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SUMMARY

Numerical solutions are currently being developed to
predict the three-dimensional flow £hrouéh turbomachine
blade rows. To be of guantitative Qalue to the designer
and analyst, it is necessary to experimentally verify the
fiow modeling and the numerics inherent in these calcula-
tion codes. This experimental verification requires that
the predicted flow fields be correlated with benchmark
quality, three-dimensional data obtained in experiments
which model the fundamental phenomena existing in the flow
passages of modern turbomachines. The Purdue Annular Cas-
cade Facility has been designed specifically to provide

these required three-dimensional data.

A fully automated exit flow data acquisition and
analysis system has been developed. This computer con-
trolled system includes automated . probe pogitioning;
five-hole cone probe data acquisition, analysis, and error
analysis; as well as printing and plotting of the analyzed
data. Further, a technique to visualize the isobaric exit

flow contours has been demonstrated.



The overall three-dimensional aerodynamic performance
of an instrumented classical airfoil cascade has been
determined over a range of incidence angle values in The
Purdue Annular Cascade Facility utilizing this automated
exit flow data acquisition and analysis system in conjunc-
tion with a previously developed facility and airfoil sur-
face pressure data acquisition and analysis system. The
mean wake data, acquired at two downstream axial loca-
tions, are analyzed to determine the effect of incidence
angle, the three-dimensionality of the cascade exit flow
field, and the similarity of the wake profiles. The hub,
mean, and tip chordwise airfoil surface static pressure
distributions determined at each incidence angle are
correlated with predictions from +the MERIDL and TSONIC

computer codes.
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CHAPTER 1 INTRODUCTION

A. General Discussion

Continuing demands to increase efficiency and thrust-
to-weight ratio have 1led to higher operating Mach nuﬁbers
and lower airfoil aspect ratios-in_ axigl flow compressors
and turbines. This design trend has resulted in three-
dimensional and viscous effects becoming increasingly signi-
ficant. Hence, to achieve the overall performance potential
of such advanced compecnents, the current semi-empirical
design systems based on previous experience must be replaced
with advanced systems based on first principle, experimen-
tally verified, thxee-dimeﬁsional aerodynamic analyses. The
Purdue Annular Cascade Facility has been designed specifi-
cally to provide the benchmark data necessary to verify

these three-dimensional blade passage mathematical models.

The flow field 'in an axial flow turbomachine consists
pf the complex interaction. of many flow structures, some of
which are identified in Pigure 1. Thick boundary layers
develop on the inner and outer endwalls as well as on the
blade surfaces. Also, secondary flows, tip clearance leak-

age flows, hub vortices, and tip vortices influence the flow



ORIGINAL PAGE 18
OF POOR QUALITY

Ti
Blade Surface c]ealgnce .

Boundary Laysﬁgﬁu Flow y/”,———

Secondary nlet
Velocity
, Profile
= l‘

.ﬁf\

iy =2 Endwall
\l{} \ Hub -\i§\_Boundary Layer

Blade Vortex
Wakes

Pigure 1. Schematic Representation of the Flow Field
in a Turbomachine Blade Row



field. 1In addition, the inlet velocity profile affects all

of these flow structures.

.Three-dimensional viscous and inviscid numerical modgls
are currently being developed to model the three-dimensional .
flow field in a turbomachine blade row. However, because of
the extreme complexity of the flow field and the internal
geomeﬁries, these numerical sclutions of necessity involve
many comp&tational and numerical assumptions. As a result,
to be of gquantitative value té the designer and analyst, it
is necessary to experimentally verify these predictions.
High quality, extensive, three-dimensional data from exﬁéri-
ments which model the fundamental phenomenon existing in the
flow passages of turbomachines are needed for this verifica-

tion.

The Purdue Annular Cascade Facility, desiéned specifi-
cally to provide these three-dimensional data, is shown in
Figure 2. Both the overall experimental rig and the ' air-
foils are physically large, reflecting the primary‘design
considerations. In particular, the flow passages are 1§rge
s0 as to amplify the fundamental ﬁlow phenomena as well as
to eliminate the need for extreme miniaturization of instru-

mentation.

This study is directed at the guantification of the
overall. three-dimensional aerodynamic performance of a clas-

sical flat plate airfoil cascade. A fully automated, com-
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puter controlled, mean wake data -acquisition and reduction
system was developed and utilized with a five-hole cone
probe. The .overall three-dimensional performance of the
classical airfoil cascade was determined over a range of
incidence angle values using this mean wake acquisition sys-
tem and a previdusly developed blade surface pressure data

acquisition and analysis system [1].*

* Numbers in the brackets refer to the list of references.



B. Review of Previous Cascade Wake Investigations

A brief review of cascade wake investigations is
presented which demonstrates that cascade exit flow fields
are dependent on flow field geometry. Iin particular, the
results . from two-dimensional cascade studies differ from

those of the three-dimensional studies.

The first experimental work on mean wake characteris-
tics was that of Lieblein and Roudebush in 1956 [2]. Their
conclusions are based on a limited quantity of data frﬁm a
two~-dimensional cascade, and are very general in nature and
application. PFurther, two-dimensional cascade wake studies
were performed by Raj and Lakshminarayana [3]. Their study
involved an éﬁalytical and experimental investigation into
the effects of cascade solidity, incidence angle, and down-
stream distance on the wake size and shape. 0f particular
interest are their resuits showing increased nonsymmetry of
the wake with increased incidence angle values and the simi-

larity exhibited by the wake profiles.

A study of the mean three-dimensional velocity charac-
.teristics of inlet guide vane and stator blade wakes in an
axial flow compressor was performed by Lakéhminarayana and
Davino [4]. They detérmined the three-dimensional mean
velocity wake decay rate and considered similarity of these

wake profiles. The lack of similarity in the hub and tip



regions demonstrated the thtéé—dimensional nature of the

downstream flow field.

From the above, it can be concluded +that the. wakes
measured in two-dimensional cascade studies show consider-
able differences from those measured in the three-
dimensional inlet guide vane and stator blade experiments.
In particular, the-deviation of the similarity xresults in
the hub and tip regions of the inlet guide vane and stator
study clearlf demonstrates. that the experimental verifica-
tion ‘of advanced three-dimensional analyses requires data
obtained in experiments‘which model the phenomena existing

in the flow passages of turbomachines.



C. Objectives of this Investigation

The overall objective of this study is the detailed
experimental determination of the three-dimensional aero-
dynamic performance of a classical airfolil cascade over a
range of incidence angle values and the correlation of these
unigue data with appropriate analyses. This involves the

following specific tasks:

* The automation of an L. C. Smith traversing mechanism

to facilitate ease of data acquisition.

* The design, construction, and checkout of a large
(5.715 cm diametexr) Calibration Jet Facility for

accurate probe calibrations.

* The automated calibration of a five-hole cone probe

in the non-nulled mode.

* The development of an automated mean wake data

acquisition, reduction, and ocutput system.

* Utilization of the auvtomated mean wake and airfoil
surface data.acquisition systems to determine the
three-dimensional performance of the classical

airfoil cascade at incidence angle values of

o]

0%, s°

, and 10°.
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Analysis of the cascade wake data to quantify: the
effect of iﬁcidence angle; the three-dimensionality
of the flow field; and the similarity or lack thereof

for the velocity profiles.

Correlation of the airfoil surface data with
predictions from the NASA inviscid flow analyses

MERIDL and TSONIC.

The demonstration of a technigue for on-line

visualization of downstream pressure contours.
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CHAPTER II  EXPERIMENTAL APPARATUS

This chapter is divided into three sections: The. Pur-
due - Annular Cascade Facility, The Control Room Apparatus,
and The Construction/Definition of a Calibration Jet Facil-

" ity.

A. The Purdue Annular Cascade Facility

-Annular Cascade and Air Supply

The Purdue Annular Cascade, pictured in PFigure 2 and
schematically shown in Figure 3, is comprised of sections
fabricated from a honeycomb fiberglass material. The hub
sectiong are held together by inner flanges and are attached
to and supported by the outer shrogd via five ;nlet_ and
three exit support struts. The outer shroud consists of a
bellmouth together with four other sections joined together
with large aluminum support rings and tie-bars. The alumi-
num support rings rest on a metal stand which supports the

entire cascade facility.



- 11 -
ORIGINAL PAGE {§
OF POOR QUALITY

Probe Traversing
Slot Locations

B 2.3l m
R Front — \.h::‘F:glggl rmn:: Redr
> Removable , —
Access )
Cover— 127m
203 m
' KAirfoil .
Y ,ﬁ Section Aﬁ zSection B \ I SectionD
- \Belimouth R Section C
Biade -
ldentification
36 Flat
Piate Airfoils inlet
Support
Struts

Figure 3. Schematic of The Purdue Annular Cascade Facility



_12_

The flow enters the facility through the bellmoiith and
is accelerated in the annulus formed by the_graduélly con-
tracting flow region bounded by the hub and bellmouth. At
the intersection of the bellmouth and section A, thg annulus
height of 15.24 ecm (6.0 in.) is reached and maintained
through the exit region of the facility. Thirty-six airfoil
trunnion mounting holes are located in the test secfion,
Section B. Alsc, two circumferential traversing slots are

located downstream of the test section.

Airflow exiting the facility expands into a 24 cubic
meter plenum chamber, Figure 4, which provides an even
exhaust pressure to the cascade. This steady exhaust pres-
sure is maintained by a large-capacity centrifﬁgal compres-
sor which is capable of exhausting 354 cms (150,000 cfm) of
air at a pressure change of 46 c¢m (18 in.) of water. This
compressor is driven through a set of teﬂ v-belts on a Jjack
shaft- by a 224 kw (300 Hp) threefphase induction motor.
Variable inlet quidevanes . upstream of the centrifugal
compressor allow for flow rate contrel. A more detailed
description of The Purdue Annular Cascade PFacility is

presented in Reference [1].

Airfoils

Thirty-six classical flat plate airfoils .of aspect

ratio unity, schematically shown in Figure 5, were used in
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Figure 4. Exterior View of Plenum Chamber and Ducting
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this study. Four of the airfoils were instrumented with
surface static pfessure taps. Two types of instrumented
airfoils were used, as depicted in Figure 6: . one type with
15 static pressure taps along a chordline at midspan, and
the second type with 15 static pressure taps along a chord-
line at 10% span and 15 static pressure taps along a chord-
line at 90% span. The chordwise gaussian distribution of
each sgset of 15 surface static pressure taps is presented in

Figure 7.

Two airfoils of each type were installed in the facil-
ity 1in front of the circumferential traversing slots such
that both the pressure and the suction surfaces of the air-
foil were instrumented. As these airfoils were cantilevered
féom the facility outer shroud, it was necessary to fill in
the airfoil-inner shroud gaps. Figure 8 shows a view of the
instrumented airfoils installed in the facility with their

inner—shroud gaps filled with modeling clay.-

Upstream Pressure Rakes

The cascade inlet velocity profile and the mass aver—
aged upétream velocity are deéermined via three symmetri-
cally digtributed pressure rakes, Figure 9, located in .sec-
tion A of the facility. Associated with each rake are two
static pressure taps, one on the hub surface and one on the
outer shroud surface. Upstream mass averaging is accom=-

plished by averaging the individual rake tap pressure read-
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Figure 8. Installed Instrumented Airfoils



PRESSURE RAKE
Toward Front

r—Outer Shroud
e of Facility
Inner Shroud —
| : »t:-—l.G mm 1.
.27 cm J‘ [
¥
- 67 cCm
% ji_ 5 BEENISRS 204 cm
~—3.45 cm —+
fe—=g B8 O ———
| 6.35 cm ———»
786 cm -
942 cm >
1.0l cm .
- 1266 cm »
— 14.37 cm
Width of Annulus=15.24 cm

Schematic of a Total Pressure Rake

Figure 9,

-.6[-



30 =

ings, as the taps are located at the mid-radius of concen-

tric annulii of equal area.

Traversing Mechanisms

A closeup of the L. C. Smith traversing system is shown
in Figure 10. The mechanisms are capable of moving a probe
circumferentially, radially, or in self-rotation. The
radial and rotational traversing mechanisms form a self-
contained unit which can be easily separated from the cir-
cumferential mechanism, enabling them to be used for probe
support and positioning in a remote calibration jet. In the
cascade facility, the circumferential traversing mechanism
can be mounted over either of two slots, as shown in Figure
: & 5 The slot not in use is flush filled to eliminate dis-

turbances to the annulus flow.

\

Each motion is powered by a separate D. C. motor. The
circumferential motion unit consists of a slide driven up to

45°

over a fixed base by rack and pinion gearing. The
radial motion is driven by a ball bearing screw and is capa-
ble of 20.3 cm (8 in.) motion. The rotational motion is

driven by a gearbox assembly and is capable of 360° rota-

tion. Each motion is geared to a separate ten-turn linear

il TR
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potentiometer and a mechanical counter for position defini-

tion.

The movement of the traversing mechanisms is controlled
by an L. C. Smith Model D1-3R Indicator. Controls include
motion selection, motion speed, and direction of motion.
Positioning 1is displayed on a 3 1/2 digi£ digital voltmeter
which displays the voltage across the selected motion's
ten-turn 1linear potentiometer. This unit is designed to

give manual push-button control of probe positioning.

As part of this study, the probe positioning was
automated. A separate circuit was designed and fabricated
to allow for either automated or manual probe positioning.
In the automated mode, the motion selection and the direc-
tion of motion are controlled by relays which are, in turn,
controlled by computer software. The analog positional vol-
tage signal is transferred to the computer and software
decisions are made to move the probe (switching of the
proper relays and motoring the probe position) to preset
positions. The automated mode includes software confirma-
tion of probe positioning after motion has ceased at each
measurement station, and if necessary, the repositioning of

the probe.

The accuracy of the three motions is calculated by
dividing the amount of travel in any motion for the full ten

turns of the potentiometer by one-half the corresponding
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smallest increment of voltage (2000). This yields the fol-

lowing accuracy for the positioning of the probe:

Circumferential Motion: +/-0.023°
Radial Motion: +/- 0.01 cm
Rotational Motion: +/—0.180

Scanivalve Pressure Measurement System

Due to the large number of pressure measurements
required, a Scanivalve pressure measurement system was pre-
viously developed [1]. The annular cascade Scanivalve sys-
tem incorporates three modules which rotate in tandem. Fig-
ure 12 [5] shows a typical multiple-module unit. Each
module consists of a rotating valve-switching device which
exposes a single transducer to any of 48 different pressure
ports as directed by the solenoid advancer. The solenoid
advancer is either push-button manually controlled or com-

puter controlled.

The tﬁree transducers are each 6.9 kPa (1 psid) bi-
directional differential 1linear transducers. Two ports of
the 48 ports on each module are reserved for calibrating the
module's transducer: one for the reference side of the
transducer and one for spanning the transducer. The selec-
tion of these two preséutes is critical. The reference
pressure should be both steady and higher (or 1lower) than

any pressure expected to be measured against it in order to
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avoid drift and calibration shift problems. The span pres-
sure should be of proper sign and magnitude to flex the
transducer diaphragm in the same direction as the measure-
ments to be made. Ambient pressure was chosen for the
reference pressure in the annular cascade because it is
steady and is the highest possible pressure in the no work
cascade. The span pressure was supplied by the vacuum
source sthn in Figure 13, and was set at approximately 6.9
kPa (1 psi) vacuum, with accurate measurements on a 200 cm
u-tube water manometer for each calibration. Figure 14
shows a typical transducer calibration curve for this setup.
Specifically, calibration is obtained by selecting the
reference port, measuring the offset voltage, and then

selecting the span port and measuring the span voltage.

The response time of the Scanivalve transducers has
been investigated, showing a settling time of 160 mil-
liseconds to be sufficient. To allow for this settling
time, the software incorporated in this study used a 99 mil-
lisecond delay command combined with programming steps which
confirm the Scanivalve position (totalling over 160 mil-
liseconds) after each solenoid advance. Voltage readings
were obtained using statistical sampling technigues to
define a mean voltage reading and an estimate of the error

in the mean voltage.

Figure 15 shows the complete Scanivalve pressure meas-

urement system package. A 12 x 24 port interface is
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provided to facilitate connection of pneumatic tubing in the

Scanivalve modules. This interface is arranged in an ord-

erly way to permit identification of the reference port, the

span port, and the othef 46 ports on each module.
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B. Control Room Instrumentation

The automated probe positioning and pressure data
acguisition were accomplished utilizing a Hewlett-Packard
3497 data acquisition control unit and a Hewlett-Packard 85
desktop computer. The data acquisition control unit has
three types of insert cards which connect external devices
to the unit. The first type of card is a 16 channel actua-
tor board for switching peripheral devices such as the probe
positioning relays in the modified L. C. Smith indicator
unit and the solenoid advancer in the Scanivalve measurement
system. The second type of carxd is a 20 channel analog
input board which is connected to an internal voltmeter. It
is used for reading external voltages such as the positional
voltage from the modified L. C. Smith unit and the pressure
voltages from the Scanivalve transducers. The third ﬁype of
card is a sixteen bit digital input board which is used to

read the Scanivalve port position.

The-HP—SS desktop computer, programmable in HP-Basic,
is connected to the data acquisition unit by a busline.
Software .commands to'open/close actuater channels, read ana-
log voltage channels, send iﬁformation back to the HP-85
memory, etc., are sent to the 3495 acguisition unit on the
busline. These commands have been incorporated in computer
programs to completely automate the data acquisition pro-

cess.
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The HP-85 has a tape drive po provide permanent storage
of data and programs. Acquisition and reduction of data
were accomplished by two separate programs to minimize the
acguisition time_and to avoid calibration and cascade velo-
city drifts. Raw data were stored on tape cartridges by the
acquisition program and later-reduced. To provide full page
data printouts in final tabular form and high guality
graﬁhic capabilities, an Integral Data Systems 440 Paper
Tiger Line Printer and an HP-7470 Plotter were interfaced
with the HP-85 desktop computer. With the addition of the
line printer and the plotter, all hand_transfer of data was
eliminated and the automated mean wake acquisition and

reduction system development completed.
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C. Construction/Definition of a Calibration Jet Facility

A five hole cone probe was used to obtain the mean
three-dimensicnal cascade’ wake data in this study. The
calibration of this probe in the non-nulled mode requires a
relatively large calibration Jjet with a uniform flow core

region.

Design

The Calibration Jet Facility is schematically depicted
in Figure 16 and shown in Figure 17. A centrifugal blower
capable of délivering 0.15 cms (320 cfm) at 43 cm (17 in.)
of water is "belt driven at constant speed by a 3.73 kW (5
HP). electric motor. The blower feeds the large 50.8 % 50.8
cm (20 x 20 in.) cross—sectioned'plenum through a long gra-
dual diffuser section which is equipped with three 100 mesh
screen sections for flow straightening and to aid in diffus-
ing the flow. The flow is discharged from the plenum
through a nozzle which forms the calibration jet. Tﬁe noz-
zle throat (exit) diameter is 5.715 cm (2.25 in.). Thus the
area ratio of the plenum cross section to the nozzle cross
secﬁion is 100 to 1, meeting ASME specifications [6]. Probe
support and positioning are supplied by a rotary table with
an attached fixture to mount the radial/self—rotational
traversing mechanism unit, as-seen in Figure 17. A detailed

probe to jet alignment procedure is described in Appendix A.
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The design of the nozzle shape was considered in
detail. Hussian and Ramjee [7] compared the incompressible
flow characteristics of a cubic equation contour nozzle, a
Batchelor-Shaw nozzle, the ASME 8 series nozzles and the
simple disk nozzle (orifice plate). They found that a uni-
form mean velocity and low turbulence core region exists
with any one of the designs, provided that a sufficient core
to probe diameter ratio exfsts. Based on these results, an
ASME g8 series nozzle was fabricated from a 31 degree plexi-
glass cone. The nozzle exit section is 5.715 cm (2.25 in.)
in diameter and the entrance was machined to smoothly mate
with the inner plenum wall. The jet velocity is controlled
by throttling the centrifugal blower inlet by adjusting the

three leaf shutters seen in Figure 18.

Check-0ut

To quantify the aerodynamic performance of the calibra-
tion Jjet, the jet velocity profile was mapped using a hot-

wire anemometer and a pitot probe.

The velocity is calculated assuming isentropic flow.
Thus the plenum pressure and temperature, as measured with a
Merian Model 40HE35 Inclined Water Manometer and a thermome-
ter in the plenum, correspond to the jet total pressure and
total temperature, Pt and Tt'

pressure of the jet, Ps, is the ambient pressure as measured

respectively. The static
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on a barometer. The compressible flow eguations are then

used to calculate the velocity:

" p:t Eg-
ORIGINAL PACE

p (koL
.
£
172
k-1
P —_—
M=4Ef—l{§§k—1- (2)
S
_ 1/2
U= [k(Rair)Ts] M (3)

where k, the specific heat ratio, is 1.4, and Rair’ the air

gas constant, is 287.08 J/kg-K (53.35 ft-1b/lb-R).

The calibration jet mapping was conducted with a Jet
core velocity of approximately 30.5 m/s (100 ft/s), the nom-—
inal velocity anticipated in the annular cascade experi-
ments. A one hour warm-up time for the jet was determined
to be more than sufficient for steady conditions to be

reached.

Profiles were measured at 6 axial locations downstream

of the exit with both a hot-wire and a pitot probe, with
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-the data analyzed to determine U* and Y¥* values at each ~Z/D

axial location where:

Probe Measured Velocity

U* = EaTlcuiated isentropic Velocity
yx = Distance from the Jet Centerline
- Nozzle Exit Radius
and
2/D = Axial Distance to the Jet Face
/D Nozzle Exit Diameter

Figure 19 shows the jet velocity profile at the axial
location subsequently used for the calibration of the five-
hole cone probe. Complete Jjet velocity profile data are
presented in Appendix B. Analysis of these data show that a
relatively large core region exists in the jet, with the
core diameter decreasing to approximately 3.81 cm (1.5 in.)
at Z/D = 1.33. Low turbulence intensities, less than 2.0%,
were measured throughout the core region. Further, the
hot-wire data and pitot probe data exhibit very good agree-
ment. Also, the probe measured core velocities and the cal-
culated isentropic velocities are in excélient agreeﬁent,

thereby verifying the isentropic nozzle design.
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CHAPTER III FIVE-HOLE CONE PROBE SELECTION AND CALIBRATION

A five-hole cone probe in the non-nulling mnmode was
utilized to measure the three-dimensional classical airfoil
cagcade exit flow field. This required an extensive cali-
bration of the probe. The non—nulling mode was selected
because the time and complexity associated with rotation of

the probe for the nulling wode are eliminated.

A. Probe Selection

The five-hole cone probe utilized in this study was
selected based on geometric size and shape considerations.
thtelman and Krause [8] determined that the probe tip and
the éupport stem must be separated by at least three stem
diameters so as to avoid support interference effects.
Further, the sensor head diameter must be sufficiently small
as to avoid passage blockage effects and erroneous results
in flow regions with steep pressure gradients. Also for
calibration purposes, it is desirable for the probe a;is of

rotation to pass through the tip, resdlting in the tip
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remaining oh the calibration jet centerline for all angular

settings.

Based on the above considerations, the United Sensor
type DC-125 five-hole cone probe, shown in Figure 20, was
selected. This probe has a sensor head diameter of 0.318 cm
{(0.125 1in.). The precbhe coordinate system and port labeling
system, including the definition of the vaw and pitch
angles, are shown schematically in Figure 21. The probe
coordinate system coincides with that of the annular cascade

when the probe and the annular cascade Z-axes coincide.
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B. Review of Five-Hole Probe Calibration and Application

Techniques in  the Non-Nulled Mode

Because of manufacturing tolerances and flow Reynolds
number dependence, it is necessary to caiibrate individual
probes over a range of pitch and yaw angle settings. This
calibration consists of measuring the five probg port pres-
sures and the flow total and static pressures over a range
of pitch-yaw settings and then determining a set of dimen—

sionless characteristic pressure calibration coefficients.

Dudzinski and Krause [9] calibrated a five-hole probe
for wuse in the non—nulling mode over a range of Reyﬁolds
nurbers. Their results show that for a limited range Rey-
nolds number application, such as in the Purdue Annular Cas-
cade Facility, one calibration is sufficienﬁ.' They cali-
brated for pitch and yaw angles up to +/—30O in 10° incre-
mente, and suggested 5% increments for a more accurate caiia
bration. Treaster and Yocum [10] used the calibration
coefficients developed by Dudzinski and Krause to calibrate
two types of five—hole probes in an open jet facility, show-
ing support for the calibration coefficients develobed by
Dudzinski and Krause. Specifically, these nondimensional

calibration coefficients, and the ones used in the present
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study are presented in Eguations 4 through 8.

_ [Pz"Pa]

_ [?4‘95]
[Pl"Ptotall
ptotal lPth]
_ [ﬁ;EBtatic]
Cpstatic - [Pl;ﬁl (7)
where
P = [Pz + Py + By o+ PS]/4 (8)

Bryer and Pankhurst {11] present typical five-hole probe
calibrations for flow velocities of 27 m/s (90 ft/s), in the
range of velocities expected in the present study. They
found that for pitch and yaw angles less than ZSO, the accu-
racy of a five-hole probe used in the non-nulling mode was

approximately +/-3%.
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Thé effects_of turbulence intensity and wali proximity
on five-hole probe measurements were considered by Sitaram,
Lakshminarayana, and Ravindranath [12]., Their results are
based on measurements with a five-hole probe identical in
size to the one used in the present study. They found that
for turbulence intensities of up to 10%, the error in velo-
city due to_turbulence was 0.33%. Hinch and Fleeter (131
measured the turbulence intensity in The Purdue Anpular Cas-
cade with the classical airfoil cascade installed at a 0°
incidence angle. The free stream turbulence intensity was
less than 3%, and in the wake region, the turbulence inten-
sity was less than 8% at the rear traversing siot position
and less than 12% at the front traversing slot position.
Further, the results of Sitaram, Lakshminarayana, and Ravin-
dranath also indicate that when the probe is so close to the
wall that the flow accelerates in the region between the
probe and the wall, an error in the velocity measurement
results. In péiticular, when the probe is located more than
two probe diameters from the wall, the error in the velocity

measurement is negligable.
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C. Five-Hole Cone Probe Calibration

The DC-125 five-hole cone probe was calibrated -in a
semi-automated manner. The -‘program, CHHOLE, directs the
calibration péocedure. A general flow chart of C5HHOLE is
prgsented in Appendix C. This section is subdivided into a
Ageneral overview of the calibration, the prcocbe positioning
techniﬁue, the pressure measurement method, the calibration

coefficient equations, and the calibration results.

Qverview

The Calibration Jet Facility provides a well-defined
flow field. Initially the probe 1is aligned on the jet
centerline axis using the alignment procedure described in
Appendix A. Pitch angles are set by.means of a rotary
table. At each pitch angle, the yaw angles are set automat-
ically using the self-rotation L. C. Smith travérsing
mechanism in the automated mode. The probe tip remains on
the Jjet centerline axis for all pitch-yaw settings because
the probe tip is both on the rotary table rotation axis And
on the probe self-rotation axis. This fixed location of_the‘
probe tip in conjunction with the large core region of the
calibration Jjet ensures that the probe sensor head remains
in the jet core region. At each pitch-vaw setting, the

determination of the nondimensional calibration coefficients
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from the five port probe pressures and@ the known core total

and static pressures define the calibration.

The following conditions and flow angles were selected
for the specific ‘five-holerprobe calibration performed in

this study.

1) The jet core velocity of approximately 30.5
m/s (100 ft/s) was chosen to match the

nominal annular cascade flow velocity.

2) The calibration jet axial position of Z/D = .89
was chosen because of its large core diameter,

4.6 cm (1.8 in.), and low turbulence intensity.

3) To provide sufficient accuracy for the calibration,
pitch and yaw angles were each varied independently

o . o .
over +/-30" in 5  increments.

Probe Positiconing Technigue

The pitch angles were set by hand when cued by the com-
puter, staying on one side of the positioning screw to
ensure accuracy in pitch angle settings. The error in each
pitch angle setting is estimated as the smallest division on
the rotary table, 1 minute, with a systematic error of not

more than 0.1% due to initial misalignment.



'_50_..

The yaw angles are automatically selected by using the
L. C. Smith Unit in the automated mode. A home (0° yaw)
position in volts is réad'by the computer at the start of
the program. Yaw positions are then - calculated in the
software using this home éosition and the volts/degree of
yaw rotation. The ﬁolts/degiee of yaw rotation was measured
by using an indicator to measufe 180° of probe rotation and
reading the associated voltage difference from the display
of the L. C. Smith Unit. Errors in the yaw angle positions
are +/—0.180 due to the resolution of the traversing mechan-
ism, with a systematic error estimated as not more than 0.l°

due to initial misalignment.
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Pressure Measurement

Pressure measurements were taken in an automated mode
via the Scanivalve system, with 30 samples per voltage read-
ing (statistically equal to an infinite sample} for accu-
racy. The Scanivalve pneumatic connection arrangement is
presented below, with the plenum pressure teed to a Meriam
Model 40HE35 Inclined Water Manometer for the calibration of

the Scanivalve transducer.

Scanivalve Connections For CS5HOLE Code

Module A
Scan Valve Port Pneumatic Line
1 (Span Port) Ambient (Jet static) Pressure
2 {(Reference Port) Plenum {(Jet total) Pressure

Probe Port #1
Probe Port #2
Probe Port #3
Probe Port #$#4
Probe Port #5

~J OO b

A transducer linearity response test was run in the
calibration jet by teeing the probe port #1 pneumatic tubing
to the inclined manometer and to its Scanivalve port. The
probe was rotated about its own axis to obtain the port #1
pressures between the plenum pressure and the ambient pres-
sure. These pressures were read from the manometexr. The
corresponding Scanivalve port 3 voltages were read using a
computer program which displayed the average of 30 voltage

samples. A linear regression analysis was performed on
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these pressure and voltage data which yielded a correlation
coefficient ‘of 0.999994. Thus, .-the 1linearity of the

Scanivalve transducer response was confirmed.

Calibration Coefficient Eguations and Measurement Errors

The objective of the probe calibration was to accu-
rately determine the calibration coefficients. A measure of
the accuracy was obtained by,using the Maximum Error Tech-
nigue {14], described in‘ AppendQX'D. Reading errors are .
def ined as‘onemhalf the smallest division and Scanivalve
" voltage sampliﬁg errors are determined via a 99% confidence
t-test. The jet velocity is determined from the compressi-
ble flow equations using the plenum and ambient conditions

(Chapter II, part C).

The calibration coefficients and associated errors are
calculated at each pitch-yaw point. The coefficients (Equa-
tions 4, 5, 6, and 7) are the ratio of pressure aifferences,
which are eguivalent to -the ratic of the appropri§te
Scanivalve voltage differences due to the linear response of
the Scanivalve transducers. The calibration coefficients
are presented below in terms of probe port, total, and
‘$tatic pressure transducer voltages along with the associ-
ated error equations. Each coefficient 1is expressed in
terms of differences of the fundamental transducer voltage

measurements with the .error, e, in each coefficient due only
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to the accuracy of the voltage measurements. These egua-

tions are incorporated in the CS5HOLE software.

= (9)

. _ [evz + eva] . [vz—v3][evl + eV] (10)
Coyaw (v, 7] v,-7]2
[v4s]
Cppiteh = {vi-ﬁf (11)
. ) [eV4 + eVS] N [V4—V5][evl + eV] (12)
Copitch [v, 7] [v,7)2
_ [Vl"vtotal] .
“ptotal " [y ]
o _ [evl + ejtotal] . {Vl"vtoéal} {eVl_ * e‘_’} (14)
ptotal [v,-7] [v,-7]2
:v-vstatic]
Cpstatic = [V14V] (15)
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. . o7 + eV iaeso . (TVoraric) (V1 + 7). (16)
Cpstatic [Vl47} [Vl_v}z
where
7 = [v2 + Vg + Y, 4 Vs]/4 (17)
and
&V = [ev2 + eV, + eV, + eVS]/4 (18)

Calibration Results

The results of the DC-125 Five-Hole Probe calibration
are presented in Figures 22 through 26, and in tabular form
in Appendix E. The coefficients are permanently stored on a

cassette cartridge for automated reduction purposes.

Four bivariate relationships are established with the
calibration- data. The flow angle bivariate relationships
faor C and C__ . are shown in Figure 22, Figures 23

pyaw ppitch
through 26 present the total pressure coefficient and the
static pressure coefficient bivariate relationships with the
flow angles. In an unknown flow field, of approximately the

same Reynolds number as the jet, the five port pressures are

measured and C and C

pyaw ppitch values are then calculated.
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The pitch and yaw angles for the unknown flow field are then

determined from the grid of cpyaw and cppitch' Figure 22,

using a numerical interpolation technique. Then, wusing

ptoﬁél and Cpstatic

coefficients for the unknown flow field are interpolated

these pitch and yaw angle values, the C

from the appropriate grids, Figures 23-26. Total and static

pressures are obtained from the definitions of C and

ptotal

Cpstatic and the measured probe five port pressures.

The lack of smoothness from some of the calibration
data at pitch angles greater than 10° is associated with the
probe. Previous five-hole probe calibration investigations

{101 have noted similar irregularities in the C cali-

pstatic
bration curves. The errors in each of the non-zero calibra-
tion coefficients were all less than 0.5%. No measurable
velocity drift occurred in the calibration Jjet throughout

the calibration process.
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CHAPTER IV DATA ACQUISITION AND REDUCTION

The three-dimensional aerodynamic performance of a
classical airfoil cascade is to be determined. Quantities
to be measured include the inlet flow field, the airfoil
surface pressure distribution, and the cascade exit flow
field. This chapter presents the methods of the acquisition

and the reduction of these data.

A. Preliminary Preparations

Airfoil Alignment and Five-Hole Probe Alignment

The classical flat plate airfoils were aligned in the
cascade at the selected incidence angle by removing the
facility bellmouth section and using a large T-square type
device, Figure 2%. Positive incidence angle values
correspond to positive tangential velocities in the cascade,

as was defined in Figure 3.

Alignment of the five-hole probe in the cascade was
accomplished by placing a scale (projecting downstream) on
the principal blade. The probe was aligned both circum—

ferentially and in sélf—roﬁation, such that the probe ZP
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axis coincided with the chordwise direction. This alignment
defined a yaw offset angle, 6, between the probe Zp axis andr
the cascade Z axis of equal sign and magnitude as the
incidence angle, Figure 28. This offset aligns the probe in
the prinicpal direction of flow, thereby minimizing the
probe yaw and pitch angles to utilize the smoothest regions
of the calibration data curves. The probe stem alignment
with the cascade circumferential axis was confirmed by mov-
ing the probe circumferentially and measuring the uniformity
of the spacing between the probe tip and the hub. Confirma-
tion of the probe stem alignment in the Z-T plane was made
using a machinist square to check that the probe stem and
the annulus were perpendicular. A probe home position was
defined and recorded during these alignments, as the chord
alignment circumferential tranversing mechanism voltage, and
the radial traversing mechanism voltage at a measured dis-

tance from the hub.

Scanivalve Connection and Traversing Mechanism Checks

The same Scanivalve pneuﬁatic connections were used for
both the previously developed Airfoil Surface [1], and the

Mean Wake Data Acquisition Systems, with the addition of the
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following pneumatic connections for the five-hole probe

ports.

Scanivalve Module A

Scanivalve Port Five-Hole Probe Pneumatic Line

39 1
40 2
41 , 3
42 4
43 5

Verification checks of the wvolts/unit radial and
volts/degree circumferential motions of the traversing
mechanism were made using gage blocks and by confirming
alignment behind a number of airfoils prior to data acguisi--
tion, respectively. No measurable change in these- values

&as found.

Warm—up Time

Prior to data acquisition, the airflow system and the
electronics were allowed to wafm—up for a minimum of one
hour. This warm-up time allowed the facility blower to
attain a constant flow rate and the room temperature to
reach equilibrium. The Scanivalve signal conditioners
required this warm-up time for circuitry stabilization,

which, along with the room temperature egquilibrium and
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frequency of recalibration, minimized calibration drifts to

negligible levels.
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B. Mean Wake Data Acquisition

Acguisition Principles

An automated mean wake data acguisition system was
developed in this study. The acguisition of pressure data
and probe positioning are computer contiolled,_as described
in Chapter 1II. The computer program, AQAUTO, directs the
acquisition process, including pauses and instructions for
operator inputs and actions. A general flowchart of AQAUTO

is presented in Appendix C.

One objective of the system is to minimize the acquisi-
tion time, 80 that negligible transducer calibration and
flow rate drift occurs. To facilitate this, data is taken
in circumferential sets with the 8Scanivalve tranéducer
recalibrated at the beginning of each set. . fhe Scanivalve
voltage sampling rate of 15 samples/point was determined to
gsufficiently represent an  infinite sample. Each circum-
ferential data set took approximately 20 -minutes for 25
measurement stations, a sufficiently short time to avoid
calibration ' drift due to ambient reference pressure or tem-
perature changes. Further, the mass averaged inlet velocity
drift was less than 0.15 m/s (0.5 ft/s) between sets, or

else the data was retaken.‘

A second objective of the system was to determine the

measurement data band errors. The standard root mean sguare
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technique [14], described in Appendix D, was applied to
deﬁelop the error relations corresponding to each acquisi-
tion.equétion. Reading errors were assumed to be +/- one-
half the smallest division, and Scanivalve voltagé reading
errors were taken as the statistical 99% - confi&encé t-test
values‘ calculated for each sampling. Two values were
assumed constant; the specific heat ratio , k=1.4, and the

gas. constant, R = 278.08 J/kg-K (53.35 ft-1lb/1b-R).

air

Measurements and Stored Raw Data

The initialization of AQAUTO results in the computer
requesting information, including the ﬁrobe home position
an& the radial and circumferential positions selected for
data acquisition. An option to use 25 preset circumferen-
tial positions is provided, which includes an automated
search for the chordline alignment position (the point of
minimuam ptoge port #l1 pressure) for each circumferential

data seﬁ.

Ambient conditions are requested at the beginning of
each circumferential data set. The Scanivalve module is
then calibrated and the upstream mass averaged total and
static pressures are determined by averaging the pressure
rake data and their associated wall static pressure taps
respectiveiy; The cascade is assumed to be adiabatic, and

thus the total temperature is equal to the room temperature.
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This enables the mass averaged upstream inlet velocity to be

calculated from the compressible flow equations, Equations

1, 2 and 3.

For each circumferential measurement station, the
five-hole probe Scanivalve voltages are read and praw and
Cppitch.are calculated from Equations 9, 11, and 17. Thec

voltages are converted to pressures and P, Equation 8, is
calculated. Upon'completion of each circumferential data
set the computer requests a storage name and the following

gquantities are stored on a cassette cartridge.

1) Incidence Angle Value

2} Probe Yaw Offset Angle

3) Downstream Position in the Cascade (ZC/C)

4) % Hub to Tip (radial position)

5) Ambient Pressure

6) Ambient Temperature

7) Mass Averaged Upstream Total Pressure

8) Error in Mass Averaged Upstream Total Pressure
9) Mass Averaged Upstream Static Pressure

10) Error in Mass Averaged Upstream Static Pressue
11) Mass Averaged Upstream Inlet Velocity

12) Error in Mass Averaged Upstream Inlet Velocity

13) The Number of Circumferential Measurement
Stations
14) The Circumferential Measurement Stations
: (2T/5 valves)
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15) Five-Hole Probe Port 1 Gage Pressure at each
Circumferential Measurement Station

16) Error in each Five-Hole Probe Port 1 Gage Pressure
at each Circumferential Measurement Station

17) 'The P Value at each Circumferential
Measurement Station

18) Error in each P Value at each Circumferential
Measurement Station

19y c aw Value at each Circumferential
py Measurement Station
20) Error in each C aw Value at each. Circumferential
) pY Measurement Station
21) - ¢ . Value at each Circumferential
ppitch Measurement Station
22) Error in each C Value at each

Cirggﬁ§g¥ential Measurement Station

An option to print the raw data files is provided following
the circumferential acquisition and storage at the final

radial position.
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C. Mean Wake Data Reduction

Reduction Principles

A mean wake reduction program, MATRED, was developed to
reduce raw data from up to nine data files in succession.
The only operator tasks required, as directed by the MATRED
éoftware, are the initial insertion of the five-hole probe
calibration data cartridge, followed by the insertion of the
raw data cartridge and .input of +the file names to be
reduced. Error analysis, based on the standard root mean
square technique [14], is included in-all the data reduction
calculations. A general flowchart of MATRED is presented in

Appendix C.

Method of Reduction

Raw data files arxe read and analyzed, and the reduced
data 1is then stored. The flow angles and velocity com-
.ponents for each circumferential position are obtained as

"follows.

The values of the pitch angle, @, and the yaw angle, 8,
are numerically interpolated from the five-hole probe cali-

bration data. The experimentally determined cpyaw and

Cppitch values are applied to the calibration data. The

numerical interpolation is accomplished wusing a least

squares bivariate interpolation scheme [15]. A second order
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polynomial, with six coefficients, is fitted to a grid com-
posed of the nine calibration points closest to the

cpyaw_cppitch experimental point, as described in Appendix

F. A separate polynomial is established for both the pitch-
angle bivariate relationship and the vyaw angle bivariate
relationship, Figure 22, for the interpolation of the pitch

and yaw angle values. The values of cptotal and cpstatic

are numerically interpolated in an analogous fashion using
the newly established pitch and yaw angles and their bivari-
ate relationships, Figures 23 through 26. The errors in the

pitch angle, the yaw angle, cptotal' and C are deter-

pstatic
mined by reinterpolating the four possible combinations of

the root mean +/- errors added to the experjimental praw and

c values, and defining the errors as the greatest

ppitch
deviation from the yaw angle, pitch angle, cptotal' and

Cpstatic values.

The total pressure and static pressure at each measure-

ment station are determined per Eguations 19 and 20 using

the definitions of cptotal angd cpstatic of Bquations 6 and
7:
Piotal = F1 * Pamb ~ Cptotar(F17F) (12)
Petatic = F * Pamp ~ Costatic (F1 %) (20)



- 73 -

The flow in the cascade is assumed to be adiabatic. Thus
the room temperature corresponds to the flow total tempera-
ture. Also, the absolute Yelocity at each measurement sta-
tiop, U; can be- calculated using the compressible fliow equa-

t.ions, Equations 1, 2 ana 3.

The velocity components relative to the cascade coordi-
nate system (the axial velocity, Uz, the tangential velo-
city, Uy, and the radial velocity, UI) are calculated <£from
the absolute velocity, U, the pitch angle, @, the yaw angle,
8, and the‘yaw‘offset angle, 6. Figure 21 defines the probe
coordinate system including the definitions of the pitch and
yaw angles; Figure 3 shows the facility coordinate system;
and Figure 28 presents the geometry of the yaw offset angle
and the yaw angle with respect to the facility coordinate
system. The radial velocity with respect to the probe, U

pTr
corresponds to the radial velocity with respect to the cas-

!

cade facility because the probe radial axis coincides with
the facility radial axis. Therefore, the radial velocity

component can be vectorally resolved.

U_ = U sin (&) (21)

Consideration of the offset yaw angle and yaw angle defini-
tions, and the fact that the Zp—Tp plane of the probe coin-

cides with the cascade Z-~-T plane, enables the axial and



tangential velocity compone

U cos

<
I

<
i

U cos

A reduced data file is

considered.

The following

nts to be vectorally resolved.

(@) cos(8 - 8) (22)

(a) sin (6 - B) (23)

stored for each raw data file

information is stored for subse-

quent. printouts and plotting.

1)
2)
3)
4)
5)
&)
7
8)
9)
10)
i)

12)

13)

14)

Incidence Angle Value

Probe Yaw Offs
Downstream Pos
% Hub to Tip P
Mass Averaged
Error in Mass
Mass Averaged
Error in Mass
Mass Averaged
Exror in Mass

The number of

et Angle

ition in the Cascade (Z_/C)
osition (radial position)
Upstream Total Pressure

A?eraged Upstream Total Pressure
Upstream Static Pressure

Averaged Upstream Static Pressure
Upstream Inlet Velocity

Averaged Upstream Inlet Velocity

Circﬁmferential Measurement
Stations

The Circumferential Measurement Stations

cpyaw at each

Erroxr in each

(2T/S values)

Circumferential Measurement
Station

C aw at each Circumferential
pY Measurement Station



15)
16)
17)
18)
19)
20)
21)
22)
23)
24)
25)
26)
27)
28)
29)
30)
31)

32)
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c_ . at each Circumferential Measurement

ppitch Station

at each Circumferential
Measurement Station

Brror in each cppitch

The Pitch Angle at each Circumferential
Measurement Station

Error in each Pitch Angle at each ‘
Circumferential Measurement Station

The Yaw Angle at each Circumferential
Measurement Station

Error in each Yaw Angle at each
Circumferential Measurement Station

at each Circumferential

C
ptotal Measurement Station

Exroxr in each C total at each
CircBmréfential Measurement Station

C . at each Circumferential

pstatic Measurement Station

Error in each C . at each
Circgﬁ%%%éﬁtial Measurement Station

Total Pressure at each Circumferential
Measurenment Station

Error in each Total Pressure at each
Circumferential Measurement Station

Static Pressure at each Circumferential
Meagurement Station

Error in each Static Pressure at each
Circumferential Measurement Station

Absclute Velocity at each Circumferential
Measurement Station

Error in each Absolute Velocity at each
Circumferential Measurement Station

Axial Velocity at each Circumferential
Measurement Station

Error in each Axial Velocity at each
Circumferential Measuxement Station
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34)

35)

36)
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Tangential Velocity at each
Circumferential Measurement Station

Exror in each Tangential Velociity at each
Circumferential Measurement Station

Radial Velocity at each Circumferential
' Measurement Station

Error in each Radial Velocity at each
Circumferential Measurement Station
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D. Airfoil Surface Data Acquisition and Reduction

The Airfoil Surface Data Acguisition and Reduction Sys-
tem was previously developed [1l] to provide on-line measure-
ments of the cascade upstream inlet velocity profiles and
the airfoil surface pressure distribution. A brief descrip-

tion of this system is presented below.

Acquisition of the pressure data required to define the
cascade upstream inlet velocity profiles and the airfoil
surface pressure distribution is obtained using the
Scanivalve system with the computer as a controller. fThese
data are obtained from the upstream total pressure rakes and

facility static pressure taps, and the instrumented air-

foils.

The pressure information is reduced using the compres-
sible flow equations yielding indiviﬁual upstream rake velo-

cities from:

-u=’rZRTt 1o 1‘[ (24)
(o2

where .

d
l-al

r = (25)

g
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and the airfoil pressure coefficients from:

[ 2
_ .Ptfs - Paf] _ Uaf
Cp = K = T |. (26)
pzDUzo J z0 Jinc
2

where the static density is calculated from the isentropic

relation:

) pl 11/k
P20 = Ptzo [PTl ] (27)

The experimental values of Cp are calculated from the
compressible form of: Equation 26. The numerically predicted
cascade velocity values were converted to CP values using
the assumption of incompressible flow, appropriate because

the cascade Mach number is on the order of 0.1.

Exrroxr analysis in the Airfoil Surface Pressure Reduc-
tion System assumes negligible reading errors. Upper and
lower bounds foxr the reduced data are set by feeding
Scanivalve voltage sampling confidence intexrvals back

through the reduction equations.

A more detailed description of the Airfoil Surface Data
Acguisition and Reduction System can be found in Reference

(3.
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The Airfoil Surface Data and Mean Wake Data Acquisition
Systems were run sequentially during each acquisitibn seg-

sion tp maintain the same cascade conditions.
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CHAPTER V DATA PRESENTATION AND ANALYSIS

The overall three-dimensional aerodynamic performance
of the classical airfoil cascade, determined in The Purdue
Annular Cascade Facility, is presented and discussed in this
chapter. In particular, the effect of incidence angle on
the detailed three~dimensional airfoil surface and cascade
exit region flow field is quantified. The major sections
describé the Operating Conditions and the Cascade Upstream
Inlet Velocity Profile; the Exit Region Data and Analysis;
and the Airfoil Surface Data and Analysis including correla-

tion with appropriate numerical code predictions.

A. Operating Conditions and the Cascade Upstream Inlet ™

Velocity Profile

The physical and nominal flow conditions of the Purdue
Annular Cascade are presented in Table 1. Three incidence

angle values were investigated.
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Table 1. Purdue Annular Cascade Experimental Conditions

Tip Diameter (cm) 127.0
Hub/Tip Radius Ratio "0.76
Airfoil Span (cm) 15.24
Cascade Solidity 1.38
Number of Airfoils 36
Airfoil Shape Flat Plate
Airfoil Chord (cm) " 15.24
Incidence Angles (deg) 0.0, 5.0, 10.0
Axial Velocigy (m/8) -30.0

Flow Rate (m™ /s) i6.1
Chord Reynolds Number 430,000

The inlet velocity profile, measured using the upstream
rakes, was essentially flat for all incidence angle values
with a thicker boundary layer on the outer shroud wall aé
compared to the inner hub wall, as shown in Figure 29. The
individual raﬁe velocities are circumfereqtially averaged to
form Ui values for each pércént hub-to-tip Fadius, and are
then normalized by the mass averaged upstream velocity, U_,.

These data are tabulated in Appendix G.
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Figure 29. Cascade Inlet Velocity Profile
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B. Exit Region Data and Analysis

Cascade Exit Region Measurement Stations

Cascade exit region data were obtained and reduced
using the Automated Wake Acquisition System at 0°, 5°, and
10° incidence angle values. Data were taken in circumferen-
tial sets of 25 measurement stations at nine radial loca-
tions at each of the two exit region traversing slot 1loca-
tions. The 25 circumferential measurement stations were
selected so as to accurately define fhe wake, with 17 sta-
tions in the wake region and 8 stations in the freestream .
regions. Table 2 piesents the 25 circumferential measure-
ment stations, with the cascade geometry and nomenclature
defined in Figure 30. Table 3 presents the radial and the
chordwise downstream measurement poéitions, with £he cascade
geometry and nomenclature defined in Figuré 3l. The radial
measurement position nearest to the hub was located two
probe diameters from the wall so as to minimize wall proxim-
ity effécts, as previously discﬂésed. Airfoil #27 was
chosen.as the principal blade. In addition to the 25 mid-
paséage to mid-passage circumferential measurement posi-
tions, several multi-passage circumferential traverses were

conducted to verify the pericdicity of the flow.
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Table 2. Circumferential Measurement Stations

Station| [ 2T |l station |, T 27

(deg) | S (deg)| S
-5.0 -1.00 i4 10.25| 005
-4.25 | -085 5 105 |0I0
-3.5 -0.70 (3 075 | OI5
-2.75 | -055 I7 1.0 0.20.

-20 | -040 I8 | 1.25 | 0.25
-175| -0.35 )| = 19 .5 | 0.30
-1.5 | -0.30 20 175 | 0.35
-1.25 1 -0.25 21 |20 | 040
-1.0 | -0.20 22 12751055
10 |-075; -015 | 23 |35 |0.70
1 | -05 | -010 24 | 425 | 085
12 | -0.25] -0.05 25 |50 | 1.00
13 0.0 0.00

Airfoil #26 Airfoil Circ ng (IO°
m '

QO ~NOOD N o

S
Axial Inlet R (out of page)
Velocity
Airfoil #27 S z

Airfoil #28-/\T “e

Figure 30. Circumferential Measurement Geometry
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Table 3. ZC and Radial Measurement Positions
Radial Stations for
ZC/C Measurement Stations || 1 Each ZC Position
Incidence Z, Z./C R (em)| % Hgb-'
(deg) (cm) | . to- Tip
0 1429 | 0.94 0.64 4.2
0 31.43 2.06 1.27 8.3
5 14.37 0.24 191 | 12.5
5 ‘ 31.58 - 2.07 2.54 6.7
10 14.63 0.96 3.8l 250
10 32.03 2.10 508 333
7.62 500
10.16 66.7
12.70 83.3
e— Rear Slot Z; >
Front
Slot Ze
Tip !
“""”“’zc
Airfoil
R
Hub ' T

Figure 31. ZC and Radial Measurement Geometry
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Exit Data’Presentation and Error Estimates

The exit data obtained at all of the measurement sta-
tions ié presented in tabular form in Appendix H, and graph-
ically in Appendix I. Each circumferential data set is
represented by two tables and two plots. The table designa-
tions are the same as the corresponding figure designations.
Individual circumferential data sets are identified in their

titles by:

1) The Incidence Angle Value

2) The Nondimensional Downstream Position (Z_/C)

3) The Percent Hub-to-Tip Radial Position (R?
A typical exit velocity component plot is shown in Figure 32
with the corresponding overall wake plot presented in Figure
33. Experimental data points are connected by 1lines and
plotted versus the circumferential measurement stations,
27/3, where 2?/8 = 0 corresponds to the principal airfoil
circumferential location %nd 2T/8 = +/- 1 corresponds to the
circumferential mid-passage positiéns, as listed in Table 2.
The component exit velocities are Qefined‘relative to the
Cascade Coordinate System, Figure 3, as the axial velocity,
Uz' the tangential velocity, Up and the radial velocity Ur'
These comppnent'exit velocities are obtained from the abso-
- lute velocity, the probe pitch angle, the probe yaw angle,
and the yaw offset angle as was described in Chapter 1IV.
The pitch aﬁd yaw angles with respect to the probe are

defined in Figure 21, while Figure 28 defines the yaw offset
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Figure 32. Typical Exit Velocity Component Data Presentation
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33. Typical Overall Wake Data Presentation
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angle. Figure 32 shows each of the exit component veloci-
ties normalized with respect to the upstream cascade inlet

mass averaged velocity, U Figure 33 presents the abso-

z0°
lute velocity, U, normalized with respect to UZO; the total
pressure recovery, PT2/PTl1l, defined as the ratio of the exit
total pressure to the mass averaged upstream total pressure;
and the exit flow angle, defined as the angle between the
absolute velocity and the axial direction. Error bands are
placed on each data point. In addition to the data con-
tained in the figures, the tabular data contains the mass
averaged upstream static pressure, the downstream static
pressures, the probe pitch angles, the probe yaw angles, the

probe vyaw offset angle, and the errors associated with each

guantity.

To demonstrate the effects of incidence angle value and
the three-dimensionality of the flow field, the exit com-
ponent velocities are crossplotted, with each of the com-
ponent velocities normalized with respect to the local
freestream velocity, U, . Thus, each freestream axial velo-

city ratio is equal to unity.

Errors in the velocities were all less than 3%. Random
errors in the pitch and yvaw angle measurements are accurate
to +/-~ 0.2°, with an estimated systematic error, due to
misalignment in the cascade and to the original alignments

in the calibration jet for probe calibration, of less than
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+/-0.5°. The total pressure and static pressure measure-

ments all had errors less than 0.5%

Multiple Passage Traverses

Multiple passage traverses of the cascade exit region
flow field were performed to verify the periodicity of the
flow field. Four passages were traversed at 0° incidence
angle and two passages were traversed at 10° incidence

angle.

Figures 34 through 37 present the four passage circum-
ferential traverse data for the 0° incidence value at a
downstream distance of ZC/C = 0.94 and a radial location of
R = 8.3%. Airfoils #26, 27, 28, 29, and 30 are circumferen-
tially located at 2T/Ss = -2, 6, 2, 4, and & respectively.
As seen, at 00 of incidence, the flow is periodic and sym-
metric about the airfeoil circumferential locations. The
slight decrease in the axial and absolute velocity near air-
foil #28 (2T/S = 2, Figures 36 and 37) is a flow disturbance

generated by the inlet support strut.

Figures 38 through 41 present two passage circumferen-
tial traverse data for an incidence angle of 16° at a down-
stream distance of ZC/C = 0,96 and-radial locations of R:- =
4.2% (Figures 38 and -39), and R = 8.3% (Figures 40 and 41).
As seen, the flow is periodic, but it is nonsymmetric about

the airfoil circumferential locations. Further, at the
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Figure 34. Multiple Passage Velocity Component Data,

Incidence Angle (DEG) = 0, Z./C = .94,
R ='8.3%, 2T/S = - 2 through + 2
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Figure 35. Multiple Passage Overall Wake Data,
Incidence Angle (DEG) = 0, ZC/C = .94,
R = 8.3%, 2T/S = - 2 through + 2
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Figure 36. Multiple Passage Velocity Component Data,
Incidence Angle (DEG) = 0, ZC/C = ,04,
R = 8.3%, 2T/S = + 2 through + 6
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Figure 37. Multiple Passage Overall Wake Data,
Incidence Angle (DEG) = 0, Z/C = .94,
R =8.3%, 2T/S = + 2 through + 6
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Figure 38, Multiple Passage Velocity Component Data,
Incidence- Angle (DEG) = 10.0, ZC/C = .96,
R+ 4,25, 2T/S = - 2 through + 2



- 96 -

ORIGNAL PASE 18
OF POOR GQUALITY

u/Uze

. 88757

.ggs o+

PT2/PT1

. 8825+

lgg T

15 +

10

EXIT ANGLE (DEG)

NORMALIZED TANGENTIAL POSITION, 2T/S

Figure 39. Multiple Passage Overall Wake Data,
Incidence Angle (DEG) = 10.0, Z./C = .96,
R=4.,2%, 2T/S = - 2 through + 2
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Figure 40. Multiple Passage Velocity Component Data,
Incidence Angle (DEG) = 10.0, Z./C = .96,
R = 8.3%, 2T/S = -2 through + 2
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Multiple Passage Overall Wake Data,

Incidence Angle (DEG) = 10.0, Z./C = .96,

R = 8.3%, 2T/S = -2 through + 2
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radial location of R = 8.3% a freestream uniform core region
does exist in the blade passages, but no freestream uniform
core region is seen in the R = 4.2% circumferential passage

data.

Incidence Angle EBffects on the Cascade Exit FPlow Field

Crossplots of the exit component velocity data are
presented for each circumferential data set at each radial
location for the two traversing slot locations to show the
effect of incidence angle on the cgscade exit flow field,

Figures 42 through 59.

As expected, for the classical airfoil cascade at 0° of
incidence, the axial velocity component is symmetric about
the airfoil circumferential location. As the incidence
angle 1is increased from 0%, the turning of the fliow by the
airfoil cascade results 1in the velocity distribution no
longer being symmetric about the airfoil circumferential
location, with the nonsymmetry increasing with increasing
incidence angle value. This nonsymmetry of the airfoil wake
region is due to increased boundary layer development on the
suction surfaces of the airfoils, and possible separation of
the flow at the 10° incidence angle wvalue. This general
result of increased nonsymmetry of the airfoil wake region
with incidence angle is 1in agreement with the two-

dimensional results of Raj and Lakshminarayana [3].
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Incidence Angle Crossplots, Front Traversing
Slot, R = 4.2%

01 INCIDENCE ANGLE = O dag, Ze/C = .94, Ufe = 26.9 m/s.

A INCIDENCE ANGLE = 5 deg, Zc/C = .84, Ufe = 50.3 m/s.

v INCIDENCE ANGLE = 10 dag, Zo/C = .88, Ufs = 30.5 m/s,
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Figure 43. Incidence Angle Crossplots, Front Traversing

Slot, R = 8.3%

o INCIDENCE ANGLE = O dag, Zo/C'= .84, Ufs = 29,5 m/e.
a INCIDENCE ANGLE = S dag, Zo/C = .84, Ufe = 31.8 m/s.
v INCIDENCE ANGLE = 10 deg, Zo/C = .5, Ufe = 32.2 m/e,
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} Slot, R=12.5% = _ .
O IRCIDENCE ANGLE = 0 dag, Zo/C = .94, Ufe = 20.4 n/s,
A INCIDENCE ANGLE = 5 dag, Zo/C = .84, Ufe = 32.7 m/e,
v INCIDENCE ANGLE = 10 dag, Zc/C = .98, Ufe = 32,0 m/e,
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Incidence Angle Crossplots, Front Traversing
STot, R = 16.7%
0 INCIDENCE ANGLE = O dag, Zc/C

A INCIDENCE ANGLE = 5 deg, Zo/C
v INCIDENCE ANGLE = 10 deg, Ze/C

.94, Ufs = 30.0 mw/s.
.34, Ufe = 32.4 n/s.
.86, Ufa = 32,2 m/e.
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Incidence Angle Crossplots, Front Traversing

_ Slot, R = 25%
D INCIDENCE ANGLE = O dog, Ze/C = .84, Ufe = 30.0 m/e.
A INCIDENCE ANGLE = 5 dag, Zc/C = .84, Ufe = 32.9 n/s,
Y INCIDENCE ANGLE = 10 dag, Ze/C = .96, Ufs = 323 m/e.
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Figure 47, Incidence Angle Crossplots, Front Trdversing
STot, R = 33.3%
O INCIDENCE ANGLE = O dag, Zc/C = .84, Ufs = 29,9 m/s.

A INCIDENCE ANGLE = S deg, Ze/C = .94, Ufe = 32.8 m/e.
v INCIDENCE ANGLE = 10 deg, Ze/C = .86, Ufe = 32,4 n/s,
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Incidence Angle Crossplots, Front Traversing
Stot, R = 50%

| b INCIDENCE ANGLE = O dag, Ze/C = .94, Ufe = 20.8 n/e.

A INCIDENCE ANGLE = S dag, Zo/T = .94, Ufe = 32.8 m/e.
v INCIDENCE ANGLE = 10 dog, Zc/C = .88, Ufe = 32,3 n/e.
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Figure 49, Incidence Angle Crossplots, Front Traversing
Stlot, R = 66.7%

0 dag, Zc/C = .94, Ufe = 28.7 m/e.
.94, Ufs = 32.5 n/s.

0 INCIDENCE ANGLE =
.98, Ufe = 32.1 m/s.

A INCIDENCE ANGLE = S dag, Zc/C =
v INCIDENCE ANGLE = 10 dag, Zc/C =
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NORMALIZED TANGENTIAL POSITION, 2T/5

Incidencé Angle Crossplots, Front Traversing
Slet; R = 83.3%
f INGIPENCE ANGLE € O dag. Zo/C = .34, Ufe = 26:3 w/s.

A INCIDENCE ANGLE = & 8ag, Z&/C = 94 Ufe = 52.2 n/e.
v INCIDENGE ANGLE = 10 deg, Ze/C = .98, Ufe = 31.7 m/é.
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Figure 51.
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Incidence Angle Crossplots, Rear Traversing
Stot, R = 4.2%
o INCIDENCE ANGLE = O dag, Zo/C = 2.0, Ufs = 28.0 m/e.

A INCIDENCE ANGLE = I deg, Ze/C = 2,07, Ufs = 30.0 m/e.
v INCIDENCE ANGLE = 10 dag, Zo/C = 2,10, Ufs = 30.0 m/s.
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Figure 52. Incidence Angle Crossplots, Rear Traversing
- Slot, R = 8.3% o
0 INCIDENCE ANGLE = 0 deg. Zc/C = 2.06, -Ufe = 28,2 m/e.
A INCIDENCE ANGLE = 5 deg, Ze/C = 2.07, Ufe = 32.1 m/s.
v INCIDENCE ANGLE = 10 dag. Ze/C = 2,10, Ufe = 31.4 n/s.
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Incidence Angle Crossplots, Rear Traversing
Slot, R = 12.5% i

0 INCIDENCE ANGLE = O dag, Zc/C = 2,08, Ufe = 30.2 m/e..

& INCIDENCE ANGLE = 5 dag, Zo/C = 2,07, Ufe = 324 m/e.

7 INCTDENCE ANGLE = 10 dag, Zc/C = 2.10, Ufe = 3L.7 m/e.
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Incidence Angle Crossplots, Rear Travers1ng
Slot, R = 16.7%
2 INCIBENCE ANGLE = 0 dag, Zc/C = 2.08, Ufe = 30.0 m/e.
o INCIDENCE ANGLE = 5 deg, Ze/C = 2,07, Ufs = 32.5 w/e.
v INCIDENCE ANGLE = 10 dag. Zo/C = 2,10, Ufs = 31.7 m/s.
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Figure 55. Incidence Angle Crosspiots, Rear Traversing
. STot, R = 25%

0 INCIDENCE ANGLE = O dag, Za/C = 2.08, Ufs = 31.2 m/s.

A INCIDENCE ANGLE = S dag, Zc/C = 2,07, Ufe = 32.8 w/s.

v INCIDENCE ANGLE = 10 dag, Zc/C = 2.10, Ufe = 32,2 m/a.
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NORMALIZED TANGENTIAL POSITION, 2T7/5

Incidence Angle Crossplots, Rear Traversing
Stot, R = 33.3%
0 INCIDENCE ANGLE = 0 dag. Zo/C = 2.08, Ufe = 30.8 m/s.
A INCIDENCE ANGLE = 5 deg, Ze/C = 2.07, Ufe = 32,9 m/s.
v INCIDENCE ANGLE = 10 deg. Zo/C = 2.10, Ufe = 32,3 m/s.



.95
.9
.85 7
.8
.75
-7

Uz/Ufs

ORIGINAL PAGE &
OF POOR QUALITY

- 115 -

.2

15 7 %"?""*““VW"*”'R*P“V

Ut/Ufe

Ur/Ufe

.

H H (i L

Figure 57.
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NORMALIZED TANGENTIAL POSITION, 2T/3

Incidence Angle Crossplots, Rear Traversing
Slot, R = 50%
O INCIDENCE ANGLE = 0 dag, Zo/C = 2.08, Ufs = 31.0 m/e.

A INCIDENCE ANGLE = 3 dag, Zo/C = 2.07, Ufe = 382.8 m/e.
v INCIDENCE ANGLE = 10 dag, Zc/C = 2.10, UFe = 32.0 m/s.
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Figure 58. Incidence Angle Crossplots, Rear Traversing

Stot, R = 66,7%

O INCIDENCE ANGLE = O dag, Zo/C = 2,08, Ufe = 30.9 m/s.
& INCIDENCE ANGLE = S deg, Zc/C = 2.07, Ufe = 32.8 m/s.
WV INCIDENCE ANGLE = 10 dag, Ze/C = 2,10, Ufe = 32.0 m/s.
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-1 s 5 D . 5 1
NORMALIZED TANGENTIAL POSITION, 21/S

Incidence Angle Crossplots, Rear Traversing
Slot, R = 83.3%

O INCIDENCE ANGLE = 0 deag, Zc/C = 2.08, Ufs = 30,6 w/s.

4 INCIDENCE ANGLE = 5 deg, Zo/C = 2.07, Ufs = 32.3 m/e.

v INCIDENCE ANGLE = 10 deg, Ze/C = 2.10, Ufe = 31.5 m/e.
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Examination of the tangential velocity component data
shows the expected result of increased tangential velocity
with increaséd incidence angle value. Consistent centerline
tangential wake deficits are not present in the 0° and 5°
incidencé data. This lack of tangential deficits can be
attributed to the negligible levels expected in the far wake
downstream measurement stations considered in this study. A
slight centerline tangential deficit can be seen for the 10°°
incidence angle data at the axial slot position of Zc/c =
0.96. The radial velocit? components show no apparent
incidence angle effects, although they appear to exhibit

more scatter at the non-zero incidence angle values.

Three-Dimensionality of the Cascade Exit Flow Field

The wake data are correlated at four zxradial 1locations
for each incidence angle value, Figures 60 through 65, to
demonstrate the three—dimensionality of the céscade exit
flow zregion. The local freestream velocity values, Ufs'
became progressively. smaller, due to the boundary layers on
the hub and outer shroud walls, as the radial positions
approach the annulus walls. In.-addition to the existence of
the three velocity components 'in the cascade exit flow
region, the radial dependence of these velocity éomponents,
the deca? of the wakeé, and the increase in the wake wiéth

with downstream position are considered in this section.
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Figure 60. Three-Dimensionality Crossplots, Incidence Angle (DEG) = 0

OR = 4.2% Zc/C = .84, Ufs = 26.9 n/s.
AR =8.3% Zco/C = .84, Ufe = 24.5 n/s.
YR = 350% Zc/C = .84, Ufs = 29,8 m/s.

oR = 83.3%, Zc/C = .94, Ufs = 29,3 m/s.
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Figure 61. Three-Dimensionality Crossplots, Incidence Angle (DEG) = O
OR = 4,28, Ze/C = 2.08, Ufs = 28.0 n/s.
AR =8.3%, Zc/C = 2.06, Ufs = 28.2 m/s.
VR = 50% Zc/C = 2.06, Ufe = 31.0 m/s.
QR = §3.3%, 7Zc/C = 2.06. Ufs = 30.5 m/s.
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YR =50% Zc/C = .94, Ufs = 32.6 m/s.

oR =83,3% Zc/C = .84, Ufs = 32.2 m/s.
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Three Dimensionality Crossplots, Incidence Angle (DEG) =

oR = 4.2%, Zc/C = 2.087, Ufs = 30.0 m/s.
AR =8.3% Zc/C = 2.07, UfFs = 32,1 m/s.
50%, Ze/C = 2.07. Ufe = 32.8 m/s.

83.3%, Zc/C = 2.07, Ufs = 32.3 m/a.
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Figure 64. Three-Dimensionality Crossplots, Incidence Angle {DEG) = 10

ogR = 4.2% Zc/C = .86, Ufe = 30.5 m/s.
AR =831 Zc/C = .98 Ufs = 32.2 n/s.
vR = 350% Zc/C = .95 Ufs = 32,3 m/s.

OR = 83.3%, Zc/C = .98, Ufs = 31.7 n/s,
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Figure 65. Three-Dimensionality Crossplots, Incidence Angle (DEG) = 10

R = 4.2%, Zo/U = 2.10, Ufs = 30.0 m/s.
AR =8.3% Zc/C = 2.10, Ufs = 31.4 n/s.
vR = 50% Zc/C = 2.10, Ufs = 32.0 m/s.

OR = 83.8% Zc/C = 2.106, UFs = 31.5 m/s.
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The axial velocity component shows interesting radial
variations with the incidence angle value. at a 0°
incidence angle value, the axial wake profiles are symmetric
about the airfoil circumferential location and are essen-
- tially identical for all radial positions. At 5o of
incidence, the axial wake profiles are nonsymmetric about
the airfoil near the hub (R { 8.3%) but symmetric away from
the hub region (R > 8.3%). At an incidence angle of 100,
the axial component wake profiles are nonsymmetric about the
airfoil for all radial locations, and this nonsymmetry is
amplified in the hub and tip regions. Also, separation may
occur in the hub region for the 10° incidence angle value,
as evidenced by the nonexistence of a local uniform frees-
tream region in the axial component velocity data‘at R =
?.2%. Further, for each inéidence angle wvalue at each
radial position, the expected decay of the axial velocity
deficit and the increase in the axial wake width with down-
gstream distance can be seen by comparing the corresponding

data at the two downstream traversing slot locations.

The radial velocity component data show some interest-
ing trends. Figures 560 through 65 show that the local
freestream radial velocities are offset positively from
Zero. Some offset of the freestream radial velocity com-
ponent is expected due to growing endwall boundary layers,
implying, mass flow away from the cascade facility endwalls.

In the hub and tip wake regions, the radial velocities are
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clearly directed away from the cascade facility endwalls.
This effect is due to the endwall boundary layer interaction
-with the lower velocity wake flow field. Further, the
expected decay of the radial velocity deficit with down-
stream position for the near hub and tip radial locations
can be seen by comparing the corresponding data at the two
downstream traversing slot locations for each incidence

angle, Figures 60 through b65.
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Wake Profile Similarity

. Previous investigations have established similarity
relationships for mean velocity airfoil wake data. Typi-
cally, a Gaussian function, derived from consideration of a
two-dimensional 1isolated flat plate airfoil, is fit to the
wake data. In particular; Lakshminarayana and Daviﬂo [4]
have presented the coefficients for the Gaussién gimilarity

function for inlet guide vane and stator vane wakes as:

W
Wcl

= exp (-0.693 7%) (28)

where: W = Velocity Defect (Uﬂ_Ufs)
Wy = Airfoil Circumferential Location
Velocity Defect

= Normalized Tangential Distance, T/Ll/2

= Wake half width at one-half the depth of -W
with separate values defined foxr the
pressure and suction sides of the
airfoil.

7
Li/2 cl?

The correlations of the experimental wake data of the
present study with the similarity relation expressed by
Equation 28 are shown in Figures 66, 67, and 68 for the 00,
50, and 10° incidence angle values, respectively. These
figures show excellent correlation between the Gaussian
similarity function and the data away from the endwall

regions (12.5%<R{ 75%). The poor correlation betweén the

Gaussian similarity function and the data in the hub and tip
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regions is due to the threé—dimensionality of the flow field
in these regions and the two-dimensionality of the Gaussian

similarity function.

Further, examination of the definition of % shows that
as the wake half width increases, the value of n decreases.
Hence, examination of Figures 66 through 68, xreveals the
increasing of the w%ke width with downstream distance, evi-
denced by the narrowing of the distribution of the data with

increased downstream distance, ZC/C.

Iscobaric Exit Contour Visualization Technigue

A technique to visualize the isobaric exit flow con-
tours has been demonstrated in this study. This technique,
described in Appendix J, provides an isobaric color photo-
graph of an R-T plane downstream of the airfoil cascade.
Three pressure ranges, corresponding to three coloxs, define
the contours. The visualization of the symmetric nature of
the wake about the airfoil circumferential location at 0° of
incidence, and the nonsymmetric nature of the ajrfoil wakes

o)

at 5° and 10° incidence angles with pronounced nonsymmetry

in the endwall regions has been demonstrated.
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C. Airfoil Surface Data and Analysis

Data Presentation and Code Inputs

The. chordwise distribution of the cascade airfoil sur-
face pressures were measured at the 10, 50, and 90%‘spanwi$e
locatioﬁs at incidence angle values of 0°, 5% and 10°.
Confidence intervals which reflect the random scatter of the
Scanivalve voltage samples for 20 readings per iIndividual
data point at a 99% confidence level have been determined.
A¥l of these airfoil surface data are correlated with

mathematical predictiona.'

These mathematical predictions are obtained £rom the
NASA mnumerical programs, MERIDL [16] and TSONIC [l17], as
described in Appendix K. These mathematical models consider
inviscid, subsonic, flow past an airfoil cascade. Tﬁé solu-
tion of the elliptical differential eqqaiions degcribing the
flow field requires that conditions on all boundaries be
specified. These boundary inputs 'include the cascade inlet
velocity profile, the cascade geometry, and the local frees-
tream pfessure'necovery and tangential velocities aloné a

downgtream radius.
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Data Correlation and Analvysis:

For a classical airfoil cascade at 0° of incidence, the
chordwise distribution of the pressure and the suction sur-
face data should be identical, as demonstrated.in Figures 69
through 74. Generally, good correlation exists between the
exper imental results and the numerical predictions: The
experimental data exhibit sharper gradients at the leading
edge (0% chord), possibly due to a smoothing effect of the
numerical analysis. Also, the experimental data show a
slight increase in value along the choxd, due to growth of
the airfoil surface boundary layer, a phenomenon not con-—:
sidered in the inviscid analytical predictions. Poor corre-
lation in the trailing edge region can be attributed to .the
airfoil surface boundary layer and the possibility of trail--
ing edge separation. Excellent agreement exists between
these 0° incidence angle results and the previous 0°

incidence angle flat plate airfoil surface results measured

in The Purdue Annular Cascade by Stauter and Fleeter [1].

Distinct differences between the pressure and suction
surface data are visible at 5% of incidence, Figures 75
through 80. The correlation between the experimental
results and the numerical predictions is generally good with
the same discrepancies as noted in the 0° incidence angle in
the leading and trailing edge regions. The pressure surface
leading edge coefficients are lower than those of the -suc—

tion surface due to:- the turning of the flow. Along the
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chordline, the values of the pressure coefficient increase
on the préssure surface and decreasze on the suction surface.
At 50% of the chord, the suction and the pressure surface
experimental pressure coefficients become equal in valie and
remain 80 over the rémainder of the chord. Thus, the air-
foils are loaded for approximately the front 50% of thé air-

foil at 5° of incidence.

At 106 of incidence, Figures 81 through 86, the corre-
lation betweén the éxperimental data and the numerical pred-
ictions is fair. The general trends for the pressure and
suction surface data show good agreement with the numerical
predictions, but the experimental coefficients are con-
sistently highe¥ than the predicted values, patrticularly on
the airfoil suction surface where thick boundary layers
exist and leading edge separation imay have occurred. As in
the 5° incidence angle results; the experimental coeffi-
cients at the 10° incidence angle valueé indicate that thé
airfoils are loaded for the front 50% of the airfoil. The
magnitude of the loadihg at 10° of incidence, as expected,

is gteater than that at 5° of incidence.

The experimental pressure coefficient data are

presénfed ifi tabular form in Appendix L.
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ORIGINAL PaGE 8
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CHAPTER VI SUMMARY AND CONCLUSIONS

An investigation of the overall three-dimensional aero-
dynamic performance of a classical airfoll cascade has been
performed in The Purdue Annular Cascade Facility. This per-
formance is‘describéd in terms of the airfoil surface pres-
sure distribution and the cascade exit region flow field at
three incidence angle values for an essentially uniform

upstream inlet velocity profile. All data are analyzed and

correlated with appropriate theoretical predictions.

A Calibration Jet Facility has been designed, fabri-
cated, and utilized for the calibration of a five-—hole cone
probe in the non-nulled mode. This facility provides a

large uniform jet core with low turbulence intensity.

The aerodynamic performance data were obtained via com-
puter controlled data acquisition and analysis systems.
These systems were developed to automate: pressure measure-
ment via Scanivalve transducers; downstream probe position-
ing; and data reduction. Purthexr, the systems are designed
for ease of operator use, minimization of acquisition time,

and the inclusion of detailed error analyses.
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A summary of the results and the conclusions of this

study 1is presented below.

* Benchmark quality data have been obtained which guantify
the overall three-dimensional aerodynamic performance of
a c¢lassical airfoil cascade over a range of incidence

angle values.

* The cascade exit region data were obtained at two down-
stream traversing slot far wake positions. The decay of
the wake and the increase in the wake width with increased

downstream distance were observed.

* The axial velocity component of the wake showed an
increase in nonsymmetry about the airfoil circumferential
location with increasing incidence angle value. Further,
this nonsymmetry for nonzero incidence angles was
amplified in the highly three—-dimensional hub and tip
regions. This nonsymmetry was due to increased boundary
layerx giowth on the suction surface and likely airfoil

separation at lﬂo_of incidence.

* Wake profile similarity was demonstrated. The two-
dimensional Gaussian similarity was shown to be
appropriate in the mid;span region. However, in the hub
and tip regions the two—dimensioﬁal'Gaussian similarity
equation does not correlate with the wake data. This

breakdown of the two-dimensional similarity equation in
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hub and tip regions is due to the increased three-

dimensionality of the flow field in these regions.

Predictions obtained from the MERIDL and TSONIC numerical
codes exhibit good correlation at 0° and 5° of incidence
with the experimental airfoil surface data. Deviations
between the predictions and the experimental data are a
result of smoothing effects in the numerical codes and

viscous effects not considered in these inviscid codes.

At an incidence angle of 100, the airfoil surface data
were in falr agreement with the corresponding numerical
predictions, showing the same general trends between the
predicted and experimental values. Increased boundary
layer development on the airfoil suction surface and
likely airfoil surface flow separation caused +the poor

correlation between the inviscid predictions and the data.

A technique to visualize isobaric exit flow contours has
been demonstrated. It has been utilized to visualize the
symmetry of the wake at 0° incidence and the nonsymmetry
of the wake with increased incidence angle values. Alsg
the amplification of this nonsymmetry in. the hub and tip

regions was visualized.
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APPENDIX A

Probe Alignment Procedure in the Calibration Jet Facility

Accurate three-dimensional calibrations ‘require the
accurate alignment of the measuring device with a known
coordinate system. The Calibration Jet Facility coordinate
system 1is schematically shown in PFigure Al. The probe
alignment procedure in the Calibration Jet Facility is out-

lined below.

1. Check to be sure the jet face is perpendicular
to the horizontal by placing a level against
the jet face along the X-axis. Shim the plenum

support table if required.

2. Mount the rotary table on the top of its stand

and hand tighten the mounting bolts.

3. Obtain the alignment pointers (Figure AZa)
and place them in the nozzle exit and the rotary

table center.

4. Adjust the rotary table stand location and the

leﬁeling screws on the bottom of the stand legs
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until thé pointers touch (Figure A2b) and the
rotary table top is level in the Y-Z plane, as
checked by placing a level on the table top in
the Y and Z directions. At the completion of
this step the rotary table top plane is
perpendicular to the jet face plane (double
checked with a square) and the rotary table top
is at proper height so that with the traversing
mechanism mounted in place the probe tip is at

the same height as the jet centerline axis.

Remove the rotary table pointer and mount the
indicator base on the rotary table top. Move

the rotary table in the Y-axis direction using
the table crank, indicating across the jet
pointer face (Figure A2c). Adjust the rotary
table position with respect to its stand until
the Y-axis of the rotary table is parallel to the
jet face within +/- .0025 .cm (+/- .001 in.).
Tighten the rotary table mounting bolts and

reindicate to check this alignment.

Put the rotary table pointer back in place and
adjust the Y and Z table cranks until the pointers
touch again. At this point the final Y-position
of the rotary table is set. Thus, the rotary
table can be moved in the Z-direction using the

Z-crank (or in the rotary direction using the
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rotary crank) and the jet centerline remains on
a line parallel to the rotary table top and

perpendicular to the rotary table center.

Using the Z-crank move the pointers about 2.54

cm (1 in.) apart. Mount the tranversing mechanism
radial/self-rotational mechanism unit in its
aluminum calibration jet fixture securely. Then
mount the fixture assembly hand-tight on the rotary
table. Next the probe is securely mounted in the
traversing mechanism aligning the probe (fixture
assembly) by eye with the rotary table Y-axis,

and exactly aligning the center of the sensor head
with the rotary table pointer tip. The fixture
assembly is then securely tightened to the rotary

table.

Read and record the Y-position of the probe

in volts from the L. C. Smith controlling unit.
Then, using the L. C. Smith unit push button
controls (with the manual mode selected), move the
probe in the positive Y-direction and remove the

rotary table pointer.

Extreme care must be taken when a hot-wire probe

is being aligned to avoid damaging the fragile wire. It
is recommended that a non-operational hot-wire sensor be
used in alignment, and subsequently replaced with an
operating one after completion of alignment procedures.
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Place the indicator base on the slide of the

traversing mechanism and indicate across the jet
pointer face using the L. C. Smith unit (Figure
A2d). Adjust the rotary position of the table
using the rotary crank (always staying on the same
side of the screw for alignment and calibration)
until the traversing mechanism's slide motion
indicates parallel to the jet face within

+/- .0025 cm (+/- .001 in.).

Place the indicator base on the rotary table and
touch the indicator to the side of the probe support
(Figure A3a). Rotate the probe about its own axis
using the L. C. Smith unit, gently flexing the
probe, if required, to obtain alignment of the probe
and its holder within +/- .0051 cm (+/- .002 in.).
This alignment can further be checked by keeping the
same indicator position and using the L. C. Smith

unit to move the probe in the Y-direction.

The center of the probe sensor head is then moved
back to the jet centerline using the L. C. Smith unit
and the recorded centerline Y-position from step 8.
This procedure is first followed with the rotary
table pointer in place, as a final check to be sure
that the center of the probe sensor head is on the

rotary table rotation axis; and then repeated after
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Figure A3. Calibration Alignment Procedure Photographs II
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removal of the pointer for final Y-direction

alignment positioning.

12. For the five-hole pressure probe, the final alignment
is done by placing the indicator base 6n the rotary
-table gtand top and indicating along the top of the
Z-axis part of the probe tip using the Z—crank'of
the rotary table (Figure A3b). The probe is rotated
{using the L. C. Smith Unit) as needed until no
change is visible on the indicator along the tip
Z-section of the probe. Experience haé shown that
this last step is more accurate than turning on
the jet and rotating the probe for the highest
measured pressure. For the hot-wire 'probe, this.
step is accomplished by turning on the jet and

rotating the probe for highest output voltage.

13. As a final check, the center of the probe sensor
head is moved close to the nozzle pointer using the
Z-crank of the rotary table (Figure A3c). This
alignment confirms that the center—of the probe

senscr head is on the jet centerline axis.

Upon completion of these procedures, the center of the
probe sensor head is on the jet centerline directly above
the rotary table axis of rotation. Thus, rotation of the

rotary table. is equivalent to rotation of the probe about
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the center of its sensor head in the Y-Z plane. Further,
the probe support axis and the radial movement of the
traversing mechanism are parallel to the Y-axis with the

probe support axis in the Y-Z plane.
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APPENDIX B

Calibration Jet Definition Results

The calibration jet definition plots at the six axial
locations from the jet face, as described in Chapter II, are

presented in Figures Bl through B6.
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APPENDIX C

Automated Data Acgquisition and Reduction Flowcharts

Program Figure
C5HOLE cl
AQAUTO cz2

MATRED c3
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CBHOLE FLOWCHART

OF POOR QUALIW

[Display the Calibration Data
. on the Screen

Printout of the
Callbration Data

Store the Calibration Data
on the Tape Cariridge

Begin Routine to
Acquire Calibration
Dato; Generai
inputs

|

y

Ambient Inputs and
Scanivalve Trons-
ducer Cadlibration

Pause for Manual
Change of Jet
Speed

Pause for Monual First
Pitich Setting & Input
[

¥

"
-y

Automated Movement to all Yow Angle
Settings, Determination of Cpyaw: Cppitch,

and Cps‘mfic from the Scanivalve

Cptotal!
Voltages at Each Setting

Selecfed ?

*No

Pause to Set the Nexf
Pitch Angle and an Option
to Remeasure the Jet Speed

Figure C1. Program "C5HOLE" Flowchart
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AQAUTO FLOWCHART

Prinfout of a
1Selected Raw
Datg File

input Radial &

Circumferential ~ [Scanivaive Transducer |
Positions; Move = |Ccalibration -
to First Radial

Position

Was

the 25 Pre-

set Circum. Option
Chosen?

Automatic Search
for Alrfoll Circum- Yes
ferential Alignment .
Position & Station
Definition

! Y
Movement fo First No
| Circumferentiol -
Measurement Station

'

Measurement of Upstream Mass Averaged
Values and their Errors

¢
IMeasurement of Cpyaws Cppitchs Pt P,

and their Errors at Each Circumferentiai
Measurement Siafion

!

Permanent Siorage of the Circumferential
Data Set and Upstream Conditions 4

All

Y Radial Movement to Next
= - Posiiions Radial Position  —
Z Completed?

Figure C2. Program "AQAUTO" Flowchart



- 177 - ORIGINAL PAGE (g
OF POOR QUALITY

MATRED FLOWCHART

(Start)

Insert the Probe Calibration - Data
Tape in the Tape Drive
(3

Insert the Raw Date Tape and
Input the Number and Names
of the Files fo be Reduced

IRead the First Raw Data Filel

~at
9

For Each Circumferential Point:

1} Interpolate for the Pitch Angle, the Yaw Angle,
Cptotal » Cpstatic,» and the Errors

2) Calculate the Total and Siatic Pressures

3) Calculate the Absolute Velocity, the Vector
Components, and the Exit Angle

Store the Reduced Data on
the Tape Cartridge

Have No Read the Next
All Files o Raw Data File
Been Reduced?

Yes

L

Print, "Analysis Completed"

Stop

Figure €3, Program "MATRED" Flowchart
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APPENDIX D

Exrror Analysis Techniques

Standard techniques of error analysis {14] were applied
to develop error equations for the five-hole probe calibra-
tion and the cascade flow and wake aguisition and reduction
systems. Reading errors are defined as one-half the smal-
lest division and the Scanivalve voltage sampling erxrors
were determined via a 99% confidence interval t-test. Only
two values were assumed constant; the specific heat, k =
1.4, and the gas constant, Rair = 287.08 J/kg-K (53.35 ft-

1b/1b-R}.

The derivation of the Maximum Error Estimate Technique

and the Standard Root Mean Square Technique are shown below.

For a quantity, d, which is a function of n independent

parameters Xy s

q==F [xl,xzfxs..,xn] (b1)
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and
n
dq = = (-6%1'1 dxi} (D2)
i=1 i

The error in q, eq, ig considered to be produced by thg

rs in x ... : cesB_3
erro 11 Xgy x3 xn, €1 €5: €4 n

It
e = I —Elf-ei] (D3)

The value eq cannot be evaluated directly because the sign
of the error terms is not known. The Maximum Error Estimate

Technigque assumes the most severe estimate for eq:

(D4)

The Standard Root Mean Square Error Technique evaluates eq

differently; first Equation D3 is sgquared,

2
2 0 aF 2 n dF|| aF
eq = Z {W‘] ei + L [&:] (-a—x—j—ielej (D5)

where i is not egual to j.
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The error components e; are assumed independent and
symmetrical in regard to positive and negative values.

Thusg:

n
e 2 - E: [EJ % (D6)

n
o~ [ F (5] o2 o7)

The Maximum Error Estimate Technigue was applied to
develop the error equations wused in the five-hole probe
calibration program. This technigue was chosén because it
is the most severe indicator of the accuracy of the calibra-
tion process, This most severe indicator was desired
because the calibration coefficients, calculated based only
on the fundamental Scanivalve voltages (Equations 9 -through
17), needed to be determined with extreme confidence and
accuracy. This error in the coefficients was determined to

be negligible and hence, was neglected in data reduction.

The Standard Root Mean Error Technigue was applied to
develop the error equations used in the cascade wake

acguisition and reduction programs. This technique was
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chosen over the Maximum Error Estimate Technique because it

is the more common estimate of errcr.
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APPENDIX E

DC-125 Five-Hole Probe Calibration Data in Tablular Form

The DC-125 Five-~Hole Probe Calibration Data _.are
presented in Tables El through E13. Each table presents the
~complete set of calibration data at one pitch angle value.
Pitch angles from -30° to +30° in 52 increments are

presented.



Table Ei. pC~125% Five—~Hole Probe Calibration Data
Jet Velocity = 30.5 m/s
Pitch Angle %Deg) = ~30,. 0

Yaw Angle Cpyaw Cppitceh Cptotal Cpstatic
Beg (+/-3 (+/~) (+/—) (+/—)
~30. 0 -1.924 0102 | -2. 372 011% | ~1. 8346 G083 -, &77 .0045
—=23. —-1.291 0080 | ~-1. 999 0027 | —1. 241 00&S -. 493 | 0037
-20. 0 -, 203 0054 | ~1. 765 0056 -. 214 0034 -, 392 .0026
-15. 0 -, &30 0094 | —1. 628 0051 -. 728 Q022 -. 348 . Q025
-10.0 -, 403 0039 | ~1i, 537 0043 ~. &03 Q020 - 310 . 0020
-5. 0 - 184 0024 | —1. 481 €045 —-. 540 0022 -. 293 . 0018
0.0 cO8 0019 | —1. 437 Q050 -, 910 . 0025 -. 290 .0018
5.0 202 Coig | ~i. 447 0044 -, 931 . Q016 -. 299 .0017
10.0 396 0023 | ~-1. 475 0035 - 601 . 00179 —-. 321 .0015
15.0 L2 0039 | —~1. 542 0053 - 724 0023 -, 363 . 0023
20. 0 871 0034 | ~1. 46 0052 -, 921 | Q0036 ~. 424 | D019
25. 0 1. 231 0072 | —-1. BOY 0072 | —-1.230 .0052 ~. 8527 . 0032
30. 0 1,778 0099 | —2. 048 0105 | —-1.742 .0088 - 707 .0044
Table E2. BC~125 Five-~Hnle Probe Calibration Data
Jet Velocit% = 30.5 m/s
Pitch Angle (Deg) = -235.0
Yaw Angle Cpyaw Cppitch Cptotal Cpstatic
{Deg {(+/-} (/=) (+/~1 (+/=-) |
-3G. 0 -1.798 0068 | ~1. 708 Q071 | ~1. 327 . Q050 ~, 908 .0029
~-25. 0 ~-1.232 Q043 | —1. 479 0053 -. 200 . 0026 -, 362 . 0021
-2¢. 0 -, B73 o025 | —1. 327 0029 - 6372 . 0017 -. 283 .0013
~i5. 0 - 618 0025 | ~1. 243 0029 -. 492 |, 0015 - 2332 .0012
+10. 0 ~. 385 .0021 | -1.170 (slekeic] -. 385 . 0011 - 212 .0014
-3.0 -. 184 0014 | ~1. 140 Q024 -, 332 0012 - 197 . 0010
0.0 Cl5 .00146 | -1,118 o028 -, 314 0014 -. 197 0012
2.0 202 0016 | —~1.114 0024 - 333 .0010 -, 203 0012
i¢. O 400 . 0023 | —1. 125 0032 -. 4385 ., 0021 —-. 222 .0014
15.0 &20 0023 | —1. 159 0037 -, 487 . 0015 -. 254 0014
20.0 853 .0047 | ~1i.221 0637 - &37 .001%9 -, 303 . 0020
23. 0 1.190¢ |, 00%3 | ~1. 308 0058 -. 879 .0041 -. 392 . 0025
30.0 1. 644 0075 | ~-1.438 . 0063 | —-1.244 .0082 -, 529 0033
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Table E3. DC-123 Five-Hole Probe Calibration Data
Jet Velac1t% 30.5 m/s
Piteh Angle {(Deg}) = ~EQ"O

Cpyaw Cppitch Cptotal Cpstatic
P {+/~} PP {(+/=} P (/=) (/)
.0 -1.&67 .0044 [ ~1.187 ., 0045 -, 993 Q022 -. 401 . 0020
s. 0 -~1.18&4 0047 | 1. 054 . 0034 -, &53 Q017 -. 272 .001i%9
.0 -, 844 | 0022 - 976 | 0021 -, 441 0014 -. 203 .0010
.0 -, 999 . 0025 -, 225 .0030 -, 313 Q017 - 164 . 0012
.0 - 37& . 0021 ~. 887 .0026 -, 233 0008 -, 140 . 0012
50 -, 17& .0017 - 861 . 0020 -. 188 0007 -. 128 . 0010
Q.0 Ql4 . 0014 -. 844 | Q022 -, 179 Q009 -, 127 .0010
5.0 201 . 0013 -, 83% . 0020 - 189 0008 -, 139 . Q009
1.0 F393 .0015 ~, 848 . 0022 -, 2032 o012 -. 191 .0011
15. 0 &03 L0019 -. 861 .0Q022 ~, 315 Q015 -. 182 .0011
20. ¢ 837 . 0030 -. 884 | 0032 -, 439 Q0146 -, 224 |, 0015
25. 0 1.158 .0047 - 232 . 0050 -, bl 0035 =, 301 0022
30. 0 1.577 .0075 [ —-1.008 .Q05t -. 244 Q052 -, 4224 0029
Table E4. DC~12% Five~Hole Prohe Calibration Data
Jet Velocit% = 30. m/s
Pitch Angle {(Deg) = —15.0
Yaw Angle Cpyaw Cppitch Cptotal Cpstatic
P {+/—} P (+/=3 P (+/~3 oS
.0 -1,.583 .0053 -. 837 | 0052 -, 778 . Q042 -, 33%9 . 0022
.0 ~1.13% . 0033 -, 750 . 0031 ~. 487 .0017 -, 224 0016
O -. 829 . 0026 - 706 . 0028 -. 313 .00Q1é - 15% 0013
.0 - 989 . 0019 - &71 . 00Q1s6 -, 203 . 0Q07 - 11lé&a . Q009
.G -~. 363 .0014 —-. 64% | Q021 - 132 . 0007 -, 093 .0010
. O -, 171 . 0013 -. 437 . 0019 -, 097 . 00046 -. 078 | 008
0.0 017 . 0013 - &21 . 0021 -, 085 . 000& -, Q74 | Q009
5. 0- 197 . 0014 - 617 . 0011 -. 096 . 0003 - Q83 . Q007
i0.0 3a8e | Q015 -, 597 . 0020 - 132 0008 -. 024 | Q0010
1i5.0 603 L0017 -, &20 | 0023 -, 207 . 0008 -, 132 0010
20. 0 839 .0021 ~. 634 0018 -. 317 .0013 - 178 . Q010
25. 0 i.132 | o022 - &86 . 0028 -, 495 0014 -, 249 0012
30. 0 1.5%1& ., 0045 - 702 . 0024 -. 744 .0031 -. 360 .0017
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Table EB5. DC-125 Five-~Hole Probe Calibration Data
Jet eloc1t?D" 3G.95 m/s

Pitch Angle gg) = -10.0

Cpyaw Cppitch Cptotal Cpstatic
P (+/~} P (+/—% | (+/~) (+/-}
e -1.510 0064 ~., 247 .0047 - 639 . 0031 —-. 298 . 00295
.0 -1.11& G030 -, 503 0019 -. 387 .0017 - 121 0012
S0 -. 818 0028 ~. 470 . 0029 -. 227 0008 - 124 . 0014
L0 -, B&0 0021 ~. 432 ., 0019 - 132 . 0004 - 079 .0010
.0 -, 364 0019 ~-. 430 .0015 -. 070 . Q008 -. 056 . 0009
. G ~. 167 0019 ~. 425 .001% -. 040 . Q004 ~. 043 . Q010
0.0 . 014 0008 ~-. 414 .0Q0123 -. 031 . 0003 -. 041 . Q007
2.0 . 197 0009 -, 409 . 0015 -, 040 . 0004 -. 049 . 0007
i0.0 . 386 0014 -. 402 0013 -. 071 .0Q013 ~. 067 . 0007
15. 0 . 982 0025 -. 394 0018 ~. 133 . 0008 -. 020 .0012
2¢G. 0 . B26 0034 -. 413 .0017 - 232 . 0008 ~. 143 . 0013
25.0 1.10% 0027 ~. 424 0027 -. 386 .0015 -. 214 0014
30.0 1.-478 0031 -, 449 | 0023 - &27 . 0017 -. 316 .0014

Table Eé&. DC~125% Five—~Hole Probe Calibration Data
Jet Velocit?D~ 30.9 m/is

Pitch Angle eg) = -5.0
Cpyaw Cppitch Cptotal Cpstatic

(+/-) (/=) (+/=) (/)
.0 ~1. 4469 . Q034 -. 298 . 0024 - 9&é& L0017 -. 276 0014
.0 ~1.089 .0026 -, 286 0015 -. 3246 L0014 -, 174 . 0010
. O -, 797 . 0025 ~-. 264 .00Q17 -, 175 . 0005 - 103 .0011
.0 -. 877 .0014 - 248 . 0014 -, 020 . 0007 -. 063 . 0008
.0 -. 397 . 0020 ~. 238 .0013 -, 035 . 0003 -. 0346 . 0009
e -. 167 0016 -, 242 . 0008 -. 012 . 0003 -. 024 . 0007
.0 ¢17 .0010 -. 240 . 0006 -. 00& . 0003 -. 024 . 0006
. O 205 . 0009 - 231 .0011 -. 012 .0004 ~. 030 .0Q00&6
.0 321 . 0010 ~. 217 .0015 ~. 036 .0004 -, 045 . 0008
.0 970 . 0013 -, 213 . 0008 -, 093 . 0004 —-. 066 . 0007
.0 Bié . 0028 -. 218 .0015 -. 184 0013 -. 114 .0C11
.0 i.10f . 0022 ~. 227 .0022 -, 332 . 0010 ~-. 189 . 0012
.0 i1.452 . 0033 -. 224 0022 - 953 . 0019 ~. 287 0015
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Table E7. DC-125 Five-Hole Probe Calibration Data
Jet Veloczt?,= 20.9 m/s
Pitch Angle {(Deg’ = 0.0
Yaw Angle Cpyaw Cppitch Cptotal Cpstatic
{Beg {+/~} +f-} (+/—) (4-/=)
-30. 0 ~1.441 0044 =, Q70 .001%9 -, 236 0024 -, 2664 0017
-29. 0 -1, 049 0032 -. Q77 0020 -. 302 0008 -, 161 0014
-20. 0 ~-. 770 . 0019 - 068 0013 -. 154 0007 -. 091 0009
~15. 0 -, 966 0014 ~. 360 0011 -. 072 0007 -, 0563 0008
~10. 0 -, 395 .0017 -, &2 0008 -. 021 0003 -, 027 0008
~%2. 0 -. 1466 0007 -, 64 0008 ~. 003 0003 =. 0195 000&
C. 0 020 0007 -. 060 000G7 000 0003 ~. 014 0005
5.0 206 0015 ~-. 085 . 0008 -. 002 0005 -. 020 0006
10.0 395 0015 -.045% . 0015 -. 023 0004 -. 033 0008
i5. 0 576 Q016 -. 037 .000% -. 077 0005 -, 057 0008
20. 0 . 8G7 0014 -. C38 0014 ~. 167 0004 ~. 102 0009
29.0 1.093 0029 —. 029 0017 -. 315 0010 - 172 Q014
30. 0 1.448 0033 -, 015 0010 -. 531 0018 - 273 0011
Table EB. DC~125 Five~Hole Probe Calibration Data
Jet Velocit? = 30.5 m/s
Pitch Angle (Deg) = 5.0
Yaw Angle Cpyaw Cppitch Cptotal Cpstatic

{Deg _ (+/~) +/=3 +/=) {(+/~2
~30. 0 -1. 407 0031 . 142 . 0011 -, B33 0021 -, 258 0011
-253. 0 —-1. 035 002646 . 123 . 0013 -. 304 0012 -. 157 0011
-20. 0 —-. 760 0037 . 114 . Q013 -. 161 o008 ~. 089 0013
-15. 0 -. 950 0014 . 113 0008 -. 073 0010 -. 051 0007
-10. 0 -, 342 0019 113 0011 -. 024 cO0% ~. Q24 0009
-5.0 ~. 154 Qo020 . 113 o008 | -. 005 0002 -. 014 0009
0.0 oz28 ooo8 117 0012 -. 001 coo2 -. 012 0007
50 206 0011 .118 0008 -. 003 0002 -. 017 0004
10, 0 387 0008 . 126 0007 ~. Q27 0003 -, 028 0005
15. 0 560 0008 . 134 0011 -. 082 0004 ~. 044 0006
20. 0 790 0171 . 141 0018 -. 168 0013 -. 080 0048
25.0 i.082 0030 . 1412 0014 ~. 320 0014 —~. 160 0011
30.0 i. 450 0033 . 186 0015 —-. 5344 Q017 -, 263 0012
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Table E9. DC-123 Five-Hole Prohe Calibration Data
Jet Veluc1t% = 30.5 m/s
Pitch Angle (Deg} 10. 0
Cpyaw Cppitch Cptotal Cpstatic
Py (+/-) PP +/~) P (+/-3
. 0 -1.412 0040 369 . 0032 —-. 990 ~-. 271 co18
.0 ~1, 023 o027 327 . 0018 -. 342 ~. 160 0011
.0 -~. 74% 0024 298 .0014 -, 193 ~. 096 oCG10
.0 ~. 494 0018 285 . 0012 -. 101 ~. 047 0008
.0 -, 322 Q0% 2688 0010 -. 047 ~. 028 000646
.0 -. 142 co08 287 0008 ~, 020 -. 018 0005
.0 028 0010 287 0012 -. 014 -. 014 0007
.0 1946 000% . 287 0013 -, 022 -. 018 0007
.0 374 Q011 . 299 . 0015 -, OG0 ~-. 029 0Co8
.0 . 548 0013 300 . 0010 - 113 -, 038 0004
.0 . BO1 0024 330 .0019 - 212 -. 092 0G11
.0 1. 094 0023 354 . 0025 -. 369 -, 159 0013
. O 1. 481 0033 401 . 0022 -, H12 ~. 265 0014
Table EI1C. DC~1i203 Five-Hole Probe Calibration Data
Jet Veloc1t? = 30, 9 m/s
Pitch Angle (Deg) i5 ¢
Cpyaw Cppitch Cptotal Cpstatic
(+/=) /) (/=)
.0 ~1. 401 c04as 988 . 0034 -, 4671 -, 289 001%
.0 -1, 021 0037 544 . 0041 - 429 —. 180 0018
. 0 -, 727 0028 S04 .0019 -, 262 -. 109 0011
.0 -, 308 001ib 483 .0013 -. 157 ~-. Q71 0008
.0 -. 291 ooo8 444 | 000% -. 070 -, 035 0005
.0 ~-. 124 0010 453 .0012 - 057 ~., 025 C00&
G.0 . 031 0013 44% | 0009 -. 049 -. 019 0007
5.0 124 0009 4546 . 0010 -, Q&2 -. 02&6 Q006
16. 0 352 0014 4460 (0011 -. ORB -, 027 0004
i5.0 578 o012 509 . 0023 -. 147 -. Q&5 000%
20.0 . 738 0019 474 0017 -. 294 - 054 eloln i
25.0 1.121 0033 o982 . 0040 ~. 464 ~. 169 0017
3.0 i. 551 op44 634 . 0034 - 735 -. 284 0019
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Table Ei1.

DC—-125 Five-Hole onbe Calibration Data

Jet Velocxt? = 30. 9 m/s
Pitch Angle {Deg} = 20. 0
Vaw An le Cpyaw Cppitch C total Cpstatic
{Degi ¥ (+/=) ee (+/=) P /=) (/=)
-30. O -1, 445 0054 . B74 0041 ~.865 0043 -. 332 0020
- -25.0 ~1. 003 0031 799 o024 ~-. 554 0014 -, 207 0014
~20. 0 -. 708 0020 741 0021 -, 3&7 0010 ~. 137 c010
-15. 0 ~. 493 o022 &i8 0028 -, 259 Q00% -. 070 0012
«10. O -, 304 0093 997 0030 -. 177 0011 -. 043 0028
~3. 0 -. 130 0008 663 0C15 -. 131 oG4 -, 5% 0007
0.0 039 0008 679 0013 - 122 0006 -. 060 0006
5.0 194 G015 &84 0024 -. 134 0006 ~, 0b1 0011
i0. 0 3b6 0023 703 0025 ~. 183 0009 -. 0&7 0013
15. 0 559 0011 731 0018 -, 268 0009 ~-. 085 0007
20. 0 738 0023 717 0018 -, 404 0011 ~. 082 0012
29. 0 1.144 Q034 859 Q044 -, 609 0020 - 197 .0018
30.0 1. 614 0064 42 0049 -, 924 0042 ~. 314 0023
Table E12, DC—-120 Five-Hole Probe Calibration Data
Jet Velpc;t? = 30. m/s
Pitch Angle {(Deg) = 25.0
Yaw éAngle Cpyaw Cppitch Cptotal Cpstatic
(Deg 4 (+/-3 P +/=) +/—} (+/-)
~30, O —-1.484 | Q091 1.2446 0056 | -1.133 0053 =. 40%5 0031
~29. 0 -1, 014 . 0053 1.124 | 0046 -, 768 o048 ~. 265 0020
~-20. 0 -, 684 0029 1.04% . 0028 -, 539 Q014 —. 188 0013
-15. 0 -. 417 o022 . 235 0028 -. 399 0015 -. 114 0011
~-10. 0 - 272 Q012 P25 0020 -. 303 0013 -. 114 slelely
-5.0 -, 102 0014 854 Q0%& -, 280 0028 ~. 071 0024
0.0 029 0012 840 0014 -. 244 QQ07 -, Qb7 0008
5 0 160 0015 . B30 0012 -, 264 0011 —~. 058 0009
10. 0 4391 Q021 . 947 0114 -. 320 00195 =, 099 0031
i5.0 431 0026 . 992 Q027 ~. 433 0013 -. 093 0012
20.0 807 0028 i.119 0044 -, 980 0024 -. 180 0015
29.0 1.188 Q043 1. 224 0036 -, 841 Q030 —. 256 001646
30.0 1. 703 QO&R2 1, 345 005% | —1. 230 Q033 -. 384 o024
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Table E13, DC-125 Five—-Hole Probe Calibration Data
Jet Velocity = 30.5 m/s
Pitch Angle ?Deg) = 30.0

Yaw Angle Cpyaw Cppitch Cptotal Cpstatic
Py (/= {(+/—) P (+/-) (+

.0 -1, 537 .00&B 1.787 .0077 1} —1.532 .0054 -, 529
.0 -1. 016 . 0053 1.87% . 0057 | —~1.067 . 0047 -, 372

L 0O -, 694 |, 0028 i. 439 . Q025 - 787 . 0012 -. 282
.0 -, 470 | 0030 i.3840 . 0047 - &17 . 0024 ~, 230
.G ~, 242 . 0040 1.222 .0050C -, 313 0018 -. 1589
.0 -~-. 107 ., 0021 1.188 . 0029 -. 451 .0013 -. 154
c.0 036 L0015 1.182 | 0031 -, 429 Q0010 -. 152
5.0 174 . 0022 I.214 | 0031 - 444 . 0014 -, 146
10. 0 297 0013 1.2646 . 0028 -, 234 .0017 -. 143
15.0 5371 . 00205 1.417 .00Q47 -. 659 | 0026 -~ 216
20.0 80% . 0037 i.544 | Q051 -. 850 . 0038 - 267
25. 0 i1.218 | 0850 1.791 . 0074 —-1.191 . 0053 -, 3b1
30.0 i.808 | 00&64 2.001 .008G| —-1.718 0052 -. 210
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APPENDIX F

Least Squares Bivariate Interpolation Scheme

A least squares bivariate interpolation scheme [15] was
incorporated in the mean wake reduction software to automate
the interpolation of the five-hole probe calibration bivari-
ate grids. For example, the pitch angle is determined from
the measured‘experimental values of cpyaw and cppitch via
the bivariate relationship. The scheme fits a second order
polynomial with six coefficients to a local bivariate grid.
A sample local grid is shown in Figure F1l. It is composed
of a central calibration grid point, the point closest to
the experimental point to be interpolated, and its eight
surroﬁnding neighbors. Though only six grid points would be
required to define the six coefficient polynomial, nine grid
points were used (fitted in a least squares manner) to
better define the bivariate relationship. The method of "

determining the second order polynomial is presented as fol-

lows:
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Figure F1. Least Square Bivariate Local Grid Definition
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Suppose a bivariate relationship is defined in a cali-

bration grid as:

G = G(y.z) (F1).

where G, the dependent variable is to be determined. For
example, if G 1represented the pitch angle, y and z would

correspond to the C and C values.

pyaw ppitch

A locally fit second order polynomial of the following

form is sought.

2

= 2
G = A, + Azy + Asz + A4yz + Asy + A.z (F2)

1 6

where the six coefficients, Al through AG' are to be deter-
mined by a least sgquares fit of the nine local grid points

associated with the point to be interpolated.

The exact valdes of the dependent variable, G, at the
known local nine grid peoints are designated by Gi' where the
subscript, i, ranges from one to nine to represent the nine
local grid points. Applying the interpolating polynomial,
Equation F2, to the nine local grid points results in values

of the dependent variable designated with a prime, G'.

v ' 2 2
G, = Ay + Ay, + Ayz, + Ayy.z. + Acy.” + Az, (F3)
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The sum of the sguares of the differences between the exact
values and the values obtained from the interpolating

polynominals at each point is given by

850 [c, - ¢ ') (F4)

i
[ o QY]

Here the repeated indicies do not imply summation. The
polynomial coefficients are varied in Equatiori F4 such that
a minimum is obtained for SSQ. The necessary conditions for

a minimuam are

d(S8Q) _ d(SsQ)
aAl aAz

3(SS5Q) _ 4d(88Q) _ a(S85Q)

6A3 6A4 BAS

(F5)

8(88Q)
TdR_.

Ag
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Written out, these six conditions take the form

- A 2
9Al ¥ Eyiéz + I.‘.szA3 + }lyilzi gt EyiAS +

2, _
5.‘.21A6 = ;‘.Gi

T.yile + Z'.y?i‘sz + z’.yiziA& + Z‘.yzi‘zihq + ZygiAB +

2, .
'AB = IG.Y

* F.'.yizl

2 2
By ZyiziA

o+

rz :‘:Al + ZyiziAz + Xz iAS‘- + zYiz 5,

+ Eylm B, + Ty 25, + Tyoz

Ly 2By

(F6)

(F7)

(F8)

(F9)
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2 3 2 3 2
ZyiAl + EyiAZ + EyiziA3 + ZyiziAz + ZyiAs + (F10)
2.2 2
+ ZyiziAE = ZGiyi
2 2 3 3 2 2
EzlAl + Zyizihz + ZziA3 + ZyiziAz + EyiziAS 4 {F11)
2 _ 2
+ XziA6 = ZGizi

where the summations are performed for each of the nine
local grid points. Eguatins F6 through Fll define a system
of six simultaneous linear equations for determining the
unknowns Al through A6, which ultimatley define the local

interpolation polynomial, Equation F2.

In the reduction software, the nine local grid wvalues
were determined, the above 6 x 6 matrix was constructed 'and
subsequently solved using a built-in computer matrix zrom.
The interpolatioa was accomplished using Equation F2 and the
experimental values associated with y and z. In an analo-
gous manner, each of the four bivariate relationships
defined by the five-hole probe calibration (Figures 22

through 26) were interpolated from the calibration data,
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which were read and stored in temporary computer memory from
a cassette data cartridge at the start of the reduction pro-

gram, as described in Chapter 1IV.

The accuracy of this interpolation method was checked
by feeding calibration data through the interpolation rou-
tine, and comparing the exact calibration values with the
interpolated values. In the smocoth calibration data
regions, for pitch angles less than 10°, the exact values
showed negligible differences +to the interpolated values.

In the unsmooth part of the C calibration data, pitch

pstatic
angles greater than 100, the agreement was within 5%. Pitch
angles in the annular cascade were aiways léss than 10° and

hence, the interpolation errors were negligible.
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APPENDIX G

Cascade Upstream Inlet Velocity Profile Data

Table Gl presents the cascade upstream inlet velocity

profile data.
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Table G1. Cascade Inlet Velocity Profile Data

% Hub | O° Incidence | 5° incidence | 10° Incidence
to Tip Angle Angle Angle
Ui/ U0 Ui/ Uzq Ui/ U,
4.2 1.OOI 1.010 0.997
154 1.OOI 1.OCI 1.003
25.2 1.OOI .002 1.003
35.7 1.00! 1.003 1.003
455 1.003 1.001 ' 1.004
56.0 1.O02. 0.999 1.002
69.2 1.002 i.000 1.002
75.7 1.002 0.997 1.002
849 1.001 0.997 .00l
93.4 0.986 0.99I 0.984
U,o (m/s) U,y (m/s) U, (m/s)
28.69 30.52 29.65
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APPENDIX H

Exit Flow Field Data - Tabular Presentation

The exit data obtained at all of the measurement sta-
tions 1is presented in tablular form in Appendix H, and
graphically in Appendix I. FEach circumferential data set,
as described in Chapter V, is represented by two tables and
two plots. The table designations are the same as the
corresponding figure designations. Individual circumferen-

tial data sets are identified in their titles by:

1) The Incidence Angle Value
2) The Nondimensional Downstream Position (Z_/C)
3) The Percent Hub-to-Tip Radial Position (R
The Tables and the Appendix [ figures are grouped by

incidence angle wvalue and traversing slot posgition, with

increasing radial position in each group.

Table & Figure # Incidence Angle (DEG) ZC/C
i- 18 0 0.94

19 - 386 0 2.06

37 - 54 5 0.94

5 - 72 5 2.07

73 -~ 90 10 0.96

81 - 108 10 2.10



Table H1, TIVC-HOLE PRESSURC PROBEC WAKE VELOCITY DATA
INCIDENCE ANGLE (DEG) = 0.0 v Zc/C = 74 » R= £.2 %
HORMALIZE HORHALIZED HORMALIZED
TARGENTIAL TOTAL VELDODITY VELOCITY COMPONENTS

POSITION Pitch Ang Yau Ang
2T/5 Urlzo {(+/-3 | Bes  (i/-) | Dex  {t/-) | Bz/Uzo (b/-0 [ UW/Uzp (/) [Ur/lUzo (F/~)
=1+ Q00 W57 40355 & ,08 v2 1% WP 0384 | 004 L0032 1 011 L0014
-+ 85¢ 1746 03867 5 W08 YS! 246 0389 | -006 L0034 1 008 L0014
- 700 +952 0354 507 % S 1 #9592 L0365 | ~,001 L0031 ) 008 L0012
- 550 7T W37 2 W06 o7 47 77 0376 L - 012 0016 | 003 L0011
-+ 400 784 0364 W2 W07 ~+3 4408 264 03841 L0086 L0014 | 4003 L0012
-y 350 253 0348 +1 L7 -8 05 783 038811 014 L0010 | L0022 L0012
'9300 |973 00353 ‘01 003 "'*5 00? 0?73 00353 000? 00013 ‘0002 00014
"MSO .?52 »036“5 ~i #0? ""1 03 009 ¢952 ;0366 1022 00017 "‘0002 ¢0011
+ 200 +777 40364 2 W11 -1 1D P78 L0384 | 025 L0020 | L0033 0019
;;qO 247 03465 - S  EA S R SIS ¢ +748 L0385 | L0284 L0017 | 013 L0013
-+ 100 +379 0370 1.2 .08 | -1.6 .10 899 L0370 L0285 0019 | 019 L0015
- 050 848 0374 23 .10 -8 9 +347 D374 011 L0015 034 0028
$, 000 324 0378 27 W1l 1% WS £+ «823 0373 | - 002 0015 | 037 L0024
+050 +311 0330 2.8 09 VAR ¥ +307 0380 | 009 L0024 ] 030 0023
100 353 W34 20 11 1+2 13 8338 L0373 -.018 0021 § 029 0021
150 374 L0357 1.4 .13 20 W19 893 L0388 | -.032  ,0020 | 022, 0023
+ 200 873 0388 YA ¥ 2.2 14 +897 L0387 | -.035 L0025 | 01 L0019
+ 250 732 0348 +3 W10 2.8 09 ¢732  W0358 1 033 0020 | L0044 LOD1G
9330 ;?26 t03?6 “}0 009 ‘ 1»9 011 .926 ;03?\5 “0030 ;0021 “‘4000 00014
ALY «728 40366 3 W10 1.8 W07 +728  W0365 ] - 026 0015 | L0004 L0016
+ 300 743 0372 o W08 HEE VRS «743 L0372 017 L0017 L006 0013
S50 734 L0371 3 W06 F VLS 734 L0371 -0 020 40018 | 005 L0011
00 +723 0357 o4 06 +8 W17 +F23 0387 -4012 0028 1 007 0010
1350 W7 0370 2 WG R £ P17 03701 ~0008 L0030 | 004 0011
1,800 JP41 L0356 ' 2 18 3 415 o741 03851 - 013 L0025 | 003 L0018

Urstress Velocils Uzo = 28.6 a/s  (#/~ 74D
Probe Yaw Of¥sel Anzle = 0.0 Deg

- 00¢

ALITYAD ¥OO0d 40
8l 39v¥d TYNIDRO
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Table H2. FIVE-UOLE PRESSURE PRODE WAKE PRESSURE DATA
INCIDENCE ANGLE {(DEG) = 0.0 s I2/C = %4 s+ R= 4.2 %
NORMALIZED EXIT TOTAL 5TATIC TOTAL PRESSURE
TANGENTIAL ANGLE PRESURE PRESSURE RECOVERY
 POSITION P12 EZ
21/5 tex {/-) kPs {4/ kKPs  {+/~-) PT2/PTY {¥/-)
-1.+000 +oF il 792.81 017 22.40 017 7789 00024
—.850 5 13 99.81 .01i8 9.3% 017 +7789  JODOZS
700 oS W07 29.82 .17 2.40 017 L7720 00024
.suc o7 07 77.84 019 99.3%9 417 L7792 00024
- %00 o4 08 99,83 W17 99,40 017 +7291 00024
"935‘\'} &8 ;OS ??+83 {918 ??940 ;01? 0?99}. .00025
—+ 300 N 07 97,85 318 29.39 017 L7792 00025
- 25 1.3 ,09 992.82 417 29,39 217 JF970 00024
‘0-200 105 01 ?903"; !917 ??039 001? 09??2 &00024
- 150 1,8 3 22.81 .17 29,39 017 +5989 00024
T 100 2'3 009 ??;?? 9317 9?»3? 001? }9935 ,00024
- 050 2+ L10 873 017 77,39 017 L7781 000241
4. 006 247 o1 79,72 017 9940 817 +2780 00024
950 2.9 .18 97.71 017 . 9940 L 017 2979 J00024)
+ 180 2.3 W12 9.75 017 29.40 017 +9983 00024
+ 150 29 L1l 22.78 017 %40 017 +7986 00024
+200 2+4 14 22,78 020 .45 17 L7785 00026
+ 2l 2+ 1 L9 79,81 017 27,40 017 +7787  00024]
+ 300 .7 W11 ?9.80 017 29,40 JO17 L7988 00025
s ol i+ 07 77.81 Q017 ?29.40 017 «7989 00024
400 1.1 A0 29.82 .018 22.40 017 L7920 00025
Rt 1.3 46 79,81 .18 2%9.40 017 +778% 00023
700 7 WS 92.80 L7 27:.40 017 +77388 00024
+350 5 L8 97,80 018 F7.+40 017 «7788 000241
1.000 +3 W34 2%.81 017 77:.40 Q17 7737 0024}
Urstresn Tobsl Pressure PTI = 9.92 KPa (/- 017}
Brairesm Blalic Pressure pl = 77,45 WPs (H/- 817}




Table H3. VIVL JOLE PRECOGURE PRODE WAKE VCLOCITY BATA
INCIDINCD ANGLE {IEGY = 000 » Zc/0 = P4 , R = 043 %
RORMALTIER HORMALIZED
ToTAL VELOCITY VELOCITY COMPONENTS
titeh Ang Youw Ang ’
Uildze {+-) [ Beg  {(+/-}| Des {4/} iz/Uzo {47~ [ Uze (453 {Ur/lzo (#/-)

1,038 L0354 S W07 v3 #3d 1.035 03864 | ~.000 0028 | 007 L0012
1'034 .33&? +b &07 o o3 1.034 00357 -+ 502 00033 011 00013
1.03¢ L0365 W3 D6 1 408 1.030 03465 | ~.003 L0014 { 008 0011
1,040 0364 3 7 =ad W13 L0450 0304 | J011 L0023 | L0086 L0014
100386 0345 3 .08 ~+3 W67 1.036 L0385 | 806 0014 1 005 0014
10032 ;GE&# ‘02 &09 “oS 093 10032 09364 0003 10015 ~.003 0001?
3024 0354 =2 08 =D W 1,023 0364 | 014 L0013 | ~.003 L0014
1,803 0344 10 .08 -2 W06 1,003 0354 | 003 0010 | L0002 0013

235 0371 o W07 “vo 07 +744 0371 008 L0015 | L0180 L0013

WT52 W0372 1.7 .00 =7 .10 02 WQ3T2 1 JOLE L0017 | 032 0017

L0277 L0340 2.5 .07 —e3 W17 +378 0388 | 005 00246 | 037 L0021

+35%  LBI7L 25 #1413 10 1% +383  J0371 | 001 L0021 | L0R2 0030
+350 4372 P TS £+ o7 el 56 0371 | -, 010 L0021 | L0854 L0028
373 L3369 380 W12 A §1 872 0368 -.008 L0013 045 L0026
718 L0347 2.2 .03 1.0 .11 f210 0 0353 | -, 016 L0013 | L0385 J0019
70350 1.8 .16 1,1 .2 2170363 | -81T G037 | 016 00248
f??i o036 03 012 101 +0é 0770 0535? “’019 §0012 0006 &0020
o978 L0345 +2 .03 1.1 11 98 003865 | -.017 00201 L0004 W0014
+ 777 *0365 -l +{38 1.2 ;12 797 00365 ”0022 ¢0°22 - 001 '3014
1.020 9354 =5 W08 1.6 .20 1.020 0384 | - 017 L0037 | -.008 0011

1.008 0345 £ .08 AN v 1.008 L0355 017 G013 | 001 L0015
L,306 0367 3 W07 3 1 14006 0367 1 -.014 0023 L0058 (012
1,033 83465 o7 W03 i, +31 1,833 L0386 | -.020  LO0BG | 012 L0015
1,026 0364 S v 1.7 .18 1,020 03584 | -.031 - .0028 | 007 ,0012

1821 L0348 ! 06 ‘e v 2 1,020 0385 | -, 004 L0041 + 007 0012
) its 23,0 o/s {5~ 2733
0.0 Deg

~ ¢0¢ -

40
riynd ¥00d
A S9ua NIORO
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Tahle H4 TIVE-HOLE PROSSURE PRODE WARKE PRESSGURE DATA
DENCE AIGLE {BEG3 = $0 - Z2/0 = 94 s R= 8.3 %
NORHALIZED ERIT ToTAL STATIC T0TAL PRESSURE
TANGENTIAL ANGLE PRESURL FRESBURE RECOVERY
vo3ITIoN o re
237/8 Deg {1/} kPs (/=) ks (/) PT2/PTL {(1/-)
1,86 5 10 .90 W47 ?7.4C 817 v7998 00024
-, 05 RN 74 77,87 017 77.3% W07 «2778 00024
YL +5 W06 7,87 .G17 7740 0L +7977 00024
=~y ol o7 432 ?7.70 017 29.40 017 + 7779 00024
-+400 - ¢ 74 F7.70 W07 29.37 07 7798 00024
- 350 e W03 77,87 J0I7F 97,39 017 +7997 00024
~ 2 300 O W07 72,38 L7 9739 017 7796 00024
-+ 250 2 W06 77.85 017 29.3% 017 +7975 00024
-+ 250 +3 08 77.81 018 29.30 017 +7987 00023
~+ 150 2.1 .37 ?%.82 L0188 29.39 07 9970 00025
- 10 2.5 0% 77.78 017 29.40 017 «92856  JO0024)
-+ 050 3.5 .13 2779 7 27.40  ,017 +7933 00024
0,008 o7 W10 F7.74 017 F9.4¢  L017 7983 00024
+05 2. +12 99,77 W 047 9740 U7 +778%  L00024
100 2+8 W07 P7.7% W17 2940 W17 +7787 0024
+ 158 1,28 .28 P2.79  W017 97.40  LO17 +7787 00024
+ 200 2 208 77.84 .018 779.40 017 +7792 00020
v ool 1.1 411 ?7.87 017 29.40 017 +7995 00024
+ 300 L2 .12 77.86 JOi7 29.40 017 +7995 00024
» o isd 1 77.8 .01? 27.40 017 +7797 00024
+ 300 NS + 77.88 017 27.4¢ 017 7776 00024
+550 8 .12 27.43 .0i0 946 017 +7996 00024
Wihe AN 27,74 W17 72.40 017 7798 00024
+ 350 1. 14 77,87 017 29.40 017 +9997 00024
1.08C o5 W32 ' 72.87 017 29,40 017 +3797 00024
Ursitresm Tolsl Pressure PTL = 9792 KPs {1/~ 017) L
Urstresm Blatic FPressure rl = F+45 kP {+/- +O17)


http:rIVE-.LE

Table H5, IIve

:

-HOLE PRESSURE P
(DEG) = O

O 0 Iosl =

RODE WAKE VELOCITY

DATA

INCIDINCE ANGLD {DE P4 0 R 212,52
NORMALIZED ORMALIZED NORMALIZED -
TANGENTIAL TATAL VELOCITY VELOCITY COMPONENTS
roSITION Pitch Ang Y5 Ans
27/8 WUzo 44/-3 | Des  {4/-) LDed  {{4/-) z/Uzo (+/-) | Uh/Uz0 (F/-) fUr/Uzo (1)
1,000 1,053 .0I82 7 W07 .2 .16 | 1.053 0382 | =004 0040 | 013 0013
-+ 830 1.050 ,0302 o6 W7 o7 13 1,030 0382 | -.012 ,0028 | 011 0014
-.?OO 10054 .‘«";382 .3 oﬂ? .3 911 10054 |0382 "5905 o0021 0015 00013
"0550 b 405& 00382 ’3 07 ;2 003 1.454 00382 "0004 r0015 .006 00013
" 400 1 [ 051 oﬂ382 + 2 * 12 ] 1 . 03 1 0051 00382 “‘0002 00015 0003 §0022
- »3’5{) i .04'? 00382 "l .9? o} 00? 1 ,0-‘-‘:5' 90332 "0008 00016 "‘0004 00017
-+ 300 11024 93384 "'o?. 013 03 1—13 10024 06334 -+ 004 00023 - 04 +£023
~ 230 1.01¢ 0339 r T TS L.} =2 411 1.010 L0389 | 003 0020 | -.002 .00Z8
- 2Q0 1.003 0333 1.1 W7 -0 06 1,002 0383 001 Q011 | 089 L0015
~+ 150 732 0385 2,2 .10 10 13 «731L 0385 | =001 L0020 | L0356 L0022
B 100 .'?27 06389 20? 01 "‘1-1 |11 0?26 00389 '002 .001? 0044 00‘}26
'0050 }331 09337 20? 012 |3 ;12 .BBO ;0337 _0004 00018 0044 00026
§.000 060 0370 27 W13 % SIS & +367 L0370 | ~.002 L0022 040 027
050 »889 0397 3.1 48 +3 W07 J887 0307 | -.004 L0014 ] 048 L0025
+180 720 0388 2.8 .13 b 410 +719 0388 | -.009 L0016 043 0028
+1350 751 L0304 1.6 .12 1.9 .10 751 0333 |~ 016 L0018 L0327 L0023
v 204 793 0383 1.3 .19 o3 W12 772 0333 | -.005 L0021 LO23 L0030
ol 1,009 0385 W20 W0 8 1 12007 G380 | -.014 L0020 | ..003 L0012
+ 00 1.03¢ ,0382 N S | 3 W07 1,030 L0332 ~.005 0013 | 006 L0025
+ 350 1.042 0382 =2 10 IS IS & 1 1.042 03820 -.015 L0042 —-.004 L0019
300 1.052 .0382 3 03 o7 W14 1.082 03321 -.012 L0026 .005 0014
+ 550 1.054 0382 7 .l +1 14 1,054 0302 -.002 0025 016 0024
0?{)0 1 095? 00382 05 03 02 * 15 1 + 5\5 00332 "o004 .0028 0008 »0017
0850 1&055 00332 07 903 03 015 1!054 00382 “0005 .00'28 0013 00016
1.000 1.024 ,0384 + 3 047 o3 416 1,024 0384 | -.008 L0029 005 .000C8
drsiresm Velocils Uzt = 277 o/s  {v/= /a)

Probe Yaw Offset Andle =

0.0 Des

- ¥0¢ -

ALNYNO ¥00d 40
Bl Fovd TYNIBIHO
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Table H6, FIVE-HOLE PRESSURE PROGE WAKE PRESSURE DATA
INCIDENCE ANGLE (DREE) = 0.0 s Ze/8 = B4 s R = 12,5 %
HNORMALIZED EXIT TOTAL STATIC TOTAL PRESSURE:
TANGENTIAL ANGLE FRESURE PRESSURE RECOVERY

POSITION P12 o .
27/5 Deg (/-2 ‘kPa {E/-) KPa  {{/-) PT2/PT1 (/)

~-1.+440 -7 0B 100.85 017 108,17 017 1.0000 00024
-85 7 .12 100,56 Q17 100.17 017 1.0000 000241

- 700 7 W1 100,46 17 100.17 017 1.0600 00024
-y550 RE T + 74 100,85 017 100.186 017 1.000¢ 00024
-, 350 S 100,83 417 160,18 017 9799 000247
=250 2 W13 100.462 018 100,17 017 +7996 00025

-+ 200 1+1 97 100,61 017 100.16 017 +39725 00024
-4, 150 2:2 W10 100,55 17 100,16 017 L7789 00024
- 100 2.7 W11 100,55 018 1006.16 017 +7788 000241
-+ 050 2.9 12 100,51 17 100,17 017 7985 000241
0.000 2.7 14 100.50 .447 100.17 017 +3784 . 00024]

+030 o1 W08 100,52 017 160,16 017 «+7785 00024
100 2+:9 13 100,34 018 100,17 017 +7788 - JDH0024]
+130 1.7 i1 160,56 417 100.16 017 9990 000241
+ 200 14 +19 106,60 017 10016 017 +7794  O00024(7

+ 250 0 W11 100,62 018 100.16 017 «F995 00024
+ 300 500 412 100,84 W17 106,16 017 «3997 00024 -
+ 390 R § 4 100.485 017 100.17 017 9997 00024

+300 oF W13 100,486 017 100447 047 1.0000 00024
g 2 W13 100,86 017 100,15 017 1.0000 00024 -

+700 5 W10 100,65 017 100,16 017 1.000¢ 00024
+350 +8 7 160,486 017 106,17 017 1.0000 000241 -
1.000 5 W14 100,583 Q17 100,156 017 +3796 0024

Urstream Tolal Pressure PTL = 100.46 kP {(#/- O17)
Urstream Slalic Pressure rl = 100,22 KPa  {4/— 0172



Probe Yaw Offsél Andle =

0.0 Ded

Table H7. IVE-JIOLE PRESSURE PROBE HAKE VELOUITY DATA
NCIDENCE ANGLE (DEG)Y = 040 » Zo/0 = M » R = 15.7 %
HoRHALIZE HORMALIZED RORMALIZED "
TANGINTIAL TOTAL VELOCITY VELOCITY COMPONENTS™
OIS ITION vitch fng few Ans . .

27/8 Urlze {E/-) | Des (/-3 | Deg  {4/-) | Uz/Uzb {(b/-) [BL/U=0 {4/-) [Ur/Uzo {4/~
~12 8340 1,856 0346 w08 Y 1.056 0346 | -.008 ,0043 | 009 00L4[~
-+ 050 1,088 0344 Wb W05 -ed W07 1,055 03486 1 003 L0018 | 011 L0010
—.?00 1005? 003&6 03 003 ~¢2 513 10057 |0365 9003 00024 0006 0&015Lw
“0550 10057 |03&é r# &11 01 013 1095? 00366 ”0001 50034 0007 00020“
-+ 400 1.053 0386 I SRS 1 el W07 1,058 03646 | -.001 L0013 | 007 0028
“’359 1§05? 993&5 05 014 03 W11 1.057 90366 - 406 |0020 007 00Q26’l
-+ 500 1,060 . 0364 o6 W22 o2 W10 1o060 (0365 | -o003 0017 | 012 0041 °
-v 250 T1.040 40380 e 0B +1 W10 1,040 L0386 | ~.002 0018 ¢ L0033 0014
M’EOG‘ 10032 r0356 “ol 009 05 f08 1»032 003¢6 “0099 00015 '0002 00016‘
-+ 150 1,005 0357 70 W12 =2 W7 1,005 0367 | 003 L0030 | L016 0021
=+ 100 + 754 0367 .2 i1 3 W11 #9864 L0347 | -.005 L0018 | L0201 0020
- 050 231 0372 20307 -.2 .08 #9330 L0371 1 002 L0013 | 037 00187
0. GO0 o874 L0374 23 W14 1% IS 1 +873 L0373 | 000 0023 | 037 J0028|
+ {50 «On0  W0374 2.5 10 o4 W13 004 L0373 1 0007 L0019 | 039 L0023
+100 001 L0373 2i1 18 v 1% #8860 L0373 {011 L0021 032 L0026

150 +338 0370 248 20 v W08 +887 L0370 | -,000 0013 ] L0443 JOO35)¢
+ 200 761 0358 2.1 14 45 12 260 L0368 | -.008 L0020 | 035 L0027

v 25 »733 0 367 | 1.3 08 12 W07 782 L0348 | -, 003 L0012 022 L0015

» 200 10013 3468 | vo +08 '5 +10 1.013 D368 | - 008 0017 05 H015)
+ 3ol 1.023 4348 3 W11 3 W12 1.023 0348 | -, 005 L0021 | 015 0020 -
+ 300 1,035 0345 -4 W16 3 04 1,035 03585 [ -.006 0012 -.007 ,0030) "
« S50 1.044 0355 IS B ¥4 v2 423 1.044 L0364 | -, 004 0043 | 015 JOO0ZJ -
700 1,051 0385 REENY § 1 Y ¢ 14051 L0365 | 007 0020 | 010 0021 ®
» 350 1.047 0345 SY 5 ~¢3 15 1.047 03465 1 009 L0028 009 L0020
1.800 1050 03485 o5 {8 o7 w42 0] 1,050 L0365 | -.013 00221 010 L0009

Urstrean Velocity Uzo = 28.5 w/s {4/~ ,73)

ALIVND H00d- 40
# 3BYd TUNIDING

- 90¢ -
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Table HB8. FIVE-}OLE PRESSURE PRODE UAKE PRESSURE DATA
THCTDENCE T GLE {(BEB) = .0 » 2t/ = 4,924 s R = 18.7 %
RORMALIZE oHIT TOTAL STATIC TOTAL PRESSURE
TANGENTIAL ANGLE PREGURE PRESSURE RECOVERY
FOSITIOR r2 £2
27/8 Dex (/) s {t/-3 SERIR AT AR PT2/PTL (3/-))
-1.000 IS £ 77.93 17 P43 L017 1.0000 .O0024|"
=330 & 08 ??.?5 J17 77.43 017 1.0000  ,00024]"
=700 o 07 F7.95 017 77.43 017 1.0000 00024
“'440(} o‘{' 015 9?;?5 381? 9?;#3 091? 1.000(} 000824
- 350 5 W13 79,75 017 77,43 017 7] 1.0000 00024
-+ 300 o5 W22 29,75 017 ?9.42 017 1,0000 00024
=+ 250 2 W08 27,93 17 77,43 017 «7778  LO0024|"
- 200 o5 W08 27,93 17 97,43 017 7977 00024
‘"015{) o? 012 ??+9{, 091? 9?.43 {-Oi? 09995 o00(}24 !
'6100 1;3 01 ??pB? ;91}" 99044 9017 19992 QGOOZ"; ’
-+050 2.3 W7 77.84 018 77,44 L017 7787 000257
0000 2.8 W14 F7.80 417 77.44 017 +9733 00024
050 247 1 F7.79 Q17 744 017 <7783 00024
+100 2¢3 415 9,79 017 ?7.44 017 +7983  00024|°
L1508 2,8 W17 79.81 017 77,44 017 +7985 00024 -
o 250 2,1 W15 | 99.87 .018 F.44 L0117 7792 00024
+ 250 1.3 08 | 77.87 L7 744 017 L7793 000241
+ 200 vS W07 79,92 018 P7.44 017 17996 000257
+350 +7 0 4il 77,93 018 7+44 017 +7998 00024
300 o5 W43 .94 017 7744 017 7777 00024
+5o0 +2 W13 P7.55 017 %9.44 017 1.0000 00024
700 S ¥ 1 F7.75 017 ?7.44 017 1.000¢ 00024
+ 350 +F 413 99.95 017 ?7.44 017 1.0000 00024
1.600 +7 1D 77,95 W17 77,44 017 1.0000 00024 -

i

Urstresm Tolal Pressure PTI 99,93 kPs {+/~ 017)
Ursiresm Slatic Pressure rl = 99,49 KPs {$/- ,017)



Table H9. FIVC HOLE PRESSURL PRODE WAKE VELOCITY DATA
INCIBERCE ANGLE (DEG)Y = 0.0 +» e/C = P4 v R = 45,0 %
HORHALIZE HORBALIZER NORMALIZED
TANGENTIAL TOTAL VELOCITY VELOCITY COMPONENTS
PESITION Fitoh ang V8w Ans :
27/8 Wlzs {#/~) [ Deg  {4/-) | Deg  (#/-) | Uz/Uzo {(#/-) | UW/Uz0 {4/~) | Up/Uz0 {1/-)
~1+ 00 1.855 0348 S I 74 +3 il 1.0585 0368 | —.008 0023 | 009 0013
'1-850 10055 i¢363 01 !0? 1-3 003 10055 00368 _0006 00015 0903 00013
=78 1.056 ,0348 AN F 1% A £ 1,086 0363 | -.002 0027 | 014 OO14|
- 55 1.053 L0348 3 W10 1 W10 1,053 0368 | -.002 0019 006 LO012)°
-+ 306 1.0534  ,0348 1.2 41 v3 el 1.054 0368 | -.005 0018 | 021 0021
- 350 1.052  .0348 SRS & -2 1D 1,052 03468 003 00181 009 ,0O34
-+ 300 1.047 0348 S50 07 2 03 1,047 0388 | - 003 L0015 1 009 0014
-+ 250 1,046 L0368 1.3 7 1 W13 1,046 0368 | -,001 L0024 024 L0033
- 200 L.031 0388 W3 W16 v W07 1,031 0358 | -.008 L0013 005 0030
-+ 180 1.003 0374 L2 1 ~o} 07 1.003 0374 001 0012 021 ,0021
~+ 100 86 L3371 o .08 o8 08 986 L0371 -.001 L0013 [ L0112 L0014
-+ 050 L7200 L0371 1,2 .12 -1 W07 720 0371 ( 002 L0014 019 L0020
0. 000 +B375 0374 16 W12 -1 12 +B75 L0374 001 L0018 L024 L0021
+ 050 831 L0377 - 16 v W07 +88¢ 0377 | ~.006 L0010 | 022 .0027
100 6 L0371 1.4 10 v W07 1 - o905 W037L | -.008 0012 026 L0017
+ 150 +F97 0374 8 WA I ] o757 03741 007 0014 L0113 0035
+ 200 1,012 0348 IS ¥ W2 .07 1.012 0363 -.004 L0012 | 014 ,0021
¢ 250 1.025 0359 - T & +2 08 1,025 L0359 003 ,0014 | 011 L0020
+ 300 1.041 43468 o 4 -+ W04 1+041 0358 001 ,0012¢ 042 ,0025
+ 350 1.042 0368 ~+8 42 207 1,042 L0348 -.004 0017 | -, 014 L0077
+ 300 1.058 0349 1.6 32 TS SRS S 1,058 L0389 002 0019 019 L0040
e 5590 1.054 .0348 3 .08 -1 .07 1.084 L0348 002 0017 ) 008 0015
+ 700 1,956 0368 of 07 -4 15 1.056 0343 008 .0028( ,007 ,0017
+ 350 1.095 0368 3 08 O W23 1+055 L0388 ~,000 0052 | 018 L0016
1,680 1.054 {348 6 06 o1 G 1.054 0358 | -.002 0018 012 0011

rabresm Veloecils Uzo
Probe Ysw Offzel Angle

0o

28.4 »/s
¢.0 Dayg

{ *‘f"" 0?4)

AL'YNO ¥00d 40
8l Y4 TYNDINO

- 80¢ -
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Table H10. FIVE-HOLE PRESSURE PROBE WAKE PRESSURE DATA
INCIDENCE ANBLE {DEGY = 0.0 5 Ze/C = 94 5 R = 25.0 %
HORMALIZED EXIT T0TAL STATIC TOTAL PRESSURE
TANGENTIAL ANGLE PRESURE FRESSURE RECOVERY
POSITION P12 B2
2775 beg {{/-2 kPs {1} kFe (/) PT2/PTL (/-2
-1.400 o 41D VERS £ S i Y 992,47 17 1.0000 00024
-, 350 3 W08 99,99 017 99,47 017 1.0000 00024
-~ 700 8 .88 9.99 QL7 27,47 W17 1.0000 00024}
-+ 590 R £ 77,79 G177 99.47 017 1.0000 00024
-+ 400 1.2 i1 27.9% 017 99,47 17 1.0000 ,00024
-+ 350 S5 18 29,99 017 29,47 017 1.0000 00024
-+ 300 5 W07 22.98 017 29,47 017 77999 00024
-y 250 L3 .3 29.98 017 ?9.47 017 <7777 LO0024)"
o :GO + 5 + 11 ?? + 96 ’01? 9?. 4? + 01? 59??3 + 00324
- 150 1.2 .11 79.73 .18 29,47 017 795 000251
- 100 o7 W08 79,72 018 29.47 017 2973 00024
-, 050 L2 .12 27.86 17 99,47 017 {7787 00024
0.000 LW W2 77,82 017 79.47 017 L7984 00024
050 L5 L8 29.83 018 947 017 L7984 00024
+100 L7 99.85 {17 29.47 017 +77856 00024
+156 1.0 .18 27.70 018 2947 0L ST 00025
+ 200 N S & 7.4 817 99.47 017 +77246 L 00024)
+ 250 +& v31 .95 (817 P37 017 $FI97 .0{)024
+ 500 7 W34 99.97  LOIT7 72.47  JO017 $7999 00024 -
+ Do IS5 B | 77.98 017 27.48 17 7999 00024
+400 L. 32 77,78 017 F9.47 017 1,0000 .00024
$ 350 o4 08 77,98 017 97,47 W017 1,000 00024 -
700 oS 413 P9.7% 017 P47 2047 1.0000 00024 -
950 8 W03 799 087 ?9.47 817 1.0000 (00024
1.800 oF W3S 99,99 037 2747 JG17 1.0000 00024
Yrstreasm Tobsl Pressure PTL = 99.9% KPa  (F/~ 017
Ursiresm Siabic Pressure rl = 729,52 kP (}/~ 0173
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Table H11.  FIVE-HOLE PRESSURE PRO
THCIBENCE ANBLE (DEG} = 0.0

WORHALIZED HORMALIZED : NORMALIZED
T%NG”HTI TOTAL VELOCITY VELBCITY COMPONENTS
POSITION Mitch &ng Yauw Ang
2775 U’”- {E/-3 I Begs  {4+/~)1Dag  {(4/-) ) Uz/Uzo (/-3 | WUz (3/-0 | Ur/Uze (/)

~1+ 000 1,053 0348 YA 0 W12 1053 L0368 | -.000 L0021 | 014 L0017
'fGSG 1!951 ;03u3 06 003 02 024 10951 ;0363 -0903 b0045 -012 00015 ’
- 700 1,053 0380 & 03 v5 A3 1,053 0388 -.010 0024 | 012 0015
-+ 550 1,053 0340 o5 W13 o 07 1,052 0358 -,008 0017 | .011 ,0024
-.wGG 1,048 03468 i o4 0 W08 1.047 L0368 1 -, 000 L0010 | .030C ,0033
“e 35 1.08C 0349 ol o1 o4 W05 1,050 0387 -,007 L0011} 001 ,0081
-+ 300 1.043 0348 3 W10 3 408 1:043 L0368 | -, 0046 L0015 000 L0019
- 250 1.035 0380 1.4 W15 v 408 1,035 03468 | - 007 0018 ] 025 0027
-+ 200 1.007 . G37¢ 1ok +13 O 08 1,009 0370 -.001 L0014 | L032 0034

“0150 730 003&? ’? ;1 »2 012 Q?Bﬂ &03&? “;003 '0020 }012 §0033
-+ 100 ;?30 0373 +6 W16 ~+2 +12 0930 ;03?3 .003 +0020 009 00026
~'050 08?7 0Q3?4 |3 riB "'0 |08 QB?? t0374 0001 »0013 !013 00029
0. 000 831 3732 7 W07 SV +331 L0373 -,008 001G 010 D012
tvuo 0?06 v0372 “06 012 101 tﬂ? .?06 90372 ‘&01? ;0013 "010 oOOi?
v 100 760 0374 v3 0 W13 o7 W09 {260 0374 -.012 0015 004 L0021

en

» 150 1,047 03469 1.5 14 8 W07 1.007 03681 -.014 L0013 .028 0031
0230 1;019 90368 '6 »18 i6 006 1001? »0368 “;010 '0012 wﬂii 00033
vl 1:,043 0368 1.5 20 I £ Q043 L0368 -.007 L0012 .028 0038
+ 300 14007 40349 T T 3 W10 1,086 03467 ~,006 0018 | -, 009 L0040
0350 10052 0036? o? 024 ‘.1 .12 I;QQL 00363 ;001 00022 901# 00045

+ 400 1,055 0340 2 SIS ¥ IS I <1 1,055 03468 -.001 0009 -.002 .0023
ALY 1.004 ,0348 3 W17 R S £ 1,054 03687 001 L0019 006 L0031
0700 19055 00368 »1 006 01 oO? 16@55 00333 ‘.GO: .3012 .002 »0011
+330 1,057 0340 | - .3 {9 3 W10 14057 0348 ~.005 L0013 005 0014
1. 000 1.0868 L0387 3 W11 -+5 24 1,065 0357 L0007 0045 014, 0021

Uestresm Velpeils o = 28.4 /s {t/~ 743
Prohe Yaw Offsel &nzle = 0.0 [as

- Gie -

ALITYNO ¥00d 40
8] 39vVd TYNIDIO
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INCIDENCE ANGLE {3EG) =
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ORIGINAL P
OF POOR Q

REE S
UALITY

FIVE-HOLE PRESSURE PROBE WAKE PRESSURE DATA

0,0 s Ze/8= 494 » R = 33,3 %

HORMALIZED EXIT To7al STATIC TOTAL PRESSURE("
TANGENTTAL ANGLE PRESURE PRESSURE RECOVERY -
FOSITION P12 F2
21/8 Peg {4/} Pz (/) kPa  {(}/-3 PTA/BTY {H/-)
-1.000 o7 +10 99,79 W17 29,47 017 1.0000 00025
-+350 o7 +1 79.97 017 29.48 017 1.0000 ,00024}
-+ 700 3 3 77,92 Q17 2947 417 1.0000 00024
-+ 590 oF W12 27,77 Q047 @47 017 1,0000 00024
-+400 1.7 .17 99,97 D017 79.48 017 1.0000 00024
- 350 W10 29,99 017 79,48 017 1,0000 00024
-+ 300 o3 W07 22.93 017 292.48 017 7999 00024
-, 250 144 W15 P7.97 017 29.47 017 +7998 00024
-+ 200 1.8 v18 2775 017 29,47 017 7994 00024
-+ 150 o7 W17 29,92 Q17 22,47 017 +7993 L 00024)
-+ 180 oB W13 29,87 018 ?29.47 017 +7988 00024
-+ 050 IS S | 29,84 JO7 9947 017 9985 00024
0.000 v 7 22,83 07 29.47 017 +9784 00024
+ 050 1.3 +07 92.85 017 ?9.47 17 +9986 00024
-+ 100 8 7 92,70 018 99.47 017 +7271 00025
+150 1.3 W5 9,74 17 79.48 017 +3796 00024
+ 200 4 W14 22.95 017 2%.47 017 +2997 00024
250 1+ 20 992.798 Q17 P.47 01T «77972 00024
e a0l o3 +2F 79.73 017 77.47 017 1.0000 00024
1 350 o7+ 24 99.98 017 F7.47 017 1,0000 00024
+ 300 N S 27.77 017 29.47 017 1.0000 00024
Wgite 1 06 72.79 017 7%.47 17 1.0000 00024
+ 350 I ¢ #7.98 Q17 29.47 017 1.0000 00024
1,008 o7 W18 99.99 L0817 77,45 017 1.0000 00024

Uesipr

ur

zam Totsl

Pressure PTL
Ursiream Slatic Pressure rl

997 kPs  {/- 017D
99,52 kPs  {#/~ 0173



Table H13.  rIVE-MOLE PRESSURE PRODE MAXE VELBEITY DaTA
INCIDENCE ANGLE (DEG) = 0.0 4 Ze/C = ,94 4 R = 50.0 %
HORMALIZED NORHALIZED NORMALIZED
TAGENTIAL TATAL VELOCIT VELOCITY COMPONENTS
rOSITION .  Pitch Ans ] Yaw Ang
27/8 olzg  (4/-) 1 Beg  (4/-) [ Deg {4/-) | Ue/Uzo {3/-) | 4 Uz0 {4/~ | Ur/Uzo (/-2
-1, 00¢ 11085 0373 b W07 1 W08 1,085 L0373 | ~.001 L0010 ,010 0013
-+ 8350 1,049 0373 w2 Wil o4 W11 1,049 L0373 | -.008 L0021 004 .0020)
- 700 1.004 4373 o7 W30 b W13 1,084 L0373 -.008 0024 .O13  .0056
~ 590 1,054 0373 IS £ “+4 08 1.0G¢ 03731 001 00147 011 0028
“0400 1‘049 '03?3 1-1 014 ‘ "‘01 10& 1'048 &0373 0002 00011 0-020 0002? ’
-+ 3350 1,051 0373 1.3 34 I S 1,031 0373 | 005 00146 024 0062
~e 30 1,050 0373 1,3 .15 2 W07 1,050 L0373 | ~-.004 L0017 024 0029
et $047 W0373 1.3 .2 1 .08 1.047 03731 -.001 L0015 ,028 0053
-+ 200 1.033 0373 1.7 11 S S § 1 1.033 03727 L0000 L0019 L0331 0023
T 150 * ?95 ;03?3 .5 020 2 2 . 08 ;?‘?0 00373 0004 v0014 0005 00035
T 1(}0 a?&é 003?5 02 1-10 "';4 005 b?éé 00375 UOO? rGOO? r003 00017
=050 +379 ;03?7 W& A9 | 06 +G99 0377 1 -.001 L0190 0-010 |0015
0.(}(}0 Y 0379 "'1-1. o168 o2 00? 1-389 |03?? _0003 '0014 -+ 002 00025 '
Q050 +397 0377 I S . Wb W14 877 0377 | 007 L0022 013 L0022
+108 1727 0374 o7 W23 +7 +03 «P49 0374 ~.014 L0013 011 0038
150 1.01¢ 0372 b W24 +3 W00 1.010 0372 -.015 0015|011 0043
+200 1:033 0374 1l 1.0 .07 1.033 L0374 | -.017 0018 002 .0024
250 1.042 0373 ST T+ I B ) 14042 0373 | -0 007 L0012 -.008 L0063
+ 300 1,853 0373 v7 23 oI W10 1053 L0373 | -.00% L0017 016 L0042
+ 350 1.4546 L0373 S TS v W07 1,086 0373 ~.008 0017 001 ,0019
SO0 1.050 0373 1,22 - TS & 1:057 L0373 -, 011 0020 L0022 L0041
e 50 1,068 0370 TS TS {4 o1 17 | 1,080 L0373 -.001 L0031 -,007 ,0018
YAY 1,007 0373 IO S B 10 W14 1:057 0373 -002 400251 005 0021
+35C 1.0587 (373 5 09 ~e2 o0 1.007 03731 004 00120 012 0017
1,000 1,85 +$373 1.0 W17 ol + 03 1.058 03731 001 L0015 L017 L0031
Urziresm Yelooils Uzo = 28.2 w/s (V- .74}
Prose Yau Offsel Ansle =

0.0 Des

- éld -

PN

ryNd ¥00d 40

a1 39vd WN

AL
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Table H14. FIVE-HOLE PRCSSURE PRORE WAKE PRESSURE DATA
IHCIDENCE ANGLE {DEG) = 0.0 » Zc/C = 94 » R = S0.0 X
HORMALIZED EXI ToTAL 5TATIC T0TAL PRESSURE|
TANGENTIAL AHGLE PRESURE FRESSURE RECOVERY
POSITION P12 2
2775 peg {}/-) EPs  {$3/-3 kPs  {+/-) PT2/PT1 {4/-)
-1.000 o Q7 i00.02  JO17F 29.51 17 1,0000 00024
-850 o5 11 100.02 17 292,51 .017 1.0000 00024
- 700 «3 27 100,02 017 22,51 017 1.0000 00024
-y Sul +B 14 100,02 W17 79.51 017 10000 00024
- 400 i, +14 i0¢.02 17 29.92 Q17 1.0000 000247
-+ 300 i + 33 166,82 017 22,31 Q017 1.0000 00024
-+ 300 1.3 15 100,02 W17 29,51 017 {7799 000245
- 250 1.5 .28 160,01 017 22,51 017 +7999 00024
- 200 1.7 W1 180,00 017 29,81 017 +7798 00024
"'0150 ;5 ;19 ??i?é 0017 ?9.51 001? 099’94 000024 )
-, 100 4 08 77.93 017 99.51 017 +7791 00024
- 030 o W09 27.83 017 22,31 017 +39846 00024
3060 2 i 99.97 017 29.91 017 +7985 00024
50 1.0 +13 29,88 017 ge.51 017 7984 00024
+100 1.1 «15 27,92 Q017 930 17 L7790 00024
+150 1,9 +15 29.97 017 29,91 017 | L7995 00024
+ 200 1.0 .07 106,00 017 22.31 017 +9778 00024
Rfaite o5 42 100,01 017 a9, 51 017 L2999 .00024(
+ 300 1.4 .2 180,81 017 RS e ¥ {9999 L00024]
v a0 vo 09 108,02 017 29,51 G177 1.0000 00024
00 +b 11 100,02 017 29,51 017 1.0000 00024
s o0 +3 41D 100.62 Q017 292,31 017 11,0000 00024
00 3 12 100.02 017 9%.31 017 1.0000 00024/
50 o7 07 100.82 047 29,51 017 1:.0000 00024
1,800 1.0 .17 106,02 G417 29,51 017 1.0000 00024
Urstresm Tolsl Praessure PTI = 100,02 kP (+/- 017
Urstresm Stalic Pressure rl = 99.56 kPz  {#/- 017



Table H]5:

TIVE-HBLE PRESSURE PRODE WAKE VELOCITY DATA
INCIDENCE ANGLT (DEGY = 0.0 » Ze/C = 74 s R = 86,7 X
HNORMALIZED NORMALIZED NORMALIZED
TANGENTIAL TETAL VELBCITY VELGCITY COMPONENTS
POSITION Pitch Ang Yaw AR
2775 Ufllze (/-3 | Ded  {(b/-) [Deg  {F/-3} Uz/Uze (4/-) | Ub/Uzo (1/-) | Ur/Uzo {(+/-)
‘105&3 10054 |03?3 96 003 o: 015 1&054 00373 "0004 .0028 0610 00014
';350 1,057 003?3 #ud ,93 |3 033 1005? .03?3 “00“5 §0061 +018 0001&
=700 1,084 0373 1.5 12 o1 W10 1.084 L0373 —002 0017 | 027 0024
- 5ol 1,055 0373 28 .23 =s1 .15 1,053 L0372 001 0027 | .0G1 ,0048
“&400 1,054 D373 1&? 011 "ri 011 19054 003?2 00&1 00021 034 0Q023
-+ 350 1881 0373 3 W13 2 W07 1.0681 0373 | -, 004 0016 009 .0023
e 300 1.05% L0373 LT W24 113 1,054 0373 | -.001 0024 | 035 0045
~.250 .04 Q0373 | 1.5 .27 I A 1,047 0373 -.002 0018 .028 0051
200 1.028 0374 i W07 -0 05 1.028 0374 001 0009 | 020 .0017
«150 788 L0373 6 21 I SN 1) 788 0373 -001 L0011 010 L0038
-+ 160 P52 0373 I Y ¥ nt'S S +752 L0373 001 L0011 011 0018
~ 350 v727 0378 =2 413 4 08 W29 0378 000 L0013 | -, 003 L0020
» 80 0936 003?? -1 +08 ‘g +10 +386 003?? “;004 D018 “0002 00912
»050 t?I? :0376 "09 028 07 r13 4?1? 00375 _OOii 00022 “5013 l0045
1100 <734 ,0383 1 W12 S 07 +984 0383 007 D012 002 0020
+138 1017 0372 7 W08 +5 0B 1.017 0372) —-.608 0014 012 0016
+ 200 1.030 9373 1.1 .18 v2 0 W07 1,03 0373 - 004 0013 ,020 ,0033
+ 25 1,042 ,0373 i1 .30 o2 W07 1.041 0373) -.004 L0013} 021 L0055
+ 300 1.081 373 1,2 .12 2 1 1.051 L0373 -.004 0020 022 0023
+ 350 1.045 373 1.5 .2 W3 1,045 L0372 - 009 L0034 | 027 0040
+4G0 1.047 0372 I TS &4 -1 W07 14047 03721 001 0012 005 .0020
0550 1.0#9 t03?2 17 §0? “01 .10 109#? ;03?2 0002 00018 0012 00017
v GO 1,037 373 o 18 b9 W15 1,057 0373 -.009 0028 .007 0034
+350 1,057 0373 +$ .18 -+0 W13 1.057 0373 001 ,0028] .001 0033
1.000 1.05¢ 0373 3 W09 oh L 07 1.095¢ ,0372) -.012 L0017 ) 005 0017

Urstresm Velocily
frobe Ysw OFf

sel An

Uzo = 28.2 a/8 {+/- +74)
gle = §.0 Des

ALITYNO ¥00d 40

$1 FDVd TWNIDIHO

- vle -
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Table H16. FIVE-HOLE PRESSURE PRORE WAKE PRESSURE DATA
INCIDENCT ANGLE {DEGY = 0.0 » Ze/C = .94 3 R = &8.7 %
NORMALTZIED EXIT TOTAL . STATIC ToTAl PRESSURE
TANGENTIAL ANGLE PRESURE FRESSURE RECOVERY
POSITION P72 e
27/58 Beg {}/-) kPa {(F/-) kPa  {t/-} PT2/PTL (/)
~1,000 & W07 100.02 017 79.51 017 1.0000 00024
-850 +& 18 106,02 017 29,51 017 1.0000 00024
-.700 1.5 .12 100.02 017 F9.51 017 1.0000 .0002%|
- 550 2.8 .23 100.02 017 791 017 1.0000 00024
~+400 1,9 L1 100,02 017 92,51 017 1.0000 00024
- 350 o3 W12 100,01 017 9%.51 017 1.0000 00024
-+ 300 1.9 24 i06.01 017 22.50 .017 L7929 00024
-, 250 1.5 .27 106,01 017 292.51 017 +7929 00024
-+ 200 1.1 .09 79.77 017 27,31 17 3797 00024
- 150 & 20 29,95 017 99.51 017 +7994 00024
- 100 A § | 99.92 017 99.51 017 7970 00024
- 050 2 412 .90 017 7,51 017 +7788 00024
$.000 5 W10 79.87 Q17 29,31 017 9985 00024
050 1.1 23 29,89 017 9¢2.51 017 +7938 00024
+100 RN+ 14 97.92 019 922,31 017 +7790 00025
+150 8 08 79,97 17 22.531 017 3997 00024
« 200 1.1 .18 104,00 017 o251 .017 L7998 00024
+ 258 1.2 .29 100,01 087 29.51 17 £ 9929 ,00024
+30C 1.2 .12 ] 100.02 .017 29.51 017 1.0000 00024
« 350 1.5 .21 100.02 017 99,52 017 1,0000 00024
300 PGS & 1 100.02 017 29.52 J17 1.0000 00024
2 00 A ') 100,02 017 99,32  L017 1.0000 00024
+700 P ¥ 4 100.02 017 29,51 017 1.0000 00024
WI50° 1 W17 106,02 017 29,51 017 1,0000 00024|
1080 o7 W07 100,02 017 F9.51 017 1,000 00024
Urstress Total Pressure PTL = 100.02 kP  {+/- 017)
Urstresm Sistic Pressure rl = 99.56 KPe (/- 017




Tahle H17, TIVE-WOLE PRESSURE PROBE WAKC VELSCITY DATA .
' INCIDENCE ANGLE (DEB)Y = 0,8 % Ze/C = 94 » R = 83.3 %
oL IZE AGRHALII i ’ HORMALIZED
TA}SEN*IQ' .. . ToTAL VELOCITY L . VELOCITY COMPONENTS
pESITION [ T | Pitch AnZ | vew mns . | T
27/5 ylzo {b/=) DEE {t/-3 | Des  { b/~ ) U&/Uzo {4/~ | Ub/Uz0 {+/-) | Ur/lz0 {1+/-)
-1, 000 1.037 L0375 7 .08 o Wi8 T 1,037 0375 | -0012 L0032 | L0112 0016
-+ 850 1,041 0375 709 7 W10 1,041 0374 | -.012 0019 | L0156 WO017)
=+ 700 1,053 0374 1L.4 0 .1¢ 1.3 .24 1,053 0374 | - 024 0046 | 020 0020
- 556 1,046 0379 | 1.3 .07 5 W17 | 1,046 L0379 | -,009 L0031 | 024 L0016
-+ 400 1o01 30374 1,4 .1 of 214 14050 L0374 | 007 L0028 | 027 0036
-+ 350 1,042 0378 1,8 .12 I TS § 1.041 0376 | -,007 0020 | 033 0025
-+ 300 1:045 0374 IS S 308 o044 L0374 -005 L0010 | 016 0020
».c..ug 1 G ¢33?4 1&8 013 "01 09 1’021 003?4 5002 50015! u033 00334
200 T4 376 S S & A 23 07 1 994 0378 - 006 L0016 017 L0020
- 150 B89 D3I7E 5,08 | -0 1L 969 L0375 | 001 L0018 | 007 L0014
' 100 0?39 1-6390 -'38 008 "“00 009 0938 #{}380 5001 !0014‘ "1013 00014
-+ 050 f702 0 ,0388 | 10 LS -3 W12 +701  .0388 | 004 0019 [ ~,010 L0021
0,000 4885 ,0380 | -1.3 .13 Y- #8384 0377 ~010 L0014 | -.020 0020
+ 59 «843 0381 | -2.0 1% 32 W11 +363  W0331 | -.003 L0017 | 031 L0025
+100 O£ T xBTS BN 4 1+ .03 fP45 WO377 ] - 0Ls 01T | 007 0014
+ 100 31 377 T TS RS § O o381 0377 -.009 L0018 011 L0026
20 1,017 0374 1.0 0% e2 W07 1017 L0374 -004 L0013 | L0188 Q017
PRhY 1,033 W37 "1.000 12 RS L 1,033 03731 -,012 0019 018 0023
+ 300 1,040 0373 126 il 3 .07 1,039 L0373 -.005 00146 029 0023
» 356 1.034 0374 1.1 04 IS AN 1 1.833 0374 =001 L0015 | 020 L0013
+ +00 1,036 0374 S ¥ o7 413 1.036 L0374 -.012 00241 008 0030
V550 1,040 0374 W7 W12 | 1.0 13 | 1,040 L0373| -5018 L0025 | 012 L0023
+ 700 1.038 0374 W3 W17 is o537 1,033 03741 -.024 L0033 0I5 »0030
+350 1,047 0374 | i7 W07 7 W25 1,047 #0374 -0 0186 L0044 | 013 L0014
1.080 1,037 .0373 A - T v 1,037 0373 -.005 0022 ] 014 0011
Urslressm Velocils Uzo = 28.2 a/s (/- V74)
Probe Yaw Offsel Andls = 040 Des
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Tabie H18., FIVE-HOLE PRESSURE PRORE WAKE PRESSURE DATA
INCIDENCE ANGLE (DEB) = 0.0 » Ic/C = %4 + R = 83,3 %
NORMALIZELR EXIT ToTAL STATIC TOTAL PRESSURE
TANGENTIAL ANGLE PRESURE PRESSURE RECOVERY
POSITION P12 £
21/5 Beg {}/- s {+/-) kPa  {+/-) PT2/PTY {$/-)
-1.000 7 o1 180.84 017 22.59 017 7798 00024
-850 1.1 107 100.04 017 22,55 017 L7799 00024
- 700 .7 .2 100,05 017 22,54 017 1.0000 00024
-, 550 1.4 0 180.05 018 a4 L0117 7799 00025
- 400 1.3 .19 1066.05 017 29.35 017 1.0000 00024
-+ 35¢ 1.8 W12 100,04 017 27:.54 017 +77978 00024
-, 300 7 10 100,04 .0317 99.54 017 L7979 00024
-.2a90 1.8 +18 164,852 017 99.54 017 L7976 00024
-, 200 i1 +31 97.99 018 ?7:54 #1017 7774 00024
-e150 5 .08 PRI W017 29.54 017 7992 00024
- 180 v 48 277.95 018 99.55 017 +7289 00025
-+ {50 1.0 W12 792 B19 99,35 JO17 2984 JO0025]
4,000 1.5 i1 92.91  .G17 22:95. 017 7985 00024
L350 2.0 14 $9.8%  JG17 fe.595 017 +7984 00024
100 1.1 08 727,26 018 77.53 017 L7971 00024
+ 200 1. R iis 104,02 017 29,55 017 L9977 00024
Nty .2 .12 10084 017 99,35 017 +7778  O0024]
+300 HI W1 100.04 017 99.5% 017 7779 00024
+ 350 1.1 Q6 100.04 17 99,35 017 7278 00024
C L4007 +8 13 104,05 JQi7F .54 017 +277% 00024 -
v oo 1.2 43 1860.04 017 9,59 017 L7929 J00024]
+ 700 1. 17 100,04 017 97.5% 017 {9999 00024
+350 1.1 vl 166.05 037 29.3% 017 1.6000 00024
300 8 L7 100.05 017 9956 D17 7979 JLO0024
Urstressn Tois!l Preassure PTI 100,05 kPa  {t/— 017} |

Uestrese Bisiic Pressure rl

1}

97,560 ks

{ i""" ;017 }
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Table H20.  FIvC-GLE
TICTOFMOTT  AMD
EYAivE N I.IVC&. ﬂl!l.'l E

{DEG) =

- 219 -

ORIGINAL PAGE [
OF POOR QUALITY

-~ PRESSURE PRODE WAKE PRESSURE EBaATA

0.0 s 2070 =206 sy R =

$2 Z

LI e

ROnHALTZED EXIT TOTAL STATIC TOTAL PRESSURE
TANGENTIAL ANGLE PRESURL PRESSURE RECOGVERY
POSITIGH il 4 F2
2775 e (&3 s {1/} kP (47D PT2/PTY {t/-3|°
-1.860 1.1 07 160,24 017 272,81 {017 +398% 00024
"»353 {3 vii 19092? iﬁi? ?9{82 001? }?9?1 000324
708 o sl i00.26 1D 99,381 017 2970 00025
~ 455 & W08 100,26  JO17F ?7.82 017 L7720 00024
300 o 08 100.26 017 72.81 017 7290 00024
- 358 1.0 .1 130,28 W17 92.82 017 7972 00024
-+300 1.1 + 07 100.24 417 77,82 417 +7788 00024
—v 25 i + 0 100,23 017 9.02 017 +7988 00024
- 200 1.3 +31 150,25 417 97,82 017 7788 00024
‘9150 108 sg? 130922 1317 ?7032 .61? 0?936 000024
- 100 1.5 W47 100,17 017 97,32 017 +7784 00024
- 050 2¢2 W11 108,17 817 92,805 J0i7 L7781 00024
8,008 2:3 1 100,16 J417 29.83 {17 7780 00024
+O50 241 +11 HO TN 27,52 W47 L7980 00024
100 1.8 .48 100,18 W87 702 L0117 +9982 00024
+ 150 241 +G7 186,20 017 79.82 417 7784 00024
+ 200 i «58 160,20 417 9%.82 {17 +7785 00024
et 1.4 .60 106.24 18 22,82 17 L7988 00024
Mt 1.5 W47 100,22 418 22,02 W17 +7987 00024
AT 7 W00 100,33 JiE 75,82 017 F987 00025
400 1.2 18 100,26 017 27,82 017 J7920  L00024
R 1.1 W12 160,25 017 29,03 WL 7787 00024
o750 .4 .12 W06.25 W17 F7.82 W17 +S787 L0024
00 1,2 W7 160.25 017 29,82 017 L7287 00024
+ 500 1.1 vic 160.25 418 79.81  JGi7 +7987 00025
Ursiresm Toblsl Pressure PTL = 100.36 kPs {3/~ Q0172
Yestreswm Dlstic Pressure frl = 79,87 kP {1/ 017)




Tahle H21, FIVE-IBLE PRESSURE PRODBE WAKE VELOCITY DATA
INCIDENCE ANGLE (DEG) = 040 s Zo/C = 2.06 s R = 0.3 %
HORMALIZED HORMALIZED HORMALIZED
TANGENTIAL TOTAL VELOCITY NELOCITY CONFONCHTS
PRI TION b Fitch And Yaw Ang
2178 Wlze {4/-) | Deg {4/~}[Des {+/-) | Uz/Uzo (4} |Ub/Uzo {4/~3 |Ur/lzo {47-)
'1&000 o 19029 o9368 g? 7 005 +0 011 100_2? 093&')3 -*.00{} 00020 0Q16 00013
-+ 850 1,035 0345 - TN - B BN 1,034 0386 | 002 0035 | 016 L0011
";700 100?? 0036-—# 1&0 005 "'0(} oié 103?.? .0365 .000 QGOE? .013 .QOIZ
=~ vt} 1,033 0345 ed W05 | ~1.0 0 W20 1.033 0365 | 617 0036 | L0i1 0011
- 440 1,048 ,0338 b W07 ~ed W13 1+016 L0385 | 008 0024 01 0013
-+ 350 1.002 03467 o5 Db ~+4 406 14002 L0367 | 007 0011 «$09 L0011
-+ 300 706 0346 +7 +06 “+%5 W1 788 L0384 | WVO0T L0017 | L012 W0011
"0250 L7714 00365 1.0 006 ~o 4 e12 +791 +03465 ,00? 00 25 Vo3 00012
‘0250 9950 l0367 192 |G8 -‘.2 .Q? .‘?50 903@5? 0003 tﬂﬂli 0020 »9015
-+ 1359 P35 0368 1.9 07 -yd W12 +734 L0368 | J005 J0019 | L0323 017
-+ 100 {00 0370 2¢e4 11 ~+0 408 JTO0 WO3T70 | L0009 L0013 3B L0023
~+ 050 +703 0358 2.5 W14 8 W12 #7902 L0388 |~ 013 L0019 | L037 L0027
0. 000 +897 0370 2.8 .09 v 408 875 O30 | -.008 0013 O35 0023
.050 '?93 0036? 2!? 010 b? ’11 .‘3‘02’. 0036? "9{}11 0001? .043 00024
0190 0927 09367 292 00? 103 010 '?2? 00365 —*022 00018 0033 60019
+150 W33 0387 1.5 .08 1.2 .11 o733 L0347 | -,020 L0023 | L9024 L0016
v 200 +754 0367 1.3 .08 1.3 .12 794 03588 | - 022 022 022 D045
+ 250 «982 0345 1.3 .08 ivd W11 #7082 J0358 | -.023 0020 | L8022 0014
» 300 +786 0365 b W08 1.3 1 5 L0345 | -027 L0021 | L0110 L001E
+ 350 +778 0345 b 408 8 W07 + 798 L0385 | 013 L0014 | 010 L0015
+ 300 1.001 0386 o7 {09 3 W08 1:0010 0368 | -.014 70012 ] 316 0017
v ool 1.013 0387 o7 07 5 W07 1+Q13 03587 | o007 0012 | 017 0015
700 1.017 0345 Y 03 1 W07 1,017 L0385 | - 002 0015 | 013 0010
350 1.618 0364 1.0 07 o5 412 14015 0385 | - 007 L0022 | 017 L0014
1.000 1.017 L0348 +7 08 S 1,012 03485 1 -, 004 WO0IS | 016 Q01T
Ursiresm Veloocits dzo = 28,7 w/s (/- 733
Frobe Vew Offset Anals = 0.0 Des

AUTVND Y¥ood 40
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ORIGINAL PAZE IS
OF POOR QUALITY

Table H22.  FIVc-HOLD PRESSURE PROZE WAKC PRESSURE BATA
b3 = 4

2404

WCIDENCE ANBLE (DEGY = 0.0 + Io/C R= 4,2 %
MORMALIZED EXIT T0TA STATIC T8TAL PRESSURE
TAHRGENTIAL ANGLE PREGURL PRESSURE RECOVERY

FOSITION T2 ze
27/8 Ieg $4/- s (k) “Ps {4/ PT2/PTL {(+/-)
-1.000 +F D3 ?7.76 (18 99.48 JG1i7 L7997 00024
-850 S N ) 29,98 017 2.47 017 I8 JO0024
-700 1.0 05 FFS W07 99,44 017 {7 WO0024
-+ 590 1.1 17 29.94 G117 92,486 G017 7978 30024
=300 «F 310 22.95 07 9746 JOLT +F776 WJGO024
-.350 AN 29,93 L0118 ?7.48 017 L7975 00024
~+ 36D +8 .08 o222 WGi7 7948 WO17 Y7973 00024
- 230 1.2 W7 29,93 17 F9.47 017 £ 9774 00024
- 200 1.2 .CB 929,90 017 2,48 017 7991 L00024
-+ 350 2.0 +O8 29,88 417 047 017 L2990 00024
- 100 - | 97.83 017 7947 W7 +7987 00024
=050 248 W13 .83 L0L7 27.486 017 L7786 JG0024
0.000 2.8 .09 29,84 017 29,46 017 +278% 00024
050 23 10 772.84 017 246 017 «7986 00023
+100 2+6 0B 2:06  L017 .45 017 +7988 00024
+150 1.9 .09 29,87 47 79,44 017 L8 00024
+200 1,9 40 29,88 017 29.44 017 £ 7770 00024
+ 250 1.9 1 97,71 W57 93,46 017 2972 00024
+ 300 1.5 11 32,92 017 P0.46  WB1T #7993 00024
o300 1.0 +08 .23 L8117 99,44 417 L2975 00024
+400 1.2 W07 99,93 W17 G947 LOLTF F7F5 0 00024
+ou( +8 08 29,95  JO17 FPe47  J01T v7976 L0024
700 o7 +05 92.%6 017 .47 017 LTP97 00024
B850 1.3 07 22946 017 T4 017 00T 00024
1.600 +F W08 2996 W07 747 W017 2977 0002

Ureiresm Tolsl Pressure PTL = 99,98 ¥Ps  {1/- J17)
Ursiresm Slalic Pressure rl = 29,82 KPs {87~ 017



Table H23,  FIVE-HOLD PRCSSURD PROBE WAKE VELOZITY DATA
INCIDENCE ANGLE (DEG: = 0.0 » Zo/0 = 2,06 + R = 12,5 &
NORMALIZED : NORMALIZED HORMALIZE
TARBENTIAL TOTAL VELOCITY VELBCITY COHFONENTS
POSITION Piteh Ang Yow A )
2T/5 Blzo {+/~) Degs  {4/~) [Deg  (4/-) | Uz/Uzo (470 | UWhAlze (b/-3 [ Ur/Uze (/)
~1+ 000 1.057 03485 +0 W07 S 1,007 W0385 [ -.004 JOC23 | 015 0017
- 8ul 1.050 03465 +7 W08 VS &1 1.0548 03465 | 003 L0023 ] J017 L0011
=700 1,051 03465 o W0 +1 .08 1,051 0385 | -002 0015 | W01t L0012
-+ 350 1.048 0345 o7 D6 ~v2 W07 1.045 03565 | 004 L0014 1 013 L0012
- 0400 1 [} 044 003{35 +2 b3l e h o11 1.044 0365 0004 0020 004 +0020
-+ 350 1»011 » 0367 ob i "'f:'!. +12 1:.011 0367 H02 0021 +O11 +0012
‘9300 09?? .(}366 1&1 010 “'r“r 00? l??? 00356 |00? .091& n"}: 5 oQOI?
-+ 250 1.913 03467 1.1 11 ) .1 v 13 1,013 03567 | - 082 0023 | 015 0020
-+ 200 TS L0354 1,5 08 -+2 08 SI7E W0365 1 L0050 L0011 | L0286 L0014
-+ 1350 +764 03867 1.9 .08 ST TS fF63 0388|002 L0017 | L0331 WOO18
-+ 160 +F41 0385 | 2.1 W07 Y SRS £ 740 20365 L0022 L0024 | G35 W0020
"0050 a?27 093\{1}' 2-3 011 “';‘3 tl"r 0-925 90366 ;900 0002?.. .045 +0I 25
0. 000 1716 0387 2.7 W12 42 W15 P15 03886 03 0023 ] D44 L0026
+ 350 +223 03469 2.2 08 =0 W07 «F22 0 0357 L0000 0011 W047 L0022
«100 724 0367 2:3 .08 $2 0 W07 723 J0366 | - 005 D014 LQ3F WOOL7
v 150 702 40368 2.1 +0d o W14 e791 W03ET L 007 L0024 | L0350 L0018
+ 200 R84 U375 1.7 G0 3 W12 P64 G375 <008 W02 20 W07
0250 9?34 e03|55 105 003 o? oi-‘r 0-?33 003\54 ’0913 00925 .026 0331?
+ 300 NS A 1l W11 0 W12 773 038 fGI8 0 W0022 1 W17 L0028
+ 350 f702 W30S 1.6 +11 o0 W15 #7082 L0345 LUO0 L0028 | LULT L0022
400 1,024 0345 3 W07 e S ¥ 1.G24 L3865 007 0022 015 {0010
» 550 1.841 0365 YA er wil 1041 03485 - 007 L0020 ) L2122 LWO017
W 1.042 03466 S 03 O 1D 10041 L0383 -.001 L0017 017 LO01S
+ 350 1,053 0345 E A ) v w21 1+082 L3651 008 D030 WO1S L0012
1,000 1,053 0345 7 B 5 w36 | o1.053 L0365 -n018 00301 017 WO0LT
) Urstiesm Veiocils Uzo = 2047 wfs {1/ W74}
Probe Yauw Offsel Ansle = .0 Des
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Table H24,

223

ORIGINAL pae

OF Poor QUALJ

Z (g

DINrrnaIne RATA
TIVE-IOLE PRESSURT PRERC WaKC .Rﬁu:?.h ::nmM .
- T S = - SO
INCIDTHCE ANBGLE {DEG) = .0 » Zo/C = 2438 ¢ R = 12
CRIT TeTAL STATIC TaTAL PRESSURE
ity potv rPRESURD FRESGURC RECOVERY
IR T
TﬁﬂGEi‘%TL’-‘. ?!ltul.:... ] n:ﬁ: AL F2
3 dd —
e I /=3 | &P (1/- 3 | Pz {d/-3 | Fla/Tii (b3
23/5 ey {F/-3 RS (S L o YR
& a 47 29,93 W17 P40 G017 + 777 shod
b . ':) ;?'“8 817 P56 037 L7779 0024
e rvLs * i
e o8 .vé . ':"'n 17 29046 ,0L7 77 R HUAE
- .’00 ’ n.‘b 0{}\.; ??4 Fu +Vr s . ST
¥ | 7 7 Y 3* F??J LAVATAVE o g
o5 7 {6 07 +017 T340 o017 . vy
oo . 1 29,77 W17 FTedd W17 777G SO00ES
B 3 ’5? 9;.!2 .01’ 7738 HULT +7273 LG0024
o 7 Fyir » ' 7
e . . T3 W0EF P40 017 o 7974 WOUU2S
= 109 102 410 9:&:-4 +Vas R - jfeiui
5 HH 2 X i7 ?9?1} [ TRTATE XN
23 1 1 i ?‘?t?*r ou.\.ﬂ t?v"ﬂ.‘i PVLS *
e 1508 97,71 17 I A Y f772 00024
&

"rZQG E eOé P+ ¥ *VLS ot nf;y ‘39?2 ’03324
i5 1.% 1) VL g P47 WU Y, e
i 201 o0 77,803 - VTS TS 7776 LG0024
As
Clou 2.3 11 ’”'57 .01" 27e37  JOLF L7707 00023

244 + ¥
61000 7 1z | s i 79:47 817 9983 00024
2 = AR ¥
s X ‘5 ’é';; & TP447 017 7788 L00023
z tH k'3 Frers *
e R ?’.5; 07 77,47 i7 7771 00024
158 SRS ¢ ??.Q e AR ol S
7 +T ruLS
e i 15 giili 217 FHAT 1T 7793 JUD0ZES
7 VaAS
200 1’; .ig ?;‘°i 017 VTS TS 2 ¥ fPRTE S 00024
i »? svar
350 G5 L0l | emen 017 | 9mar o1y | L4er3 .ooon:
i eSS ?ﬂ'éi 017 %47 W17 JIPRT 0 LO0024
o A 2,97 017 P47 01D 7778 G024
"0 n’3 oc9 ?)hu o{h; Flets ¥ " o e
"2 437 ﬂr? 44 H 09?13 VYV LT
H ’38 ?? v (32 PR L] PWLY
ch i [ * e A l;m yve
N 817 Vi 4( 77 [RVAPEVFX
o i il 9?0:3 VLS FFerw (329 T
BJG +F +4 ; pond o nnc?*
) 1 1 10 ?9 ?B rﬂi? ??r"ﬂfj *VLr [XERE] VS
: 9 : > * - LS AT
2000 Urstiresm Totsl Pressure P71 = F+7% kP {t/ 017
Urstresn Tois 3 Treil RrG e Tair
+ -y - =
vrstirzsm Stelic Pressure rl PF+80 K75



http:99+77.46

Table HZ5. FIVE-UOLE PRESCURE PRODC WARD VCLOCITY DATA
INCIBENCE ANGLE {DEG = 040 » Z/0 = 2404 + R = 1647 %
HORMALIZED HORMALIZED  ONORNMALIZED
TANGENTIAL T07AL VOLOCITY VELOLLTY COMPONENTS
MOSITIGN Pitch Ang Yaw Ang
277 YWilzo . (+/-3 1 Begs  {1/-) |Be3  {§/-3 | MzflUzo {i/-3 | UL Uzc {175 {Ur/Uzs ¢

T e

[

F el
Lo B

~1+ 000 1,437 0370 7 W07 o2 W13 1,058 JL3FC [ -.084 L0024 | B8
-+ 350 1,853 0370 oF W08 | W6 W12 1.0898 G370 | - 011 L0022 | JO13 L0011
~+ 700 1,000 370 +7 - .08 1 08 1,000 370 [ -.002 0011 | L0186 L0013
~v 5ol 1,054 0370 +7 0B - S 1,634 WJLO37¢ | 001 L0018 | 013 L0LS
“0400 10341 r03?0 o3 003 li 009 1&34 +037 ".032 00016 DGC& 00015
“035c 10%24 0936? !5 }21 -+l + 08 10024 '036? 0902 50315 0G10 +G037
:.300 1.916. .GE&? 1&0 '07 n3 iO? 10015 03369 'fGCd 00012 oOl? '9914 .

0250 723 0373 1,3 .07 o2 W09 o293 L0373 003 L0015 | J023 L0015
-+ 260 274 0370 1.8 ) ol W07 NI 003$7 =002 0011 L3¢ L0015
*0153 .952 .93?3 201 ﬁOé ”03 '15 .?52 06370 t0Q4 00025 |035 t$917
-+ 140 745 0370 245 09 SR §.1 T35 W0370 | 009 L0027 | 041 0022
-+ 050 +740 0371 2¢4 12 w2 W12 AT W03FI 004 L0017 | W04 D028
6. 000 1728 0373 245 LIZ I S | 725 D371~ 808 0022 | L0379 G024
05 2370370 2¢7. W03 [ TN 74 S8 WG370 | G077 0012 | L0435 L0022
+ 100 +765 L0370 2:3 (b IS § P65 087 18 0017 0 L0308 L0010
+ 150 W77 0370 2.2 .12 I T ¢ TG WO3TE [ (eS0T WGUAB | LO37 LU0ES
1 200 701 0373 L8 WJ1g S JIBG WQIT2 ) -0 WO033 ) L8310 L0020
250 1.004 0370 1.2 436 e W07 1,804 0375 | -.808 0015 020 Q030
+ 300 1,024 03467 Y A o5 wil 1.024  W0367 | - 007 L W0020 | G010 D017
» 380 1,833 0347 I S 11 1 W12 1,033 W0387 [ 802 0022 014 0027
v 500 1.042 0370 1.1 11 2 W17 Le042  WO378¢ | 0% 003 G2l 002N
it 1.540 0370 10 410 sb 413 1+048  WO578 | o010 L0023 ) L019 L0017
+ 760 1.854 0370 IS X v2 wh 1,94 W37 -804 L0025 | L0148 0014
0350 1.055 &037 +7 +3é 01 + 20 i 1!354 0370 “»002 .0037 .316 0331

«S00 1,053 9370 1.1 106 o1 o5 1e883  WO3F0 | - e801 0034 L0280 LB0LG

Ursiresm Velotils Uzo = 204 a/3 ([ - .7%)
l'robe Ysu OfTsel Ansle = §.0 Des
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ORIGINAL PAGE I
OF POOR QUALITY

Tahte H26. FIVE-IIBLE PREGSURE PRODE WAKE PRES
INCIGERCE ANGLE (DEG: = 00 v 2Zc/0 = 24 = 167 %
HORHALIZED EXIT TaTAL 5Th TOTAL PRESGUERE
TANGENTIAL ANGLE PRESURE PRE RECOGVERY
POSITION r12
2773 g {{/-} iPs E/-) irs PTETTL O {H-0
-1.900 N 74 77,70 017 294 1,800 00024
-850 5007 P2.98 017 Te37 1.80800  LO0024
=700 o7 W08 29.97 317 774 1.6000  JO002
T 553 o? 008 ?? ] ?8 oﬂl? ?‘?04? * ???? 0\:9\“-_#
- 460 3 .08 P97 W17 ?9.4 7778 00025
-+ 350 oS W2 7¢76 817 747 +7997 00025
—.300 1&0 00? ??094 oei? ??04 0???\5 0{1\3{\:24
- 250 1.3 W47 77.72 013 274 $7794 JO0020
~, 200 1.8 08 F7.9C 417 7744 7772 00024
-+ 150 2.1 JCs 77,83 017 774 7790 00024
-.100 2&5 0‘0? 9’33 001? 99v4 ;9?39 .00924
-.050 2&5 012 9?;88 001? ??r 0??8? {'\'}0024
0.000 2.3 W12 77,86 017 P74 37 +7738 00024
050 28 .03 ?9.97 017 974 +7787 L0024
+100 24 W07 29,37 017 |7 97,48 +7971 L0023
+ 150 22 12 29.9¢ 17 ?7.45 +7772 0024
+ 200 1.9 it ?7.91 138 77:45 7772 L0024
+ 250 1.2 .15 ?.92 38 2746 9774 00025
+300 120" 10 22.95 L7 77446 9795 00024
350 B W16 F7.96 W17 747 7797 JD0024
+400 L,.2 .11 .97 17 2747 +7998 00024
+550 1.2 1) 27.98 017 7748 1.0000 00024
+700 +8 .08 .78 Q17 77+4 1.0000 00024
+850 W7 W07 97,97 017 794 10000 00025
1.008 isd W06 79,78 17 2%, 1 1.0000 00024
brsiresm Tolsl Pressure PT1 = 77,98 K b= W 0173 )
Urstresm Slslic Pressure rl = §7.5 3

— L 4
{'hr 0'3.1.1



Table HZ27.

FIVE-HOLE PRESSURE PROBE WAKE VELOCITY L
040 4+ Zc/C = 2406 # R

ATA

YN0 ¥00d 10

AL

INCIDENCE ANGLE {DEG) = 25.0 2
NORMALIZED NORMALIZEDR - NORMALIZED
TANGENTIAL T0TAL VELOCITY VELOCITY COMPONENTS
POSITION Pitch Ans Yow Ang
27/8 Ulzo  (4/-) | Deg  {4/-) | Deg  (4/-) | Uz/Uzo {(+/-) | Ub/lzo (/) [Ur/U20 (4/-)
"1.000 1&058 00352 07 §06 07 +12 3.053 00352 ‘0014 0023 0012 00012
-+ 350 1.060 L0352 o D 10 .12 1.059 0352 -.002 0023 | 012 0012
~+ 700 1.0462 0352 3 08 3 .08 1.062 0332 -.006 0018 | 015 L0016
-+ 550 1,055 0352 +3 W4 -0 07 1.055 03521 001 0017 | 014 0024
~+ 400 1.038 0351 1.0 07 +4 06 1.038 0351 -.008 0011 | .018 ,0014
“y B50 1.022 0352 b W22 R EPS ¢ 1.022 0332 ~.005 0018 | 010 ,0021
-+ 300 1.030 0351 1 11 I 1,030 0351 -.006 L0009 | 017 0020
~.250 §9?4 ;0351 1+3 008 03 907 0994 00351 —oQQﬁ ;0013 0023 .0016
”0200 v?73 .0351 1-6 008 .3 v06 §?73 |0351 *0006 '0010 9023 00018
-+ 150 981 L0353 1,3 .08 2 W07 +731 L0353 | 003 L0012 | L022 0015
-+ 100 +731 0353 2+4 W12 ~v2 07 +731 0353 003 L0015 | 039 L0025
-+ P30 716 0354 2¢7 413 I A 14 G WOGS3] -.005 L0015 | L0453 L0027
0. 000 +727 0353 1.5 13 3 08 «726 L0353 -.005 L0013 | 025 L0024
050 » 736 L0353 21 10 1,08 + 736 L0383 -.002 L0010 | LO035 L0021
+ 100 +954 0354 1.7 W12 3 W10 +754 L0354 -.006 0017 | L0029 L0023
» 150 +970 L0351 1.5 .12 -2 W17 757 L0351 004 0028 | L0255 Q022
0200 0930 00352 07 !19 "1 |Q3 ;?BO 00352 0001 r0013 0013 00032
+ 200 1,610 0353 1.5 12 el 08 1,010 0353 -.002 0014 | 026 0023
+ 300 1.025 0352 7 W22 -1 W19 1,025 L0352 001 L0033 | 015 0037
+ 250 1.035 0351 IS § -2 W10 1,035 L0351; 003 0018 | 017 .0020
+ 400 1.045 0352 1.0 .14 14 1.045 0352 —.007 0025 | .018 .0024
+ 550 1.05% ©,0352 1.2 .18 o2 W06 1.059 0352 -.003 ,0011 | ,023 0034
700 1,060 0352 IS TS 4 -3 W12 1,060 L0382 006 L0023 | 011 0020
«350 1,060 0352 o »08 ~+5 408 D60 03321 L0097 0015 020 0017
1,000 1.0485 ,9332 «7 10 -3 412 1.085 0352 D00 0022 016 40019
Ursiresm Velorils Uzo = 29.4 w/s  (4/- .73)

Prohe Ysw O7fsel Angle =

00 Deg

- 92¢ -

B0

s1 39vd VN



Table H28.

- 227 -

ORIGINAL PAGE S
OF POOR QUALITY

FIVE-HOLE PRESSURE PROBE WAKE PRESSURE DATA

INEIDENCE ANGLE (DEG) =

0.0 5 Io/C = 2,06 s R= 25,0 X~

HORMALIZED EXIT TOTAL 5TATIC TOTAL PRESSURE
TANGENTIAL ANGLE PRESURE PRESSURE RECOVERY
FOSITION P12 F2
27/8 Bex (}/-) e {4/} Pz {+/~) PT2/FTL (+/-)
-1.000 1.0 10 100,32 017 99.78 017 1.0000 00024
-850 o WS 100,32 017 29.73 017 1.0000 00024
=700 8 8 106,33 017 29.78 017 100006 00024
- 350 8 W14 100,32 017 ?2.78 017 1,0000 00024
-+ 400 1+ 07 100,30 W017 92.78 017 + 7927 0024
-+ 300 1+0 10 100,29 017 977 17 L7997 00024
-, 250 1+4 08 100.25 Q47 29.78 17 9993 00024
-+ 200 1.7 08 100.24 017 29.78 017 + 7991 000241
-+ 150 1.3 {8 100,22 017 97.78 017 +7989 00024
=050 2.7 413 100,17 047 9. 79 017 7787 00024
0.000 1.6 413 100,20 017 99.79 017 +7988 00024
L0350 2.1 +10 100.21 .07 ?9.78 017 5989 L00024
+100 1.8 .12 100,23 017 29,77 017 9791 00024
+150 1.9 .12 100.24 .07 29.79 017 L9992 00024 .
+ 200 7«17 100,25 J17 F.T79 017 9993 00024
v oo 1.3 .12 100.28 17 .79 017 {7996 00024
300 + 7 o2 100,30 017 99.79 017 JF797 +D0024 -
s o +7 0 1 100.30 017 929,77 D17 +7778 00024
+400 .1 .14 100,31 W17 99,78 017 v9999 00024
+ 300 1.2 .18 100.32 17 29.73 017 1.0000 00024
700 T A § 1 106.32 017 29,78 017 4 1.0000 00024
+350 1.2 08 100,32 17 99.78 017 1.,0000 00024
1.408 +7 410 106.32 017 29.77 017 1.0000 00024
Brsiream Tolal Pressure PTL = 100,32 kPs {4/~ .017)

Hestream Slatic Praessure rl

99.84 KPa

{+/- 017}




Tabte H29, -FIQEMHBLE PREBSURE PRODE WAKE VELQCITY BATA
INCIDENCC ANBLE (DEG) = 0.0 » Zo/C = 2,06 » R = 33.3 %

MHORHALIZED ' NORHALIZED ) NORMALIZED
TANGENTIAL : TOTAL VELOCITY . VELBCITY COMPONENTS
MOOITION ribch Ang Yaw Ang

27/8 1 U/Usc (F/-3 | Des  (U/-) [Des  {#/-) | Uz/Uze (4/-) | UL/Uzo {+/-) |Ur/Uzo (4/-)
1,040 1,088 0357 8 1l o1 07 1,057 ~ 0357 | ~,002 0014 | 014 .0021
- 350 1,087 0387 8 W07 =25 W11 1,087 0387 [ 008 0021 | 015 ,0014

w730 1,039 L0357 7 23 o4 W07 1,087 L0357 [ -.007 - 0013 | 016 0043
- 590 1,059 L0357 1,3 24 o W07 14089 L0357 | -.005 L0016 | 024 0044
-e 400 1.082 0357 L2 .14 ~ed W16 1,081 0357 1 005 0030 [ 021 0027
-~ Jnb 1.047 0357 S 1. +3 W12 14047 0357 | 007 40022 | 013 L0029
v il 1.02% 0356 1.3 .17 +1 06 1,029 L0356 | -.001 L0010 | 024 L0031
“e 2ul 1,021 0357 1 2.4 %7 v2 W07 1.020 0357 | -.003 0012 | 037 L0050
- 200 772 L0356 ¢ 1.6 LD 120 08 «792 403548 | -,003 L0010 | 028 - 0021
-+ 150 © 02 0358 8 W16 +2 W08 732 L0355 -, 003 L0014 | 014 L0028
-+ 100 W56 D357 1,9 2 o2 08 W265 L0357 | - 003 0014 | 032 L0038
-+ 050 740 L0358 1.1 07 £ .07 740 0358 | -.000 L0013 | 017 L0017
3,000 . 49 0357 1.9 .14 o4 {08 o248 J0357 | 007 0013 | 032 0026
+ 550 750 L0357 8 .14 b2 W05 +958 L0357 | -.004 L0010 | LO13 L0024
140 {373 0357 A ¥4 o8 W12 78 W0357 | 010 L0020 | L0111 L0030
+ 3150 +797 0357 el W13 IV 1 7 L0357 | - 004 L0011 | -.001 L0022
v 200 1.001 0350 1.6 .21 207 1,001 L0340 | -.003 L0012 | 027 0038
+ 23 1.030 L0356 2 410 o7 11 1,030 L0356 | -.013 0020 | 004 0017
+ S50 1.042 0358 I TS £ S ¢ S ¢ 1,042 L0357 | -.001 L0015 | 011 .0028
v ol 1.048 0357 W2 o0 W08 1,040 L0357 ~.001 L0010 | L001  ,0050
0”[‘00 10051 0 =7 0.? 511 -1 05 1.051 0035? 002 D009 012 -0020
L350 1.062 Q357 1.0 A0 “vh W08 1.061 L0357 007 0011 +018 L0020
v 780 1.065 L0357 Y £ v3 W12 1.085 L0357 -.006 L0022 012 0019
+ 3350 1.063 L0357 1.0 .06 “o7 W17 1,088 L0357 013 L0031 | 018 L0011
1,060 1.062 Q357 o7 W13 O L12 1,061 70357 -001 00231 016 0025

29.2 mis {(t/- 74)
0.0 Des

Yratresm Velpoitw Uzo
Mrobe Yew Offset Angle

LI

- 2d¢ -

ALITYNO ¥ood 40
Bt 304 TYNDINO




Table H30,

- 229 -

ORIGINAL pags
OF POOR QUAmEg

FIVE-HOLE PRESSURE PROBE WAKE PRESSURE DATA.
INCIDENCE ANGLE (BEG) =

040 » /0 = 2,06 s R= 33,3 %

Urstream Stalic Pressure el

[t

99,78 kPs

THORHALIZED EXIT TOTAL STATIC T8TAL PRESSURE
TANGENTIAL fNGLE PRESURE PRESSURE RECOVERY
FOSITION T2 Fa
2178 Deg {(+/-1} KPa {+/-) KFa {+/-) PT2/PTL {4/ )
-1.000 8 L11 | 100,26 017 - 99,72 017 1.0000 00024
-,350 7 0B 100.28 017 98,72 2017 1.0000 00024
700 7 W22 106,286  JOi7 99,72 087 1.0000 (0024
~+ 550 1.3 .24 180.,2 +O17 29,72 L017 1.0000 00024
-v400 W2 W14 100.25 o017 9.72 017 7999 00024
-+ 350 9 W14 100,24 017 9772 017 9999 00024
- 300 1.3 .17 166,22 047 99,72 017 3997 00024
~-+250 2+ 27 166,21 017 99.72 017 +79786 00024
-+200 1.4 .10 100,19 .017 29.72 017 7993 00024
-+ 150 7 W18 100,18 017 F9.72 017 27222 00024
~+100 1.9 .21 100,16 017 99,72 017 9990 00024
-+ 050 1.1 0% 100.14 047 99.72 017 7789 00024
0.000 2«0 W13 100,15 017 9%.72 017 +77990 00024
030 8 4 100,16 817 7272 017 JFIT0 00024
+100 A &5 100.18 017 29,72 J017 7992 00024
+150 2 W07 106.19 17 9%.72 J0i7 2994 000245
« 200 1.4 A 106,20 .018 92.72 017 »9974 00024
2590 +8 A1 100,22 G317 29.72 017 .??93 L0025
+300 3 W18 100,23  .417 .71 017 +79798 00024
+ 330 o1 Ny 100,24 017 292.72 G117 177997 00024
+300 o7 W30 10026 017 .72 017 19779 00024
LS50 +4 10 100,26 017 99,72 017 | 1.0000 00024
700 o7 #30 | 100.2¢& 2017 99,72 017 1.0000 00024
+350 1.2 .10 160,26 017 F9.72 Q17 1,000 00024
1,000 L % 413 100,25 017 99,72 QLY 1.0000 00024
Urstresm Tolsl Fressure P71 = 100,26 KPs {1/~ 017

{4/— 017)



%%
- £
Q2
Table H31, FIVE-HBLE PRESSURE PROBE WAKE VELOCITY DATA g&%ﬁ
INCIDENCE ANGLE (DEG) = 0.0 5 Zo/C = 2,06 + R = 50,0 2 © "
HORMALIZED RORMALIZED NORWALIZED - §§§§
TANGENTIAL TOTAL VELOCITY VELOCITY COMPONENTS Ei_d
POSITION Pilch Ang | Yow Ans ‘ <@
2778 Urbze {(#/~) |Deg {+/-) | Beg {4/-) | UYz/Uzo {4/-) JBL/Uze (4/-) (Ur/Uzo (+/-)
~1+000 1.061 D353 o ;05 v2 010 150&1 00353 “0004 00319 '010 00011
-, 850 1;064 ;0353 '9 07 ‘;0 07 1.064 00353 .000 .0013 018 00014
-+ 700 1,059 0353 8 W07 o1 W07 1,059 0353 [~.003 L0017 [ 015 L0015
-+ S50 1.064 0353 1.4 09 vd W09 1.063 L0353 | ~-.007 0016 | 4026 0019
=+ 400 L 1.0858 L0353 1 W10 vh W06 1,058 0353 | -.011 0012 | 002 .0019
-y 350 1,050 0352 5 08 8 W07 1,050 0352 | -, 000 0013 | 011 .0OO1S
“+ 300 1,046 0353 i W13 0 408 1,045 L0353 { -,001 0011 | 007 0023 !
- 250 1,039 L0352 1.3 .16 -+«1 W06 1,037 0382 | 002 L0012 | 024 L0030 Y
’»230 " 10024 .0352 . 100 &14 v 2 00& 10024 09352 “0&03 ;0911 ;018, 0002ﬁ gg
-+ 130 1,006 0352 ivd 12 +3 W07 1,006 0352 | -, 005 L0013 | 025 0023 i
-+ 100 L2788 L0352 N § 1 N S +788 0352 [ -.002 L0010 | 005 L0020
-+ {50 W77 0352 o7 0B TS SIS P71 03521 002 0011 | LO011 WO0LS
0.Q00 fI53 L0352 7 W13 o3 W07 OB D352 -0 006 L0011 | L0158 L0022
;950 |?5? 00353 .y 11? 5 +18 0957 00353 “0008 0001? bOOS 10032
100 +760 L0352 VIS 1 o4 W07 760 L0382 | ~.007 L0012 | L00B L0025
+ 150 70 352 o7 W13 +3 W06 fI76 0 0352 | - 013 L0012 | L0311 0022
+ 200 «771 L0352 3 W13 bS5 W07 771 L0352 | - 007 L0016 | 014 L0024
« 250 W78 L0352 W5 W10 e W05 998 03592 | - 010 L0010 | L008 0018
+ 300 1.017 0352 8 W22 v W06 1.017 0352 | -.011 ,0012 | 015 0039
+ 350 1,024 L0352 o W21 o 08 1,026 0352 | -006 0011 008 0038
0400 10036 00352 el +15 ol + 06 1»035 00352 “5002 r0011 0002 0028

v 55 1.049 0352 R | o4 11 1.049 L0332 | - 008 0021 W12 0018
+ 700 1.047 0352 1.3 14 -1 W11 1.045 03521 001 0020 023 0027
0350 1'050 00332 0? ;14 ~.2 rGé 1&050 00352 0005 ’0012 001? 00026
1,000 1,052 Q0352 +3 + 07 o1 + 09 1.052 03592 | -.002 0017 014 L0013
Ursiream Velocity Uzo = 2%.4 mis  (+/- 73)
robe Yow DOffset Angle = 0.9 Dedg




Table H32.

INCIDENCE ANGLE {DEG) =

- 231 -

ORIGINAL pags
R
OF POGR quaLiTy

FIVE-HOLE PRESSURE PROBE WAKE PRESSURE DATA

Bl v Zo/0C = 2,06 » R= 30.0 X

NORMALIZER EXIT TITAL 5TATIC TaTAL PRESSURE
TANGENTIAL ANGLE PRESURE PRESSURE RECOVERY
FOSITION P12 Fe
2775 Reg {1/-) KPs (/-3 KPs  (+/+) PT2/PT1 {+/-)
-1.000 .6! K45 00,27 Q17 RS 017 10000 00024
-850 o7 Q7 100,29 017 2075 W 017 1.0000 00023]
-+ 700 +3 +$7 160.2% 017 370 017 1.0000 00024
- 550 1.4 09 100.29 017 P2.75 017 1.0000 00024}
- 400 v g7 106.29 017 29.79 017 1.0000  00024) -
- 340 o L08 100,28 017 99,75 W 017 3799 00024
-y 300 o4 W13 100.28 017 99.75 2017 +7999 00024
- 200 1.6 .14 100,26 017 59.75 W17 F997 00024
-+ 150 1,4 .12 100.24 17 29,75 017 +7795  00024]
-, 100 R SRS 100.23 017 29.7%  JG17 9994 00024
- 050 o7 +08 160,22 017 9.784 017 +7993 00024
0.000 7 12 100,20 017 2. 786 LO017 «9971 00024
+050 + W13 166,19 W17 79,75 017 2770 00024) -
100 o5 W12 186,20 017 29,76 U177 2991 00024
+ 150 1.0 .10 100,21 017 29.73 017 7992 W 00024)-
200 +7 12 100.23 817 .75 017 L2994 00024
AR +8 W08 100,24 017 89,74 017 TP 00024
+ 300 1.0 +18 00,26 17 27.786 017 3927 00024
+ a5l NS 100,27 017 FRT6 017 L7928 00024
+300 ol el 106.28 017 VI L IS ) T L7979 00024
R 8 o1 160,29 047 P76 W17 10000 00024
70 L3 W14 100,29 017 29,78 017 1.0000 00024
+350 w13 100.29 017 975 017 1, 0000 00024
1,000 B W07 180.29 017 29.7% 017 10000 00024
Ursiresm Totsl Pressura PT1 = 100,27 kPa {4/~ JO17) '
Urstresm Stetic Pressure rl = %9.81 kP {4/ 017}



Tab]e H33, TIVL HOLD PRESBURC PRODC WAKLC VCLOCITY PATA
INCIDINCE ANGLT (IEG) = 8.0 » Zo/C = 2,80 » R = 847 %
ORI AL RORMALIZED HORMALIZED
TAGINTIAL TOTAL VCLBCITY YELOCITY CONPONENTS
ras ITION Piteh Ans Yaw And
2173 Ulze {H/-) | Des  {4/-3| Bed (/-3 Ue/Uze (B0 (UL Uzc (/-0 [ Ur/sUze {4/-)
-1. G400 1.05 .03”1 3 W0 el 07 1,451 0351 | ~.001 L0013 | 014 L0015
+uu0 1,055 {351 1.2 W7 A £ 1,084 0351 | -, 014 L0025 | 022 0014
-7 G0 1.053 0351 1.3 07 -G +12 1,033 0351 00,0022 025 §0016
s 550 1.080 0351 3 W07 8 418 1.050 L0351 | -.014 0033 015 0017
~+ 300 1,534 0350 1.9 W07 3 W06 1.044 0350 | -.008 L0011 | 035 0018
“+ 350 1,838 033 1.4 W21 o3 W07 1,038 0350 | ~,005 0014 | 026 L0037
“e 300 1043 035 1+9 18 o5 W19 1.042 L0350 | -.007 0034 | 034 D035
‘2ol 1020 L0350 1.2 W20 O 5 1.623 L0330 | -.001  ,000GB | 022 L0034
-+ 200 L0 W358 .2 .21 I I ¢ 1010 L0350 | =.00C L0014 | 021 L0037
R 1.808 0351 .8 .13 R BN 1,008 L0351 | -.0046 L0017 ] 018 0024
-+ 100 +73¢ 0353 A ) 1 W08 +780 L3573 | 001 L0014 L0156 L0016
-+ 0% 758 0351 3 W07 1 08 758 W0351 | -.002 L0013} 007 Q015
u.(}"‘(} 0?37 &0351 "‘01 013 »1 .03" + 3? 03351 *oOOZ 00011 “0002 #0021
0050 '?3? .G 52 "03 0_21 Q1 095 0'?3? ¢0352 --.0(}2 00016 “0005 00035
+ 100 + 747 0351 e2 W15 2 W08 +747 L0351 - 003 W0013 | 004 L0020
+ 150 957 0352 vh 03 2 W07 o757 WU352 | -.003 LOCIS | L0111 L0014
»203 + ?\53 QO\)\-’J. "04' '12 91 |03 .‘?63 ¢0351 “0{}02 »0914 “-90(5 00020
+ 230 1.062 4356 b W10 +3 W8 1.002 L0350 -.005 L0010 | Q10 0018
+ oGl 1,004 0350 5 W15 S 1.004 0359 | -.00+ L0011 011 D028
+ 50 1.012 0351 W7 W12 I ) 1012 4351 | -.001 L0010 015 0022
300 1,026 0350 o7 +13 ~+d W12 1,020 0330 000 L0021 LC1F L0023
+ 550 1042 L0351 S S £ -+ 1 0% 1.042 L0350 002 L0014 021 L0020
780 1.036 0351 Lo .08 3 il 1035 L0351 -.007 00201 LCl7 L0015
+ Ol 1,042 0351 B W12 +5 W07 1.G42 L0356 | -.007 L0016 014 0022
1. 8C 1.0403 9351 o5 18 v2 il 1.048 L0351 -.003 L0019 L0111 L0030
Urstlresm Velocils Uzo = 2VW5 m/3 {7 W73)
Frobe Vew Offsst Anzle = $.0 Les

- ¢t¢ -

ALITYNd d¥ood d0
Sl 3hvd TyNIBIMD
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ORIGINAL PAGE Ig
OF PGOR QUALITY

Table H34. [IVC-HOLE PRESSURE FRODE WAKD PRESSURE BATA
INCIDENCE MNBLE (BEGY = 8,0 » Zo/C = 2008 s R = §&.7 1
HORHALIZCR RIT oTaL STATIC. TOTAL PRESSURE
TAHGENTIAL ANGLE PREBURE PRESSURE RECOVERY
POSITION P72 F2
ais Dex {}/-} kPs  {4/- kPa  {4/-) PT2/PT1 {+/-)
~-1.,040 3 08 100,27 W17 22,75 017 1.6000 00024
-+ 350 144 430 160.2% 017 99.7% 017 1.0000 00024
- 730 13 W07 160.2% 047 .75 Q17 1.0000 00024
= 550 1.1 . 100.29 017 99,75 17 1,0000 00024
-+300 20 07 168,28 017 P TE 017 {7997 00024
v 350 14 + 23 160,28 017 P74 W017 L7797 00024
-+ 300 L7 i1 104,28 047 99.75 L7 L7797 00024
- 20 1.2 .20 100,27 17 975 BT 7978 00024
- 200 1,2 .21 160,25 017 99.7% 017 9978 00024
- 180 H o 100,25 017 92,75 017 L7994 00024
188 7 W07 i60.22 018 27,75 017 L7993 00024
-+ (30 AN o ) 100.20 017 27,75 W0I7 +F971 00024
&0 2 W 100.18 Q17 29,75 17 7932 00024
OS50 3 W20 106,18 .17 9975 17 7987  D0024
1080 o3 12 104,17 017 29,75  W017 +79%¢ 00024
v159 oF W08 106,20 017 9?75 017 +7721 00024
+ 200 - S &1 106.21 (047 2976 1T JI992 00024
+ 290 NN 100,24 017 P9.76 BT +7995 00024
o300 o7 W14 186,25 W17 .74 JO017 L7975 00024
v30l 7 W12 106,26 047 29,76 017 7777 00024
400 7 41 180,27 Q17 79.77 D17 +7978 00024
550 1.2 .1 106.29 17 2276 LT 1.0000 00024
+ 700 .4 .08 100.28 417 98758 W OiT 7777 (0024
05 R/ 100,27 17 g2.78 W07 10000 0024
1000 o5 17 100,29 {17 29,746 W17 1.0000 00024
Urstresin Tobal Pressure PTL =100.2% kKPs  {#/- 017}

Hau ok w o=
Ur S e wol

MIcdie Pocmeirme =
Sislic Pressure #l

1]

?9.30 kPs

( }':""

Q17



TabTe H35. FIVC-HOLD PROSSURDT PRODE WAKE VCLOCITY DATA i;-@
INCIDENCE ARGLD (3EG) = 0,0 » Io/C = 24056 » R= 03,3 X %g
- - . . - . T
NORMALIZED ' ¢ NORMALIZER ) ) HORNMALIZED % =t
TANGENTIAL TOTAL VELODITY YELOCITY COMPONENTS @
POSITION ritch Ang Yauw nns )
2778 vize {473 | Des (/o) | Dex (R | Uzflze (W) | Uh/Uzo (B/-3 [ Ur/Uzs {4/~
-1, GO0 1’343 0034? A Q07 105 +15 10343 »0349 '“;925 00028 +025 L0158
'0350 1}041 0334? 1r4 41 05 t33 1.041 fOS%? “iﬂlc AR +025 0001?
“0703 100#? 0034? 95 .08 ! vi {11 1004? .034? ”0002 10020 0923 iﬂﬁi?
-y 390 1,837 0347 - W12 e 0 W07 1:036 03491 -007 L0043 | 032 .0025
'f430 10036 t0349 ;? 014 "}1 014 1003$ .3349' ;003 00026 t013 .002&'
“s J60 1.025 10347 is W30 IS Y 1,023 0347 | 000 L0038 G434 0022
“v GO0 14037 40347 242 413 va 09 1.016 03481 009 0016 040 0034 t
“’250 1403? 09351 200 03? OG 019 19306 iOSSﬂ “;GOO r0018 ’035 0001?. M
-.QQG n?&3 }Q?#? 104 '15 r; vﬁa 9?63 ‘0034? ‘|005 00014 .‘024 0002?\ $:
-+ 150 LY S A S IS ~s% W07 VIR WBS3 ] J007 L0012 L0097 L0018 1
-+ 160 +744 03352 W3 W14 2 i2 +744 0 WOS5E | -, 004 L0020 | 000 L0023
‘0050 r?ﬂ? 00354 01 |1G “00 015 0?0? {0354 4001 00024 1002 |°°16
90000 0910 .0351 ’o? 00? '01 003 0?10 00351 9602 .0012 “0010 i0014
+ 050 708 L0352 RS S $1 Y S ¥ 2080 0332 -.006 L0019 - 013 L0018
0103 &?15 .C 52 m.ﬁ .13 ‘ 1;2 02? &715 0035 ";OEQ ;934? "0003 $0020
L1580 +726 L0351 3 W07 o1 17 f725  L0ZSL1 [ 002 D027 005 L0010
.200 0764 0034? 07 ’cé ;3 059 9754 0034? “0014 rOOl& 0011 00011
+ 250 732 0354 S | 1.3 W32 «782 L0383 -022 0023 L0415 L0024
« 306G JT76 0347 +3 W07 1.0 il +T7C WO347 | - 0183 L0020 | W013 L0017
» 35 1.805 L0380 o W09 2 W12 1.805 L0350 -.022 0023 009 001G
+ 35 1.000 0347 .2 W07 S %1 1,000 L0349 -.015 L0023 L021  .OC1S
» 500 1.017 0355 1.2 W0 HN + 28 1,018 L0355} -.033 G037 | 021 L0034
700 1,038 034 12 i1 1.5 L33 12033 L0347 026 ,0059] 022 L0021
+ 50 1.023 0349 1+1 W07 +3 L34 1.022 034 014 L0025 |0 W20 0014
1000 14025 0349 1.1 +18 +8 W23 10328 L0347 - 018 0041 L02C L0018
urstress Velocils Uzo = 2%.9 &/s {1/~ 730 ’
rroene Yew OTPsel Anzle = 0.0 Des



~ 235 -

ORIGINAL PAGE g
OF POOR QuaLiTY

Table H30, {BLE PROGSURT PRODE & PREBEURE DATA
IRCIDENCE ARGLE {DEG) = I = 2:06 s R = 833 %
HORHALIZED TaTAL STATIC TOTAL PRESSURE
TRAGENTIAL RGLE PRESURE PRESSURE RECOVERY
PoGITION T 2
2175 CES ;-3 s L) KPs  {47-2 PT2/PTL UH/-)
FRTHEY 2.1 .12 100,23 J1F QRS W017 1 L9779 00024
+O50 1+5 .14 136,23 W17 28,75 017 F779 00024
=78 1.5 .08 160,29 JLE7 7275 017 3777 00024
+ 500 o7 W14 100,23 47 P75 WDI7 3777 00024
350 i +18 100,27 017 29.75 017 +7978 00024
-+ 300 24 W17 186,26 017 29.75 017 9997 00024
~+ 250 28 47 10¢.25 017 29,75 W17 +79%46 00024
- 200 1.5 415 186,21 A1 .76 017 +7772 00024
-+ 180 o7 07 160,22 018 9276 017 +7773 00025
-vi88 I TS 51 166.1% 017 29.78 017 7790 00024
050 I A 4 1 100,18 017 93,76 +017 +9987 00024
4.8008 N 4 100.17 817 97,76 017 +7788 00024
+O50 +7 0 Wil 100,16 017 .76 087 9987 00024
106 1.2 29 160,17 . 0%7 9F.76 017 +3788 00024
+156 P S § 100,18 017 9976 017 7789 00024
v 250 1.1 .03 100.21 017 92.76 017 + 7972 00024
v 230 1.5 .13 160,23 018 89,76 M7 7974 00023
300 i «11 10¢.24 017 9974 Q17 +7995 00024
+ 350 1+3 .12 100,25 017 29,75 017 +97996 00024
+400 1.5 10 100,25 017 9. 786 JOIF +3996 00024
v S50 2.2 .19 100,27 018 9976 017 +7993 00025
+780 17 W25 166,29 017 2977 017 1.0000 00024
+330 1+4 1D 104,28 017 7777 017 + 7997 00024
1000 1.4 LIS 100,28 017 79,77 W017 + 7997 00024
r3-44

cs

Ul QGife

ESH

eam Jobzl Pressure PT1

Sistic Fressure rl

100,29 KkPs

?9.80 KPs

( ‘!‘f’"‘ 001;" )
{3/~ D173




TabTe H37. FIVE-HOLE PRESSURE PROBE WAKE VELOCITY

Probe Yaw Offsel Andle =

5+0 Desg

DATA
INCIBENCE ANGLE (DEG) = 5.0 s Zc/0 = 74 s R = 4.2 1%
NORMALIZED NORMALIZED NORMALIZED
TANGENTIAL TOTAL VELOCITY VELOCITY CONPONENTS
POSITION Pitch Ang Yau Ans
2T/8 Uslzoe (4/-) | Ded  (+/-)| Deg (+/-) | Uz/Uzo (+/-) [ Ut/Uzo (+/-) | Ur/lUzo {(+/~)
~1+ 000 Ca955 0 0322 1.5 .17 1.0 .12 +F92 0321 D67 0030 | 024 .005?1
-, 850 722 0324 1.0 12 2.1 .24 +F21 0324 | J047 L0042 017 L0020
=700 + 732 L0332 1.2 14 1.6 .22 +F30 L0331 | 055 L0041 L0020 L0024
~e 550 12,0323 IS IS ¥ 2.3 27 711 L0322 ) 043 L0045 008 0019
=+ 400 + 967 0325 3 .08 +7 18 +766 L0324 | 069 L0038 009 0014
-+ 350 744 L0326 o2 11 1.8 .23 +742 0325 | 053 L0042 | 003 L0019
"0300 .918 _.0326 ""‘1 |11 101 '18 o?ifb .0326 '062 r0036 "0001 tOGIB
-+ 230 +892 L0324 =+d W13 1.3 11 +890 L0323 | 058 .0028| -,002 0020
= 200 +F11 L0325 v +14 8 WS +F09 0324 | w067 L0034 001 0022
-+ 150 01 L0325 W13 7 W13 898 L0324 088 L0032 007 0020
-« 100 +831 0329 7 L1l 1. 418 +848 ,0328 | 073 0039 LO1F L0018
- 030 +836 0330 1.2 .12 3 W10 833 L0327 [ 0567 L0029 018 L0019
8,000 +838 L0333 20 W13 o7 W10 +836 L0332 063 L0029 L0299 .0022
+ 050 +809 L0337 2.1 .15 1.5 14 807 L0334 | L0500 L0029 027 0024
« 100 +958 0328 Y- TS 41 20 10 +857  J0327 | 045 J0023 | 024 0024
+130 +893 0323 1.3 W07 2.3 .10 +872 L0325 | 042 L0022 020 L0013
+ 200 f925 0322 8 .08 2.7 .08 «924 L0321 037 L0017 013 L0014
+ 250 +260 0322 o7 W03 2.5 W07 +257 L0322 043 L0017 L012 0014
+ 300 » 759 0320 1.1 10 2+4 10 +758 L0320 043 00221 ,018 0018
+ 330 + 746 L0322 1.3 W10 2.5 W07 + 745 L0322 041 L0018 L0021 0018
+400 {756 L0324 2 W12 2.6 W10 +755 0323 040 L0021F L0186 L0020
+ 550 99 W0320 1.3 8 33 408 954 0320 023 L0017 L0022 L0015
+ 700 1,002 0323 7 09 30 W10 1,002 0323 036, .0021( 015 0014
+ 850 1,039  .0320 +F 07 2.8 13 7| 1.038 0320 Q41,0027 017 L0017
1.000 1.031 0321 7 W07 2.8 10 1,030 0320 040 L0022 L0016 L0014
Urstreanm Velocily Uzo = 30.8 a/s (+/- 70

- 9¢¢ -
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Table H38. FIVE-HOLE PRESSURE FROBE WAKE PRESSURE DATA
INCIDENCE AMGLE {DEG) = 5.0 » Zc/C = 94 s R = 4.2 %

ﬁﬁRHALIZEB EXIT TOTAL . STATIC TGTAL PRESSURE
TANGENTIAL ANGLE FRESURE PRESSURE RECOVERY
POSITION PTZ e
27/8 Ded {(+/-) kPa  (+/-) kPs  {+/-) PT2/PT1 (/-3
-1.000 4,3 .13 100,00 017 29,52 017 L2988 00024
-850 3.1 +23 27.97 018 99,52 017 +7985 00024
=700 I8 21 92,98 019 9%.32 (17 L2988 00025
-+a50 27 W25 22.96 017 92,52 017 +7984 00024
-400 4.1 +18 160.02 018 g9.52 017 L9990 00025
-+ 30l Je2 123 27.99 .18 97.92 017 £7987 00025
- 300 3+ .18 9%.97 .0id 99,33 017 L9985 00035
-, 250 3.8 11 92,95 D17 99.92 017 27782 00024
~+ 200 4:2 415 9%.97 018 979.532 017 7984 00024
-+130 4,3 .13 99.946 017 99,32 017 +9983 {0024
~-,100 5.0 18 7,91 017 729,52 017 9979 00024
-, 050 et W10 22.91 017 29,52 017 L7979 00024
0.000 £,7 A1 22.8% .018 99,52 17 9977 00024
050 441 +14 92.87 .0ig 99,593 017 +FI7S 00024
+100 3.4 .11 99.92 017 99,52 017 2279 00024
+150 2.0 .07 29.95 017 99.52 017 +9983 00024
+ 200 2.4 08 29.98 017 99.52 017 29786 00024
+ 250 2:86 W07 100.81 017 9%.52 017 +9989 00024
+ 300 2.8 .10 100.01 017 22,92 A7 L9989 00024
+ 300 2.8 .08 100,00 W17 99,52 017 7988 00024
500 2.6 10 100.01 018 99,52 017 +7989 00024
+ 390 2.2 .08 100.01 017 92,32 017 +79839 00024
00 2.2 410 100.06 .18 92.32 17 +9994 00025
+850 2.4 12 100,10 017 F9.52 017 »7998 00024
1.000 2% W10 100,09 017 29,52 017 +7997 00024
Urstream 1olel Pressure Pl = 100.12 KPs {1/~ 017)
Urstrear Slalic Pressure rl = 99,59 kP {1/~ 017)



Table H39, FIVE-HOLE PRESSURE PROBE WAKE VELGCITY DATA B
INCIDENCE ANGLE (DEG) = 5.0 s Ze/C = 94 s R= 8.3 %
NORMALIZED  NORMALIZED NORMALIZED
TANGENTIAL TOTAL VELOCITY _VELOCITY COMPONENTS
POSITION Piteh Ans Yaw Ang
27/8 U/Uze (/- | Beg. {4+/-3 Deg (4/-) | UzSUse (0/-) | Ub/Uzo (3/-) | Ur/Uzo (4/=)
-1.000 1,025 0327 1.3 413 2.0 .12 1,023 L0326 | 053 0028 | 024 0027
-+ 850 1.010 0327 1.0 .18 24 418 1+009 L0327 043 L0035 017 L0028
700 +792 0334 1.0 W12 3.0 19 #9771 L0334 | 034 L0036 | 018 0022
=+ Gl 1,012 0320 o 08 202 W15 1.010 0319 049 0032 007 0014
~+ 400 287 0323 O W14 1.7 .14 J785 L0323 057 L0031 | 000 L0023
e 3?0 + 783 0320 -100 W17 2:3 +14 0?82 {319 45 00’:}23 ~+318 0030
=+ 300 +772 0322 -8 413 LWw7 0 771 20321 057 0024 | -,014 0043
T 250 +780 o0320 “o? 015 . 2.{) t{}? 0?78 00319 rOS.?. 00023 "'0016 00(}26
20200 Ta958 0321 =8 W07 1.8 957, L0320 054 L0023 [ -.014 0016
-+ 1350 +234 0321 =vg 07 1.6 .08 +933 ,0321| 036 0023 | -.008 L0015
- 100 907 0322 -1 W11 21 07 06 W0322 1 047 L0021 -.001 L0018
=050 883 0326 1.2 .08 1.7 .08 +831 0325 L051 L0023 .018 0013
0,000 370 0326 1.9 .10 1.9 .08 +868 L0326 047 L00221 029 ,0018
« 050 +876 L0325 2¢3 414 22 W12 874 L0324 | 042 0024 L0386 D025
+100 +708 L0323 23 W07 2.7 13 207 L0322 037 L0024 037 0020
«150 +952 0320 1.7 .09 3¢1 0 209 +701 L0320 032 0018 028 0017
+ 200 783 0319 1.5 .11 3.3 11 984 L0317 029 0021 023 L0021
+ 250 1.021 0320 1.2 09 2+7 10 1,020 L0319 042 0023 | 022 0017
1 300 1,022 L0320 1.4 07 36 10 1,021 0320 025 .0019| 025 .0018
+ 350 1,031 0322 1.1 .13 34 W14 1,030 0322] 029 0027 021 0023
+ 480 1.057 .0321 1.5 .07 2.3 .15 1,036 L0321 0G0 0033 .028 .0014
+S50 1.04% 0320 1.8 .11 4.4 .03 1.048 L0320 (019 0018 033 ,0022
+700 1.004 0321 b W13 3.7 .18 1,034 -.0321} 024 L0033 | 010 .0025
8350 1048 .0321 w08 v 423 1.065 0320 .084 0032 .010 0013
1.000 L1067 0321 B W07 23 a2 1.066 03201 L0351 0044 012 0017
Urstresm Velocits Uzo = 30.8 /s {3/~ ,70)

Probe Yaw Offsel Andle

o

5.0 Des

- 852 -
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FIVE-HOLE PRESBURE PROBE WAKE PRESSURE DATA
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INCIDENCE ANGLE {(DEG) = 5.0 5 Ic/C = .94 s R= 8.3 %
NORMALIZED EXIT T0TAL STATIC T0TAL PRESBURE
TANGENTIAL ANGLE FRESURE PRESBURE RECOVERY

POSITION PT2 e
2T/8 Ded {+/-) KPa {+/-1 kP {(+/-3 PT2/PTY (+/-)
-1.000 32 +13 100.07 019 99,51 17 L9993 00025
-+850 2.7 +18 100,06 019 29.32 017 JF294 00025
-+ 990 2.8 16 100,06 17 F9.32 017 +9974 00024
~+400 3.3 J14 100.04 018 99.52 017 +7992 00025
-+300 3+4 +£07 100.04 018 97,32 017 7792 00024
-,250 3e2 +10 100,03 W17 99,91 017 «3920 00024
- 200 3+3 L09% 100,01 017 29.52 17 +7989 00024
-+150 3+ 08 99.98 .017 59,92 017 +7984 00024
=100 2.9 +09 79.96 W17 99.32 17 L2983 00024
- {50 3.5 +08 29.93 017 99.52 017 +7981  L00024
0.000 36 09 92.92 17 29.52 017 +7980 00024
+050 3ebd W13 29.93 017 29.32 JL7 +7981 00024
+100 3+ 3 «11 29.94 W17 F7.32 017 7984 00024
150 2:5 7 100,00 017 9932 L7 L9988 00024
v 200 2.2 .11 100,03 017 F7.52  WO17 L7971 00024
+ 250 2.8 10 100,07 017 29,31 017 + 2995 00024
+ 300 2.0 W09 100,07 017 29.52 017 +F7FT L0024
+ 30 . 240 +14 100,08 017 92,02 017 LT996 0 Q0024
+400 3.1 15 100,10 017 29,91 017 +7928 00024
+530 2.1 +10 1060.10 017 992,52 017 +9998  .00024
+ 700 1.4 .17 100.12 017 29,52 L0117 9999 00024
+830 £.+39 +24 160.12 017 29,31 17 1.0000 00024
1.000 2.8 LA 100.12 017 77.91 017 1.0000 00024
Urstresm Totel Pressure PT1 = 100.12 kPs  {+/- .017)
Urstream Sislic Pressure rl = 99.5% kKFs  14+/- 017



Table H4T,

FIVE~HOLE PRESSURE PROBE WAKE VELOCITY

DATA

INCIDENCE ANGLE (DEG) = 5.0 » Zc/€ = 94 » R = 12.5 %
[NORMALIZED NORMALIZED NORMALIZED
TANGENTIAL TOTAL VELBCITY VELOCITY CONPONENTS
FOSITION Pitch Ang Yauw Ang
27/8 Ullze {+/-) | Bed {+/-)| Ded {4/-) | Uz/Uzp (+/-) |UL/UZ0 (+/-) (Ur/Uzo {+/-)
=1.000 1.046 0319 1.4 11 2,5 .10 1.044 03197 | 045 0022 | 024 0021
-+ 850 1.041 ,0320 1,3 .10 VAT b | 1.03% 0320 | 044 ,0024 | 023 0020
=700 1,039 .0320 & W14 3.3 .10 1.03% 0320 | 032 0021 | 012 0024
= 350 1.031 0319 b W06 2.8 .07 1.030 ,0318 | .04C .0018{ .012 .0012
"040{} 10025 00313 ""09 014 204 013 1&024‘ 00318 ' |04? 00027 "0016 ¢0025
—0350 10018 |0319 ““103 014 10? .08 10015 t0318 0055 .002?_ -1022 00025
~o 300 1,011 0319 | 2.2 147 21 W11 1.009 031721 051 0026 | -.039 . 0032
=+ 230 «797 L0319 | 1.1 L1 2,0 1l 2797 L0318 ) 052 L0025 | -,019 L0020
=0 200 975 L0317 ~+3 18 1.9 .13 oF7T4 L0318 | JOE3 L0028 | -.008 0031
- 150 P45 L0319 =7 W12 1.9 .08 +P45 L0319 [ 051 L0021 | -0 014 L0020
hat 100 0920 00321 "'"05 016 2&3 013 ogl? 00321 0043 ;0025 —.00? .0025
=050 892 0324 1.0 .18 2.0 08 «891 L0323 | 047 0021 ) 015 L0025
0. 000 +8%0 L0323 1.2 15 2,3 .09 887 L0322 1 043 L0021 019 ,0024
+050 +309 L0323 2.0 .16 2+ W10 08,0322 | 037 0020 L0331 ,0028
+100 +748 L0319 2.8 11 2:3 W10 +746 0319 | 041 L0021 | 047 L0024
+150 77 0328 1.4 .10 2.1 .19 +376 03246 | 049 L0037 | 024 L0018
+ 200 1.014 .0318 2,1 W11 3.1 L1 1.013 0318 | 034 L0022 | 038 .0C22
+ 250 1.039 .0319 1.7 .14 27 1 1.038 L0318 | 039 0024 | 031 0027
v 300 1.054 .0319 1ed W12 23 & 1:0053 L0317 | 049 C03% | 023 0024
+ 350 1.059 0319 1.3 25 3.0 W12 1,088 L0317 | 038 0025 | 024 .0047
+400 1.085 0319 41 .14 3.4 W11 1,084 L0319 030 L0022 037 0029
+ S50 1.061 0317 1.1 .19 3.0 W11 1.061 L0319 038 0024 021 0035
v 700 1,067 L0320 IS VAN B A 1,066 L0319 | 077 L0029 006 0032
+ 8350 1.061 0319 -1 07 3.1 10 1,061 0319 035 0021 -.002 0014
1.000 1,063 0319 -0 .08 3:1 W14 1.062 0317 | 035 0028 -.000 L0015

Urslrean Yelocile Uzo = 30.8 s/ {+/- ,69)
Frobe Yaw Offsel Andle = 5.0 Ded

- 0¥l -
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Table H42.

INCIDENCE ANGLE {DEG) =

- 241 -
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FIVE-HOLE PRESSURE PROBE WAKE PRESSURE DATA

90 v Zo/E =

74 s R = 12,51

[NORMALIZED

EXIT TOTAL STaTIC TOTAL PRESSURE
TANGENTIAL ANGLE PRESURE PRESSURE RECOVERY
POSITION P12 F2
21/5 Deg {+/-) KPs  {+/-) KFs {+/-) PT2/PTL (/)
-1.000 2.9 .1 100.10 017 77,51 017 +7978 00024
-+330 2,7 W11 100.09 017 ?7.51 017 L9997 00024
~o700 1.9 i1 164,09 017 99.92 017 + 7997 00024
~+0a0 2.3 07 100,08 017 .52 JO017 79786 JGO024
-+400 2.8 .13 106,97 017 ?%.51 017 +9995 00024
-+ 330 J+4 09 100,07 Q17 9F.52 017 7795 00024
-« 300 3+6 W14 100.07 017 9902 017 7774 00024
-+250 d+2 11 100,05 17 92.52 017 9793 00024
-+200 3+2 W13 100,03 .017 29.592 017 +7991 00024
~-,150 3+2 .08 22.99 017 99.92 017 +7987 00024
~+100 2s7 413 99.97 017 29.51 .017 +7984 00024
-+050 3.2 09 29.94  .017 29.32 017 +9782 00024
0,000 3:0 410 2994 017 29.32 017 +7982 00024
+050 31 413 77.96 017 29.51 017 +7784 00024
+100 3:8 410 100,00 017 2952 017 7738 00024
+150 3.2 .18 00,03 .019 99.52 017 7991 00025
+200 2.9 11 100.07 D17 29.32 417 +3795 00024
+ 230 2.7 W12 100,09 017 79.31 017 +9997 00024
+300 2:F .19 100,11 047 751 017 +7799° 00024
s 300 248 W17 100,12 017 29.52 017 1.0000 00024
+400 2:6 W13 100,11 017 99,32 017 L7999 00025
S50 2+3 13 i04.12  .017 29.52 017 1.0000 00024
700 $42 W09 100,12 017 79,31 J017 | 1.0000 00024
+390 1,2 1D 100,12 .017 29.32 017 1.0000 ,00024
1.000 1,9 14 100,12 .017 ?9.52 017 1.000 ,00025
Urstresm Totsl Pressure PTL = 100.12 KPa (47~ O17)
Urstresa Slatic Pressure rl = 99,59 kPa {4/~ .017)



Table H43.‘FiUE—HOLE PRESSURE PROBE WAKE VELOCITY DATA
INCIDENCE ANGLE (DEG) = 5,0 v Ze/C = 94 v R = 167 %

NORMALIZED " RORWALIZED = NORMALIZED
TANGENTIAL . TOTAL VELOEITY ' VELOCITY COMPONENTS
POSITION Pilch Ang Yau Ang

27/3 YUza {t/~3 { Bes  (+/-)| Ded  {+/-) | Uz/Uzo {§/-) {ULAU=z0 {+/-) | Ur/Uzo (+/-}
-1, 000 1.007 0321 1.2 .08 2,3 W17 | 1,086 L0321 | L046 L0035 023 0014
N “0350' 1&0&2 00322 1’2 '05 400 .03 10061 t0322 |019 9001& r023 00012
- 700 1.045 0322 8 .08 2.8 . .11 1,065 0321 | 041 L0023 | .014 0014
~+ 580 1,009 0321 5 W13 2.2 +10 1.058 0321 051 0025 | 006 L0025
-+ 400 1,053 0321 L DY ¥ 2.1 1 1:051 .0321 054 V0026 | -.012 0021
s 350 1,041 0321 | -1.9 .16 2,0 .07 1.0379 0320 | 054 L0024 [ -.034 0030
'4300 . i&046 00323 “1:8 015 ! 1’? 020 1004% 00323 0960 v0941 “0034 ;0029
- 250 1,034 .0321 | -1.5 .12 1.8 .08 1,032 0321 038 0023 | -.027 0024

= 200 1,000 .0320. | -1.1 20 1.6 11 1,003 0320 | 059 0027 ) -.01%7 0036

-+ 150 V980 L0322 | 1,2 .21 1.7 0% o778 0321 546 0024 | =020 L0037
-+ 100 +262 0321 =3 .18 1.8 .07 . +F80 0320 053 L0023 | ~.000 L0031
-+ 030 711 0324 1.7 .15 1.6 W11 fF09 L0323 | L0854 L0028 | 027 0026
0,000 +888 L0325 7 1.5 .2 1.8  J13 |- 887 0324 050 L0027 | L0024 L0033
+050 +346 0328 1.7 .28 2,3 .00 8465 0323 038 L0019 | L0285 0044
+ 100 «225 L0326 2v7 W17 204 15 723 0325 | 042 ,0028 1 043 L0032
+150 fF65 L0322 2.2 418 2.2 W11 | 963 L0328 048 L0025 L0356 L0030
+ 200 +774 L0323 3+l +13 25 i1 P L0322 | L04F L0024 054 0038
v 230 1.041 L0321 1.1 11 1.9 10 1,046 L0320 | 057 00246 020 L0021
+ 300 1,049 0321 1.9 13 2.3 W12 1.047 0320 | 045 0025 | 0353 .0026
o 350 1,062 Q322 1.1 .27 2e4 W23 1,660 L0321 | 048 0044 | 020 L0054
+ 400 1.057 0321 1.8 W14 2,1 Wil | 14035 L0320 | 054 L0027 | L033 0027
+ 550 1.062 ,0322 2 W26 2,5 W14 P 1,081 0321 L0446 L0030 .093 D047
+ 700 1,069 0322 ol W17 3 W22 14066 L0321 Q77 0047 | 4002 40031
+ 350 1,063 0321 |7 <2 W14 2.3 413 1.062 0321 L4410 .0026 ) -,004 L0024
1-000 1o064 09321 '04 §03 .v? ;20 10062 00321 00?5 00043 '“0007 t0014

Urstressm YVelocits Uzo = 30.3 w/s {(+/- &%)
Probe Yaw Offset Ardgle = 5.0 Des

A
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Table H44,
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5.0 5 Ic/L =

-

FIVE-HOLE PRESSURE PROBE WAKE PRESSURE DA
INCIBENCE ANGLE (DEG) =

A

94 9 R = 1647 X

NORMALTZED |

EXIT TaTAL STATIC TOTAL PRESSURE
TENGENTIAL aNGLE PRESURE PRESSURE RECOVERY
POSITION T2 P2
27/8 fied (/-2 kFa  {+/- KPa {F/-) PT2/FT1 {+/-)
-1,000 2:8 .14 100.18 017 99,57 017 +7992 00024
-+850 1.6 .07 105.18° 017 29.58 017 +3999 00024
- 700 2.3 1D 160,17  .017 29,38 017 1.0000 00024
-+330 2.8 10 100,18 .017 29.38 017 7997 00024
-+400 3.0 .11 100,18 017 29,59 017 +99799 00024
~ v aal 3.0 .11 160.17 017 FFea7 017 +7778 00024
-+ 300 3+8 .19 100.17  .018 29.38 J017 7798 00024
-+ 250 J¢T 09 100,15 017 22,58 017 +7978 00024
~ 4200 3.5 W2 100.12 017 2939 017 +7993 00024
-+150 3.9 11 100,10 017 09,59 037 991 . 00024)
-+ 100 P ¢ 166.08 017 29,59 017 L9737 00024
-+050 3.8 .12 1006.03 017 99,57 017 +9984 00024
0,000 3¢5 J14 160,01 017 F9.9% 017 +7982 00024
050 3.0 .17 29.79% 17 29,57 017 J7980 00024
100 3.7 3 100.04 .019 77.58 017 9985 00024
+150 3+ W13 100,08 017 2%9.58 017 +7987 00024
+200 4.0 .15 160,11 ,41i8 99,38 017 L7992, 00024
+250 3.3 W10 100,16 017 9,58 017 {F797 00024
+300 J+1 412 100.17 017 22.53% 017 +7998 00024
v350 2:89 24 165,18, 017 77,59 017 1,0000 00024
+400 Je4 W12 100,19 017 29,99 07 1.0000 00024
550 2,5 .15 100,19 017 99,57 Q17 1.0000 00024
+F00 £:2 .22 100.19 017 29,58 017 1.0000 00024
+850 2.2 .13 166,19 017 27,39 017 1.0000 00024
1.009 4,1 .28 100,17 017 27.57 017 1,0000 00024
Ursireas Tolsl Pressure PTL = 100,19 kP (+/- 017D
Ursiresm Slatic Pressure rl = 7%.86 KPs {4/ 017



Table H45. FIVE-HOLE PRESSURE PROBE WAKE VCLOCITY D&TA
INCIDENCE ANGLE (DEG) = 5.0 v Zo/C = 94 s R = 25.0 X
NORMALIZED NORMALIZED HORHALIZED
TANGENTIAL TOTAL VELOCITY VELOCITY COMPONENTS
PESITION Pitch Ang Yaw And
27/8 Ulzo (4/-) | Beg  {+/-)| Deg {4/-3| Uz/Uzo (+/-) | Ut Uzo (4/-) | Ur/Uzo {4/
=1, 000 1.0686 0320 1.3 07 1,3 .08 1,063 0319 067 LCO25| 025 .0014
-+« 850 1:069 0320 oF W10 1.0 .09 1.046 L0319 074 0027 | 013 .0018
- 700 1.056% 0320 v W08 o W7 1:066 L0319 08B0 L0027 009 L0014
'e550 1006? 00320 "'02 015 1|2 .12 1!6&4 00319 |»072 00{)31 "'0004 90028
e 400 100‘53 00320 -1’5 030 +8 013 1 0060 »031? 078 D033 | - 027 D004
‘*350 10052 0()32(} "1&3 013 100 008 1004? 00319 o074 .0026 “‘0024 00025
~e 300 1.047 0319 | -1.6 .17 +8 W07 1.044 0318 077 0027 -.028 0032
‘“0250 10039 |0319 "1»0 009 1»0 008 1 0037 bﬂ319 rO?B 0002? “0013 0001?
-+ 200 1.012 .0321 Y- I & 1% TS & § 1.010 0320} 074 0030 | -.005 L0032
-+ 150 774 0319 S IS ¥ b W10 «289 L0318 077 L0030 015 L0020
-+100 P82 0320 1.2 W30 SRS +259 03171 75 00381 020 L0000
-+ 050 {2256 0321 2el o3 2 .18 723 0320 L0468 L0038 034 L0001
0.000 714 0321 2:86 W17 7 W13 «711 0320 L0683 L0032 041 0030
D50 +737 L0320 2.8 .12 1.2 .16 736 L0319 062 L0034 045 L0025
100 +985 L0319 2.2 24 1s6 0 1 «783 L0318 058 L0034 L0388 0043
150 1.024 Q319 3.0 25 1«4 412 1.02¢0 0318 884 0030 L0504 L0048
200 1.03% 0317 37 W17 1,5 15 1.03% 0318 ".063 0034 067 .0038
+ 250 1084 0320 2eb W24 1.4 .17 14051 Q0317 845 0038 | 048 0049
+ 300 1,062 0320 2.7 .2 1,§ 10 1,089 Q0319 084 Q027 | L0530 0047
+ 350 1.060 0323 27 WE7 1.7 W26 1.057 0320 061 0032 034 00597
+ 400 1,069 0320 | 2,3 ,32 1.9 2 1.0687 0320 057 0043 043 0062
+ 550 1.08% 0320 o W17 1.8 .15 1.068 L0320| .057 .0033) .008 .0032
+700 1.062 0320 -+3 W07 1.9 .15 1.061 0317 057 0033 -.008 L0017
+850 1.0466 0320 | 1.1 .1 1.5 .13 1084 03170 085 L0031 -.021 0019
1.600 1.068 L0320 | -1.2 .07 1.0 {09 1,085 03171 074 ,0028| -.023 L0018
) Ursiream Velocits Uzo = 30.8 wn/s (/- ,69)
Probe Yasw Offsel Andle = 3.0 Ded

uood 40
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Table H46, FIVE-HOLE. PRESSURE PROBE WAKE PRESSURE DATA
INCIDENCE SNGLE (BEBY = 3.0 » Zc/C = %4 » R = 253.0 ¥

NORMALIZEDR EXIT T0TAL STATIC TO0TAL PRESSURE

TANGENTIAL ANELE PRESURE PRESSURE RECOVERY

POSITION P72 P2
27/8 Bag ($/-} kKPs  {+/-) KFPa (/=3 | PT2/PT1 (&/7-)
~1.040 3+F W7 100,12  .017 29,52 017 1.0000 00024
~+ 850 40 W09 100,13 017 29.52 017 1,0001 00024
- 700 $:.3 W07 100,12 017 29.51 .47 1.0000 00024
~ o 350 J+8 W12 100,13 4817 29,52 W17 1.000% 00024
~+ 400 £+4 W15 100,12 017 9,52 L7 1.0000 G0024
-+ 350 £.2 .08 160,12 017 79,53 017 1.0000 00024
- 300 4.5 09 100,11 017 99,52 017 2999 00024
~+250 4.2 .08 160,09 017 99.51 017 JFP9T7 00024
~+200 4.2 411 100,06 017 ?9.52 017 9794 00024
-+150 4,5 .10 100.04 .07 79,52  JOI7 JFIF2 00024
-100 £.6 17 100,02 .17 99.52 017 L9970 00024
-,050 4.7 W21 22.98 017 29,52 WG17 77846 00024
0.000 500 L14 929,96 017 29.51 017 7934 00024
050 4.7 W15 99.9% (L7 2%.52 0L 23987 00024
»100 40 1% 100,04 017 99,52 017 »7792 00024
+150 4.7 W17 100,87 017 22.91  J017 L9940 00024
200 S+l W16 180.0% 017 F9.52 17 L7997 00024
250 434 W2 100,11 Q%17 79.22 017 JFITP 00024
+ 300 $44 +17 100,11 Q17 22.51 017 L7977 00024
+300 §e4 W31 100,12 017 29,52 W17 1.0000 00024
400 3T W26 100,13 017 99,52 617 1.0001 00024
+o50 32 W15 100,13 017 99,52 017 1.0001 00024
» 700 9 R £ 1060.12 .17 99,51 017 1.0000 00024
+350 3.7 W12 100.12 017 2,52 017 1.0000 00024
1.000 $¢2 W07 160,12 017 29.51 L4917 1.0000 00024
Urstresm Tolsl Pressure PT1 = 100,12 KPs  {H/~ 017
Ursiresm Slatic Pressure rl = 977.5% KP2  {H/- 17



BATA

Table H47. FIVE-HOLE PRESSURE PROBE WAKE VELOCITY
INCIDENCE ANGLE (DEG) = 540 » Zc/C = 94 2 R = 33.3 2
HORMALIZED NORMALIZED NDRMALIZED
TANGENTIAL TOTAL VELBCITY VELOCITY COMPONENTS
PESITION | Piteh Ang Yaw Ang T )
27/5 U/Uzo (F/-) | Ded (/-3 | Deg  (4/-)} Uz/Uzo {4/-) | Bt Uzo (H/-) | Yr/lzo (+/-)
-1,000 ] 1,058 0319 o7 i3 »7 a1l 1,066 L0317 081 0032 013 0024
"0850 la063 + 3319 ~+d 10? o& 10? 1.060 00313 .081 0028 | -.403 r0017
—700 11,082 0319 =3 43l W3 09 1,098 L0318 [ 086 0031 | -.0046 0020
“» G 1.066 (319 £ .07 v 09 1.062 0318 | 085 0030 .000 0017
=400 1,062 0319 -8 +18 0& +08 1.059 0318 082 00029 - 015 D034
“'350 1.055 0319 "0? +18 ¢2 » 05 10051 0318 87 0029 1 014 L0034
-+ 300 1.038 0319 =7 412 v2 W10 1.003 L0318 | .089 L0032 1 ~.016 L0022
-+ 2530 | 1,035 J0319 =7 W14 1 403 1.031 0318 088 0031 | ~. 017 .0027
~+ 200, 1,014 0318 o7 W14 o1l W10 ) 1,009 0317 | 090 L0033 W013 J0024
- 150 796 L0319 +3 30 s #09 S92 0318 | JO77 L0029 L0056 L0051
-+ 100 «765 20321 1.3 .24 +2 W13 $761 03201 081 L0034 L0201 0041
-+ 050 +233 0322 +8 .17 v W10 J730 0321 073 L0030 L0113 L0031
6,000 «721 0321 1.2 .33 3 W14 W717 0320 076 L0033 031 .00E8
+050 +740 L0322 1.8 36 11 418 fT37 V03211 063 L0036 030 L0080
+100 «793 0318 2,8 20 1w .12 JF91 L0317 ] L0683 L0031 049 L0033
+ 150 1,016 0319 1.8 52 +7 .08 1,013 L0318 072 L0027 | 032 0092
200 1,043 0317 o3 W30 +3 W07 1,040 L0318 076 0028 005 0054
v 230 1,050 0319 e 430 o4 W07 1.043 0317 083 0028 .089 .00&0
+300 1.067 40320 242020 5 W10 1.063 0318 ] 081 00301 .042 0040
« 350 1,067 L0320 2.1 W37 o 410 1.063 0317 | 080 0031 039 0073
+ 400 1.064 0317 1.9 .13 S-S § 1.060 0318 .083 0033 .035 0030
ey 1,086 0319 o4 410 +7 08 1,063 L0319 076 LQ027( 008 0019
+ 700 1.060 40319 | 1.0 .07 2 S 14062 03181 081 L0027 —.017 L0014
8350 1,057 0319 | =1,2 .10 & W06 1.056 0318 .082 ,0027; -.022 0020
1,000 1.06¢ L0319 | -1.2 .08 +& W08 1,057 ,03187 081 .0028| -.023 L0017
Urstresn Velocily Uzo =30.3 /s (/- .67)

Probe Yow Offsel ansgle

S+0 Des
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Table H48. FIVE-UBLE PRESSURE PROBE YWAKE PRESSURE DATA
INCIDEHCE ANGLE (DEG) = 5.0 5 Ze/C = 494 s R = 33.3 %
WORMALIZED | EXIT THTAL STATIC TOTAL PRESSURE
TANGENTIAL ANGLE PRESURE PRESSURE RECGVERY
FOSITION PT2 Fe
2178 Bes {+/-) kPs {+/-) kKPa  {+/-) PT2/PT1 {+/-)
~-1.000 ¢4 W11 100.12  G17 2%.51 J017 1.0000 00024
-+8530 4.4 W07 166,12 037 92,92 017 1,0000 00024
-+700 407 W07 160,12 .017 99,52 017 1.0000 00024
- voa0 fe8 409 100,13 017 99,92 017 1.0001 00024
-+ 408 4¢3 W07 100,12 017 99,52 017 1.0000 00024
~v 300 E0 N + 1. 100,12 017 29,33 017 1.0000 00024
~+ 300 4.9 10 100,12 017 9,52 017 1.0000 00024
-~y 250 £:.9 .08 100,10 017 29,52 017 {7797 00024
-~ 200 52 10 100,67 817 99.52 017 L7995 00024
-+150 4+ 0% 166,05 017 22,52 417 7973 00024
-, 100 3.0 14 160,02 017 99.52 017 L9289 00024
- 050 e W11 29.98 017 99,52 017 + 7786 00024
3.000 3.1 17 99,97 W17 9.5 A7 L7985 00024
+050 4.3 22 99,99 A7 79.51 017 «7987 00024
100 $+8 W15 100.04 LO17 99.51 017 LPFR2 00024
+150 $e5 W22 100,07 017 99,52  +017 + 7795 00024
+200 4.2 09 1060.10 017 9,52 017 +7778 00024
+ 300 4.7 .13 100,12 017 £9.51 017 1.0000 00024
a0 4.8 .19 100,12 017 79.31 017 1.0000 00024
400 £¢9 W12 100,12 Q17 29,32 JH7 1.0000 00024
+000 4.1 0B 160,12 017 29,52 17 1.0000 00024
700 4¢3 W06 100,12 017 99.52 017 1.0000 00024
+830 4.8 06 100,12 017 99,52 17 1.0000 00024
1.000 4+6 0B 100,12 017 29.52 {17 1.0000 00024
Urslream Tolsl Pressurs PTL = 100,12 KPs (47— 0171
Urstresm Sistic Pressure rl = 99.5%9 4Fs AT AEES 13 U



Table H49. FIVE-HOLE PRESSURE PROBE WAKE VELOCITY DATA ]
INCIDENCE ANGLE (DEG) = 540 v Zc/C = .94 s R = 5040 &

NORMALIZED NORMALIZED NORMALIZED
TANGENTIAL TOTAL VELOCITY VELOCITY COMPONENTS
PBSITION Pitch Ang Yaw And )

21/58 Ulza (+/-) | Beds (+/-)}| Des (/-3 | Uz/Uzo {(4/-) [ULAzo {(+/~) | Ur/lUzo (4/-)
-1, 00¢ 1.0582 0320 ~+1 W07 A & 1.058 .0318 | 089 .0036 | -.002 .00OL12
'0850 1.059 00319 -04 005‘ “00 .06 1-055 00313 ;0?3 {0030 “0008 90610
- 700 1,081 .0320 ~v5 W11 2 04 1.067 0318 | 089 0029 | -.009 .002%
-+ 550 1,063 L0320 Rt T Y § 1 0 09 1.069 L0319 | 092 0032 | -.008 .0020
-+ 300 1.066 0320 § -1.,1 20 2 W14 1.062 L0317 | 089 0037 | -.021 0037
=y 350 1,066 0320 o W10 2 W11 1.062 317 | .087 0034 008 .0018
-+ 300 1.060 40320 =8 W1t +2 410 1.086 0318 | .088 L0033 | -.000 L0021
- 200 1.051 {0319 s2 W13 o W7 1,048 0318 [ 083 JQOZ% | L0046 L0024
-0 200, 1.027 0320 b W22 3 W8 1,023 L0319 | 083 0030 011 0040
-4 130 1,001 0319 o3 W20 3 08 «799 L0318 081 L0030 .O0B L0034

~+ 100 7446 0320 1.3 .12 3 W10 | W42 0318 078 L0031 022 ,0021
=030 .} .708 0323 ok 416 +8 12 706 0322 L0586 L0030 006 L0020
0,000 +712 0321 1.2 .23 1.2 .11 «207  J0321 | L0600 L0027 019 L0037
LU0 . 743 0320 o W17 1.3 09 «741 L0320 | 000 L0025 006 L0029
+100 «793 0319 243 426 1.6 .18 790 0318 | 058 0037 | 040 L0047

150 1,031 0319 1.4 L33 1.3 .12 1,029 L0313 | 086 0027 L0280 0060
+ 200 1.040 0319 1.9 W32 1.0 .07 1.037 0318 | 073 ,0028| 035 0059
» 250 1,055 0320 1.9 33 12 014 1,002 0319 | 070 L0034 036 L0058
+ 300 1.068 0320 Y 1 1,3 .08 14066 L0319 ) 069 ,0025) 012 0030
« 350 1,063 0320 20 .14 o7 410 1.060 L0319 | 080 0030 036 0023
$A400 ] 1,062 0320 4 26 +2 414 1,058 0317 [ 089 0037 007 0049
» ool 1,084 0320 ~ed W16 1,2 .10 1,062 L0319 ] 071 0029 | -,008 ,0029
700 1,059 0320 —+d +12 o7 +16 1.+006 0317 + 080 00033 ~012 0022
8390 - 1 1,057 L0320 -3 .08 1 W14 1,056 031877 090 L0037 ) -.006 0014
1.000 1,057  .0317 w3 BENS ) 1,0 .08 1,004 0319 [ ,074 0027 ] -.015 ,0013

Urstream Velocity Uzo = 30.7 m/s  (}/- 492
Probe Yaw Offset Andle S0 Ded

- 2% -
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50 s Lo/l =

FIVE-HOLE PRESSURE PROBE WAKE PRESSURE DATA
CIDENCE ANGLE (DEG) =

274 5 R = 50.0 :

INORHALIZED

regm Slalic Pressure el

o

7%.5% KPa

{+7/- 0173

T0TAL STATIC TOTAL PRESSURE
TANGENTIAL ANGLE PRESURE PRESSURE RECOVERY
POSITION P12 2
21/5 {+/-) kPs  {$/-3 KPs {+/-) PT2/PTY {1/-)
-1.000 +13 106,13 017 29,52 017 1.0000 00024
-85 +0 100.12 017 29,32 017 1.0000 00024
-+700 {7 160.12 017 92,52 017 1.04600 00024
=350 S0 .09 180.12 017 9,32 017 1.0000 00024
- 400 £,9 W14 100.12 017 9792 G417 1.0000 00024
-390 4.8 11 109.12 . GL7 29.52 017 1.0000 00023
-+ 300 4.8 .10 | 100.11 L0107 oe.31 017 7799 00024
-, 230 4,8 W7 160,10 J017 99,51 D17 +7998 00024
-+ 200 $+7 W09 100.08 .017 29.52 017 9976 00024
-, 150 4.7 09 166.05 017 99,51 017 7993 00024
-+100 £:9 .10 ?9.29 017 99,51 047 +7987 00024
-+{350 4.2 .12 P9.96 017 F7.32 U7 77834 00024
$.000 3.0 - 413 ?9.95 017 99,31 017 L9983 00024
+050 7 W09 22.98 017 99,51 017 + 9988 00024
+100 4.1 W21 100.04 017 99,51 Q17 « 3992 00024
+150 3.9 .15 100.08 017 29.31 017 L7996 00024
+200 £.5 .15 160.10 047 99.52 017 +7798 00024
v 290 4.3 20 106,12 017 9,92 017 1.0000 00024
+ 300 3.7 .08 100,12 017 99.31 017 1.0000 00024
s aul 4.7 W11 160,12 6817 27.51 017 1.0000 00024
400 £.8 W14 180,12 017 99.32 017 1.0000 00024
ool 3.7 10 160.13 017 99,52 017 1.0001 00024
+700 $:5 416 100,12 017 27,52 017 1.0000 00024
+A50 4,9 .14 100.12 017 29,52 017 1.0000 00024
1.000 §:1 .08 100,12 L0617 27,52 017 1.0000 00024
Urstream Tolsl Pressure PTLI = 100.12 KPs  {+/- 017
Ursl



Table H51, FIVE-HOLE PRESSURE PROBE WAKE VELOCITY DATA
INCIDENCE ANGLE (DEB) = 5.0 9 Ze/C 2 W94 4 R = 88,7 X
NORMALIZED NORMALIZEDR NORMALIZED
TANGENTIAL . TOTAL VELOCITY L VELDCITY COMPONENTS

PESTITION 1 Piteh And Yauw Ang i
2T/5 fUzo (4/-) | Deg  (4/-3| Ded  {4/-) | Uz/Uzo (47-) [UL/Uzo (4/-) [ Ur/Uzo (4/-)
~1.000 . 10065 0320 -7 09:’ | +10 1 RiH 319 oO?I +O033 | ~i014 D014
-850 1,099 0320 ~+3 +11 vl D7 1.055 0319 91 ,0030 | -.005 L0021
-+ 700 1.058 ,0320 =+l 8 4 07 1.054 0319 D84 0029 | ~,003 0014
~» 590 1.057 032¢ N +10 o7 + 06 14054 0319 | 079 L0026 011 .0018
-+ 400 1.086 0320 o2 L9 7 W10 1,053 4319 D77 0030 | L003 L0017
~+ 350 1.056 0320 v 2 +16 1 W08 1.083 0319 L0750 ,0027 1 .022 L0031
-+ 300 1,050 0320 1.1 .09 1,3 .06 1.048 0319 [ 068 0024 | 020 ,0018
-+ 250 1.038 0319 1.4 +07 1.9 07 1.035 0318 D73 0028 025 0014
-.200 +995 0319 1.5 .19 8- W11 792 Q318 073 ,0030 026 L0033
-+ 150 +763 L0323 1.7 +11 o4 07 757 322 W77 0030 029 0021
- 100 713 0322 +9 +10 +8 11 +711 0321 ST L0029 008 L0018
- 050 +870 0325 ~e2 +13 1.2 12 +868 0325 D057 0028 | -.003 L0020
04000 877 0323 +2 413 13 09 WB77 0324 | L0877 L0023 003 L0023
+ 050 «939 0328 o 19 1.4 W11 JH37 JO320 Q08 L0027 L0010 L0031
+100 L2986 0319 1,1 +22 1.3 09 974 0319 D64 L0024 020 L0039
» 156 1.032 0319 1.0 +15 1.3 14 1.030 ,0318 D86 0033 018 0028
+ 200 1.047 0319 1.5 v13 1.0 09 1:044 0317 Q073 0027 027 0024
+ 250 1.007 0320 1.4 +{8 W7 7 1.054 0319 030 0028 026 0017
+ 300 1,054 0320 S V- +8 0% 1,001 L0319 | 078 0024 017 0023
o 350 1.063 0320 o7 +11 7 o857 1.050 0319 075 0026 12 .0021
+ 400 1,061 0320 +5 +20 v +13 1.058 .0319 078 0034 D010 L0037
A etaty) 1,033 0320 ~ed 17 1.1 +10 1.051 .0319 071 0023 -.061 L0031
+ 700 1,086 0320 .3 10 -] 9 1.052 0319 D33 L0030 L0090 L0017
+ 850 1.057 0320 '3 +10 7. W11 1.055 0319 75 D031 005 0018
1.000 1,058 0320 -d 07 1,2 W07 1.0%6 03179 70 L0025 -.003 L0012

Urstream Velocitu a §.7 a/s {4+~ +869)

Probe Yauw Offsel An

Uz
g1

e

9.0 Des
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Table H52. FIVE-HOLE PRESSURE PROBE WAKE PRESSURE DATA
INCIDENCE ANGLE {(DEG) = 5.0 v Zo/L = .94 s R = 86,7 %
NORMALIZED EXIT TaTAL STATIC TOTAL PRESSURE
TANGENTIAL ANGLE PRESURE PRESSURE RECOVERY
POSITION Pi2 F2
21/8 Beg {(4/-) KPs {$+/) kPs {4/ PT2/PTL (3/-)
-1.000 5.0 W10 100,12 017 99.92 017 1.0000 00024
-, 950 4.9 07 180.12 . 017 29.93 017 1.0000 00024
- 700 £.6 W07 100,12 017 9.53 017 1.0000 00024
- v5al 4,3 06 100.12 417 92,52 017 1.0000 {0024
-+ 400 $.3 W10 106,12 017 PP.533  L017 1.0000 00024
~ s 3ol 4,2 .09 160,11 017 72.32 017 L7792 00024
- 300 J+F W07 100,11 017 97.32 L017 L7977 00024
- 250 5.3 07 100.09 017 F9.32 17 + 7997 00024
- 200 4.5 W12 100,05 417 .52  JG17 L7792 00024
~+ 150 L 1)) 160,01 018 FPe5E 017 L7787 00035
*01’30 4.2 011 ??9?;’ ;017 ??»52 501? 09934 00092";
=050 3.8 .12 27.723 017 99.33 17 +7781 00024
2.000 3.7 JOF 99,93 017 e9.52 017 L7781 00024
S50 Jed W11 ?29.98 017 99.51 017 7284 00024
+100 3.8 11 100.8% 017 22,52 017 7793 00024
»130 3:8 +14 100.09 017 992,92 4017 L7997 00024
« 200 4,3 .09 00,11 JO17 29,52 017 9929 00024
L2050 £.5 W07 100,12 017 F9.92 017 1.0000 00024
300 4.3 05 100,11 017 99,532 017 L7779 00024
s ool 4.1 07 100.12 17 99,52 Q17 1.0000 00024
400 4.2 14 100,12 017 29.52 W17 1,0000 00024
oo 3+9 410 100.12 017 22,53 017 1.00060 00024
700 4,5 09 100.42 017 29,533 017 1.,0000 00024
+350 $el +11 100,12 017 29,52 017 1.0000 00024
1.000 3+8 W07 100.12 817 99.52  L017 1.0000 00024
Urstress Tolal FPressure PTL = 100.12 KFe  {+/~ 017)
Urstresm Slalic Pressure rl = 97.3%2 KP2  {i/- +017)



Table H53. FIVE-HGLE PRESSURE PROBE WAKE VELOCITY DATA

ALITYND ¥ood 10

INCIDENCE ANGLE (DEG) = 5.0 » Zc/C = .94 » R = 83.3 %
MORMALIZED NORMALIZED NORMALIZED
TANGENTIAL TOTAL VELOCITY VELOCITY COMPONENTS
POSITION Pitch Ang Taw And
2T/5 Urzs (4/~) | Bed {&/-)| Deg {4/-} | Uz/Uzo {+/-} |Ut/Uzo (4/-) jUrilze (+/-}
-1+ 000 1.053 0319 - SN va W09 1,050 0318 [ 082 0030 | 014 0014
-+ 350 1.052 0319 +7 10 1.0 13 1.04% L0318 { 073 0032 ] 012 0020
~+ 700 1.057 0319 8 W07 1.3 1 1.055 L0319 | 067 0029 | 014 0014
-y 590 1.035 0319 1.3 W07 8 W13 1,050 0318 | 077 0034 | 024 0018
-+ 400 1,035 0319 1.4 .09 7 W14 1.052 L0318 075 L0035 ] 0258 0019
-+ 350 1.048 .0319 1L v10 1.7 W19 1.046 0318 | 080 L0026 1 030 0021
-+ 300 1.046 0319 1.5 .08 .0 0% 1.043 0318 | 073 0028 | 027 .0017
- 250 1.02% .0319 1.5 16 1.7 07 1,027 0317 | 0480 L0022 | 027 0030
-+ 200 1,003 0319 2.0 +10 1.4 .08 1.001 0318 | 043 0024 | 034 0021
-+ 150 +784 0319 1,5 09 1.0 .10 781 T L0318 | 088 L0028 | 025 0017
-+ 100 P23 Q322 S § 1.2 10 920 L0322 1 081 0025 ] 007 L0018
-850 346 L0332 YRS ¥4 1,1 v14 1844 331 057 0033 | 011 JO0ES
0. 000 818 L0331 -0 +18 1.2 .10 816 0331 004 0027 | ~-.007 L0025
050 813 0334 | 241 + 23 1.5 13 810 U333 1 L0050 L0028 | -.030 L0035
+ 100 +857 L0329 | -1.2 .18 1.3 .18 +H95 0328 1 L0855 L0034 | -.018 0027
+150 v 937 0320 ] 1.2 09 1.1 10 735 0320 D63 W0027 [ =017 0018
+ 200 970 L0321 +D W13 +7 408 67 0320 L0720 0028 L0009 0022
» 2590 1.020 0319 1,9 11 o7 W09 1.016 L0318 076 0029 | 035 0022
+ 300 1.03% 0319 2.1 +10 8 W07 1.036 0318 077 0027 | .03% 0022
» 20l 1.045 0319 1.8 .08 8 .08 1.042 0318 | 076 0027 | 033 0017
+ 500 1.047 0319 1. .10 1.9 {07 1.046 L0318 073 0024 | 030 0021
» 350 1.052 0319 1.0 W13 1.3 .12 1.050 0318 0469 L0031 19,0024
+ 700 1.042 0319 8 09 +6 08 1.037 0318 | .080 .0029 | 014 0017
+ 350 1,043 .0319 +5 +08 R ¢ 1.040 0318 074 00341 012 0015
1,000 1,037 0319 & D7 1.3 .09 1.037 .0318 | .048 0027 | .0i1 0014/
‘Urstream Velocily Uzo = 30.7 a/s {F/- &%)

Probe Yaw Offsel Andle

0.0 Des

Sl 3oVd TYNIDRIO
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FIVE-HOLE PRESSURE PROBE WAKE PRESSURE DATA
INCIBENCE ANGLE (REG) =

w0 s Zo/C =

74+ R= 83,3 %

HORMALIZED EXIT TOTAL S5TATIC TOTAL PRESSURE
TANGENTIAL ANGLE PRESURE PRESBURE RECOVERY
POSITION P12 B2
27/5 Bed {($/-) ¥Pa  {3/-) kP  {+/-) PTZ/RTL (+/-)
-1,000 d+ 85 07 100.15 047 99,595 017 1.0000 00024
-, 850 4,0 L13 100,15 017 99.56 017 1.0000 00024
-.700 3.7 411 100,16 017 F9.858 017 1.0001 00024
-~y 5900 F+4 +13 160,15 017 97.56 J057 1.0000 00024
~ 4400 $+3 W14 100,15 017 99,56 017 1.0000 ,0002¢
-390 3.7 10 100,15 017 97.56 017 1.0000 00024
~ 300 5.3 W09 100.15 917 9%.56 017 +7999 00024
-.250 3¢ W09 100,13 017 G756 017 2997 00024
- 200 4.1 +08 100,09 017 G?.546 017 L9994 000234
-. 150 4.2 10 100.07 017 99,55 017 L2972 000324
-.100 3.8 10 100,01 017 99,56 017 7786 00024
~ 050 4.0 +14 27.94 018 F2.56 017 L2F7F 00024
0,000 38 o1 29.92 017 92.57 017 L7977 00024
05D 4e1 418 29,91 017 99,56 017 $99786 00024
+100 3.9 .18 99:.96 017 992,56 017 L2780 00024
+150 4.1 W10 100,03 417 92,36 017 7987 00024
+ 200 $+3 +{8 100,07 018 22,54 017 L3991 ,00024
+ 250 4.7 41D 100,12 017 29,56 017 998 00024
+ 300 4,8 .08 100,13 017 9,386 017 9998 00024
+ 350 445 +8 100,14 017 29.56 017 L7799 00024
+400 4.3 408 i00.15 017 29:56 017 5999 00024
550 3.9 W12 106.15 017 29,586 017 7997 00024
+700 4.5 .08 100.15 17 29.57 017 27799 00024
+850 4.1 414 10G.14 017 29.56 017 +7792 00024
1,000 3.8 + 09 100.15 017 92.57 017 7792 D0024
Urstresm Toblal Pressure PT1 = 180416 KPs  {+/— J0173
Urstream Static Pressure pl = 99,82 kPs  (#/— 017



Table H55,

FIVE-HOLE PRESSURE PROBE WAKE VELOCITY

DATA

INCIDENCE ANGLE (DEG) = 5,0 vy Ze/C = 2,07 s R = 4.2 %
HORMALIZED NORMALIZED NORMALIZED
TANGENTIAL TOTAL VELOCITY VELOCITY COMPONENTS
POSITION ) Fiteh Ansg Yauw Ans
2775 Ulzg (+/—) | Ded . {+/~)| Deg {4/-) | Uz/Uzo (4/-3 |'W/Uzo (4/-) | Ur/sUzo (/)
“l}OGO W752 L0314 1.1 +0B s =2 07 +748 0313 +0B4 +0032 017 D015
-+ 350 + 745 0314 oF 12 1,1 + 29 743 0316 D65 0053 12,0020
- 700 + 744 0321 1.0 v1d +3 +13 «F40 L0319 D77 0034 017 0027
~+ 550 +725 L0317 v4 +13 1.2 + 28 723 0317 D61 0047 007 0021
-+ 400 «732 03164 o2 +08 -y 2 +13 +728 L0315 085 L0034 003 0013
~+ 390 708 L0317 v 11 “e2 W12 904 L0315 +082 0034 D11 0018
-« 300 217 0317 +3 13 oy »11 713 0316 L0081 L0033 D05 0020
-+ 250 707 L0319 +7 +07 ~ v +11 +F03 0347 084 L0035 015 0014
=+ 200 +838 0319 1.0 10 -7 + 09 »883 0317 91 0036 - J016 L0017
-+ 150 874 0320 1.0 11 4¢3 +10 870 L0317 084 0035 Q16 0017
~+ 100 868 L0322 1.4 +18 6 W11 BAE 0320 084 D035 H£21 0029
-+ 050 854 L0323 1.5 +10 ol 13 851 0322 D73 0033 023 ,0018
0.000 847 0322 1.4 +14 o 11 +B45 0321 074 0032 D21 0022
+ 050 +852 0321 1.4 +11 v 11 849 L0320 048 L0030 023 ,0019
+100 8392 0319 1.4 v12 o4 +11 879 0318 070 0030 022 L0019
+150 875 L0318 1.0 12 W7 08 +872 0318 D64 0026 0186 0019
+ 200 +704 L0321 | 1.1 v14 14 +31 +702 0320 057 0027 D17 0022
+ 250 896 0337 1.4 11 1.3 09 +894 L0326 D07 L0025 D022 ,0019
+ 300 717 L0317 1.3 09 1.9 +13 717 0316 064 0031 021 0018
+ 350 +705 0318 1.4 +12 1.0 +17 702 317 +064 0037 023 ,0020
+400 L2000 L0323 14 v14 1.3 +11 878 0322 058 0027 Q22,0023
vSul 725 0316 1.0 14 1.7 v 15 V923 L0315 054 0030 QD16 L0023
700 I76 0314 1.3. .08 20 08 I L0314 051 L0021 022 0015
+ 350 1.009 L0315 o7 Q06 1,3 +14 1.007 0314 085 0031 016 ., 0012
1.000 1,002 0313 o7 o311 1.6 13 1.000 0313 D60 L0029 012 ,0019
Upsiresm Velopity Uzo = 30.7 n/s (/- &8}

ALIYAD HOO0d 10

Probe Yauw Offsel Anzle

Hon

S0 Des=

S! 3dvd TYNIDIRMO

- ¥6¢ -



Table H56,

INCIDENCE ANELE (BEG) =

~ 255 -

CORIGINAL PAGE js
OF POOR QUALITY

FIYE-HOLE PRESBURE PROBE WAKE PRESSURE DATA

S50 ¢ To/C = 2,07 s R =

$,2 ¢

NORMALIZED EXIT T074L STATIC TOTAL PRESSURE

TANGENTIAL ANGLE PRESURE FREGSURE RECOVERY

POSITION F12 Fe
27/5 Deg {}/-) kFg  {1/-) KFz {(+/-) PT2/PTL {4/-)
-1.000 3 W09 99.4% 017 2%.1% 017 + 9987 00024
. =850 4.0 29 29.68 017 29,17 017 <7786 L 00024
-,700 4.8 .13 9%.67 018 %19 017 +7784 00025
550 3:8 .25 27.85 017 29,17 017 «7984 00024
-+ 400 G¢2 413 72,858 017 ?29.1% 017 £798% 00024
- 350 S22 W12 .64 017 .47 017 + 7982 00024
-+ 300 .1 11 9,85 JOL17 9%.1% 017 +7983 00024
-+ 250 3.5 11 .84 17 29.20 017 +7983 00024
~+200 8.0 W07 27.63 017 G20 017 +9981 00024
-+130 S« W10 99,62 017 99,20 .017 L7980 00024
-+100 37 W11 29.81 017 29.20 017 +99880 00024
- {50 TS| 212 99.60 017 29,20 017 +9%78 00024
0.000 T2 11 29.60 017 29.21 017 9978 00024
L0590 $.8 .11 27,60 017 29,21 L7 L7979 00024
+100 4.8 .11 963 017 99.21 017 +7981 00024
+150 4.2 408 99,64 017 29,21 017 L7783 00034
+ 200 3.8 .12 F7.66 018 99,21 017 L9984 00025
1250 LS SN ) ?79.65 19 29.21 017 +7984 00025
300 4.2 413 .68 017 97,22 017 +9786 00024
350 4,3 1B .85 L7 2921 017 +7784 00024
+400 4,0 W11 ?7.66 018 22,22 017 7984 00025
'35 3¢5 W18 F9.63 017 99,21 017 +7986 00024
+700 2 408 79.73 017 9721 W17 7791 00024
+330 3+8 .13 976 41T 22,20 017 L7974 00024
1.000 3+8  #132 28,70 W017 27,21 017 L2974 00024
Uestreas Tolazl Pressure PTL = 99.82 kP {(+/— 017
Ursiresm Slatic Pressure el = 99,27 kPfs  {(+/- 017}




Table H57. . FIVE-HOLE PRESSURE PROBE WAKE VELOCITY DATA
INCYBENCE ANGLE (DEG) = 5.0 5 Ze/C = 2,07 s R = 8,3 % |
NORMALIZED NORMALIZED  NORMALIZED
TANGENTIAL TOTAL VELOCITY DELOCITY COMPONENTS
PESITION | Pitch ARd Yaw &ng ) )
2T/8 U/Uzo (+/~) | Beg {+/-)| Des {+/-) | U2/Uzp (/=) |W/Uzo {+/-) |Ur/lzo (4/-)
~1.000 1,001 .0318 1.1 1471 1.8 14 797 0317 1 J036 L0030 | 019 0025
-850 1.018 0317 1.0 09 1.l +13 1.015 03141 068 0032 017 L0017
-7 00 1,000 0317 +8 +08 1.7 w17 +798 L0314 058 L0037 | 013 0015
-+ 5u0 +98% 0319 o} +09 1.3 +14 +387 0313 065 0032 007 0014
-+400 «784 0336 3 410 +8 09 +781 L0313 073 0028 004 ,0018
-+ 350 +977 0315 o1 +08 2 Wil 975 L0314 | L0881 L0032 001 L0013
- 300 +762 L0315 o1 +10 o4 +12 999 L0314 D78 0032 002 0015
-+ 250 750 0314 v i 08 N +F47 03135 D78 L0035 D06 0014
-+ 200 2737 0317 +7 09 o1 207 733 0315 080 0030 D15 0018
-+ 150 725 0317 1.0 +12 3 410 22 0314 | W072 L0029 016 0020
-+ 100 +207  ,0318 1,3 +11 e 409 JF04 L0317 1 071 L0029 D21 D019
-+ 050 T4 L0319 1.3 «11 1.1 W14 F02 L0318 | L0482 0031 021 .0019
§.,000 +908 .0318 1.7 10 W9 07 306 L0317 1 L0646 L0025 026 40018
L0850 +714 0318 1,% W12 1.0 13 21,0317 064 0030 030 L0022
100 +924 Q318 1.6 +0B 1.4 +08 722 0317 | L0858 0024 026 0016
+ 150 +754 0316 1.5 +08 1.6 08 +F52 0315 L0836 L0023 L0286 O0LE
+ 200 73 L0317 1,5 +07 1.7 10 270 038461 J0585 0023 | J025 0015
v 2050 1.000 L0315 143 05 19 07 798 0315 054 L0021 26 0013
» 300 1.002 0314 1.8 W07 1.8 + 09 1.000 03151 039 0024 W26 0015
¢ 390 1.006 0315 1.8 +10 2.1 +10 1.004 Q03146 L0582 0024 031 0020
400 1.015 0317 1.8 9 1.7 .07 1.013 0314 058 L0023 033 L0019
+ 530 1.045 L0317 1.4 +12 2+1 +10 1,043 L0314 032 0024 025 0024
700 1.030 0317 o7 9 2+ W07 1,049 L0316 044 0018 013 0018
+350 1.061 ,0316 +8 09 LIS IS ¥ 1.057 0316 D45 L0023 015 Q017
| 1,000 1,082 0317 +3 v10 1:é v1d 1,060 03161 04 0033 2015 0018
Urstiream Velocily Uzo 7 mis (/- ,48)

Probe Yaw Offsel Angle

I n

5+0 [eg

S 59Vd TYNIORIO - 95z -

ALYND dood 20



TabTe H58.

FIVE-HOLE PRESSURE PROBE WAKE FRESSURE DATA

- 257 -

ORIGINAL PAGE jg
OF POOR QuUALITY

INCIDENCE ANGLE (DEG) = 358 ¢+ Ic/0D =27 s R = 8.3 %
NORMALIZED EXIT TOTAL STATIC TOTAL PRESSURE
TARGERTIAL | ANGLE PRESURE PRESSURE RECOVERY

POSITION I r2
21/5 Deg {4/- kPs  {+/-) kFa  {{/-) PT2/PTL {+/=)
-1.000 3.4 14 22,75 .018 99,21 017 L3993 00024
-850 $.0 13 F.76 017 29,20 017 7724 0024
- 700 34 418 29.74 017 29.20 017 £2923% 00024
- 550 3.8 .14 29.73 018 90,20 017 2991 00025
- 400 4.3 09 FF.72 L0117 29.20 017 L3991 ,00024
-y 350 £,9 .11 29,72 017 99,20 17 +2990 00024
-+ 300 $48 +12 F9.70 017 27,20 017 +7788 00024
-.250 4.3 .14 ?9.48 017 29,20 017 +F987 00024
- 200 S0 W09 99.67 017 29,20 017 +7986 00024
-+ 150 4.4 10 966 01T 99.20 017 +7984 00024
-, 100 4.7 .07 29.83 L7 99.21 .017 7783 00024
-+ {50 $.2 414 79,53 017 29,21 017 L7983 00024
0.000 44 09 22,68 017 29,21 017 +9984 00024
+OS0 4,5 12 o9.586 017 29,21 017 2784 00024
+100 4.0 .08 99.67 017 99.21 017 +3986 00024
+150 3.7 08 292,70 017 2921 017 +798% 00024
+ 200 3 41D F9.72 L7 92,20 017 +F990 00024
+ 200 3+ 4 07 9974 017 99.20 017 +7993 00024
+ 300 3.7 07 99.74 017 92.20 017 #9973 00024
+ 390 3:+4 410 99.75 M7 22.20 W17 «7793 00024
+400 3.8 .08 99, 7% Q17 9%9.19 017 +7994 00024
voa0 3.2 .10 2. 77 017 99.20 017 +9997 00024
o700 2.5 207 992.79 017 29.20 017 +3798 00024
+850 26 W11 29,81 017 92,20 017 +3999 00024
1.300 3¢5 15 79,82 17 29,21 L7 1.0000 00024
Urstream Total Fressure PT1 = 99.82 kKPFs  {+/- 017)
Upstrean Siatic Pressure rl = 9%,27 kP {(+/~ 017



Table HE9,
INCIBENCE ANGLE (DEB) =

FIVE-HOLE PRESSURE PROBE WAKE VELOCITY DATA
0 9 Lo/l = 2,07 y R= 12,5 %

HORMALIZED NORMALIZED NORMALIZED
TANGENTIAL TOTAL VELOCITY - VELOCITY COMPONENTS
FOSITION Pitch Ang Yaw Ang
2T/58 UAllzg {4+/-) | Ded  (4/-)| Ded . (+/-)| Uz/Uzo {+/-) | UL/Uz0 (+/-) | Ur/Uzo {$/~)
=-1.080 1,013 0317 1.1 +10 1.0 +13 1,010 0316 BO71 L0032 020 0019
-+ 850 1.044 0317 1.3 Q7 8 W07 1.041 0316 Q77 0027 024 ,0015
-+ 700 1.043 .0318 o7 +313 +8 +10 1.040 0317 U786 0030 014 D024
-+330 1.041 0319 o7 WY +0 +08 1.038 0318 080 .0029 | .012 0018
-+ 400 1,032 0317 -l +11 1.3 .16 1,030 0316 | 067 0035 ~-.002 0020
-+ 390 1.0086 0317 =) +09 o7 409 1.004 0316 | 075 0028 | -.000 0015
-+ 300 1,000 0317 =1 +07 ) +10 +I97 03146 078 L0030 | 4002 L0015
'0250 0994 00317 -00 011 r3 vOT r??i 00316 »082 »0029 ';001 }0019
T =200 774 L0317 +2 +10 7 W10 +772 L0316 | 073 L0027 L0004 L0016
-+ 150 971 L0317 o7 {9 NS ¥ +768 L0316 074 L0031 D11 L0015
-+ 100 v798 L0317 o W12 o7 +{8 «793 317 | 071 L0027 011 0021
-+ 050 +741 40318 1.3 o311 +8 +11 +738 0317 | L0569 L0029 021 0020
0,000 740 L0318 1.8 LY 1.0 .09 fF37 0 L0317 | L0465 L0027 030 L0018
50 +747 40318 1.8 097 1.2 10 L2450 317 | 082 00251 L030 0018
+ 1090 1751 40319 200 133 1.6 + 7 747 L0318 | L0577 L0025 | 034 0024
130 7 L0317 2+6 10 1.3 07 T4 031G 062 0025 045 L0023
+ 200 791 0319 201 W12 1.4 +13 «788 0318 062 L0031 036 0024
+ 290 1,015 .0318 2.1 12 1.8 12 1.013 0317 57 0027 037 0024
+ 300 1.025 0317 2.0 08 242 07 1,023 0317 051 ,0022 036 L0018
v Sl 1.044 0317 i.8 07 1.8 07 1.042 0317 008 0024 033 0017
+400 1.049 ,0318 244 +11 241 W12 1.947 L0317 | 0583 L0028 | .043 0024
v 1.071 .0318 1,9 10 1.9 12 1,057 .0318 098 ,0028 035 0022
WA 1.078 0318 1.4 08 1 v12 1076 0310 D04 0029 027 40017
+850 5.074 0318 7 W12 2,0 .10 1.072 .0318 05386 0025 018 ,0023
1.000 1.071 9318 o4 +09 1.8 «18 1.069 0318 H60 0038 L0077 L0018
Urstiream Velocity Uzo = 308 m's  {+/- ,469)
Probe Yaw Offsel Ansle = 5.0 Reg

849¢ -
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ORIGINAL PAGE [§
OF POOR QUALITY

Table H60, FIVE-HOLE PRESSURE PRORE WAKE PRESSURE DATA
INCIDENCE AMGLE (DEG) = 540 s Zec/C = 2,07 ¢+ R = 12,5 4
NORMALIZEDR EXIT TOTAL S5TATIC TGTAl. PRESSURE
TANGENTIAL ANGLE PRESURE PRESSURE RECOVERY
POSITION Pi2 p2
27/8 Deg {}/-) ks {+/-) kPe {+/-) PT2/PTL {4/~
-1.040 4,2 13 . 9976 017 99.21 017 +7794 00024
-+850 fo4 W07 22,78 017 29.20 017 +7997 00024
~.700 4.2 10 F7.78 17 99,17 017 +7995 00024
—+330 4.5 .08 99.78 017 29.20 017 $T7997 00024
~+400 - 7 W18 .78 017 29,19 017 3995 00024
-+ 350 4¢3 409 .75 W01 99,20 017 L7993 00024
-+ 300 45 W10 29.74% 017 29,20 017 L7992 00024
-+ 250 §o7 W07 29,73 017 29.20 017 L7991 00024
~v 200 4,3 W10 22.70 L7 oe.1% 017 27789 00024
"0150 4-4 911 ??1?0 001? 9?;2(} rOl? 09989 000024
~+100 4,3 .08 29.88 017 o9,1% 017 L7987 00024
~-+{Q50 4.4 11 %87 Q17 99,19 017 27785 00024
0,000 4.4 L0 F7.867  JO0L17 29.1% 017 L7985 00024
+ 050 4,2 10 27,08 017 9.1% 017 #7988 00024
100 LS4 +10 7,68 017 799.20 017 +7987 00024
«130 4.5 10 29,71 17 9,19 017 27789 00024
+ 200 el +13 22.72 17 729,19 017 +79%0 00024
250 3.8 412 29,75 017 ?2.19 017 JAI93 00024
+300 J+3 08 .74 017 o919 017 L7994 00024
+3uC 3.6 09 929.78 017 729,19 017 17796 J00024
+400 3.7 W12 978 017 79,17 {17 +3997 00024
sagl 3e7 W12 77.81 017 79.19 017 +7799 00024
+700 3.7 W11 99,82 017 29,17 017 1.0000 00024
+830 3.1 +10 77.81 017 99.12 017 1.0000 00024
1.000 3.2 .18 27.82 17 29,20 017 1.0000 00024
Upstream Toial Pressure PTL = 99.82 KPs  {4/— 017
Ursiresm Slalic Pressure rl = 99,28 kP (/- 017



Table H61. FIVE-HOLE PRESSURE FROBE WAKE VELOCITY

BATA
INCIDENCE AHGLE (DEG) = 5s0 » Zc/0 = 2,07 ¢ R = 16,7 %

MORMALIZED NORMALIZED NORMALIZED ~

TANGENTIAL TOTAL VELOCITY VELOCITY COWPONENTS
POSITION Pitch Ang Yaw Ang ‘
27/5 UWUzo {+/-) | Bes  (4/-)| Deg  (4/-)| Uz/Uzo (4/-) | Ut/Uzo (+/-) | Ur/lzo (47—
-1, 000 1,054 0318 1.4 .1Ip 7«12 1.051 0314 | 030 0033 | 027 0019
- 850 1,041 0313 | 1.9 +11 3 +11 1.038 0312 L0770 ,0030 | 018 0020
-+ 700 1,049 0313 | 2 W09 o6 W08 1046 0312 | .080 L0028 | .01&6 0017
- 550 1,048 L0313 | .2 .ii 1.2 13 1,045 L0313 | 070 0032 .004 L0021
-, 400 1,039 0314 | -2 .20 1.4 .11 14037 0313 | 085 0029 ] -.004 ,0034),
-+ 350 1.025 L0312 | & .10 5 .09 1,022 0312 .080 0029 .000 .,0013
- e 300 1,019 0312 ‘2 47 ¢ W7 1.015 L0311 08¢ 00328 004 0015
- 250 1.004 ,0312 -1 10 W7 409 1.000 0311 074 00281 -.001 0013
-+ 200 981 L0312 vl 10 o5 13 +278 0312 077 0033 002 0017
-+ 150 274 0312 | '8 o1l o7 +07 972 0311 D73 0028 010 0018
-.100 760 L0313 1,3 .12 W& W08 957 L0312 073 L0027 021 ,0021
- 050 +745 L0313 1.2 +13 oD 10 +942 0312 Q72,0029 L0190 0022
£, 000 P46 0314 1.7 .21 NI €' +943 L0313 088 L0028 | 028 L0034
D50 792 40313 244 v12 +8 +13 +748 0312 Q70 0031 040 L0024
+100 378 0310 28 +15 1.1 12 +573 L0318 D66 0029 048 Q030
150 «987 0313 2.7 W12 1.4 10 784 0313 | L0461 L0026 048 L0D25
+ 200 1.002 0313 2eb W10 1.3 11 «999 L0312 065 L0028 048 L0023
250 1.017 0313 1.7 o 14 1.7 +08 1,015 0313 057 0023 D31 0027
« 300 1.018 ,0313 2.2 22 1.1 .2 14015 L0312 0897 0042 039 0041
v 350 1.015 ,0314 2.0 W14 1.5 .10 1013 0313 .061 0028 ,035 0028
400 1,029 0320 | . 1.9 .13 1.6 16 1,026 0319 | 080 0034 034 0028
550 1,050 .0313 1.7 410 1.4 .13 1.047 L0313 | 066 0031 ,031 ,0020
+7 00 1.086 0313 144 10 249 o11 1.054 0313 005 0026 D26 0021
830 1,088 L0313 A 5 { R N v 1,055 ~.03121 078 0055 012 .0021
1,008 1.060 0313 a0 08 1.5 15 1,058 0313 | 085 .0034| ,001 0017

Urstiream Veloecils Uzo 0.8 m/s (/- ,468)

Frobe Yaw (Offsel Andle =

5.0 Besg

- 092 -
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Table H62.

INCIDENCE ANGLE (DEG) =

- 261 -

ORIGINAL PAGE I§
OF PGOR QUALITY

 FIVE~HOLE PRESSURE PROBE WAKE PRESSURE DATA

5S¢0 5 IefC = 27 » R= 16,7 %

HORMALIZED EXIT TOTAL STATIC TOTAL PRESBURE

TANGENTIAL ANGLE PRESURE FRESSURE RECOVERY

FOSITION Pi2 P2
21/58 Jag ({/-) kFs {(+/-) KPe {+/~) PT2/PTL {(+/-)
~1.000 LN 12 99,80 017 29.19 017 +7998 00024
-850 $vé +11 99.72 17 99,20 017 L9997 00024
-+ 700 45,08 29,79 7 29.19 017 +9993 00024
- 530 3.8 13 29,79 017 9%.19 W17 +7998 00024
—+400 TS § | 22,78 017 g7.19 017 927 00024
-390 4.5 +09 9977 L0117 29.19 017 +7925 00024
-+ 300 445 07 2275 i7 . 29,19 017 L7974 00024
-+ 250 4.3 07 2974 017 99.1% 017 7992 00024
-+ 200 3.5 .13 2.72 A7 22,19 017 L7790 00024
-+130 £.3 09 29,71 .017 ?9.1% 017 7789 00024
-+ 100 4.6 0B 9. 70 017 927.1% 017 27988 00024
‘0050 4o5 ’10 ??v68 001? ?9,1? }017 0993? 500024
$.000 4,5 12 99.569 17 99,20 017 +7987 00024
+050 4.9 .13 2270 W07 99.20 017 +7988 00024
+100 4.8 413 29.72 017 97,20 017 +9990 00024
+ 130 $45 vil 2973 17 2%.20 017 P71 00024
» 200 - TS § | 9975 17 22,20 017 7994 00024
+ 230 3.7 .1 9277 7 99,20 017 I 00024
+ 300 4.4 21 9977 17 99.21 017 {7996 00024
+ 390 449 11 9776 W17 29.20 017 7995 30024
400 3+8 .15 9779 019 97.21 017 JF997 00023
+ 350 4.0 L1 22.81 017 99,21 017 1,0000 00024
+ 700 3.3 11 9e.82 017 99.21 017 1.0001 00024
+350 $:3 W27 22,82 017 99,21 017 1.0000 00024
1,000 345 15 29.82 017 29,20 D17 1.0000 00024
Urstress Totasl Pressure PT1 = 99.81 ¥Ps  {+/- »017)
Ursiress SBilslic Fressure rl = 9%.27 &Ps

{+/— D173




Table H63, FIVE-HOLE PRESSURE PRODE WAKE VELOGITY

Probe

Yaw Offsel Anzle

5.0 Ded

INCIBENCE ANGLE (DEG) = 5.0 ¢ Zo/0 = 2,07 + R = 25,0 %
NORMALIZER| T NORMALIZED NORMALIZED
TANGENTISL TOTAL VELOCITY . VELGCITY COMPONENTS
POSITION | — ‘Pitch Ang | Yaw Ang
2T/5 U8z (+/7-) | Deg  (3+/-)| Deg  {+/=3] Uz/Uzo (+/~) | W/Uz0 (4/-) | Upsleo {4/-)
-1, 000 | 1,083 0313 1.4 419 o4 N 1.060 03121 0B 0029 021 L0017
=, 350 1,662 0313 8 W06 =1 W04 1,058 0311 074 0030 «O15 0013
~ 700 1.0567 0313 +7 Db =+1 +06 1064 031271 095 003D 017 0012
TV 1.058 L0313 . 08 -3 07 1.054 0311 097 0033 005 L0015
-+ 400 1.056. 9312 e W07 -+ 10 7 1.051 0311 +097 L0034 004 L0013
v 350 1,043 0312 4] +13 1 ] 1.037 403111 089 L0031 +000 L0020
-+ 200 1.045 0312 ~+9 +10 “+ 3 W07 1+04%F 0311 1077 40032 | -, 000 0018
- 250 1,027 0312 vl +17 o L9 1.023 0311 088 L0031 D01 L0035
=200 7| 1.013 0312 o +16 “v2 09 1,009 L0311 021 .0032 +007 0048
-+ 150 TL979 L0312 ve +18 “+ 3 L7 +795 L0310 L0722 L0032 +00% 0032
“'100 09?7 00312 lié 920 —v i QO? ’??2 60311 +052 c0034 t027 o0035
=y 050 757 0332 1.8 23 “+d 07 +754 0 L0311 1087 L0032 O30 0039
0,000 +938 0312 2.8 W15 -+ 3 13 +793 L0311 87 L0035 D44 0029
+ 050 + 769 0312 2.8 14 s 2 +08 G048 L0310 088 0031 047 L0028
+100 274 0313 3.8 15 -+3 +09 268 0311 089 0032 065 L0033
150 2787 L0314 27 W16 v 2 +10 +982 0313 087 L0033 +047 L0031
+ 200 1.007 0313 35 .08 -1 10 1.001 0311 089 0032 D62 0024
+ 2950 1.022 0313 3.3 W15 —+2 A3 1.0156 L0311 092, 0038 039 0032
+ 300 1,042 L0312 Je1 11 o4 +10 1,337 311 083 L0031 57 L0028
+ 350 1.043 0314 2,0 27 +2 +11 1.037 0312 87 0033 036 0054
400 1.044 ,0312 2.8 +16 '3 W15 1.03%9 L0311 +085 40037 051 L0033
+550 1.0584 0313 2.1 11 o7 W12 1.061 0312 077 L0032 037 D024
700 1,063 0313 o 09 o1 18 | . 1.059 0312 090 L0042 008 L0017
v 350 1,088 0313 ~v3 10 .. 12 1,065 .0312| .081 L0033 1 -.006 0018
1. 000 1.068 0313 -9 +(8 v 4 +12 1.083 0312 =085 0034 | ~-.018 D014
S ' ' " Urstresm Velocils Uzo = 30.7 /s {(F/~- J63)
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Table H64. FIVE-HOLE PRESSURE PRORE WAKE. PRESSURE DATA
INCIDENCE ANGLE {(DEG) = 5.0 +» Zc/C = 2,07 s R=25.0 %
NORMALIZED EXIT T8TAL BTATIC TOTAL PRESSURE
TANGENTIAL ANBLE PRESURE FRESSURE RECOVERY
POSITION P12 P2
) 27/8 Deg (4/- KFa  {t/-3 KPs  (H/-) | PT2/PTL (+/-)
| ~1.000 4.3 .08 29,81 057 22.1% L0417 1.8000 00024
~+830 5.1 08 29.81 {8 79.1% 017 1.0000 .00024
=700 52 08 99.82 017 29.19 017 1.0000 ,00024
-+550 3+3 .09 ?9.81 017 29,20 JG17 1.0000 00024
—+400 5.3 10 29.81 L7 99.20 ..017 L2979 00024
~-¢350 4.9 .08 2%.80 017 99,20 017 L7998 00024
-+ 300 5.3 W07 77.80 017 99.20 L0117 L9978 00024
- 250 49 W09 99.78 017 29,20 L0017 L7996 200024
-+200 Se2 W 0% 97,77 017 98,21 017, {7795 00024
-.150 5:3 0% 29.75 017 29,20 017 L9793 00024
-+ 100 IS § | .72 17 2920 L9017 . 7791 00024
-.{50 TS § 22.71 017 97.20 017 +3789  B0024
0,000 &0 .13 22.71 017 29.21 017 »798% 00023
+050 TS AN 9972 017 22.20 017 L7990 00024
+100 £:5 W11 29,72 o017 29,20 017 - +7991- . 00024
+150 5+8 .12 79.73 018 29.20 017 L7992 00024
+ 200 o2 W09 1 9976 W01F 29,20 ,017 7774 200024
+ 250 o3 +13 9773 017 29,21 017 +9994 00024
s 300 S+ o1 92.7% 017 7220 017 - 7998 00024
350 - S5s¢2 W15 F2.77 Q017 99.20 017 +7978 00024
++00 S«4 415 99,79 017 29.20 017 L2798 000
V59 4.8 12 ?9032 +G17 g9.20 7 1.0000 +00024]
» 700 47 418 22.81 017 99,20 017 1.0000 00024
+350 424 W12 99.81 017 99.1% 017 1. 6000 00024
1.000 4e7 W12 | 99.81 JG17 79.19 017 1.0000. 0002
st Urstiresm Tolal Pressure PT1 = 92.81 kFs  {1/- .017)
Ursiream Sistic Pressure rl = 9927 kP {4/~ ,017)



Table H65. FIVE~HOLE PREGSURE PROBE WAKE VELZCITY DATA -
INCIDENCE ANGLE {DER) = 5.0 » Zo/0 = 247 + R = 33,3 %
NORMALIZED HORMALIZED NORMALIZED
TANGENTIAL TOTAL VELOCITY VELOCITY COMPONENTS

POSTTION Fitch Ang Yew Ang
2T7/5 fze (F/-) | Beg (/-3 Ded  (+/-)| UzfUzs (/) |UlflUzo (+/-) | Ur/lzo (/)

~1+ 000 1.072 (0314 o0 W08 -vd 407 1.067 L0312 1 099 L0034 811 0015
-850 1.047 L0313 P S 4 -oh 07 1.064 L0312 100 00321 005 0020
700 1,066 0313 o1 09 -5 04 1.061 0312 103 0032 001 L0017
~» 590 1.068 L0313 -0 07 -+7 {8 1062 0312 ] 109 0035 | -.000 0013
-+ 400 1,058 9313 2 W08 | -390 .09 1,082 ,0312 ) Jiit .0037 | 004 L0015
-+ 350 1.049 0313 N -7 G5 1.044 03117 108 00341 L0086 D020
-+ 300 S 1.044 0313 7 W10 -G W07 1.038 0311 107 WQ035 1 017 0017
-+ 250 1.034 L0313 7 W07 -7 W07 1,330 0311 | 107 0034 016 0017
- 200 1,016 40314 | W3 W12 ) -1 07 1,011 L0313 | 108 L0037 1 005 ,0021
-+ 150 +777 20313 .2 23 -1 07 +793 L0318 fI06 W0037 1 022 L0041
- 100 + 774 L0313 1.8 .25 -+7 0B +737 L0311 079 L0034 031 0044
- QG0 o777 0313 1.8 33| -1.d +07 772 03321 103 L0037 .018 0057
$.000 +771 (313 2.0 .22 -+ W07 P86 L0311 L1000 L0034 033 L0038
050 372 0312 2.8 .13 -8 .08 WR66 031G | LORY L0034 L0488 0027
100 289 0313 a5 W33 Sy B ¥ +983 L0311 L01 00387 044 0058
+150 I L0312 3¢ 1Y =7 W07 «783 L0310 | L1010 L0034 063 L0038
+ 200 1,013 L0312 2.8 .2 -7 Wil 1.407 L0311 L1010 00387 050 L0043
2 250 1.034 0313 4,2 .20 -7 W7 1.025 L0310 108 0034 076 042
» 300 1.041 0313 34 12 -eg W07 1.034 03111 097 0034 041 0029
+ 350 1.049 0313 3.7 W12 -8 W07 1.041 L4318 105 L0034 W087 0029
+400 1.052 L0313 2.8 .16 -+8 07 1,045 L0311 W107 0034 057 V0033
v o0 1,058 0313 7 412 -7 W09 1.052 L03121 105 0035 | 017 0022
0700 11066 00313 “90 ;0? ~.3 »03 10061 ’0312 '098 .0032 *.000 00016
+830 1,086 0313 Y Sy -2 W06 1,061 00121 105 L0033 -.017 .0018
1.000 1.067 0314 ) -1.2 .07 -3 W07 1.062 L0312 104 0035 -,.022 0018
i Ursiream Yelocits Uzo = 30.8 /s {4/~ 68D ’

Probe Ysu Offset Angle = 5.0 Desg
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Table H66. FIVE-HOLE PRESSURE PROBE WAKE PRESSURE DIATA
INCIBENCE ANGLE (DEB) = 5.0 » Zov/C = 2,07 s R = 33.3 %
NORMALIZED EXIT TaTaL STATIC TOTAL PRESSURE
TANGENTIAL ANGLE PREBURE FPRESSURE - RECOVERY
POSITION P12 Fe .

21/8 (+/-) KFs {4/} KPpa {(t/-) PT2/PTL {4/-)
-1.000 3:3 0% 99.82 017 29.1%9 017 1.0000 00024
~.850 3«4 07 79.81 .17 27.17 017 1.0000 00024
-+700 3.5 W06 292.82 .017 79.20 L0i7 1.0000 00024
Y 3.9 .08 79.82 017 99:.20 017 1,0000 00024
~+400 6.0 07 92.81 017 ?29.20 017 1.0000 00024
~+ 350 3¢9 06 92,80 017 99.20 017 V2979 00024
-+ 300 &0 .08 79.79 017 99.19 017 9998 00024
~+ 250 6.0 09 929.78 017 99.1% 017 +9976 00024
~+200 6.1 409 99.786 017 99.20 017 7975 00024

~+130 642 410 92.74 017 99,20 017 +7993 L0024
-~ 100 5.0 L1l 7974 17 92,20 017 27792 00024
~o 050 6.1 W11 .72 Q17 F7.20 017 7971 00024
0.000 5.2 0% 9%.72 017 29.20 017 2970 00024
+O50 4¢3 W07 | 9772 WOLF 99,21 017 2771 00024
+100 44 W17 7774 017 29.21 Q17 +77993 00024
130 6.7 .12 29.74 017 97.21 017 7973 00024
+ 200 bed W14 9276 017 29,20 017 +7995 00024,

+ 250 7.2 .13 29.78 017 99.20 017 2996 00024
+300 5:4 10 97.79 017 9%.20 017 +7978 00024
+350 5.8 07 79,80 017 99.20 017 7992 L00024
+400 53 07 79,80 017 9%.20 017 7979 00024
+550 5.8 07 99.81 017 92:20 17 1.6000 00024
+700 3«3 .08 97.82 017 P9.20 017 1.0000 00024
+850 S5 W06 99.82 017 92,20 017 1.0000 00024
1,000 7 W09 772,82 017 29.20 417 1.0001 . 00024]

rstresm Tolal Pressure PTL = 99.81 KPs (17~ 0172
rstresm Slalic Pressure fl = 99,27 KkPs b~ W17



Tab1 e H67;

57 FIVE-HOLE PRESSURE PRO
INCIDENCE ANGLE (DEGS = 5.9

E PRODE

MORMALIZED]
TANGENTTAL|

AORMALIZED

TOTAL VELOCITY

~ WORWALIZED
_ UELDCTTY COMPONENTS

Frobe Yaw Gffsel And

le = 5.0 Qeg

POSITION ] Fitch Ang | Yaw Ang 1 _ T
L2178 | Usuzs (4/-3 | Bew  (4/-3| Deg  (b/=3| Us/Uzo (i/=) |Hi/Uzo {47°) | Ur/U2e {4/+)
-1,000 1,085 0314 1 07 | -1 1T [ 1,059 L0213 | 113 L0037 | 001 0018
<, 850 14067 40315 { ~52 07 | -o8 12 | 1.084 0313 [ (107 L0039 | -.00% 10013
=700 1,069 0314 | -2 510 | =1.3 507 | 14062 0313 | W7 0037 | =005 L0019
= 550 1,084 035 | -t 07 | -1.0 .10 | 1.088 0313 | 112 0038 -.002 L0017
=350 1:055 0314 20 330 | 1.0 W06 | 1,049 L0312 L1110 0033 004 L0017
- 300 1,043 0314 D AREES v S A2 | 1,037 0312 107 L0039 013 L0023
-+ 250 1,032 ,0314 | Lt 3L | -1.00 W07 | 15026 0312 1 L1088 L0035 4020, L0021
200 1,006 L0313 | 1.0 08 [ -1 409 | 14000 0511 | 107 L0047 .018 0015
-;180 730 0314 | 1.7 15 | 1.1 512 936 L0312 [ 106 L0037 030 0027
- 100 982 0313 1. 1, Gl -8 10 | W78 0812 ] L1000 L0036 L0283 L0020
-, 05¢ b755 0314 | 2.1 14| <10 W07 757 D312 100 L0035 | 036 0026
0,000 JTH3 L0314 | L7 0| -9 408 V957 L0312 098 L0035( 032 0020
050 971 0313 | 1,9 .23 =9 .08 765 L0313 | 099 L0033 L032 0040
100 2984 L0313 | 2.1 12| -7 10 978 W0312 | 097 0035 036 L0024
150 W01 G033 | 1,8 27| -3 W09 v996° 40312 | 092 J0032| J031 40047
+250 1,027 20313 | 2.7 i3 | -1.1 W15 | 10020 0311 4108 0042 L0488 L0027
+300 1:058 0315 W& 20| -8 13 | 1,053 L0313 L1086 L0040 4029 ,0039
350 1,054 L0314 | 2.0 23 | -1.1 09 | 1.047 L0312 111 JDOB7 [ L037 L0043
1400 1057 .0344 | 2.2 0% -3 ot | 1,081 0313 106 L0037 040 L0021
550 1,083 0314 W30 W7 | <120 W15 | 1,057 L0313 115 L0043 006 L0032

+ 700 1,061 ,0314 3009 | <12 w42 | 14085 ,03120 115 0041 005 ,0017
250 1,085 L0314 | -3 .07 5 07 | 14083 ,0312 | 121 0038 ~.005 0017
LOOS 1,081 L0314 |  -w8 W07 | -7 W16 | 140853 ,0312] 110 L0044 | ~.016 L0013

" Urstresm Velocils Uzo = 30.7 m/s (+/- 88)
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Table H68. FIVE-HOLLC PRESSURE PROBE WAKE PRESSURE DATA
INCTIDERCE ANGLE {DEG, = 5w s Zc/L = 2.07 » R = 30,0 ¥
HORHALIZED eXIT T074L STATIC | TOTAL PRESSURE
TARGENT AL ANBLE FRESURE PRESSURE RECOVERY
FOSITION PTe Fe
2775 Bag {4/-) KFs  {+/-3 s {t/-3 PT2/PT1 {4/-}
15540 G W1 97.81 «Ci7 79,20 017 1.0000 00024
-+ 250 5.8 .12 77.82 017 29,19 017 1.0000 00024
~ 708 523 07 79,82 17 2%.20 017 1.0001 00024
-+550 5.0 413 29,82 017 F2.20 017 1.0000 00024
~+ 400 5.8 413 29.81 017 F9.20 017 1.0000 ,00024
- ool G+0 L0 27.80 017 79,20 017 +9999 00024
-+ 300 W1 412 99.79 047 29,20 017 27997 00024
- V250 Gel W07 9 T7 W817 29.1% 017 v 7996 00024
-.233 6+2 ;9? ?0?4 ;01? 9?.1? 091? 09?93 &00024
-, 150 83 412 29.73 017 29.19 017 L7991 00024
-+100 .0 10 97.72  JOiF 99.20 017 7971 00024
‘,659 603 903 ??}?0 n'f}i.? 99.20 r@l? 9??39 000024
$.308 as2 07 F2e76  J017 29,20 017 7937 00024
56 E Y § 99.71 017 29,20 017 +7790 00024
100 el W10 972 017 ?2.19 01 +79F1 00024
+150 S+d 0 W12 29.74 087 99,20 ,017 7773 00024
V200 Se7 10 P75 017 P17 W017 L7794 00024
Rt dedh 413 277 017 99.20  JOi7 +7994 00024
v 300 6+0 14 29.80 017 99,20 017 L7999 00024
it Sed W11 #2.81 017 | 79,20 W17 L7797 00024
350 5+2 1D 972.8%0 017 97,15 017 L7999 00024
v S50 d+2 415 77.81 017 2,20 017 1.0000 00024
+ 700 b+ W12 97.82 17 F9,20 017 1.00600 000324
350 5:3 W07 29,81 417 99,20 017 1.0000 00024
1.40 5.0 .14 27,82 7 79.20 017 1.0000 00024
Ursiream Tovsl Fressure PTL = 9%7.81 kPe  (+/- 0172
Urstiresm Sislic Pressure rl = 99,27 KPs {+/- 017



TabTe H69. [TIVE-UOLD PRUSSURE PROBE WAKE VELOCITY DATA
IMCIDENCE ANGLE {(DEB) = 5.0 5 Zu/0 = 2407 v R = 8847 X
F4tHe NORHMALIZED NORMALIZED
GENTIAL T0TAL VELOCITY VELOCITY COMPONENTS
Fivcn Ang | Vaw Ans o
Uizo® {F/-3 | Beg  {8/-3 Des  {(4/-) | Uz/Uze {F/-) | UL/Uzo (/) | Ur/Uzo (4/-)
1,962 0311 o3 W13 [ 1,2 W08 1,056 L0307 | 119 ",004/7 1 G0d" 0024
1.06C¢ L0311 -0 W0 | -1,3 08 1,053 L0309 | 116 Q037 | -.000 L0017

1.080 L0311 | 0 W09 7 .10 1,085 0309 | 108 L0037 | 000 0014

1.060 L0311 T Y -8 W12 1,055 L0309 | 107 0038 007 0019
1.052 L0311 7 W07 “o4 W07 1,047 L0309 | 098 L0033 | 017 L0017
1.046 0311 L6 .07 —+3 W07 1.042 0309 | %8 L0031 | 019 0017
1,036 0310 L2 W o1 W07 1.032 L0309 | 088 0029 | 022 0020
1.817 L0312 il Wl e S 1.813 L0509 | 090 0030 | 017 L0023

797 0310 FTT- TS &1 o3 W07 fF95 D309 | 088 L0030 024 0020

2773 0310 1.4 .08 -5 .09 «747 L0309 | L0993 L0033 J024 L0015
S0l 031 1.3 .18 =vd W08 +747 L0307 | .0B4 L0031 | .022 ,0018
+236 L0311 .2 .12 2 W1 +F33 L0310 | L078 L0032 .020 0020
917 L0312 1.0 417 =2 W10 13,0311 | 082 L0032 016 0028
S P BN VX S 1,2 13 -1 08 718 L0311 .082 0031 020 ,0022
44 L0311 1.7 L% | =3 12 241 0310 088 L0035 | 027 L0017
754 L0311 2.1 .10 =1 W14 ST 0309 | L0083 00346 L0385 L0020

81,0310 1.6 18 =0 W10 F77 0 W0309 | L0886 L0032 027 0027
1.002 ,031¢ 1,7 .18 =2 W08 797 0308 | 091 L0031 034 L0020
1.024 L0311 21 40 03 W06 1.01%9 - 0309 | 095 L0031 | .038 L0021
1,831 631 1.1 Wli ~+3 W07 1,026 L0309 | 099 0032} 020 ,0021
1.043 L0311 1.2 i3 “eb W07 1,043 0309 102 L0033 | 022 0029
1,057 0311 o7 olb -+1 08 1,055 0310 094 L0031 | 012 0031
1,055,031 | 8 W10 “od W07 1,050 L0309 | 103 L0033 015 0019
1.036 L0311 o7 407 =7 07 1,081 L0309 | 105 L0033 013 ,0016
1.080 L0311 A LY A 14955 L0307 | L1035 L0040 | 008 0017

Ursiresm VYelocils Uzo = 30.7 m/s {4/~ ,468)
Frobe Yaw Offsel Angle = 340 Ded

- 832 -
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FIVE~HOLE FREGESURE FRODE WAKE PRESSURE DATA
INCIDENCE ANGLE (DEGY = 540 v Zc/C = 2,07 s R = 686.7 %
NORMALIZER £xiv TOTAL STATIC TGTAL PRESSURE
TANGENTIAL AMGLE PRESURE PRESSURE RECOVERY
POSITICH Pz F2
/3 Des {{/-] WFes {4/-3 kPs {4/-} PT2/7PTL {+/-)
-1.800 6.2 08 99.82 417 29,20 017 1.900600 00024
-850 5:3 .08 79,81 17 99.20 017 1.0000 00024
~e70 3.7 W10 929.82 017 99.20 W17 1.00060 00024
-+ 90 e +12 97.82 LY 92,20 017 1,0000 00024
-, 400 25 .09 29,81 017 20,20 017 L9799 00024
~ e 3o Sed W07 97.80 JO17 99,20 017 +7999 00024
e300 5.0 O 27.7% 017 22,20 017 +7978 . 00024
-+ 250 5.2 W07 99,77 L7 99,20 017 L7994 L 00024
~+200 Fel +(8 97,73 017 27,20 017 +F993 00024
-+ 15 So7 W07 99.72 L7 79,20 017 L7921 00024
- 100 5+2 408 2970 J0LF 99,20 o017 L7987 00024
-, 050 E0 S &1 99.63 017 58,20 07 JF987 00024
$.000 Sed W10 79,84 017 99,20 017 +7785 00024
+030 S2 W07 99,867 017 9%.20 017 #7785 00024
100 346 +i2 99,489 L0i7 99,20 L0317 +9788 00024
«150 s W13 27,70 017 29,20 017 77987 00024
+ 200 .3 +10 $9.73 17 29,20 017 +FFF1 0 00024
+ 250 Sed W08 ?79.75 17 29.20 017 T4 00024
+ 300 5.7 .0 99,77 {17 22.20 017 JS9784 00024
R Seid W08 F7.78  J017 79.20 017 +7777 00024
300 Sef 408 29,80 Ji7 29,20 017 7799 00024
R 2 W08 29.81 17 92,20 017 1.0000 00024
00 Se7 W07 79.81 JOI7 99.20 017 1.0000 00024
350 9+7 0¥ 79,81 .17 79:.20 017 1.0000 00024
1.000 Se7 W14 27.82 017 F9.20 417 1.0000 00024
Urstreanm Tolal Pressure PTY = 29,81 Kk {4/- 017D
Urstream Stalic Fressure k1l = 99,256 KFPa (H/- 017



Table H71. IU -HOLE PRESSURE PROBE WAKE WELOCITY DBATA -
I CI»LNSE ANGLE (DEG) = S0 5 Zc/C = 2,07 s R = 83.3 %
ORMALIZED NORMALIZED - ' NORMALIZED
TANGENTIAL ToTAL VELGCITY VELOCITY COMPONENTS
POSITION ‘ Fivch Ang VoW AnS
27/8 Urbza (4/-) | Bex  (+/-Y Dez  {i/-)] UzfUzo {(4/-) [ UL/ Uzo (b7 =) | Ur/Uzo {4/~
‘10900 1095? 00313 101 03 "-t"(r 011 10052 90311 rIOO o0036 0020 }001?
-+ 859 1.051 0313 i+0 +08 o0 17 1,057 312 D72 0042 018 0015
- 700 1,058 0313 1.1 1) ST S | 1,083 0311 097 L0034 020 L0013
Ay 1.238 D313 1.3 87 -3 09 1.051 0311 D97 0033 L0024 0015
-« 400 1.041 03127 1.8 + 06 —vb 14 1.03% 0311 +101 0039 029 0014
~e 390 1.030 0312 1.8 +1i0 -0 +10 14026 L0311 »070 0032 032 0020
e U0 1.906 L0313 1.8 L7 -2 +08 1.902 0311 091 L0032 032 0018
- 2350 V786 0312 1.7 06 -+l +10 +782 0311 088 L0032 029 0014
-+ 200 C,798 L0313 1.7 21 - +10 +734 L0312 08T L0032 029 0023
- 1507 JFag L0314 1,$ +13 o1 o1 720 L0313 077 0031 JO17 0022
-+ 100 718 0315 o7 W12 o2 09 714 L0314 | 077 L0030 011 0020
- 050 +88% D317 ~ol - »1 o 18 +333 L0315 [ 076 L0031 ~.001 L0016
8.000 +385 L0314 —+b 18 o1 09 382 315 076 0031 -.010 0018
+050 +887 0318 | -1y 12 +2 e 10 +883 Q0315 | 75 0031 -.017 0020
+ 100 $711 L0315 “+& +38 o1 +08 L7208 L0313 | 078 L0030 ] - 009 0013
+150 722 L0314 o5 vil -~ 13 «718 L0313 083 L0033 007 0018
+ 300 743 0313 | L 1.0 o1 a1 .48 737 WO312 1 081 L0030 D16 0027
.250 0??? 00312 105 01 "04 011 0??3 '0311 rO?E 00035 0026 ;0024
+ 300 787 L0312 Zel 08 ) +38 +782 L0310 090 00324 036 L0017
+ 330 018 L0312 1.9 10 - % 212 1.013 0311 L0956 0035 033 D020
v 300 1,027 ,0312 1.9 L7 .2 +12 1.024 0311 093 L0036 033 0019
Y] LO4T 0313 1.5 #11 ~+3 W10 1.042 L0311 077 034 028 0022
70 1.047 0313 1.4 07 - +08 1.043 0311 102 0034 026 0015
+ 350 1.047  .9312 - w7 b 208 §- 1.04% 0311 L0370 0034 017 0014
1840 1.045 0342 +8 D7 -.8 ] 1.040 L0314 Q05 0037 D14 0017
) ' Urstresm Velodils Uzo = 30.8 m/s {4/~ ,68)
Probe Yaw OFffsetl Ansle = 5.0 Desd
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Table H72. FIVD-HOLE PRESSURE PROBE WAKE PRESSURE DATA
INCIDERCE AMGLE {JEG) = 5.0 5 Zc/0 = 2,07 s R = 83.3 X
NORHALIZED EXIT TOTAL STATIC TOTAL PRESSURE
AMBENTIAL ANGLE PRESURE PRESSURE RECOVERY
FOSITION P12 P2
2178 D= -} e {73 kFs {4/ PT2/PT1 {4/-3
1.080 5«11 F9.81 017 99,21 2017 1,.0000 00024
-850 5.1 +17 29.82 .07 27,25 »017 1.0001 00024
-700 3.4 10 79.82 17 29,21 017 1.0001 00024
-, 530 Sd +OF 79,81 017 29.20 017 1,0000 000241
~+ 400 G+83 v13 79,80 017 22.21 017 + 7999 00024
-+ 3ul 5:3 +10 92,7 17 79.21 017 +7278 00024
~ 300 S5 »03 279 W17 99,20 017 3724 00024
- hn Sed W09 @973 17 77,20 017 L7292, 00024
- 200 S¢ed W10 9.7 Y7 29,20 917 +7789 00024
- 150 5.0 10 29.57  JALF 29,20 017 79286 00024
=100 4.9 +OF 99.67 017 29,21 017 +7985 00024
-~ 050 e 10 77.84 017 29,21 W07 +9783 00024
0. 000 5ol 09 29,463 W17 2%.21 017 7782 00024
D50 £:F W10 29.84 017 22,21 017 7933 00024
+ 3106 948 +08 72.866 17 .21 17 +7785 00024
313 Se2 o1l 9P.E7 #0147 - F9.21 017 +7986 00024
+200 3.0 »0% 29.70 017 29.21 017 +9988 00024
250 T S § 1 9?.;3 D17 29,20 017 L7971 00024
« 300 Ser +08 2e.74 017 92,21 017 +F773  D0024
+ 5ol Se7 +12 F7.78 017 2%.21 017 +7926 00024
+300 9.5 .12 29,79 017 72,21 017 LT377 00024
50 Sea 41 29.81  Ji7 97,21 017 1.0000 00024
+ 700 D7 .08 - 29.81 17 99.21 017 L2999 00024
+8 S+7 . 08 59,80 017 29,20 017 7927 00024
1.000 G.8 .10 9,886 417 22,21 017 27777 00024
Ursiresm Tolel Pressure PT1 = 9981 kPs  {+/- 0173
Ursiresm Static Pressure Fl = 79,27 kPa  {+/~ 017)




Table H73. FIVC-HOLT PRESSURD PRODE WAKD VELOCITY DATA
INCIDENCE ANGLE {DEG) = 10,0 5 Ze/C = 26 s R= 4.2 %

HORMALIZED NORHALIZED NORHALIZED
TARGENTIAL ToTAL VELOCITY ] VELOCITY COMPONENTS
FOSITION filch Ans Yeu Anhs
a0 [2RTd [ A [ Wl -] ¥ i =/ 0z0 (-3 (UL AUzo b/~ | Ur/Uzo (47)
2T/8 Bfzo {4/ | Beg {4/ Dex  (H/-) ] Uz
-1.000 1.0110 G333 ¥ 00 | 2.8 v 24 1787 L0349 o211 WUC7T | 012 L3015
-, 350 770 0335 W3 0,10 | -1, +11 972 L0327 1 L1897 0064 D14 0017
- 730 747 3333 +7 +12 -7 +08 +T49 0327 +184 L0065 011 D021
"y ad *rde . i + el ¥ + + %) 3 F + ] w ] oo + =
VI 752 0335 7 i2 8 i 935 L0329 179 00465 g12 0020
-+ 400 +735° 40380 . es 14 7 -241 v 27 J706 L0352 174 L0087 00 L0023
"4 urd +huw ydTO * [V ) ¥ U ) . ’ * Lo [RYAV e o
RATH 83 W335 4 1% 7 14 838 0337 147 0048 404 018
-+ 300 +72 RHRE + 3 +10 ~eli 14 R {0335 [ 4370 G007 004 L0115
'&ESG 0?03 933 c 0"5' ’03 - !-? 016 ;334 00333 0132 033?3 \ -39-5 * 913
-+ 2080 W00 W 03346 v S+ P T Y 0384 L0330 78 WU0hG 300 G015
-+ 150 D43 0044 AR & I IS SO S £ 027 0333 | W63 JO0SG | WO L00L
-+ 100 +343 D350 1.2 JJ0 | 12 417 827 W0344 | 104 W0OF3 S WA 43 0
S 050 3134 0345 HIE +14 o 12 803 0348 +134 0059 fORD L0021
G.000 330 L0345 2,0 14 v 4 ¢ 10 W78 L0340 135 0007 | 027 WOULS
+ 030 +330 U343 2. 13 1,3 v 13 020 0337 125 L8055 | W03 0022
» 100 LB7S J347 1.5 v11 248 ri2 o867 0343 122 L0051 023 0017
+ 150 + 747 0335 o +10 2e5 W07 735 L0332 124 0044 1 007 0017
» 200 1.003 4033 o2 8 241 08 N I YLy v137 0047 S04 0014
+ 250 1817 0338 4] + 3 1.8 .06 1.600 L0332 145 L0047 L01 0 L0014
» 200 1.058 .§331 ol +11 1e& 04 1.047 03528 154 L0057 801 0021
- i I e + -v 1.8 LY 1,034 AT 22 AN nnd ANAT
* bl RN [R TR RN a3 [N . TRV 1 LRIy * Last PRVEY e W] LRIV RS IR
400 1.031 0336 b W08 AN 7l 1,817 0325 1 W47 WJOO5G1 WG085 LGS
Milelt 1.816 03379 o1 +03 o3 14 1,002 0334 172 L0062 WI01 W40
+ 700 1.002 . 0342 ‘o » 07 v v 30 IR0 W 0337 ATT O WGROT | L0037 L0017
+ D50 2730338 '3 W12 “y i ta0 TS/ R fA02 LD05E 05 JO02Y)
1,000 ST L0332, ‘o +O0 | 1.5 +13 W70 W0325 IS/ Rt P SN+ 4 ) 9
T e f ok e, 11T e 3 o Thae o 2 T} 7 = 7o 717 O
WFG L TOm YRAWLA LR WLW & &4 rL Mr D L ¥ R P
Fro bl Wy, ABD ol Aol o 4R £ Tio o
1T RDE TOEW Wi RTL MnDie T Avevy oo
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Table H74, TIVC-HGLD S3URC PRODT £ IAT
INCIDONCE ANGLE {BLG)Y = 18,0 » r R E 3.2 %
HAL EX ToTAL ic TOTAL PRESSGURT
BCh AHBLE PREGURE RC RECOVERY
51 2
27 Re= i) s {173 {4/-} PT2/P7T1 /-3
12.4 .2 100.00 018 017 3792 L0025
iL.¢ .11 27,93 018 017 +7987 L0023
i1.¢ .08 77.%6 018 +G17 7787 00024
1.7 .10 7%.74 018 017 +2785 00028
2.3 2T 79.92 022 +017 £ 9782 00027
0.7 .16 29,70 019 L7 +7781 LDOGES
158 16 77.92 019 017 7783 L00025
1.7 14 29.7¢  L018 017 «7781  DO0ZS
0.7 W13 99.89 017 +17 +7781 00024
1.2 .18 o7.85 .018 017 FITE LUTO2S
11,3 .17 7.85 019 +817 VPTG WOO0ES
7+5 W12 79,82 17 © WL W77 00022
L = 4 k] nm G-Q'? ndr anr? nANTYE
Faus [P S FEST Y [RYF ¥ [RYEW) YW sV LT
] r? 1‘7 0 N Gq-r N4y nnTe ANATL
v + 4w vy LV FY) (AT [ [RVATAVY X
el 1 4 m ey n3 1 AT “rrn A/AND
Qe Lo FACR R [ AT rvLs yrrr} LRTAIAY F R
T = 4"\? nn 4 ntr Nt =r mnnes AAAME
L W FFvrr [RVERE) WAL *F UG UV LD
AT 411 180,60 047 $017 7771 S 3002%
Fa ] Fal u\s s A4 AdE nona ARAADT
XN LR EXVIVER VRN [RVERRS [ATEY) L [XTATSV IR
n 4 .'\5 1:\0 N AT P onnT nAATIE
e U Vv [AVE¥] +VLr vrrry [RYAVAVE G
non G{ n N {\r*-r AT nnny ADARE
LRV [V ) FRYITARY] rrLs s LI [ RVAVAVE X 4
n 3 07 150 Fatn) Aay F nnnt? AnATL
re ALy ERYIVA Y 7 [REX W) Vi L ENE PVWVLY
7.7 .14 100,01 417 vui7 T2 L00U28
0.2 .18 180.0¢ .17 e017 L7772 U002
ifed W12 77,93 {16 017 fTT0 LO002S
11.5 +18 7779 W047 117 $T0T0 JOU024
Urstresw Totsl Pressure M1 = ke 117 0173
Urstiesm Sistic Pressuve ¢l = KPs {17~ G173
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Table H75. [IVC JOLD PRODSURT MRORDC WAKE VCLBCITY DATA
INCIDONRCE ANGLE (BEBY = 10,8 » Zo/0 = W4 » R = 0.2 X%
ERHALIZLE NORTALIZED Nonn
TARGENTIAL TOTAL VCLODITY VOLOCITY
rOSITION Pitcn Ans | Yew Ans
2775 vlzs {+/-3 | Bez {($/-}| Deg Fr=) ] Uzfbzo (47— Bb/Uso
“1»333 10(}33 '3337 v‘r .G: 152 024 100?-5 0(}333 0166
".350 100\5? »9340 04 095 * 1'5 f1 10 5? . 33!{! 0153
-+ 200 1.633 0344 o +10 1.2 o1l 1.G26 0340 157
- 550 1033 0357 ] 07 v +11 1,020 L0353 + 143
“0409 1;025 0933\'5 03 .03 t? 003 10912 00331 ' ;1\‘.’:5
e 350 1,888 0377 v o1l vg - 794 0378 184
-+ 300 L7900 3334 v 4 03 | v Wl 7T 0327 $1862
- 250 +764 D341 o7 +08 v 2 37 750 0356 164
-y 200 «788 L8333 1.2 07 o v 10 774 0323 147
T 153 +?15 033"‘:‘3 102 012 05 01 0902 + 33‘? olSG
e 1900 130337 1.4 +12 + 2 v 07 +879 0332 + 155
-+ 950 881 L0337 1,6 W21 oo vRZ2 +867 L0333 134
8.000 +840 L0337 241 12 + 7 {8 847 0334 135
+ O30 vB70 0337 2.3 W15 1.7 +19 +385 L0333 +120
+ 100 07 L0338 241 W36 1.8 IG5 8927 L0331 +12%
+ 150 v763 0333 1.0 31 i.8 +15 P53 0330 + 138
» 200 1.615 0332 +5 10 20 v 10 1.005 ,032% +142
-+ 250 1.456 4332 Y 07 1.7 +08 1.045 L0327 + 152
+ 360 1.478 ,0333 -1 + 07 1.8 {8 10467 0330 o154 -
+ 350 1,086 40335 ~v4 W07 1.7 +14 1,073 0331 +156 -
A0 1,084 {0334 -1 08 1,6 07 1.073  +0330 +158
+ 050 1673 9333 ~+3 08 o7 + 2 1,039 032 +174
+ 700 1,073 0333 + 2 09 1.0 +08 |, 1,040 0329 + 148
+ 350 1,082 0334 v 5 07 1,3 19 1.06%° 0330 +154
1,000 1.068 L0334 Ve +07 o7 w17 1,054 0329 v173
' Ursirasm Velociluw Uzo = 2944 w/s
Probe Yaw Offsel Ansle = 10,0 Dleg
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Table H76. FIVE-HOLE PRESSURE PROBE WAKE PRESSURE DATA
NOIORENCE ANGLE (DER) = 18,0 » Ze/C = %% s R = B.3 X
NORMALIZED ERIT TOTAL STATIC TOTAL PRESSURE
TARGENTIAL ANGLE PRESURE PRESSURE RECOVERY
PORSITION T2 Fo
25/5 feg {{/-3} kFs  {t+/-) ks {H -2 PT2/PT1 {4/-)
-1.,000 2.8 s 106,07 018 7936 W01/ «F7TY L0020
1 -850 3.2 .14 150,05 019 747 JO17 JTFIT 00025
-+700 8.8 .11 100,02 020 79436 31T T3 00026
~ 550 2.1 o1 106.82 022 TR47 W017 L7793 00028
-400 7.3 .08 160,01 018 27,47 017 L7973 00025
~ 358 F+5 0 413 277 L0585 29,47  JOi7 {7990 LH0030
—+ 300 734 41 29,928 017 9947 017 +778% 00024
—+230 7.8 W07 VR T ) .47 JOLF L7988 00025
- 200 7.8 W10 29.97 047 79.47 017 L7789 00024
- 150 75 W1b 72,71 017 22.48 017 L7982 00025
- 180 2.9 W09 |- 7771 018 29.48 047 L7982 00024
050 b W22 77,88 .17 7.4 037 J7980 00024
£.800 7.3 L7 ?.85 017 97.33 017 L9978 000241
+ 05 g W19 2,88  .GL7 ?27.48 817 JTP7T 00024
L1580 3.5 13 79,71 W17 F2.48 17 L7982 00024
+150 v +15 29.26 Q17 79.48 017 L G787 00024
200 3.4 L1 106,01 017 99.48 J017 L7272 00024
v ol 3:3 08 100,05 L0177 747 L01T 7976 OO0
+300 3.2 .08 160,07 047 2947 017 J7998 00024
+ 350 3.3 14 100,408 017 9747 W 017 L7999 00024
+400 8.4 07 160,08 017 99.47 017 L3799 00024
Ry P W23 180,67 017 THedd L0177 L7798 00024
SO0 7.4 (8 168,06 017 47 017 PR Q06024
Dol 8.7 W17 100.67 047 2947 §i7 L7798 L0002
1000 T3 WA 100.06 017 P2.47 W17 L7997 00024
destream Totsl Pressure PTL = 100.0% KFs (|5~ 8173
Urstresm Slatic Pressure rl = 992,57 &Ps {i/- 8173



Table H77. TIVE-GLE PRUGSURC MRODE WAKD VLLOCITY BATA
INCIDENCE ANGLE {DEGY = 10,0 5 Ze/C = W06 » R = 12.5 X
ORMALIZCEED HORMALIZED ) ) FORNALIZID
ARGENTIAL TOTAL VELOCITY VEOLODITY COMPONINTG
renITION o Pitch Ang " | Yew A3
2778 Ullzg {+/=) | Deg  {4/-3| Dez  {4/-) | Uz/Uze {3/-3 | Bb/Uas {4/-3 | Ur/8zs {4/-7
-1, 06 1,381 @332 3 W80 Y 1+002  W0328 1 202 L8070 U050 J00IG
.35 1,977 8332 4 4D v2 a7 1000 0327 | 103 0005 | JOB0 0 WO01S
4700 1,071 U333 IS 74 8 Wil 1o087  J0328 | Li72 L8057 | WUA7 WDGIG
-4 T 1,084 0332 VAR T il 1,050 740328 180 L0054 | WOLT L0010
-+ 400 1.064 0333 S 4 A 1,651 03281 148 0054 | LO1T 0022
-+ 350 1 !95? D335 ] W32 +7 el 1.043 G330 178 0057 1014 |005.u
-+ 300 2033 U333 o7 W18 i 013 1.01%9 0328 1 171 G000 012 L0032
s 250 1.015 0335 1.1 .8 o3 14 1,001 L0330 | 2467 w0002 L0280 JO0LT
'020‘3 |??3 |{!\333 1#3 00? 1’3 013 T 0962 1-0331 !143 OQGSS D22 '931?
-+ 150 W773 0 W0330 H o108 1.1 .12 W61 W0332 ] W81 LB05S | L0823 JLUIR
-+ 130 747, 0337 1.5 .09 el W07 fTI0 L0334 | 147 L0055 L0258 JG01D
~ O30 02,0334 1.8 i1 104 07 872 JOF30 | W38 WG051 | K020 J0020
+ 300 377 40334 1.2 .44 1.6 418 867 L0332 4127 W0056 | 028 L0024
LS50 «897 0334 2.3 W13 1.4 .2¢ «888 L0330 L1373 L0083 L0337 0024
v 100 710 8333 2.1 +13 228 W14 01 L0330 L1256 JO051 | L0323 J0024
150 735 0332 146 W10 1.3 . +21 933 . ,0328 ) L1440 LO0A0 1 0256 0018
+ 200 + 775 0330 1.3 15 1.3 14 781 0327 147 WD054 ] 020 L0024
.250 1003\5 o0331 --+2 {10 193 + 10 1-024 .0327 015? oGOSZ - o330 00013
+ 300 1.045 0334 1 07 1,3 14 .| 1,033 0331 158 L0057 02 0016
+ 39 14048 0332 T TS 3§ 1,2 .21 1,055 L0328 L1863 L0063 -, 007 G024
+ 330 - 1.080 03321 1.0 .18 ed W14 16066 L0323 177 0061 020 L0034
&553 }.;033 p0332 "“03 00? "’t:.’. % i‘:} 1 00?1 09327 01?3 QGO(‘:’E “0095 00014
Y 1.682  .0332 -1 0% o7 Wl 1.067 03287 174 L0058 -.002 L0016
+ 856 1.083 L0332 vh 414 1.4 .28 1,070 032 163 L0072 007 0027
G 1.081 0332 3 07 +3 " 18 10467 B0328) 172 Q040 L6022 JOB12
) Ursi

b 1 |

ream Velocils Uzo = 2% mifs (LS &)
obe Yauw Ofi'sei Anil

2

- 912 -

ALTTYND ¥00d 40
s} 39Vd TWNIDIHO




- 271 -

ORIGINAL PAGE 1g
OF POOR QUALITY,

Table H78. FIVE-HOLE PRESSURE PROBE WAKL PRESSURE DATA
INCIRENCE ANGLE (DEG) = 10,0 v L/ = W& s R=12,5 %
ORHALIZED EXIT T8TAL STATIC TOTAL PRESSURE
TANGERTIAL ARGLE MRESURE FRESSURT RECOVERY
OSITION PT2: £2
27/0 Bezs (/-3 kfs  {F/-) s /- PT2/PTL {73
-1.008 0.8 4 100,08 17 77,48 017 L7797 0024
+355 TS v 160,08 017 7+43 017 L7297 00024
7O 7.3 .11 0,07 WY 77.48 17 +7978 00024
e a0 7.1 1% 100,06 047 97.48 017 .9??8 00024
460 Fe1 408 100,06 017 7:+48 017 L7777 00024
s o0 7o 10 00.05 018 77.48 017 +2797 00025
-+ 300 Fols W13 100,03 018 99.483 017 +7794 00024
vou T+7 416 100,00 018 2947 JSOLT 7792 00025
-+ 200 38 413 77.96 {18 27,48 017 +7788 00025
150 7.6 12 72.%6 013 9747 017 «9987 00023
150 7.1 .07 77.94 018 2947 017 +F705  JP00L0
+O50 3.3 W07 77,89 017 9.47 047 +7781 00024
Teula 8.4 .17 99,87 017 99.48 17 2978 00024
ety 3.7 .1 77.87 017 2947 017 +7980 00024
108 3.2 14 99,90 017 99.47 017 +F781  L00023
150 3,7 2D 79.93 047 99.47 W17 + 7784 00024
+ 200 S+fs W14 77.98 017 2947 017 »9789 80024
250 IS £ 166.02 017 | 97.47 017 +7794 00024
+ 300 3.7 14 160.04 4018 2247 017 795 LO00ZT
V35T .3 W21 100,06 017 P47 01T W97 00024
400 Teb o W15 100.07 017 ?7.47 017 7997 LB0024
+550 G2 1 100.07 017 9947 017 1.0000 00024
W70 7.2 .1l 156.08 ".017 7948 017 1.0000 00024
+853 3.7 .28 150,08 017 F9.47 017 992 0002
1.800 Z+2 W15 100.08 017 7947 W17 +7979 nGGOEj

Ursirzsm Tolsl Fressure PTL
Urstresm Slalic Pressure ril

100.09 kP {1/~ ,017)
.57 kP {E/- WO17)

Hu
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TabTe H79. TIVC -UOLC PROCOURT PROLE WAME vLLOLITY TaTA
: = & Iv/C = 1V F W
INCIDONCT ANGLD {TEGY = 18,8 » ZnsD a7 . R i
HORMALTZLD ’ NORNALIZLS
ORMALIZED FUHEPL L Ll . s
hugﬁmhtkhr TOTAL VELOCITY ~ VCLOCITY CONPONENTS
TANGINTIAL ToTAL YELOGCIT . . .
i TLLCHh AR oW fmila . -
FozLTION (17 ) | pas (13| med Gas-y| Uslze (123 | Ub/Uzs (1) | UrsUze (a0 ;
_ . ) : :
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gty 1877 0331 +7 +00 I~ v 37 1406 S UA7ET WNDiG
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i e leen 7 'QE . '0’ 1,054 0327 176 4054 817, 20428
]
e S B Sl IR S O I R - A IR B 408 8010
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L 10 }:‘."—";Tﬁ
| T PREGSURE PROTE WAKE PRES,‘;"‘,’"E ro o7
e o o i = -
Table H80., FIVE.;!;S:‘: (BEG) = 0.0 + Lo/ = 78 4 R ounre
WWIGERCE AHGLE (IE OTAL PRESSURE
THOTIERCE STATIC TOTAL PRESS
TETAL PEann RLCOVERY
Al TTET oHIT T VRESSURE
RMALIZED AMEPT T PREGURE L [
ANCENTIAL PitL pen Lo PT&/Til %/ -3
MrvetitT 1 Fise T IR TS Y
ATTTAM T+/-} nEE b T.0000 00001
TOSITION neE (37— il b NE N} Ly o
2775 ses i) 0.0 0L s 917 $9797 100028
F * i £
17,000 R 100,08 017 AN 017 +7999 D002
-1, +
* ne 22 LS 017 740 220 00025
~ L OoG 100,08 015 17 9970
TAN ?6;' "0? : ~y ,:}13 ?9|48 60 / ?998 .06024
g Y AY) n - .3 100’9’ ¢ y ?9‘4? lOl? * 4 )
oo Tz G ﬁ"’ .311 e d ;?9?‘-' * <
Voo A B Yoo A LA AN (v 7974 00024
An 4 f LY
- FUY o 4 09 1OG+VJ + ?? 4‘.. ’017 ,,9 w + ot
3’-'-0 I+ ¢ 4 0 ﬁ"_ ;-01? T E Ry 4 ???4 .090"‘}
o non 12 100,405 o o 017 + EA TP
-+ 300 1 10 | 100,62 018 09 47 D17 9771, 00025
"4 +18 v n 7447 017 40024
. e 7l ¢ ! 7785 D002+
oa ANl BSOS SRl B (A e e e
+
el noo 08 77.73 & f’ 22,40 017 '9?:‘: annni
i Uaeh ) s 017 L - +75061 [REEERY 08
415 a7 .0 77072 7 97.48 017 100024
1A Uss 9.0 017 17 701 WI002
P30 8.7 1D ao air | m9.47 013 :  ooons
= e/ 2,99 817 ' 47 +7731 00025
PYOV n -r -IO ?JD FJ Q? A0 ‘.{};! I\J’\f\"".i.
A Wy bt nn o017 77T 17 IP8x L0002
.00 §.3 W12 ) 97.87 L7 27:48 947 ‘opnz . anpos
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ien S8 el et ur | aer ol 9994 400024
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o 30 Fe47 # 424
aan Ui 10,04 017 o 17 $2790 002
'Lr__ ‘?"1 lGB - 01;} ??y‘i’ﬂ '0 ’ ???3 '30024
258 7.0 .15 | 10007 79,47 W07 4 0024
s Ly 100,97 017 ' 017 | 1.0000 L0002
st aa W10 100,97 - S7.40 017 it 04952
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ann Vs il ssura Pl = * JoL Fo 7
Lo oty oy Theiic Prosseee 11 = 79,57 ke {4/ 0173
"='s sm Oisiic Pressure ¢
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" Table H81. FIVE-HOLE PRESSURE PROBE WARE WELBCITY DATA
INCIBENDE ANGLE (BEG);ﬁLIG.G v ZesC = W% 7 R = 250 %
NIRMALIZED NORMALIZED  HORMALIZED .
TRNGENTIAL . TOTAL VELGCITY VELDCITY COWPONENTS
PORITION Pitch Ansg ‘faw An
2T/8 Uszo {+/-) | Beg (+/-)| Deg {t/-) | UzfUzg (F/-3 | Ub/lUzs (/-3 | Urslze {4/~
-1+ 000 1,087 0331 oF W07 W8 420 1.073 20327 1 174 L4065 008 L0014
- 850 1.083 0332 Y S &+ v #20 1.067 03281 180 00841 012 0018
~+ 700 1.084 ,0331 1.4 10 o 15 1.870 03281 175 0041 O30 3022
= 550 1.076 0331 1.7 497 N £ 1.061 L4328 W173 0 3054 033 0017
-+ 400 1.072 0331 1.4 .25 o7 W10 1.058 .03264 173 00561 L0227 0040
-+ 350 1.056 0331 o7 W18 7 W09 1.042 L0324 v1467  WD0ES 214 0029
~+ 300 1.043 0331 1.8 ] NN ) 1,030 032 1483 L0055 018 W0046
=y 250 770 0357 1.7 '2 +7 W15 J778 0 L0352 L1570 0082 J033 0082
-y 208 1,027 G333 22 W37 3 W07 1.012 0333 170 057 | 037 0033
-+ 159 783 0331 1,4 23 8 . 407 70 L0328 A57 U055 D24 D041
-+ 100 «733 331 1.8 W11 3 .07 721 0327 149 L0055 +030 Q021
-+ 050 v707 0343 | 1.1 il I AS § 1 398 0338 J146 L0038 17 0028
4. 000 8956 0333 -+ W15 1.4 W11 +885 L0329 J133 L0521 ~.000 L0023
+ 030 704 0332 -3 e12 1.8 i 895 L0327 L1380 00501 ~.001 W001L7
+ 100 L7445 L0330 ol + 14 1.9 ¢ 734 L0327 134 0043 +001 L0023
+ 150 J972 0329 '8 v 20 vd W07 «781 0325 y1483 050 810 L0034
+ 200 1.023 0331 & 418 1.3 .48 1,012 03271 . 185 00527 JO11 L0033
+ 250 1,057 {330 v 3 W12 1ef 408 1,045 L0328 L5700 W30381 06 0023
+ 300 I.671 4330 S £ 1,2 .13 1.068 0328 163 L0057 L0081 0017
0350 1.031 03331 ’gi 01? v? r1 10067 .032& 0175 0005? _+002 .0036
+ 400 1,092 L0332 -1 W10 -3 39 1.075 0327 JA9T 0 R0094 0 -, 002 0029
» 950 1.088 0331 -1.1 +13 7 418 1.97 LB27 1 1737 L0082 -.021 0 L0028
700 1,091 4331 ~1.3 W21 1.1 19 1.078 0327 168 L0085 028 041
0850 1-088‘ 00331 “02 .ZG »? |03 10974 .0323 o;?E 00054 ”'303 +003?
1,000 1.087 0331 oh + 7 o3 W21 | 714071 L0324 183 0088 011 WO0013
Ursiresm Velocily Bio = 29.7 afs  {F/- 473

Probe Ysw Offsel Ansgle

it

i0.6 Ies

- 08¢ -
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Table H82. FIVE-HOLE PRESSURE PROBE WAKE PRESSURE DAaTA

- 281 -

ORIGINAL PAGE |
OF POOR QUAuTg

INCIDENCE ANGLE (DEG) = 10,0 » Ze/L = 496 s R = 25,0 %
NORMALIZED T87AL 3TATIC TOTAL PRESSBURE
TANGENTIAL LE PRESURE PRERSURE RECOVERY

FOSITION P72 Pl
27/8 {+/-3 Pa {H-2 ¥Ps  {+/-) PT2/PTY {73
-1.000 + 20 106,08 017 99.47 17 1.0000 00024
-850 + 29 16G.08 917 947 017 L3999 00024
-+ 700 +15 180.08 017 92,47 017 10000 00024
~, 5350 +06 100.07 017 29.47 L7 +7978 00024
-v400 +10 100,07 017 9947 4817 L7798 00024
— ol 09 160,05 017 P47 JU17 + 9996 L0024
- 300 o807 164,04 017 99.48 {17 JF7HPE 00024
-.250 + 14 29.99 022 29.48 017 L7970 00028
~2200 27 160,02 017 29.48 {17 {9973 00025
~150 09 79.78 917 97.48 017 L2990 00024
-+ 100 0% 29.93 W17 79,48 017 9984 30024
-~ {050 +11 27.721 017 748 017 L9782 00035
4.000 +11 99.90 017 29,48 017 +7981 00024
O350 +10 29.91 D017 292,48 017 L7982 00024
+100 + 08 29.%4 D17 99.48 {17 +9986 00024
+ 150 7 292.97 017 ?7.48 17 HI990 0 L O0024
+ 200 +08 106,02 017 29,48 017 9993 00024
v2a0 +(8 10G.08 JOI7 29,48 017 L9777 00024
+ 300 o135 106,07 017 79.43 017 7978 00024
« 330 +10 i00.0 17 29,47  L0i7 L9729 LB0024
+300 +37 100,08 017 29,45 017 1.0000 00024
+330 +18 100,09 017 ?9.47 017 1.0000 . G0024
700 +11 100,09 017 29.47 017 1.0000 00024
330 +08 100.9%  JOL7 29447 W07 11,0000 00024
1.000 21 106.86% 017 79,47  JO17 1.0000 00024
rass Totsl Pressure PTI 100,09 kP {4/ 017

ream Stsiic Pressure el

Won

LF 7

- +G17)



PRESSURE PRODE WAKD VELOCITY

Table H83. T[IVE-HOLE DATA
INCIDENCE ANGLE {DEG) = 10,0 + Zo/0 = 9% » R = 33.3 %
MORMALIZED NORMALIZED NORMALIZED
TANGINTIAL TOTAL VELDCITY VELOCITY EOMPONENTS
FOSITION Pitch Andg Y4 And )
27/5 fUze {4/-3 1 Ded  {(+/-)| Ded {(+/-)| Uz/Uzo (&/-) | Ut/Uzo {4/-) | Ur/lzo (47
~1.000 1,087 0330 +5 07 v 09 1.072 0328 179 L0057 007, 0014
- 850 1,070 0330 o4 08 1.5 18 1.8678 0327 162 L0058 07 L0018
-+ 700 1,083 L0331 HIS- v20 +9 vid 1.068 0326 178 0042 H279 0038
Y=t 1,071 L0331 1,8 12 +3 W10 1,086 0328 172 00548 34 0025
- 400 1:.058 ,9330 o4 + 28 1.0 8 1.045 0324 + 1635 0053 H07 0052
-+ 350 LG4y 0330 1.2 +15 + 9 +08 1.035 0325 1166 L0054 023 0028
¢ 200 1L.034 e 1.4 +14 o 15 1.030 0325 171 0060 HL£25 D031
-+ 250 1,036 L0338 Je2 W29 % SRS § | 1,021 330 186 0057 D58 0088
W 200 1.1 0332 vy v10 v 07 1.004 0328 167 057 P33T 0024
-+ 15 W78 0337 1.0 o 21 1,9 10 965 L0332 153 L0050 L300 038
o 100 267 0335 37 +12 +9 +11 +75986  LD331 155 057 016 0021
- 450 758 L0338 1,2 o34 o7 +10 +742 0330 158 L0057 21 20024
. 8300 725 L0334 1.4 +18 1.0 +08 714 L0330 145 0054 026 0027
050 726 40331 +3 14 14 +10 +715 0327 137 L0052 008 0018
0130 ;?39 00330 ""vﬁ +18 1&5 00? .5‘2 03326 -133 |3050 “1003 tG030
+ 150 777 40328 ~+{ o153 1,7 11 A7 W0325 140 L0050 000 0025
- e 200 1,011 .,03283 “+0 +07 1.7 +08 1,000 L0325 +146 L0049 -, 013 L0017
+ 250 1.846 L 033C ) - -.0 +15 1eb e1l 1.035 0324 154 WG0E2 -001 0027
033 1;05? t9329 * 00 017 1.6 o13 10(}43 00326 0154 00053 "1001 00032
v a0 1.074 0330 1.0 + 30 '3 427 1,060 0326 172 0073 ~019 008
508 1,080 {33t s v2 + O v i3 1.074 0326 174 70058 -~ 017 £052
P S50 1.0687 L0330 o4 + 23 o7 09 1,073 0324 175 0056 WOE 0044
o 700 1,007 ,033¢ -1 07 1.9 07 1,073 0325 171 0054 -,003 L0018
050 1.091  .033¢C o3 +00 +3 v11- 1077 0320 d74 0 40058 v002  H00LS
1.008 1.8%4 0331 v + 06 ) W12 1.077 0324 W17 v O087 006 0012
Urstress Velovils Uzo = 2%.7 w/3 {1/ &%)
Moba Yew Offsel Angle = 10.0 Des

ALFIYNO ¥00d 40

i S9Yd TYNIDRO
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- 283 -

ORIGINAL PAGE I3
OF POOR QUALITY

VE-HOLT PREBSURE PRODE

IIV
EEHCC ANGLE (DEG) = 18,8 5 2

=

AWE PRESSURE DATA
/b= 9% s R=33.31%

B |em

HORMAL EXIT TOTAL STATIC TOTAL PRESSUR
TANGTN ANCLE PRESURE |  PRESSURE RECOVERY
rasiT _ FT2 P2
27/ Deg {1/- kP i/} KPa (/-3 | PT2/PTL (473

L7 100.07 017 9737 +017 LGY0D 00024
W16 106.07 017 ?7.47 017 1,0000 00024
16 100.08 017 7047 017 +7799 00024
el 100,67 017 F7.48 017 7797 200024
i00.06 017 772,48 017 7977 00024
+£3 160,06 017 97,49 017 997 00024
W15 100.04 017 97.48 017 +77786 00024
+14 100.04 018 - 27.38 017 +7993 00025
{7 100.02 ,018 77.48 017 LF773 ,00023
.11 92.98 019 27.48 017 «798% 00025
+11 79.97 018 7?.48 017 2988 00025
10 ¥?.95 013 77.48 017 +9987 00025
07 77.93 .018 99.48 017 +7784 00025
+10 97.92 017 29.43 017 7984 00024
07 99.93 017 ?9.48 017 #7785 00024
+11 27.98 017 27.48 017 +773% 00024
+08 100,01 017 97.48 017 L2993 00024
11 100,05 {17 ?7.48 017 7596 00024
+13 100.07 017 77.48 017 +7998 00024
' 2 100.08 017 99.48 017 7979 00024
+13 100.09 017 ?9.47 017 1,0000 00024
0% 100.07 017 99.47 017 1,000¢ 00024
L7 10¢.07 17 29.47 017 1.0000 00024
+11 HUHR RN g 9747 017 1,0000 00024
+12 100.07 .17 2947 W037 1.0000 00024

- L4 - -

L4 L

[ TN BN B B S S L R R e R
-*
CO £O LN b3 <3 4 £~ O LN
L 4
<3
[Rn]

L 4
4“!‘3(3(.:3!‘4&44*4’*&4“&.’1&*#&%&41‘3

L] - L - - - -

-

-

* * *r o >

-

D JEW., QRN QRN BN JEW B v o Qo J v o [ e S B B
L4

>

ratresm Tolsl Pressure PTL 100.09 kFs  {/- 817}

Urstresm Sistic Pressure rl @757 kP {F/- D17}



Table H85,

v INE-HOLE PRESSURE PROD

L]
o
IHCIDENCE ANGLE (DEG)Y = 10,0

~
[g]
)

NORMALIZEL |

NORMALIZED HORMALIZED:
TANGENTIAL T0TAL VELOCITY VELOCITY CONPONENTS
POSITION Pitoh Ans Yeu &n3
&T/75 Urdza {(8/-) | Bed (/-3 Ded  (B/-3| Uz/Uze {47-0 | BbAUzo (v/-) | Urslzo (F/-)
-1 000 1,084 {332 2 W12 o W12 L2070 L0328 175 GOS8 D03 D022
-+ 838 1.087 9332 o7 W1l S S 4 1:074 L0328 189 JOUS3 | 2017 (022
700 1087 03337 1.0 WS .4 14 1.07% 03291 182 057 7 018 0029
-y 550 1,985 0333 143 W36 700 1,070 0328 7% L0058 | J028 L0048
“o 400 1.072 ,0433 23 W13 N S+ 1.007 L0328 180 0059 | D44 0023
Rt 1,888 L4332 Je3 W21 b 423 1.042 0327 [ 372 0087 1 061 L0044
- 300 1,047 {332 3l W29 s W09 033 L0327 172 W0GY | L057 L0056
-4 250 1,027 7.{332 1.8 LIB A 4 1,013 0327 1167 0058 032 0044
- 200 1.019  ,0332 1.3 48 +7 +13 1008 L0328 i85 U037 | 023 L0071
-+ 15C 1,008 0333 1.8 W15 vt 4 P73 0328 | 183 0080 +032 0027
-+ 100 737 0334 .0  L3C .1 1 $926 L0338 145 L0055 L0186 L0050
~+ D50 f226 3332 v +17 3 W07 +214 L0328 148 L0055 JO0F LOGLT
0.000 W717 0334 3 413 +1 .08 708 0330 L1420 L0033 L0800 L0023
+ 350 38 L0332 Y] Led 12 P27 0328 140 L0053 -.003 L0024
+ 100 »787 L0354 1 116 LTl 776 JO3EL| L1343 L0032 63 W0027
’150 19023 ’3331 ‘06 03? 11-'; old 19011{3 0332 oiS“r oc 56 —.011 00(}3\5
« 200 1.056 8332 | ~1.3 .17 1.9 .08 1.045 032 +149 0047 ~,025 D51
+ 250 1.072 8332 ol W22 HPE- S £ 14860 L0329 156 L0052] 002 0042
0300 1 0082 ’3333 ‘t3 02? l? g:ﬁ} 10-0\5? 03323 51?6 |037 '0906 ] 351
+ 350 1.079 332 | ~1.4 27 1.8 Wi 1.046 032 167 L0057 | -.020 U055
0400 1;037 00333 "05 024 1.2 111 1,075 0332? v188 00055 ""’\}97 500-"-?
+ 550 1,68y 3332 i ol i vid 1+067 03281 i85 L0055 -.007 G024
700 1,085 9332 IS s2l 1,2 .12 1873 L0327 185 LOOIE| 002 L0037
+ 830 1,087 4332 el 42 L7 W07 1.076 4327 187 0050 00,0022
1,000 1,084 L0332 ¥ +10 6 G008 1,070 .0228| 170,005 JO13 G020
Ursiresm Velocits Uzo = 2Y7.7 o/s 100 073
Probe Ysw OFffset Andles = 10,0 Des

- ¥8¢ -
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- 285 -

ORIGINAL PAGE |3
OF POOR QUALITY

TabTle H86, FIVE-HOLE PRESSURE FROBE WAKE PRESBURE IATA
IHCIDENCE ANGLE (DEGI = 10,0 » Ze/L = 74 3 R = 50.0 &
NORMALIZED EXIT T0TAL STATIC TOTAL RE#G IRE
TANGENTIAL ANGL PREGURE PRESSBURE RECOVERY
POSITION P12 o
21/5 Deg {+/-} kPs (b3 KPa {2 PT2/P7L {7~}
-1.000 2.3 +12 108.08 017 29.43 017 1.00600 00024
~ 350 2.0 +HOF 180.0%  WOL7 P2.48 017 1.0060$ .9&924
~. 700 84d 18 100.08  JO1T7 29.47 W17 1.0000 00024
~+ 550 ?+4 10 100.08 017 99.48 017 1.0000 00024
400 10.0 +1C 100,07 W 017 KA YN 13V L7778 LO0025
"0350 i000 014 100 005 0917 99.47 .01" 09??6 .OGW.-r
‘0300 ?69 +12 ;00 ov-r 091? ??54? 03}.;’ 09?95 09\:
-4 250 D5 07 106,62 817 .48 017 7793 .OOGZv
= 200 F& 14 16008 817 9248 017 L7971 LG0024
- 150 7.8 »13 20,99 017 P47 D7 L3991 00024
-+ 1G0 3.9 W12 2793 JSG17 ?%.47 017 2784 00424
- 050 7.2 07 29,92 W17 29,48 017 L7983 50024
8888 3.9 +08 99.71  W017 27,43 017 +7982 00025
(50 g6 +12 2.93 W17 99,48 047 L9784 00024
+160 3.4 +11 7.3 018 2248 W07 L9937 L0028
W3150 - 8+ «15 100.02  §17 9,47 017 LT3 U002
v200 3+2 +00 100,03 817 2247 W7 LTPE LOC024
+ 250 .4 .1 180,06 017 Qg.47  JA17 L7798 LO0024
+ 300 Fod 30 105,08 017 99,47 017 +72797 50024
+ 390 2.1 +13 FEH R ) ?%.48 017 1.00G¢ (0024
+400 g.8 +11 100,07 017 2.48 017 1.0000 .0992%
So0 3.7 +10 i00.07 W17 9947 W07 1.0000 00024
700 3.8 W12 106,409 017 P2.43 047 1,0000 00024
050 8.3 + 07 168409 017 ?7.48 i 1.0000 00024
1,006 7+5 +08 100.08 817 9.48 017 1.0000 00024
Urstream Tobsl Pressure PTL = 180.0% kP (/- 8173
Uestresm Ststic Pressure pl = 99.57 &Fs  {$/— 0173



- Table H87. FIVE-HOLE PREBSURE PREDO WARD VELOCITY IRTA
INCIDINCE ANGLE (DEG) = 30,0 v ZeiC = 76 9 R = 8.7 X

NORMALIZED HORMALIZE HORAALIZED
TARGENTIAL TOTAL VELOCITY VELDBCITY COHPONENTS
POSITION Pitch Ang Vaw Ans i
2775 B/Uzg {4/-) | Deg {4/-3] Bes  {4/-} | UzfUzo {0/ -3 | UL/0zo {8/ | Urslze 0/ -3
-1 00D 1.082 0332 3 08 1.5 W16 1,873 532 157 W 0030 | W014  JO0LS
-+ 850 1.7 0331 | & 413 1.5 19 1+0867  W0328 | L1597 Q053 JOIZ 0028
-4 700 L0758 0332 1.2 .09 1.4 10 1,083 ,0328 ) L181. 0033 | 023 L0CLY
-y 550 1L, 889 L0333 I+d 413 1,2 14 1,056 0327 | 183 WO05F | 025 L0028
- 400 1,031 9343 L, .1 1.4 41 1220 L0337 L1835 0054 | 017 0032
- w350 1842 20332 i.3  B7 1,2 i 1,030 0328 L1680 L0054 | 024 L0108
-x 300 1.420 0350 Jel 4318 1.0 0% 1006 WO345 | L1580 JOO57 1 4056 WO03T
o e 230 1.408 0332 | - L2 .2 12 L1 774 328 L1584 JOCET | L0330 L0034
-+ 200 W 277 WB33G 22 418 i W08 fFEE 0330 | LIEL JBOET ) L038 L0034
-, 15 o752 L0331 1hd 2D 1.8 13 +240 L0327 L1500 J005S | J027 L0034
-2 100 «731 8333 21 20 1.2 14 JFLT O L0329 L343 J0084 | L0385 WB035
-+ 050 732 20334 is W13 7 W08 2200 L0330 L1377 L0083 L0286 0022
{.000 AT ST (KA LS 4 422 T W13 T W03 J0329 ] 4345 W00E7 | -.0086 L0035
050 G 0333 ~+d W28 Y- S 1 3786 032910 L1350 L0052 -.005 0037
« 100 L7500 L0331 “v3 4l .7 14 SPAL 03271 4138 L0853 -.008 L0024
«150 +785 8330 w3 W2 i+ 08 JITS L0327 L1380 L0048 -.005 L0036
« 200 1.826 L0330 4 1. 7 1.8 1 14015 0326 2138 D050 -.820 0018
¢ 250 1,081 0332 51 S T U I S 1,837 3281 L1858 L0083 | ~.00L  LG0ET
+ 300 1,877 4331 N ERY 1.3 .09 14064 0328 L1864 L3053 -o010 W05
035{‘: 1;9?3 03331 "’100 024 t—'g' tll 11061 n’} 2? olé{‘r 03953 -;Gl’? 09345
300 1.877 0331 | ~1.3 il 1ed 413 1,085 0328 4158 L9054 -.024 L0023
590 7 1.088 0332 o WbE | 1ed W07 | 1.876 0320 J163 0 LU0S1 OO L0027 L
700 1,082 8331 -9 W21 A £ 1.07¢  ,0328( L155 0055 - 018 L0049
“+ 330 He78 L0333 v W2 1.5 .20 10066 0328 180 0061 +01L 004
1, 000 1:8772 L0381 4 W07 2. + D 1.868 03281 4151 0047 L0083 L0018
Ursiresm Yelooily Uzo = 2047 a3 (I - 873
Prove Yew OFfsel aAnzls = (0.0 Des

- 98¢ -
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ORIGINAL PAGE IS
OF POOR QUALITY

Table H88 C-HOLE PREGSSURE PRCB FRESSUR A
HGLE {DEG = 18, = W7 5 R = 85,7 &
NORMALIZED =X T0TA 5TATI TCTAL aRESSUR
TANGENTIAL ANGLE PRES PRESS RECOVE!
POSITICN T 2
27/8 £} P iFs PT2/PTL {473
-1.000 o1 100,97 9%.43 1,0000 L0024
700 +16 104.08 2%.43 7777 L0024
- 9550 +1% 19{‘?0 o7 72.48 » ???3 ;03(}24
-+ 300 o186 106.03 79,43 +2975 00024
e 350 o14 100,94 77.48 +F795 L0034
-+ 300 +10 10¢.02 29.43 7923 L0007
=250 +18 00,0 79,49 LF972 00024
- 200 + {7 2997 2%.48 +778% 00025
-+130 +13 F.75 2%.43 7724 00024
~+ 100 35 [ 79.93 I 49 +F985 (0024
-+ (50 » D8 7293 F9.49 +7785 00024
0.000 +13 ?7.92 79,48 7733 00024
+050 g.4 .11 ?7.71 29,47 +2782 00024
+150 dad 14 77.95 77,48 $79346 00024
+15¢ 3.1 0B 79.92 7747 7770 00024
+ 200 8.3 .if 10¢.62 77,48 L7974 00024
+250 a.7 .10 108,63 97,48 »77%7 400024
«300 8.8 .07 106G .08 2%.+43 +7979 00024
v 350 s 4l 104,08 29,47 1,5000 ¢OOC 24
+300 8.5 13 1G0.09 7947 1.0000 .CQV 4
P Io0 B.d W07 106,07 77,43 1;0900 0002
+700 8.3 .13 104,09 ?7.48 1,00C .v90¢4
+850 B8 20 100,08 29,48 1.v0uﬂ L0024
1. 000 3.0 .07 i00.43 ?9.43 1.0000  L00024
Ursiress Tovsl ”ressdle e i = 100, {1/~ 0173
Ursiresm Bistic Press = 92,57 - LT



38¢ -

ALvnd ¥ood 40
S1 59Yd TVNIDINO

TabTe HB9., FIVE-HOLE PREGOURT PRODE WAKE VELOCITY DATA
INCIDENCE ANBLE {DEG: = 10,0 v iD= 7% + R = 33,3 &
NORMALIZED NORMALIZED NORMALIZER
TRNGENTIAL TOTAL VELOCITY VELODITY COMPONENT
PRSITION Fitoch AnZ Yow Ans
2/ Yrllzg {14-) | Deg  (b/-3| Ded  (&/~) | Uz/Uzo (b= | UbSUzo (070
=1+ 0400 1,584 0334 - +Ub 2ed +14 1,045 0331 sia?  WBUS3
Yt 1,682 0323 N S 2ud £i4 1083 0325 137 U050
790 1,043 0327 1.0 W13 243 W07 1,33 L3224 140 0046
- S50 025 0338 1.2 13 1.4 W15 1,013 0332 153 WBU5S
~» 400 JTRE 0338 1.3 s21 1.4 v34 733 JS333 138 L8054
“2 354 1766 20331 5 + 20 o4 + 30 VE I N E SN
‘&300 5?33 1933? :l3 iil. iii t12 I??l ;G :2 aiS?. .30"’
256 728 337 240 ‘e 1,2 v 10 RS TR K 132 0055
200 «783 330 1.3 W19 ivd W13 L2 0328 + 143 .9054
- 150 868 4337 1.8 Ry is +13 +058 ovd33 331 WO0EF
T 100 u?:ﬁlﬁ 06336 * 03 017 1»-‘;— 00? as"r;’ n.r3 .123 '.OO.L.
-+ 350 381 0344 N Wi 1.3 vi L0720 0342 125 JO051
0.000 +375 0334 -1.2 +13 1.5 vid 365 03350 130 BT -
+ O350 2877 032 ) 13 1,9 10 370 ‘032 2123 0042 -
+ 100 732 0328 |0 ~.b W32 243 {8 RTINS § X A5 128 3047
.150 n??(} bc 2? "r3 113 2«5 011 i981 0 q" 513'3 cGG%’? =
+ 200 1,027 0328 '3 48 243 W14 1.020 .8 23 133 L3050
V250 1.852 (327 «3 +16 20 + 03 14042 0324 137 .394
+ 300 1,086 0328 + 3 - 1.7 s 17 1,050 {328 330 005D
» S 1.042 0320 i +11 24 + 20 1,053 0325 140 WOST
+ 400 887 0328 ol + 10 204 .y 1,057 .032% 142 OGS
;55(} ;.Guw 033.:.; 03 .08 2&4 011 10354 003:.-: ti"rz tvc"'t‘
GO0 1.065 0328 el + 31 27 vi 1056 G323 W135  LU0E4| -
+ 858 1,364 G328 9 W11 1.7 ve 1.053 0323 JA54 J007C
1,800 1,053 ;9328 Y P o W17 1.049 83285 W337 L0052
Ursiresm Yelocide Uzo = 270 /s -
Mrobe Yaw Offsel Anzle = 14,0 Dea



Table H90.

- 289 -

ORIGINAL PAGE {9
OF POOR QUALITY

“ T1

HORMAL TZED
TARGENTIAL
FOSITION

2775

TOTAL PRESSURE
RECOVERY

13

m

-1.000

-850
s ¥4 VS

son,
ey

o100
- s 3al
+ 300
'025

“{23

--159
180
350
G000
450
» 130
+130
+ 205
25

AL
+ 350
+4G0
vaad
+ 700
ool
1.800

R AR I B e BE L LN o B /o o' B =/ Y e B ww B e i v i i B = R B Bt}
P I I I e I
Cof L o Cn B 5 SE LT~ bt O BT S0 S R NN O G O

-

[y

+ Vov&‘l‘

HLC024

»00924
LG0024

.GGGQ#

’\IVG

0024
annnd
[ RUETASF Ay
RO
re‘uv;.'i'

L0024

© GO0

el sl

TR LN I NI
EOUE e

g O

s M |

Mo

C

s Slastic Pr

uLE (Btu = 10.
'}‘ T AL
PRES
PTﬂ
ETED kPa
16 100,06
14 i00.08
W07 180,04
314 0 100.04
+15 10630
+07 7,97
$12 72.97
o311 P74
13 72,76
+18 22.499
.O? ??}3?
13 22.87
14 ¢7.a9%
+10 77.87
+08 22,95
o 00.00
+14 106,04
+08 160,07
19 100.07
o 20 100,08
+17 100,08
»11 100,48
vl 160,08
.23 164,08
!- 10\!!\!1
I satal Fressure

.

858506



TabTle H91.

_ TIND UOLE PRESOURD PROBC WAKD VLCLOCITY DATA
INCIDONCC AMBLO4DES = 1040 » /8 =210, R = 4.2 %
NORMALIZLED norsaLizon i NORMALIZCDR
TANGINTIAL TOTAL VELORITY ( . VELOCITY CONPONENTS
POSITION Miteh Ang Yow Ana L ] )
2775 WSzs (/-3 | Des (4/-3| Ded (47~ | Uz/Uze {4/-3 | W/Uzo- (4/-) | Un/lzo (4/7%)
-1:000 +F70 20338 1.0 08 o W07 964 0333 160 L0059 02T L0015
~+ 530 i V0340 148 13 =+3 W17 $777 50334 170 L0067 018 ..0024
-3 700 » 743 5534"2 o7 07 .2 + 14 ;?4? 3337 u1|53 40094 * 0012 L0183
-+ 550 V250397 ) L0 a0 [ -2 12 WF07 027 | 163 40073 0146 L0018
-+ 400 »712 3344 o7 Wi2 =i i2 .5?, 0339 | L1860 40043 L14 50020
"035\'\; » 708 rc342 1,2 i "Nf) . 914 33?3 10336 1167 +D0GE 001? 00021
=+ 300 g .5343 1ed 0 413 % TS £ .8?4 RN +153 +00864 .Oi? 0021
‘+250 ;3?3 t9345 1+8 ’15 3 +13 + 857 ’03_40 0156 +D065 J14 . D024
=200 o L337 L0347 1.3 + 34 8 $027 L0344 | W137 L0062 020 ..0017
~e 300 +394 L0240 L0 ik o2 W17 ;3%1 RIXEH 145 0064 +015 -, 0018
- 100 +B47 L0347 5 a2 el «12 B35 L0344 W142 0061 $022 ,0020
-+ 050 f031 0 ,0352 L7l O W14 $02% L0347 | 4132 0061 025 0017
34000 eBld L0352 24l vi2 +G 418 300 L0347 | 130 0062 LO30 L0021
050 +B30 347 2.8 i 1.3 12 +320  W034T [ J125 L0036 L0299  0019
+100 +B56 W 0344 145 W13 L7 il «B47 0342 124 L0053 023 0022
Y TR W 0341 I S ) 1.3 10 i971 L8330 | W12% 0051 0220017
v 200 +724 (352 1.3 ol 1.8 08 215, 0337 #1352 0051 018 0018
v2ul + 758 0343 RN 1.7 .2 »74H L0338 J137 L0033 W04 0014
+ 00 1+003 L0337 YAt A N ek $792 20335 | 146 0052 013 .0012
+ 35 1,015 0340 o 0B 1.8 413 1.003 L0337 150 L0083 011 ,0015
+ 300 1,022 0337 A 1 1.2 0% 1,017 L0333 157 .0054| .012 0020
+ 5ot 14015 0341 {1 I &1 1,001 L0338 166 L0057 014 ,0019
+ 700 TP 0340 1.8 .1 +3 a1 79 L0335 | 168 L0080 018 50021
+ 350, 175 0341 o7 W07 —s3 W12 «778 L0335 L1180 L0045 L0186 001G
1o D00 $ 700 WP330 sG eho o4 W13 P07 003 165 0061 D014 0022
Urabresm Velocils Uz = 22.4 m/s  (1/- .71}
robe Yew OfTsel Angle = 10.0 Des
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Table H92. T3IVLC #0LL PRESSURS TROBC WAKE PRESSURE DATA
INCIDONCT ANGLC (DEG = 100 + Ze/C = 2,10 s R = 4.2 %

RHaLIZEED XiT 1874 STATIC TOTAL PRESSURE
GINTIAL AMGLE FRESURE PRESSURE RECOVERY
SITION £T2 F2 |
2775 Dz {+/-) s {4+ ks {+/-3 PT2/PTY (H/-)
300 2.0 D7 2044 017 78.98 017 7988, 00024)

-, 855 164 W16 748 817 28,798 017 7990 00024
TFO0 I | ?0.44 018 78.983 17 7985 JD0025

0.2 W12 99.4% 020 28.98 017 P83 L0003L)
0.1 12 77.4% 018 28,98 017 L7782 00025
1046 +13 99.40 017 98.98 017 +2782 00024
0.0 Ji4 2730 L0188 28.99 017 L7980 00025
10.4 i3 VYT v 98.99 07 979 00024
2:8 W18 99.34 017 28.99 4017 L2974 00024
2.8 .17 29.3%  JOIF 28.%8 017 7977 00024
7.8 .12 P7:35  JO17 28,7% 017 7977 00024
7+3 15 29.34 017 28,97 017 7976 D0024
0.7 .12 9533 W17 28.98 017 fF975 00024
5.5 «1 29,34 Q17 28,99 ,017 L7978 ,0602—1
3.4 1D 99.3% 017 98.78 017 +7981 00024
0.3 .08 941 017 28,98 017 L7983 00024
2.3 W12 F2.45 018 F8.70 017 {3787 00024
8.4 i 29.49  L017 28,78 817 $77%1 00024
3.5 W13 79.50 {18 98,98 W17 +7772 00025
8.8 .07 02,52 W17 F8.73 017 L5974 00024
2.5 W11 P9.50 018 28,98 017 9972 00025
73 W11 59.47 417 25.99 017 7771 00024
8.4 W12 29.43 018 23.98 017 7990 00025
2e7 W13 99,47 Q17 28,78 017 7789 D0024
Urstream Tobsl Prassure PT1 = 99.58 KPs {7/~ 0172
Urstresn Static Pressure rl = 99,907 KPs  {F/ - 317



Table H93. FIVL UOLL PROSCURD PRODE WAKE VLLOCITY DATA
INCIDENOE ANGLD (BEGY = 38,0 s Zc/C = 2,40, R = 8,3 %
HORMALIZED NORHALIZED NORMALIZED
TANGENTIAL TOTAL VCLBEIT VELOCITY COMPONENTS
POGITION Pitch An3 Yew Anz
2T/5 Fzo (+/-y | Rex  {4/-} Deg  {+/-3 | UzfUzo (/-3 | UbsUzo {+/-: | Ur/lzop (1/-)
-1+ 008 1.041 033 RN 1 3 W17 1.028 0335 1867 0004 016 0011
-+ 830 1,063 (341 i. +08 -3 415 1.945 0335 190 L0087 | 018 L0016
-+ 780 1.03% 0340 1,0 0 NN 1.025 0334 168 L0057 | L0182 L0015
-+ 590 1,426 45349 Gl A 1,812 0345 | 186 L0062 017 0019
-+400 784 034D IS IS B4 v 08 L7 0343 L1461 L0059 018 L0021
-+ 350 782 JG347 7 o W07 +260 0343 163 L0060 015 .0018
~e 300 N HE S { KA 12 W07 W2 W14 783 L0333 171 L0083 021 0015
-+ 251 L5010 0338 1 W18 et o113 +T67 0333 164 Q040 +024 0018
- 200 776 40343 1.1 o7 o3 207 +756 L0238 JA64 L0080 | L018 L0014
- 180 +733 3340 1.6 Wit 2 W12 T2 L0330 158 L0061 D26 0020
~+ 100 L7080 0341 1.9 I 895 L0334 L1488 L0037 | 029 D019
- 050 L7046 0342 1.5 Wit 7 12 074 0338 +143 0057 | 024 L0019
0 GO0 708 0345 2¢0 W7 7 W09 854 L0340 144 L0058 031 0019
+ 059 T8 0341 2.8 .12 1.8 .09 700 0337 130 0051 031, 0023
+ 100 +718 8350 1.5 13 3 W10 704 0336 147 0057 ) 024 0023
+150 741 0337 1.9 W14 1.3 11 +730 0335 143 L0054 | L0294 L0024
¢ 200 974 0337 1,3 .1 145 +13 763 0325 145 0035 023 .0025
+ 250 +796 0330 W7 W09 1.6 W1 785 0334 145 L0053 0156 0017
+ 80 107 0337 b W07 17 11 1,813 033 +147 50083 | L011 L, 0013
' 350 1,047 0337 A | i.4 07 1,035 0335 #1546 L0033 011 0018
+ 400 1h061 {340 o W12 1.5 07 1.047 0337 LA57 0052 013 0023
+ 550 1,960 (341 & W00 1.4 415 1.0856 0337 J159 L0058 J012 L0015
700 1,071 4340 PG £ ¢ +8 14 1,057 0335 172 0060 L0113 L0019
050 1.962 0344 +2 .00 A | 1,040 0337 172 ,0038 | 015 0014
1,000 1,085 0337 of  +10 7 412 1,041 03534 L1710 ,005% L0144 .0019
Uralresm Velocils Uzo = 2986 /5 (}/- 713
Probe VYew Offset Angle = 10.0 Bed
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Table H94., rIVC-HGLE PRESSURE PROBE WAKE PRESSURE DATA
INCIDENDE AMNBLE {BEG) = 10.0 , Ze/C =210 s R = 8,3 X
HORNALIZED EXIT T8TAL STATIC TOTAL PRESSURE
TARGENTIAL AHELE FRESURE PRESSURE RECOVERY
TOSITION Fie 2
2775 Beg {+-3) e {1/} kP {+/-) PT2/PT1 {4+/-)
-1.800 2.3 .1 92.17 847 28404 017 L3995 00024
+ 850 1.4 .15 22.21 017 28,464 017 L2997 LD0025)
—+ 700 2.3 .09 29,19 017 78.65 17 2995 00024
-+ 350 2+3 415 29.17 017 28.84 017 7993 00026
360 7.5 0B e S A 1 474 98.84 017 {9989 Q00026
s 350 240 W07 77.13 (17 28.464 017 +798%  JO0028|
-+ 300 2.7 W14 992.14 (17 2885 JOLY {7990 0002
=250 2.7 413 92.12 017 2884 017 +2988 00024
- 20 .3 0% 22,11  G1B 28.64 017 L9987 00025
~+150 2.7 412 29.08 W17 98.54 17 +7984 00024
-+ 108 7.5 0% .06 L0177 28.84 017 7982 00024
030 7.2 12 79.09 017 98,84 017 +9781 00024
3.000 7.3 .09 22,05 .018 28.84 U7 L7781 00025
+O50 2.5 .07 29846 017 90.84 {017 +7982 00024
100 2.4 10 72.07 17 PH.84 017 L2983 00024
+150 3.8 11 92.0% 017 B84 017 7985, 00024
200 0.7 W13 292.12 17 FB.64 017 +5988 00024
+ 250 0.4 W13 ?0.14 0L 28.64 017 «72920 00024
+ 308 8.3 11 76,17 W07 28,64 017 L7993 00024
1 350 L 9.1 W417 F8.64 D17 7775 00024
2300 8.5 07 292.21 017 268.84 017 £7997 00024
+ S50 8.4 415 .22 W17 93:64 017 +5998 00024
ool 7.3 W13 97,22 17 98.64 017 7998 00024
+ 250 VA £ 4 op.21  L018 9864 01T L7997 00025
1004 7:3 412 22,20 W017 78.44 017 +99956 00024
Urstresm Tobsl Pressure PT1 9,24 UPs  (F/— 0173

Urstresm Static

Fressure Fl

It

§8473 KPa

{4/ O17)


http:79.08,.01

Table H95. IIVC HOLLC PRESSURE PRODC WAKDC VELOCITY DATA
INCIDIRCE AWGLD {DLEJ = 10.¢ , 2c/C = 2,10

¢+ R=12.51%
NORMALIZEDR HORMALIZED NORMALIZED
TAHGENTIAL TOTAL MELDCITY VELGBCITY COMPONENTS
POSITION PYilch Ans Yau Ana
2T/8 Usllzg {4/~ | Bes (/-3 Dex  (+/-3) Uz/Uzo {+/-3 | Ut/Adzo {4/-) | Ur/Uzo {4/}
-1+ 0460 1.079 0341 B W00 1:3 i 1,066 0338 164 L0057 | 015 0012
-+ 850 1.084 0342 W07 1.5 W7 1,072 0338 | 1560 L0052 | 017 L0017
=+ 700 078 0342 1.2 03 +7 24 1,064 L0338 170 0070 | 023 0016
-+ 550 1,056 0344 1.0 .00 3 .08 1.043 0337 | 168 0057 | 019 L0014
- 500 1L.017  JO35 1.2 413 1.2 .07 1.006 03497 156 0057 [ 022 0025
-+ 350 1,634 0341 R AN ¥ 1,021 337 W64 L0097 | 015 0016
=y 300 1.612 0351 W W2 1.2 .08 1,000 L0345 156 00546 015 0022
~v 250 1,025 034 1l 13 8 L4 1,811 0344 163 L0041 ] 019 0024
~+ 200 + 974 0340 1.3 Wi 12 413 782 03341 L1582 0057 L0223 L0020
-+ 130 1,005 +0343 bbb W0F IS & f770 0 L0338 164 0057 027 0019
~» 100 +786 0343 1.4 U 1.2 413 JHS 0 0337 L1450 L0056 | 023 L0020
~+ 050 730 L0343 2e2 413 1.5 4312 927 03371 L1388 0084 | L0035 L0025
0. 008 +72% L0342 L7 .1 1.5 L1l +218 L0338 138 0054 | .027 0019
+ 050 331 L0341 1.8 11 1+4 10 20 L0337 1 I3 L0053 | L0279 0021
+ 100 337 20341 APE IS £ 1 W12 W27 03381 L1388 0054 L0032 L0020
+ 150 +728 0342 1.8 12 L. .30 W18 L0333 L1334 J0082 | L029 L0022
» 200 +747 0340 1.4 4 2¢8 14 P37 W0337 | L1301 0052 | 023 L0017
+ 250 $768 0340 1ed W07 1.7 Wil F49 0 03361 L1388 L0052 027 00135
+ 300 271 0340 1.1 .11 2+8 W11 +781 L0337 138 00510 019 0020
+ 350 1.015 0343 1.1 {0 1.4 W07 1,002 L0337 151 00531 020 0015
+ 400 1,836 0340 8 W07 1,5 .11 1.024 L0336 152 L0053 015 0014
» S50 1.051 0344 o2 08 3 .18 1,830 0340) 159 0059 004 L0015
+ 700 1.072 L0343 o4 +«03 4 10 1.060 L0337 +140 L0054 007 0015
+ 080 1,470 L0341 eh 10 12 16 1,066 0337 164 L0060} 011 0019
1,000 1,087 0341 1.8 W13 +7 W14 1,053 0337 169 0060 ] .0LB 0028

Fairesm Velocils Uzo = 29.6 n/s v/~ W71
robe Yaw Offset Angle = 1§.0 Des
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Table H96. FIVE HOLE PRESSGURE PRGBE WAKE PRESSURE DATA
INCIBENCT AHBLE {DEG} = 10.0 » Zo/0 = 2,10 s R = 12,5 %

HORHALIICT ERIT TaTAL STATIC TOTAL PRESSURE
TANGERTIAL ARGLE PRESURE . PRESSURE RECOVERY
rOSITION P72 P2
2375 Bex {+/-) iPs {4/} kP (/) PT2/PT1 {4/
~1:300 8.8 .i2 7,23 017 865 W17 L7992 00024
-850 Se& WO7 %23 017 ?8.464 017 L7999 L0024
—yrog 7.2 08 920 018 28,84 017 7995 00025
-+ 400 3.7 .07 29.1&6 .20 7885 017 L9923 00026
-+ 350 2.2 07 29,18 017 783.64 017 7974 00024
- 380 3.7 .08 27.146 G019 98,45 017 L7992 00026
- 258 7.2 W14 79.17 019 98,63 017 7993 00024
-, 208 S +13 2714 017 28,584 017 +7990 . 00024]
- 150 73 11 ?7.15 018 98,45 U817 +7991 00025
-+ 106 3.8 413 g7.11 018 28,85 017 L2987 JO0025
=050 .7 12 22.09 W17 | PB.AS L0117 L7985 00025
GO0 37 il 92.08 17 28.44 017 +7984 00024
050 3.8 10 22.08 .17 78,43 017 7984 00024
W18 2.7 .12 99.08 JO17 ?8.84 017 L7984 00024
+ 150 3.5 .10 3748 017 9B.43 017 +7984 00024
209 1 L33 72.1¢ 087 7885 817 +7986 00024
+ 250 A § 1 5 TS SN 1)) b5 B17 7987 00024
+ 306 g.0 .11 213 JSG17 8.5 017 9990 00024
350 8.0 0% .14 W18 ?3.84 017 {7972 00025
+ 300 2.5 i 29.18 G317 8465 U7 L9274 00024
Bt 87 16 99,20 018 8.55% .17 «7995  L0G0025)
TO0 Bed 41D FF.23 LT 78.85 17 9999 00024
+ 850 2.8 .1 97.23 QL7 P8.65 L7 L2999 00024
1.80 7.2 i3 99,22 Q17 98.84 D017 +7998 00024
Urstresk Toblal Pressure PTL = 79.24 KPe (/- 017
Urstresm Slatic Pressure rl = 70,74 KPs {1/~ 017D



~J

TATA
U
=

R

15:7 %

MNORMALIZED

TNORFMALIZER

TANGENTIAL ary VELOCITY COMPOMENTS
POCITION An3
2T/5 U/uzo -y Uz/Uzo {47-) | B47Uz8 {4/-) | Urflzo ($/-)
~1. 00 L4975 +O7 1:083 03490 161 L0005 »014 40014
-, 350 1,072 W07 1.057 0337 +181 0042 015 0014
~+ 700 14077 07 1:645 0340 172 0064 +020 0017
- 950 1057 W07 1;64§ .0343 w164 zOQE@ 019 .00}4
~+ 400 14058 12 1:045 0344 1863 0058 | 026 0024
-y 550 1,032 13 1.020 0339 147 0054 H16  0024
'+309 13027 01? 1’015 &0340 r154 o5954 0020 }0631
- 290 1,029 W17 1.017 .0345 155 0055 D18 003D
“y 200 2574 W11 W67 0345 47 L0057 .02@ L0021
‘9150 .?&5 {14 0954 50341 3140 ’?052 002? 00025
- 100 49 11 738 W358 137 0054 031 L0021
'4059 i?45 014 ;?35 »0333 .13? 10052 0023 00026
0. 000 v 733 +13 P27 .0337 137 0054 028 0031
+080 + 741 W15 30,0338 142 .0553 +027 »0024
¢ 108 730 W13 30 0339 135 0054 030 L0023
v 159 v 757 +12 247 0338 +137 L0052 026 0021
e 200 » 757 +11 75T 0338 146 L0055 D32 0028
290 1.400 v1l V990 0338 140 00351 0220020
» 200 ++81C +h 1.600 0337 143 L0053 D15 0024
P Hik+ 1,837 R 1.026 L0338 51 L0058 017 0016
+ 300 1,058 39 1.047 {337 J4F L0082 014 0014
el 1,072 P vi 1,681 0348 155 L0056 | -, 004 0019
v 7 00 1.$37 7 W07 1L.077 L0340 5% L0057 014 L0015
<050 1.087 5 47 1,474 0340 168 L0041 010 0017
1440 1.0%0 o0 1,078 0340 w150 L0053 014 0014
EloCity o= 275 p’s {(H- 1)
vael Andle = 16,8 BES
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Table H98, TIVC-U0LE PRESSURE MROBLC WAKE PRESSURE DATA
THCIDERCT ANGLE (DEG) = 1040 » Zo/0 = 2,10 » R = 18,7 %
HORMALIZED CXIT TOTAL STATIC TOTAL PRESSURE
TANGENTIAL ANGLE PRESURE PRESSURE RECOVERY -
FOCITION P72 rZ
2173 feg {1/~3 kPa {4/-) Wrs {4/ PT2/PTY {4/}
-1.000 Os7 WA 29.22 Q17 28,63 017 2998 00024
-+85 7.8 12 FF.21 017 ?28.84 L4017 +7998 00024
- 708 9.2 418 99.22 017 28.64 017 +7798 00024
-,550 2.8 WO 99,21 018 98,85 017 2997 00025
~ 330 70 W12 29:20 .018 28,464 017 2046 00025
- 350 o4 432 29.17 .0i7 98,64 LU17 L7993 00024
- 300 o7 407 92,17 018 28.64 17 +79923 00025
250 Oo7 W09 27,13 .018 98.85 017 $79%4 00025
300 13 9,12 017 | 98,45 017 V9988 00025
-.150 3.5 .07 22,11 .018 78,44 017 +7987 00025
~+100 g5 W12 F2.30 017 78,85 017 3986 00024
- 050 3.8 07 707 WJBi7 FBE5 L0117 +7985 00024
0.060 2. 12 92.08 017 78.45 017 . +2984 00024
03 3.8 .0% 22.07 017 T8.64 D17 L2985 00024
188 2,5 .12 22.0% 017 7865 017 +7983 30024
B 14 8.5 +O7 22,10 017 2845 017 +77806  L00024
+ 200 3.7 .1 29,11 L0417 28.:84 £17 +2987 00024
1 25 8.2 .18 99415 L017 78,04 017 + 7970 00024
350 v2 #1312 92915 Q17 F8.84 017 L7921 00024
A o eld 77.18  J{Y7 28.54 o017 7994 00024
eS¢ 3.1 .2 P20 W17 78.84 017 7796 00024
508 33 W13 7722 W08F 7845 017 79928 00024
+ 700 8.4 13 29.23 W47 98.64 LOLF 1.0000 040248
+855 1 S ¥4 PRI W01F 28.,5% L0i7 L7999 00024
1,000 3,4 L1 P23 GBI 28.:84 17 + 7979 .09024
Yrabvresm 1obtsl Pressure PTL = 99,248 kFs (/- 017}
Ursiresm Blalic Fressure ri = 78474 KPs  {+/~ 2017



Table H99. Five HGLLC PRCOSURE PRODE WAKE VLLOCITY DATA
INCIDENCE ANBLE (DEG) = 1048 » Zo/C = 2,10 » R = 25,0 %
NORMALIZLE RORMALIZCR NORMALIZED
TANGENTIAL TOTAL VLLDCITY VELGCITY CONPONENTS
PRCITICN Filch Ang Yauw Anz
2T/3 UBrlze (+/-) ) Beg  {47~-3] Deg {4/-} | Uz/Uzoc (/=) |Ubs/Uzo {073 | Ur/fUzo {($/-)
~1. 000 1,008 ,0342 v 411 Led W08 | 14075 0337 | W162 L0053 | L011 0021
-+ 050 10005 J0341 L2 .07 S & 100710 - 20336 | H175% 0057 { 024 0019
=700 1.000 0341 i i3 7 13 1,065 03346 | 174 L0060 ) 031 0027
- 55 1,078 4343 L 407 1.0 .12 1.062 0338 ) 168 0037 | 030 020
-+ 400 1047 0340 L9 W16 1.1 .07 1.034 0236 1 162 0054 | 027 0038
s 350 035 0340 2.3 W12 1.2 08 1,022 0344 | 158 0055 ) 041 0024
~+ 308 1.4:0 4348 W07 is v 07 12008 0336 | 155 0004 | 034 0020
-y 250 1,045 0337 Y 11 1.2 10 | 1.832 0333 | 157 L0055 | 034 0023
~+ 250 1,000 0343 1. ) oI W07 788 L0337 | L1148 L0053 W031 0029
-+150 91 0344 2.3 W1t PO 111 T8 0340 | L1582 L0035 | 039 L0023
-+ 100 253 0339 i 14 1.3 08 +T52 W335 | L1450 00031 031 0024
-+ 050 60 S0337 .4 .18 104 W09 +74% 0335 | 144 L0053 | 024 0031
$.000 251 33 1.1 .12 1.4 .08 750 W335 J141 0 L0051 L0177 L0021
080 957 0337 4 08 14 L10 A6 0335 1 143 0053 | 023 L0013
+ 100 G L0338 1,3 Wi 1.3 10 755 0334 | 146 L0054 L0220 0019
+ 15 377 40338 L3 .12 1.2 i T8 0334 1 L1500 L0055 | 031 0023
+ 200 I8 L0339 i,2 .21 1w 09 JFO07 0 0735 | W14 L0053 L0200 0037
+ 250 i.813 L0338 NN 8 W18 1.002 0335 | 144 L0051 011 0021
+ 300 1.828 0338 NI £ 1.1 v 26 1016 0334 | 1538 0067 | 009 0018
AT L3045 033° .G W17 1.5 .07 1,033 03351 184 0002 | 019 0031
+ 400 o863 0348 +8 I8 1,5 .12 1.051 0336 | A58 0055 | 015 0028
L 550 1.677 0340 0 W13 v a1l 1,064 0338 1746 L0052 L00F 0024
+ 700 1,093 0241 7 W15 +8 12 1.077 0336 | 174 0009 [ 018 0029
+ 350 1.09¢ (341 i1 +10 1.2 i1 1,077 0336 148 00581 021 0020
1,000 1,091 {341 3,09 1,2 W07 |7 1.078 833 167 0054 | L0158 0017
Urstresm Velocily Uzo = 2900 w3 (/- W 71)
Probs Yaw Offset Anzle = 10,0 Des
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SURL PREBE WAKE FRESSURE
;

DATA
= 10,0 5y Lo/ = 2,10 4y R = 25,0 %

TOTAL PRESSURE|

HORMALIZED TOTAL STATIC
TANGENTIAL HGLE PRESURE PRESSURE RECGVERY
FEEITION P72 r2
2740 Dz {+/-3 iPs {4/ e {4/} PI2/PT1 (+/-)
-1,000 3.4 .08 92.31 LT 28.71 017 1.0000 50024
_GBSG ?93 011 ??.3& QQ}.? ?&71 oei? i???? &90024
- 750 .4 13 29.29 417 98,71 017 {7979 00024
- 550 2.1 +11 29.27 018 28.71 017 +9928 00025
-.400 T W07 P36 JOAT7 78,71 017 L7795 00024
-+ 390 9.8 08 29,25 19 98,71 487 7974, 00026
- 300 7.9 09 99,23 017 | 9B.71 017 7722 00024
~ 290 2.6 10 99.25 817 92.70 17 7994 00024
-, 200 8.7 407 ?9.21 018 ?8.71 017 9720 00025
- iS50 7.1 +08 99.20 418 28.70 17 L7987 00025
-.100 8.9 .08 99.17 47 ?8.71 Q017 +7987 00024
- 050 3.7 07 99.17 017 98,71 017 L3986 00024
0,000 8.3 (8 9%9.17 817 98.70 017 +7986 00024
L0550 3.7 10 .17 17 28.71 017 +9986 L DD024
100 8.8 i F9.18 017 98,71 W17 $9987 L0024
+150 .0 11 79,17 017 28,71 817 +5788 00024
200 8.7 1i¢ 22.21 017 78,70 017 L7790 00024
s ool 3.2 +10 .22 017 28,71 017 {3992 00024
+ 300 8.7 .26 99.24  JOI7 28,71 017 L5273 00024
s ool 8.3 48 9225 017 28.70 017 L7975 00024
300 S+& 432 D97 W17 F8.70 017 JIPF7 00024
e 25 a4 22,29 017 28.70 017 L9928 00024
700 2.2 W12 F9.31 L1 28,71 017 1.0000 00024
+ 350 3,7 11 F7.31 O Fa.71 017 1.0600 00024
1.0466 0+0 W07 99.30 17 VYA Y 1.0000 00024
Ursireem Tobal Pressure PTL = 97,31 KP3  {+/- 017}
Urstrase Blslic Pressures rl = 98,80 kPa {4/- 017



Table H101, TIVC WoLE pabosune PROBT YAKD VCLOCITY DATA
INCIDENCE ANGLE {DCQ) = 18,8 » Z2c/0 = 2418 » R = 333 %
NORMALIZER NORHALIZID “ HORNALIZLD
TARGLHTIAL TOTAL VELBCITY VCLOCITY COHPONENTS
rGITION Vivcn Ang VoW fna
2775 Urllzg 4+/-3 | Bed  {+/-)] Deg  {+/-3 | Uz/Uzs (+/-) | Ut Uzo (4/=) | Urlzp {4/~
-1 000 1090 L0337 o7 +10 1.3 W11 1977 0335 168 0057 D013 0019
-, 950 1,872 0339 i % A 1,058 0338 WA73 L0083 H26 0024
-+ 700 1.08 4337 L7 W12 1.1 + 07 .07 0335 167 0054 L0373 L0024
i 1,047 0343 /S K+ 1.3 W00 1,835 0339 153 L0054 | 034 L0028
-+ 480 1.063 0337 .8 .27 1.8 07 1.005 0335 67 L0056 | L0033 D051
- 350 1.045 0338 2.5 418 1.0 o1 1,032 0333 64 059 046 L0036
-+ 300 1,026 0337 L6 15 St + 07 1:813 0333 +16¢ 0055 +033 D030
-+ 250 1.017  WO0337 1.5 el 1.8 P00 1.004 0333 +157 L0054 026 L0035
T 20"\} +77% L0339 2.2 14 12 +08 JE o 0335 +153 L0054 * 039 023
-~ 150 Y P AR 2:8 v2d 1.1 +14 AT 0533 53 W0057 | L0446 L0042
-y 100 +76 0 JLI337 1,5 v2h 1s +87 L4 L0333 152 JO0055 | J826 0045
-+ 050 7L 0337 +7 07 1,3 07 P60 L0333 147 0052 U160 0017
8. 0090 L3465 0337 i.{ 12 v 13 LTE3 0 W0332 152 0057 018 L0022
+ 050 JIT2 0337 L3 W15 i 47 {361 L0333 14846 L0052 | L0220 L0027
100 7T G334 o7 RS 1 W00 P80 D333 147 L0051 016 0015
saal 12011 337 1.1 W14 1.3 07 1.80¢8 L0333 182 0052 JO01F W002
+ 200 1,024 D337 A W11 1+3 + 08 1+812 0333 132 00521 L0186 0021
+ 250 1039 337 o1 + 25 A « 10 1.028 0333 v132 0052 002 0034
200 1060 . 40337 o w12 1.5 +30 1,040 0334 JA156 D052 L0110 L0022
A 1.072 0330 1.4 el +1 o146 1399 0334 A7 L0080 +018 L0031
40 1,477 .03338 +0 A + 3 W13 1,363 0334 f172 0007 1 012 L0025
+ 300 1.08% L0237 ve +8 v 11 14975 0234 fI73 0 WD0ST ) L0085 JO017
+ 700 1,881 8337 -l W12 v7 o7 1+0407  +0334 W170 0 W0056 D - 001 0023
050 L8097 0337 | . 1.3 W12 v5 16 1,002 0334 181 0059 + 020 L0023
1.000 1,887 4336 el .+ o8 10 1,373 +0334 173 D057 D220 0017
Drabtress VYelocils Uzs = 227 &fs {7 - 71
Trobe Yew Offsel Ansdle = 10.4 Ies
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Table H102, FIVE-HOLC FRESSURT PRODD WAKE PRESSURE BATA
INDITENDT ANGLE {DEG) = 10,0 - Z&/C = 2,10 s R = 33,3 X
HORMALIZED CRIT TOTAL STATIC THTAL PRESSURE
AHGENTIAL ANGLE PRUBURE PRESSURE RECOVERY
rOGITION Piz Fo
2370 Bag {+/-} iPe {4/ Krs {4/ PTZPTL {4/-)
~-1.000 2.7 411 P27 W017 3,57  JO17 1.0000 00024
-Oal IS T ¥ FFe286  WJGLT P8.467 17 +7998 00024
- 740 0 W07 P2 T 28,467 017 L7509 00024
RS 3.7 .48 oe,23 018 28.67  JG17 L7946 JD0025
- 300 T2 » 10 29.25 017 98,67 W07 +T797 00024
~raou ?+% 415 F7.22 W17 78.67 017 L9795 00024
- 300 Tl + 30 2721 017 2B.867 017 L3993 00024
-, 2oi 2.1 o8 9720 W17 98,67 L0117 {3772 00024
= 2045 Fel + 08 .37 WU .87 017 22793 00023
% 15\: ?&2 015 ??e 1? t{’;? ?En':’r? 091? 0???9 509024
“.13 ?&1 01\’} , ??*i\f) .31? ?8915? 001? o??Sg ,G(}{E#
— {58 8.7 W7 7415 W017 28.67 017 +7988 00024
4.000 Pea v 272,15 017 98.58 JO0i7 L9987 00024
250 Ss7 +00 27.15 417 98,487 WO1F 7788 00024
0.3 .08 PFI0 WUiEF 98,47 L017 LFP70 LO00024
5.7 88 VT ) ¥y 28.67 G17 L9991 00024
H % + 03 .20 017 98,87  WOLF 7972 00024
3.4 .10 T2 W47 73.00  JBi7 L9925 00024
2+ 08 79,25 W17 867  W017 LFFFT O LOD024
2.4 s10r 27,25 017 78.867  WOL7 L7998 00028
7.2 417 39,28 Wi 887 W17 »F778 B0 024
2.2 ol D927 BT 2467 JOL7 18008 00023
T:3 W07 97427 48317 7867 #01 JF7F9 +04024
Tl +10 DRLIT O W0LT 98.67 JU17 1.0000 00024
F.2 +1G DT W017 2367 W17 1.0000 00024
UrGLrcom [oLB. Fressure Prr = 99,27 KPs {4+ W17
Urstresm Stsiic Pressure rl = 98,77 kPs  {1#/- ,017)



Table H103. TiVC HGLT TRESOURD MRODC WARD VICLDCITY DATA .
INCIDONCD aNGLLD (DEG) = 10,8 » Zc/T0 = 2,10 » R = 50,8 %

o HORMALIZLD ~ NORMALIZED
i ToTAL VLLOCITY VELOCITY COMPONENTS
i ritch dmz Yew nnd ,
Ulbzo {47~3 1 Bes  14/-) Des  {4/-3 | Uz/Uzo (+/-) | BL/Uzo {4/-0 | UroSvo{3/-)
1.893 0343 S I S £ 1.079 L0341 | 173 L0041 30 L0020
1877 0044 1s3  aid 10 1l 1,063 0340 | L1869 L0058 | L02% 0023
1,082 L0348 L. J12 1 Lyl Wi 1,067 03411 168 L0057 | W028 0024
1,078 L0345 1.3 .48 1v 408 1,867 0341 138 0053 024 0029
1,073 0348 ied W15 A £ 1,007 03401 173 L0037 025 L0030
14037 0344 1«6 W32 S S 1,024 03421 L3180 L0055 .02% 0058
2041 L0345 1.1 32 .4 W12 1,028 L0041 | 144 L0058 020 L0058
10830 0347 W7 W22 3 W14 1,020 L0042 | L1486 00461 030 0041
1,803 L0345 1ed e 37 2 W15 1,007 0Z4 v164 L0061 024 L0070
1,004 0342 i.4 1B 12 W13 +792 0032 | JA54 D057 025 0028
W90 O34T 1.3 W21 1,0 W21 L978  WO342 | L1840 L0088 | 024 WO037
v 782 0344 1ed W14 W3 W12 TG WS40 | 149 L0057 Q2D 0025
+ 759 034 S W17 12 14 740 L0337 | L1860 L0058} J00T L0029
$775 L0344 W3 W07 P N P01 L0340 L1581 L0057 014 L0013
$F00 W 0343 vo i3 L S £ WA74 0 W0337 1 J147 D054 J00D L0023
007 W0343 5 .18 14 12 P26 W0337 | J150 0 WO03S | 007 L0032
1.8 0343 S W12 HPS S 1 270 L0337 J150 LO053 J010 D022
2e041 0344 ~43 WiS 13 W07 1,827 L0340 | 157 L0055 | -.002  .08027
1046 0343 1 2 144 .09 1.03% L340 157 0054 002 0023
1,043 0344 S ¥ L. 14 1,085 0340 | 188 L0052 007 L0031
1.077 0345 e W17 1+0 43 1.086 0340 | 4168 L0059 | .014 0033
1872 0345 sl W ld 1.2 W08 1,077 L0241 167 L0054 L0101 L0031
1,093 0345 ~e2  W1b 149 2 1,079 03410 170 L0047 -.003 L0031
1,090 L0345 23 W07 1o 430 1070 0341 J187 L0054 006 L0013
1871 0343 W3 Wb 1.2 .97 1,076 L0341 148 L0084 015 L0019
Urstresn Velooity Uzo = 27.4 /3 {4/~ 713 i
Mrobe Yew Offsel Anzle = 10.0 Hes
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Table H104.

- 303 -

TIVC-HOLT PREGSURE PROBE WAKE PRESSURD DATA
INCIRCHOE AHMEGLE {DEGS = 18,0 5 Ze/C = 2,10 s+ R = 5000 X
NORIRL L L ERIT ToTAL 5TATIC TOTAL PRESSURE
TARGEHTIAL AHGLE PRESURE PRESSURE RECOVERY
POLITION 12 Pz
2775 e {H/-3 s 170 s (/) PTZAPTL (/-
~1.4C0 % TS & P57 4017 98.78 017 1.0000 00024
—FESG ‘201 l-ii ??05? t‘\,}}.;’ 3!99 '01? l???? 00002‘;
-+ 740 7.4 W1 7758 D47 22.00 017 1.0000 00024
—+ 500 8.5 34 ?7.57 L0147 28.97 017 L7997, 00024
- 30 Fad W1 22,556 W47 78.98 017 7978 00024
- B50 7.8 .18 53 LU18 F8+77 017 2995 00024
- 300 7.1 i3 92.53 047 28,97 017 7995 00024
-’.ZSG ) 1-1 ?? |52 .013 ‘?3!?? 9017 09??4 000025
“'+230 ?03 + 16 ??950 0‘917 E.?S ;91? 0???2 000024
-+ 150 8.7 13 77.47  W01T7 98,97 D17 +7921 00025
=150 Foi W21 $7+47 018 28,77 017 7970 00025
‘5350 303 013 99;4? tc ? ?80?9 |01? ’9?3? 00092-‘7
G. 000 8.0 t1% ?7.45 017 29.80  JL17 + 7783 00023
+450 7.0 W12 92.47 W07 7900 17 «9989 00024
+1G0 3.8 38 77,43 W17 2.00 017 7770 50024
+15 L T ?F.3% W01 C 98,99 W07 777200024
205 3.5 .48 22,50 .07 98.99 .01V 9972 00024
o253 0.7 W07 99433 WO17 0,77 017 L7795 00024
Ity Gedh WG P9.83 W17 73,79 047 995 00024
s ooy T+8 3 7735 017 28,77 047 L7798 00024
400 IS IS ! 9257 W17 78,79 017 7977 00024
yoo 3.8 204 77,50 017 7879 JGi7 140000 00024
700 7. 2 257 W017 73.78 017 2997 00024
+850 3.4 W18 22,58 017 98,97 017 1,0000 08024
1803 Y 77,98 017 98.98 017 1.0000 00024
Ursiresm Tobes Pressure rii = 97.98 kPs  {3/- 017 )
Ursiresm oitatic Pressure rl = 92,08 4Ps  {(4/- 0172



Table H105. {fvc N0Lr pPRESSURD PhobE UAKE veLOCITY JaATA
INCIDENSD ANGLE (DLG) = 4040 » Ze/C 2 2,10 » R = 66:7 %
HORMALIZER NORMALIZER
» L JOTAL VoLoeTYY o 4 .. VELDCITY COMPONENTS
TiLoh ARE | Yaw And

Ullzs, (h/-3 | Bes (/<)) Ded | (b)) Ue/uZe (4/=)) W/llze (1/-) | Un/llze (4/-)
13077 4Ta% 23 W00 | 1.5  s3F | 1.065 +0338] 158 L0054 0I5 001G
13074 50337 | 1.1 W09 [ 11 w14 | 10068 40335 164 40059 ( 4020 50017
o062 0340 1 L7 28 | 144 09 | 1,050 J0338| 157 Q0U3| 4032 0044
1:037 w034l | 251 o 1,5 .09 | 1:028 0337 53 L0053 W37 L0035
1822 ,8330 | 24 Wi | 1.3 13 1 1019 40334 | 155 0054 | 036 L0037
1:924 0338 VSt 07 | L8l 03341 W162 L0088 W01 L0027
1000 537 [ Lis 19| Lie M2 S238 3351 154 L0057 024 L0033

71 0343 TS A R O S +200 L0337 130 L0053 007 L0040

V175337 | 1. T TSN § S84 0385|146 00341 032 L0044

$974 0338 | 14 2B 144 i W23 W0335| 4145 L0083 L0237 0048

A8 00337 | 4.0 408 | L2 09 748 L03351 J147 40054 L0156 0015

V253 3033 8 el 1:4 .08 «P42 L0334 142 ,0052| 013 L0032

VST 8320 b 10| L2 09 P56 03340 148 L0054 010 L0048

V7708350 IS S I S S B VRT 0334 | 145 400527 W005 L0017
1004 40338 f2 0 W12 LB a4 WIRE 03341 J140 00561 003 L0021
1.847 8338 I 5131 1.4 44200 1,005 0834 153 L0055 006 L0023
14033 40338 | -1 .25 | 143 w06 | 1,027 L0334| LU85 L0051 ~.00L L0048
1,094 0337 N b N 08 | 1,043 0335|155 0082 000 L0023
1.804 .0320 W W13 L7 W07 | 1,083 .0335| L1854 L0051 L011 L0024
1071 W 0U37 b W23 vh 1,087 ,03351 4161 0085 011 0043
14001 0340 230 .19 | o4 W10 | 1,088 0334 4162 0054 L0046 LO0TS

980 48339 i B &S I N 13 | 1,087 03341 155 40055 014 0024
1007208337 NS I I US| 1,060 ,0335] .184 0058 010 .0b22
1,086 0337 o8 W07 | e W00 | 1,088 0334|4157 00521 015 v .00

Urslresm Velocils Uzo = 207 m's (/- 710
Probe Yaw Offsel Andle = 1050 Deg
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s

TIVE NOLL PRECBURE PROBC WAKE PROSSURE BA
CHCE ARGLE 10,0 » Ze/0 = 2410 5 R = 55,7 %
LR OTAL 5TATIC TOTAL PRESSURE
ARGLE URE FREGGURE RECOVERY
2 £2
bex 1+/-7 {4/-12 KPs {1/ PT2/PTL iH
3.5 it 917 28,49 057 10000 00024
3.7 .1z +0% 7888 017 1.000C 00024
Ged #i0 017 LT THIS ) ST L 00024
8.3 410 D17 F3.68 W01 +7977  JO00Es
8.7 .10 W01 20,43 o317 2795 L0025
5.7 413 G17 20,47 017 7775 00023
7L W30 317 GhW GG 037 +7775 SDU0E%
?*i 012 |G1? )u}éﬁ .917 :?9; -93324
o7 W07 418 P0:87  WO17 P71 LB00E5
8.8 13 037 860 017 «293%  JUU024
3.7 il 017 283,68 017 9987  L00024
37 L7 017 FH 6T 01T +2980 00024
3d W67 047 78,67  W017 9987 00024
3 07 017 28,48 .017 +7983 00024
3.5 .OF +017 78468 017 +7989 00024
G+5 L1 017 P8.49 017 7972 200025
8.7 .12 17 93,468 017 +3993 00024
Gié ygé 001? Iurﬁa ;91? B ld f$ﬂ624
3.4 .08 +017 78.589 017 7997 00024
Sed W07 017 7847 017 +7978 00025
AP 017 ?8.68 017 L7979 00024
Ged W10 G317 78.60 017 1.0000 30024
3+3 .1 +017 28.4% 017 1.8000 00024
AL S W17 887 17 1.0000 00024
.4 03 VD17 28.6% 017 1.0000 00024
Brstresm T sure FTi = 79.27 KPs F= W 0173
Urstrasm O gre rl = P87 KPs 7 017}



Table H1G7, VIVC HOLE D TRODL WARD VELDCITY PATA
INCIDENG 4 IR $.0 » 25/ 2410 v R = 03,3 %
HonHALIZ NORHALIZCD
TOTAL VELD VELOQCITY CONPONENTS
riboh an 8w n -
Yiize (/-3 | Dezs  { jid= ¢ - Uz/Uzo {(H/-2 Qb Uz0 (473 | Ur/lzn (/)
1.038 L0339 I 2.1 W87 1,028 0347 143 00351 019 G038
14057 40338 Lea ael P14 1.047 0334 +146 L0053 025 ,0025
1044 8337 1.2 1,8 4132 1.033 0334 147 0054 021 0018
14042 0341 i 2.8 18 1.032 03381 145 L0055 D31 0036
042 L0335 2.2 P SN 1030 03321 58 L0054 040 L0021
14030 5330 2.2 1.5 .12 1.018 {0334 151 L0054 040 0028
14003 24348 2eis 1.3 i 7791 0336 f151 L0084 045 0027
T58 0330 L0 1+ 11 TS L0352 +143 400558 031 L0027
L9755 L0350 243 1.3 23 V748 J0048 333 W0064 038 0033
74T L0537 Zrd 1+ 11 737 L8335 339 0053 W03 L0038
727 L0330 5 1.3 07 710 0334 141 L0053 D06 HO0EN
JTI7 L0080 N 1.2 W07 +700 0338 130 L0080 JL10 0017
721 0338 »r idd W13 +711 L0335 134 0054 006 0021
723 40338 O S B ¢ 141 J13 L0334 130 0049 D07 0022
S A ‘e 244 1 +F36 L0034 125 L0048 D03 L0020
{750 L0336 . i+ L 07 +755 0033 vi38 L0050 D07 L0017
730 0338 - 2+3 W07 374 WJB3F3 132 .0048 Q07 0014
1+4101 03348 o7 2e4 + 10 1.402 8333 133 40048 Q186 0023
1W921 0337 o 1.8 W87 1.01 L334 145 0051 000 L0021
1033 L0339 1.4 2.0 .12 1.622 0334 144 0032 025 0024
L850 L0336 ol 241 W14 1.040 0333 145 L0054 D12 6018
1062 337 1,5 244 412 1032 (334 + 140 L0080 28 5032
1.858 0337 1,90 2+l +13 1.048 0334 1456 0052 013 0013
1.084 0337 s SOV ) 1,036 L0334 J1386 L0952 012 .0018
L+ D05 LJO3AE 1.1 2.1 W27 1,045 LOC35 v143 0087 020 L0020
urstresm V itw Uzo = 27 m’s  {F/ - W71
Frove You at Anzle = 10.0 Ded

- 90¢ -
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Tabie H108. FIVE HOLL PRESSURE PROBE WARE PRESBURE DATA
INCIDONDE ANGLC {DEG: = 1040 » Ze/0 = 2,10 » R = 83,3 %
NORMALIZOD RS TaTaL STATIC TOTAL PRESSURE
TANGENTIAL anBLE PRESURE PRESSURE RECOGVERY
TeoITION e 2

275 ez (/-3 aPs {4/- KPs  {+/-) PT2/PTL {4/
~1.009 3.0 i 7R3 020 28.467 317 2776 00028
-850 g1 14 2%.26 017 8,69 017 L7999 00024
7ol 2.3 13 PRI 017 28.46% 017 7997 00024
o 3.2 i3 ?7.24  JOiB 28.4% 017 L7976 L0025
-+400 Tl 10 PH24 LO17 26,468 017 7796 L00024
» 37 412 QP22 W57 28,469 017 +7995 00024

- 360 2.8 A5 9219 U8B 93,43 017 2972 00025
-+ 250 8.7 .11 9718 L0248 78,89 17 L798% 00027
-+ 200 3.3 .23 7916 020 28,49 017 L7988 00025

-+158 3.7 W12 Freld 047 28.6% 017 7787 0002
- 160 2.7 07 29413 J0iF 23,49 017 L7985 L00024
RrEHtE 8.1 +07 279.11 81 28,69 017 7784 00025
$.000 2+4 13 D932 W07 78.46% 017 +7785 L 00024
it 8.1 +48 212 017 98.69 047 J7985 00024

+ 300 7o +13 P T 78,489 017 +7987  J00024
+230 B:2 L7 FFein 017 867 W17 +7788  L00024

» 200 FAEN | 22.18 017 78,47 J017 JFPFL 00024

+ 250 T I £ 2721 D7 28.89 017 L7274 00024

+ 3G 3.2 .07 99,22 047 28.6% 017 TR LB0024
St 3:2 ¢ha 22.23 418 P89 W17 7776 00025
+300 HIR Y +15 29.25 W47 2.49  WO17 L7977 00024
vouy A 2027 WG17 728.867 D17 L7999 00024
7S 8.¢ .12 9925 017 T0:47  JBL7 +7798 00024
R Ted 16 P26 W17 283,69 017 3997 00024
14008 8.0 AL P25 047 28,47 817 7998 00024

Hrsiresm Tobal Fressure PTL = 97.27 KPs {i/~ 0173
Urslresm Olslic Fressure #l = PB.77 KFs  {1/- 017D
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APPENDIX I

Exit Flow Eield Data_— Graphical Presentation

The exit data at all of the measurement stations is
presented in graphical form in this Appendix. The figures
are presented in groups as described in the introduction to

Appendix H.
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Figure I1.

-5 o .5 1

NORMALIZED TANGENTIAL POSITION, Z2T/S

FIVE-HOLE PROBE VELOCITY DATA. INCIDENCE ANGLE (DEG) =

Zc/C = .94, R = 4.2%
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U/Uzo

.9975 1

.885

PT2/PT1

¥

- 9925 4

.98 T

15

io 1+

EXIT ANGLE (DEG)

NORMALIZED TANGENTIAL POSITION, 27/S

Figure 12, FIVE-HOLE PROBE WAKE DATA, INCIDENCE ANGLE (DEG) = O,
Ze/C = .94, R = 4.2%
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Uz/Uzo

Ut/Uzo
o

Ur/Uzo
=)

1 1 1 Il
T 3 L]

-1 -5 o .S 1
NORMALIZED TANGENTIAL POSITION, 27/S

Figure I3. FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (DEG) = O,
Zc/C = .84, R=8.3%
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. 89975 +

PT2/PT1

.985

. 8825

20 A

15 A

10

EXIT ANGLE (DEDB

-

Figure 14,

NORMALIZED TANGENTIAL POSITION, 2T/5

FIVE-HOLE PROBE WAKE DATA, INCIDENCE ANGLE (DEG) = Ii.
Zc/C = .84, R =8,3%
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Uz/Uzo

Ut/Uzo
o |

Ur/lzo
o

1 ] I - ]

=

T 1 T

-1 =9 1] «35 1

NORMALIZED TANGENTIAL POSITION, 2T/S

Figure 15, FIVE-HOLE PROBE VELGCITY DATA, INCIDENCE ANGLE (DEG) = G,
Zc/C = .94, R = 12.5%
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U/Uzo

.9973 ¢

L8985

PT2/PT1

L9325 1

.89

EXIT ANGLE (DEG)
-
o

-1 -3 o .5 1
NORMALIZED TANGENTIAL POSITION, 21/5

Figure I6. FIVE~HOLE PROBE WAKE DATA, INCIDENCE ANGLE (DEG) = G,
Zc/C = .94, R = 12.5%
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Uz/Uzo

Ut/Uzo
o

Ur/Uzo
o

1 } I L]
T A T T T

-1 —3 0 .9 1
NORMALIZED TANGENTIAL POSITION, 2T/S

Figure 17. FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (DEG) = 0,
Zc/C = .84, R = 16.7%



: ORIGINAL PAGE 18
- 316 - OF POOR QUALITY

U/Uzo

. 9975 T

.8995 ¢+

PT2/PT1

.9925 1

.99 . ¢

20 T

EXIT ANGLE (DEG)
=

-1 - 8] .5 1
NORMALIZED TANGENTIAL POSITION, 2T/9

Figure 18, FIVE-HOLE PROBE WAKE DATA, INCIDENCE ANGLE (DEG> = 0,
Zc/C = .84, R = 16.7%
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Uz/Uzo

Ut/Uzo
a

Ur/Uzo
(==

1 I 1 1
L) ¥ ) T

-1 -3 G .3 1
NORMALIZED TANGENTIAL POSITION, 2T/S

Figure I9. FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (DEG) = O,
Zc/C = .94, R = 23%



U/Uzo

~ 318 - ORIGINAL PAGE 8
OF POOR QUALITY

L8975 ¢

PT2/PT1

.99

L8395 ¢

9925

15 4

10 A

EXIT ANGLE <(DEG)

Figure I10,

NORMALIZED TANGENTIAL POSITION, 2T/S

FIVE-HOLE PROBE WAKE DATA, INCIDENCE ANGLE (DEG
Ze/C = .84, R = 25%

1
D



ORIGINAL PAGE 15
OF POOR QUALITY

- 319 -

Ut/Uzo
o

Ur/Uzo
[on]

J

fan]

tn
t
13

L [l [l 1
Ll T T T

-1 -3 o .5 1
NORMALIZED TANGENTIAL POSITION, 2T/S

Figure IT7. FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE <DEG> = O,
Zc/C = .94, R = 33.3%



U/Uzo

ORIGINAL PAGE [
- 320 - OF POOR QUALITY

«9975 +

PT2/PT1

.98

995 1

« 9925

EXIT ANGLE (DEG)

15 -+

ELU

Figure 112,

NORMALTZED TANGENTIAL POSITION, 2T1/S

1
s

FIVE-HOLE PROBE WAKE DATA, INCIDENCE ANGLE (DEG)
Ze/C = .84, R =33.3%



-Uz/Uzo

Ut/Uzo
[t }

Ur/Uzo
o

Figure I13.

_ 321 - ORIGINAL PAGE 1§
OF POOR QuALITY

[
T ¥ ¥ i

-1 -5 o -3 1
NORMALIZED TANGENTIAL POSITION, 27/S

FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (DEG) =
Zc/C = .94, R = 302

G,



ORIGINAL PAGE 18
- 327 - OF POOR QUALITY

R
g

U/Uzo
@

i

L 1
§
P
i’
..9975\'-*;
= o_ges f
=~ i
o I
kY r
o ..99253' 3

4
-89 1
t
£
L] L Il =~ 1 L
i
!
200 +-
B ]
) :
2 15 T
. i
w |
o . K
= 10 -+
- ;
) ol
. R—-
g 5

0

NORMAL-IZED TANGENTIAL POSTTION: 28

1
e

Figure 114, FIVE-HOLE PROBE WAKE DATA,. INCIDENECE ANGLE. (DEGX
Zc/Bi= .94, R = 50%



ORIGINAL Page
_ 323 - PAGE 15
OF POOR QuaLITY

Uz/Uzo

Ut/Uzo
o}

e

Ur/Uzo
o

S
[
an
!
L)

1 i ] t
T ¥ T T

-1 -9 ] .9 1

NORMALIZED TANGENTIAL POSITION, 2T/S

Figure 115, FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (DEG) = O,
Zc/C = .94, R = B6,7%



U/U=z0

L8975 1

PT2/PT1.

.89

15

10

EXIT ANGLE <DEG)

Figure I16.

ORIGINAL PAGE 5
- 32 - OF POOR QUALITY

.995

.9923 +

1
T

NORMAL.IZED TANGENTIAL POSITION, 27/5

FIVE-HOLE PROBE WAKE DATA, INCIDENCE ANGLE (DEG) = G,
Zc/C = .94, R = BB. 7%



- 325 -

CRIGINAL P&GE IS
OF POOR QUALITY

Uz/Uzo

Ut/Uzo
o

1 1 H
T T L]

-1 -3 o .S i

]

NORMALIZED TANGENTIAL POSITION, 27/5

Figure I17. FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (DEG) = G,
Zc/C = .94, R = 83,3%



ORIGINAL PACE i$
- 326 - OF POOR QUALITY

U/U=zo

.8975 1

.9395 +

PT2/PT1

.8925 +

EXIT ANGLE (DEG)
=
(=
1

NORMALIZED TANGENTIAL. POSITION, 27/5

I
e

Figure I18. FIVE-HOLE. PROBE WAKE DATA, INCIDENCE ANGLE (DEG)
: Zc/C = ,94, R = 83.3%



- 327 -

ORIGINAL PAGE £
OF POOR’ QUALITY

U/Uzo

.9973 1

.993

PT2/PT1

.8923 +

.89

15 T

10

EXIT ANGLE <(DEG)

NORMALIZED TANGENTIAL POSITION, 27/S

Figure 119. FIVE-HOLE PROBE WAKE DATA. INCIDENCE ANGLE (DEG) = O,
Zc/C = 2,06, R = 4.2%



- 328 - ORIGINAL PAGE I8
OF POOR QUALITY

LB L
g
ug ':’
g, !
.8 £
Y]
= 1'7 ‘E
&
.5
‘1
.03
8
20
r)
0
- 05 n
=1
N
05 o )
a | H“‘H‘ﬂﬂﬂw
fo |
£ ) '
- QS o+
-1 +
o -5 0 .3 t

"NORMALIZED TANGENTIAL POSITIDN, 27/S

Figure 120.  FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (DE® = D,
Zc/C = 2,06, R = 4.2%.



- 329 -

ORIGINAL PAGE ig
1} OF POOR QUALITY

Uz/Uzo

Ut/Uzo
o

-+

Ur/Uzo
o

L i 1
¥ T L} 4

-1 -5 o .9 1
NORMALEZED TANGENTIAL POSITION, 21/S

Figure I21.  FIVE-HOLE PROBE VELOCITY DATA. INCIDENCE ANGLE (CE®) = 0,
Zc/C = 2,06, R=8.3%



U/Uzo

.8875

PT2/PT1

.93

8

15

10

EXIT ANGLE (DEG)

Figure I22.

1 .085 &

.9925-

CRIGINAL PAGE IS
OF POOR QUALITY

~ 330 -

NORMALIZED TANGENTIAL POSITION, 27/5

1

1
1=

FIVE-HOLE PROBE WAKE DATA, INCIDENCE ANGLE (DEG)
Zc/C = 2.06, R = 8,32



- 331 - ORIGINAL PAGE [g
OF POOR QUALITY

‘Yz/Uzo

Ut/Uzo
o

+

(]
) ¥ T

-1 ~.5 0 .5 1
NORMALIZED TANGENTIAL POSITION, 2T/§

Figure 123. FIVE-HOLE PROBE VELOCITY DATA. INCIDENCE ANGLE <DEG) = G,
Ze/C = 2,06, R = 12.5% .



- 332 - ORIGINAL PAGE 1S
OF POOR QUALITY

.1 4

* -
g M N D W

U/Uzo

PT2/PT1

-

EXIT ANGLE (DEG)
(=

NORMALIZED TANGENTIAL POSITION, 2T/5

Figure 124, FIVE-HOLE PROBE WAKE DATA, INCIDENCE ANGLE (DEG)
Zc/C = 2.06. R = 12.5%

1
o



Uz/Uzo

Ut/Uzo
o

Ur/Uzo
[ ]

Figure 125,

- 333 - ORIGINAL PAGE (g
OF POOR QUALITY

-4 ] 3 1
L2 T ] L]

L 1
L] T LE T

-1 _‘5 4] -5 1
NORMALIZED TANGENTIAL POSITION, 27/8

FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (BEGY = O,
Zc/C = 2.06, R = 16.72



1.1 +

.9
.8
.7
.G

U/Uzo

- 334 - ORIGINAL PAGE i
OF POOR QUALITY

PT2/PT1

15 +

10 +

EXIT ANGLE (DE®

Figure 126.

NORMALIZED TANGENTIAL POSITION, 2T/S

FIVE-HOLE PROBE WAKE DATA, INCIDENCE ANGLE (DEG)
Ze/C = 2.06, R = 1B. 7%

n
£



- 335 - ORIGINAL PAGE 18
OF POOR QUALITY,

Uz/Uzo

Ut/Uzo
o

1
¥

Ur/Uzo
o

1 1 ]

¥ 1] T

-1 -5 o .3 1
NORMALIZED TANGENTIAL POSITION, 2T/5

Figure I127. FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (DEG) = G.
Zc/C = 2.06, R = 25%



U/Uzo

. 9875 +

PT2/PT1

.99

20

i5

io

EXIT ANGLE (DEG>

Figure 128.

.8995 1

- 9925 T

ORIGINAL PAGE {8
- 3% - oF pOOR QUALITY

NORMALIZED TANGENTIAL POSITION, 2T/S

FIVE-HOLE PROBE WAKE DATA, INCIDENCE ANGLE (DEG) = G,
Zc/C = 2,06, R = 25%



~ 337 -

ORIGINAL PAGE (g
OF POOR QUALITY

Uz/Uzo -

Ut/Uzo
o

N

o

w
1
T

Ur/Uzo
o

R

]

a
1
T

| ] L] L
T T T T 4

-1 =3 1] «3 1
NORMALIZED TANGENTIAL POSITION, 2T/S
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Zc/C = 2.06, R = 68.7%



t/Uzo

- 342 -

ORIGINAL PAGE IS
OF POOR QUALITY

.9875 ¢

985

PT2/PT1

.9925 1

Igg

iS5 7T

EXIT ANGLE (DEG)
o

Figure 134.

! -9 0 .5 1
NORMALIZED TANGENTIAL FOSITION, 2T/5

FIVE-HOLE PROBE WAKE DATA, INCIDENCE ANGLE (DEG)
Zc/C = 2.08, R = BB.7%

]
]
-



- 343 -

ORIGINAL PAGE (8
OF POOR QUALITY

Uz/Uzo

Ut/tzo
f s |

-+

Ur/Uze
o

1 (] ]
1 ¥ ¥

-1 -5 1] <3 1
NORMALIZED TANGENTIAL POSITICN, 2T/S

Figure 135, FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (DEG) = O,
Ze/C = 2,08, R = 83.3%
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Figure 143, FIVE~HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (DEG) = G,
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Figure 144, FIVE-HOLE PROBE WAKE DATA. INCIDENCE ANGLE (DEG)
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Figure 147, FIVE-HOLE PROBE VELOCITY DATA. INCIDENCE ANGLE (DEG) = 5,
Ze/C = .94, R = 33.3%
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Figure 149,  FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (DEG) = 5,
Zc/C = .84, R = 50%
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Figure I51, FIVE-HOLE PROBE VELGCITY DATA, INCIDENCE ANGLE <(DEG) = 5,
Zc/C = .84, R = B6.7%
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Figure I55.  FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (DEGY = 5,
Ze/C = 2.07, R= 4.2%
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Figure I57.  FIVE-HOLE PROBE VELOCITY DATA. INCIDENCE ANGLE (OEG) = 5,
Ze/C = 2,07, R = 8.3%
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Figure I58. FIVE-HOLE PROBE WAKE DATA. INCIDENCE ANGLE (DEG)
Ze/C = 2,07, R = 8.3%
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Figure 159, FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (DEG) = 5,
Ze/C = 207, R = 12.5%
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Figure 160. FIVE-HOLE PROBE WAKE DATA, INCIDENCE ANGLE (DEG) = 5,
Ze/C = 2,07, R = 12.5%
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Figure 161, FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE DEG) = S,
Ze/C = 2,07, R= 16.7%
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Figure 162. FIVE-HOLE PROBE WAKE DATA, INCIDENCE ANGLE (DE®) = 5,
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Figure 163,  FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (DEG) = 5,
Ze/C = 2.07, R = 25%
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Figure 165, FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (DEG) = 5,
Ze/C = 2.07, R = 33.3%
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Figure 166. FIVE~HOLE PROBE WAKE DATA, INCIDENCE ANGLE (DEG)
Ze/C = 2.07, R =33.3%
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Figure I67.  FIVE-HOLE PROBE VELOCITY DATA. INCIDENCE ANGLE (OEG) = 5,
Zc/C = 2.07. R = 50X
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Figure 168. FIVE-HOLE PROBE WAKE DATA, INCIDENCE ANGLE (DEG) = 5,
Zc/C = 2.07, R = 50%
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Figure 170. FIVE-HOLE PROBE WAKE DATA. INCIDENCE ANGLE (DE®) = 5,
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Figure I71. FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (EB) = 5,
Zc/C = 2,07, R = 83.3%
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Figure I72, FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (DEG) = 10,
Zc/C = .96, R=4.2%
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Figure 174, FIVE-HOLE PROBE WAKE DATA, INCIDENCE ANGLE (DEG)
Zc/C = .96, R = 4.2%
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Figure I75. FIVE-HOLE PROBE 'VELOCITY DATA. INCIDENCE ANGLE (DEG) = 10,
Zc/C = .96, R.= 8.3%
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Figure 176. FIVE-HOLE PROBE WAKE DATA, INCIDENCE ANGLE CDEG) = 10,
7e/C = .96, R = 8.3%



~ 385 -

ORIGINAL PAGE 1§
OF POOR QUALITY

Uz/Uzao

Ut/Uzo
o

Ur/Uzo
o

1 1 1
[l T i

-1 -3 ] 5 i

[+

NORMALIZED TANGENTIAL POSITION, 27/S

Figure 177, FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (DEG) = 10,
Zc/C = .86, R = 12,5%
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Zc/C = .86, R = 12.5%
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Figure I79.  FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (DEG)
Zc/C = .88, R = 16,7%
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Figure I81. FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (DEG) = 10,
Zc/C = .96, R = 25%
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Figure 182, FIVE~HOLE ‘PROBE WAKE ‘DATA, INCIDENCE ANGLE (DEG) = 10,

Zc/C = .96, R = 253%
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Figure 182, FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (OEG) = 10,
Ze/C = .86, R = 8332
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Figure 184. FIVE-HOLE PROBE WAKE DATA, INCIDENCE ANGLE (DEG = 10,
Zc/C = .86, R = 33.3%
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Figure I85.  FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (DEG) = 10,
7c/C = .96, R = 50%
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Figure I86. FIVE-HOLE. PROBE WAKE DATA, INCIDENCE ANGLE (DEG) = 10,
Zc/C = .96, R = 50%
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Figure 187. FIVE-HOLE PROBE VELGCITY DATA, INCIDENCE ANGLE (DEG) = 10,
Ze/C = ,96, R =BB.7%
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Figure 188. FIVE~HOLE PROBE WAKE- DATA. INGIDENCE ANGLE (DEG) = 10,

Zc/C = .96, R = BB.7%
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Figure I89.  FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (DEG) = 10,
Ze/C = .96, R = 63.8%
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Figure 190, FIVE-HOLE PROBE WAKE DATA, INCIDENCE ANGLE (DEG) = 10,
Zg/C = .96, R = 83,3%



- 399 -

ORIGIMNAL PEGE [
OF POOR QUALITY

Ut/Uzo
&

T

Ur/Uzo
()

] L ] 1
T T T T

-1 -5 1] -1 1

NORMALIZED TAMGENTIAL POSITION, 2T/S5

Figure I91., FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (DEG) = 10,
Zc/C = 2,10, R= 4.2%
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Figure 193. FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (DEG> = 10,
Ze/C = 2.10, R= 8.3%
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Figure 195, FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (DEG) = 10,
Ze/C = 2,18, R = 12.5%
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Figure 196, FIVE-HOLE PROBE WAKE DATA, INCIDENCE ANGLE (DEGY = 16,
Zc/C = 2.10, R = 12.5%



- 405 -

ORIGINAL PAGE 1§
OF POOR QUALITY

Uz/Uzo

Ut/Uzo
.
wn

Ur/Uzo
o

1 1
T Ll

-1 =9 o .3 1

NORMALIZED TANGENTVIAL POSITION, 2T/5

Figure 197. FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (DEG) = 10,
Ze/C = 2.10, R = 16.7%
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Figure 198. FIVE-HOLE PROBE WAKE DATA, INCIDENCE ANGLE (DEG) = 10,
Zc/C = 2.10, R = 16.7%
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Figure 199, FIVE-HOLE PROBE VELOCITY. DATA, INCIDENCE ANGLE (DEG) = 10,
Zc/C = 2,10, R = 25.0%
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Figure IT00. FIVE-HOLE PROBE WAKE DATA, INCIDENCE ANGLE (DEG)
Zc/C = 2.10, R = 25.0%



OF POOR QUALITY

- 409 -

Ur/Uzo
o

1 'l

T

Figure 1101, FIVE-HOLE

-3 c «9 1
NORMALIZED TANGENTIAL POSITION, 2T/S

PROBE VELOCITY DATA, INCIDENCE ANGLE <DEG)
Zc/C = 2.1, R=33.3%

10,



- 410 - oRrIGINAL PAGE E%

U/Uza

. 9975 ¢

.995 +

PT2/PT1

.9925 +

.99

15 -+

AU

EXIT ANGLE (DEG>

1 1 ] 1

i T 4

=1 ~5 0 .5 1
NORMALIZED TANGENTIAL POSITION, 2T/S

Figure I102. FIVE-HOLE PROBE WAKE DATA, INCIDENCE ANGLE (DEG) = 10,
Zc/C = 2.10, R = 33.3%
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Figure 1703, FIVE-HOLE PROBE VELOCITY DATA. INCIDENCE ANGLE (DEG) = 10,
Zc/C = 2.10, R = S50.0%
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Figure I105. FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE (DEG) = 10,
Zc/C = 2.10, R = 66.7%



- 414 - ORIGINAL PAGE 1§
OF POOR QUALITY

.89875 +

-985 1

PT2/PT}

.9925 1

.99

20 7

EXIT ANGLE (DEG)

-1 -5 a .5 1
NORMALIZED TANGENTIAL POSITION, 2T/S

Figure 1106. FIVE-HOLE PROBE WAKE DATA, INCIDENCE ANGLE (DEG) = 10,
Zo/C = 2.10, R = BB. 7%
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Figure 1107. FIVE-HOLE PROBE VELOCITY DATA, INCIDENCE ANGLE <DEG) = 10,
Ze/C = 2,10, R = 83.3%
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Figure I108. FIVE-HOLE PROBE WAKE DATA, INCIDENCE ANGLE (DEG)
Ze/C = 2.10, R = 83.3%
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APPENDIX J

Igobaric Exit Contour Visualization Technigue

The concept of producing on-line photographic iscbaric
contour maps of a flow field has been developed at the Boe-
ing Company [18]." A sensor, such as a total pressure probe,
is traversed in a plane perpendicular to the flow axis. The
pressure is read via electronic transducers, and a light
source, attached to the downstream side of the sensor, is
flashed in a colox corresponding to a preset pressure level.
A downstream camera viewing the flow field is used to record
the color isobaric contours. This concept was adapted for
obtaining isobaric contour maps of the wake regions in the

R-T plane in The Purdue Annular Cascade Facility.

The apparatus developed for use is shown in Figure Jl1,
with its installation in the annular cascade facility
schematically shown in Figure J2. The program, PPHOT2,
directs the automated flow wvisualization process. The probe
pressure is automatically read via a Scanivalve transducer
with the traversing of the probe in the facility R-T plane
accomplished via the automated L. C. Smith Traversing Sys-—

tem. Probe alignment is in the chordwise direction to align
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the total pressure probe in the principal flow direction. A
light box was fabricated to provide automated flashing of
any one of three high intensity light sources. Each light
gsource is filtered to color the source, and focused on the
end of a shielded fiber optics cable, which is méunted
through the light box wall. Red, green, and yellow filters
are used with each source to designate three pressure
ranges. The other end of the shielded fiber optics cable is
attached to the downstream side of the probe tip, directing
a colinear flash of light downstream into the facility ple-
num. A Polaroid camera with remote shutter control is
located in the plenum. As the probe traverses the R-T
plane, the proper light is selected and flashed through the
fiber optics Yine, and dots‘of colored light are recorded on
a print created by the Polariod camera (open shutter time

exXposure). Upon completion of the traverse, the shutter is

closed and the polaroid camera provides an on-line isobaric
phoﬁqgraphic contour map, Wwith the pressure ranges defined

by different coloxs.

The preset pressure levels were determined prior to
. eachr experiment session by traversing the probe circumeren—
tially at a pid*Span location and survéying the resulting
pressure data. A black and white copy of a colored contour
photograph which shows the symmetric nature of +the wake
about the airfoil circumferential location at 0° incidence

is presented in Figure 31.
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APPENDIX K [1]

NASA Computer Codes

Two NASA-developed computer codes were used to predict
the chordwise distribution of the airfoil surface pressure
coefficient. The two programs, MERIDL [16] and TSONIC [17]
are based on inviscid analyses and are intended for comput-

ing turbomachine flow field.

The governing flow equations are the continuity eqgua-—
tion, the momentum equation (the inviscid form of the
Navier-Stokes equations), and the thermodynamic eguations.
For steady subsonic flows, these equations form a system of
elliptic partial differential eguations. Solving an ellip-
tic system requires that the flow conditions be completely
specified on all boundaries of the solutién region. Both
programs dgenerate two-dimensional grids upon which the

governing equations are solved as finite difference egua-

tions using successive-over-relaxation.

The MERIDL program generates its grid along the hub-
to-tip mean stream-sheet in the center of the airfoil pas-

sage. This stream-sheet is assumed to have the same shape
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as the airfoil camber line with flow-matching corrections at
the leading and trailing edges. One .0of the primary purposes
of the MERIDL program is to compute the radial shift of the
streamlines in the solution region (airfoil passage). Part
of MERIDL's output is the input, in its required format, for
the TSONIC program. It was to be expected for the facility
geometry (constant radius annulus walls and flat-plate air-
foils) that there would be very little radial shift of the
streamlines. ‘MERIDL was priparily used for completeness and

to generate the extensige input required for TSONIC.

The TSONIC program generates its numerical grid and
soclves the governing equations along an airfoil-to-airfoil
stream-sheet. The program assumes that this stream-sheet is
a surface of revolution. Any arbitrary stream-sheet from
hub to tip c¢an be specified provided that MERIDL had been
instructed to generate the appropriate input to TSONIC.
Part'qf the output f£rom TSONIC is the airfoil surface wvelo-
cities. These .can easily bé converted to the corresponding
pPressure coefficients by dividing them by the mass-averaged

velocity through the facility and squaring the results.
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APPENDIX L

Tabulated Experimental Pressure

Coefficient Data

The experimental pressure coefficient data are

presented here. Tables L1 through 18 are grouped by
incidence angle with 10, 50, and 90% span data preseﬂted for

both the suction and pressure surfaces.

Table Incidence Angle (DEG)
LL -~ L6 0
L7 - Ll12 5
L13 - Li8

10
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Table L1. Airfoil Surface Pressure Coefficient Data
10 Percent Span, Suction Surface,
Incidence Angle (deg) = 0.0

Mass-Averaged Inlet Velocity = 28.69 m/s

Percent Chorxd Cp Coefficient +/- Cp Confidence
2.25 1.828 0.1268
6.78 1.256 0.0382

13.08 1.183 0.0520
20.960 1.155 0.0473
29.92 1.154 0.0422
39.75 1.155 0.0354
50.00 1.158 0.0391
60.25 1.165 0.0375
70.08 1.163 0.0375
79.10 1.167 0.0362
86.92 1.184 0.0388
93.32 1.211 0.0376
97.75 1.295 0.041%6
99.30 1.304 0.0408

Table L.2. Airfoil Surface Pressure Coefficient Data
10 Percent Span, Pressure Surface,
Incidence Angle (deg) = 0.0 __

Mass-Averaged Inlet Velocity = 28.69 m/s

Percent Chord| Cp Coefficient| +/- Cp Confidence
2.25 1.760 0.1216
6.78 1.159 0.0692

13.08 1.154 0.0475
20.90 1.156 0.0454
29.92 1.140 0.0392
39.75 1.150 0.0375
50.00 1.151 0.0377
60.25 1.154 0.0370
70.08 1.157 0.0377
79.10 1.172 0.0369
86.92 1.182 0.0380
93.32 1.208 0.0393
97.75 1.274 0.0430
99.30 1.318 0.0425
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Table L3. Airfoil Surface Pressure Coefficient Data
50 Percent Span, Suction Surface,
Incidence Angle (deg) = 0.0

Mass—-Averaged Inlet Velocity = 28.69 m/é

Percent Chord| Cp Coefficient! +/- Cp Confidence
2.25 1.751 0.0591
6.78 +1.180 0.0801

13.08 1.158 0.0411
20.90 1.138 0.0392
29.92 1.148 0.0376
39.75 1.148 0.0371
50.00 1.153 0.0350
60.25 1.159 0.0366
70.08 1.159 0.0378
79.10 1.169 0.0373
86.92 1.181 0.0385
93.32 1.217 0.038C
87.75 1.318 0.0403
99.30 1.352 0.0G419

Table L4. Airfoil Surface Pressure Coefficient Data
50 Percent Span, Pressuxre Surface,
Incidence Angle (deg) = 0.0

Mass-Averaged Inlet Velocity = 28.69 m/s

Pexcent Chord} Cp Coefficient| +/- Cp Cohfidence
2.25 1.826 0.1173 -
6.78 1.183 0.1156

13.08 1.149 0.0396
20.90 1.131 0.0359
29.92 1.136 0.0373
39.75 1.124 0.0360
50.00 1.141 0.0359
60.25 1.145 0.0370
70.08 1.147 0.0378
79.10 1.175 0.0358
86.92 1.190 0.0376
93.32 1.213 0.0392
97.75 1.315 0.0401
99.30 1.366 0.0448
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Table L5. Airfoil Surface Pressure Coefficient Data
90 Percent Span, Suction Surface,
Incidence Angle {(deg) = 0.0

Mass-Averaged Inlet Velocity = 28.69 m/s

Percent Chord] Cp Coefficient}] +/- Cp Confidence
2.25 1.854 0.1328
6.78 1.376 0.1852

13.08 1.156 0.0543
20.90 1.147 0.0451
29.92 1.159 0.0412
39.75 1.134 0.0434
50.00 - B
60.25 1.137 - 0.0417
70.08 1.155 0.0379
79.10 1.162 0.0372
86.92 1.179 0.0365
93.32 1.196 0.0400
97.75 1.276 0.0394
99.30 1.300 0.0439

Table L6. Airfoil Surface Pressure Coefficient Data
90 Percent Span, Pressure Surface,
Incidence Angle (deg) = (0.0

Mass-Averaged Inlet Velocity = 28.60 m/s

Percent Chord| Cp Coefficient| +/- Cp Confidence
2.25 1.776 0.1554
6.78 1.286 0.1399

13.08 1.160 0.0461
20.90 1.140 0.0464
29.92 1.131 0.0391
39.75 1.094 0.0365
56.00 - S R
60.25 . 1.118 0.0349
70.08 1.152 0.0364
79.10 1.159 0.0381
86.92 1.177 0.0365
93.32 1.194 0.0369
97.75 1.276 0.0409
. 99.30 1.298 0.0417
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Table L7. Airfoil Surface Pressure Coefficient Data
10 Percent Span, Suction Surface,
Incidence Angle (deg) = 5.0

Mass-Averaged Inlet Velocity = 30.52 m/s

Percent Chord Cp Coefficient +/- Cp Confidence
2:25 . 2.163 . 0.0579
6.78 1.626 0.0404

13.08 1.265 0.0427
20.90 1.213 - 0.0344
29.92 : 1.195 0.0355
39,75 1.162 0.0297
50.00 1.178 0.0325
60.25 1.188 0.0296
70.08 1.168 0.0337
79.10 1.190 0.0297
86:92 1.196 0.0325
93.32 1.224 0.0335
97.75 1.339 0.0377
99.30 1.371 0.0444

Table L8. Airfoil Surface Pressure Coefficient Data
10 Percent Span, Pressure Surface,
Incidence Angle (deg) = 5.0

Mass-~Averaged Inlet Velocity = 30.52 m/s

Percent Chord{ Cp Coefficient| +/- Cp Confidence
2.25 1.632 0.0890
6.78 1.119 0.0529

13.08 1.132 0.0337
20.90 1.145 0.0341
29.92- 1.140 0.0342
39.75 1.160 0.0338
50.00 1.158 0.0330
60.25 1.160 0.0314
70.08 1.178 0.0335
79.10 1.180 0.0330
86.92 1.200 0.0310
93.32 1.231 0.0330
87.75 i.310 0.0393
99.30 1.366 0.0393
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Table 9. Airfoil Surface Pressure Coefficient Data
50 Percent Span, Suction Surface,
Incidence Angle (deg) = 5.0

Mass-Averaged Inlet Velocity = 30.52 m/s
Percent Chord Cp Coefficient] +/- Cp Confidence

2.25 2.053 : 0.0546
6.78 1.745 0.1362
13.08 1.228 . 0.0353
20.90 1.189 0.0331
29.92 1.178 0.0319
39.75 1.167 0.0321
50.00 1.162 0.0262
60.25 1.169 0.0323
70.08 1.164 0.0327
79.10 1.17¢ 0.0334
86.92 1.190 0.0331
93.32 1.234 0.0332
97.75 1.331 0.0361
99.30 1.375 0.0362

Table L10. Airfoil Surface Pressure Coefficient Data
80 Percent Span, Pressure Surface,
incidence Angle (deg) = 5.0

Mass—Averaged Inlet Velocity = 30.52 m/s
Percent Chord Cp Coefficient +/- Cp Confidence

2.25 1.264 0.0364

6.78 0.963 0.0318
13.08 1.039 G.0306
20.50 1.063 0.0304
29.92 1.108 6.06323
39.75 1.105 0.0302
50.00 1.139 0.0337
60.25 1.147 0.0321
70.08 1.163 0.0306
79.10 1.179 0.0316
86.92 1.197 0.0311
83.32 1.216 0.0337
97.75 1.329 0.0356
99.30 1.348 0.0375
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Table Ll1ll. Airfoil Surface Pressure Coefficient Data
90 Percent Span, Suction Surface,
Incidence Angle (deg) = 5.0

Mass-Averaged Inlet Velocity = 30.52 m/s
Percent Chord Cp Coefficient +/- Cp Confidence

2.25 2.197 0.0642

6.78 2.171 0.0605
13.08 1.271 0.0450
20.90 1.217 0.0369
29.92 1.2060 0.0379
39.75 1.170 0.0312
50.00 - = m——
60.25 1.158 0.0333
70.08 1.167 0.0323
79.10 1.173 0.0338
86.92 1.188 0.0354
93.32 . 1.210 0.0331
97.75 1.294 0.0374
99.30 1.355 0.0383

Table L12. Airfoil Surface Pressure Coefficient Data
90 Percent Span, Pressure Surface,
Incidence Angle (deg) = 5.0

Mass—Averaged Inlet Velocity = 30.52 m/s
Percent Chord]| Cp Coefficient| +/- Cp Confidence

2.25 1.220 0.0699
6.78 1.024 - 0.0365
13.08 1.050 0.0326
20.90 1.073 0.0310
29.92 1.095 0.0339
39.75 1.072 0.0333
50.00 - -
60.25 1.116 0.0319
70.08 1.135 0.0306
79.10 1.165 0.0329
86.92 1.182 0.0337
93.32 1.205 0.0355
97.75 1.309 0.0354
99.30 1.362 0.03%82
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Table 1.13. Airfoil Surface Pregssure Coefficient Data
10 Percent Span, Suction Surface,
Incidence Angle (deg) = 10.0

Mass—-Averaged Inlet Velocity = 22.65 m/s
Percent Chord Cp Coefficient +/- Cp Confidence

2.25 2.311 0.1180
6.78 1.942 0.1373
13.08 1.570 0.1527
20.90 1.281 0.0657
29.92 1.257 0.0505
39.75 1.210 0.0419
50.00 1.227 0.0461
60.25 1.227 0.0436
70.08 1.225 0.0449
79.10 1.234 0.0418

. 86.92 1.252 0.04656
93.32 1.277 0.0485
97.75 1.367 0.0519
99.30 1.382 0.0551

Table L14. Airfoil Surface Pressure Coefficient Data
10 Percent Span, Pressure Surface,
Incidence Angle {(deg) = 10.0

Mass—-Averaged Inlet Velocity = 29.65 m/s
Pexcent Chord| Cp Coefficient] +/-.Cp Confidence

2.25 0.970 0.1146
6.78 0.948 0.0716
.13.08 0.982 0.0502
20.90 1.079% 0.0446
29.92 1.116 0.0481%
38.75 1.178 0.0489
50.00 1.196 0.0458
60.25 1.211 0.0492
70.08 1.226 0.0468
79.10 1.228 0.0446
86.92 1.249 0.0463
93.32 1.283 0.0484
97.75 1.359 0.0549
99.30 1.408 0.0568
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Table L15. Airfoil Surface Pressure Coefficient Data
50 Pexrcent Span, Suction Surface,
Incidence Angle (deg) = 10.0

Mass-Averaged Inlet Velocity = 29.65 m/s
Percent Chord| Cp Coefficient} +/- Cp Confidence

2.25 -—.——= e

6.78 2.344 0.1148
13.08 1.968 0.1188
20.90 1.453 0.0%21
29.92 1.332 0.0729
39.75 1.265 0.0550
50.00 1.253 0.0455
60.25 1.250 0.0472
70.08 1.247 0.0473
79.10 1.258 0.0477
86.92 1.254 0.0448
93.32 1.296 0.0454
97.75 1.387 0.06521
99.30 1.444 0.0572

Table L16. Airfoil Surface Pressure Coefficient Data
50 Percent Span, Pressure Surface,
Incidence Angle (deg} = 10.0

Mass~-Averaged Inlet Velocity = 29.65 m/s
Percent Chord| Cp Coefficient| +/- Cp Confidence

2.25 1.032 0.0789

6.78 0.926 0.0497
13.08 1.012 0.0479
20.90 1.076 0.0414
29.92 ‘ 1.137 0.0445
39.75 1.176 0.0450
50.00 1.218 0.0446
60.25 1.233 0.0490
70.08 : 1.248 0.0457
79.10 1.260 0.0494
86.92 1.274 0.0479
93.32 . 1.305 0.0520
97.75 1.412 0.0513
99.30 1.457 0.0614
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Table L17. Airfoil Surface Pressure Coefficient Data
90 Percent Span, Suction Surface,
Incidence Angle (deg) = 10.0

Mass-—-Averaged Inlet Velocity = 29.65 m/s

Percent Chord

Cp Coefficient

+/- Cp Confidence

2.25

6.78
13.08
20.90
29.92
39.75
50.00
60.25
70.08
79.10
86.92
93.32
97.75
99.30

2.320
2.404
1.696
1.328
1.269
1.216
1.202
1.210
1.221
1.226
1.245
1.338
1.382

0.1588
0.1160
0.174¢
0.0710
0.0550

0.0483
0.0450
0.0476
0.0471
0.0494
0.0530

Table L18. Airfoil Surface Pressure Coefficient Data
90 Percent Span, Pressure Surface,

Incidence Angle (deg) = 10.0
Mass—Averaged Inlet Velocity = 29.65 m/s
Percent Chord| Cp Coefficient| +/- Cp Confidence

2.25 0.813 0.0659

6.78 0.882 0.0641
13.08 0.957 0.0536
20.90 1.016 0.0545
29.92 1.084 0.0522
39.75 1.072 0.0429
50.00 ———— -
60.25 1.155 0.0470
70.08 1.184 0.0440
79.10 1.197 0.0444
86.92 1.224 0.0438
93.32 1.239 0.0467
97.75 1.3286 - 0.0543
99.30 1.362 0.0498
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