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ABSTRACT

This paperdescribesin attemptto determinetotal tempera-
ture fluctuationson the surfacesof the rotor of a transonichigh
pressureurbinestage.Thegatheredesultswereusedto evaluate
theerrorthatthesefluctuationscausan the constantemperature
anemometeoutputsignalof surlacemountedhotfilms.

As thetemperatureariationsin turbomachinesccuratfre-
guenciesn theorderof thebladepassingrequeng (usuallysev-
eralkHz), it is in mostcasesot feasibleto measurehe surface
temperaturairectly. Therefore,an indirect methodwas devel-
opedwhich determineghe temperaturdluctuationsfrom the re-
sultsof two differenthotfilm tests.

Even though the results are subjectto severe errors, the
methodprovidesinterestingnformationon the natureof thetem-
peraturefluctuationsonthe bladesurfaces.Theresultsshaw, that
in the investigatedcaseof a transonicturbinerotor, the temper
aturevariationsdid not have a significanteffect on the qualita-
tive wall shearstress. However, this might be entirely different
in otherset-ups particularlywhenmeasurementare performed
downstreanof turbomachineryotors.

NOMENCLATURE

a  [(W3m?/K3N)*?] constant

A [m} area

cp [J/kgK] specificheat

i [] shapefunctionintegral of temperature
profiles

L [m] length

pr  [MmMW] power randomfluctuations

P [mW] power, CTA output

R [Q] resistance

s [m] surfacelength,s=0 at stagnatiorpoint

T [K] temperature

vV o [V] voltage

AT [K] hotfilm overheatemperature

n [Pas] dynamicviscosity

A [W/mK] thermalconductvity

p  [kg/m] density

w  [N/m?] wall shearstress

Subscripts

0 stagnatiorvalue,zero-flav condition

1,2 testindices,inlet/exit

eff effective
gauge gauge
gh propertyof heatedyauge

i index of time steps
ps, ss pressursside,suctionside
W wall

Super scripts

~

ensemble-zeragedvalue
— time-averagedvalue

[EnY

. INTRODUCTION

Surfacemountedhotfilm gaugesoperatedn constantem-
peraturemodeareoften utilized for the qualitative determination
of wall shearstresses.The magnitudeof the output signalsof
thesegaugess a function of the overheattemperatureA T which
is the differencebetweenthe recorery temperatureof the flow
and the temperatureof the gauge. As the gaugetemperature
is kept constantby the constantemperaturenemometecircuit
(CTA), variationsof AT canonly resultfrom variationsof the
flow temperature. Since temperature-inducedignal variations
are not causedby variationsin the wall shearstressthey must
be consideredmeasuremengrrors. Accordingto Bellhouse&
Schultz(1966),temperaturehangesn theorderof magnitudeof
0.1K mayalreadycausesignificanterrors.

The flow exiting a turbomachinernbladerow often showvs
significanttotal temperaturevariationswhich may affect surface
hotfilm measurementsn dovnstreambladerows. The work de-
scribedherewasconductedn orderto investigateheinfluenceof
suchtemperaturevariationson hotfilm measurementsn a tran-
sonichigh pressureurbine(HPT) rotor which werepartof a Eu-
ropeanresearchprogram. The actualhotfilm measurementare
describedn detailby Tiedemanr& Kost(1999).

The total temperaturevariation dovnstreamof the nozzle
guide vane (NGV) of the investigatedturbine stage,measured
with only the NGV installed (the rotor gap was coveredwith a
linerring), is givenin Figure 1. SincetheNGV inlet temperature
To1 wasconstantthe plotted temperaturalifferencesare solely
dueto temperaturevariationsin the NGV exit flowfield. The ob-
senedredistribution of enegy downstreanof theadiabaticstator
vane,was presumablycausecdby the countefrotatingvorticesin
its wake. (seee.g. Kurosakaet al. (1987), Eckert (1986),and
Carscaller& Oosthuizen(1990)).



Figure 1 indicatestemperaturevariationsof approximately
4 K at 0.25axial NGV chordsdownstreamof the NGV trailing
edgewhichis closeto theleadingedgepositionof therotor. Due
to thefactsthat4 K arein the orderof 6% to 10% of the utilized
overheattemperaturesandthat the temperaturdluctuationmay
beevenlargerin therelative frameof referenceit seemedvorth-
while to investigatethe measuremergrrorwhich is dueto these
variations.
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Figurel: Total temperaturegprofile dovnstreamof the NGV,
X/Cax,NGV =0.25

Thetransitionfrom therelative frameof referenceo theab-
soluteframe may causetotal temperaturevariationsdowvnstream
of turbomachineryotorswhich are much higherthanthoseob-
senedhere.Epsteinetal. (1988)reporttotal temperaturdluctu-
ationsdownstreamof a compressorotor of +10to 20K. Thus,
a methodto correcterrorsdueto variationsof hotfilm overheat
temperaturesvould alsobe very usefulfor otherapplicationsof
the surfacehotfilm technique.Note, that phaseshifts and phase
reversalsdueto temperatureffectsmayresultin misleadingcon-
clusions,evenin investigationawvhereonly a qualitative evalua-
tion of the hotfilm signalsis performed.

As thetemperatureariationsin turbomachinesccuratfre-
guenciesn theorderof thebladepassingrequeng (usuallysev-
eral kHz), it is in most casesot feasibleto measurethe time-
resolhed surfacetemperaturalirectly. This paperdescribesan
attemptto circumventthis problemby determiningthe tempera-
turefluctuationsutilizing two differenthotfilm tests.

2. EXPERIMENTAL APPARATUS

2.1 The “Windtunnel for Rotating Cascades” (RGG)

The experimentsdescribedin this paperwere conducted
in the “Windtunnelfor RotatingCascades{RGG) of the DLR
in Gottingen, which is a closed circuit, continuouslyrunning
windtunnel. A four stageradial compressofmaximumpressure
ratio: 6) driven by a speed-controlled MW dc-motorprovidesa
volumeflow rateof up to 15.5m?/s. All component®f the fa-
cility areaccuratelycontrolledby meansf a“Simatic S5” indus-
trial control system.Possiblerotor speedsreupto 10,000RPM
in both directions. The rotor is coupledto a speed-controlled
500kW dc-motor/generatowhich candrive or brake the rotor
in eitherdirection.

Forachoked NGV (typical for HPTs),the stageinlet Mach
numberis determinediy the vanegeometry The staticpressure
downstreanof the NGV throat(andthusthe stagepressureatio
andtheNGV exit Machnumber)is coupledto therotationalspeed
of the main compressor Since the Reynolds numberdepends
mainly on the adjustablesettling chamberpressureand temper
aturelevels, Mach andReynoldsnumbercanbe variedindepen-
dentlywithin certainlimits.

2.2 The turbine stage
Theutilized turbinestagevasdesignedy Alf aRomeoAvio

in the courseof a Europearturbine project. It comprisesa state-
of-the-art, full size, transonic,aero-enginedHPT. The geometry
at mid-span(wherethis investigationwas conducted)s givenin
Table 1 while Table 2 shavs someof the stageoperatingparam-
eters. Figure 2 shavs the stageandthe positionsof the hotfilm
gaugeq20 suctionsideand14 pressurssidegauges).

Table1l: Geometricaparametersf theturbinebladerows

| | NGV | Rotor |
Axial chord 29.86mm| 27.45mm
Tip radius 274.00mm| 274.00mm

Hubradius(inlet) | 238.84mm| 238.84mm
Numberof blades 43 64

Table2: Operatingparametersf theturbinestage

absoluteNGV exit Machnumber 0.937
relative rotor exit Machnumber 0.938
absoluteNGV exit Reynoldsnumber 0.866 - 10°
relative rotor exit Reynoldsnumber 0.396 - 10°
rotor speed [1/min] | 7894.0
stagetotal to total pressureatio 2.64

\ - Hotfilm Gauges

Figure2: Stageconfigurationat mid-span

2.3 Measurement technique and data acquisition

The surface hotfilm techniqueis very similar to hot wire
anemometry The power requiredto keepthe hotfilm resistance
(andtherebythetemperaturefonstandepend®n the heattrans-
fer towardsthefluid whichis relatedto thewall shearstress.The
usedgaugeoverheattemperaturesf 60 K and40K weresetby
solderingfixedresistancefto the adjustarm of the Wheatstone
bridge. The cut-off frequeny of the gaugesof approximately
15-20kHz was suficient to resole the first three harmonicsof
thevanepassindgrequeny (5.66kHz).

The signalsfrom the utilized MTU hotfilm gauges(which
weregluedontotherotor surfaces)wereprocessedby two rotat-
ing CTAs. Thedifferentgaugesandtheir respectre adjustresis-
tors were successiely switchedinto the CTA bridge. An opto-
electronicsystemwasusedto transmitthe CTA outputsignalsto
the stationaryframe of reference. The CTAs andthe transmis-
sion systemwere developedby the University of Limerick (see
Daviesetal. (1997)for details).A shaftencodettriggersthe PC-
basedA/D converter Afterwards, exactly one sampleis taken
for eachof the 1024 pulsesthe encoderdelivers per revolution.
This techniqueguaranteethatthe samplesaretaken atthe same
NGV/rotor positionin every revolution (seeTiedemann(1998)
for detailson the dataacquisitionsystem).




3. TEMPERATURE DETERMINATION METHOD

Hotfilm gauge<anbeusedasresistancéhermometersrhen
operatedn constantcurrentmode. This techniqueis, however,
limited to very low temperaturefluctuation frequencies(app.
400Hz). In this sectiona methodis describedwhich allows for
temperatureneasurementsp to several kHz. The basicideaof
this techniqueis to conducttwo testsunderidenticalflow condi-
tionshbut at differenthotfilm overheatemperatures.

Prior to the actualdataevaluation,the sampledCTA signals
werecorrectedor offset,phaseshift, andattenuatiorerrors.Ac-
cordingto Bellhouseand Schultz(1966), the voltagedrop over
thegaugeV is relatedto thewall shearstressny by:

Vi V3
E—R—OZP—POZaTW(Tgh—TW) (1)

[

V is the voltage drop over the actual gauge, which can
be computedfrom the CTA outputsignal andthe known resis-
tancesin the CTA bridge. Py is the dissipatedpower at zero-
flow. Since the surface temperaturesat zero-flav and during
the actualtestdifferedsignificantly calibrationcurvesfor Pg vs.
AT = (Tgh — Tw) hadto bedetermined.

Tw is thefluid temperaturéhatwould beattainedatthewall,
without the (heated)gaugeinstalled. This temperatureand the
wall shearstressny areentirelyindependenbf the hotfilm tem-
peratureT g, but aresolelydeterminedy theflow parameters

Two hotfilm tests carriedoutunderidenticalflow conditions
but atdifferentgaugetemperaturedeadto a setof two equations:

l .

P1i — Por = (a177)i (Tghy — Tw,i); i = 0..1023 (2)
1

P2,i — Poz2 = (az Tv?/)i (Tgh,g —TW,i); i = 0...1023 (3)

wheretheindices1 and?2 referto thetwo differenttestsandthe
subscript'i” denoteghe circumferentialmeasuremenpositions
(NGV/rotor phaseangle). The gaugehot temperatureSy, are
setby meangof fixedresistancesgndthe valueson the left-hand
sidearemeasurementesults. Thus,the constants; anday, the
wall shearstressandthe wall temperaturerethe remainingun-
knownsin theseequations.

The flow parametersare only identical in the two testsif
both, the unsteadyand the steadyflowfields, are reproducible.
The stochasticatomponent®f thetwo signalsaredefinitely dif-
ferent. However, the periodically unsteadyensemble-geraged
datatracesarereproduciblén aturbomachinengrvironmentand
canthereforebeusedin theabove equations.

Consideringthat the gaugeheatsonly a very small portion
of theflow, it is areasonablassumptionthattemperaturelepen-
dantflow parametersuchasdensityandviscosity areidentical
in thetwo testcasesgventhoughthe gaugetemperaturearedif-
ferent. Thus,in theconstanta”, givenby (Haueiserl996):

1
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only the effective gaugeareaA¢ andthe effective gaugelength
Lest dependon the overheattemperatureThe meanvaluesof the
otherparametersemainconstaniaslong asthe flow parameters
remainunchangedNote, thatthe effectively heatedareamaybe
significantlylargerthanthe geometricabaugedimensions.

An infrared camerawas usedto take thermalimagesof a
samplegaugeat thoseoverheattemperatureshat were applied
during the actualtests. Theseimagesshaved, that the effective
width is almostidenticalin bothcasesi.e. it canceloutwhenthe
ratio of thetwo constantsn equation® and3 is formed:

3 3 2
az _ (Aeﬁ,2> Lett,1 _ (Leﬁ,2> 3 )
ai Actr,1 Letr,2 Letr,1
From the abore-mentionedhermalimagesof the gauges,
theratio of the effective lengthsLes »/Le,1 Wasdeterminedo be
0.84. Therefore theratio a,/a; for theseparticularsetsof tests

wasapproximately0.89.
Usingthisratioandrearrangingquation® and3, theterms

1 1
(a1 72), (@2 7}), andthewall temperatureyield:

3 Pii — Poy .
aitl)i = 2 = 0...1023 (6
( 1TW)' Tgh,l TW,i’ | ( )
1 a; Pij — Po .
aanl) = — 2 i= 0..1023 (7
(B2 a1 Tgh1 — Tw,i %
T Tgh,1 (|52,i —Pp) — :—i Tgh,2 (|51,i — Po1) ®
w,i = = = )
I P2 — Poz — 2 (P1i — Po1)
i = 0..1023

Thetraceof T is thetime-resoled wall temperaturealis-
tribution that would be attainedat a particulargaugepositionif
thegaugewerenotinstalled.lts frequeng resolutionis similarto
thatof the ensemble-geragechotfilm signalsP, ; andP, .

Thetime-mearnvalueof Ty cannow be usedto correctthe
CTA outputvaluesof a certaingauge asif they wereall taken at
the sameoverheattemperatureAT. Dueto thefactthattheterm
(a1 7-\,1\,/3) is independentf AT, this correctioncanbe performed
by replacingTw,; with Tw in equation2, thus:

1 _
P1i — Por = (a17y)i (Tgha — Tw); i = 0..1023  (9)

Note, that this correctionmethodis only valid if P and AT are
linearly dependantHowever, this requirements oftenfulfilled.

For thedeterminatiorof asignalthatis ameasuref thewall
shearstressthe signaltraceof (a1 7\1,/3) is muchmoreappropri-
atethanthat of the correctedP — P, becausst is independent
of AT. However, the correctionwill be performedin the next
sectionto enablethe determinationof the effect of temperature
fluctuationson hotfilm signals by comparinghe resultswith and
withouttemperatureorrection.

Theoretically the time-meanvalue of Ty, must equalthe
time-meanwall temperatureas measuredvia the hotfilm resis-
tances(constantcurrentmode measurements)Thus, the com-
parisonof thesetwo valuesprovidesa goodmeansto checkthe
validity of themethod.It shouldbenotedthatthis methodis valid
only if theequationit is basedupon(equationl) is valid. Thefol-
lowing list comprisessomeof the assumptionghat were made
duringthe derivation of this equation(Haueiser996):

- steadyincompressibldlow

- layeredflow in theproximity of thewall

- temperaturdoundarylayerthicknesds smallcomparedo
theboundarylayerthickness

- nopressurgradientin flow direction

Someof theseassumptionarecertainlynotvalid for theun-
steadycompressibleandover extendedsurfaceportionsacceler
atedflow ontheturbinerotorunderinvestigation Neverthelessin
orderto gatherinformationson theimpactof temperatureffects
on the data, the developedmethodwas appliedto the sampled
CTA outputsignals.In thefollowing sectionghis methodwill be
referredto asthe“twin testmethod”.



4. RESULTS AND DISCUSSION

In this section some examples of unsteadytemperature
traceswhichweredeterminedy meansf the methoddescribed
in the precedingsection arepresentednddiscussed.

The bottom plot in Figure 3 shavs a comparisorof time-
averagedwall temperatureneasurementsn the pressureside of
theblade.The dashedine wasmeasuredby utilizing the hotfilm
gaugesasresistancahermometers Even thoughthis methodis
known to be ratherinaccuratejt is the only referencemeasure-
mentthat could be performedduring this investigation. Consid-
ering the factthatthe measuredemperaturén the leadingedge
region was closeto the theoreticalstagnatiorpoint value of ap-
proximately272 K, it appearshowever, sufiiciently accurateto
sene asareferencdor thetwin testmethod.Thesolidline in the
bottomplot representthetime-averagedvall temperatureasde-
terminedby meanf thetwin testmethod.The plot shavs some
quitesignificantdifferencedetweerthetwo curves.Ontheother
hand,the temperaturesvhich were determinedy meansof the
nen methodseemto be of the correctorderof magnitudewhich
is anindicationfor thevalidity of themethod.In thetrailing edge
region, the differencesetweenthe twin testmethodvaluesand
theresistancenoderesultsdiffer by the sameorderof magnitude
from the theoreticalwall temperaturevalue of 267 K (computed
by assumingfully turbulentflow anda recavery factorof +v/Pr,
PrandtinumberPr = 0.71). All in all, thetime-averagedvalues
of the two temperatureneasurementsere in reasonablygood
agreemenin this case.

Thecentemlotin Figure 3 shavs thetime-areragechotfilm
power dissipationtowardsthe fluid, normalizedby the zero-flav
power dissipationPy. The dashedine shavs the original (un-
correctedplot, while the solid line representthe samedata,cor-
rectedaccordingto equation9. Thefigure clearly shavs thatthe
influenceof thetemperatureffectonthetime-averageof thedata
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Figure3: Time-averagedhotfilm and temperaturedata; pres-
sureside

wasnagligible. Thetime-areragedvaluesof (a; T\;\'/s), givenin

the top plot of Figure 3, indicatea similar boundarylayer be-
havior asthe (P — Po)/Po values.Thetwo curvesdiffer only in

the regionsarounds /Smax,ps = 0.14 and0.5. Theseareexactly
thoseregions, wherethe wall temperaturalistribution deviates
most from a smoothcurve. Taking into accountthat the time-
averagedtemperaturalistribution along the wall was mostcer

tainly very smooth(dueto heatconduction)theseextremevalues
indicateerrorsin the determinatiorof thewall temperaturdevel.

Thus, the changesin (a1 7y *) were morelikely inducedby er-

rorsin Tw thanby change®f thewall shearstress The possible
cause®f theseerrorswill bediscussedelow.

Figure4 shavsthetimetracesf thefirstactive gaugeonthe
pressureside(s/Smax,ps = 0.07). TheSignalsl and2 weremea-
suredatoverheatemperaturesf AT = 60K andAT = 40K, re-
spectvely. The shapeof the temperaturecorrectedtracein the
secondplot is similar to that of the two original traces,givenin
thatsameplot. Somefeaturesare,however, morepronouncedn
the correctedsignal. This is particularly true for the secondary
maximawhich appearbetweenthe large local maxima. Thus,
thecorrectedsignalcontainghe samegenerainformationsasthe
originalone,butthetwo signaldifferin somesecondaryeatures.
The reasonfor this amplificationof certainfeaturesis presum-
ably thedifferencein the resolutionof thetwo original signals.It
seemghatfeaturesvhich areonly presentn oneof thetracesare
artificially amplifiedin thetwin testmethod.

The informationprovided by the tracesof (a; 7\1,/3) is very
similar to that of the uncorrected(P — Py) /Py traces. This
meansthat, eventhoughthe wall temperaturdthird plot of Fig-
ure 4) shovedsignificantfluctuationsof approximately+8 K, it
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Figure4: Time-resolhedhotfilm andtemperaturelata;pressure
side,S/Smax,ps = 0.07



did notchangehegeneraljualitative patternof thehotfilm signal
traces.

The temperaturesariationsdovnstreamof the NGV decay
with increasingdistanceto the trailing edge.For this reasonthe
effectsof NGV exit temperaturdluctuationson the rotor instru-
mentationare strongestin the rotor leadingedgeregion, which
was confirmedby the data of the remaininggauges(not pre-
sented) Thus,in this casethetemperaturdluctuationshadonly a
minor influenceon the time-resoled hotfilm signalswhich were
obtainedontherotor pressuresurface.Note, thatthetemperature
trace hasthe sameresolutionand thereforethe samefrequeny
rangeasthe ensemble-geragedhotfilm signal. Therandomfluc-
tuationsareplottedin the bottomplot of Figure 4 to indicatethe
locationof thewakes(maximaof py).

The time-averagedvaluesplottedin Figure 3 for the pres-
suresideof therotor, aregivenin Figure 5 for the suctionside.
Similar to the pressureside, the normalized time-averagedhot-
film power dissipation(P — Po)/Po did not significantlychange
whenthe temperatureorrectionwas applied. This implies that
theinfluenceof the unsteadytemperaturdield on thetime-mean
valueswasnggligible.

The two wall temperaturaistributionsgiven in the bottom
plot of Figure 5, shawv differencesof up to 30 K betweenthe
measuredaluesandthetemperaturedeterminedy meanof the
twin testmethod.Theprimaryeffect of this erroris thatthedistri-
bution of (a1 7\1,/3), shavn in thetop plot, differs from the distri-
bution of thehotfilm signalin thecentemplot. Thiseffectis caused
by the high temperaturdevel that pretendedower overheattem-
peraturesA T, whichin turn led to increased/aluesof (a; 7y °).
Sincethe obviously elevatedtemperaturdevels appearednainly
in the forward region of the blade, the (a; T\;/?’) distribution in
thisregion wasalsoelevated.Thus,it appearsery likely thatthe
differencesdetweerthetwo distributionswere causedy the er
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ror in thewall temperatureleterminationThe averagewall tem-
peraturevaluesarestronglyaffectedby the accurag of the zero-
flow hotfilm power dissipationP, . If the accurag of the Pq
valuesin equations2 and 3 is insuficient, the resultingerrorin
thetemperaturdevel canbecomeunacceptablelt seemsthatin
this casethe accuray of the Py ; valueswasnot sufficient for the
applicationof thetwin testmethod.

Figure 6 shavs the time-resoled signalsof the first active
gauge(s/smax,ss = 0.262) on the suction surface of the rotor
blade. The time tracesof the hotfilm andthe (a1 7-\,1\,/3) signals
indicatea similarly small effect of the unsteadytemperaturelis-
tribution on the hotfilm signalsason the pressureside. Note that
eventhoughthelevel of thewall temperaturevasentirelywrong,
thetemperaturdluctuationsremainedwithin areasonableange.
Apparently the unsteadyresultsof the twin testmethodseemto
bevalid, evenwhenthetime-mearnvaluesarenot correct.

The reasondfor the errorsin the wall temperaturedeter
minedby meanf thetwin testmethodareassumedo bethree-
fold. Firstof all, the temperaturdevel reactsvery sensitvely to
inaccuraciesn the determinatiorof the zero-flav power dissipa-
tion Pg ;. Secondlytheresolution(cut-off frequeng) of the two
signalsmustbe absolutelyidenticalto ascertairthatboth signals
containthe samefeatures.If thisis notthe case certainfeatures
which arecontainedn only oneof the signalsareartificially am-
plified. Therefore,the twin test methodrequiresan equipment
which enablegheaccuratedeterminatiorof Py ; andwhichis ca-
pable of operatingwith the samefrequeng responseset-upat
differentoverheatemperatures,e. the CTA mustbe stableover
large rangesof AT. Therotatingequipmentusedin this investi-
gation, doesnotfulfill eitheroneof theserequirementsver the
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entire operatingrangesof all testcases. Due to the prototype
natureof the CTAs andthe challengingconditionsunderwhich
measurementim the rotating frame of referenceare performed,
certainfeaturesof the measuringequipmentverefar avay from
beingoptimally suitedfor the particularrequirement®f thetwin
testmethod. Settingthe overheattemperaturdy meansof fixed
resistancesthe accurag of the gaugeresistancedetermination,
andtheoperationcloseto thefrequeny responsdimit of thesys-
tem,areonly someof thesefeatures Therefore the performance
of therelatively smallCTA boardss certainlynotasgoodasthat
of themuchmorecomplex andspecializedqandbulky) stationary
equipmentvailable. This givesrise to the hopethatthe method
might performbetterwhenmoresophisticatedstationary)equip-
mentis used.

The third possiblereasonfor the errorsin the computed
wall temperaturarethe assumptionshatwere madeduring the
derivation of the governing equationsof the twin test method.
As mentionedabore, someof theseassumptionsare certainly
notvalid in the investigatedcase.Despitethesedran-backs,the
methodprovidedusefulinformationandshavs somepotentialfor
impraovementsvhenutilizing moresophisticate@quipment.

5. CONCLUSIONS

A methodfor the determinationof time-resoled tempera-
ture signalsbasedon two different hotfilm measurementsias
presented.The methodwas appliedto surfacemountedhotfilm
measurements a transonichigh pressureturbine stage. The
resultswere usedto investigatethe effects of temperatureluc-
tuationson hotfilm signalsandthe possiblemeasuremengrrors
thesefluctuationsmay cause.Eventhoughthe temperaturecor-
rectionby meanof thenewv methods olbviously subjecto errors,
themethodprovedvery usefulfor thedeterminatiorof qualitative
effectsof temperaturdluctuationson hotfilm results.

The assumedeasondor the errorsin the wall temperature
determinedoy meansof the twin testmethodare: inaccuracies
in the determinatiorof the zero-flav power dissipationPy ;, dif-
ferencesn the resolution(cut-off frequeng) of the two signals,
andthe factthat someof the assumptionshatweremadeduring
the derivation of the governing equationsof the methodare not
valid in the investigatedcase. Apparently the twin testmethod
requiresan equipmentwhich enableghe accuratedetermination
of Po,i andwhich is capableof stableoperationover largeranges
of AT.

It turnedout thatthe qualitative signalsin this particularin-
vestigationwerenotsignificantlyaffectedby thedeterminedem-
peraturevariations.However, it shouldbe keptin mind thattem-
peraturevariationsdownstreanof rotorsor seconar higherstage
statorsmay be significantlylargerthanthosedownstreanof this
first stagestator Thus,the effect of thesevariationson the CTA
sighalsmay not be nagligible there.Fortunately asthe stationary
equipmentusedfor hotfilm gaugesn statorvanesis muchmore
appropriatdor theapplicationof thetwin testmethod thecorrec-
tion of temperatureffectsdownstreamof rotors might be much
moresuccessful.
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