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EARLY DEVELOPMENT WORK ON THERMOCOUPLE-SLIPRING
INSTRUMENTATION OF ORENDA XIV TURBINE BLADES

SUMMARY

A During the period May to September 1957, development
work was continued on a thermocouple-slipring system f or
measuring turbine blade temperatures on an Orenda XIV two-
stage turbine to the state where reasonably consistent re-
sults could be obtained from test-bed engine runs, These
results revealed that the W,A.E. reheat system cooled the
first stage blades a maximum of approximately 140°C in

the immediate region of the impinging reheat fuel, The
second stage blades received negligible cooling.

1.0 INTRODUCTION

The N.A.E. reheat system 1s unique in that most of the
reheat fuel is injected upstream of the turbine. One advan-
tage thereby obtained is that the turbine blades are cooled
by this fuel spray, With the possibility of up-rating the
engine in mind, it 1s of obvious interest to determine the
extent of this cooling. To this end, several methods of
turbine blade instrumentation were investigated. The
combination of Chromel-Alumel thermocouples and a mercury
slipring assembly was chosen as best sulted to yleld the
desired accuracy. :

J This installation was initially made on a reheated
Rolls Royce Derwent VIII engine, incorporating a six-chanmel
slipring assembly which was based on a design by Rolls Royce.
With the application of the N.A.E. reheat system to an
Orenda engine, a twelve-channel slipring assembly was de-
signed, Work on this twelve-channel system prior to May
1957 included much rig running to develop a satisfactory
flexible drive between the turbine and the sliprings which
were installed in the exhaust bullet immediately aft of the
turbine, Some preliminary test-bed running was also done.

The development program thence proceeded towards two
objectives; (a) to determine the extent of blade cooling
obtained from the pre-turbine fuel injection, and (b) to
improve the installation to flight test capability,
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2.0 DESCRIPTION OF INSTALLATION #

2.1 THERMOCOU PLES

Holes 0.065 inches in diameter were drilled in the
turbine blades from the root towards the tip. The maximum
depths were 3} inches lst stage and L inches 2nd stage.
Stainless steel sheathed Chromel-Alumel thermocouples were
inserted in these holes to provide the temperature sensing
stations indicated in Fig. 1.

# See Appendix A for general assembly drawing.

2.2 MERCURY SLIPRINGS

The slipring assembly was comprised of twelve pairs of
rotating and stationary rings. The rotating rings were
fitted to the driving shaft and individually wired to =a
terminal board at the rear end of the shaft. The forward
end of the shaft was coupled to the flexible drive from the
turbine. The stationary rings were held by and insulated
from the slipring housing. Each slipring pair was insulated
from its neighbours by Mylar (polyester) spacing washers and
the clearance gap between the rotating and stationary rings was
filled with mercury to provide the necessary low-resistance
electrical connection, The entire assembly was held in a
cooling jacket which was located in the exhaust bullet of the
engine., The cooling jacket basically consisted of three
concentric tubes fitted with an air inlet and outlet. The
cooling air flow passed over the sliprings and then found the
exit by traversing the length of the assembly once between
the inner and intermedliate tubes and once again between the
intermediate and outer tubes.

2.3  INSTALLATION CIRCUIT

For the first stage blades the thermocouples were led
inwards on the front face of the first stages disc and through
specially drilled turbine through«bolts to the rear of the
second stage disec, The thermocouples in the second stage
blades were led inwards on the rear face of that disc and
together with the first stage thermoccuples were silver
soldered to a2 terminal ring located inside the hub of the
second stage disc, From the terminal ring unsheathed duplex
thermocouple lesads were threaded through the centre of the
flexible drive to the rotating junction board on the slipring
shaft, The wiring from the stationary slipring proceeded
through the air outlet to the self-balancing potentiometer.
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Since the slipring internal and all subsequent wiring
was copper, the terminals on the rotating board effectively
formed cold reference junctions for the blade thermocouples.
Therefore the voltage equivalont to the temperature difference
between these terminals and 0°C had to be supplied to the
potentiometer im series with the blade thermocouple voltages.
This was accomplished in two steps; (a) by connecting in the
circuit a Chromel-Alumel thermocouple with its hot junction
at the rotating service terminal board and its cold junction
at the potentiometer, and (b) by manufacturing a voltage
equivalent to the room temperature deviation from 0°C and
wiring this in series with the other two circuit elements.
Fig. 2 shows a simplified circuit diagram of these con-
nections, The potentiometer then read directly in milli.
volts corresponding to the blade temperatures,

3.0 TUREINE BLADE COOLING

3.1 MEASUREMENT RESUILT S

Sufficient data were accurmlated and cecorrected to an
I1.C.A.N, standard day to yield a reasonable indication or
blade cooling., Figs. 3 and L show blade temperatures
relative to mean jet pipe temperature vs, engine speed for
various sensing stations under unreheated conditions with a
standard nogzle on a reheat tailpipe. Corresponding re-
heated blade temperatures as a function of reheat fuel flow
are shown in Figs. 5 to 9, The temperature distribution
at the dry and reheated design points are indicated in Figs.
10a and 10b while Fig. 10 shows the cooling distribution.

3.2 REPRODUCIBILITY OF MEASUREMENTS

While the blade temperature measurements were reasonably
comsistent from run to run, there seemed to be some variance
between series of runs. This is illustrated in Fig. 11l. It
would be interesting to note the constancy of the station
temperatures relative to each other, but as yet insufficient
data have been obtained to make this observation,

3.3 TRANRSITION PERIODS

During several test-bed engine runs the voltages from
two blade thermocouples were recorded on an Offner recorder,
As seen in Pig, 12, these traces indicated that the blades
were receiving a more severe thermal shock at engine light-
up than at reheat light-up. PFig. 13 shows parallel traces
of one blade thermocouple and one jet pipe thermocouple
indicating that temperature fluctuations in the former are
mich subdued in comparison with the latter,
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4.0 INSTALLATION DEVELOPMENT

4.1 TUNSERVICFABILITIES

The most frequent causes of unservicesbility of the
system were mercury leskage from the sliprings and wiring
difficulties.

Some rig running of the sliprings proved that the
mercury leakage could be eliminated by using Myler geskets
under the filler plugs.

Most of the wiring trouble occurred in the basket at
the rear of the sliprings where the leads from the stationsry
rings were connected to the external lesds. It is hoped that
these troubles will be alleviated by using long lsads from the
sliprings directly to the outside of the exhesust cones and
thereby eliminating the basket and its connections. The in-
ternal wiring of the sliprings assembly has been made mors
rugged to svoid what breskages have been experienced therse.

4.2 STABILIZATION OF READINGS

In the process of reading blade temperatures 1t was
found that 2 period of stebilization was required sfter
condition had been established before consistent readings
could be made. This period varied from rpproximately 4 to
1), minutes and was initially sttributed to the different
thermal inertiss of the cold junctions snd the cold junction
thermocouple. FHowever, an sttempt to reduce this difference
by increasing the mass of the cold junction thermocouple,
produced no decresse in stabilization time. Nevertheless,
if the initisl conditions were the hottest, the stabilizastion
periods were considerably shortened for succesding conditions,
30 that this may not be a problem in flight tests.

4.3 SLIPRING COOLING

The large cooling air supply in the test cell which

satisfactorily maintained the sliprings at a safe opersting
temperature would obviously not be available for flight tests.
A small blower was originally thought to be s suitable sub-
stitute but during a test to establish its adequacy, the air
supply was reduced to an amount slightly In excess of the
blowerfts output and the air temperature inside the slipring -
jacket reached 190°C when the terminal boards ceught fire,
It was also observed that the air pressures Inside the jacket
increased with engine speed, indicating hot gess leeskage into
the Jacket. This was confirmed In a subsequent pressure test
to locate the leaks.
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There are, therefore, three aspproaches to flight
cooling of the sliprings.

(1) Supply air at a pressure high enough to
reverse the direction of the leakage (i.e.
8th stage compressor air via a heat exchanger).

(11) Supply air at moderate pressure and flow and
at low temperature (i.e, bleed from cockpit
refrigeration system).

(i11) FEndeavour to seal the leaks and use air of
moderate pressure and temperature (i.e. 3rd
stage compressor air).

The use of solution (1) 1s contingent on the design of
a suitable heat exchanger which would provide cooling during
ground run-ups as well as in flight. This task 1s sufficiently
comnlicated to be avoided if possible., Jacket sealing has
been commenced but analysis of flow from 3rd stage compressor
was not encouraging, The final answer could well be a com-
bination of (11% and (1i1).

It 1s highly possible that the elimination of hot gas
leakage into the region of the rotating terminal board and
cold junction thermocouple will solve the reproducibility
problenm,

5.0 CONCLUSIONS

I. The thermocouple-slipring system is well sulted to
blade temperature measurements.

I1. The N.A.E. reheat system provides some lst stage
blade cooling but has a negligible cooling effect
on the 2nd stage blades,

III. The 1st stage blade cooling is very localized in
the immediate region of the fuel nozzle. Thus the
maximum cooling is not obtained at the most highly
stressed part of the blades,

6.0 FUTURE WORK

I. Improvement of the slipring cooling system.

P 40 Deeper immersion of the thermocouples into the
turbine blades to get a more comprehensive pic-
ture of the cooling distribution.
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III. Reproducible calibrations both in a standard engine
and with a reheat configuration,

IV. Flight tests to determine the effect of altituds
on the blade cooling.
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