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T2

Comparison of blade profiles, scaled to the

same piltch

NOZZLE GUIDE VANE PROFILE DEVELOPMENT

The degign parameters for the segquence of nozzle gulde

Wines ared
inlet angle, a, = 0 deg
exit angle, az = 665.2 deg
exit Mach number (isentropic), Mz.xs = 0.955
exilt Reynolds number (based on true chord,
icentropic exit conditions), Re2 = 5 X 105.

The cholce of a constant Reynolds number is argueable.
Thhe progressgively increasing piteh/chord ratioc of this
serles of vanes 1mplies for a gilven engine instsllation
different chord lengths, and therfore different design
Reynolds numbers, unless the engine 1s re-matched. From
the point of view of cascade testing, however, the
regulte from different vanes are more easily compared 1if
the operating points are identical.

As designed, all vanes are suitable for cooling, with a
common tralling edge geometry (te /o) = 0.05 suitable for
ejection at that point, although all of the cascade tests
have been performed on sclid profiles with no attempt to
simulate cooling air flows. The four profiles, scaled to
the same piteh, are shown in Figure 1. The profile
cocordinates of the first three vanes are given 1in {2],
and those of T1l2 are listed as an appendix to this paper.

The datum profile, T2, was designed in 1969 using =a
rregeribed velccity distribution (PVD) method based on
that of Stanitz [6]. The peak suction surface Mach number
wag Jusgt glightly greater than unity. Subseguently an
attempt was made to design a new profile, T4, with higher
velocitieeg on the suction surface in order to increase
the blade 1ift and the pitch-chord ratio. The PVD method
is inviscid and not fully compressible, and ie not
reliable on the suction surface downstream of the throat,
particularly in the case of a supercritical profile where
a supersonic flow diffuses to a subsonic flow, usually
with the accompaniment of shock waves. This process
reguires very careful control if excessive losses are to
be avolded. There was insufficient confidence that this
could be achieved using the PVD method, and conseguently
it was decided to confine velocity 1lncreases to a region
upstream of the throat, in the belief that design
optimieation ghould proceed within the limitations of the
available design tools. The Mach number distributions
prescribed for T2 and T84 are shown in Fig. 2, and it can
be seen that a rapid diffusion was necessary to achieve
thie. The caescade results [2] showed no strong shock in
this region but a controlled diffusioh. At the design
point the loss coeffilcients of T2 and T4 were almost
1dentical, suggesting that the shorter chord of T4
reduced the suction surface boundary layer thicknees and
counteracted the effects of 1ncreased diffusion.

Following the tests on T4, a time-marching program
developed from Denton {7] became avallable, and it was
then possible to predict the flow through a given cascade
geometry with much greater confidence, with a fully
compreseible analysis and the ability to handle shock
waves. Accordingly, a new profille, T8, was designed by
iteration between PVD and time-marching anslysis. The
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Fig. 2 Mach number distributions used for PVD design
method

prescribed velocity distribution which was used to start
the iteration 1e sghown for compaerison in Fig. 2. Velocity
levels were ralsed mainly around the throat region, while
the diffusion rate was no greater than that of T4. The
piteh-chord ratio of T8 was now 25% greater than that of
T2. Tests showed (2] that the actual diffusion rate was
in fact lower than that predicted, and was accompanied by
an extended region of transition. The boundary layer on
T8 was laminar over a much greater portion of the suction
surface than on T4, and this contributed to a lower loss
coefficlent.

In designing T12, it was thought that there was not much
scope for further developling the suction surface because
this would involve higher rates of diffusion, which would
be lisble to suffer from separation in a shock-boundary
layer interaction, with consequent reduction in
efficliency. The alm was therefore to produce a profile
having a gimilar suction surface distribution to T8, the
increase 1n 11ift coming from reduced velocities on the
pressure surface (Fig. 2). It can be obsgerved in Fig. 1
that the plteh-chord ratio of Tl2 was now sufficiently
large that the vanesg no longer overlsap 1n the axial
direction. The design of T12 was done using a later
gstandard of time-marching program incorporating some of
the improvements described in (8], and Fig. 2 shows the
result from this program.

An indicator which 1ls often used to compare the aero-
dynamic duty of a cagcade ig the Zweitfel coefficlent:

_.-.h —
Ccax e PO] - P

b, =
The disadvantage of using this as a comparator 1is that
the exit conditions will be affected by the total
pressure loss assumed to occur within the cascade. In the
abegence of & uniform standard of loss predicetion methods,
it is safer to assume an isentroplc flow when making
ccmparicsons between different blade profiles. It can be
shown that the "loassless'" Zwelfel coefficient is then
egqual to the incompressible 1ift coefficient multiplied
by a factor F(M) for the special case of al = 0:

_h 2
wz,is = 3% cos o, tana2 F{M)
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vihere

The vanes are compared and V¥ for each is listed in

z,1is
Table 1. On this assessment T12 may be seen to be 18%
more highly loaded than T8, which 1s itself 4iU¥% more
highly loaded than the datum profile T2.

Table 1 Comparison of blade profile data

Profile h/cax h/c Wz.is Bs
T2 0.956 0.670 0.583 45.8
T4 1.190 0.775 0.725 45.8
T8 1.373 0.842 0.837 4. 85
T12 1.625 0.946 0.991 49.95

CASCADE TEST DETAILS

The Oxford University Blowdown Tunnel [3] 18 a short-
duration tunnel which features an exhaust which can be
pumped down to 0.165 bar by means of tTwo stages of air-
driven ejectors, thus allowing an independent and
continuous variation of exit Mach and Reynolds numbers
over wide ranges. The run time is typically 5 s, and high
frequency response ingstrumentation and transient testing
techniques described in [9] are employed for data acquis-
ition. Upstream of the cascade a bar grid is fitted in
order to produce a freestream turbulence intensity of U%.

A large test section mey be fitted, and in order to keep
as many components as possible common to T8 and T12, the
span and pltch of T8 and T12 were kept constant at 300 mm
and 67.2 mm regpectively. The aspect ratio (span/chord)
therefore varied from 3.75 for T8 to 4.24 for T12. Both
cagcadeg contained 7 blades, and in each case two of the
central blades were Ilnstrumented with a total of
approximately 50 statlc pressure tappings. For
messurements of loss, the wakes of the central blades
vere traversed with a trident probe described in {[10] in
order to measure local values of total and static
pressure and flow angle. These local quantities are
averaged using the concservation laws appllied to a control
volume In the analysis by Amecke {[11]. Windows were
fitted to T1l2 to allow Schlieren photography, but
unfortunately this was not possible for T8.

CHECADE PERFORMANCE

Comparison of T8 and Ti2

The measured blade surface Mach number distributions of
T8 and T1l2 at the design point are shown in Figure 3, and
from this 1t would appear that the aims of a gsimilar
suction surface velocity distribution and significantly
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Fig. 3 Messured blade surface Mach number distributions

for T8 and T12 at M2 = 0.955 and Rez = 5 x 10

reduced velocities on the pressure surface have been
largely achieved. The peak suction surface Mach numbers
are practically identical, and the fact that the peak
appears to occur earlier on Tl2 1s a consequence of the
leading edge geometry and the coordinate system. The
subsegquent diffusion 1is, 1f anything, slightly more
uniform on T12 than on T8. The schlieren photograph of
Ti2 (Fig. 4) at this condition shows that the supersonic
patch is free from strong shocks, and exhibits only a
wealk normal shock towards the trailing edge. A comparable
photograph of T8 in [2] shows a similar result, but with
seversl wesk passage shocks spread over a slightly larger
arca of the blade. In both cases the shock waves are
sufficlently weak (the locsl Mach number is only just
acsve unity) that the blade surface pressure
distributions are little influenced.

At a 2lightly higher exit Mach number, Figure 5, the
zuction surface region of T12 after the peak becomesz one

Fig. 4 Schlieren photograph of T1l2 at M2 = 0.955 an
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Fig. 5 Measured blade surface Mach number distributions
for T8 and T12 at M, - 0.955 anda Re, = 5 x 10

Fig. 6 Schlieren phgtozraph of T12 at M2 = 1.0 and
Re2 = 5 x 10
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Fig. 7 Measured blade surface Mach number distr%butions Fig. &8(a)
for T8 and Tl12 at M2 = 0.7, Re2 = 5 x 10

of elight diffusion which ceases at about the geometric
throat st S/SO = 0.25 and 1le followed by a long region

of almost constant pressure before a rapid diffusion
near the trajling edge. Thisg last process is sccompanied
by a series of weak shock waves and a very rapild
thickening of the gsuction surface boundary layer is
vigible in the schlieren photograph, Filgure 6. At
subcritical Mach numbers such as is shown in Figure 7,
Tl2 smppears to diffuse initially rather more rapidly than
T8, and although schlieren photographs at this condition
do not show any unusual features, it might be expected
that there 1s a substantial thickening of the boundary
layer due to this.

The most striking differences between the measured and
prescribed velocity distributions at the design condition
(Figures 2 and 3) are that the actual suction surface
peak velocity 1s lower and the diffusion rate is
conseguently also lower on both blades. This effect had
previously been noted in the tests on T8 at Braunschwelg.
The time-marching program predictions are, as might be
expected, rather better than this, and serve to empahsise
the restricted application of the PVD method in designing
supercritical aerofolls (Figure 8). Even with the
time-marching method, however, signiflcaent discrepanciles
remain. The prediction for T8 at M2 = 0.955 does not show

such a flattened peak and has a lessg rapld diffusion
except very close to the trailing edge. The latter effect
ie also apparent at M2 = 0.7, which suggests that the

model may be in difficulty at the trailing edge. The
comparigon aleo provides circumstantlal evidence of a
separation bubble on the suction surface peak, although
this cannot be observed in the schlieren photographs. The
prediction for T12 suffers from the same tralling edge
problem, sghows & lower peak suction surface Mach number,
and at the design point shows some re-acceleration after
the peak and an initial diffusion. The measured
distribution also shows some evidence of re-acceleration,
although to a much lower degree.

The loss coefflcient characteristices, Figure 9, show
that whereas the loss of T8 remains practically constant
with Mach number up to the design condition (and even
appearse to fall thereafter, although with only one data
point this may be migleading), that of T12 is
consistently higher and has a distinct minimum near the
design Mach number. The i1ncreasging loss at lower Mach
numberg is consigstent with a boundary layer growth caused
by the less well controlled diffusion seen in Figure 7.
It is Iinteresting that thie 1e consistent with the
measured velocity distributions, but the predictions
(Figure 8) do not ghow the same trend.

Fig.

At Mach numbers higher than design the thickening of the
boundary layer after a shock wave near the trailing edge
ig l1ikely to be responsible. At still higher Mach numbers
it haeg also been observed that a tralling edge shock wave
from the adjacent blade impinges on the suction surface
and causes a local separation, further increasing the
logs coeffleient. The exlt angle characteristic, also
shown in Filgure 9, shows some under-turning at low Mach

Profile T8: comparison of measured and pre-
dicted blade surface Mach number distributions
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Fig. 8(b) Profile T12: compaerison of measured end pre-

dicted blade surface Mach number distributions
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Loss coeffilicient and exit flow angle as
functions of Mach number
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numbers, but practically the design exit flow angle for

6 — T T T beth blades at the design Mach number.
o T8 The varlation of losg cocefficient with Reynolds number
[A o T12 revesls a gqulte different behaviour for each blade,

Figure 10. That of T8 has a minimum at about 7 x 10

and an lncrease at lower Reynolds numbers, and behaviour
2 ﬁi::;::%:{K::gf\\\ﬁ} of this type can usually be explained 1n terms of
increasing reglonsg of laminar boundary layer flow at

LOSS COEFFICIENT, & (%)

dest
@w decr cing Keynolds numbers, but that of T12 shows only a
00 g ﬁ Wg Eb 75 steady 1lncrease with decreasing Reynolds number.
Re/10°
In order to galn some further understanding.
Fig. 10 Loss coefficient as a function of Reynolds no. investigations into the suction surface boundary layer

trensition behaviour were undertaken. In making the
connections between boundary layer state, loss
12 coerflcient, and surface pregsure distributions, useful
evidence was also available from the comparison of
results on the T8 vane measured at Braunschwelg and
Gxford, so that these are first summarised.

E Comparison of T8 at Braunschweig and Oxford

The problems of making this type of tunnel-to-tunnel
comparieon have been discuesed by two of the present
suthorya elsewhere [4,5], and one of the conclusions of
that work was that there ig often a problem 1n measuring
comparable downstream conditions (especially statice
prezsgure in transonic flow) in order to define the run
conditions. In this respect there 1s some small
uncertainty asscciated with the comparisons presented 1n
Figures 11 and 12.

o Oxford
a Braunschweig
At the decsign point Mach number the most significant
effect on the blade surface Mach number distributlion is
0 H | L N . ) that, relative to tests at Braunschweig, diffusion on the
(4 02 04 0.6 08 10 suction surface at Oxford 1s delayed and 1is more rapid
S/S . . (Figure 11(a)). In this recspect, the Braunschwelg results
0 are closer to the time-marching prediction shown in
Figure 8(a). The more rapid diffusion, particularly 1if it
iz preceeded by a separation bubble, will contribute to
the greater loss at the deslgn point which was measured
at Oxford {Figure 12). In Figure 11{(b) at the lower exit
Mach number of 0.7, there is noc evidence at Oxford of the
10 T ~ 1 T L T iaminar separation bubble at a gurface distance of about
C¢.4 whioch was observed at Braunschwelg, and in fact
Figure 12 shows that at Mach numbers much below design a
lower loseg wag measured at Oxford.

Fig. 11(a) Comparison of T8 bilade surface Mach number
distributions at M2 = 0.855

08

BUOUNDARY LAYER TRANSITION DETECTION

06 Technigue

The use of a flattened pitot probe in contact with the
blade surface as a detector of transition 1s well Known.
Provided that the tip of the probe 1s sufficiently small
to be well immersed in the boundary layer, transition is
detectable as an increase in veloclty. In practice the
pitot probe measures total pressure, it is assumed that
a Oxford the statle pressure ig constant normal to the surface

a Bmunghwgg 1 (and interpoclated from the measured surface presaure
diztribution), and the ratio of local to freestream
dynamic pressures is calculated and plotted as a function
of blade gurface coordinate, S:

Il ] | L A

0 T02 04 06 08 10

SISy (&L} - Pop P8
gl g Poqy = P(S)

Fig. 11(b) Comparison of T8 blade surface Mach number
dietributions at M2 = 0.7

The height of the pitot probe at its tip normal to the

blade surface was 0.3 mm external and 0.2 mm internal, so

lu] Oﬁom that total pressure measurements ideally refer to a

™~ Bmunxhwmg height of 0.15 mm above the blade surface {although the

total pressure gradlent through the boundary layer means

that the true figure is probably slightly greater than

thiz). This compares with a boundary layer 99% thickness

calculated to be about 0.4 mm in the likely regions of
Feygnpmnf transition. The pltot probe 1s immersed sufficiently in

It t Il the boundary lasyer to detect & veloclty change caused by

04 06 08 10 1.2 14 transition.

M2
The ghort running time of the Oxford University Blowdown
Fig. 12 Comparison of T8 loss coefficients Tunnel makes high frequency response instrumentation
essentlial, and for the boundary layer probe this means a
close-coupled pressure transducer. The requirement of a
emall probe tip makes 1t impossible to locate a
transducer at that point, and 1n practice there was

]
]
1

T T
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approximately 200 mm of pneumatic tube between the probe
tip and the transducer diaphragm. As long ag the
diaphragm stiffneses is much greater than that of the air
in the tube, the rescnant freguency of the assembly 1s

a

ﬁ
I
=3

4L

where L 12 the tube length and ao the speed of eound,

go that in this case fn = LOO Hz. The digitisation

rate for data acquisition was set at one half of this,
and the analogue signal was low-pass filtered at 100 Hz
to prevent aliasing. The requirement of a rapid responsge
also precluded the use of a probe significantly smaller
than the one used here.

Comparison of results

For T8 at the design condition the boundaery layer
measurements Iindicate a region of transition beginning at
about S/SO = 0.4, but whereas at Braunschweig this

region extends almost to the tralling edge, at Oxford
transesition appears to be complete by about S/SO = 0.65

(Fig. 13). Although efforts were made to ensure that the
pitot probes used Iin the two tunnels were the same size,
there are probably small dimensional differences which
result in the probes being immersed to different depths
in the respective boundary layers, which accounts for
the differences in abgolute magnitudes of q/qO geen in

Fig. 13. Reducing the level of freestream turbulence

from U% to below 1% appears to thicken the boundary layer
slightly but dces not appear to move the region of trans-
ition further downstream. This effect may be deceptive,
because the pltot probe will not respond to the

immediate onget of transition, but requires some degree
of transition to have occured before there is a
measurable effect on the velocity profile of the boundary
layer. A calculation of the transition region, based on
an integral boundary layer analysis with a momentum
thickness Reynolds number correlation of the onset of
transition, predicts very well the start of transition,
and also a lengthy transition region which is in better
agreement with the Breaunschweig than the Oxford results
(Table 2), This method 1is capable of indicating
separation by meang of a locally zero or negative value
of skin-friction coefflcient, but this was not predicted.

It is instructive here to compare the actual time-varying
2ignals recorded on T8 and shown 1in Figure 14(a) and (b).
Desplte the relatively low frequency of data capture, the
the nature of the signals recorded at surface distances
below 0.4, between 0.4 and 0.6, and above 0.6, are quite
distinetly different, and support the hypothesis that
these are laminar, transitional and turbulent regions of
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Fig. 13 Suction surface Eoundary layers at M = 0.955
and Rez = 5 x 10 2

Table 2 Prediction of boundary layer transition

Profile M2 Tu ---Trangition (S/SO)~A—
Start 90% Finish

T8 0.955 4% Q.42 0.82

T12 0.955 % 0.40 0.94

the boundary layer, (The recordings closest to the
trailing edge are affected by the normal shock in thie
region of the blade). These =ignalsg are gualitatively in
agreement with signals recorded under similar circum-
stances using hot wire or hot f£1ilm probes [2,12,13] with
a frequency response at least an order of magnitude
greater. In the transition region the signals are
considerably more disturbed than in either the laminar or
turbulent regions. The difference between laminar and
turbulent regione ig magnified by the reduction in
freestresm turbulence intensity, Filgure 14(b), which
suggests that a major component of the low-freguency
unsteadinegs in the laminar boundary layer is actually
convected in from the freegtream turbulence.

In the two tunnels the start of transition is observed at
almost identical points on the blade, =0 that the
development of the laminar boundary layer up te this
point ie likely to be very similar. The earlier
completion at Oxford allows the turbulent boundary layer
more epace in which to grow and thicken, and this 12 alsgo
conzistent with the higher design point loss coefficient
measured there (Figure 8).

For Ti2 the evidence 18 not as conclusive. Figure 13
shows a small rise in q/q0 at S/SO = 0.4 followed by a

long flat region, which could indicate elther a rapid
trancgition to turbulence or a very long region of
transition. The time-varying signals 1in Figure 1l4(c)
a steadlly increasing level of unsteadinegs up to ea
surface distance of about 0.85, whilch tends to support
the latter hypothesis. Hodson {13] suggests that a region
of constant q/q can indicate an ungteady geparation, and
1f this 1s so 19 could explaln the higher loss of Tiz2. As
with T8, the theoretical predictions listed in Table 2
indicate the correct onset of transition followed by a
long reglon before trensition is complete. Again no
separation ie Indicated.

show

Suction surface boundary layer measurements at a lower
Muach number of 0.7 are shown in Figure 15. The results
for T8 measured in Braunschweig clearly show the effect
of the laminar separation bubble forcing an earliy
transition. The Oxford results indicate that transition
does not begin until S/S0 = 0.48 on T8 and 0.65 on T12.

Since these resulty were not as clear as those at the
Aac gn point, Figure 13, two tests on T8 were conducted
with the boundary layer tripped by means of 0.05 mm
dismeter wires. Filgure 14 schows the thicker boundary
layers produced by these early transitions. The
explanation for the larger loss of Tl2 than T8 at this
condition appears to be that the thickening of the
boundary layer due to more rapid diffusion on T12 after
transition more than offsets the effect of a longer
region of laminar suction surface boundary layer.

Comparison of boundary layer measurements on T8 at
Oxford and Breaungchweig

The high-speed cascade tunnels at Oxford and Braunschwelg
have been extensively compared in [4] and {5], but
without boundary layer measurements, and Filgureg 13 and
15 are of 1interest from this point alone. Despite using
the ldentical cascade test gsection and taking care in
gsetting up to duplicate as far as possible the test
conditione, the boundary layer development in the two
tunnels was Qulite different. At the design point there 1is
good agreement on the start of transition, but at Oxford
transition finishes much earlier than at Braunschwelg.
One flow parameter which has an important influence on
transition, and which may not have been duplicated
sufficiently well, ig the freestream turbulence. In both
tunnels this is generated by a grid upstream of the
cascade, but whereas at Oxford this is a bar grid in a
conestant-area inlet duect, at Braunschwelg 1t was a cross
grid upstream of a contraction before the test section.
This contraction acceleratesg the flow and stretches the
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Fig. 15 Suction surface Boundary layers at M2 = 0.7

and Re2 = 5 x 10

turbulent eddy length scales. Furthermore, datsa from
heated thin films on T8 in Braunschweig revealed a large
component of low frequency (below 1 kHz) flow disturbance
which may have been due to blade vibration. No turbulence
spectral data are avallable from Oxford, go 1t 1s not
knowrn whether similar disturbances exist in this tunnel.
Although this evidence is short of conclusgive, it does
indicate that the influence that freestream turbulence
has on boundary layer transition under these conditions
would repay further study.

CONCLUSIONS

The primary design objective of this sequence of nozzle
guide vanes has been to Increase the blade loading and
reduce the blade solidity without incurring additional
loss. The first three vanes achieved this by progressive
modification to the suction surface contour. The most
recent vane, T12, schieved the increased loading by
modificetions to the presgsure surface contour to reduce
the velocities there, but in doing so suffered from
additional loss. The suction surface boundary layer of
T1l2 shows many interesting features including a long
region of diffusion growth and also a long regilon of
transition which may also involve an unsteady separation.

Thegze results suggest that the design tools available at
the time for this vane were not adequate for truly
reliable predictions on as extreme a profile as this,
involving a high pitch/chord ratio and a very long region
of the suction surface downstream of the throat, and in
this cagse two-dimensional cascade tests played an
important role in the design process. It would be
interesting to perform boundary layer calculations for
the predicted velocity dietributions and compare then
with results using the measured velocity distributions.
This would clarify the usefulness and limits of the
prediction methods used in the design process.

This work has confirmed previous testing {2,12,13] which
demonstrated the value of a flattened pitot probe in
determining the state of the gsuctlion surface boundary
layer. Whereas earlier tests used what were essentially
steady-state instruments, the present work hag shown that
a probe with only a modest frequency response (of order
100 Hz) ie capsasble of producing useful gualitative
information to distinguieh laminar, transitional and
turbulent regions., In other respects 1t is, however,
1imited. For example, it is not good at detecting
separation, for which other techniques such as hot wires
and hot films are much superior.
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The comparison of T8 results between Oxford and
Braunschwelg adds to similar comparisons of the
well-known VKI-1 profile publicshed elsewhere [U,5])], anad
now 1includes traverses of the suction surface boundary
layer. In general there 1s good agreement about the point
at which transition starts (within the limitations of
sengitivity of the pitot probe), but the boundary layer
develops quite differently in the two tunnels, and
completes much earlier at Oxford than at Braunschweig. It
is not possible to account completely for this behaviour,
although 1t ieg 1ikely that the freestream turbulence has
an important influence. The nature of this influence, and
the mechanismg by which freestream turbulence affects the
boundary layers of a high-turning blade in high-speed
flow, and ultimately the performance of that blade,
sppear to be significant gaps 1in our understanding and
worthy of further study.
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APPENDIX

Profile Coordinates of TI12

xX/cax y/cax x/cux y/cax i x/cax v/cax I'x//cax v/ cax
0.159393 0.003104 | ©.000114 0.110576 ! 0.995398 0.017399 [0.845606 0.033916 |
0.150070 ©.001221 | 0.002455 0.125237 ; 0.996656 0.016478 [0.815179 0.000217 |
0.140636 o.oooooa; 0.008986 0.141491 | ©.997750 ©0.015366 [o.784643 0.045981 2
0.131140 -0.000530, 0.018890 0.155920 | ©.998651 0.014093 }o.?suoog 0.051359 |
0.121630 -0.000388  0.038861 0,174775 | 0.999337 ©.012692 ,0.723273 0.0563u8
0.112154 0.000431| 0.068968 0.192538 | 0.999788 0.011199 io,sgzuéé 0.060846
0.102761 0.001924  0.097112 o.zozgll? 0.999994 0.009654 g §62716 0.064651
0.093498 0.004084 | 0.126380 0.209615; 0.999949 0.008095 g 32922 0.068017
0.084412 0.006898 ; 0.166315 0.214072  0.999655 0.006563 15 03029 0.070955
0.076551 0.010354 ' 0.221419 0.214038 ! 0.999118 0.005099 !5 573035 0.073327
0.066959 0.014433: 0.273939 ©0.209446  0.998353 0.003740 'g 542999 0.074789
0.058680 0.01911%5  0.341059 0.199307 ; 0.997380 0.002521 ' 517698 0.075066 |
0.05075% ©0.024375| 0.407518 0.186009 ' 0.996224 0.001474 {o.u92399 0.074589
0.043226 0.030187 0.519788 0.159121 ; 0.994915 0.000751 ig.a67124 0.073338
0.036131 0.036%22 | 0.564302Z 0.147377 | 0.993487 0.000000 'g. 429753 0.070121
0.029506 ©0.043346; 0.608715 0.135268 | 0.991977 -0.000389 :0.392529 0.065455
0.023385 0.050625 ' 0.690539 0.122848 ; 0.990424 -0.000531 | g,361330 0.060523 |
0.017798 0.058323| 0.725891 0.101867 ! 0.988868 -0.000421 10433029u 0.054642
0.012774 0.066400| 0.798570 0.080241 : 0.987395 -0.000078 |5, 299499 0.0L7606
0.008340 ©.074814 | 0.871526 0.057818 @ 0.965285 0.004772 {0.247967 ©0.032951
0.005090 0.0815581 0.9u4u224 0.034548 , 0.943289 0.010207 |5 202941 0.017860
0.004815 0.094844 | 0.992523 0.018582 0.921466 0.015790 ' g 159834 0.003211
0.000000 0.105295 ! 0.994008 0.018107 @ 0.883558 0.025179 ' 5.159393 0.003104
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