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

SUMMARY

1. During the period May to September 19f?7> development
work was continued on a thermocouple-sllprlng 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 N.A.E. reheat system cooled the
first stage blades a maximum of approximately lij.O°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 is 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 is 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 suited to yield the
desired accuracy.

This installation was initially made on a reheated
Rolls Royce Derwent VIII engine, incorporating a six-channel
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
19 7 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-turblne fuel injection, and (b) to
improve the installation to flight test capability.
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2.0  DESCRIPTION 0F INSTALLATION *

2 .1  THERMOCOUPLES

Holes 0 .065  inches in diameter  were d r i l l ed  in the
turbine b l ades  from the roo t  towards the t i p .  The maximum
depths were 3* Inches  1 s t  s tage  and U inches 2nd s tage .
S t a in l e s s  s t ee l  sheathed Chromel  -Alumel thermocouples were
inse r t ed  in t he se  ho l e s  to p rov ide  the temnerature sens ing
s t a t i ons  ind ica ted  In F ig .  1 .

«· See Appendix A for  general  assembly drawing.

2 .2  MERCURY SLIPRINGS

The slipring assembly was comprised of twelve pa i r s  of
ro ta t ing  and s ta t ionary  r i ngs .  The ro ta t ing  r ings were
f i t t ed  to the driving shaft and Indiv idual ly  wired to a
terminal board a t  the rear  end of the shaf t .  The forward
end of the shaft was coupled to the f lexible  drive from the
turbine.  The stationary r ings  were held by and insulated
from the sl ipring housing.  Each sl ipring pair  was insulated
from i t s  neighbours by Mylar ( po lyes t e r )  spacing washers  and
the c learance  gap between the rota t ing and stationary rings was
f i l l ed  wi th  mercury to provide the necessary  low-res i s t ance
e l ec t r i ca l  connec t ion .  The ent i re  assembly was held in a
coo l ing  jacket  which was l oca t ed  in the exhaust bul le t  of the
engine.  The cool ing  jacket  ba s i ca l l y  cons i s t ed  of three
concent r ic  tubes f i t t ed  wi th  an a i r  in le t  and ou t l e t .  The
cooling air flow pas sed  over the s l ip r ings  and then found the
exi t  by traversing the length of the assembly once between
the inner and in termedia te  tubes and once again  between the
Intermediate and outer tubes .

2.3 INSTALLATION CIRCUIT

For the f i r s t  s tage b lades  the thermocouples were led
inwards on the  f ron t  face  of the f i r s t  stage d i sc  and through
spec i a l l y  d r i l l ed  turbine through-bolts to the rear of the
second stage d i s c .  The thermocouples in the s econd  s t age
b lades  were led  inwards on the rear f ace  of that  d i s c  and
together wi th  t he  f i r s t  s tage  thermocouples were s i lver
soldered to a terminal  r ing loca ted  i n s ide  the hub of the
second stage d i s c .  From the terminal  r i ng  unsheathed duplex
thermocouple leads  were threaded through the  c entre of the
f lexible  drive to the rotating junct ion board on the s l ipr ing
shaft. The wir ing from the s tat ionary sl ipring proceeded
through the a i r  out let  to the se l f -ba lanc ing  potent iometer .



NATIONAL  AERONAUTICAL  ESTABL ISHMENT No. NAE-ENG-

PAGE OF
LABORATORY MEMORANDUM

Since  the s l ipr ing in ternal  and a l l  subsequent wir ing
was copper,  the t e rmina l s  on the ro ta t ing  board ef fec t ive ly
formed cold  reference junct ions  for the b lade  thermocouples.
Therefore the vo l tage  equivalent  t o  the temperature difference
between these  t e rmina ls  and 0°C had to be supplied to  the
potent iometer  in s e r i e s  with the blade thermocouple vo l t ages ·
This  was accompl i shed  in  two s t eps ·  (a) by connecting in  the
c i rcu i t  a Chromel  -Alumel thermocouple wi th  i t s  hot junction
at  the rotating se rv ice  terminal  board and i t s  cold junct ion
at  the potent iometer ,  and (b) by manufacturing a vol tage
equivalent to the  room temperature dev ia t ion  from 0°C and
wir ing  th i s  in s e r i e s  w i th  the other two c i r cu i t  elements.
F ig .  2 shows a s impl i f ied  c i rcu i t  diagram of these  con-
nec t ions .  The potentiometer  then r ead  direct ly  in mi l l i -
vo l t s  corresponding to  the blade temperatures .

3 .0  TURBINE BLADE COOLING

3.1  MEASUREMENT RESUITS

Sufficient  da ta  were accumulated and correc ted  to  an
I .C .A .N .  standard day to y i e ld  a r easonab le  i nd i ca t i on  of
blade cooling.  F igs .  3 and Ij. show blade temperatures
re la t ive  to mean je t  p ipe  temperature vs .  engine speed for
various sens ing s t a t i ons  under unreheated condi t ions  with a
standard noae le  on a reheat t a i lp ipe .  Corresponding re-
heated blade temperatures as a function of reheat fuel flow
are shown In F igs .  £ to 9.  The temperature d is t r ibut ion
at  the dry and reheated des ign  po in t s  a r e  ind ica ted  in  F igs .
10a and 10b while F ig .  10 shows the cooling d i s t r i bu t ion ,

3 .2  REPRODUCIBILITY OF MEASUREMENTS

While the blade temperature measurements were reasonably
cons i s t en t  from run t o  run ,  there  seemed to be some variance
between s e r i e s  of runs.  This  i s  i l lus t ra ted  in F ig .  11 .  I t
would be in t e res t ing  to no te  the constancy of the s t a t i on
temperatures re la t ive  to each o the r ,  but as  yet  insuff ic ient
data have been obtained to make th i s  observat ion.

3 .3  TRANSITION PERIODS

During several  t e s t -bed  engine  runs the vol tages  from
two blade  thermocouples were recorded on an Offner recorder .
As seen in P ig .  12 ,  these t races  ind ica t ed  tha t  the b lades
were r ece iv ing  a more severe thermal shock a t  engine l ight-
up than a t  reheat l ight -up.  F ig .  13  shows para l le l  t r ace s
of one b l ade  thermocouple and one je t  p ipe  thermocouple
indicat ing tha t  temperature f luc tua t ions  in the former are
much subdued in comparison wi th  the la t te r .
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4· °  INSTALLATION DEVELOPMENT

q . l  UNSER VICFA BI LIT IES

The most f r equen t  causes  of unse rv i ceab i l i t y  of the
sys t em were mercury  l eakage  from the s l i p r ings  and w i r ing
d i f f i cu l t i e s  .

Some r ig  running of the s l i p r ings  p roved  t ha t  the
mercury  l eakage  could  be e l imina t ed  by u s ing  Mylar ga ske t s
unde r  the f i l l e r  p lugs .

Most of the w i r ing  t roub le  occur red  in the ba ske t  a t
the rea r  of the s l i p r ings  where the l eads  from the s t a t i ona ry
r ings  were connec t ed  to the ex t e rna l  l e ads .  I t  i s  hoped t ha t
the se  t r oub le s  w i l l  be a l l ev i a t ed  by u s ing  long l eads  from the
s l i p r ings  d i r ec t l y  to the ou t s ide  of the exhaus t  cone and
thereby  e l imina t ing  the ba ske t  and i t s  connec t ions .  The in -
t e rna l  w i r ing  of the s l i p r ings  a s sembly  has been made more
rugged to avo id  what b r eakages  have been expe r i enced  t he re .

U.2 STABILIZATION OF READINGS

In the p roces s  of r ead ing  b l ade  tempera tures  i t  was
found tha t  a pe r iod  of s t ab i l i z a t i on  was r equ i r ed  a f t e r
cond i t i on  had been e s t ab l i shed  be fo re  cons i s t en t  r ead ings
could  be made. This  pe r iod  va r i ed  from app rox ima te ly  to
II4 minu te s  and was i n i t i a l l y  a t t r i bu t ed  to the d i f f e r en t
the rma l  i ne r t i a s  of the cold j unc t ions  and the co ld  j unc t ion
the rmocoup le .  However ,  an a t t emp t  to r educe  t h i s  d i f f e r ence
by Inc reas ing  the mass of the cold j unc t ion  the rmocoup le ,
p roduced  no dec rease  in s t ab i l i z a t i on  t ime .  Neve r the l e s s ,
if  the i n i t i a l  cond i t i ons  were the ho t t e s t ,  the s t ab i l i z a t i on
pe r iods  were cons ide rab ly  sho r t ened  fo r  succeed ing  cond i t i ons ,
so t ha t  t h i s  may not be 8 problem in f l i gh t  t e s t s .

l| . 3 SLIPRING COOLING

The l a rge  coo l ing  a i r  supply  in the t e s t  c e l l  which
sa t i s f ac to r i l y  ma in t a ined  the s l i p r ings  a t  a s a f e  ope ra t i ng
tempera tu re  would obv ious ly  not be ava i l ab l e  fo r  f l i gh t  t e s t s .
A sma l l  b lower  was o r ig ina l ly  thought  to be a su i t ab l e  sub -
s t i t u t e  but  dur ing  a t e s t  to e s t ab l i sh  i t s  adequacy ,  the a i r
supply  was r educed  to an amount s l i gh t ly  in exces s  of the
b lower ’ s  output  and the a i r  t empera tu re  i n s ide  the s l i p r ing
jacke t  r eached  190°C when the t e rmina l  boa rds  caugh t  f i r e .
I t  was a l so  obse rved  tha t  the a i r  p r e s su re  i n s ide  the j a cke t
i nc reased  with engine  speed ,  i nd i ca t i ng  hot  gas l e akage  in to
the j a cke t .  This  was conf i rmed  in a subsequen t  p r e s su re  t e s t
to l oca t e  the l e aks .
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There a r e ,  therefore ,  three approaches  to  f l ight
coo l ing  of the s l i p r ings .

( i )  Supply a i r  a t  a pressure high enough to
reverse  the d i r ec t i on  of the leakage ( i . e .
8th s tage  compressor  a i r  v ia  a hea t  exchange r ) .

( i i )  Supply a i r  a t  moderate  pressure and f low and
a t  low temperature ( i . e .  b l eed  from cockp i t
r e f r i ge ra t i on  sys t em) .

( i l l )  Endeavour to  sea l  the l e aks  and use a i r  of
modera te  p ressure  and temperature ( i . e
stage compressor  a i r ) .

3rd

The use of so lu t i on  (1) i s  cont ingent  on the de s ign  of
a su i t ab le  heat  exchanger which would p rov ide  cool ing  during
ground run-ups as wel l  as in f l i gh t .  This  t a sk  i s  suf f ic ient ly
compl ica ted  to  be avoided i f  pos s ib l e .  Jacket  s ea l i ng  has
been commenced but  ana lys i s  of f low from 3rd s tage  compressor
was not  encouraging.  The f ina l  answer could well  be a com-
b ina t ion  of ( i i )  and ( i i i ) .

I t  i s  highly pos s ib l e  that the e l imina t ion  of hot gas
leakage in to  t he  region of the ro t a t i ng  terminal  board and
cold  junc t ion  thermocouple w i l l  solve the reproducibi l i ty
problem.

5 .0  CONCLUSIONS

I .  The thermocouple-  s l ip r ing  sys tem i s  we l l  su i t ed  to
b lade  temperature measurements .

I I .  The N.A.E.  reheat  system p rov ides  some 1s t  stage
b lade  coo l ing  but has a neg l ig ib l e  coo l ing  e f f ec t
on the 2nd s tage  b l ades .

I I I .  The 1 s t  stage b lade  cool ing  i s  very l oca l i zed  in
the immediate r eg ion  of the  fuel nozz l e .  Thus the
maximum coo l ing  i s  not  obta ined a t  the most highly
s t r e s sed  part of the  b l ades .

6 .0  FUTURE WORK

I .  Improvement of the  s l ip r ing  cool ing  sys tem.

I I .  Deeper  immers ion  of the  thermocouples in to  the
turbine b l ades  to ge t  a more comprehens ive  p i c -
ture of the coo l ing  d i s t r ibu t ion .



NATIONAL  AERONAUTICAL  ESTABL ISHMENT No . NAE-ENG-55

PAGE
LABORATORY MEMORANDUM

III. Reproducible calibrations both in a standard engine
and with a reheat configuration.

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