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Abstract

This paper describes the results, to
date, of collaboration between the CSIR
(South Africa) and Durham University
(UK). Furthermore the paper intends to
demonstrate the capability and suitability
of a refurbished 172 stage turbine test rig
to performing tests on blading featuring
non-axisymmetric endwalls in a low-
speed, rotating environment.

The test rig has been refurbished in
such a way as to dramatically improve the
measurement standards and to provide
the highest degree of commonality with
Durham University’s equipment to ensure
a common research thread. The
characterisation of this turbine has
revealed reduced power output levels
when compared to the design data as a
result of the tip vortex flows and an under-
turning from the rotor as a result of the low
Mach numbers. Although the results
consistently yield lower power for the
contoured rotor it is close to the
experimental uncertainty.

In addition the use of rapidly
prototyped blading has allowed for the
manufacture of complex geometries at low
cost, but with the addition of some new
challenges.

Nomenclature

Symbol

Cyx Axial velocity

N Rotor wheel speed (RPM)

Poo Inlet total pressure

P, Rotor exit static pressure

Ps Turbine exit static
pressure

Pr Power

Q Torque generated

\ Volume flow rate

Greek

AP Pressure drop

n Efficiency

Subscripts

Stage Stage property

Turbine 1.5 stage turbine property
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Introduction

Losses in a turbine can be attributed
to three sources historically identified as:
profile loss, endwall loss and leakage loss.
The first refers to loss generated as a
result of boundary layers on the blade
where the flow can be described as two
dimensional. The second is a combination
of factors when studied in depth but is
often referred to as loss resulting from
secondary flows or three dimensional
flows with in the blade passage. The last
category refers to losses resulting from the
flow over the tip of the blade, whether free
tip or shrouded and the integration of that
flow with the mainstream flow.
Denton  (1993) states that only
approximately % of the endwall loss can
be attributed to entropy generation in the
annulus boundary layers within, upstream
and downstream of the blade row. A
second component is attributed to the
mixing loss of the inlet boundary layer
amplified by the secondary flow. The third
component is that of secondary kinetic
energy which is of the order of %4 of the
total loss. Other contributions may arise
from local flow separations, early transition
and thickening of boundary layers as a
result of the secondary flows.
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Figure 1: Classical model of secondary
flow in a turbine passage (reproduced
from Sieverding, 1985).
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Figure 2: Langston’s vortex models
(reproduced from Sieverding (1985) who
in turn reproduces them from the original
author)

cascade (reproduced from Moon, 2001)

To illustrate the complexity of the flows
concerned, figures 1 to 3 illustrate the
secondary flows from the classical model
to what has been observed by different
authors  with  techniques such as
aerodynamic probes, laser sheet and
smoke and laser Doppler anemometry.

Methods of limiting the generation of
endwall loss

The following list is not exhaustive but
summarises the types of techniques
researched to reduce endwall losses or
limit secondary flows and points to some
of the researchers in each field of
endeavour:

e Work distribution management and
blade stacking variations such as the
approach of Watanabe and Harada
(1999).

¢ Blade lean and curve, currently the topic
for research in the Durham cascade
(Bagshaw et al, 2006).

¢ Leading edge bulbs and fillets (such as
the work by Lethander et al, 2003 and
Zess and Thole, 2002)

e Axisymmetric contouring has been
investigated by many authors, for
example Boyle et al (1981) who
investigated the effects of radial
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contractions which reduce surface
velocities, thereby reducing the driving
force for cross channel flows as well as
reducing the radial driving forces for
secondary flows, their experiments
showed a 22% reduction in loss or a
0.8% increase in efficiency.

Endwall fences, such as the work by
Kawai (1994)

Upstream tangential blowing, Bindon et
al (1979)

e Air suction (Funazaki, 1996)
Non-axisymmetric endwall contouring: in
this department Gregory-Smith together
with Rolls-Royce, Derby and Alstrom
were first in presenting their findings,
largely of CFD results and highly
detailed measurements of the linear
rotor cascade dubbed the ‘Durham
Cascade’ which has in fact become an
industry test case (Gregory-Smith,
1995). Brennan and Harvey et al (2001
& 2002) claim a 1/3rd reduction in
endwall loss or a 0.59% increase in
stage efficiency for the high pressure
turbine, and even 0.9% efficiency
improvement in the intermediate
pressure turbine of the Rolls-Royce
Trent 500 engine, using non-
axisymmetric contouring.

The refurbished 1%z stage turbine test
rig is intended to investigate this last
method further, in a low speed, rotating
environment.

The CSIR 1'% Stage Turbine Test Rig

A 1% stage, low speed, turbine test
rig, originally of the University of Natal
(Morphis and Bindon, 1994) where it was
used for tip loss measurements, has been
installed and refurbished at the CSIR in
Pretoria. Figures 4 and 5 indicate the
general layout and instrumentation of the
test rig. The design speed of the rig is
3000RPM, and the radial fan drawing
atmospheric air through the rig induces a
pressure drop of 4.8kPa for a massflow of
3.39kg/s, corresponding to an inlet velocity
of about 25m/s. The radial fan is driven by
a 30kW electric motor with variable speed
control, and the turbine power is absorbed
by a hydraulic motor, giving independent
rotor speed control. The tables, which
follow, describe the instrumentation and its
associated accuracies, as well as the
control stability and uncertainty.

Control and data acquisition is
achieved through a Siemens S7-200 PLC



12 bit A/D with Wincc Flexible Scada
software.

Figure 4: The refurbished test stand at the
CSIR
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Blading Design and Manufacturing

The blading was designed utilising the
inverse design method (NREC, 1972) and
the requirement to utilise the Durham
cascade profile at the Rotor hub in order to
utilise the P2 endwall profile shown in
figure 7. The initial idea was to have a
repeating stator design but as the
constraints imposed by the test rig
capabilities and the rotor hub design
resulted in a highly twisted rotor blade it
was abandoned in favour of a design with
non-axial rotor outlet, reducing blade twist.
This finally resulted in a 1% stage design
in which the Durham cascade profile could
be repeated on the hub of both the rotor
and 2" stator. This gives the advantage of
allowing the examination of the application
of non-axisymmetric endwalls of Ingram
(2003) in a rotating and annular
environment as well as stationary with
upstream unsteadiness. The final design is
given in Appendix A and summarised
below in table 2 and figure 6. The thin
stator tip profile (about 1mm) is a result of
attempting to limit axial chord to prevent
probe/blade interference in the
measurement plane.

Table 1: Instrumentation

Primary Instrumentation

Parameter Instrument Uncertainty
Torque Himmelstein MCRT | +0.03N.m
Speed 28002T(5-2)CNA-G | 2RPM

+ Model 721

Mechanical Power

Instrument
Barometric Siemens Sitrans P 0.05% of full
Pressure 7MF4233-1FA10- scale

1AB6-Z A02+B11
Differential 5 X Siemens | 0.05% of full
Pressure Sitrans P scale

7MF4433-1CA02-

1AB6-Z A02+B11
Temperature | PT1000 RTD’s +0.05°C
Secondary Instrumentation
Steady Flow | Aeroprobe CPC5- | 0.8% in
mapping C159-305-015.3-16 | Velocity

5 hole cobra probe | magnitude,

(1.59mm @ head) 0.4° in flow

angles

Turbulence TSI 1211-20 single | +0.77% mean

component film velocity*
Unsteady TSI 1240-20 / | £0.77% mean
Flow 1247A-10 X-probe | velocity, +6%
mapping (film) of variance*
Tangential Custom cable | Better than
Traverse system rotating the | 0.01°

outer casing
Radial and | Rotodata Mini | 0.01mm
Yaw traverse | actuator 0.1°

* Stamatios (2002)
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Figure 6: 12 Stage turbine design

The P2 endwall design was chosen as
it was both the most successful of the
Durham endwall designs and the most
practical as it limits the profiling to the
blade passage without upstream or
downstream extensions to interfere with
the respective stators.

The endwall design was reverse-
engineered from the available literature,
(Ingram (2003)) and the knowledge of the
design system and approach as outlined
by Harvey et al (2000).

Table 2: Design summary

Inlet
Axial Velocity 21.38 m/s
Rotational Speed 2300 RPM
1° Stator
No. of Blades 30
Inlet Angle | Hub 0°
Casing 0°
Outlet Hub 68.26°
Angle Casing 61.20°
Rotor
No. of Blades 20
Inlet Angle | Hub 42.75°
Casing -23.98°
Outlet Hub -68.00°
Angle Casing -71.15°
Stage Power 3.87 kW
Stage Pressure Ratio 1.0393
[ 2™ Stator
No. of Blades 30
Inlet Angle | Hub 42.75°
Casing 35.45°
Outlet Hub 68.00°
Angle Casing 61.77°

Finally the choice of manufacturing
technique was rapid prototyping in this
case utilising a laser sintering technique
available at the Central University of
Technology in Bloemfontein, South Africa.
The material is Fine Polyamide PA2200 as
used on the EOSINT P system. This
material was a late selection resulting from
the failure of the rapid prototyping machine
using a Renshape SL7580 epoxy and
offered equivalent strength to weight ratio,
but a reduced flexural modulus. Figure 8
shows the completed blading, showing two
blades each for the rotor and 2™ stage
stator, the annular hub on the left and non-
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axisymmetric contoured hub on the right.
The rapid prototyping material has proven
highly capable in producing the complex
shape of the endwall features quickly and
cheaply.
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Figure 7: The Durham P2 contoured
endwall as reported by Ingram (2003)
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Figure 8: Final blading as sintered.

Turbine Characterisation results

Inlet  turbulence intensity  was
measured utilising the single hot-film
probe and TSI's Thermal Pro software and
found to be less than 1%. Table 3 gives



the results for two different inlet access
points.

Table 3: Inlet turbulence

Intake

Maximum 0.71%
Mean 0.6364%
Minimum 0.58%
X0 Traverse Position
Maximum 0.94%
Mean 0.7438%
Minimum 0.634%

The turbine was characterised utilising
the torque and speed transducers and
single static pressure ports after the rotor
(X2 traverse position (see figure 4) and
after the complete 1'% stage turbine (X3
traverse position). The method was a
modified version of the British Standard
BS848 as follows:

Affvtage:POO_F)Z
AI)turbine = POO _P3
2r
P, ==Z0ON
k 60Q
AP-V
n= P

R

Figures 9 and 10 indicate that the
actual turbine power output and efficiency
is significantly below that predicted using
the TPERF meanline, off-design code
(NREC, 1972) during design. Disc
windage using the correlations of Daily
and Nece (1960) combined with bearing
loss accounts for only some 12W which
does not explain this disparity.
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Figure 9: Comparison of predictions and
experimental turbine output power versus
volume flow rate
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Figure 10: Comparison of predicted and
experimental turbine stage efficiency
versus volume flow rate

Two techniques for varying the stage
flow factor were experimented with; the
first was to fix the turbine wheel speed and
varying the volume flow rate through the
machine. The wheel speeds were selected
such that they should provide for a 5° rotor
blade incidence change either side of the
design point at the hub.

Figures 11 to 13 give the results of this
first series of tests. Once again the power
output is below the design point by some
24% and the stage efficiency appears to
be only 1% below the prediction, as a
result of the stage pressure drop being
reduced in similar proportion to the power
compared to the design predictions. The
efficiency of the 12 stage system is
similarly well predicted.

The second technique of these results
is the comparison of the annular and
contoured turbines. There is little to chose
between the designs in terms of the power
output (figure 11), or the stage efficiency
(figure 12). In addition Figure 12 includes
error bars indicating the uncertainty in the
results which indicate that although the
contoured endwall turbine results are
consistently lower powered and less
efficient, they are within experimental
uncertainty. The turbine efficiency results,
figure 13, however, indicate a greater
difference between the turbines; the
contoured turbine is consistently 1 to 2%
less efficient than the annular endwall
design. This latter result suggests that the
flow into the 2™ stator has higher
secondary loss or more variable outlet flow
angle than that of the annular turbine.
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The second control technique used
was to control the flow rate and vary the
wheel speed, in this case the flow rates
were adjusted by 10% either side of the
design flow rate, these results are
captured in figures 14 to 16.

Once again the results indicate similar
disparities between design and actual
results as well as between annular and
contoured turbine designs as the first
technique.

Finally all the results are collated into
two further figures, 17 and 18 and plotted
in non-dimensional quantities of stage load
and flow factors, after the method of the
National Gas Turbine Establishment as
followed by Saravanamuttoo et al. (2001).
Once again the conclusions are consistent
with previous results, but the repeatability
between tests is shown to be very good.

After a visual check for untwist or
flutter in the stators, the turning of the rotor
was scrutinised. Figure 18, with its
unmistakably linear characteristic
suggested that with changing incidence
there is no change in rotor outlet angle as
a result of the elimination of a separation
effect, as this would have resulted in a
curved characteristic. Figures 19 and 20
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were then created by performing crude
null-yawing traverses behind the stator at
roughly mid-chord, as well as behind the
rotor. The discrepancies between design
and experiment seen on the stator were
confirmed by a visual inspection of the 1°
stage stators, which are bowed in a
manner in parallel with figure 19, even to
the point of having small cracks at the
inflexion point seen in figure 19 at a span
of 42mm.

The results after the rotor (figure 20)
indicate the source of the reduced power,
under-turning by the rotor. Although NREC
(1972) utilises the cosine rule to determine
outlet flow angle, the design code takes no
account for the reduction in flow angles at
low Mach numbers, in accordance with
Saravanamuttoo (2001).
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(contoured turbine)

The implication of the under-turning is
indicated on Figure 18 (annotated as
‘Acos(o/s) prediction’) and agrees well with
the experimental results. Apart from
reduced rotor power the implication of the
under-turning is that an adjustment to the
rotor speed will have to be made to
provide flow angles closer to the design
point for any tests on the 2™ Stator.
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Conclusions

The 1% stage turbine test rig has been
fully refurbished and is now available for
performing tests on any variety of turbine
geometries and features. The first such
turbine design has been extensively
characterised. The near future will see a
detailed mapping of steady and unsteady
flow features upstream and downstream of
each blade row.

The rapid prototyping material has
proven highly capable both in producing
the complex shape of features such as the
endwall contours, and in terms of having
sufficient strength to withstand the rotation
forces in the rotor. In fact the material has
remarkable resilience and can easily be
repaired using cyanoacrylate gel. The
flexural modulus of the material is however
low and has led to significant bowing of
the trailing edge of the 1% stator. This, in
combination with an expansive tip loss
vortex (a combination of relatively large tip
gaps, and on all blade rows, rather than
the traditional hub gaps or shrouded
stators), and underturning in the rotor has
led to a large reduction in the stage
loading factor. A future stator ring will have
to take account of the low flexural modulus
of the sintered polymide material and
feature increased blade thickness in the
midchord region tapering towards the
trailing edge, leading to a longer blade
chord. Little comment can be made about
the differences between the contoured and
annular endwalls as the differences
measured are close to experimental
uncertainty.
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Appendix A: Turbine Geometry

1% Stator Hub

Pressure Surface
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X Y 4
141.8 7.5 -79.6
141.8 7.2 -79.5
141.8 7.0 -79.4
141.8 6.8 -79.2
141.8 6.7 -79.0
141.8 6.6 -78.8
141.8 6.6 -78.5
141.9 6.5 -78.2
141.9 6.0 -76.2
141.9 5.3 -74.3
141.9 4.3 -72.5
142.0 3.0 -70.9
142.0 1.7 -69.4
142.0 0.2 -67.9
142.0 -1.3 -66.6
142.0 -3.0 -65.4
141.9 -4.7 -64.3
141.9 -6.5 -63.3
141.8 -8.3 -62.3
141.6 -10.1 -61.4
141.5 -12.0 -60.4
141.3 -13.8 -59.5
141.1 -15.6 -58.7
140.9 -17.5 -57.8
140.7 -19.4 -57.0
140.4 -21.2 -56.2
140.2 -22.8 -65.5
1401 -22.9 -55.4
140.1 -23.0 -66.3
140.1 -23.0 -66.2
140.1 -23.0 -556.1
140.1 -23.0 -54.9
140.1 -23.0 -54.8

1% Stator Tip
Suction Surface Pressure Surface Suction Surface
X Y j2 X Y 2 X Y z

141.8 75 796 202.2 113 | -86.1 2022 113 | -86.1
141.8 77 796 202.2 11.0 | -86.0 2022 115 | -86.1
141.8 8.0 796 202.2 10.8_| -85.8 2022 1.8 | -86.1
141.8 8.2 79.6 202.2 106 | -85.6 2021 12.1 -86.1
141.7 8.5 794 202.2 105 | -85.3 202.1 123 | -86.0
141.7 8.7 793 202.2 104 | -851 202.1 125 | -85.8
141.7 9.0 79.0 202.2 104 | -84.8 202.1 132 -85.0
141.6 103 | -77.0 202.2 105 | -83.7 202.0 137 | -8138
141.6 105 | 747 202.3 100 | -80.7 202.1 131 786
141.7 9.7 725 202.3 9.1 779 2022 1.8 | -75.7
141.8 8.3 706 202.3 78 752 202.3 100 | -729
141.8 6.7 68.9 202.4 6.2 726 202.3 8.0 70.4
141.9 49 674 202.5 4.4 702 202.4 57 -68.1
142.0 2.9 66.1 202.5 23 68.0 202.5 32 -66.0
142.0 0.9 64.9 202.5 0.1 66.0 202.5 0.6 -64.0
142.0 12 63.7 202.5 23 64.1 2025 2.0 621
142.0 33 62.7 202.4 47 623 202.4 47 -60.3
141.9 54 61.7 2024 72 605 2024 75 -58.6
141.8 75 60.7 202.3 9.7 589 2022 | 102 | -56.9
141.7 9.7 59.8 2021 | 123 | -57.3 2021 | 130 | -56.3
1415 | -11.8 | -58.8 202.0 | 148 | -55.7 2019 | 159 | -53.7
1413 | -14.0 | -58.0 201.7 | 174 | -54.2 2016 | -187 | -52.1
1411 | 162 | 5741 2015 | 200 | -52.7 2014 | 215 | -50.6
1408 | 184 | 562 2012 | 227 | 512 201.0 | 244 | -49.0
1405 | -205 | 553 2009 | 253 | -49.7 2007 | 272 | -475
1402 | 224 | 546 200.6 | 279 | -483 2003 | 296 | -46.1
1402 | -225 | 546 200.2 | -301 | -47.0 2003 | -298 | -46.1
1402 | 226 | 546 200.2 | -30.3 | -46.9 2003 | -299 | -46.0
1402 | 228 | 546 2002 | 303 | -46.8 2003 | -300 | -46.1
1401 | 229 | 547 200.2 | -304 | -46.7 2002 | -302 | -46.1
1401 | -23.0 | -54.8 200.2 | -304 | -465 2002 | -303 | -462

200.2 | -304 | -46.4 2002 | -304 | -464

Rotor Hub
Pressure Surface Suction Surface

X Y Z X Y Z
142.0 14 -18.8 142.0 14 -18.8
142.0 0.0 -19.3 142.0 2.1 7.7
142.0 16 18.9 142.0 21 16,5
142.0 3.0 18.3 142.0 17 15.4
141.9 45 7.6 142.0 12 143
141.9 59 -16.9 142.0 0.7 131
141.8 7.3 -16.1 142.0 0.3 -12.0
141.7 86 15.2 142.0 0.0 -10.8
141.7 938 4.1 142.0 03 96
1416 | -109 | -13.0 142.0 05 84
1415 | 118 | 117 142.0 0.6 7.2
1414 | 126 | -103 142.0 0.7 6.0
1414 | 1341 87 142.0 07 438
1414 | 133 7.2 142.0 06 35
1414 | 133 56 142.0 04 23
1414 | 131 4.0 142.0 0.1 1.2
1414 | 126 24 142.0 0.3 0.0
1415 | -12.0 1.0 142.0 0.8 11
1416 | 112 0.4 142.0 14 22
1416 | -10.3 1.7 142.0 2.0 3.2
1417 93 3.0 142.0 27 42
141.8 8.2 4.1 142.0 35 5.2
141.8 7.0 52 141.9 44 6.0
141.9 58 6.2 141.9 5.3 6.9
141.9 45 72 141.9 6.2 7.6
142.0 3.2 8.1 141.8 7.2 8.4
142.0 1.9 9.0 141.8 8.2 9.1
142.0 05 9.8 1417 9.2 9.7
142.0 0.9 10.6 1416 | 103 104
142.0 23 1.3 1415 | 113 11.0
142.0 3.8 12.1 1415 | 124 11.6
141.9 52 12.7 141.4 13.4 12.2
141.8 6.7 134 1413 | 145 12.8
141.8 8.1 14.0 1411 15.6 134
141.7 9.6 14.6 141.0 16.6 13.9
141.6 11.1 15.2 1409 | 177 14.5
1414 12.6 158 1407 | 18.8 15.0
1413 141 16.3 1406 | 19.9 155
1411 15.6 16.9 1404 | _21.0 16.1
141.0 171 17.4 1403 | 221 16.6
140.8 18.6 17.9 140.1 23.2 171
140.6 20.1 18.4 139.9 | 243 17.6
140.3 21.6 18.9 139.7 | 254 18.2
140.1 231 19.4 1395 | 26.4 18.7
139.9 24.6 19.9 1393 | 275 19.2
139.6 26.1 20.4 139.1 28.6 19.7
139.3 27.6 20.9 1389 | 29.7 20.2
139.0 29.1 214 1386 | 30.8 20.7
138.7 30.6 219 1384 | 31.9 212
138.3 32.1 224 138.1 33.0 21.7
138.0 335 229 137.9 | 34.0 223
137.9 34.0 227 137.9 | 34.0 227




Suction Surface

2™ Stator Hub
Identical to rotor hub,

mirrored and scaled
to an axial chord of
28.16 mm

2™ Stator Tip
Pressure Surface

Suction Surface

X Y Z
200.8 -22.0 -21.4
200.8 -22.2 -21.3
200.8 -22.3 -21.2
200.7 -22.5 -21.1
200.7 -22.7 -20.9
200.7 -22.8 -20.7
200.7 -23.0 -20.6
200.7 -23.1 -20.4
200.6 -23.5 -18.7
200.8 -21.8 -14.4
201.1 -18.9 -10.7
201.4 -15.5 -7.6
201.7 -11.6 4.8
201.9 -7.6 -24
202.0 -3.5 -0.2
202.0 0.7 1.8
201.9 5.0 3.8
201.8 9.3 5.6
201.5 13.6 74
201.2 18.0 9.2
200.8 22.3 10.9
200.2 26.6 12.6
199.6 31.0 14.3
198.9 35.3 16.0
198.1 39.6 17.6
197.2 43.9 19.2
196.2 48.2 20.8
195.2 51.8 22.2
195.2 51.9 22.3
195.2 52.0 223
195.2 52.0 223
195.2 52.1 223
195.1 52.2 22.3
195.1 52.2 22.2
195.1 52.3 22.2
195.1 52.4 222
195.1 52.4 221
195.1 52.5 221
195.1 52.5 22.0
195.0 52.5 219
195.0 52.6 219

Rotor Tip
Pressure Surface
X Y Z
2008 | 220 | -214
2008 | 220 | 214
2008 | 218 | -215
2008 | 215 | -215
2009 | 213 | -21.6
2009 | -211 216
2009 | 209 | -216
2009 | 207 | -21.6
2010 | 204 | -215
2010 | 202 | -215
2013 | 170 | -198
2016 | 134 | 177
2017 | -10.1 151
201.9 7.0 125
202.0 3.8 9.8
202.0 0.7 72
202.0 25 4.6
201.9 5.8 2.1
201.8 9.1 0.4
201.6 12.4 2.7
201.4 15.9 49
2011 19.5 6.9
200.7 231 8.8
200.2 26.8 10.6
199.7 30.5 123
199.1 34.2 14.0
198.4 37.9 15.6
197.7 417 171
196.8 454 185
195.9 49.2 19.9
195.1 52.2 211
195.1 523 212
195.1 524 212
195.1 524 213
195.1 525 21.3
195.1 525 214
195.0 525 214
195.0 52.6 215
195.0 52.6 21.6
195.0 52.6 216
195.0 52.6 21.7
195.0 52.6 21.8
195.0 52.6 21.9
195.0 52.6 21.9

X Y z X Y 4
202.2 11.2 47.3 202.2 1.2 47.3
202.2 1.1 47.4 202.2 1.4 47.2
202.2 10.9 47.5 202.2 11.6 47.2
202.2 10.7 47.6 202.2 11.8 47.2
202.2 10.6 47.8 2021 12.0 47.3
202.2 10.5 48.0 2021 12.2 47.3
202.2 10.5 48.2 2021 12.4 47.4
202.2 10.4 48.4 202.1 125 47.6
202.2 10.4 48.6 2021 13.2 48.4
202.2 10.5 49.6 202.0 13.7 51.6
202.3 10.0 52.6 2021 13.1 54.7
202.3 9.1 55.5 202.2 11.8 57.7
202.3 7.8 58.2 202.3 10.0 60.4
202.4 6.2 60.8 202.3 8.0 62.9
202.5 4.4 63.1 2024 5.7 65.2
202.5 23 65.4 202.5 3.2 67.4
202.5 0.1 67.4 202.5 0.6 69.3
202.5 -2.3 69.3 202.5 -2.0 71.2
202.4 -4.7 711 2024 -4.7 73.0
202.4 -7.2 72.8 2024 -7.5 74.8
202.3 -9.7 74.5 202.2 -10.2 76.4
2021 -12.3 76.1 2021 -13.0 78.1
202.0 -14.8 77.7 201.9 -15.9 79.7
201.7 -17.4 79.2 201.6 -18.7 81.2
201.5 -20.0 80.7 2014 -21.5 82.8
201.2 -22.7 82.2 201.0 -24.4 84.3
200.9 -25.3 83.6 200.7 -27.2 85.9
200.6 -27.9 85.1 200.3 -29.9 87.4
200.2 -30.4 86.5 200.3 -30.0 87.4
200.2 -30.5 86.6 200.2 -30.1 87.5
200.2 -30.6 86.6 200.2 -30.2 87.5
200.2 -30.6 86.7 200.2 -30.3 87.4
200.2 -30.7 86.8 200.2 -30.4 87.4
200.2 -30.7 87.0 200.2 -30.5 87.3
200.2 -30.7 87.1 200.2 -30.6 87.3
200.2 -30.6 87.2
200.2 -30.6 87.3
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