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/- SUMMARY

A preliminary experimental study of a new type of pseudo-two-dimensional bluff
base consisting of a series of rectangular prismatic protrusions spaced along the span
with base bleed into the regions between the protrusions is presented.

A base geometry was derived which had less drag at subsonic and transonic speeds
than the best reported non-bleed arrangement for bleed mass flow coefficients (based on the
mass flux swept by the model frontal area) in the range 0-02 to 0.04. A simple two-
dimensional bleed arrangement requires a bleed coefficient greater than 0.08 to achieve
the same subsonic base drag. ,7
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NOTATION

b Spanwise length of protruding block

Cp Pressure coefficient = (P-Po)/(yPoMo2 /2)

(CP SPACE) Cp, with P = static pressure in plane of trailing edge midway between
blocks

(CP BLOCK) Cp, with P = average pressure acting on downstream face of block

Cpb (CP TOTAL) Cp, with P = average pressure acting over entire base area
= ((CP SPACE) x S+(CP BLOCK) x b)I(b+ S)

Cq (CQ) Bleed mass flow coefficient = QIUopoh

(CQ LOCAL) Bleed mass flow coefficient for space between blocks
= (Cq x (b+S))[S

h Model base height

Mo (MACH NO.) Free stream Mach number

P0 Free stream static pressure

Q Average bleed mass flow per unit span

Re (REYN. NO.) Reynolds number based on h

S Spanwise space between blocks

U0  Free stream velocity

Y Ratio of specific heats (1 4)

po Free stream density

0 Boundary layer momentum thickness

Note: Names in brackets are headings used in tables I to 6.
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1. INTRODUCTION

It has been pointed out by a number of authorsl 2,3 that aerofoils with blunt trailing edges
have many potential advantages at transonic speed. A number of the so called "supercritical"
aerofoil sections4,5 incorporate a small amount of trailing edge bluntness. At the present time
the more extensive use of blunt trailing edges is prevented by the occurrence of a significant
"base drag" penalty due to the low pressure which acts over the base area. Any method of
reducing two-dimensional subsonic and transonic base drag will permit the more extensive use
of blunt trailing edges with their attendant aerodynamic advantages1 ' 2 3 .

Many geometric modifications to blunt trailing edges aimed at reducing base drag have
been investigated. 6 Overall the most promising designs appear to be the serrated or segmented
trailing edges developed independently by Tanner- and the present author.8 These base
geometries give drag reductions of about 60% over a simple blunt base. Greater drag reductions
have been obtained6 using thick splitter plates or wedges attached to the base, but these arrange-
ments are not attractive for transonic aerofoils since they would exhibit many of the problems
associated with conventional sharp trailing edges.

An alternative ap,roach to the reduction of two-dimensional base drag is the use of base
bleed. Tests at low,9 10 compressible subsonic and transonic" ,12 and supersonic' 3- 17 speeds have
shown that bleeding low velocity air into the base region produces a marked reduction in drag.
For Mach numbers up to 1.0 a bleed mass flow coefficient Cq of about 0.07 is required to
produce a higher base pressure coefficient than the best non-bleed base type.'1 For Mach numbers
above 1 '0 only about half this bleed flow is required to give superior results to the best non-bleed
base. Higher bleed mass flows produce even greater base pressure increases and for a Cq of 0-10
a base pressure about 30 % higher than the best non-bleed configuration can be obtained through-
out the subsonic speed range.'1

The use of base bleed poses two significant problems which together severely restrict the
range of practical applications of this technique of drag reduction. The first problem is the size
of the ducting which must be accommodated in the wing section to supply the bleed air. To
supply a Cq of 0- at transonic speeds while retaining a reasonable duct velocity would result
in a large proportion of the volume of the wing being occupied by bleed air ducting. This would
compromise the structural design and for an aircraft would also restrict the fuel volume which
could be stored. The second problem relates to the momentum drag of the bleed air. If the bleed
mass flow is derived from the free stream there will be a drag force produced due to the reduction
in the momentum of this flow. For small bleed quantities this momentum dissipation will be
virtually complete and the effective base pressure increment will be9.'8 ACpb - -2 Cq. This
drag increment could be reduced if the bleed mass could be obtained from a boundary layer
bleed or eliminated if the bleed was not derived from the free stream. Bleed sources not derived
from the free stream include on-board gas generation for an aircraft and ambient air bleed from
outside the engine for a compressor blade.

Since the isolated base protrusions of the segmented trailing edge geometries7.8 have a very
low drag and base bleed can produce low drag,'- 7 albeit for inconveniently large bleed quantities,
it appeared that the two techniques could be combined to produce a base with low drag and a
reasonably small bleed requirement. The configuration chosen for study consisted of a series
of rectangular prisms protruding downstream from the base with bleed introduced in the spaces
between the blocks (Fig. 1). The preliminary investigation reported here was intended to establish
guidelines for the optimum geometry of such a base design and to obtain an indication of the
drag reductions obtainable. The tests described were carried out in the Transonic Wind Tunnel
during September and October 1982.



2. EXPERIMENTAL DETAILS

2.1 Model

The model (Fig. 1) was of hollow construction with the upper and lower portions separated
by a number of spacers i A.ich incorporated the downstream protruding blocks. The number of
spacers used and hence the b/S ratio could be varied. A series of inlet choke plates which
produced slit intakes of various widths at the model leading edge were used to regulate the mass
flow through the channels between the spacers. The 1.6 mm diameter wire located just down-
stream from the choke plate (Fig. 1) was used to prevent the bleed flow from forming a wall jet
attached to one side of the duct through the model. The bleed mass flow was introduced into the
base region over almost the entire area of the space between the blocks. This was done because
two-dimensional subsonic 9 and supersonic' 3 tests have shown that best results are obtained
when the bleed flow is introduced at as low a velocity as possible.

The bleed mass flow was measured with a six tube pitot rake and a duct wall static tapping
located midway between the midspan spacer and one of the adjacent spacers. The effective base
pressure acting on the space between the blocks was measured using a I ,6 mm diameter static
probe supported from downstream. The static probe, which was located midway between the
midspan block and one of its neighbours, protruded into the model cavity with its pressure
orifices in the plane of the base. The effective base pressure acting on the base of the blocks was
taken as the average of 8 pressure tappings on the midspan block which were arranged to be
representative of the pressures acting at the centres of 32 equal area rectangular elements covering
the block base (Fig. 2).

The forward 31 % of the model was of approximately semi-elliptic form and the remainder
of the chord was parallel sided. The model thickness to chord ratio (not including the blocks)
was 12-5 % and the bleed aperture to base height ratio was 93 %. The model completely spanned
the width of the tunnel and was supported by integral end tongues which passed through slots
in the tunnel sidewalls. Boundary layer trips consisting of spanwise bands of 0-15 mm
carborundum particles attached with a thin (0.03 mm) layer of lacquer were used on both surfaces
of the model. The bands were located 10 mm aft of the leading edge and were 2 mm wide, with
a particle coverage of 20%.

2.2 Wind Tunnel

The tests were carried out in the ARL transonic wind tunnel (Fig. 3), which has a test section
813 mm high and 533 mm wide. Solid sidewalls and longitudinally slotted top and bottom walls
with an open area ratio of 16.5% at the model location were fitted. Mach number and dynamic
pressure were derived from measurements of the pressure in the plenum chamber surrounding
the test section and in the contraction entry assuming these to be the static and total pressures
of the test section flow respectively.

The model blockage ratio (model frontal area/test section area) was 1-9%. Due to the diffi-
culty in predicting tunnel wall interference for models of this type no corrections were applied
to the experimental data. The results of Ref. 19 suggest that the blockage correction to Mach
number should be less than AM = 0.01 at MO - 0.80.

2.3 Test Program

The model was tested at zero incidence and Mach numbers of 0.50, 0.60, 0.70, 0.80,
0.85, 0.875, 0.90, 0.925, 0.95, 0.975, I 00, I 10, I 20, I .30 and I .35. The tests were conducted
with a single block at midspan, taken to represent b/S = 0; with 5 blocks equally spaced giving
b/S = I .20; with 7 blocks giving b/S = 2.67 and with 9 blocks giving b/S = 10. 16. Nine
different inlet slot widths were used to cover the range of local bleed mass flow coefficients from
0 to about 0.15.

The tunnel operating pressure was varied during the tests to achieve a reasonable com-
promise between holding the Reynolds number constant and utilizing the maximum Reynolds
number available at each Mach number. The variation of test Reynolds number with Mach
number is shown in Fig. 4. At Mach numbers where the tunnel pressure was altered (Mo - 0-50,
0.70, 0.90 and I • 10) test points were taken at the higher and lower values. At a Mach number
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of 0,6, for one base arrangement, the effect of varying the Reynolds number over the range
I- 1.8×x 104 <Re < I1.8 x 105 was investigated.

Earlier tests" on an identical model without the base extensions had shown that the
external boundary layers approaching the base were turbulent under all test conditions and that
their thickness was not significantly affected by Mach number or bleed mass flow. A pitot
traverse of the boundary layer at the base was carried out at Mo = 0.50, Cq = 0025 and
b/S = 0. The resulting velocity distribution (Fig. 5) showed a turbulent profile with a thickness
of 2. mm and a momentum thickness of 0.22mm.

2.4 Data Reduction

A preliminary calibration of the static probe used to measure the base pressure between
the blocks showed it to be free of measurable error (error <0. I% of reading) under the
conditions it would experience in the base flow. The static probe pressure was therefore used
directly in the calculation of pressure coefficient. As discussed in section 2.1 the base pressure
acting on the downstream face of the protruding blocks was obtained from the average of eight
pressure tappings appropriately located on the midspan block.

The bleed mass flow was calculated as follows: The local Mach number at each of the
six pitot tubes (Fig. i) was calculated using the static pressure from the duct wall tapping and the
relevant pitot pressure. The local sonic velocity and density and hence the local mass flux at
each pitot location was calculated assuming the total temperature of the bleed flow to be equal
to the free stream stagnation value. The total mass flow was obtained by simply summing the
local values. The alternative approach of using a least squares quadratic best fit to the six local
mass flux values and then integrating yielded values of mass flow which agreed within the
experimental scatter with the simple summed values.

2.5 Note on Experiment Design

The preferred method of carrying out a test of this nature would be to introduce the bleed
air into the model from an external source and then distribute it appropriately with internal
ducting. This would facilitate the accurate measurement of total bleed mass flow and permit
the adjustment of the bleed distribution to make it even across the span. Unfortunately the
expense and complexity of a model of this type could not be justified for preliminary feasibility
tests of the type described here. The method of deriving the bleed air from a leading edge inlet
has the advantage of simplicity but the disadvantages of the outer flow around the model varying
with the bleed quantity and the difficulty of ensuring spanwise bleed uniformity. It is considered
that spanwise bleed variations are the major factor contributing to the scatter evident in some of
the results. Despite these problems the experimental method used is thought to be sufficiently
accurate for an assessment of the potential performance of this new base type and to give some

indication of an optimum arrangement.

3. RESULTS AND DISCUSSION

A complete listing of the experimental results is presented in tables I to 6. The results of the
Reynolds number check runs are presented in Fig. 6. It can be seen that at least for these con-
ditions (Mo 0.6, b/S =I .20, Cq = 0.01 and 0.08) the base pressure coefficient is nearly
independent of Reynolds number, with only a very weak tendency for Cp to become more negative
as Re increases. The evidence from the Ms = 0.50, 0.70, 0.90 and I. 10 tests, where data is
available at two relatively close values of Re, is that the insensitivity to Re extends to all values
of Mo, Cq and b/S.

In Figs. 7 to 21 the mean base pressure coefficient is plotted against the bleed mass flow
coefficient for all test values of b/S and Mach numbers. The two-dimensional bleed results of
Ref. I I are also plotted in these figures. In general the present b/S = 0 results are in satisfactory
agreement with the results from Ref. II, but where there is a significant difference more weight
is given to the Ref I I results because of their closer approach to true two-dimensional (b/S = 0)
conditions. From Figs. 7 to 21 it can be seen that for all Mach numbers up to i .0 the b/S = 1.20,
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2.67 and 10.16 bases have a less negative Cp (less drag) than the b/S = 0 base for all values of Cq.
At supersonic speeds the situation is reversed and the two-dimensional bleed base (b/S = 0)
is superior to the others over the majority of the Cq range.

In Figs. 22 to 25 the smoothed curves from Figs. 7 to 21 are cross plotted to give base
pressure coefficient as a function of Mach number and bleed coefficient for the b/S = 0, 1 20,
2.67 and 10.16 bases. In Figs. 26 to 28 the data in Figs. 22 to 25 is replotted so the three base
types can be compared at bleed coefficient values of 0, 0.02 and 0.04. On these three Figures
the variation of base pressure coefficient with Mach number for the best reported non-bleed
arrangement s is also plotted for comparison. For zero bleed flow (Fig. 26) the b/S-- 1.20,
2.67 and 10. 16 bases have more negative base pressure coefficients than the non bleed base of
Ref. 8 at most Mach numbers. This is not surprising since the four base types are of similar
geometry except that the non-bleed base has splitter plates between the blocks rather than the
open cavity of the present configurations. It is known2 0 that a base cavity without bleed has a
base pressure intermediate between that of a plain blunt base and a blunt base with splitter plate.
On the basis of the optical flow visualization photographs presented in Ref. II it appears probable
that the marked dip in drag near Mo = 0 90 is associated with the terminal shock wave inter-
acting with the near wake downstream of the cavities. For a bleed coefficient of 0.02 (Fig. 27)
the b/S = 2.67 base has lower drag than the best non-bleed base in the range 0-50 <Mo < .00
while at supersonic speeds the b/S = 0 base drag drops to the best non-bleed value. For a bleed
coefficient of 0-04 (Fig. 28) the b/S = I -20 and 2.67 bases have similar drag and they are both
superior to the best non-bleed base in the range 0.50 <Mo< -00. At supersonic speeds the
b/S = 0 base has less drag than the best non-bleed base.

It should be noted that if the bleed mass flow was derived from the free stream the effective
base pressure increment due to the reduction in bleed flow momentum'-' s would approach
-2 Cq. This increment would be sufficient to negate most of the apparent drag advantage of
the present bleed type base over the earlier non-bleed base. The new base geometry studied
here could be used advantageously on subsonic configurations where a source of low energy
air from a boundary layer bleed was available. Since many current aircraft have boundary layer
removal ducts associated with the engine intakes this requirement for low energy air may not
be a significant problem. It may even be possible to design a configuration which combines the
beneficial effects of boundary layer suction and base bleed by simply providing the necessary
ducting.

4. CONCLUSION

A preliminary experimental study has been carried out on a new type of pseudo-two-dimen-
sional bluff base consisting of a series of isolated rectangular prismatic protrusions spaced along
the span with base bleed into the regions between the protrusions. The aim of this work was to
derive a new type of base geometry for use on blunt trailing edge aerofoils which combined low
base drag with modest bleed requirements.

The investigation identified a design which had less drag at subsonic speeds than the best
reported non-bleed design for a bleed mass flow coefficient in the range 0-02 to 0-04. This
new design could have practical applications where a suitable source of low energy bleed air was
available from, for example, an engine inlet boundary layer diverter. At supersonic speeds the
new base was inferior to a simple two dimensional bleed and to earlier non-bleed geometries.

The bases tested had protruding blocks of height equal to the base height, streamwise
length equal to 2 x base height and spanwise length equal to 3.3 x base height, these dimensions
being selected on the basis of earlier non-bleed base developments. During the test the ratio of
spanwise block length to space between blocks was varied. On the basis of the limited range of
values investigated the optimum ratio is thought to be between 1-2 and 2.7.

4
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TABLE 1 - EXPERIMENTAL RESULTS (b/s=O)

MACH Co CO REYN. CP CP CP

NO. LOCAL NO. SPACE eLOCK TOTAL

0.498 0.000 0.000 0.073 -0.482 -0.222 -0.482

0.498 0.000 0,000 0.098 -0.479 -0.?20 -0.479

0.499 0.043 n.043 0.073 -0.394 -0.209 -0.394

O.SO0 0.03? 0.032 0.095 -0.389 -0,209 -0.38 Q

0.$00 0.055 0.055 0.073 -0.350 -0.209 -0.350

O.'Q 0.050 0.050 0.091 -0.344 -0.203 -0.34'

0.500 0.07? 0.072 0.073 -0.309 -0.216 -0.309

0.498 0.066 0.066 0.095 -0.307 -0.213 -0.307

0.502 0.078 0.078 0.073 -0.260 -0.187 -0.260

0.498 0.076 0.076 0.098 -0.261 -0.182 -0.261

0.501 0.097 0,097 0.073 -0.218 -0.168 -0.218

0.500 0.10? 0.102 0.108 -0.210 -0.165 -0.210

O.SO0 0.117 0.117 0.073 -0.149 -0.152 -0.149

0.500 0.119 0.119 0.098 -0.14S -0.151 -0.145

0.501 0.148 0.148 0.077 -0.130 -0.143 -0.130

0.502 0.1'7 0.147 0.101 -0.122 -0.139 -0.4'?

O.502 0.164 0.164 0.073 -0.118 -0.135 -0.118

0.499 0.166 0.166 0.095 -0.118 -0. 17 *'.1t

0.500 0.177 0.177 0.077 -0.113 -0.13: -0.113

0.500 0.176 0.176 0.098 -0.113 -0.13" 0.113

0.599 0.000 0.000 0.090 -0.478 -0.22 -0.478

0.599 0.037 0.037 0.086 -0.411 -0.22 n. 4 4

0.599 0.052 0.052 0.086 -0.359 -0.19 J.3S9

n. 60? 0.071 0.071 0.086 -0.322 -0.21 -0.3 '

0.603 0.078 0.078 0.086 -0.250 -n.171 -0.250

0.601 0.092 0.092 O.0A6 -0.246 -0.16c -0.

0.599 0.116 0.116 n.086 -0.153 -0.158 -0,153

0.602 0.145 0.145 0.090 n . 134 -0. 1 4r, -n. -'

0.602 0.16? 0.162 0.090 -0.132 -0.140 -0.132

0. 60 0.1 7F% 0.17s 0.090 -r), I10 -0.136 -0 .120

0.703 0.000 0.000 n.083 -0.499 -0.224 -0.499

0. 4,98 0.000 0.000 0.101 -0.495 -0.229 -0.9S

q.70n 0.032 0.032 0.083 -0.414 -0.203 -0.414

0.700 0.033 0.033 0.099 -0.416 -0.205 -0.4-16

0.703 0.051 0.051 0.083 -0.351 -0.193 -0.351

0.700 0.05? 0.052 0.099 -0.349 -0.18Q -0.3'9

0.701 0.064 0.064 0.083 -0.442 -0.347 -0,442

0.701 0.070 0.070 0.099 -0.301 -0.206 -0.3n1

0.699 0.078 0.078 0.083 -0.260 -0.181 -0.260

0.700 0.078 0.078 0.098 -0.260 -0.178 -0.26C

0.700 0.09? 0.09? 0.083 -0.216 -0.171 -0.216

0.700 0.090 0.090 0.099 -0.208 -0.160 -0.20-

0.702 0.116 0.116 0.083 -0.163 -0,165 -0.163

0.702 0.118 0.118 0.099 -0.1 4 -0.167 -0.164

0.701 0.141 0.141 0.086 -0.147 -0.156 -0.147

0.697 0.11-3 0.143 0.103 -0.147 -0.16P -0.14'

0.700 0.157 o.1s 0.086 -0.142 -0.151 -0.142

0.700 0.157 0.157 0.099 -0.145 -0.150 -0.14S

0.700 0,169 0.169 0.083 -0.140 -0.144 -0.140

0.700 0.167 0.167 0.099 -0.139 -0.14 -0.13Q



TABLE 1 (CONTINUED)

MACH CO CO REYN. CP CP CP
NO. LOCAL NO. SPACE BLOCt( TOTAL

0.800 0.000 0.000 0.091 -0.5S3 -0.230 -0.553
0.801 0.034 0.034 0.093 -0.428 -0.212 -0.42k,
0.799 0.049 0.049 0.091 -0.363 -0.203 -0.363
0.800 0.068 0.068 0.091 -0.291 -0.207 -0.291
0.800 0.082 0.082 0.091 -0.248 -0.190 -0.248
0.802 0.094 0.094 0.091 -0.214 -0,180 -0.211'
0.798 0.117 0.117 0.091 -0.175 -0.173 -0.175
0.802 0.140 0.140 0.093 -0.IS8 -0.1S8 -0.158
0.802 0.152 0.152 0.096 -0.153 -0.156 -0.153
0.802 0.16? 0.162 0.091 -0.142 -0.153 -0.142
0.851 0.000 0.000 0.095 -0.572 -0.225 -0,572
0.848 0.037 0.037 0.096 -0.441 -0.198 -0.441
0.852 0.050 0.050 0.09F -0.369 -0.201 -0.369
O.852 0.064 0.064 0.096 -0.282 -0.190 -0.282
0.851 0.080 0.080 0.095 -0.247 -0.186 -0.247
0.848 0.094 0.094 0.096 -0.208 -0,180 -0.208
0.848 0.116 0.116 0.096 -0.177 -0.174 -0.177
0.848 0.138 0.138 0.096 -0.?36 -0.157 -0.236
O.851 n.146 0.146 0.099 -0.234 -0.239 -0.234
0.851 0.160 0.160 0.096 -0.151 -0.162 -0,49;1
0.874 0.000 0.000 0.098 -0.574 -0.211 -0.574
0.97S 0.033 0.033 .098 -0.427 -0.176 -0.427
0.877 0.049 0.049 0.098 -0,341 -0.184 -0.341
0.875 0.066 0.066 O.0q8 -0.259 -0.182 -0.259
0.875 0.079 0.079 0.096 -0.225 -0.174 -0.225
0.874 0.09? 0.092 0.098 -0.198 -0.170 -0.198
0.875 0.115 0.115 0.098 -0.165 -0.163 -0.165
n.875 0.137 0.137 0.098 -0.1S5 -O.IS3 -0.155

0.877 0.149 0.149 0.101 -0.150 -0.156 -0.150
0.876 0.152 0.152 0.098 -0.154 -n.163 -0.154
0.901 0.000 0.000 0.081 -0.503 -0-134 -0.503
0.899 0.000 0.000 0.099 -0.505 -0.133 -0.505
0.898 0.034 0.034 0.085 -0.356 -0.120 -0. 56
0.899 0.033 0.033 0.099 -0.344 -0.124 -0.344
0.900 0.047 0.047 0.081 -0.241 -0.107 -0.241
0.899 0.048 0.048 0.098 -0.231 -0.124 -0.231
0.898 0.065 0.065 0.081 -0.194 -0.132 -0.194
0.899 0.064 0.064 0.099 -0.187 -0.144 -0.187
0.900 0.080 0.080 0.081 -0.174 -0.130 -0.174
0.901 0.079 0.079 0.099 -0.168 -0.13S -0.168
0.898 0.089 0.089 0.081 -0.171 -0.133 -0.171
0.902 0.090 0.090 0.099 -0.161 -0.133 -0.161
0.899 0.113 0.113 0.081 -0.126 -0.127 -0.126
0.898 0.115 0.115 0.099 -0.129 -0.128 -0.129
0.900 0.137 0.137 0.085 -0.118 -0.120 -0.118
0.901 0.137 0.137 0.099 -0.125 -0.1?8 -0.125
0.901 0.14S 0.14S 0.081 -0.127 -0.136 -0.127
0.898 0.146 0.146 0.103 -0.127 -0.133 -0.127
0.902 0.153 0.153 0.085 -0.120 -0.133 -0.120
0.901 0.153 0.153 0.099 -0.127 -0.139 -0.127



TABLE 1 (CONTINUED)

MACH CO CO REYN. CP CP CP
NO. LOCAL NO. SPACE BLOCK T)OAL

0.925 0.000 0.000 0.083 -0.543 -0.230 -0.543
0.923 0.023 0.0?3 0.086 -0.390 -0.286 -0.390
0.926 0.048 0.048 0.083 -0.265 -0.216 -0.265
0.924 0.063 0.063 0.083 -0.238 -0.208 -0.23S
0.926 0.077 0.077 0.083 -0,215 -0.194 -0.215
0.924 0.091 0.091 0.083 -0.207 -0.156 -0.207
0.924 0.112 0.112 0.083 -0.143 -0.121 -0.143
0.927 0.'35 0.135 0.086 -0.154 -0.122 -0.15'
0.926 0.140 0.140 0.083 -0.121 -0.109 -0.1.1
O.Q2A 0.153 0.1S3 0.083 -0.118 -0.104 -n 118
0,952 0.000 0.000 0.085 -0.711 -0.216 -0.711
0.949 0.031 0.031 0.088 -0.38 -0.307 -0.396
0.952 0.048 0.048 0.081 -0.333 -0.280 -0.333
0.949 0.063 0.063 n.081 -0.316 -0..79 -0.31s
0.950 n.076 n.076 0.085 -0.295 -0.273 -0.295
0.950 0.093 0.093 0.081 -0.290 -0.' 40 -0.290
0.950 0.111 0.111 0.085 -0.244 -0.222 -0.244
0.950 0.135 0.135 0.085 -0.247 -0.196 -0.247

0.951 0.144 0.144 0.081 -0.219 -0.200 -0.219
0.951 0.154 0.1;4 0.085 -0.224 -0.196 -0.22-L
0.974 0.000 0.000 0.083 -0.747 -0.279 -0.747
0.975 0.037 0.037 0.088 -0.508 -0.31n -0.508
0.976 0.049 0.049 0.083 -0.462 -0.357 -0.462
0.975 0.066 0.066 0.083 -0.407 -0.35' -0.n0'
0.974 0.076 0.076 0.086 -0.395 -0.357 -0.395
0.975 0.092 0.092 0.083 -0.352 -0.737 -0.35-
0.974 0.109 0.109 0.086 -0.320 -0.298 -0.320
0.97S 0.132 0.132 0.0P6 -0.322 -0.29? -0 _3"
0.974 0.142 0.142 0.083 -0.319 -0.274 -0.319
0.976 0.152 0.152 0.086 -0.340 -0.?'63 -0.34n
1.002 0.000 0.000 0.085 -0.846 -0.347 -0.846
0.999 0.033 0.033 0.090 -0.581 -0.762 -0.S5i
1.002 0.055 0.055 0.085 -0.551 -0.545 -0.5I
1.001 0.062 0.062 0.085 -0.521 -0.47S -0-521
1.002 0.073 0.073 0.088 -0.498 -0.453 -0.498
0.998 0.093 0.093 0.088 -0.437 -0.445 -0.43"
1.000 0.111 0.111 0.088 -0.397 -0.387 -0.397
1.002 0.128 0.128 0.088 -0.424 -0.398 -0.424
1.002 0.142 0.142 0.085 -0,442 -0.383 -0.442
0.999 0.1,2 0.15? 0.088 -0,438 -0.355 -0.438
1.102 0.000 0.000 0.052 -0.654 -0.739 -0.6S4
i.098 O. 000 0.000 0.09 -0.710 -0.'?o -0."1n
1.100 0.038 0.038 0.058 -0.517 -0.721 -0.517
1.102 0.036 0.036 0.09S -0.481 -0.683 -0.481

1.097 0.054 0.054 0.052 -0.496 -0.722 -0.496
1.101 0.054 0.054 0.091 -0.449 -0.66' -0.440
1.099 n.063 0.063 0.057 -0.465 -0.682 -0.465
1.101 0.062 0.062 0.091 -0.439 -0.625 -0.439
1.099 0.069 0.069 0.054 -0.440 -0.657 -0.440
1.101 0.073 0.073 0.094 -0.410 -0,608 -0.410

A4



TABLE 1 (CONTINUED)

MACH CO Co REYN. CP CP CP
NO. LOCAL NO. 13PACE !.OCW TOTAL

1.101 0.084 0.084 0.057 -0.422 -0.628 -0.422
1.101 0.087 0.087 0.091 -0.389 -0.,8 -0.38q
1.098 0.106 0.106 0. "r7 -0.412 -0.612 -0.412
1.100 0.107 0.107 0.'j91 -0.388 -0.565 -0.388
1.102 0.129 0.129 0.057 -0.418 -0.601 -0.418
1.098 0.132 0.132 0.093 -0.413 -0.567 -0.413
1.101 0.143 0.143 0.0S7 -0.443 -0.612 -0.443
1.101 0.142 0.142 0.091 -0.429 -0.573 -0.4? o

1.101 0.147 0.147 0.057 -0.446 -0.603 -0.446
1.099 0.1SS 0.15S 0.093 -0.437 -0.568 -0.437
1.201 0.000 0.000 0.054 -0.497 -0.579 -0.407
1.200 0.040 0.040 0.060 -0.366 -0 .74 -0.366
1.201 0.0S5 0.055 0.057 -0.335 -0.SS8 -0.335
1.199 0.066 0.066 0.057 -0.302 -0.S 4 4 -0.02
1.201 0.070 0.070 0,057 -0.290 -0.507 -0.290
1.198 0.086 0.086 0.060 -0.269 -0.475 -0.69
1.199 0.108 0.108 0.n58 -0.246 -0.453 -0.246
1.200 0.131 0.131 0.060 -0.261 -0.451 -0.261
1.203 0.140 0.140 O.058 -0.328 -0.494 -0.328
1.199 0.1SS 0.1SS 0.058 -0.289 -0 446 -0.2eQ
1.300 O. 000 O.000 .055 -0.431 -0.461 -0.431
1.301 0.039 0.039 0.062 -0.307 -0.476 -0.307
1.301 0.055 0.055 .057 -0.286 -0.467 -0.286
1.303 0.057 0.057 0.060 -0.259 -0.448 -0.25 °

1.301 0.071 0.071 0.057 -0.241 -0.434 -0.?41
1.300 0.087 0.087 0.06 -0.226 -0.422 -. .226
1.300 0.109 0.109 0.060 -0.233 -0.407 -0.233
1.301 0.135 0.135 0.06? -0.2r? -0.395 -0.252
1.299 0.149 0.149 0.060 -0.279 -0.398 -0.279
1.299 0.158 0.158 0.060 -0.287 -0.393 -0.287
1.351 n.000 n.000 0.058 -0.402 -0.423 -0.402
1.350 0.045 0.045 0.065 -0.285 -0.437 -0.295
1.348 0.053 0.053 0.058 -0.266 -0.430 -0.266
1.349 O.059 0.059 0.060 -0.238 -0.414 -0.238
1.348 0.069 0.069 0.060 -0.222 -0.406 -0.222
1.349 0.087 0.087 0.06? -0.207 -0.390 -0.207
1.350 0.105 0.105 0.060 -0.219 -0.373 -0.219
1.351 0.137 0.137 0.062 -0.230 -0.35Q -0.230
1.348 0.15I 0.151 0.060 -0.265 -0.367 -0.265
1.350 0.161 0.161 0.062 -0.279 -0.358 -0.279



TABLE 2 - EXPERIMENTAL RESULTS (b/s=l.20)

MACH CO CO REYN. CP CP CP

NO. LOCAL NO. SPACF BLOCK TOTAL

0.501 0.000 0.000 0.073 -0.392 -0.?07 -0.291

0.498 0.000 0.000 0.098 -0.387 -0.207 -0.2,-°

0.502 0.051 0.023 0.073 -0.298 -0.195 -0.237

0.502 0.056 0.025 0,098 -0-2Q?_ -0.192 -0.237

0.502 0.063 0.029 0.073 -0.259 -0.188 -0.220

0.499 0.067 0.030 0.098 -0.261 -0.18q -0.222

0.500 0.078 0.036 0.077 -0.252 -0.190 -0.218

0.499 0.079 0.036 0.098 -0.265 -0.18Q -0.223

.500 0.079 0.036 0.077 -0.232 -0.168 -0.197

0.501 0.088 0.040 0.098 -0.249 -0.168 -0.205

0.502 0.096 0.044 0.073 -0.219 -0.158 -0.186

0.500 0.099 0.045 0.095 -0.217 -0.154 -0.182

0.500 0.129 0.058 0.073 -0.169 -0.150 -0.158

0.500 0,128 0.058 0.098 -0.175 -0.148 -0.160

0.500 0,151 0.069 0.073 -0.177 -0.137 -0.155

0.501 0.150 0.068 0.0Q8 -0.182 -0.138 -0.15-

0.499 0.181 0.082 0.077 -0.160 -0.137 -0.147

0.501 0.178 0.081 0.0Q8 -0.165 -0.136 -0.149

0.600 0.000 0.000 0.090 -0.411 -0.217 -0.305

0.599 0,05q 0.025 0.086 -0.290 -0.186 -0.23!

0.599 0.064 0.029 0.086 -0.251 -0.179 -0.212

0.600 0.07r 0.034 0.090 -0.261 -0.182 -0.2 18

0.598 0.085 0.039 O.090 -0.255 -0.165 -0.206

0.600 0.100 0.045 0.086 -0.227 -0.156 -0.188

0.601 0.125 0.057 0.086 -0.183 -0.151 -0.165

0.602 0.151 0.069 0.086 -0.194 -0.141 -0.165

0.602 0.177 0.080 0.090 -0.174 -0.139 -0.155

0.701 0.000 0.000 0.083 -0.429 -0.217 -0.317

0.699 0.010 0.004 0.101 -0.421 -0.215 -0.308

0.703 0.051 0.023 0.083 -0.290 -0.188 -0.234

0.699 0.054 0.025 0.101 -0.299 -0.191 -0.240

0.698 0.063 0.029 0.083 -0.246 -0.181 -0.210

0.701 0.065 0.030 0.099 -0.247 -0.181 -0.211

0.701 0.072 0.033 0.083 -0.2SS -0.185 -0.217

0.699 0.079 0.036 0.099 -0.263 -0.185 -0.220

0.702 0.085 0.039 0.086 -0.259 -0.168 -0.200

0.700 0.084 0.038 0.103 -0.265 -0.168 -0.212

0.700 0.101 0.046 0.083 -0.238 -0.160 -0.19.

0.700 0.102 0.047 0.099 -0.239 -0.161 -0.197

0.698 0.130 0.059 0.083 -0.195 -0.158 -0.17S

0.699 0.130 0.059 0.101 -0.199 -0.159 -0.177

0.699 0.151 0.068 0.083 -0.206 -0.148 -0.17-

0.698 0.151 0.069 0.101 -0.211 -0.150 -0.178

0.701 0.173 0.079 0.086 -0.188 -0.147 -0.166

0.700 0.172 0.078 0.103 -0.187 -0.146 -0.164

O.802 0.000 O.000 O.091 -0.458 -0.216 -0.326

0.801 0.0SO 0.023 0.091 -0.304 -0.206 -0.251

0.801 0.064 0.029 0.091 -0.248 -0.195 -0.21

0,800 0.075 0.034 0.091 -0.264 -0.195 -0.226

0.798 0.087 0.039 0.091 -0.272 -0.179 -0.221

K



TABLE 2 (CONTINUED)

MACH Co CO REYN. CP CP CP

NO. LOCAL NO. SPACE BLOCK TOTAL

0.799 0.105 0.048 0.091 -0.251 -0.173 -0.208
0.801 0.127 0.058 0.091 -0.216 -0.168 -0.190

0.800 0.150 0.068 0.091 -0.223 -0.158 -0.188
0.801 0.167 0.076 0.093 -0.206 -0.157 -0.17q
0.850 0.000 0.000 0.096 -0.447 -0.206 -0.316
0.848 O.OS6 0.026 0.096 -0.120 -0.030 -0.071
0.850 0.064 0.029 0.095 -0.242 -0.190 -0.213
0.850 0.075 0.034 0.096 -0.2S8 -0.189 -0.220
0.850 0.087 0.039 0.096 -0.268 -0.177 -0.218
0.8S0 0.10S 0.048 0.096 -0.255 -0.170 -0.209
0.850 0.127 O.OS8 0.095 -0.216 -0.163 -0.187
0.849 0.149 0.068 0.096 -0.229 -0.1S6 -0.189
0.851 0.162 0.074 0.096 -0.216 -0.151 -0.181
0.87S 0.000 0.000 0.098 -0.403 -0.174 -0.278
0.875 0.053 0.024 0.098 -0.237 -0.166 -0.198
0.874 0.06S 0.029 0.096 -0.224 -0.174 -0.197
0.873 0.077 0.035 0.098 -0.233 -0.168 -0.197
0.876 0.088 0.040 0.098 -0.240 -0.1S6 -0.194
0.876 0.105 0.048 0.098 -0.234 -0.154 -0.190
0.876 0.127 0.058 0.096 -0,198 -0.150 -0.172
0.876 0.148 0.067 0.098 -0.209 -0.140 -0.172
0.876 0.161 0.073 0.098 -0.20S -0.141 -0.170
0.902 0.000 0.000 0.081 -0.325 -0.160 -0.23S
0.898 0.011 0.005 0.099 -0.319 -0.178 -0.242
0.902 0.049 0.022 0.081 -0.162 -0.116 -0.137
0.901 0.0S2 0.024 0.099 -0.163 -0.119 -0.139
0.902 0.063 0.029 0.081 -0.1S6 -0.124 -0.139

0.903 0.064 0.029 0.099 -0.154 -0.12S -0.138
0.901 0.072 0.033 0.081 -0.1S8 -0.116 -0.135
0.900 0.074 0.034 0.099 -0.238 -0.193 -0.213
0.900 0.083 0.038 0.085 -0.177 -0.105 -0.138
0.902 0.088 0.040 0.099 -0.163 -0.103 -0.130

0.902 0.103 0.047 0.081 -0.158 -0.100 -0.127
0.899 0.10S 0.048 0.099 -0.170 -0.109 -0.137
0.900 0.127 0.058 0.081 -0.139 -0.103 -0.119
0.901 0.126 0.057 0.099 -0.138 -0.103 -0.119
0.900 0.147 0.067 0.081 -0.1S3 -0.105 -0.127
0.901 0.149 0.068 0.09€ -0.147 -0.095 -0.118
0.901 0.161 0.073 0.085 -0.160 -0.103 -0.129
0.899 0.161 0.073 0.099 -0.16S -0.113 -0.137
0.928 0.000 0.000 0.085 -0.645 -0.229 -0.418
0.926 0.052 0.023 0.083 -0.265 -0.216 -0.238
0.925 0.063 0.029 0.083 -0.256 -0.213 -0.233
0.922 0.076 0.035 0.083 -0.238 -0.181 -0.207
0.924 0.085 0.039 0.086 -0.266 -0.166 -0.211

0.927 0.102 0.046 0.083 -0.255 -0.166 -0.207

0.925 0.128 0.058 0.083 -0.226 -0.157 -0.188

0.926 0.147 0.067 0.083 -0.215 -0.138 -0.173
0.924 0.161 0.073 0.083 -0.217 -0.132 -0.170

0.948 0.000 0.000 0.08S -0.378 -0.288 -0.329



TABLE 2 (CONTINUED)

MACH Co CO REYN. CP CP CP

NO. LOCAL NO. SPACE BLOCK TOTAL

0.949 0.053 0.024 0.085 -0.344 -0.302 -0.321

0.950 0.063 0.029 0.081 -0.335 -0.292 -0.311

0.951 0.076 0.035 0.085 -0.335 -0.279 -0.304

0.948 0.085 0.039 0.088 -0.343 -0.266 -0.301

0.949 0.102 0.046 0.081 -0.336 -0.253 -0.291

0.95? 0.124 0.057 0.085 -0.327 -0.255 -0.288

0.95? 0.146 0.066 0.085 -0.331 -0.229 -0.275

0.951 0.157 0.072 0.085 -0.302 -0.207 -0.250

0.976 0.012 0.006 0.086 -0.756 -0.343 -0.531

0,977 0.049 0.02? 0.086 -0.453 -0.363 -0.40'

0.974 0.063 0.029 0.083 -0.416 -0.358 -0.384

0.976 0.074 0.034 0.086 -0.430 -0.358 -0.391

0.975 0.084 0.038 0.086 -0.444 -0.349 -0.392

0.975 0.100 0.046 0.083 -0.43S -0.340 -0.383

0.978 0.123 0.056 0.083 -0.421 -0.329 -0.371

0.973 0.144 0.065 0.083 -0.394 -0.314 -0.351

0.977 0.157 0.071 0.086 -0.376 -0.313 -0.341

1.001 0.000 0.000 0.088 -0.916 -0.527 -0.70'

i.00? n.n49 0.022 0.085 -0.576 -0.515 -0.542

1.001 0.081 0.028 0.085 -0.547 -0.520 -0.532

1.002 n.074 0.034 0,088 -0.546 -0.504 -0.523

1.002 0.087 0.039 0.090 -0.578 -0.521 -O.5v

1.001 0.098 0.045 0.085 -0.S50 -0.471 -0.507

1.000 0.124 0.0S6 0.08S 0.507 0.463 0.483

0.999 n.14? 0.064 0.085 -0.481 -0.436 -0.456

0.998 0.158 0,07"- 0.088 -0.516 -0.43 -0.1-74

1.100 0.000 0.00n 0.054 -0.701 -0.667 -0.683

I.nq;9 0.000 0.000 0.091 -0.249 -0.667 -0.70'

.nQ9 0.046 0.021 0.057 -0.498 -0.716 -0.617

1.099 O.OSO 0.023 0.091 -0.485 -0.682 -0.593

1.103 0.064 0.029 0.057 -0.472 -0.699 -0.596

1.100 0.060 0.027 0.091 -0.463 -0.668 -0.575

1.102 0.068 0.031 0.052 -0.454 -0.676 -0.575

1.098 0.075 0.034 0.091 -0.464 -0.654 -0.568

1.099 n.081 0.037 0.057 -0.470 -0.674 -0.581

1.099 0.088 0.040 0.093 -0.481 -0.64S -0.570

1.101 0.095 0.043 0.054 -0.459 -0.660 -0.569

1.101 0.098 0.045 0.091 -0.467 -0.635 -0.55 )

1.100 0.122 0.055 0.054 -0.442 -0.642 -0.551

1.100 0.124 0.056 0.091 -0.430 -0.622 -0.535

1.103 0.140 0.064 0.054 -0.453 -0.631 -0.550

1.101 0.143 0.065 0.091 -0.444 -0.616 -0.53A

1.101 0.157 0.072 0.057 -0.479 -0.635 -0.564

1.098 0.158 0.07? 0.091 -0.458 -0.61P. -0.545

1.200 0.000 0.000 0.057 -0.547 -0.511 -0.527

1.200 0.048 0.022 0.058 -n.336 -0.547 -0.451

1.199 0.062 0.028 0.058 -0.309 -0.525 -0.427

1.202 0.068 0.031 0.0S4 -0.297 -0.512 -0.414

i.2n2 0.083 0.038 0.058 -0.303 -0.501 -0.411

1.199 0.096 0.044 0.057 -0.312 -0.507 -0.410

11A



TABLE 2 (CONTINUED)

MACH CO CO REYN. CP CP CP
NO. LOCAL NO. SPACF BLOCI( TOTAL

1.202 0.123 0.056 0.057 -0.279 -0.485 -0.391
1.202 0.142 0.064 0.057 -0.289 -0.476 -0.3Qj
1.198 0.160 0.073 0.058 -0.317 -0.479 -0.405
1.302 0.000 0.000 0.060 -0.430 -0.424 -0.426
1.298 0.046 0.021 0.060 -0.271 -0.460 -0.374
1.300 0.062 0.028 0.060 -0.245 -0.447 -n.35
1.300 0.070 0.032 0.055 -0.241 -n.439 -0.349
1.303 0.084 0.038 0.060 -0.240 -0.421 -0.339
1.298 0.098 0.045 0.057 -0.234 -0.418 -0.334
1.302 0.126 0.057 0.nq7 -0.229 -0.405 -0.3?4
1.300 0.145 0.066 0.060 -0.247 -0.396 -0.328
1.300 0.163 0.074 0.060 -0.254 -0.398 -0.311
1.348 0.000 0.000 0.060 -0.388 -0.393 -0.391
1.348 0.048 0.022 0.060 -0.244 -0.420 -0.340

1.347 0.062 0.028 0.060 -0.22S -0,411 -0.326
1.347 0.071 0.032 0.05S -0.212 -0.399 -0.314
1.348 0.085 0.019 0.06? -0.216 -0.385 -0.308
1.348 0.099 0.045 0.058 -0.201 -0.379 -0.298
1.347 0.127 0.058 0.058 -0.199 -0.370 -0.292
1.348 0.147 0.067 0.060 -0.227 -0.360 -0.299
1.349 0.165 0.075 0.062 -0.234 -0.360 -0.303



TABLE 3 - EXPERIMENTAL RESULTS (b/s=2.67)

MACH Co CO REYN. CP CP CP
NO. LOCAL NO. SPACE SLOCK TOTAL

0.502 0.000 0.000 0.073 -0.389 -0.213 -0.261
OS01 0.000 0.000 0.098 -0.390 -0.214 -0.262
0.499 O.OS6 0.015 0.098 -0.284 -0.199 -0.222

0.502 0.064 0.017 0.073 -0.237 -0.176 -0.21

0.500 0.065 0.018 0.101 -0.237 -0.176 -0.193
O.S01 0.077 0.021 0.077 -0.228 -0.170 -0.186
0.S01 0.081 0.022 0.098 -0.223 -0.174 -0.187
0.503 0.097 0.027 0.073 -0.241 -0.166 -0.186
0.499 0.105 0.029 0.073 -0.224 -0.166 -0.182
O.SO0 0.109 0.030 0.098 -0.222 -0.166 -0.181
0.499 0.116 0.031 0.073 -0.183 -0.165 -0.170

0.498 0.117 0.032 0.095 -0.189 -0.167 -0.173
0.502 0.135 0.037 0.077 -0.173 -0.167 -0.168
OSO0 0.13S 0.037 0.098 -0.178 -0.167 -0.47 n-

0.502 0.159 0.043 0.073 -0.171 -0.162 -0.16&
0.497 0.19 0.043 0.098 -0.171 -0.16S -0.17'
0.600 0.000 0.000 0.086 -0.411 -0.221 -0.. 3
0.597 O.OS6 0.01S 0.086 -P.?71 -0.187 -0.210
0.602 0.065 0.018 0.090 -0.246 -0.180 -0.198

0.60? 0.080 0.02" 0.090 -0.?36 -0.179 -0.1o5
0.601 0.098 0.027 0.086 -0.254 -0.171 -0.194
0.601 0.107 0.0?9 0.086 -0.230 -0.173 -0.188

0.599 0.117 0.032 0.086 -0.199 -0.174 -0.181

0.601 0.133 0.036 0.090 -0.188 -0.172 -0.176
0.601 0.156 0.042 0.086 -0.185 -0.168 -0.173
0.700 0.000 0.000 0.083 -0.425 -0.22 7 -0.284

0.700 0.000 0.000 0.099 -0.435 -0.229 -0.285
0.698 O.OSS 0.01S 0.080 -0.274 -0.193 -0.?15

0.698 0.05S 0.015 0.098 -0.271 -0 IQ3 -0.214
0.701 0.063 0.017 0.086 -0.?4 -0.191 -0.208

0.699 n.069 0.019 0.101 -0.262 -0.i93 -0.212
0.700 0.077 0.021 0.086 -0.240 -0.187 -0.2f04

0.701 0.080 0.022 0.090 -0.246 -0.191 -0.206
0.698 0.098 0.027 0.083 -0.262 -0.182 -0.204
0.699 0.099 0.027 0.101 -0.263 -0.185 -0.206

0.700 0.10S 0.028 0.083 -0.235 -0.181 -0.197
0.699 0.107 0.029 0.101 -0.237 -0.184 -0.198
0.700 0.116 0.032 0.083 -0.206 -0.184 -0.1- n

0.698 0.116 0.032 0.098 -0.212 -0.184 -0.19?
0.700 0.132 0.036 0.083 -0.199 -0.180 -0.185
0.698 0.132 0.036 0.101 -0.203 -0.183 -0.188
0.703 0.152 0.041 0.083 -0.20? -0.177 -0.18_-

0.699 0.153 0.042 0.098 -0.203 -0.179 -0.18S

0.800 0.000 0.000 0.091 -0.480 -0.249 -0.312
0.801 0.0S4 0.01S 0.091 -0.271 -0.207 -0.225
0.801 0.067 0.018 0.091 -0.264 -0.204 -0.220
0.801 0.079 0.021 0.093 -0.250 -0.201 -0.214

0.799 0.097 0.026 0.091 -0.271 -0.194 -0.21S
0.797 0.107 0.029 0.091 -0.245 -0.194 -0.208
0.801 0.117 0.032 0.091 -0.2?2 -0.19- -0.20!



TABLE 3 (CONTINUED)

MACH CO CO REYN. CP CP CP
NO. LOCAL NO. SPACE BLOCK TOTAL

0.802 0.131 0.036 0.091 -0.219 -0.193 -0.200
0.801 0.153 0.042 0.091 -0.226 -0.190 -0.200
0.848 0.000 0.000 0.096 -0.476 -0.241 -0.305
0.847 0.054 0.015 0.095 -0.267 -0.202 -0.220

0.850 0.068 0.019 0.096 -0.260 -0.199 -0.216
0.8S0 0.080 0.022 0.096 -0.242 -0.198 -0.210
0.850 0.097 0.027 0.096 -0.261 -0.193 -0.212
0.848 0.107 0.029 0.096 -0.241 -0.192 -0.20S
0.851 0.118 0.032 0.095 -0.224 -0.193 -0.201
0.853 0.131 0.036 0.096 -0.220 -0.102 -0.1Q99
0.852 0.155 0.042 0.095 -0.234 -0.190 -0.202
0.874 0.000 0.000 0.098 -0.419 -0.203 -0.262
0.874 0.053 0.014 0.096 -0.243 -0.182 -0.199
0.876 0.068 0.019 0.098 -0.239 -0.182 -0.107
0.875 0.082 0.022 0.098 -0.220 -0.182 -0.192
0.876 0.097 0.027 0.098 -0.230 -0.175 -0.19C
0.877 0.106 0.029 0.098 -0.222 -0.178 -0.190
0.874 0.117 0.032 0.098 -0.207 -0.185 -0.104

0.874 0.132 0.038 0.098 -0.210 -0.183 -0.190
0.875 0.155 0.042 0.098 -0.219 -0.178 -0.180
0.902 0.000 0.000 0.081 -0.249 -0.114 -0.151
0.901 0.000 0.000 0.099 -0.234 -0.118 -O.150
0.901 0.053 0.014 0.081 -0.183 -0.138 -0.150
0.900 0.053 0.014 0.098 -0.183 -0.138 -0.150
0.899 0.065 0.018 0.085 -0.180 -0.139 -0.150
0.899 0.068 0.019 0.099 -0.183 -0.13Q -0.151
0.900 0.079 0.022 0.081 -0.165 -0.136 -0.144
0.901 0.083 0.023 0.099 -0.170 -0.142 -0..4o
0.902 0.096 0.026 0.081 -0.182 -0.129 -0.144
0.898 0.097 0.027 0.099 -0.179 -0.137 -0.14F
0.901 0.105 0.029 0.081 -0.171 -0.140 -0.148
0.900 0.106 0.029 0.099 -0.168 -0.136 -0.145

0.901 0.117 0.032 0.081 -0.156 -0.136 -0.142
0.902 0.117 0.032 0.099 -0.153 -0.133 -0.138
0.898 0.131 0.036 0.081 -0.158 -0.139 -0.144
0.900 0.131 0.036 0.099 -0.163 -0.1-7 -0.15?
0.901 0.153 0.042 0.081 -0.163 -0.136 -0.143
0.898 0.154 0.042 0.099 -0.166 -0.140 -0.147
0.925 0.032 0.009 0.083 -0.289 -0.293 -0.202
0.924 0.051 0.014 0.083 -0.235 -0.717 -0.222
0.925 0.065 0.018 0.088 -0.258 -0.216 -0.228
0.926 0.080 0.022 0.081 -0.239 -0.209 -0.217
0.926 0.095 0.026 0.083 -0.264 -0.202 -0.219
0.925 0.105 0.029 0.086 -0.231 -0.185 -0.19e

0.924 0.118 0.032 0.083 -0.205 -0.177 -0.185
0.924 0.133 0.036 0.083 -0.215 -0.16' -0.178
0.924 0.157 0.043 0.083 -0.2S -0.164 -0.189
0.948 0.000 0.000 0.088 -0.383 -0.327 -0.342
0.950 0.051 0.014 0.085 -0.311 -0.292 -0.297
0.949 0.066 0.018 0.088 -0.321 -0.281 -0.2o?



TABLE 3 (CONTINUED)

MACH Co co RFYN. CP cF rp

No. L0CAl. No. SPArc Fk!.-OC;.l T(OTA,

0.94Q 0.080 n.022 n.08S -n-208 -0.278 -0-2A3
0.950 0. OQ* 0.01,5 O.nA5 -n. 3-3. -o.:~. -
n.oso 0.108 0.0?c9 0.o85 -0.29A -0.263 -0.?72
n.949 0.119 0.03?7 0. 08S -l. ,?1) -0 . 2'? -0.2644
0.9S3 n.13s n.037 O.OAr, -n.311 -0.2SS -0.270
n.9e4q 0.157 o.n~i 0.Og1 -0,34 1 -fl '5 -C 7

0.973 0.01? n.0103 0.096 -0.621 -0.3S6 -0.428
0. 97 1 0.OSO 0.014 o. nA -0. 404 -035S3 -(I. 34'-
n.977 (1.066 0.018 01.088 -0.447 -0.387 -0.404
n.976 0.n41 n0.02 13. o -0. 43;? -o.3po -n. 40"
n.Q76 0.09? 0.02S O.048 -0.41Q -0.365 -0.37q
n.976 fl.105 0.0 9 0.0864 -0.4.05 -0.138 -. h
0.975 0.121 n.033 n.086 -0.393 -0.330 -03.347
n.976 n.137 0.037 0.06-S -0.424 -0.k"AFA4.
n0Q75 0.156 0.043 0.083 -0.431 -0.32A -0. 358
0.gqo ri.000( 0.000 n.nAA -0. 6 71 -0. 511 -0 .5Sk
0.999 0.051 0.011' 0.088 -o.s61 -0.5s1 -01SS4
O~qqq fl*047 0.018 e.nQ0 0.) -0.56,, -9.s~o
1.001 0.090 0.0?? 0.088 -0.S40 -0.S77 -0.567
nl,999 O.nQ4 0.0'-,A 0.08r -0. -0.9339 -C.S70
1.000 0.108 n.02P 0.04 .58 -0.504 ~* 1

1.000 0.121 0.n3l 0.0)8A -0.526 -0.488 -42,40
1.000 0.137 0.037 0.088 -O.c 4F -0.S19 -0.F526
1.00P 0.1SA n.042 0.08S -0 . 5'*' -11. r, A -n0-57A
1.n99 0.000 0.000 0.057 -0.5'4A -0.677? -f'.Ai"

1.100 0.000 0.n00 n.0o 0.5 -. 4l-
1.400 0.048 0.013 0.05'& -0.480 -0.&Qn -0.673
i.9 ogAn. 51 0.1)14 0. 004 -0.&qA -0.4w 0 -.n lc

1.101 n.063 0.017 O.0O'- -n.447 -n.670 -n.60q
1. 10 * 0.066 1. nl 8 0. (9r, -Q.&'3 -n. Ac 7 -n.c5
1.097 0.078 n.021 0.05,7 -0.44" -0.67A -n.A613

1.100 0.039S 0.0286 0.9S4 -0.4,?Q -0.667 -0.An0,
i .100 0.096 0.026 0.091 -0.2 '24 n-.SQ'
1.0~q O.104 n.02Q O.O54 -0.4' -. 87 -0.6001
1 .10-4 0.-109c 0.0,30 0.09i -0. 424-.~ -n 5aE

1.OQ8 0.121 0.03 3 0.0q2 -n.440 -fl.6kA -0,o603
1 . i 0l .1,23 o.033R- o. no -). 4>S -n. 45 -(. a

1.099 n.178 0.038 0.054 -0.445 -0.66,1 -0.604
1 .102n, 01) 7 0 -03'7 0 091 -n.436 -0.64A) -0.58~o
1.099 0.15? n.041 0-0c 2 -0.441 -n.65S -05;
1.101 0.154 0.01.3 0.0Q1 -0.44A -0 41P -n C'.

1,199 0.000 n.000 o.nsg -0.40? -0.FnA-047
I. >0i n. 11'.9 o.0iA O~r- -n.11S -n. 5 n 6y

1. .?O 0.044 n.017 007 -n.284 -0.501 -0.4411
1.0 o.n'q Q0 n-1 0.058 -0.?70 -. ~ 0'

1.199 0.09S 0.0?6 O.057 -0.27S -9.507 -0.444
1.2f00 n.109 0.030 0.nS7 -0.276 05?-.'
1.203 n.1?5 0.034 0.057 -n.270 -n.49S -0.113

1.20? 0.118 0.03?, 0.05' -n. -.'4 -0 40-7 -nl 470

AL



TABLE 3 (CONTINUED)
MACH co co PEYM. CP "P p p
NO. L.0CAl' Ne). 5PAPF 9kJ0C' TfATAI

1-19A n-153 n.042 '0.057 -0.28Q -n,4q7 -0.440

1.2Q7 0.050 0.014 0.nS? -0.24? -0.43S -0.382
1.30n 0.06s n.014 0.06o -n.21 6 -0.4-24 -0.34c
A.300 n.084 0.02? n.040o -0.208 -0,419 -0.36.1
1.104 n.n98 0.n02-7 0.057 -n.209 -0,417 -0.3640
1.300 0.114 0.030 0.060 -0.216 -0.14-.3A1
1.10-' 0.127 0.034 n.qq7 -0s213 -P.41-2 -0.35e
1.299 0.143 0.039 0.057 -0.209 -0,415 -0.359
1.299 n.157 0.041 O.Oq7 -n.'17 -0.40?-f
1.347 0.000 fl.00f n.040 -n.'?93 -n.381 -n.3 F9
1.-447 o.nsi n. 044 f..05 S -f).74 C -0,797 -0.747
1,348 n067 0.n18 0.060 -0.193 -0,38S 0.3
4 .11A 0.08? 0.02? 0.060 -o.isq -0.3~-

1A40-09 0.027 0.060 -0.187 -0.782 -0.329;
1.349 0.111 0,011 0.040 -0.1A9 -0.374 -n 32S
1t3so 0.1?9 0.03F 0.osg -0.186 -n.373 -0.322
1 .3 '4,, 0. 1 45 n.fl;q 0).040 -n.191 -0.170 -0.32i
1.144 n.1rg 0.043 0.058 -0.196 -0.367 -0.320



TABLE 4 - EXPERIMENTAL RESULTS (b/s=10.16)

MACH Co CO REYN. CP CP CP
NO. LOCAL NO. SPACE BLOC( TOTAL

0.500 0.020 0.002 0.073 -0.325 -0.278 -0.282
0.503 0.019 0.002 0.098 -0.328 -0.280 -0.284
O.500 0.062 0.006 0.073 -0.224 -0.227 -0.226
0.497 0.066 0.006 0.09S -0.223 -0.231 -0.230
0.500 0.100 0.009 0.077 -0.207 -0.233 -0.231
0.503 0.101 0.009 0.101 -0.212 -0.238 -0.236
0.503 0.114 0.010 0.073 -0.241 -0.235 -0.235
0.SOO 0.113 0.010 0.098 -0.207 -0.237 -0.234
0.S03 0.126 0.011 0.073 -0.201 -0.234 -0.231
0.501 0.126 0.011 0.098 -0.200 -0.234 -0.231
O.S01 0.146 0.013 0.077 -0.197 -0.234 -0.230
O.S03 0.148 0.013 0.101 -0.199 -0.236 -0.233
0.501 0.160 0.014 0.073 -0.19S -0.233 -0.230
0.498 0.160 0.014 0.098 -0.198 -0.239 -0.23S
0.503 0.181 0.016 0.077 -0.189 -0.234 -0.230
0.502 0.180 0.016 0.101 -0.191 -0.237 -0.233
0.601 0.016 0.001 0.086 -0.332 -0.295 -0.299
0.601 0.064 0.006 0.086 -0.236 -0.2S6 -0.?.
0.600 0.101 0.009 0.086 -0.224 -0.260 -0.257
0.600 0.114 0.010 0.086 -0.219 -0.2S9 -0.2C6
0.600 0.126 0.011 0.086 -0.214 -0.2SQ -0.25S
0.603 0.14S 0.013 0.090 -0.217 -0.26? -0.258
0.603 0.1S9 0.014 0.086 -0.214 -0.260 -0.2S6
0.599 0.179 0.016 0.090 -0.203 -0.251 -0.247
0.699 0.017 0.002 0.083 -0.340 -0.315 -0.317

0.701 0.018 0.002 0.099 -0.341 -0.320 -. 3*4
0.699 0.065 0.006 0.083 -0.2S2 -0.282 -0.?79
0.701 0.066 0.006 0.099 -0.2S4 -0.282 -0.27Q
0.699 0.089 0.008 0.083 -0.240 -0.284 -0.280
0.697 0.091 0.008 0.098 -0.244 -0.286 -0.282
0.703 0.102 0.009 0.086 -0.23S -0.273 -0.269
0.701 0.103 0.009 0.099 -0.237 -0.277 -0.*273
0.700 0.112 0.010 0.083 -0.376 -0.423 -0.419
0.702 0.115 0.010 0.099 -0.233 -0.27S -0Q.-74

0.699 0.127 0.011 0.083 -0.230 -0.275 -0.271
0.700 0.127 0.011 0.099 -0.230 -0.273 -0.260
0.699 0.146 0.013 0.086 -0.226 -0.267 -0.267
0.700 0.146 0.013 0.099 -0.2.24 -0.265 -0.261
0.699 0.1S9 0.014 0.083 -0.221 -0.264 -0.260
o.7n? 0.1S8 0.014 0.099 -0.216 -0.263 -0.2SQ
0.699 0.178 0.016 0.083 -0.208 -0.261 -0.256
0.700 0.178 0.016 0.099 -0.20S -0.261 -0.256
0.798 0.019 0.002 0.091 -0.36S -0.3S7 -0.3S8
0.799 0.067 0.006 0.091 -0.2S6 -0.277 -0.27S
0.799 0.092 0.008 0.091 -0.24S -0.273 -0.271
0.801 0.104 0.009 0.091 -0.241 -0.269 -0.267
0.803 0.116 0.010 0.091 -0.236 -0.267 -0.264
0.799 0.127 0.011 0.091 -0.232 -0.266 -0.26"
0.800 0.146 0.013 0.093 -0.223 -0.264 -0.261
0.803 0.158 0.014 0.091 -0.219 -0.262 -0.2S9



TABLE 4 (CONTINUED)

MACH CO CO RFYN. CP CP rP
NO. LOCAL NO. 9PACE PLO CK TOTAL

0.800 0.177 0.016 0.091 -0.210 -0.259 -0.255
0.847 0.021 0.002 0.095 -0.360 -0.359 -0.3S0
0.848 0.068 0.006 O.095 -0.248 -0.272 -0.270
n.850 0.092 0.008 O.nQs -0.23S -0.266 -0.?
0.852 0.10S n.009 n.096 -n.227 -0.261 -0.258
0.852 0.117 0.010 0.09S -0.2*.6 -0.260 -0.2-7
0.852 0.127 0.011 0.096 -0.221 -0.260 -0.266
0.849 0.146 0.013 0.096 -0 211 -0.259 -0.25
0.852 0.1S8 n.014 0.096 -0.207 -0.258 -0.253
0,848 0.176 0.016 0.095 -0.201 -0.255 -0.251
0.874 0.019 0.002 0,096 -0.312 -0.337 -0.335
n.875 0.068 0,006 0.098 -0.214 -0.263 -0.259
0.872 0.093 0.008 0.096 -0.214 -0.259 -0.255
n.876 0.105 0.009 0.098 -0.202 -0.250 -0.246
0.872 0.116 0.010 0.096 -0.205 -0.255 -0.251.
0.874 0.127 0.011 0.098 -0.189 -0.249 -0.244
0.877 0.145 0.013 0.098 -0.180 -0.250 -0.43
0.872 0.158 0.014 0.098 -0.12 -n.2.1 -n.244
0.875 0.175 0.016 0.098 -0.172 -0.249 -0.242
0.902 0.000 o.nnn 0.081 -0,231 -0.20 -0.242
0.900 0.000 n.000 0.098 -0.221 -0.248 -0.246
0.898 0.063 0.006 0.084 -0.162 -0.242 -0. 23S
n.f99 0.068 0.006 0.099 -0.165 -0,236 -0.230
0.899 0.091 0.008 0.078 -0.IS4 -0.238 -0.230
0.897 0.091 n.O08 0.098 -0.158 -0.237 -0.230
0.903 0.103 0.00Q 0.081 -0.1S6 -0.Z7 -0.216
0.902 0.104 0.009 0.099 -0.166 -0.219 -0.214
0.899 0.116 0.010 0.078 -0.148 -0.229 -0.? 71
0.898 0.115 0.010 0.098 -0.154 -0.237 -0.229
0.901 0.126 0.011 0.078 -0.142 -fl.230 -0.2??2
0.903 0.126 0.011 0.099 -0.144 -0.225 -0.218
0.900 0.144 0.013 0,081 -0.137 -0,211 -n.2

0.899 0.14S 0.013 0.099 -0.137 -0.230 -0.221
0.903 0.156 0.fnl4 0.081 -0.136 -0.?28 -0.220
O.A99 0.IS7 0.014 0.099 -0.134 -0.228 -0.220
0.Q02 0.174 0.016 O.086 -0.30 -0.227 -0.248
0.902 0.174 0.016 0.09 -0.131 -0,230 -0.221
0.92 n.o000 .o000 O.080 -0.56q -0.278 -0.30t
n.927 0.069 0.006 0.083 -0.271 -0.260 -0.261
0.95s 0.095 0.009 0.080 -0.271 -0,'$2 -0.? 4
0.922 0.105 0.009 0.083 -0.254 -0.2?0 -0.2?3
0.92s 0.119 0.011 0.080 -0.255 -0.220 -0.2"2?
0.92S 0.129 0.012 0.080 -0.2S6 -0.234 -0.216
0.926 0.1'7 0.013 0.083 -0.2S6 -0.228k -0,.2'!
0.926 0.160 n.014 0.083 -0.262 -0.237 -0.239
0.928 0.177 0.016 0.088 -0.?5 -0.238 -0.240
0.950 0.000 o.OO0 0.n81 -0.611 -0.382 -0.402
0.9S2 0.069 O.06 0.01 -0.315 -0.311 -0.3!
0.9s0 o.05 0. 008 0. nl -0.316 -0.302 -0.303
0.952 0.108 0.010 0.085 -0.327 -0.114 -0.31



TABLE 4 (CONTINUED)

MACH CO co REYN. CP CP CP

NO. LOCAL No. SPArF AL Ock TOT T

0.949 0.122 n.011 0.081 -0.319 -0.307 -0.308

0.952 0.130 0.012 0.081 -0.322 -0.310 -0.3 !

0.9SO 0.149 0.013 0.085 -0.315 -0.298 -0.299

0.95 0.161 0.014 0,085 -0.325 -0.301 -0.303

0.952 0.177 0.016 0,086 -n.334 -0.298 -0.301

0.976 0.01? 0.001 0,083 -0.586 -0.62A -0.62?

0.976 O,07n n.006 0.083 -0.435 -0.424 -0.425

O.73 0.098 0.00q 0.083 -0.430 -0.423 -0.424

0.976 0.109 0.010 0.086 -0.421 -0.408 -0.409

0.977 0.124 0.041 0.083 -0.408 -0. 3
°9 -0.o3j

n.974 0.133 0.0i2 0.n8 -0.407 -0.412 -0.41-

0.974 0.150 0.013 0.083 -0.4on -0.388 -O.7o

n.974 0.161 0.014 0.083 -0.425 -0.42? -0.422

0.977 0.177 0.016 0.090 -0.417 -0.400 -0.40"

1.oo1 0.O00 0.000 0.085 -0.549 -0.881 -0.Ali

0.998 0.071 n.006 0.085 -0.491 -0.859 -0.820-

1,002 0.099 0.009 0.085 -0.479 -0.862 -0.827

1.O01 0.110 0.01n 0.088 -0.473 -0.832 -0.800

1.n0? 0.124 0.011 O.n85 -0.469 -0.874 -0.838

t.n03 0.135 0.012 0.085 -0.468 -0.891 -0.856

•1.n02 0.150 0.013 0,088 -0.465 -0.837 -0.804

1.002 0.161 0.014 0.085 -0.455 -0.880 -0.84*

n.999 0.177 0.016 0.088 -0.475 -0.843 -0.810

1.101 0.010 .001 0.054 -0.421 -0.71A -0.70LA
1.099 0.010 0.001 0.091 -0.411 -0.751 -0.7",1

1.100 0.068 0.006 0.052 -0.36S -0.75- -0.'1

1.099 0.073 0.007 0.091 -0.353 -0.744 -0.700

1.098 0.094 0.008 0.054 -0.351 -0.7,36 -0.7(?

1.101 0.100 0.009 0.091 -0.333 -0.7.8 -0.702

1.10n 0.107 0.010 n.057 -n.44 -0.710 -0.696

1.101 0.112 0.010 0.091 -0.329 -0.736 -0.700

1.099 0.124 0.n1 0.054 -0.142 -0.73S -0.6o

I .10 0.1?6 0.011 0.088 -0.335 -0.739 -0.70'3

.101 0.12- 0.011 0.054 -0.497 -0.887 -n 84-

1.09 0.135 0.01? 0,088 -0.338 -0.746 -0.709

1.100 0.149 0.013 0.6;7 -0.327 -0-741 -0.704

1.101 0.152 0.014 0.093 -0.332 -0.740 -0.703

1.100 0.162 0.015 0.057 -0.331 -0.7'5 -O.AQQ

1,099 0.163 0.015 0.091 -0.332 -0.738 -0.702

1.100 0.176 0.016 0.054 -0.324 -0.731 -0.601

1.099 0.178 0.016 0.091 -0.339 -0.74A -0.712

1.201 0.013 0.001 0.057 -0.24F -0.561 -0,S"

1.199 0.068 0.006 0.057 -0.203 -0.581 -0.S47

i.?00 0.097 0.009 0.057 -0.193 -0.579 -0,545

1.197 0.109 0.010 0.057 -0.188 -0.579 -0.544

1.199 0.126 0.011 0.057 -0.178 -0.570 -0.535

1.203 0.135 0.012 0.055 -0.175 -0.561 -n.r"26

1.199 0.151 0,014 0.057 -0.172 -0.c76 -0.S0

1.201 0.165 0.015 0n58 -0.170 -0.57? -0.56

1.201 0.179 0.016 Q.057 -0.168 -0.570 -0 -A'-



TABLE 4 (CONTINUED)

MACH CO CO RFYN. CP CP CP

NO. LOCAL NO. SPACE P.LOr<K TOTAL

1.297 0.017 0.002 0.057 -0.197 -0.469 -0.444
1.299 0.071 0.006 0.057 -0.139 -0.4"75 -0.44 C

1.301 0.101 0.009 0.057 -0.127 -0.471 -0.441
1.303 0.112 0.010 0.057 -0.123 -n. 4 6 6 -0 4-
1.300 0.128 0.011 0.057 -n.125 -0.470 -0.43Q
1.298 0.137 0.012 0-057 -0.124 -0,46Q -0.4 An
1.299 0.154 0.014 0.060 -0.109 -0.466 -0.434
1.297 0.1 A7 0.015 0.0S.7 -0.146 -0,4". -r.440

1.301 0.182 f.01 0.n57 -0.112 -0.454 -0.421
1.344 0.015 0.001 0.060 -0.178 -0.'29 -0.n-7
1.346 0.07? 0,006 o.n8 -0.122 -0.43 -0.407
1.346 0.101 0.009 0.058 -0.14f -0.4";1 -0.40?
4.749 0.000 0.000 o,nA.o -n.108 3.749 3.403

4.347 0.in 0.012 o.os -0.106 -n.4,18 -0.3oQ
1.3 46 0.139 0.01? 0.058 -0.105 -0.426 -0.397
I,44Q n.156 0.014 0.062 -0.09 -0.426 -0.Q72
1.748 0.169 0,01 0.060 -0.101 -0.423 -0.394
1.347 0 .15 0.47 0.0 8 -0.098 -n.414 -0. 3A



TABLE 5 - EXPERIMENTAL RESULTS
(Reynolds Number check, Mo=0.6 , b/s=1.20, Cqt0.01)

MACH CO CO REYN. CP CP CP

NO. LOCAL NO. SPACE BLOCK TOTAL

0.602 0.027 0.012 0.018 -0.373 -0.203 -0.280

0.602 0.024 0.011 0.029 -0.382 -0.207 -0.286

0.S98 0.024 0.011 O.0S -0.398 -0.210 -0.294

0.601 0.024 0.011 0.086 -0.394 -0.206 -0.292

0.602 0.024 0.011 0.131 -0.397 -0.208 -0.294

O.599 0.037 0.017 0.183 -0.401 -0.209 -0.296



TABLE 6 - EXPERIMENTAL RESULTS
(Reynolds Number check, Mo=0.6, b/s=l.20, Cq=O.08)

HACH CO CO REYN. CP CP (P
NO. LOCAL NO. SPACE eLfrl(< TOTA!

0.600 0.170 0.077 0.018 -0.173 -0.148 -0.159
0.604 0.170 0.077 0.029 -0.182 -0.141 -0.160
0,599 0.176 0.080 0.050 -0.198 -0.145 -0.169
0.598 0.177 0.081 0.086 -0.184 -0.14n -0.In
0.599 0.177 0.080 0.122 -0.17q -0.142 -0.ij9
0.600 0.176 0.080 0.170 -0.191 -0.14'3 -0.1e

'*
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