece is completed. These tests have been
completely satisfactory.
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Property acquired during this period: None
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FIG. 3 Solid Seeder (Full Details Available)
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