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Report F331012-1

Wind Tunnel Tests of Variable

Geometry Shrouded Propellers

SUMMARY

Wind tunnel tests of variable geometry shrouded propeller models were

conducted for the Hamilton Standard Division of the United Aircraft Corporation
in the 18-ft and 8-ft test sections of the UARL Large Subsonic Wind Tunnel
during the period from May 1 to May 18, 1967. The test model comprised a
shroud propeller assembly which was attached to a propeller dynamometer
through strain gage balances. The balances provided shroud chord force,
propeller thrust and propeller torque data. Various pressure measurements
were also obtained including shroud irlet pitot-static pressures, shroud
exit total pressures, shroud surface pressure distributions, and velocity-
angularity radial traverse probe data. These data were obtained for three
shroud configurations and two sets of propellers. Shroud variables included
lip contour, length and exit area; propeller variables included blade planform
and blade-shroud tip clearance. Test data for these model configurations
were obtained through ranges of blade rotational speed at various blade pitch
angles and at tunnel Mach numbers from 0.02 to 0.60.

A complete transcript of preliminary performance test data and descriptive
information pertinent to the test models, equipment and techniques was forwarded
to Hamilton personnel by June 19, 1967. Post-test efforts were suspended on
June 28, 1967 and resumed on November 1, 1967 at Hamilton's request. On
November 19, 1967, the transmittal of all performance and pressure data in
final reduced form was completed. This report presents an explanatory text,

detailed tabulations of the performance and pressure data, and a complete
graphical presentation of the performance data.

This project was undertaken fc3 Hamilton Standard under Purchase Order
WPI IF1 BOO-104A dated March 7, 1966 and Purchase Order 46746 dated January 12,
1967.
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INTRODUCTION

Interest in shrouded propeller studies has been stimulated by the advantages
of ducted propellers over free-air propellers. The former is capable of producing
the same thrust-to-power ratio as a free-air propeller of approximately twice
its diameter (Ref. 1). Past shrouded propeller studies have been directed
toward an optimum shroud configuration for overall performance throughout the
propeller's anticipated operational speed regime. However, configurations des-
igned for high thrust at low subsonic speeds require large bellmouth inlets
as well as high exit-to-propeller area ratios which are undesirable for high
subsonic speed flight because of their inherently high drag. A shroud designed
for good high subsonic speed performance requires a sharp inlet lip and low
exit-to-propeller area ratio which conversely produces poor low subsonic speed
performance. As a consequence, this program was initiated to obtain data for
shroud geometries applicable to both ends of the flight spectrum. These data
supplement Hamilton's previous results obtained under Bureau of Naval Weapons,
Contract Now 64-0707-d. The subject data are applicable to a shroud capable
of altering its shape to optimize performance (i.e., variable geometry shroud).

The subject shrouded propeller tests comprise the experimental phase of
a program contracted by Hamilton Standard with the Naval Air Systems Command
to provide systematically varied performance curves which are sufficient to
permit empirical performance estimates for the pertinent flight conditions
of a variable geometry shrouded propeller. The data obtained are presented
herein in detailed tabular and graphical formats; the test apparatus and
techniques are also described.

TEST FACILITY, PROPELLER DYNAMOMETER AND TEST MODELS

Wind Tunnel Facility

The UARL Large Subsonic Wind Tunnel, shown in Fig. 1, is a single-return
closed-throat facility with interchangeable 18-ft and 8-ft octagonal test
sections. Maximum tunnel velocity is approximately 200 tTnh in the 18-ft
section and near sonic Mach numbers can be obtained in the 8-ft section.
Tunnel stagnation pressure equals atmospheric pressure, and the stagnation
temperature of the airstream was held constant in the 64 to 98 F range by
means of air exchanger valves. Electric power may be supplied to test models

2
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by two motor generator sets each of which develop a maximum of 375 hp at
frequencies of 0 to 400 cps. Auxiliary vacuum systems and a 400 psig air
supply are also available. A small digital computer and a static data

acquisition system (capable of recording 200 steady pressures or temperatures)

located in the tunnel control room are employed to record and process test
data. A detailed description of the wind tunnel and its auxiliary equipment
is given in Ref. 2.

Propeller Dynamometer and Shroud Balance

The model propellers were driven by the UARL propeller dynamometer,
schematically illustrated in Fig. 2, which consists of two variable-speed

motors, mounted in tandem and housed within a streamlined cast-steel pod
with an integral support strut. The motors are mounted in hydrostatic bearings
to restrain all motion except axial motion along or rotational motion about the

longitudinal axis of the dynamometer. These motions were restrained by load
cells which measure thrust and torque of the model propeller. Each motor is

capable: of delivering 375 hp at 12,000 rpm; together they provide a maximum
torque of 330 lb-ft at any operational speed. Model speed was controlled by
the variable frequency electrical power supplied by two motor-generator sets,

and the model speed was measured with a Berkley EPUT meter and a 60-tooth
gear signal generator. The dynamometer was faired to minimize the axial
static pressure gradient in the plane of the propeller, Ref. 3. Additional

data on airflow distortion and buoyancy effects produced by the dynamometer

were obtained during the subject test program and are discussed in this report.

The dynamometer is also designed so that the model propeller and hub are the

only portion of the metric system exposed to the airstream. Pressure instru-

mentation was provided within the dynamometer in order to correct the measured

thrust for any difference in pressure between the front face of the hub and an
equ.al area in the rear fairing. Further details of the propeller dynamometer

are presented in Ref. 3.

The shroud strain gage balance system, shown in Fig. 3, was used to support
the shroud on the propeller dynamometer and to measure shroud-chord forces.
The balance ground structure was provided by a new fairing of heavy gage rolled
boiler plate machined to provide essentially the same shape as the metal fairing
normally used. The shroud was supported on the ground structure by a three-
point linkage schematically illustrated in Fig. 4. Support points P1 and P2 ,

shown in Figs. 3 and 4, were fixed in the y-z plane (Fig. '4) by two "A" frames
which were free to pivot at both ends. Points P1 and P2 were restrained in

the axial direction by flexured load cells (C4, C5) which attached to the non-
metric structure and which permitted lateral as well as vertical rotation, thus
only axial chord forces (C4, C5 ) were transmitted through these points. Forces

_ 3 -
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14, and N2 (not required for this test) could have been obtained directly from
load cells which measure a bending moment in the lateral plane between points
P1 and P2 and the shroud'. Support point P3 was fixed in space by a rigid
support arm projecting forward from the fairing of the extension shaft housing.
A flexured load cell (N3) could have been inserted between the side arm and
shroud and used to determine the side force on the latter, but the normal
forces at zero degrees yaw were found to be negligibly small in Ref. 4 and the
side force was therefore not determined during the subject test. The tare
and interference effect of the "A" frames was obtained with the use of a
dummy support system.

Propeller Dynamometer and Shroud Installation

The shroud-dynamometer was installed in each test section at a yaw angle
of zero degrees and with the thrust axis coincident with the tunnel centerline
elevation. -Figures 5 and 6 illustrate the model installation in both the 8-
and 18-ft sections, respectively. Dynamometer monitoring instrumentation con-
sisted of an EPU1 meter for rotational speed, a vibration meter with provsion
for selecting vertical or horizontal motion and a Speed-O-Max display for
numerous thermocouple temperatures. Pressure leads from the dynamometer and
electrical leads from the dynamometer and shroud balance were connected at
the dynamometer strut bulkhead then led across the tunnel balance chamber
to the appropriate facility in the control room. Pressure tubing leads from
the shroud and exit rakes were led downstream across the shroud balance linkage,
along and down the leading edge of the dynamometer, and into the balance chamber
where they were connected to a patch panel. Pressure tubing leads from the
inlet rakes and spinner (P1 in Fig. 2) were led upstream through the spinner
and a sting, 'through the sting support struts, and into the balance chamber
where they were connected to the patch panel. At the patch panel the leads
were directed to the static data acquisition system and manometer boards in
the tunnel control room. The electrical and pressure leads from the traversing
probe were led into the balance chamber and then directed to the appropriate
facility in the control room.

Test Models

The test models consisted of two high-speed, 20-in. chord shrouds, one
low-speed, 23-in. chord shroud and two sets of propeller blades. Each shroud
configuration was fabricated from a solid aluminum ring with circumferential
grooves for the implacement of pressure instrumentation. These grooves were
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then filled with plastic filler and blended to match the local contours.
Figure 7 shows two shroud models and identifies some of the model components,
all of which are specified in detail in Appendi I.

The test models included two sets of propeller blades, illustrated in
Fig. 8, comprising wide and narrow tip planform three-way configurations
previously used during Ref. 4 testing. The geometry of each blade is des-
cribed in Appendix I, Figs. 1-5 and 1-6. The blades were aluminum although
the wide tip set incorporated fiberglass tips which during a previous test
(Ref. 4) provided for tip clearance variations between the blade tip and
shroud. The blades installed in the 7.5-in. diameter steel hub provided a

disc diameter of approximately 30 in. Both propellers had an activity factor
of 168 and a design camber of 0.4. Changes in blade angle were accomplished

by manually turning worm gears in the hub that mesh with integral gear sectors
on the blade root.

Provisions for the mounting of inlet pitot-static rakes and an exit total
pressure rake were provided in addition to the static pressure orifices incor-
porated in the model shroud components. The 15-orifice, pitot-static inlet

rake and the 25-orifice total pressure exit rake were nonmetrically supported
from the spinner and dynamometer cowl fairing, respectively. A probe which
traversed the exit of each shroud was mounted from the tunnel floor. A complete
description of this instrumentation is provided in Appendix II.

The configuration designation system used herein is a continuation of that
used in Ref. 4 and is based on 16 symbols, each consisting of a letter with
subscripts denoting variables. A typical sample would be L4CIE7B3PwTT1,
which defines the complete shroud-propeller model with inlet lip four (LO),

propeller at 40-percent shroud chord (Cl), diffuser exit area ratio of 1.0
(E7), three-way hub (B3 ), wide-tip planform blade (P.) and basic blade tip-
shroud clearance (TI). The symbols are concisely defined in Appendix I and

illustrated in Figs. 7 and 8. Special forms of these symbols u ed in computez

tabulations are included in parenthesis after the symbol definition in Appendix
I.

5
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TEST PROCEIIJES

Initial T ting

Initial testing consisted of traversing probe calibration, tunnel blockage
calibration, dynamometer buoyancy investigation, hub tare, and "A"-frame tare
and interference runs.. The traversing probe calibration, as described in
Appendix II, defined the parameters required for interpretation of velocity-
angularity data. The blockage calibrations, as described in Appendix III,
provided a technique for setting tunnel speed. The buoyancy investigation,
as described in Appendix IV, defined the local airflow distortion that occurred
at the shroud inlet and exit stations due to the dynamometer presence as well
as the resultant buoyancy drag effects for shroud chord force corrections.
The hub tare runs, as described in Appendix V, defined the hub skin friction
effects for thrust measurement corrections.

The tare and interference runs, as described in Appendix VI, defined the
effects of the "A" frame which were to be deleted from the shroud chord force
data. Based on stress data observed during the previous shrouded propeiler test
(Ref. 4), a safe operating range (windmill rpm to 8000 rpm) was established for
the blades used. Propeller dynamic balance calibrations were interspersed in
the test program and were conducted following assembly and static balancing of
each hub propeller configuration. These calibrations consisted of monitoring
horizontal and vertical vibration as sensed by the vibration gages immediately
downstream of the hub as shown in Fig. 2. A safe operating limit of ±0.005 in.
has been established for the subject test rig.

Performance Testing

The performance test program consisted of recording and processing prop-
eller thrust and torque, shroud chord force and shroud inlet and exit pressures
for various model blade angles through a range of rotational speed at constant
Mach number, shroud configuration and zero yaw angle. Each rotational speed
setting constituted a test point and each range of rotational speed defined a
data run.

The performance data instrumentation consisted of one EPUT meter for
propeller rotational speed and seven strain gage unit potentiometers for
torque, thrust, delta thrust, chord force (two load cells), and local Mach

.1 _ ____ __ _ ____6
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number at the hub (two transducers). This instrumentation incorporated a

locking circuit which provided a simultaneous visual sample of each signal
which was manually recorded and at the same time punched into a digital
computer in the tunnel control room for processing. The almost simultaneous

reduction of the basic data permitted a manual on-line graphic presentation
of the data in coefficient form. The inlet and exit pressure data were dis-
played on manometer boards in the control room and recorded both photographically
and on paper tape with the static data acquisition system. The latter data were
reduced upon completion of the test program at the UARL Computation Laboratory.

Performance data in the Mach number ranges from 0.02 to 0.20 and 0.2 to
0.6 were obtained in the 18-ft and 8-ft test sections, respectively. A func-
tional sequence of shroud configurations with attendant run numbers and figure
numbers is presented in Table I, and a detailed listing of each run obtained
during the entire program is given in Table II.

Pressure Testing

The pressure program consisted of recording and processing pressures sensed
by a probe traversed radially across the shroud exit area for various model blade
angles, rotational speeds, Mach numbers, and shroud configurations. Each radial
station setting constituted a test point and each complete traverse across the
shroud exit area at constant (design) rotational speed, plus that data generated
at a specified rotational speed above and below the design rpm for one radial
position of the traversing probe, defined a pressure run. In addition to the

traverse probe data, pressures sensed with the inlet pitot-static rake, the
exit total pressure rake end the static orifices on the shroud were recorded
on paper tape and processed at the Computation Laboratory.

DATA REDUCTION AND STATEMNT OF ACCURACY

The reduction of the performance and pressure data which were obtained
during the runs listed in Table I is discussed herein, Additional calibration
and tare data are described in Appendices II through VI. The data reduction
equations for the performance data are presented in Appendlx VII in the initial

five sections. The first section (Eqs. 1 to 4) is preliminary in nature and
includes standard calculations for determining tunnel air density and velocity
based on the nominal test section Mach number and an equation for solid and
wake blockage corrections to tunnel velocity. The symbols used in these
equations and all subsequently discussed equations are defined in the List of

7.
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Symbols. The second group of equations (Eqs. 5 to 7) converts the force and

moment gage readings to thrust, torque and chord force. The third and fourth
groups of equations (Eqs. 8 to 12) indicate expressions for tare and interference
corrections and balance interactions to the basic force and moment equations.
The fifth group of equations (Eqs. 13 to 22) converts thrust, torque and chord
force to aerodynamic coefficient form and also includes standard calculations
for advance ratio, efficiency, shaft horsepower and propeller tip speed. These

equations also indicate the "A"-frame tare and interference correction on chord
force. The parameters defined by Eqs. 13 to 22 represent the required per-
formance data in their final algebraic form.

The data reduction equations for the pressure data are presented in the
remaining three sections. Section VI (Eqs. 23 to 29) presents the equations
used to determine the actual free-stream values of dynamic pressure, Mach
number, static pressure and velocity, and application of these to the pressure
coefficient calculation. The propeller thrust effect correction used in per-
formance parameter data reduction Eq. 4 was not applied to dynamic pressure
(Eq. 25) nor the other flow parameters used in pressure coefficient data
reduction for convenience and consistency with Ref. 4. Section VII (Eqs. 30

and 31) presents the equations used in calculating the inlet velocities. The
final group of equations (Eqs' , 32 to 3T) includes expressions for converting
traversing probe pressures to the inclined velocity and to a projected velocity
component parallel to the thrust axis.

At the conclusion of the test program a statistical ana4lysis based on
methods outlined in Ref. 5 was made of approximately 75 static zero shifts
noted for each of the three balance components. Estimates of static data
accuracy (two standard deviations) based on these results are tabulated below.

System Measured Force Coefficient

Component Capacity or Moment (5000 RPM)

Current Test Ref. 4 Current Test Ref. 4

Thrust, lb 700 ±0.34 ±0.93 ±o.0006 ±0.002
Torque, :t-lb 500 ±0.25 ±0,54 ±0.0011 ±0.002
Chord Force, lb ±1000 ±0.92 ±1.26 ±0.0016 ±o.004

The above coefficients are based cnair density equals 0.0022 slugs/cu ft and
propeller diameter equals 2.495 ft.

Accuracy in setting propeller rotational speed and propeller blade angle is
estimated as ±1 rpm and ±0.1 deg, respectively. Accuracy in setting tunnel Mach

number is estimated as ±0.005 in the 18-ft tunnel and ±0.021 in the 8-ft section.

8
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Overall data repeatability as influenced by all of these parameters and also by

model configuration duplication is illustrated in Figs. 9 to 14 of the Data
Repeatability tab section. Figures 9 and 10 present data repeatability in the
speed regime of the 18-ft tunnel; Figs. 11 to 14 present data repeatability in
the 8-ft test section. The plots presented are of the repeat runs conducted
intermittently throughout the test program and are felt to be representative
of the overall data repeatability.

An arithmetic mean estimate of the pressure data repeatability based on a
small number of samples indicated values of±0.06 in surface pressure coefficient,
±1.0 fps in inlet velocity, 10.01 psi in exit total pressure, ±0.5 deg in
traverse probe yaw angle (ZETA), ±1.0 deg in traverse probe pitch angle (THETA),
and ±5 fps in traverse probe velocity (V'). The accuracy in setting the
traversing probe radial position was estimated as 0.012 in.

PRESENTATION OF DATA

The presentation of the performance data is in the form of aerodynamic
coefficient plots and tabulations. The plots are divided into three tab-
sectioned groups descriptively annotated as: Data Repeatability, Low Speed
Shroud Effects and High Speed Shroud Effects. The first tab section presents
a comparison of the data repeatability as discussed in the preceding section
of this report (Data Reduction and Statement of Accuracy). All performance
data are presented so that the effects of a specific change in model geometry
is illustrated. Within each tab-sectioned group the salient aerodynamic
parameters for low (M = 0.02 to 0.10) and high (M = 0.20 to 0.60) speed per-
formance are presented in sets of two and three figurer. The low-speed
performance plots present power coefficient, thrust coefficient, net thrust
coefficient and chord force versus advance ratio. The high-speed performance
plots present efficiency, net efficiency and power coefficient with cross
plots of constant efficiencies overlayed versus advance ratio. In addition
to the graphic presentation of the performance data, a complete tabulation
of these data is presented in Table III.

The efficiencies presented in the high-speed performance data are noted
to be in excess of 100 percent and the efficiencies in the low-speed perfor-
mance data are noted to be irregularly low, ranging from 10 to 50 percent.
It is felt that this is an effect of the definition of efficiency as presented
in Appendix VII and used in the data reduction. As presented herein, efficiency
is based on free-stream velocity as an approximation of the velocity field
felt by the shroud and propeller. This was done to be consistent with the
previous results presented in Ref, 4 to aid in overall comparisons and because
of the difficulty in defining the correct propeller velocity.

9
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Concurrent with the acquisition of performance data and in addition to the
pressure data obtained during the pressure data phase of the test program, the
shroud inlet velocity and shroud exit total pressure data were obtained. Com-
plete tabulations of these data have been transmitted to IS personnel and only
.selections (at a propeller speed of 6000 rpm) of these results are presented in
Table IV in the form of data tabulations. The shroud inlet velocity data
generated during the "A"-frame tare and interference phase of testing are
presented in Table V.

The presentation of the remainder of pressure data obtained during the
pressure data phase of the test program is also in the form of data tabulations.
Table VI is a complete tabulation of the traversing probe data acquired and
Table VII is a representative tabulation of shroud surface pressure coefficients,
inlet velocities and exit total pressures simultaneously acquired with the
traversing probe data at a single probe radial position for each propeller
rotational speed. The identification system for identifying the tabulated
pressure coefficients presented in Table VII is presented in Appendix I.

10
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LIST OF SYMBOLS

A Ordinate intercept of hub skin friction tare equation, ib,
Ref. Appendix V

Ae Area of the shroud exit, station 100% chord, sq ft

ADisc area of 2.494 ft diameter propeller (T), sq ft

AT Cross-sectional area of test section; 49 sq ft for 8-ft test section,
268 sq ft for 18-ft test section

Ax Shroud total included frontal area, 7r(R + tax) 2; 5.768 cu ft for
8-ft test section, 7.426 cu ft for 18-ft test section

B Slope of hub skin friction tare versus local Mach number, lb/Mt,

Ref. Appendix V

b Blade local chord, ft

o Shroud chord force, lb

cc  Shroud chord force coefficient, positive upstream (cc)

Cct "A"-frame chord force tare coefficient, Ref. Appendices VI, VII

CL  Integrated design lift coefficient

CLD Blade design lift coefficient

S Power or pressure coefficient, (CP)

CT  Thrust coefficient, (CT)

CTNET Net thrust coeffic ient, (CT NET)

C4  Shroud chord force measured at point PI, (Fig. 4)

C5  Shroud chord force measured at point P2, (Fig. 4)

c Shroud chord lergth, in.

12
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LIST OF SYMBMS
(Contd.)

D Traversing probe orifice distance from propeller axis, in.

DBuoyancy drag due to pressure gradient along tunnel axis, lb,

Ref. Appendices IV, VII

d Traversing probe orifice height off tunnel flcor during calibration

dActual model propeller diameter, ft, Ref. Appendix I

ds  Shroud internal diameter at propeller plane, 30.0 in.

dAverage diameter to shroud camber line

e "A"-frame drag parameter, Ref. Appendices IV, VII, positive downstream

f Correction term in "A"-frame tare equation, Ref. Appendices VI,
VII, 2.7le

fht Hub skin friction tare on thrust, lb, Ref. Appendix V, positive

downstream

g Acceleration due to gravity, 32.16 ft/sec/sec

H Barometric pressure, psf, (H)

HP Horsepower, (HP)

h Lade local thickness, ft

J Advance ratio

K Slope of ATR, sgu/psf

K Constant for determining static pressure at traversing probe;
obtained from probe calibration data, Ref. Appendix II

K1  Slope of torque strain gage unit (sgu) readout instrument,
0.049843 ft-lb/sgu

13
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LIST OF SYMBOLS
(Contd.)

K2  Slope of thrust (sgu) readout instrument, 0.073047 lb/sgu

K Slope of AT (sgu) readout ins.trument, 0.008812 lb/sgu
3

K7 Slope of chord force, C (upper "A"-frame load cell), readout
instrument, O.043222 ib/sgu

K8  Slope of chord force, C (lower "A"-frame load cell), readout
instrument, 0.044113 lb/sgu

K. Slope of local (hub), total pressure readout instrument,
0.035457 psf/sgu

10 ' Slope of local (hub), static pressure readout instrument,
0.071247 psf/sgu

LER Leading edge radius, % chord

M Nominal Mach number, uncorrected for blockage (performance data),
(M)

Mt Mach number at 20-deg azimuth approximately 1.5 in. above hub
surface, Ref. Appendix V

Mr Mach number pressure ratio at traversing probe, Ref. Appendix II

MSB Mach number at upstream speed orifice

1417 Mach number at traversing probe, Ref. Appendix VII

MU  Clear test section Mach number

moo Mach number at propeller plane corrected for shroud total
blockage only, (KINW)

N Rotational speed, rpm, (N)

N1  Shroud normal forces measured at point P1. (Fig. 4)

14
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LIST OF SYMBCXS
(Contd.)

N2  Shroud normal forces measured at point P2 , (Fig. 4)

N3  Shroud normal forces measured at point P3, (Fig. 4)

n Rotational speed, rps

P Pressure, psf or power, ft-lb/sec

PSB Pressure at upstream speed orifice, psf

PTR Propeller test rig

PI-4 Dynamometer pressures, Ref. Fig. 2, psf or load points, Ref. Fig. 4

A Pt Hub pressure differential tare (buoyancy) on thrust, lb

Q Torque, ft-lb

p Torque uncorrected for thrust interaction on torque, ft-lb

q Dynamic pressure corrected for shroud total and propeller wake
blockage (performance data); or, corrected for shroud blockage
only (pressure data), psf, (Q)

.Ch Interaction slope of torque on thrust, 0 lb T/ft-lb Qp

q U Dynamic pressure uncorrected for blockage, psf

R Gas constant, 1722 ft2/sec2 OR; nominal blade radius, 15 in.

r Local propeller radius, in.

S Shroud cross-sectional area for sector i
i

T Thrust, lb

TER Trailing edge radius, % chord

THUT  Net thrust (,T+C), lb

15



F331012-I

LIST OF BYMBCLS
(Contd.)

Tp Thrust uncorrected for hub pressure differential tare, hub skin
friction tare and balance interactions, lb

TS Test section

TSC Settling chamber temperature, OR, (TSC)

T Temperature at traversing probe

A T Increment of thrust due to axial pressure differential across hub, lb

t Shroud or blade thickness, in.

tq Interaction slope of thrust on torque, 0 ft-lb Q/lb Tp

V Velocity

V Velocity of airstream corrected for shroud solid and wake blockageand propeller wake blockage, fps, (VO)

VT Propeller tip speed, fps, (V)

VTp Velocity measured at traversing probe, fps, (VTP)

Vu  Velocity of airstream uncorrected for blockage, fps

V' Velocity component parallel to thrust axis at traversing
probe, fps, (VPR)

V Velocity corrected for shroud blockage, (VINFP)

p Blade twist, deg, Ref. Appendix I

v Ratio of specific heat of air, 1.4

1A )I Axial pressure gradient in shroud sector i

Shroud solid and wake blockage correction, 0.0294 for the 8-ft test

es section; 0.00693 for the 18-ft test section, Ref. Appendix VII

16
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LIST OF SYIBLS
(Contd.)

SZ Angle of yaw at traversing probe, deg, (ZETA)

7) Propeller efficiency, (ETA)

)NET Net propeller efficiency, (ETA NET)

0 Blade angle at 3/4 blade radius, (THETA 3/4); or pitch angle
at traversing probe, (THETA), deg, Ref. Appendix II

or Ratio of pressure differential across axial static orifices to

traverse orifices on traversing probe, Ref. Appendix II

7r Constant, 3.1416

p Mass density of free airstream, slugs/cu ft; (RHO)

k Angle of yaw, deg, (PSI)

Subscripts

AVE Average value across shroud inlet station, (AVE)

i Conditions at inlet static orifices 1, 3, 4, 6, 7, 9, 10, 12, 13,
15, (Fig. 11-2) or axial division of shroud stations for evaluation
of buoyancy drag

Inlet total orifices 2, 5, 8, 11, 14 used with static i = J±l
(Fig. 11-2)

. Local condition, 1.5 in. above hub surface

m Model surface

o Initial or zero gage reading or ambient condition

P Parameters uncorrected for interactions, buoyancy and tares

R Strain gage reading, sgu

I
17
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LIST OF SYNBOLS
(Contd.)

Subscripts (Contd.)

s Static pressure

t Total pressure

u Uncorrected for blockage

Free-stream conditions, corrected for solid blockage, (INF)

1-5 Orifices on traversing probe, (see Fig. 11-4)

18
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APPENDIX I

ES VG SRaJDED PROPELLER TEST

Model Component Idebtification and Dimensional Data

This appendix presents a listing of the model component symbols, surface
pressure orifice identification and associated dimensional data.

I - Model Component Designation Symbols

AD Chord force "A"-frame dummy, (AD) VI-1

BX Propeller hub configuration T

where subscript X = 3, 3-way hub, (B3)
x = 4, 4-way hub, (B4)

C1  Propeller plane located at 40% shroud chord, (Cl) 1-i - 1-3

Ex Diffuser section T, 1-1 - 1-3

where subscript X = 6, shroud exit area divided by
khroud internal area at propeller
equal 0.9, (E6)

X = 7, shroud exit area divided by
shroud internal area at propeller
equal LO, (E)

X = 8, shroud exit area divided by
shroud internal area at propeller
equal 1.4, (E8)

1X  Inlet lip T, I-- I-3

where subscript X = 4, high speed lip, (L4)
X = 5, low speed lip, (L5)

19
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(Contd.)

I - Model Component Designation Symbols - (Contd.)

PX. Planform of propeller blades 1-5 - 1-6

where subscript XX = WT, wide tip planform, (PT)
XX = NT, narrow tip planform, (PT)

PTR Propeller dynamometer, (PTR) 2, 3

R Inlet pitot-static velocity rake at 20-deg azimuth, (RI) 7,, 11-1 - 11-2

% Exit total pressure rake at 75-deg azimuth, (RE) 7, 1l-1 - 11-3

RE Exit pitot-static velocity rake at 130-deg azimuth, II-1 - 11-25(RE )

Pqx  Buoyancy (pressure gradient) rake IV-1 - IV-2

where subscript X = 1, 20-deg azimuth, (RGl)
X = 5, 130-deg azimuth, (RG5)

Tp Traversing probe at 166.5 deg azimuth and at trailing 7, 11-1 -

edge of shroud diffuser (tunnel station, 71.75 in. for 11-4
the 18-ft section; 69.96 in. for the 8-ft section), (TP)

Tp4  Traversing probe protruding from tunnel floor at tunnel
station -32 in., (TP4)

TX Blade tip-shroud clearance

where subscript X 1, 29.925 in. diameter
propeller, (TI)
X = 2, 29.850 in. diameter
propeller, (T2)

NOTE: Idnimim internal shroud diameter = 30.0 in. for
all shrouds.

20
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APPEINDIX I
(Contd.)

II - Surface Pressure Orifice Identification System for Table VII

A. Symbols

S - Shroud 1 - 45 deg azimuth

B - Inside Surface 2 - 135 deg azimuth

LEO - Leading Edge

T - Outside

B. Orifice Legend

X X X XX

L% Chord

Surface

Azimuth

Component

S 2 T 7O (Example)

21
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APPENDIX I
(Contd.)

III - Mdel Dimensional Data

Title and Description

Shroud L4CIE6 Ordinates

Shroud L4 C1E7 Ordinates 1-2

Shroud L5CIE8 Ordinates 1-3

Spinner Ordinates 1-4

3-Way Wide Tip Blade Geometry 1-5

3-Way Narrow Tip Blade Geometry 1-6

22
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FIG. I -1

031 01 2-1 SIO EDpgOPELLER TEST

MiODEL ' &lkEISKMtAL DATA.

SHROUDL,4C1E6-- ORD114ATES
AREA RATIO OR0.

DORFFUSTE

20P IN HREEERNELN

PEREN OFRCEORD

STATIONORRDIATTE
PERCEERENC 

L1PR LWE
20HORD COR

053.10 
so.190

0.2 S420 
2.1677550040

PERCE160 2.560R

2.50 3902.990-

3.75 14.900 2.275

5.00 54.225 2.035

7.50 5251.860
10.,00 5.5001.8

15.00 5.900 1.1480

20.00 6.160 o.725

25.00 6.300 0.360

30.00 6.290 0.395

35.00 6.175 0.1000

40.00 6.000 -0.00

45.00 5.730 Oo2500

50.00 5.370 -0.240
60.00 4,310 070

70.00 2.760 1305

80.00 0.890 1.925

90.00 -109 2565

100.00 -3.375 -. 7

* I...R. 0.24% t/c 6%

L.ER. - LEADING EDGE RADIUS
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F331012-1 FIG. 1-2

HS VG SHROUDED PROPELLER- TEST
MODEL DIMENSIONAL DATA

SHROUD L4C1E7 ORDINATES
AREA RATIO = 1.0

___LIP DIFFUSiR __
L4 C1E7

Y PERCENT
CHORD

- - - 20 -IN CHORD- - - Ui INATE
REFERENCE LINE

0 1016.75 25 30 40 50 60 70 80 90 10

PERCENT OF CHORD

STATION ORDINATE Y
PERCENT UPPER LOWER
CHORD,

0.00 2.325 2.325
0.50 2.710 i.86o
1.25 2.890 i.64o
2.50 3.290 1.460
5.00 3.750 1.315
7.50 4.o85 1.190
10.00 4.375 0.990
15.00 4.875 0.840
20.00 5.265 o.6o
25.00 5.565 o.4oo
30.00 5.780 0.225

35.00 5.910 0.115
4o.oo 6.00 0.000
45.00 6.00 0.000
50.00 5.860 0.000
60.00 5.275 0.000
70.00 4.790 0.002
80.00 3.030 0.050
90.00 1.66o 0.o65
100.00 0.100 0.100

* L.E.R. =0.24% t/c 6%

* L.E.R. = LEADING EDGE RADIUS
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P331012-1 FIG. 1-3
HS VG SHROUDED PROPELLER TEST

MODEL DIMENSIONAL DATA
SHROUD L5CIE8 ORDINATES

AREA RATIO = 1.4

LIP __DIFFUSER
Ls CE S

/ / Y - PERCENT
CHORD

3 - IN CHORD - ORDINATE
REFERENCE LINE

05 10 16.75 25 30 40 50 60 70 80 90 100
PERCENT OF CHORD

STATION ORDINATE Y STATION ORDINATE Y
PERCENT PERCENT
CHORD UPPER LOWER CHORD UPPER LOWER

0.00 lO.868 10.868
0.22 12.172 9.303 30.14O 5.151 0.052

0.44 12.606 8.564 34.80 5.216 o.ooo

0.65 12.954 8.020 Q3-9.30 5.216 0.000

0.87 13.215 7.607 40.30 5.303 0.078

1.30 13.650 6.868 41.40 5.434 0.183

1.74 13.976 6.260 42.60 5.651 0.313

2.17 14.215 5.738 43.60 5.825 0.469

2.61 14.476 5.216 47.80 6.521 1.269

3.48 14.867 4.347 52.10 7.216 2.108

4.36 14.997 3.630 56.50 7.912 2.965

5.21 14.932 3.021 60.80 8.520 3.825
6.08 14.454 2.521 65.20 9.129 4.677

6.95 12.954 2.087 69.50 9.694 5.521

8.70 9.998 1.413 73.90 10.172 6.381

11.30 7.173 0.782 78.20 lO.433 7.229

13.90 5.564 0.543 82.60 30.781 8.085

15.65 4.990 0.435 87.00 11.085 8.933

17.40 4.716 0.356 91.30 11.346 9.781

21.70 4.869 0.226 95.6o 11.520 10.641

26.1o 5.043 0.122 100.00 11.520 11.520
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F331012-1 FIG.A-4

HS VG SHROUDED PROPELLER TEST
MODEL DIMENSIONAL DATA

SPINNER ORDINATES

/ I 3.75 IN.

7__ ORDINATE
I REFERENCE LINE

Y-PERCENT OF LENGTH

INSTRUMENTATION STING I
2.5- IN. DIA

0, 10 20 30 50 70 80 100

PERCENT OF LENGTH

STATION SPINNER

PERCENT ORDINATE, Y

-OF LENGTH UPPER AND LOWER

0 0.0
1 2.69
2 3.81
3 4-T4
4 5.56

5 6.31
10 9.36
15 11.73
20 13.65
25 15.32
30 16.81
35 18.15
40 19.36
45 20.45
50 21.42
6o 23.o8

70 24.33
80 25.21

90 25.74
100 25.90
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F331012-1 HS VG SHROUDED PROPELLER TEST FG
MODEL DIMENSIONAL DATA

3- WAY WIDE TIP BLADE GEOMETRY
SK 57144

DESIGN CL 0.4
90 0.36

70 0.28 -~~

__ i
-4=

60

0.4

5 0 -~ 0.20 EEC: 0.35

be .. . . 0.
2 0 - 0.016 :'0.u

00

-20 L. 0Q. . , ~ ,

RAIU RATIO r.

cc7



I k33j1012-1 FIG. 1-6
HS VG SHROUDED PROPELLER TEST

MODEL DIMENSIONAL DATA.
3 - WAY NARROW TIP BLADE GEOMETRY

SK 57145
DESIGN CL =0.4

90 0.36 -.. ::: .

70 0.28

60 0.24 .~ .. *0.6

T0 I-u

40 u 0.16 0.4ii.ih1

AMM

10~~~~.. 0.0 ..... ~~0.

30 01 .

-20 -0.08 -0.2

00 0.0.4 60.8 1

T 28
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APPEfDIX II

HS VG SHROUDED PROPELLER TEST

Pressure Sensing Instrumentation and
Traversing Probe Calibration

This appendix describes the pressure sensing instrumentation used during
the subject test. As shown in Fig. II-1, the instrumentation consisted of a
pitot-static rake located at the shroud inlet station, 'an exit total pressure
rake, shroud surface static pressure orifices at two azimuth angles, and a
traversing probe. Pressures sensed by these devices were converted to elec-
trical signals with transducers anJ recorded on paper tape with the static
data acquisition system located in the tunnel control room. In addition to
the paper tape record, a photographic record of the pressures as displayed
on manometer boards was obtained. Sketches of the inlet pitot-static rake,
the exit total pressure and pitot-static rakes and the traversing probe are
presented in Figs. 11-2, 11-3, and II-4. Figures 11-5 and 11-6 present the
results of the traversing probe calibration conducted immediately after the
8-ft section test and used in the final reduction of traversing probe data
obtained in the 8- and 18-ft test sections.

The traversing probe calibration was performed to extend the scope of the
existing calibration into the region of more negative pitch angles. The cali-
bration data generally conformed with the anticipated results based upon the
previous UARL calibration as reported in Ref. 4. The repeatatility of over-
lapping calibration points between the two UARL calibrations reaffirmed the

mutual UARL-HS decision to employ the UARL generated calibration data, and
renewed confidence in the probe's reliability. The calibration data were
used in conjunction with Eqs. 30 through 37 of Appendix VII to define the
velocity and angularity of the airflow at the probe station.

The test technique employed with the traversing probe consisted of
recording pressures P1 through P5 at discrete radial stations at the shroud
exit plane and a shroud azimuth of 166.5 deg. Radial positioning of the probe
was remotely controlled at a console in the tunnel control room which also
provided for rotating the probe to balance the pressures P2 and P shown in
Fig. 11-4. Nulling of these pressures provided a yaw angle (ZEA in numerical
display through an electro-mechanical system integral in the control console.
With a discrete radial position and yaw angle the parameters Mr and 

0 r were

determined by Eqs. 32 and 33 of Appendix VII, respectively. With values M
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(Contd.)

and Or, pitch angle (THETA) and subsequently parameter K were determined
from the calibration data presented in Figs. 11-5 and II-6, respectively.
Linear interpolation was used to determine pitch angle and K for values of
Mr and Or parameter intermediate to the presented curves. The parameter
R was used to determine a corrected static pressure (Eq. 34) which in turn
leads to the determination of Mach number, velocity and the axial component
of velocity by Eqs. 35 through 3T, respectively.
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F331012-1 - FIG. II-I

HS VG SHROUDED PROPELLER TEST

PRESSURE SENSING INSTRUMENTATION ARRANGEMENT
VIEW LOOKING DOWNSTREAM

00
INNER SURFACE STATIC INLET PITOT-STATIC RAKE
PRESSURE ORIFICES LOCATED 4.280 IN. UPSTREAM

45rAZIMUTH OF PROPELLER PLANE

200 AZIMUTH, (RI)
EXIT TOTAL PRESSURE
RAKE LOCATED AT SHROUD
DIFFUSER TRAILING EDGE

750 AZIMUTH, (RE)

900 -2700a

EXIT PITOT-STATIC RAKE
LOCATED 12.436 IN.
DOWNSTREAM OF
PROPELLER PLANE

130°AZIMUTH, (REST

TRAVERSING PROBE LOCATED
AT SHROUD DIFFUSEROUTER SURFACE STATIC TRAILING EDGE

PRESSURE ORIFICES 166.5 AZIMUTH (Tp)
135 AZIMUTH16

ISO0•



F331012-1 FIG.J1-2

HS VG SHROUDED PROPELLER TEST
PITOTSTATIC RAKE ORIFICE LOCATIONS AND DESIGNATIONS

NOTE: DIMENSIONS SHOWN IN INCHES

ORIFICE 11.938 0.25
DESIGNATION RAKE LOCATIONS

10.3 DISTANCE R1  RE5 ( APP. IV

03 4.28 -12.436

10.593 Y 3.039, 4.512
NOTE: RE5 ORFICES

04 12 ,INDICATED BY ASTERISK
9.44

06 *

8.9682
OT" e.,l,, .

O7 8.092

09
T. 17T

PROPELLER
12* PLANE

~~~~~x1*11*14

13* f I 2I
.4l- 70.534

15*"

1 BASE OF RI RAKE

. 4S SECURED WITHIN SPINNER
RE. LOCATED UPON 0.5 INCH

UNSHEILDED BLOCK AT
SHROUD EXIT STATION

AXIAL CENTERLINE
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11 - 'FIG.- 11,3
H$.-lVG SHROUDEDPROPELLER TEST

EXIT RAKE ORIFICE LOCATIONS AND DESIGNATIONS
NOTE DIMENMONSISHOWN- IN INCHES

-. ] Juu~ 0.125DESIGNATIONF- A
25

24

22

20
10.642

10.118

9.194

9.h~ 70

8.5466

6.023

A 14
?7.499

4 13
6.975

13.511 --- #I1

('0.020) 6.451

5.92?
-SHROUD PROP DISTANCE 10

5.403 :CHORD LOCATION TO PROP.
LENGTH! '%CHO0RD PLANE, X

4.879 20 40 i2.0
06

4.356 23 40 13.8'
07

3.832 PROPELLER
PLANE 0 , N

3.3061

04

03
1.736

__T_ 02
1.213

- 1 01

AXIAL JCENT ERLINE
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FS33012-1 FIG. 11-4
HS VG SHROUDEDPROPELLER TEST

TRAVERSING PROBE INSTALLATION

NOTE: DIMENSIONS SHOWN ININCHES
POSITIVE ANGLES SHOWN

0.25 SHROUD PROP DISTANCE
I-4C THERMOCOUPLE CHORD LOCATION TO PROP.

LENGTH % CHORD PLANEX
P5  20 40 12.2
P1  23 40 14.0

a P2

P P4  TOP VIEW

0.375 - - - -

-,_ AIRFLOW

z

0.438 I i

SIDE VIEW

VIEW FROM UPSTREAM - -

AIRFLOW

\ -- - -
T4 - -

Tp LOCATION

"3.5 PROPELLER .
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F331012-1 FIG. 11-6

HS VG SHROUDED PROPELLER TEST
TRAVERSING PROBE CALIBRATION DATA

:zl- 7.: _j:.. 7~ *Al; ;fh-71K{7~ Z"* . E ~..

~, T

1.54 : 4;1;2;~ ;~ i

1.4-~ ~::PRESSURE RATIO, MrL

1.3H NUBE 1.

cv rr

1.3
r 2

7i 
4- i.

..2 
.4T ......

1.0~~~~ ~~~ 4 i.~~'- t~t

-60 ht~ 1%j ~ .. '. i.. ' U , li
PITCHANGL, 0 EGt0 06
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APPEDIX III

HS VG SHROUDED PROPELLER TEST

Tunnel Blockage Corrections

In the 18-ft test sectio:i the average static pressure in the propeller
plane at the two vertical walls of the test section was compared with an
average of four static pressures on the 45-deg sides of the octagonal test
section (speed ring) located 167.56 in. upstream of the propeller plane.
This comparison was made with the dynamometer installed in the test section
with and without the shroud present. As implied by Fig. III-1, the static
pressure at the tunnel walls in the propeller plane does not differ sig-
nificantly from the upstream value due to the addition of the dynamometer
with or without the shroud. Therefore, the desired tunnel speed in the 18-ft
test section was set according to the calibration curve, Fig. III-1: using
the speed ring as reference and then the desired tunnel, speed was analytically
corrected for shroud solid and wake blockage and propeller thrust effect.
The shroud solid and wake blockage correction was calculated (Appendix VII)
to be approximately equal to 0.7 percent (equivalent to the Ref. 4 effect)

and it is applied to the data in Fig. III-1 for comparison. This differed
from the procedure followed by Ref. 4 where shroud blockage was considered
negligible in the 18-ft test section and tunnel speed was set at the propeller
plane.

In the 8-ft test section the propeller is farther upstream in the throat
of the test section and thus it was not possible to establish an upstream

pressure reference which was equal to the test section static pressure without
being influenced by the model. The average of three pressures from the speed
bump located in the test section bellmouth 81.4 in. upstream of the propeller
was selected as the reference pressure. The speed bump data are plotted in
Fig. 111-2 against data from speed plate orifices in the propeller plane at
the upper east inclined wall of the test section for the clear test section
and for the dynamometer with and without the shroud. As indicated in Fig.
111-2, an increase in speed of approximately three percent is caused by the
presence of the dynamometer-shroud combination. Since the dynamometer itself
does not significantly increase the propeller plane wall pressure, it appears
that its blockage effects are negligible. As it is difficult to accurately

determine the tunnelcenterline correction from the measured wall data for a
realistic model, a shroud blockage correction based on model geometry was
employed. The model geometry term, which approximates the sum of the shroud
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APPENDIX III
(Contd.)

solid and wake blockage, is defined as one quarter of the ratio of the total

included model frontal area to the test section cross-sectional area (Ref. 6,
Ca= AX/4AT). This term was selected to be approximately equal in magnitude

to the Ref. 4 term. Therefore, the desired tunnel speed in the 8-ft test
section was set according to the calibration curve presented in Fig. 111-2
using the speed bump as reference and then the desired speed was analytically

corrected for shroud solid and wake blockage and propeller thrust effects.
The shroud blockage correction was calculated as defined in Appendix VII to
be equal to 2.94 percent and it is applied to the data in Fig. 111-2 for
comparison.
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F331012-1 FIG. 111-1

HS VG SHROUDEDOPROPELLER TEST
BLOCKAGE EFFECT OF THE SHROUD

18-F7 TEST SECTION

SYM RUN NO. MACH NO. CONFIGURATION -0 3/4
VARY PTR W/O SHIROUD +BLADES

A 2 L5CI B4 RjRE

NOTE: SOLID SYMBOLS DENOTE DATA WITH
SHROUD BLOCKAGE CORRECTIONS APPLIED

0.24
J4,-

0 0 ~4.. I -t q.1~~:t t ~:;4 .r

4+ Mltv:~i14

'0.27I

L 4-

0.0 0.80.201601002

insi



F331012-1 FIG. 111-2

HS VG SHROUDED PROPELLER TEST
BLOCKAGE EFFECT OF PROPELLER DYNAMOMETER

WITH AND WITHOUT SHROUD
8-FT TEST SECTION

SYM RUN NO. MACH NO. CONFIGURATION 3/4

25 VARY CLEAR TEST SECTION

L- E ____ 1 6 TR W/Q SHROUD+ BLADEJ

NOTE: SOLID SYMBOLS DENOTE DATA WITH
SHROUD BLOCKAGE CORRECTIONS APPLIED

.7

: 4T rj~;~&b

0.6

.. 4 I--

S0.3 : LA .:

IE

404

tI
Ltd

ku 0.4
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APPENDIX IV

HS VG SHROUDED PROPELLER TEST

Propeller Dynamometer Buoyancy Investigations

Tunnel calibrations were performed with the dynamometer installed without

the shroud or blades in both test sections in order to determine whether an
axial pressure gradient existed at the shroud location due to the dynamometer
presence. The existence of such a gradient would require that the measured
shroud chord force be corrected for a resultant buoyancy drag. It is stated
in Ref. 7 that this gradient is very small throughout the test Mach number
range and which resulted in a chord force correction coefficient of 0.0016.
Subsequently, a5 this is the magnitude of chord force accuracy, the buoyancy

correction was considered negligible in Ref. 4. However, due to the proximity
of the trailing edge of the low-speed shroud to the dynamometer cowl and

because of the E6 diffuser is a converging nozzle, further study was deemed

necessary for this program.

The axial static pressures along two azimuth positions, 20 and 130 deg,

were determined using the two buoyancy rakes shown in Figs. IV-1 and IV-2.

The resultant pressure distribution at the shroud location (15.28 in. from
the hub centerline) is illustrated in Fig. IV-3. The buoyancy drag force
which resulted from the application of these data (Appendix VII and Ref. 6)
is presented in Fig. IV-4. This buoyancy drag force represents approximately

0.5 percent of the overall drag felt by this shroud.

Radial velocity profile data at the shroud inlet and exit stations were

measured simultaneously with the axial pressure distribution data by the buoyancy
rakes. These data were generated to determine if and what type of buoyancy
corrections would be necessary for propeller performance data in future test
programs. The buoyancy rake data recorded at the shroud exit station were
questionable as the downstream rake was situated in the wake of the inlet
rake. Exit velocities measured with these rakes were determined assuming the
exit plane total pressure equaled free-stream total pressure. The resulting
velocity profiles were substantiated at the conclusion of the shroud data

phases of the program by comparable data obtained using an inlet pitot-static
rake (R1), an exit pitot-static rake (RE 5 ), an exit total pressure rake and
the traversing probe (Figs. 11-2, 11-3 and 11-4). A composite velocity profile
for both shroud stations and each test section Mach number is presented in
Figs. IV-5 and IV-6, with typical data point distributions indicated for M =

0.3 and 0.6, respectively.
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F331012-1 FIG. IY-3

HS VG SHROUDED PROPELLER TEST
AXIAL STATIC PRESSURE DISTRIBUTION AT SHROUD STATION

PROPELLER TEST RIG WITHOUT SHROUD

SYM RAKE AZIMUTH TS

tRGI 130 18 NOTE: CLOSED SYMBOLS )
A G5 __ 13 i DENOTE Pa /H

RGI 20 8

0..

44-4

0.98

44

I- I_- :1 4

CL~

Ii ITI.

uI



F33 1012-1 FIG. IV-4

HS VG SHROUDED PROPELLER TEST
BUOYANCY DATA

EVALUATED BY METHOD OF AREA SUMMATIONS
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F331012-1 FIG. IV-5

HS VG SHROUDED PROPELLER TEST
VELOCITY PROFILES AT THE SHROUD INLET AND EXIT STATIONS
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HS VG SHROUDED PROPELLER TEST
VELOCITY PROFILES AT THE SHROUD INLET AND EXIT STATIONS
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APPE1 DIX V

11S VG SHRO(JDED PROPELLER TEST

Propeller Hub Skin Friction Tare

The forces measured by the dynamometer's thrust balance represent a
summation of the propeller thrust, a hub skin friction drag and a thrust
force derived from the pressure differential across the hub. The pressure
differential thrust is determined from direct measurement of the pressures
across the hub at each data point. The hub skin friction drag tare was
determined from a calibration made without blades through a Mach number
range at zero hub rotational speed. The gross thrust measured during this
calibration is equal to the independently measured pressure thrust and the
skin friction drag since the propeller thrust is equal to zero. Hub skin

friction tare values measured in this manner are shown in Fig. V-1. Due to
scatter in the data generated in both test sections, a composite linear function
of local Mach number was fitted to the overall data as shown in this plot.
The individual test section values of the tare parameters are included for
comparison. The values derived from the composite were used in the final
data reduction equations, Appendix VII. Local Mach number was selected as the
independent variable rather than tunnel speed in order to account for the effect
due to the shroud presence. It should be noted that the intention in so
defining the hub skin friction as a function of local Mach number was to
simplify computer application of the data and, further, that the included
results are applicable only with the finite spinner.
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HS VG SHROUDED PROPELLER TEST
PROPELLER HUB SKIN FRICTION TARE
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APPENDIX VI

HS VG SHROUDED PROPELLER TEST

Shroud Support Tare and Interference Effects

The tare and interference effects of the shroud support system are pre-
sented in this appendix for the three shroud configurations tested. The
support system consisted of a side arm and two "A"-frame attachment points as
illustrated in Fig. 3. The interference effects (no tare effect applicable)

of the side arm support were evaluated in a previous test (Ref. 4) and found
to be negligible and corrections for these effects were not applied to the
performance data presented in this report. Unlike the side arm interference,
the "A"-frame tare and interference effects were found to be significant to

chord force measurements. Derivation of the "A"-frame tare and interference
effects were achieved from two methods: a) the tare produced from the air
loads on the isolated "A'Lframes and b) the tare and interference produced

from the airloads on the "A"-frames, shown in Fig. VI-1, in proximity of the

three shroud configurations.

Concurrent with the dynamometer buoyancy investigations an "A"-frame

correction to chord force was obtained based on chord force measurements of
the two isolated (no shroud) "A"-frames rather than from the dummy "A"-frame
image. This technique was developed in a previous test (Ref. 4) because of
the inconsistencies in the data obtained with the image system, and the
direct measurements were made of the isolated system to improve the correction.

With the measurements of "A"-frame chord force presented in Fig. VI-2
and the approach described in Ref. 8, a chord force correction as a function
of propeller advance ratio and thrust coefficient was derived as given in
Eq. 9 of Appendix VII. The correction does not include the "interference"
of tare and interference (shroud not present), nor does it account for changes
associated with variations in ,"A"-frame shroud attachment proximities. However,
these effects were checked by measuring the effects of the airloads on the
dummy "A"-frame system in proximity of each of the three shroud configurations.
These effects were determined by obtaining the difference in shroud chord
force coefficient without and with a single dummy "A"-frame installed (this
configuration produces half of the effect of the two "A"-frames). These
differences compared poorly with the results obtained from the isolated "A"-
frames because the predetermined values of the drag parameter were based on
the free-stream Mach number.
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F331012-1 HKS VG SHROUDED PROPELLER TESTFI.V-

"A" - FRAME DRAG TARE

=c [e4f (C.)]j2 (APP VI I EQ. 9)
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F331012-1 HS VG SHROUDED PROPELLER TEST FIG. YI-3

COMPARISON OF "A" - FRAME TARE CORRECTION WITH TEST DATA
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I F331012-1 HS VG SHROUDED PROPELLER TEST'FG V-

COMPARISON OF. "'A'" - FRAME TARE CORRECTION WITH TEST DATA

SYM RUN NO. MACH NO. CONFIGURATION 0/
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SOLID SYMBOLS - DATA WITH DUMMY "A"-FRAME CORRECTED FOR ONE ISOLATED "A"-FRAME.
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F331012-1 FIG. VI-6

HS VG SHROUDED PROPELLER TEST
COMPARISON OF "A" - FRAME TARE CORRECTION WITH TEST DATA
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APPENDIX Vii
HS VG SHROUDED PROPELLER~ TEST

DATA REDUCTION EQUATIONS

I -PRELIMINARY CALCULATIONS

p H (1)Po RTSC

YgTp = Po )* (2)
I41 M22

v M YgRTSC ]0.5(3

vo :Vu 1i+ Ax _TNET .5(4)

WHERE TNET T + C ,(T AND C DEFINED IN EQS. 10 AND 12)

AND -u PVU2

2

I I CONVERSION OF STRAIN GAGE READINGS

rp - K 2 (TR -TO) (5)

Qp: KI(OR- 00) (6)

Cu: K7( C4R - C40 )-+ KS(C 5a - C50) (7)

III HU3R SKIN FRICTION AND "A" - FRAME TARE AND INTERFERENCE

fht =A+ BMj(8

WHERE -s - H - K1_(__/ R_-_____

H - Kg(t P

AND M [(S/t) 1.
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0 

APPENDIX Vii
(CONTD)

3c- e+f CT)Jz (9)

IV HUB SKIN FRICTION, BALANCE INTERACTIONS AND HUB AND PTR BUOYANCY CORRECTIONS

T : Tp + fht - K3 (TR--b)-Qpqt (10)

WHERE ATR K (PI - P4 )

' 1 Op - Tp tq (12)

C : C u+ D8 (12)

WHERE Ds -7rd Si (A)i

V CONVERSION OF FORCE COMPONENTS TO PERFORMANCE PARAMETERS

f(13)

CT T (14)
n2 4pn ap 4

Cp 2 ir (15)
pn2dp5

Cc: C + Cct (16)
pfn2dp

4

CTNET - CT +CC (17)

V0
j : o -(18)r, :1 p

CT (19)

CTNET
77NE1- :Cp

HP (21)
5252
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APPENDIX 
V11

(CONTD)

V T nn dp (22)

* I VI CALCULATION OF FREESTREAM VALUES (PRESSURE DATA) 'AND PRESSURE COEFFICIENT

p =o (o H- (23)

WHERE O = Hs

u = Mu +g RTsc 0.5 (24)
[1+ 2 2 1Mud

WHERE Mu = f (MsB) FROM APP III, FIG Ill-I AND FIG 111-2

AND MSB [(PS/H)- Yy -I 1'
2 J

qo _ u( + Ax )(5
2AT

Pu Vu2

WHERE 
qu= 2

qoo :L.HM. I + -- M.2 r- (SOLVED FOR Mw0, (26)2 2\11+

H. ,H(I+.JYJ ,2 ) (27)

WHERE P- H

Cp " PmP (29)

VII CALCULATION OF INLET VELOCITIES

Vi Mi r Yg_.CMi0- (30)

2
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APPENDIX VUi
(COHTD)

(Psilt) - I

WHERE M i Y 7-1
2

VAvE : - . (31)

VIII REDUCTI ON OF TRAVERSING PROBE DATA

M r -Pz (32)
P1

rP4 - P5 (33)
Po - P2

PS = P, -KR(P, -P) (34)

WHERE O:f(Mr, , FROM APP. II, FIG. 11-6

AND K: f (M, ,0 ) FROM APP. II, FIG. 11-7

YP/ , - I7-- ~
M TP 0.7"- (35)

y21

V~p:M~p[.I gRTsr,__0.5

VTP MTP[ (36)

V' VTP COS COSZ (37)
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F331012- 1 HS VG SHROUDED PROPELLER TESTFI.

SHROUD BALANCE SYSTEM
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F331012-1 FIG. 4

HS VG SHROUDED PROPELLER TEST
SCHEMATIC DIAGRAM OF SHROUD BALANCE
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F331012-1 FIG. 6

HS VG SHROUDED PROPELLER TEST
MODEL PROPELLER TEST DYNAMOMETER INSTALLED IN 18-FT TEST SECTION

VIEW LOOKING DOWNSTREAM
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F331012-1 FIG. 7
HS VG SHROUDED PROPELLER TEST

MODEL COMPONENT DESIGNATION SYMBOLS
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FIG. 8

HS VG SHROUDED PROPELLER TEST
PROPELLER TEST BLADES

3-WAY 3-WAY
WIDE TIP, PWT NARROW TIP, PNT

II
I:,

.! llll i lilllllI. 'illllllii'I



F331012-1 FPIG. 9
HS VG SHROUDED PROPELLER TEST

COMPARISON OF DATA REPEATABILITY IN THE 18-FT TEST SECTION

SYM RN NO.MACH NO. ICONFIGURATION 03/
8RU MO. .05i L5ClES3PWT T1 RIR. 9-

lul

.. M Z- f*

05.1

0.6

iHi

.11 I 2 > m 0. N

AD7N7 MAIJ



F331012-1 FIG. 10
HS VG SHROUDED PROPELLER TEST

COMPARIS0b4 OF DATA REPEATABILITY IN THE 18-FT TEST SECTION
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F331012-1 FIG. 11
HS VG SHROUDED PROPELLER TEST

COMPARISON OF DATA REPEATABILITY IN THE 8-FT TEST SECTION
SYM RUN NO. MACH NO. CONFIGURATION 0 3/4
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F331012-1 FIG. 12
HS VG SHROUDED PROPELLER TEST

COMPARISON OF DATA REPEATABILITY IN THE 8-FT TEST SECTION
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F331012-1 HS VG SHRQUDEO PROPELLER TESTFI.1
COMPARISON OF DATA REPEATABILITY IN THE 8-FT TEST SECTION

SYM RUN NO. MACH NO. CONFIGURATION 0 3/
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HS VG SHROUDED PROPELLER TEST

COMPARISON OF DATA REPEATABILITY IN THE 8-FT TEST SECTION

SYM RUN NO. MACH NO. CONFIGURATION 0 3/
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F331012-1 FIG. 15

HS VG SHROUDED PROPELLER TEST

EFFECT OF BLADE ANGLE ON LOW SPEED SHROUDED PROPELLER PERFORMANCE
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F331012-1 HS VG SHROUDED PROPELLER TEST FIG. 16

EFFECT OF BLADE ANGLE ON LOW SPEED SHROUDED PROPELLER PERFORMANCE
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HS VG SHROUDED PROPELLER TEST
EFFECT OF BLADE ANGLE ON LOW SPEED SHROUDED PROPELLER PERFORMANCE
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F331012-1 FIG. 19 [
HS VG SHROUDED PROPELLER TEST

EFFECT OF BLADE ANGLE ON LOW SPEED SHROUDED PROPELLER PERFORMANCE

SY RUN NO. MACH NO. CONFIGURATION 03/4]
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F331012-1 FIG. 20

HS VG SHROUDED PROPELLER TEST
EFFECT OF BLADE ANGLE ON LOW SPEED SHROUDED PROPELLER PERFORMANCE
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F331012-1 FIG. 21
HS VG SHROUDED PROPELLER TEST

EFFECT OF BLADE ANGLE ON HIGH SPEED SHROUDED PROPELLER PERFORMANCE
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FIG. 22

HS VG SHROUDED PROPELLER TEST

EFFECT OF BLADE ANGLE ON HIGH SPEED SHROUDED PROPELLER PERFORMANCE
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HS VG SHROUDED PROPELLER TEST
EFFECT OF BLADE ANGLE ON HIGH SPEED SHROUDED PROPELLER PERFORMANCE
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HS VG SHROUDED PROPELLER TEST
EFFECT OF BLADE ANGLE ON HIGH SPEED SHROUDED PROPELLER PERFORMANCE
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HS VG SHROUDED PROPELLER TEST
EFFECT OF BLADE ANGLE ON HIGH SPEED SHROUDED PROPELLER PERFORMANCE
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HS VG SHROUDED PROPELLER TEST
EFFECT OF BLADE ANGLE ON HIGH SPEED SHROUDED PROPELLER PERFORMANCE
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HS VG SHROUDED PROPELLER TEST
EFFECT OF BLADE ANGLE ON HIGH SPEED SHROUDED PROPELLER PERFORMANCE

SYM JRUN NO. MACH NO. CONFIGURATION 0 3/4

Q 44 0.60 L4 C1 E7 B3PNTT2 RI R E 43.0

47~ ............ 54.0 1

t I tI

110

00

190, ---lT

ADACE Rai J

goI



F331012-1 FIG. 28

HS VG SHROUDED PROPELLER TEST
EFFECT OF BLADE ANGLE ON HIGH SPEED SHROUDED PROPELLER PERFORMANCE
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F 331012-1 HS VG SHROUDED PROPELLER TEST FIG. 29

EFFECT OF BLADE ANGLE ON HIGH SPEED SHROUDED PROPELLER PERFORMANCE
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F331012-1 HS VG SHROUDED PROPELLER TEST FIG. 30
EFFECT OF DIFFUSER E6 ON HIGH SPEED-SHROUDED PROPELLER PERFORMANCE
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10
4~m t=___



F331012-1 HS VG SHROUDED PROPELLER TEST FIG. 31

EFFECT OF DIFFUSER E6 ON HIGH SPEED SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 0 3/4
61 0.2 L4CIE 3PTTR1RE 22.0

A 62 28.0

El 70 38.0

80; X: -

80 .........................

70 .iiF~.....
of 60 .............

.. .. . ............... ..

................................... .

..0 T .... ... .

..... ....r

20 ,- t:. K.

j~ ~~u ADA40RTO

aif:



F331012-1 HS VG SHROUDED PROPELLER TEST FIG. 32f
EFFECT OF DIFFUSER E6 ON HIGH SPEED SHROUDED PROPELLER PERFORMANCE

SMRUN NO. MACH NO. CONFIGURATION 6 3/4

o 61 0.20 L4ClE6 B3 PNTT 2 RlRE 22.0

fA 62 ) _ _I_ _ _ 28.0

o70 ______j______ 38.0

0.8 <K- Ii -t ...
.:::: . .

.. ..... ...

0 . . .. ... .. ... ..

0

0

0.8 -. Or-.

.I. .~ .- ... : ..

U 0.4 - .. .... .

0

02

0.4 0.6 0.8 1.0 1.2 1.4 1.6 2.0j ADVANCE RATIO, J



F331012-1 FIG. 33

HS VG SHROUDED PROPELLER TEST

EFFECT OF DIFFUSER E6 ON HIGH SPEED SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 6 3/4

o 63 0.40 CI E6 B3 PHTT2 RI R E 30.0

A 64 41.0

o 66 47.0

130

..............
......... ...

U

un. t.4.

100

L, 90 t

6 O 1 61 . . 2 22 ,I2 62 .8 3 .0 3 .2
ADVANCE RATIO, J



F331012-1 FIG. 34

HS VG SHROUDED. PROPELLER TEST

EFFECT OF DIFFUSER E 6 ON HIGH SPEED SHROUDED PROPELLER PERFORMANCE
SYM RUN NO. MACH NO. CONFIGURATION 0 3/4

63 40 LCi E6 83FLTT2 RI RE 30.0-

A 64 41.0

0 66 47.0

1907...............

mu '-~..........

mu

70

mu

30~ .:: ....... . . . .

20

ADVNC RATIO, H

___0_ ...._.___q



F331012-1 HS VG SHROUDED PROPELLER TEST I.5t

EFFECT OF DIFFUSER E6 ON HIGH SPEED SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 03/4

o 63 0.40 L4 CIE 6 83FLNTT2 R 30.0

- ~~~~~ -_ __.0 __ _64 41.0
Ol 66 47.0

:.:.

L0.4

0. 2. . 2426 . .
ADVANCE RATIO. .

Li~w __________



F331012-1 FIG. 36

HS VG SHROUDED PROPELLER TEST
EFFECT OF DIFFUSER E6 ON HIGH SPEED SHROUDED PROPELLER PERFORMAANCE

SYM RUN NO. MACH NO. CONFIGURATION 0 3/

O 65 0.60 L4 ClE6 83 PWTT 2 RI RE 41.0

A i _______ 147.0
O 68 52.0

069 _____ _____ 38.0

130...............

w '4

2.2.242.2.3.3.3.3.u ~~~~~~~~~DAC .AIO . J .....

I1



F331 012-1 FIG. 37

HS VG SHROUDED 'PROPELLER TEST
EFFECT OF DIFFUSER E6 ON HIGH SPEED SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. jCONFIGURATION 0 3/4

o 65 0.60 L4 C IE6 B3 PNTT 2 R IRE 41.0

A 67 4.

O3 68 152.0
0 69-_ 38.0

80

w................._.

70
2.0~~~~~~~:I 2.m. . . . . . .

AD A C RA IO .J .. ..



F331012-1 HS VG SHROUDED PROPELLER TEST FIG. 38

EFFECT OF DIFFUSER E6 ON HIGH SPEED SHROUDED 'PROPELLER PERFORMANCE
SYM RUN NO. MACH NO. CONFIGURATION 9 3/4

0 65 0.60 L4 CIE6 B3 PN-T 2 RI RE 41.0

1.01
2r

u. 0.6 ~

U

U-0

'3

.0

EIT



F331 012-1 FIG. 39
HS VG SHROUDED PROPELLER TEST

EFFECT OF BLADE GEOMETRY ON HIGH SPEED SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 0 3/4

o 29 0.20 L4 C IE7 53 PWTT IR IR E 20.0

A 30 II30.0
_ _E-T 1340.0

1101

.. ... ... ..

go 44

:.:
20

06 08 : 1.t: 1416 .
AOAC RTO



F331012-1 FIG. 39
HSI VG SHROUDED PROPELLER TEST

EFFECT OF BLADE GEOMETRY ON HIGH SPEED SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 63/4j 29 0.20 LACl E7B63PWT T1R 20.0
A 30 30.0

El 33 4.-

110

.......................

90~ .q.... .....

---- - .... 4

80ii
20u

0.6 0.81.0 1.21.4.1.61.8.2.
ADAC RTO



F331012-1 HS VG SHROUDED PROP~ELLER TESTFI.4

EFFECT OF BLADE GEOMETRY ON HIGH SPEED SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 63/4

G 29 0.20' L4 C1 E7 63 PWT TlR1ER 20.0

30 I~30.0
33 .40.0

1 20

90~... .....it: .

ti#- WI:;

20 l~"T1

_4



F331012-1 HS VG SHROUDED PROPELLER TESTFI.4
EFFECT OF BLADE GEOMETRY ON HIGH SPEED SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION 0 3*/4
______________________________ _________ mmozmm=______________ ______________________

29 0.20 L4 CIE 7B 3 PWTTIRIRE 20.0

A30 _____ _____ __ 30.021 33 1 ___40.0

~0.62.. ... .. ...

LL0.2 .

1. +E~C AI

0 44



F331012-1 FIG. 42

KS VG SHROUDED PROPELLER TEST
EFFECT OF BLADE GEOJAETRY ON~ HIGH S PEED .^-ROUDED PROPELLER PERFORMANCE

SYM RUN Xt' MACH NO. CONFIGURATION 93/4

0 32 0.40 L4Cl E7 B3 PWTT1 Rl RE 3.

3__4 LIZ IIZ 43.01

... ... ..... ................... ....

1. 1. 1. 2. 2. 2. 2. 2 .8 .0

11
+++Ii

ff l



F331012-1 FIG. 43

HS VG SHROUDED PROPELLER TEST
EFFECT OF BLADE GEOMETRY ON HIGH SPL....D SHROUDED PROPELLER PERFORMANCE'

SYM RUN NO. MACH NO. CONFIGURATION 03/4

132 1 0.40 L4Cl E7 63 PWTTI RIRE J36.0
34 11 43.0

~1(. . . . . . . ... ......
... ....". .~ . .. ..

... ... ......

1 2 
.. 

-
...... . . ...

u :.. . :. ........

IL :

. .' .. ...

1 .0.0. 202224 . , .
ADAC RAIO .J



F331012-rl FIG. 4

HS VG SHROUDED PROPELLER TEST
EFFECT OF BLADE GEOMETRY ON HIGH SPEED SHROUDED PROPELLER PERFORMANCE

SYMI RUN NO. MAH NO. CONFIGURATION e /I
Oj 32 040 L4Cj E7B3 PWTTI Rl RE 36.0

34 43.0

0.8 ~ --

'h9

.-

0.0.2...........

0.8.

4 14

0. 4 1 6 18 2. 2. 2. '262.0.

ADAC RTOII ___________



F331012-1 FIG. 45

HS VG SHROUDED PROPELLER TEST
EFFECT OF BLADE GEOMETRY ON HIGH SPEED SHROUDED PROPELLER PERFORMANCE

SMRUN NO.I MACH NO. CONFIGURATION 0 3/4

ej 37 0.60 L4Cl E7 B3 PWT Tj R RE J50.0

Au

IL. 110

z

9 0

2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0
ADVANCE RATIO, J



F331012-1 FIG. 46

HS VG SHROUDED PROPELLER TEST
EFFECT OF BLADE GEOMETRY ON HIGH SPEED SHROUDED PROPELLER PERFORMANCE

SYM RUN NO. MACH NO. CONFIGURATION [ 3/4

0 37 0.60 L4C 1 EB3PWTTlR1 RE 50.0
14 0. .. ........ .. ........ . .

.-130

Zti

u
'U

120

uJ

U 110
u

I~

I--

ILu

902.6 2.8 3.0 3.2 3.4" 3.6 3.8 4.0

ADVANCEl RATIO, J



F331012-1 FIG. 47

HS VG SHROUDED PROPELLER TEST
EFFECT OF BLADE GEOMETRY ON HIGH SPEED SHROUDED PROPELLER PERFORMANCE

SMRUN NO. MAH O. CONFIGURATION1034

37 0.60 TL4ClE 7 B3PWTTI RI RE 50.0-

1.0

U-0.6

0.6
ADAC fATI. 'IJ"

I _ _ _ _ _ _



F331012-1

TABLE I

HS VG SHROUDED PROPELLER TEST

Test Schedule

I. Performance Data (Table III)

Mach Number
Configuration Run Number Range Figure Number

0.02, 0.05,
L5CE8B3PwTTIRlRE 4-14, 21 0.10, 0.20 9, 10, 15-20

L4 E7 7J3 29-37 0.2, 0.4, 0.6 i, 12, 39-47

PNTT2  39-48 0.2, 0.4, o.6 13, 14, 21-29

E 60-71 012, 0.4, 0.6 13, 14, 30-38

II. Pressure Data (Tables VI and VII)

Tabulations Presented
Mach Number Tray. Probe *Pressure

Configuration Run Number Range Table VI Table VII

L5 CIEB 3PwTTlRlRETP 22-24 0.02, 0.05,0-1O X X

L4 E7 P T2 54-59 0.2, 0.4, 0.6

ILE6~ l3 7T-80 0.2) 0.4, 0.6

* Surface pressures, inlet rake, exit rake at one radial station and three

propeller rotational speeds, excepting Run 56 where two rotational speeds
are included.

I-1

I __________________________



F331012-1

.YABLE II

HS VG SHROUDED PROPELLER TEST

Wind Tunnel Run Log

Test Conditions Test
Run Configuration 3 1ach No. RPM Objective Remarks

1 PTR + RGIRG - Varied - Calib.

2 LsCIE8B4RlRE - Varied - Calib.

3 LsCIE8B3PWTTlRIRE 10 0 Varied Static bal.

4 22 .02 Performance

5 .05

6 .10

7 29 .02

8 .05

9 .10

10 36 .02 Aborted:

incorrect M

11 .10

12 .05

13 .02

14 .20

15 AD .10 A-frame

T&I's

16 02

II-i



F331012-1

TAEU II
(Contd.)

Test Conditions Test
Run Configuration 0 3/4 Mach No. RPM Objective Remarks

17 L5 C1 E8 B3 PWTT1 RIAD  22 .02 Varied A-frame
T&I's

18 .05

19 29

20 .10

21 RE .05 Performance Repeat of
Run 8

22 TP .02 7000 Pressure Addl. pts. at
7500 & 6500

rpm

23 .05

24 
.10

25 Clear Test Section - Varied - Calib.

2 6 P T R +_ _ _ _

27 L4CTE7B4  RiRE

28 B3PWTT1  10 0 Varied Static balance

29 20 .20 Performance

30 30---- I 
_

31 .c Aborted:
ii neg. CT

32 36

11-2



F331012-1

TAE II
(Contd.)

Test Conditions Test
Run Configuration 0 3/4 Mach No. RPM Objective Remarks

33 L4CLE7B3PWTRIRE 40 .20 Varied Performance

34 43 .40

35 50

36 Repeat of Run

35

37 .60 Aborted:

blade damage

38 PiT 2  10 0 Static balance

39 22 .20 Performance

4o 30 Z
41 32 .40

42 40 .20

43 43 .40

44 .6o

45 49 .40
46 1 6o

47 54 .6o

48 30 .20 Repeat of8 3Run 
40

49 A D A-frame

T&I' s

11-3



F331012-1

TA=m II
(Contd.)

Test Conditions Test
Run Configuration 0 314 Mach No. RPM Objective Remarks

50 L4CIE PTT2 RI AD 49 .60 Varied A-frame
T&I' 

s

51 .40

52 43 .6o

53 .40

54 RETP .40 7000 Pressure Addtl. data
at 4300 &

5500 rpm

55 Addtl. data
at 4300 &
550 rpm

56 .6o Addtl. data
at 6300 rpm

532 .40 Addtl. data
at 6000 &
8000 rpm

58 .20 Addtl. data
II at 6000 1

8000 rpm

59 Repeat of
Run 58. Addt.
data at 6000
& 8000 rpm

6o E6  22 Varied Perfo., aance Aborted:
LGP-30

"ir erative

61,

11-.4



F3310 2-1

TAM~E II
(C ntd.)

Test Conditions Test

Run Configuration 03/4 Mach No. RPM Objective Remarks

62 1L4C1E6 BPTT2 RlRE 28 .20 Varied Performance

63 30 .40

64 41

65 .6o

66 47 .4o

67 .60 _

68 52

69 38

70 .20

71 28 Repeat of
Run 62

72 AD 28 A-frame
T&I's

73 41 .4o

74 .6o

75 47' .40 Power limit

@6950 rpm

T6 .60 Power limit
@6800 rpm

77 RTP 28 .20 6500 Pressure Addtl. data

@5500 &
7500 rpm

II-5



-,331012

TAIEE II
(Contd.)

Test Conditions Test
Run Configuration -/ Mach NO. RPM Objective Remarks

78 LCE6B0PTT2 - RETP  .40 65Q Pressure Aborted:
excessive press.
on shroud LE

79 i Addtl. data @

5500 & 7560 rpm

8o41 .60

81 B Varied Shroud forces

& pressure
82 [TR buoyancy

83 PR + RE5RIRETP .20 j
84 .10

85 .30, .50

86 .4o

87 .60

88 B3PI, 43 . Varied

89 TP4  - Varied Calib. 0= -1030'
d = 32.44"

90 0 = -12050 '

d = 30.86"

1 11-6



F33 1012-1

TAH1E II
(Coritd.)

Test Conditions Test
Run Configuration 0 3/4i Nhch No. RPM Objective Remarks'

91 TP4  - Varied - Calib. 0 = 23022'
d = 29.T41

92 0= -44012'1

- -_____________ - - - - -d = 2T'.83'1

93 0 =32oO'
d = 28.83"

"I-7



F331012-1

TABLE 
III

HS VG SHROUDEU PROPELLER TEST

PERFORMANCE DATA

rUiW 4 M 0.02 THETA 3/4 = 22.00 DEG CONF L5 CI E8 B3 PWT TI RI RE
PT VO ETA CT CP HP CC

VT ETA NET CT NET

2 .1784 22.57 .190 *1424 .1335 6.892 .1257
392,04 .358 *26823 .1523 22.57 .163 *1421 .1326 10.864 .1371
457.36 .320 *27924 .1522 22.57 .155 *1429 s1403 11.9496 .1444
457.36 .311 .28735 *1327 22.57 .143 ,1426 .1324 16.167 .1578
522.42 .301 .30046 .1175 22.57 o127 .1422 .1315 22.890 .1597
587.87 .269 s3020

7 .1053 22,57 $113 s1424 .1319 31.447 .1690652.92 .248 o3114.0952 22,57 .102 .1427 .1323 42 .lo0 .1721
719,16 .226 .31489 .0869 22s57 o092 a-1436 .1344 55,470 .1846
783,95 o212 .328210 .0799 22,57 .084 .1442 .1358 71,175 .1871
849.01 0195 o331311 .0748 22,57 .078 *1447 .1377 90.135 .1926
914,33 .183 .337312 .0698 22.57 0071 .1464 .1423 114.579 .2029
979,65 .171 s349313 .0654 22,57 .065 .1452 .1451 141.916 .2002

1045.23 o155 .3454

11-



F331012-1

TABLE III

HS VG SHROUDED PROPELLER TEST

PERFORMANCE DATA

RUN 5 M = 0.05 THETA 3/4 = 22.00 DEG CONF L5 Cl E8 B3 PWT Ti RI RE

PT i VO ETA CT CP HP CC
VT ETA NET CT NET

2 .4528 56.41 .427 .1163 .1232 6.351 .0402
392.04 o575 .1565

3 .3876 56.41 .380 o1257 .1280 10.460 .0624
457.10 .569 ,1880

4 o3385 56.41 .340 .1294 91287 15.715 .0763
522.55 .541 .2058

5 .3004 56.41 .309 .1324 e1285 22.330 ,0887
587,73 .516 ,22116 02698 56,41 .277 .1344 .1305 31,128 .1005
653,18 9485 .2349

7 .2449 56,41 s253 .1360 .1314 41,697 .1106
718*37 .459 .2467

8 .2241 56.41 .231 e1376 .1331 54.834 .1203
783.82 4434 ,2580

9 ,2064 6.41 o213 .1391 .1348 70.642 .1297
849,27 ,.11 92688

10 .1913 56.41 .16 .1403 91369 89.629 .1381
914,59 .389 .2784

11 ,1781 56.41 180 ,1421 .1401 112,744 .1711"
979,78 f398 .3132

12 .1669 56,41 .165 ,1418 .1433 139,907 .1492
1044,97 .339 o2910

111-2



F331012-1

TABLE III

HS VG SHROUDED PROPELLER TEST

PERFORMANCE DATA

RUN 6 M = 0.10 THETA 3/4 = 22.00 DE6 CONF L5 Cl E8 B3 PWT T1 RI RE

PT J VO ETA CT CP HP CC
VT ETA NET CT NET

2 .9149 113.27 -1,675 -.0102 ,0056 .284 -.0715
392.17 -13.367 -.0818

3 .7833 113.27 9564 .0371 90514 4.154 -.0399
457,49 -.042 -.0027

4 .6848 113.27 .584 .0646 .0757 9.112 -.0158
522o68 o441 i0488

5 o6082 113.27 o543 .0813 00910 15o587 .0009
587987 .549 .0821

6 .5466 113o27 .513 .0937 .0999 23.497 .0190
653.45 o617 o1127

7 .4976 113,37 o478 .1032 91072 33.369 .0318
717,72 o626 .1350

8 94553 113.37 .404 o1004 .1131 45.838 .0442
783o82 ,582 o1446

9 .4196 113o37 .410 ,1151 o1175 60.666 .0553
849.53 .608 .1704

10 .3893 113.37 .384 s1206 o1222 78,744 .0664
914,72 .595 o1870

11 .3631 113,37 .353 .1242 o1276 101.085 .0767
979.91 o571 o2009

12 o3400 113o37 o327 o1257 o1307 125.698 .0820
1045.49 .540 o2077

13 .3893 113o37 o382 o1206 .1227 79.076 .0662
914o72 o592 o1869

111-3

qI

'A



F331012-1

TABLE III

HS VG SHROUDED PROPELLER TEST

PERFORMANCE DATA

RUN 7 M 0.02 T"ETA 3/4 = 29.00 DEG CONF L5 C1 E8 B3 PWT Ti Ri RE

PT d VO ETA CT CP HP CC
VT ETA NET CT NET

2 .1775 22.57 .152 .1919 .2232 11.542 .1938
392.30 .306 .3857

3 .1515 22.57 .130 .1930 .2250 18.440 .2097
457.36 .271 .4027

4 .1319 22o57 .104 .1774 .2248 27.542 .2201
522994 .233 .3975

5 .1165 22.57 .101 .1964 .2266 39.538 .2387
588.39 .223 .4351

6 .1043 22,57 .089 .1963 .2283 54.601 .2554
653,58 .206 .4517

7 .0943 22.57 .081 .1983 .2298 73.101 .2646
718976 .190 .4630

8 .0872 22.57 .074 .1996 .2329 96.311 .2715
784.48 .176 .4711

9 .0805 22.57 .068 .2020 .2375 124.626 .2721
849o27 .160 .4742

10 .0752 22.57 .063 .2064 .2458 161.143 -.0569
914.72 .045 .1495

11 .0698 22'57 .073 .2731 .2590 209.016 .2996
980.30 .154 .5727

12 .0654 22,57 .051 .2061 .2638 258.232 .2898
1045,49 .123 .4959

13 .1320 22.57 .102 .1767 .2283 27.901 .2226
522.55 .231 .3993

14 .0805 22o57 .068 .2016 .2380 124.973 .2707
849.53 .159 .4723

111-4
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TABLE III

HS VG SHROUDED PROPELLER TEST

PERFORMANCE DATA.

RU,4 8 N 0.05 THETA 3/4 = 29.00 DEG CONF L5 CI E8 B3 PWT TI RI RE
PT VO ETA CT CP HP CC

VT ETA NET CT NET

2 .4517 56.41 .383 .1711 .2015 10.398 .0899
392.17 .585 .26103 93865 56ol1 .323 .1764 .2109 17.282 o1120
457,49 .528 s28834 93374 56,41 .300 .1908 o2143 269206 .1330
522,81 .509 .32385 *2992 56:41 .257 .1865 .2170 37.828 .1533
588.39 .466 .33986 92688 56,41 .230 .1890 .2206' 52.702 .1687
653.58 .435 .3577

7 .2440 56.41 .210 .1925 .2237 70.987 .1827718.50 .409 .37528 .2231 56.41 .190 .1942 .2271 93.716 .1978
7849.21 385 .3920

9 .2056 56.41 .173 .I1969 .2331 122.140 .2089
849.14 .357 .405810 .1904 56.41 .143 s2070 .2549 205,428 .2406
914.46 .336 .4274

11 .1772 56.41 ,143 .2070 .2549 205.428 .2406
980.17 .311 .447612 .1659 56.41 .129 .2027 s2592 253.232 .2374
1045.23 .281 .4401

111-5
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TABLE III

HS VG SHROUDED PROPELLER TEST

'PERFORMANCE DATA

RUN 9 M 0.10 THETA 3/4 = 29.00 DEG CONF L5 Cl E8 B3 PWT TI RI RE

PT VO ETA CT CP HP CC
VT ETA NET CT NET

2 .9099 112.84 .592 .0795 .1222 6.265 -,0232
392.04 .419 *0563

3 .7796 112.95 .562 .1179 .1635 13.294 -.0008
457.49 .558 .11704 .6812 112.95 518 91392 .1830 22.223 .0304
522.94 9631 '1697

b .6054 113.06 9475 :1526 .1944 33.546 .0513
588.26 s635 .20396 .5446 113.06 .435 .1590 .1988 46.986 .0686
653.31 .623 .22767 .4940 112.95 .400 .1643 .2028 63*964 .0852
718976 .607 .2495

8 .4527 113.06 o368 .1707 .2097 85.740 .1012
784*21 .587 927199 °4174 113.06 .338 v1768 .2178 113.265 .1176
849,66 .564 92944

10 93875 113.16 .313 o1840 .2277 147.542 .1336
914.85 .540 .3176

11 .3613 113.16 .285 .1900 92405 191s492 .1486
979991 .508 .3386

12 o3385 113.16 o259 .1877 s2448 236.527 .1526
1045,23 .470 .340313 .6064 113.16 .474 *1524 .1950 339524 .0502
587.87 .630 .2026

111-6
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F 1 TABLE III

HS VG SHROUDED PROPELLER TEST

PERFORMANCE DATA

RUN 11 M: 0.10 THETA 3/4 = 36.00 DEG CONF L5 Cl E8 B3 PWT TI RI RE

PT i VO ETA CT CP HP CC
VT ETA NET CT NET

2 .9075 112.74 .506 .1757 .3146 16.182 .0096
392.17 .534 .1854

3 .7780 112,84 .496 .1900 .2978 24.254 e0448
457,36 .613 o2348

4 .6797 112.84 .450 .2067 .3122 37.980 .0785
522.81 .621 .2852

5 .6039 112.95 .407 ,2198 .3261 56,409 .1075
588.26 .606 93274

6 .5428 112.95 .364 .2273 .3381 80.257 .1322
653.71 .577 .3595

7 94931 112s95 .332 ,2362 .3501 110.415 .1573
718.63 .554 .3935

8 .4512 112,95 ,302 .2440 .3634 149.001 .1790
784.35 .525 s4230

9 o4159 112.95 s275 .2553 .3850 200.574 .2041
849.53 .496 .4594

10 .3861 113.06 .249 .2697 .4167 270.455 .2317
914.72 .464 .5014

11 .3600 113.06 .225 .2681 94283 341.650 .2399
979o78 9427 ,5080

12 .3373 113.06 .204 .2585 .4270 413.397 .2390
1045.10 .392 .4974

13 ,6055 113.16 .401 .2192 .3303 56,799 .1059
587.87 .596 .3251

111-7
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TABLE III

HS VG StIROUDED PROPELLER TEST

PERFORMANCE DATA

RUN 12 M = 0.05 THETA 3/4 = 3600 DEG CONF L5 CI E8 B3 PWT TI R1 RE

PT i VO ETA CT CP HP CC
VT ETA NET CT NET

2 .4507 56.41 .313 .2356 .3392 17.527 .1532
392.30 .516 *3888

3 3857 56.41 .270 .2430 o3470 28.407 .1836

457.36 .474 .4266
4 933b6 56.41 .235 .2480 .3541 43.297 .2100

522.81 .435 o4580
5 02983 5b,41 *208 92523 .3603 62.847 o2343

588.52 .402 .4866
6 92680 56.41 .185 92536 .3667 87.600 .2540

653,58 .371 .507b
7 .2430 56.41 .167 .2575 .3738 118.790 .2772

718.76 .347 .5347
8 .2222 56.41 .151 92627 o3854 158.893 .2938

783,95 .321 95566
9 .2045 56,41 .137 92736 .4064 2139226 .3184

849,53 .297 95920
10 .1894 56.41 .123 o2864 .4376 286.321 .3450

914s46 s273 96314
11 .1765 56946 .111 s2808 .4441 357,048 .3448

980.04 .248 ;6256
12 .1653 56.4b .101 .2692 .4404 429.340 e3352

1045.10 .226 .6044
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F 331012-1
TABLE I I

HS VG SHROUDED PROPELLER TEST

PERFORMANCE DAT A

~;RIi13 M : 0.2 THETA 3/4. = 36.00 DEGCOF 5ClE03PTTRIR

-PT iVO ETA CT CP HP cc
VT ETA NET CT NET

2 .1764 22.53 o124 o2535 o3593 18.673 .2693
392.43 o256 o5228

3 .1502 22.53 .123 o2962 o3617 29o728 .3083
457993 .251 96045

4 01308 22953 .092 o2588 o3665 44o995 .3262
522o68 .208 o5851

5 .1155 22,53 .081 o2593 .3699 64o745 o3331
588o26 .185 o5924

6 o1045 22.53 o072 .2594 @3731 89o463 o3556
653031 .172 o6150

7 o0950 22,53 .065 92604 .3797 121.096 03638
718.50 s156 *6243

8 .0870 22.53 o059 .2660 .3893 161.537 .3794
784,35 o144 o6454

9 .0803 22o53 .054 o2769 .4092 215.695 o3923
849o53 .131 .6692

II) .0746 22o53 .048 o2877 o4390 289.144 o4081
914098 6118 96958

RUN 14 M : 0.20 THETA 3/4 z 36.00 DEG CONF L5 Cl E8 B3 PWT Ti RI RE

PT iVO ETA CT CP HP cc
VT ETA NET CT NET

2 1,3714 226.48 o652 .0428 00899 10.634 -o1478
522.81 -19600 -.1050

3 1.0930 225o85 .618 o1250 o2210 51o247 -s0503
653o18 e369 .0747

4 o9137 226.90 o548 .1696 .2624 112.212 .0009
784.08 .551 o1706

.7821 226.90 .471 .1982 .3287 207.297 .0591
914.59 9612 .2574

6 o6837 226.90 o390 .2000 s3505 329o923 s0821
1045o23 o550 o2821
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F331012-1,

TABLE III

HS VG SHROUDED PROPELLER TEST

PERFORMANCE DATA

kUN 29 M 0.20 THETA 3/4 = 20,00 DEG CONF L4 C1 E7 B3 PWT Ti RI RE

PT J Vo ETA CT CP HP CC
VT ETA NET CT NET

2 1.4393 224.79 2.305 -0387 -.0242 -2,572 .0037
505.83 2.081 -.0350

3 1.2941 224.79 o485 *0080 .0213 3.101 90015
561.74 .578 90095

4 1.2364 224,79 .805 *0220 .0338 5.634 -@0004
587.60 .789 90216

5 1.111C 224.79 e912 .0521 o0634 14.514 -.0024
652.92 e869 .0496

6 1.0087 225,00 .918 ,0791 .0870 269458 -.0031
718o37 .881 .0760

7 .9220 225900 9921 81118 .1118 44.179 -s0004783,69 0918 911113
8 .8495 225.00 .869 s1253 .1225 61,482 .0007

848,88 .874 .1260
9 .7866 225.00 .816 .1406- .1355 85.033 .0032

914o46 s834 ,1438
10 o7317 225,00 .774 .1586 .1498 115.780 .0086

980s17 .816 o1672
11 .6847 225.00 .715 o1641 .1570 147.043 .0122

1044.97 .768 .1763
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F 331012-1
TABLE III

HS VG SHROUDED PROPELLER TEST

PERFORMANCE DATA

RUN 30 M 0.20 THETA 3/4 = 30.00 DES CONF L4 Cl E7 83 PWT Ti RI RE

PT VO ETA CT CP HP CC
VT ETA NET CT NET

2 1,7955 224.79 ,839 00191 *0410 2.235 -,0004
404.84 .822 .0188

3 1,5868 224.79 1.041 -0840 .1280 109067 -.0046
457,36 e983 90793

4 1.3864. 224.79 1.008 .1410 91940 22.727 -.0046
522.29 .975 .1365

5 1.2294 224,79 .956 o1718 s2210 36.890 -.0021
587,73 .944 .1697

6 1,1038 224979 .880 .1880 .2356 54.010 -.0002
653931 .880 .1878

7 1.0013 224.79 .820 .2073 .2529 77.080 .0038
718.37 .83b .2111

8 *9153 224.79 .759 .2239 .2699 106.879 .0076
783.82 .784 .2314

9 .8421 224.79 .703 .2441 .2920 147.084 .0152
849.27 .747 .2593

10 .7790 224.79 .647 .2679 .3223 202.713 .0255
914.59 .709 .2934

11 .724b 224.79 .585 .2847 .3523 272.466 .0337
979.78 .654 .3184

12 .6777 224.79 .527 .2789 .3582 336.731 .0341
1045.62 9592 .3130

I __ ___ ____ ___ ____ ___ *1



F331012-1
TABLE III

HS V6 SiiROUDED PROPELLER TEST

PERFORMANCE DATA

RUN 32 M = 0.40 THETA 3/4 = 36,00 DEG CONF L4 Cl E7 B3 PWT TI Ri RE

PT i VO ETA CT CP HP CC
VT ETA NET CT NET

J

2 2.3151 448.91 15.470 o0163 .0024 .455 .0056
627.0b 20.769 *0219

3 2.2255 449.74 .997 90420 .0938 19.696 .0023
653.31 1.051 .0443

5 1.8540 450.57 1.08b .1644 o2805 101.373 -.0093

783.95 1.024 .1550
6 1.7098 450.57 1.010 .1968 .3332 152.983 -.0093

849.14 .962 .1876
8 1.4788 450.98 o881 .2481 .4162 293.367 -.0025

980.17 .873 .2457
9 1.3855 450.98 .822 .2576 .4339 370.926 -90047

1045.23 .807 .2529
10 2.0265 450.98 1.060 9106b .2038 56P653 -.0061

718.76 .998 .1004
11 1.5884 451.*40 .957 #2288 .3795 216.931 -.0088

914o.59 .920 .2199

kUN 33 M = 0,20 THETA 3/4 : 40.00 DEG CONF L4 Cl E7 83 PWT T1 R1 RE

PT i VO ETA CT CP HP CC
VT ETA NET CT NET

2 1.8532 225.43 1.013 .2063 .3771 18.660 -.0137
392.17 .946 .1926

3 1,5858 225.b43 924 .2432 .4170 32.727 -.0074
457.36 .896 .2358

4 1.3860 225,64 s829 .2740 .4581 53@525 -.0011
5255 825 .2729

5 1.2308 225,64 722 .2876 .4904 81.246 .0045
587.08 733 .2922

b 1.1038 225.64 .615 .2850 .5114 116.753 .0102
65331 .637 .2952

7 1.0020 225.64 .544 o2790 .5134 1559750 .0147
718.24 .573 .2937

a .9166 225.85 .487 .2777 .5218 205.662 .0200
784.21 .522 .2977

9 .8440 225.85 .440 .2720 .5211 261.485 .0246
849.93 .480 .2966

10 *7822 225.85 .402 .2713 .5273 329.976 .0309
914.85 .448 .3023

11 .7284 225.85 .371 .2735 .5369 412.882 .0347
979.91 .418 .3083

111-12



F331012-1

TABLE III

HS VG SHROUDED PROPELLER TEST

PERFORMANCE DATA

RUN 34 M = 0.40 THETA 3/4 r 43.00 DEG CONF L4 Cl E7 83 PWT TI RI RE

PT J VO ETA CT CP HP CC
OT T 0 3T 0

2 2.9158 447.67 1.100 .0529 .1403 13.163 .0040
496,42 1184 ,0570

2.7722 448.50 1.088 .0874 .2225 24.313 .0004
522,94 1.093 .0878

4 2s4659 448.91 .986 o1498 .3746 58,093 -.0074
588.00 .937 .1424

5 2.2182 449.33 1.046 .2119 .4490 95o434 -o0109
653.58 .992 .2009

6 1.8488 450.16 .927 ,2908 .5799 211.823 -,0116
783.82 *890 o2792

a 1,7050 450.57 .852 .3237 .6474 300e553 -.0091
849,53 .828 .3145

9 1.5818 450.57 o775 e3240 .6609 383.144 -.0056
914,85 .761 .0318

10 2,4743 450.57 1.081 .1630 .3731 57o465 -.0122
588o13 1.000 .1508

HUN 35 N = 0.40 THETA 3/4 = 50.00 DEG CONF L4 Cl E7 83 PWT TI RI RE

.PT J VO ETA CT CP HP CC
VT ETA NET CT NET

2 3.7084 449s74 1.045 .0622 .2204 10.113 .0051
392917 1.132 o0673

3 3.1793 450.16 1.095 .1835 .5326 38.718 -.0074
457.49 1.051 .1761

2o7881 451s40 .972 o2264 o6494 70.073 -.0134
522.81 .914 .2130

5 2.4771 451.81 .987 .2869 .7197 110o493 -o0158
588o39 s933 .2711

6 2e2262 451.81 .899 .3140 .7772 163,936 -.0159
654o.10 .854 .2981

7 2.0250 451.81 .794 .3088 .7867 220.048 -.0126
718.63 s762 .2961

8 1.8576 452.22 .688 ,2818 .7607 2759598 -.0110
783.82 .661 .2708

9 1.7136 452.22 .608 92666 .7504 345,808 -.0089
849.27 .588 .2577

10 2.7945 452.63 .962 .2228 .6470 69.538 -.01e 4
523.07 .882 .2043

11 2.7954 452.63 1.053 p2435 .6459 69.313 -90164
522.81 .982 .2271
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F331012-1

TABLE III

HS VG SHROUDED PROPELLER TEST

PERFORMANCE DATA

RUN 36 M 0.40 THETA 3/4 = 50.00 DEG COIF L4 C1 E7 83PWT TI RI RE

PT j VO ETA CT CP HP CC
VT ETA NET CT NET

2 3.7013 449.33 1.041 .0634 .2255 10.40v .0053
392.56 1.128 .0687

3 2.7774 449.74 1.057 92438 o6403 69.693 -,0130
522.81 1.001 .23084 2.2243 450,98 0899 .3144 .7771 164.247 -,0150
653.45 .001 .29945 1.8519 450,98 .683 .2794 .7565 276.259 -.0098
784.08 9660 .2696

6 2.7856 451.40 1050 .2449 *6493 70.315 -.0150
523.20 .98b .2299

RUiN 37 M = 0.60 THETA 3/4 = 50.00 DEG CONF L4 Cl E7 B3 PWT TI RI RE

PT i VO ETA CT CP HP CC
VT ETA NET CT NET

2 3.6817 669,80 1.028 .0698 .2498 34o401 .0171
588,26 1.280 .0869

3 3.3108 669,20 1.095 .1771 .5352 101.071 -.0045
653,18 1.067 .17264 3.0084 669.20 1.067 *2498 .7042 176.914 -,0115
718,37 1.018 .2383

iII-i4



F331012-1

TABLE III

HS, V6 SHROUDED PROPELLER TEST

PERFORMANCE DATA

WU4 39 M z 0.20 THETA 3/4 = 22.00 DEG COWF L4 Cl E7 B3 PNT T2 Rl RE

PT J VO ETA CT CP 6P cc
VT ETA NET CT N&T

2 1.2660 224,37 .340 90085 .0317 4.928 .0002
573.09 o350 .0088

J 1.1123 224.37 .803 .0471 .0652 14.852 -.0026
651.09 .759 .0445

4 1.0086 224.37 o905 .0842 .0938 28o447 -.0021
716.20 .882 .0821

5 .9225 224.37 .887 .1049 .1090 42.941 -.0008
781.44 .880 .1041

6 o8496 224.37 .847 .1209 .1212 60,718 .0005
846.68 .851 .1214

7 .7873 224.37 .806 .1364 .1332 83.227 .0034
911940 .826 .1398

8 .7328 224.37 .760 .1480 .1426 109.698 .0068
976.77 s795 .1548

9 .b856 224.37 .708 o1544 o1493 1399393 .0099
1041.75 .754 s1643
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TABLE II1

t S VG SHROUDED PROPELLER TEST

PERFORMANCE DATA

HUN 40 N 0.20 THETA 3/4 = 30.00 DEG CONF L4 C1 E7 83 PNT T2 R1 RE
PT VO ETA CT CP HP CCVT ETA NET CT NET

2 1.7143 224.37 *686 0201 0503 3.146 -.0016
423.21 .632 01863 1.5905 224li37 .971 .0655 .1073 8.368 -.0035
455,63 .919 .06204 1.3891 224,37 ,975 1149 ,1637 19.051 -,0058
520.74 9926 010915 1.2312 224,37 .941 .1572 .2056 34.129 -.0036
586911 920 15366 1.1060 224.37 .885 .1762 .2202 50.108 --0007651.09 .881 .17557 1,0029 224,37 .833 s1972 .2373 71.874 .0038
716.20 .849 .20108 .9170 224.37 .774 .2118 .2509 98.696 .0067
781.44 .798 .21869 *8439 224.37 .724 .2304 s2682 134.127 o0142
846955 o769 244b10 .7808 224,37 .672 92516 .2921 182.448 .0235
911e66 .765 275111 .7262 224.37 ,612 &2733 .3242 248.873 .0347
976,51 s689 .307912 .6795 224,37 .551 ,2683 o3304 307,826 .0338

1041,62 .621 .3021
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F331012-1
TABLE III

HS VG SHROUDED PROPELLER TEST

PERFORMANCE DATA

RUN 41 M : 0.40 THETA 3/4 = 32.00 DEG CONF L4 Cl f7 B3 PNT T2 Ri RE

PT J VO ETA CT CP HP CC
VT ETA NET CT NET

2 1.8939 443.49 .522 .0148 .0538 18.156 .0028
757.22 .619 o0176

3 1.8450 446.00 *796 90343 .0796 29.159 .0006
781.44 .810 .0349

4 1.7064 447.25 9968 *0814 .1434 66.375 -.0038
846.42 .923 .0776

5 1.5839 447o67 .991 .1234 .1971 113.814 -.0063
911.66 .941 .1171

6 194769 447.67 .949 .1439 ,2239 159.030 -.0066
976977 .906 .1374

7 1.3832 447967 ,886 s1592 .2485 214,230 -.0066
1042.01 s849 .1525

RUN 42 M 0.20 THETA 3/4 : 40.00 DEG CONF L4 Cl E7 B3 PNT T2 R1 RE

PT i VO ETA CT CP HP CC
VT ETA NET CT NET

2 2.3530 224o37 .900 .0460 .1201 2,899 -0131
308.35 .643 .0328

3 1.8525 224.37 .996 ,1828 o3399 16@683 -.0160
390o65 .909 .1668

4 1.5843 224.37 .931 ,2217 ,3770 29.404 -0100
455.89 ,889 ,2117

5 1.3849 224,58 .352 92598 ,4220 48,957 -.0039
520,74 .839 o2559

6 1,2273 224o58 ,766 ,2833 ,4534 75,008 90016
586,11 .771 ,2850

7 1.1032 224.79 .673 92942 .4819 109.090 .0082
651.09 .692 o3024

8 1,0004 224.79 .588 s2934 .4988 150,353 .0155
716.33 .619 ,3090

9 ,9149 224.79 .526 o2953 .5135 200s833 ,0230

781.31 .567 o3183
10 ,8424 224.79 .476 s2950 .5218 259s618 .0272

846o55 9520 .3222
11 .7804 224.79 s433 .2955 ,5324 330.698 ,0339

911.53 .482 .3294
12 ,7279 225.21 ,398 o2981 .5445 414.393 ,0381

976.64 .449 o3362
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F331012"1

TABLE III

HS V6 SHROUDED PROPELLER TEST

PERFORMANCE DATA

HUN 43 M= 0.40 THETA 3/4 = 43.00 DEG CONF L4 C1 E7 83 PNT T2 RI RE

PT d VO ETA CT CP HP CC
VT ETA NET CT NET

2 2.7418 447.25 ,727 .0319 .1202 13.455 .0020
527.51 .773 .0339

3 294673 447.67 1.037 o1142 .2715 419657 -.0061
586.24 0981 *1080

4 2.2189 447.67 1.022 o1793- ,3893 81.870 -,0103
651922 .963 .1690

5 2.0156 448,08 .999 .2189 .4414 123.557 -o0113
716.85 9947 92075

6 1.8473 448.08 .955 o2544 .4917 178.227 -,0116
781.31 .912 92428

7 1.7018 448.08 .896 s3082 .5853 269.963 -.0080
046.68 .873 93002

8 1.5802 448.50 .817 .326, .6308 362.386 -.0041
911953 .807 93223

9 195247 448.50 .778 .3270 .6401 4089755 -0030
944.21 .771 .3239

10 1,8478 448.50 ,954 92541 .4920 1789346 -90124
781.83 .907 .2417

RUN 44 M Z 0.60 THETA 3/4 = 43900 DEG CONF L4 Cl E7 53 PNT T2 RI RE

PT VO ETA CT CP HP CC
VT ETA NET CT NET

2 2.7385 661.93 .806 .0390 91324 43.290 .0061
781.57 .932 .0451

3 2,5335 663.75 ,990 ,0951 .2433 100.580 .0005
846,68 o995 .0956

4 23540 664.36 o977 .1293 3114 160.456 -o0040
911o66 ,947 ,1253

5 2,1983 664.97 ,914 ,1530 .3676 232.393 -.0065
976o64 .875 .1464

6 2.0614 665.57 .726 .1693 .4805 368.315 -.0087
1042.01 .688 91606

7 2,5165 659o49 s979 ,0934 92400 100.611 -0020
846.94 o957 90914

111-18
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F331012-1

TABLE III

HS VG SHROUDED PROPELLER TEST

PERFORMANCE DATA

kUN 45 M 0.40 THETA 3/4 = 49.00 DEG CONF L4 Cl E7 B3 PNT T2 RI RE

PT i VO ETA CT CP HP CC
VT, ETA NET CT NET

2 3,1725 447.67 1.029 .1100 .3389 24.434 -.0070
456.15 .964 .1030

3 2,7744 447.67 1,051 ,2042 .5388 579919 -.0150
521.13 .974 .1892

4 2.4667 448,08 1,016 .2450 .5944 90.791 -.0164
586.24 s948 .2286

5 2.2;82 448.08 .956 .2907 .6743 141.196 -.0151
651.22 .906 9275b

6 2.0159 448.50 .89: .3345 .7564 210.390 -.0129
716.33 .857 .3216

7 1.8482 448.50 .864 .3805 .8133 292.241 -*0096
780s14 .843 .3710

8 1,7039 448.50 .694 .3013 .7398 3399638 -.0084
846.55 .674 .2930

9 1.6285 448.91 .688 .3156 .7469 392.216 -@0073
885.88 .672 .3083

10 2.2236 449.33 .955 .2910 .6775 141.252 -.0184
651,48 .894 .2726

RUN 46 M U9.60 THETA 3/4 r 49.00 DEG CONF L4 Cl E7 83 PNT T2 RI RE

PT % VO ETA CT CP HP CC
4, VT ETA NET CT NET

2 3.2945 §6S,75 .987 .0883 .2946 559303 .0060
6ti.35 1.054 .0943

3 2o9971 664.36 1,042 o1742 95008 124,749 -.0044
716.20 1.016 .1698

4 2.7477 664.97 1.015 .2281 .6172 1999329 -0106
781.44 .968 .2174

5 2.5354 664997 .949 .2555 .6824 280.058 -.0136
846.42 .898 o2419

6 2,3522 664,97 .871 .2685 v7245 371.846 -.0143
911.92 ,825 .2542

7 2.2869 664.97 .836 .2679 .7322 408.727 -.0146
937.83. .791 .2533
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F331012-1

TABLE III

HS VG SHROUDED PROPELLER TEST

-PERFORMANCE DATA

RUN 47 M 0.60 THETA 3/4 = 54.00 DEG CONF L4 Cl E7 83 PNT T2 RI RE

PT i VO ETA CT CP HP CC
VT ETA NET CT NET

2 4,0116 662.54 .952 ,0921 ,3880 40.281 .0098
534.02 1.053 .1019

3 3.6585 663.75 1.055 91814 ,6288 86.110 -,0010
586.37 1.050 .1805

4 3o2959 664,36 1.034 *2606 .8304 155,403 -.0095
651.09 *996 o2511

5 2.9922 664,36 1.015 .3158 o9301 232.182 -.0153
716972 .966 .3004

6 297432 664,97 ,911 ,3408 1.0264 332,302 -.0206
782,09 ,855 .3202

RUN 48 M = 0,20 THETA 3/4 = 30.00 DEG CONF L4 Cl E7 83 PNT T2-R1 RE
11

PT i VO ETA CT CP HP CC
VT ETA NET CT NET

2 1,6055 226.48 .889 .0472 .0852 6.478 -,0059
455.89 ,777 90413

3 1,4009 226,48 ,985 91116 .1587 18.045 -,0053
521,26 .938 91064

4 la2435 226,48 .951 ,1507 ,1970 31.816 -,0043
585,98 ,924 ,1464

5 1,1167 226948 o896 o1737 .2164 47.925 -.0013
651,09 ,890 ,1725

b 1.0119 226,27 ,832 o1874 ,2279 67,345 ,0023
716.33 ,842 ,1897

7 s9254 226.27 o782 .2059 ,2435 93.384 .0059
781,31 .805 .2119

8 .8512 226,27 e737 92261 .2610 127,442 s0134
846981 ,781 .2395

9 ,787S 226.06 ,683 o2450 .2820 172,058 .0219
911953 ,744 92668

10 o7322, 226s06 9625 ,k654 ,3107 233,105 .0319
976.64 s700 .29T3

11 o6848 226.06 ,565 .2680 .3247 295,717 90333
104175 .635 .3013

12 1,6023 226.06 ,841 .0469 ,0892 6,811 -.0021
455,89 ,803 .0447

111-20
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F331012-1

TABLE III

HS VG SHROUDED PROPELLER TEST

PERFORMANCE DATA

RUN 61 M = 0.20 THETA 3/4 = 22.00 DEG CONF L4 Cl E6 B3 PNT T2 R1 RE

PT i VO ETA CT CP HP CC
VT ETA NET CT NET

2 194003 225.64 9363 ,0089 .0343 3.988 -.0075
521.26 ,056 .0014

3 192420 225.64 .988 90596 .0749 12.395 -.0074
586.50 .864 00522

4 1.1161 225.64 1,030 .0909 .0984 22.315 -.0108
651s48 o907 .0800

5 1.0134 225o64 1.012 .1151 91153 34,710 -.0135
716.20 o893 o1016

6 ,9270 225o64 o973 91330 .1267 49o547 -,0138
781.44 o872 01191

7 .8534 225.64 o927 o1488 o1370 68.206 -.0127
846,94 .847 o1360

8 o7906 225.64 o876 o1634 .1475 91o728 -,0107
912,05 ,818 o1528

9 o7363 225o64 s827 o1746 o1555 118.929 -o0091
977.16 .783 o1655

10 o6884 225,64 ,769 o1842 o1648 153,098 -o0057
1042.53 .745 o1785

11 1.3182 225.85 9833 o0395 .0625 8o673 -90042
553.56 o744 90353

I
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F331012-1

TABLE III

HS VG SHROUDED PROPELLER TEST

PERFORMANCE DATA

RUN 62 M = 0.20 THETA 3/4 = 28.00 DEG CONF L4 Ci E6 83 PNT T2 RI RE

PT i VO ETA CT CP HP CC
VT ETA NET CT NET

2 1.8558 223.94 .000 .0000 .0231 1.138 -,0187
390.52 -1.502 -.0187
'1.5868 223.94 1.124 .0800 .1130 8.835 -.0099455.7b *984 .0701

4 1,3871 224.15 1.120 .1353 .1675 19.512 -.0172
520.87 .978 .1182

5 1.2307 224.15 1.068 .1641 .1890 31.346 -,0199
585.98 .938 .1441

6 1.1060 224.15 1.000 .1798 .1988 45.212 -o0203
650.96 .887 .1595

7 1.0029 224.15 ,935 .1996 s2139 64.775 -,'0189
716.20 .847 .1806

8 .9170 224.15 .876 .2175 .2275 89.455 -.0162
781.31 .811 .2013

9 *8443 224.15 .820 62346 .2414 120.640 -.0122
846.29 .777 .2223

10 .7813 224.15 .764 .2558 .2615 163.289 -.0070
911.53 .743 .2489

11 .7268 224.15 .697 .2764 .2881 221.189 -o0009
976.51 .694 .2754

12 .6794 224.15 .628 .2786 .3014 281.023 .0060
1041.88 .641 .2847
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TABLE III

'HS VG SHROUDED PROPELLER TEST

PERFORMANCE DATA

RUN 63 M 0 0.40 THETA 3/4 = 30.00 DEG CONF L4 Cl E6 03 PNT T2 RI RE

VT i VO ETA CT CP HP CC
VT ETA NET CT NET

2 20120 445.17 *686 .0175 .0512 14.450 -.0270
715.81 -.376 -o0096

3 1.8481 446.84 1.131 s0724 .1183 43.104 -.0187
781.31 .838 90536

4 1.7059 447.25 1.173 .1162 .1689 78.083 -.0161
846.29 1o011 .1001

5 l.b806 446.84 1o158 .1533 .2091 121,039 -.0204
911.53 19004 o1329

6 1.4763 447.67 1.109 .1776 .2365 167.786 -.0243
976.77 o957 .1534

7 1o3830 447.67 1.036 .1924 .2568 221o085 -.0262
1041,75 .895 .1662

KUN 64 M = 0.40 THETA 3/4 = 41.00 DEG CONF L4 Cl E6 B3 PNT T2 RI RE

PT i VO ETA CT CP HP CC
VT ETA NET CT NET

2 2.7746 446.84 1.144 o0650 .1575 17.006 -.0489
520.87 .283 .0161

3 2.4745 448.08 1.229 o1516 .3052 46.434 -.0381
585,07 o920 o1135

4 2,2215 448,06 19195 o2007 .3728 78.152 -.0317
651.09 1,007 .1690

5 2.0188 448.50 1.154 .2350 .4110 114.613 -.0324
716946 .995 .20266 1,8493 448.50 1.099 .2752 .4629 167.408 -,0388
781.31 ,944 .2364

7 17039 448o50 1.029 .3204 .5303 244o145 -.0436
846o81 .889 92767

8 1.5811 448.50 o941 o3455 v5802 333.042 -.0444
911o40 .820 .30129 1.473b 448.50 9853 o3458 .5970 422o178 -.0419
977.03 .749 *3038
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' TABLE I II

HS VG SHROUDED PROPELLER TEST

PERFORMANCE DATA

RUN 65 M = 0.60 THETA 3/4 = 41.00 DEG CONF L4 Cl E6 B3 PNT T2 RI RE

PT VO ETA CT CP HP CC
VT ETA NET CT NET

2 2,8493 665.57 1.043 .0527 s1440 42.137 -.0788
755.79 -.516 -.0261

3 2.7613 666.79 1.150 .0821 .1972 63.468 -.0743
781.05 .109 .0078

4 2.5506 667.99 1.232 .1574 .3258 132.935 -.0659
846.42 .715 .0914

5 2.3680 668.60 1.195 .1979 .3921 199.713 -.0600
911.92 .832 .1379

6 2.2096 668.60 1.129 .2277 .4455 278.729 -.0535
976.64 .863 .1742

7 2.0718 669.20 1.045 .2425 .4805 364.518 -.0519
1042.01 9821 .1905

HUN 66 M 0.40 THETA 3/4 = 47.00 DEG CONF L4 Cl E6 B3 PNT T2 R1 RE

PT % VO ETA CT CP HP CC
VT ETA NET CT NET

2 3.6330 448.50 1.083 .0658 .2207 10.653 -.0888
399.38 -.378 -.0230

3 3.1802 448.50 1.231 91701 .4396 31.564 -.0660
455.89 .753 91041

4 2.7797 448.50 1.210 92365 .5432 58.261 -.0515
521.13 .946 .1850

5 2.4698 448.50 1.1l45 2843 .6131 93.484 -.0430
585o98 .972 .2413

6 2*2204 448.50 1.046 .316U .6705 140.342 -.0454
651.22 .896 .2706

7 2.0173 448.50 .916 .3139 .6910 192.483 -.0432
716o33 .790 .2707

8 1.8484 448.50 *811 .3068 .6992 252.707 -.0405
781.31 .703 .2662

9 1.7050 448.50 .728 .3038 .7108 326.632 -.0375
846.42 .638 .2662

10 1.6063 448.50 .674 .3020 .7192 394.510 -.0365
897.86 .593 92656

111-24



F531li12-1

TABLE III

HS VG SHROUDED PROPELLER TEST

PERFORMANCE DATA

kUN 67 M 0.60 THETA 3/4 = 47.00 DEG CONF L4 Cl E6 B3 PNT T2 RI RE

PT % VO ETA CT CP HP CC
VT ETA NET CT NET

2 3.6719 664o97 19105 .0749 .2488 33.994 -.1349
585.98 -.886 -.0600

3 3.3185 667.99 1.215 o1610 .4396 81.600 -.1148
650.96 .34b .0462

4 3.0161 668.60 1.231 .2429 .5950 146.907 -.0946
716.33 .751 .1483

S 2.7661 669.20 1.197 o2854 o6594 210.855 -.0847
781.31 .841 .2007

6 2.5536 669.80 1.12b .3530 .8004 324.669 -.0795
846,29 .872 .2736

7 2.4470 670.U4i 1072 .3622 .8264 380.932 -.0772
883.66 .843 .2849

HUN 68 H = 0.60 THETA 3/4 = 52.00 DEG CONF L4 Cl E6 83 PNT T2 RI RE

PT J VO ETA CT CP HP CC
VT ETA NET CT NET

2 4.1468 667.99 1,214 .1453 .4959 47.209 -.1741
521.13 -.241 -0288

3 3.6890 668,60 1,245 .2476 o7334 99.078 -.1411
585.98 .535 .1065

4 3.3293 670.41 1,217 o2940 .8042 147.959 -.1161
650.70 .736 .1779

5 3.0210 670,41 1.152 .3564 .9348 229.685 -"1033
716.59 .818 .2531

6 2.7718 671.01 1.067 ,J975 1,0320 327.929 -.0913
781.18 o822 03062
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TABLE III

HS V6 SHROUDED PROPELLER TEST

PERFORMANCE DATA

'RUN 69 M = 0.60 THETA 3/4 = 38.00 DEG CONF L4 Cl F6 83 PNT T2 Ri RE

PT VO ETA CT CP HP CC
VT ETA NET CT NET

2 .2.7064 664.97 1.006 *043b .1171 39.861 -.0695
794.98 -.600 -.0260

3 295443 666.18 1.189 .0976 *2088 85.524 -.0648
846.68 .398 .0327

4 2.4522 666.79 1.209 91259 ,2554 116.844 -.0623
878.98 .610 90636

5 2.3671 667939 1.206 .1455 .2855 145.224 -.0586
911.14 .720 90869

6 2.2860 667.99 1.198 91678 o3201 1809724 -.0557
943.95 .801 .1121

7 2.2100 668.60 1.164 .1813 .3441 215.041 -.0524
977.03 o827 .1288

8 2.0752 669.80 1.085 92027 .3875 292o528 -.0488
1041.75 ,824 o1539

RUN 70 M : 0.20 THETA 3/4 = 38.00 DEG CONF L4 Cl E6 83 PNT T2 RI RE

PT i VO ETA CT CP HP CC
VT ETA NET CT NET

2 1.8805 227.74 1.123 o2014 93372 16,000 -.0343
390.65 .931 o1671

3 1o6056 227.32 1.042 .2420 o3726 28.208 -.0371
455o89 .882 .2049

4 1.4019 227.32 o943 .2759 94100 46o324 -.0369
521.00 .817 o2390

5 1.2414 22690 .828 o2934 .4397 70o935 -.0314
585,98 .739 o2620

6 1.1140 226.90 .715 o2978 o4639 102.909 -.0254
651.61 ,654 o2725

7 1.0104 226.69 .632 o2997 o4788 141.296 -o0192
716.20 o591 o2805

8 .9231 226.48 .568 1012 .4895 187907 -0120
781.31 .545 .2892

9 o8501 226o48 o515 o3022 .4990 243.539 -o0067
846o42 .503 .2955

10 o7869 226o27 .469 .3022 a5070 309o462 ",0014
911o40 .4'66 e3008

11 .7327 226s27 ,431 o3020 o5125 384,803 .0044
976951 o438 .3065

12 .7006 226o27 .409 o3037 .5202 444.254 o0083
101935 o420 o3121
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TABLE III

HS V6 SHROUDED PROPELLER TEST

PERFORMANCE DATA

RUw 71 M 0,20 THETA 3/4 = 28.00 DEG CONF L4 Cl E6 B3 PNT T2 Ri RE

PT i VO ETA CT CP HP CC
VT ETA NET CT NET

2 1.7742 225.21" o834 .0270 .0574 3.231 -.0172
410.58 6303 00098

3 145979 225.43 1.120 00803 .1146 8.799 -.0113
455.63 .961 o0689

4 1.3971 225.64 1.107 .1331 o1679 19.198 -.0175
520.61 o961 .1155

5 1.2389 225.64 1067 .1665 .1933 31o517 -.'0209
585o98 .933 .14566 1.1128 225.64 .999 o1824 .2031 45o467 -.0208
651.22 .885 .1616

7 1.0098 225.64 o934 92017 .2180 64.868 -.0195
716.07 o844 .1822

8 .9229 225.64 .878 .2213 o2327 89.982 -.0167
781.s44 0811 .2046

9 .8495 225.64 .820 ,e378 o2462 121o128 -.0133
846 68 774 2245

10 ,7865 225.64 .762 o2577 .2659 163313 -.0087
911.66 .736 .2490

11 97308 225o43 .697 .2811 o2945 222,784 -.0006
976.64 .695 .2805

12 .6828 225.21 .627 .2817 .3064 281.823 .0038
1041.75 .636 ,2851,

RUN 88 M 0.40 THETA 3/4 0G CONF PTR + B3 PNT Ti RI RES RE

PT d VO ETA CT CP HP CC
VT ETA NET CT NET

2 2.4881 451.40 0801 o0370 .1149 17o528 .0
586o63 o801 .0370

3 2,2388 451o40 o922 .1017 .2467 51o505 .0
63105 0922 .1017

4 2,0341 451.40 .931 .1524 o3328 92.388 .0
716.20 .931 .1524

5 1,8628 451.40 .903 .1843 .3800 136.944 .0
'i.41,31 o903 .1843.

6 1.7178 451,40 s873 o2071 .4073 186.602 .0
846o42 .873 .2071

7 1.5930 451o40 .833 92416 o4620 264.399 .0
911o53 o833 .2416

8 1.4840 451.40 .770 .2751 .5300 3739473 .0
977.03 .770 .2751

III-27

.. . . . . t tt -.. ... .



F331012-1

IL4
Ix

0%F) F

z

n WIn .4 W4
0 >0 .40 40

(A (o in C.4 0PF) I,* .4Oh cmV 4 In 0.F)cu 0 W 40 W45 In m)II I 0 W4 .4 .

F) 0%. (V
4 0 If w4F OIn tChInlx x ft W4 W4W W It o cm

CL t 0 C W4
o IL IL W4.W4 015 In cmin

Urt) F) V4 .
0 Oc*15

CY( P- 4 cIU 4 cc r- a0 . -. 0
0c UO or C4 ) 1) V

000. (V

~J cc At * U U
IX V) w1 of4r W4 If) 0'* 4)*

tn U) 00 aln 15W) . 4CD in #A W4 W4
P.- w d w
LL L%. Q L 0 a: o~

V. ) U) .j t-s 0. Owi CD 0. CL Wi 0.4 aIn W4 into IL > In) a .4

Id 0 #1 - 0 0 U-.1 4 V0 0 Id * 4in F) on %a J 0s4 '04 041 In OF)lt) 04 in

>~ w

I'0 0% .
U)~~~W 00Ln- 4 .

.0 4 in)In % .
Ill 0 cc Won415

.4 0 (mI

CV4 0

IV-I



F331012-1

Co. 
W4i

"4"

tAwI r.-
II ~* N*

< CM

inI' L

o n Ix 
'-u

0n C IoU -4O aN .

0n z (m
4.,~L t-InN

-44

C) 0..(.

L. a..

-~K V u 4 - L j F *- (
C) in94 0 -4 4

w U f. .)' '

.L ~ LL

a. . -4 v-4~

X LLS X. C:) :eF

in C~ .. CA.

(IV-



W4*

-1 .4

o v c In

U) WIn %0i

c co t N

oA in . ')4

M) V)W, W

:7* ccv
4 3 II ~ -w4 4 N

1-' 0

44

3i L IA. P,) * -
D) Li Zk -14

T 
'0 a%- C

- ~) ~** 9 C.- w It.') U) * 'J

:fI INS N4 %a gJ 1-

L-4 LiL ..

Z *" L) r-

1. 0 94 -

~CI 3 I)
9.91~ .94 r4S

L0J

LL A U. ,3 4

IV-34



F331012-1,

(L W4

z 4

> J-

.- ' CL c
*D fal IAJ U' i

IIIn

a. LL It. If4 M. P

II C t0 4 .

> U "O 01. 0.
0t II ci ( '0
w' a:. WcItui A

A. II.l0 *

lm 4,1 rq LAV'10.0 0 N '

LIn 0 .4 -4

C .-e

- ) r.(L C U) 0 . -6 .

_o a 0.
14 I t 4 W..

i:: .~ U. LLO . ~ . 0 *

Li 0. 0L b

.10. -. -4 o4 0

U.- .l. C' 4 4 .-
'00

'1 3:v-4



F331012-1

W4

6a W4 W4 . a
4 C .4

-4 i

0~~c 404-L4 5

0 If 0.4 nw '4

a. a.I C4L.0

L; * 0

Z)a . .CCV 0 'q 4

0j II M 0* ~x- 11 C 4 '

z 04 V)1 
"04 '

x: w x Lz

-. ~~~ a. 0' a.'0 C.

C' Q 0. N



F331 012-1

Cb

II 4 w4
z u

0 ~ 0 W4. *
AuD 4 .44 cu

0. Jn W4W

tI3 cun 0. Q .-* 0 -* W4w V4* tvJ
to . - w4 W

V- 0% -4~* C4

4 WI

oU tc (Y 400
In W4 W4 W4

a CDI)

4 C V4
0 I- CL1- *.1f ) 0 i

Ln If Ui w4 0 '4oA Ln W %a *. C'

>- '4 V4~ 14 14

W. 0 . cc' U* U0.LA. C0 t-~. .o 14 ) W) P- 41Ld M (.. CL LLI 0*,04

u- K 4

If If "
LL L 61 '.0 '4

LL L L.. z0% a
Z -C 04 0 "

LA 0 L

.0 %D "q~ i*

.IN II

N . 0. q- .

.. i; :L 'A

0> 00.. 00..

IV-6



F331012-1

rN i-ni

. 4 I-- cu -t

Z

w I
0

.1" to • • u

4.

o OD CL %- V -

oC ho I -.
cu- 4 0 i -

It -E 4

F" ..I ! ) 0 *

I o w094.*

0 1 .4I 1 .4U" 6 -

4 C-- -4 "

" -

00 0 0 aL.0
w ( i aL) e )

OD) 0l U.1 SOIi w. f u

Let Ln 0

a. -'4a

0' F
, C. L Z)* 3* %

Q9 LL .4 'A4

I vl

.00
LL LL

k0

- '-r U..

.4 ~ 4 .jt.4

x .) I- i

~- J .. IV-



F331012-1 q

cr V4

(M1

o CV

tL '41) tv 4

m W4

11% W)'4 t

tal 4CV / 4 '4

C U) IL
Iin

94 in 0 0 tO

o cu ,cu).0

4W

o ~ ~ ~ c IL L. -401)

0 (L

4~L 4-i -~ a

0 0 0 0 0.

W N)

" ") I- %v.~ a t U4
0. a. > ) ~ C '

(A- 44 4

J~~4 -4 ', *

U Z ~- 4 ~.tIVI-



F331012-1
IL)

a'r

SL 04 Ci t
II -4

o3 w0 04n0

&0 .4 V4V 4 -. 4

* 0 a' in

w- W 0 in
In *

U.) OU. Jo4C40

t- = 0 - -t
W4 r- 0-i

4o w
ft: at 0 0

w4 X a.L -
Ln.- In _j -

LAO 0. fl. w 4. O.Tt -tr
1., > ' -o -j

LUa

LA o V4. 0

w ~~~ w. I ~ Izr .4 ~ J)>

U') LI U II I i -)



~r0
F331012-1

V4

.4
,,O - r- •
o CIL to N

D W4

> e 4D D I o- ,O -
U,) Wit) 0

w - W4 .4 .4
U U . N ,

CUI CU CD in) .i)
(v to "4 . u o

S 0 . ,,

Iin '0 cu'

I- Wq 0'
Lt) '. -14

S W W '.4 WI 4 ,4

< 0

Wr CIL N

a U.L 4h 0 N
X U- ' . '-4

0 - L I. .- U IJ - 3* o1 N-*10

S"4 II A.i4

zL a.~U) o 0LU "n 0 a, L L
-,LL L) P", . -, "

0 CL >- . i .,4 . - ,-

' ,0 -D Z5 o2 z' lv-4

LL -Z "h

Li' 1 CL o n. .

I-r-10



F331012-1
W4

i. .4*
.4

in U
o 0'

t0 &- 0 6

Cl 4 V4 '-4
z uu

>00

0 L 0. V4 o c
*n Cu-t0

0 o C 0. IN.0 )

V4 o0-%*.4 .

%D *n & CuIn CL 0l

.- I '..
0U Li LnP

S I

or LO CO'4O * (3
0. r,. a. NUcW4:

LA 41 in

x CL.4 IIIL

LL z) .4

In V4 ~ ~ 4 P4

.4 L '3 ' 0. 0' 3

0 ~ ~ % W4 x. i C' *

t- I
'-4 I- ~14 0 3' i

CA 0 CL o. a .

C ~) Z '0 .- *



F331012-

W.4

00

U. 4 -4c

n W4

Al Nu :0')

0 .4. n.

ii 4 In 04 .o - L U) M 

N Al tf f.a )
to 0 W 4 '4 CI

L Li x a4NIILI F ris Ul '4

46 I- 0 4

0 UL. W4 ~ 0* N en

C. 0~ a. n~

n ~ p-W
0 .4 W4- CL

Lii X. cr- %* 0
m &4 (v 0 n Ok 0..o- al 0% )

4 -L l tA U I0 i - I

LU Oc a.2 u ' 0 3
CL Li LL~

r. 'I U)M
m CL 0. w o n : 0 .41

Li. > r7- 4. W4 4

7.4
ui I- 7' _j % -3

4 '4 ~J * ..I

$4 fm 00 0* V4*

IA 0 L

U. Q37
U) Cv V4 0* '

a. it z0

LL UL 'A I 1
'.4 0 4 0J Aj

Lii. 0* 0T .

a. ii . ~I.-12



Cho
F331012-1

CL

0~ ~ >.' u

go In cu

* Ni W 4 0
0 0n N 4% 41)

tie Wf 4 %a

(Y '4 0 11, n 0

' 0 II.40 oil) CU ;t
Ti LO) N

a. CO 0 .4 0

o %LIL.-4O 4l
a. (D o

ld

LI f- ( LO (v

o 0Li CL CU

UP)~ II 4. c

tL C 'a.
n. Id 0 U') * -W 0
U. >)U . o .~

C3 In-

P-4 N) t.- N ) -4

>~ -U) 1.1.-
z -4

r.1 N 4 .4 Ulf
N 0% a

0 ~ ~ ~ ~ ~ j AJ.~- ~ i

* *

'.4 04 -'13



F331012-1 ..

CC

in ILI P-

ILI W4 W4
0 U

o 0 .

0l 4N'* N

00 w. Ix) a

0I W -4 It
wn * ,4

a1 W 4 Ot 17
iLj hi 0% 0

X1 If C1. L)
w~ ON 0' ,

M LA. Li. n4 0* 'd

x. a. LL0.Lc.
Sn V) V -. 1 0l js, T

w In 0' rL ce 0- I. It
(Jd > V-Il~ 4 ! O t N

0 0 -4 in
'41 W4 :t L4

4~ f -4 i- -i o * V4
I- 0- CL > -V~ U 4 V4

Z U) - I- * i4

A. ' 4 '4

x U . Lk. 0 U-(
6-6 " w 00' 0* .i~f

a.L > Z0 C)0 0 (

1-a 0* 0* '44



F331012-1 ,. K
o aD S0l
',o I- 'sI. -, 15

L. ,,.4 Nt 4I .
.II -,, -,,

z u 0L 04 CM -

LJ J 2 i. In

o 0 >. 0 .4 **,
0 40 r)f .4* o V*II I U. In
Q 0. CL 0%

I, :t In V
* 0 a' .. .0 r,-

-t 0 0D A).
I
=  

0I 01 In0 tII -4 t V l 0

.- &- I *00 LfV
ItV444 N4

to an a

a. . & - .&4o LL. La. -40' 0,

Lf tl i- *, .
M.. (.D ,. .J . . ,

wco 0o z

0-,: ,,, ,V0 4t+ r (L-- . ,
<- CL II

x '4 '4 4 0 .'

O v 40 , 94 ,-4 ,-

0 , -'. ) 0• LOI4
.5 V U " It .46 .4

0 C l Ci. U'cr

uII L) I-

:L CL LU. 0) 0. c .. *

4- .- 4 .1 U! '4 ".4 4

U r 0 ' r • .0 I

o 4') I) 4A) J r- L)e
U cf 0. 0., uj ON 0* t~

LA.+

In i n N

A a -t 0 ;- 0
z. 04 -i 4 0z

<1 it InIt

L* cli4 .

I -L r-
A N- 000 *

ItI

:.'e- 4 4t0

C'LL 1A U. 0l

N~ .4 , .o 4 W
cc w xX

15



F331019-1

at W4

W4

V)'C 0 U

IfI D 4 *

z u
>* W4 & *

in WI 4 U)N

Ii 4 v4 W4

0 U) I

o 0 0 0 I
0% 0v cm in0 '40 (Vin

II 0.0 Lo ' -It

w V4 0 In co
U) £U

0 U. L 4 It F)

a.. a'tN

44 0-

InN W4

4 V4 Led'

C-Li LL * 40 D0*
!el 0 .0l _fl P- * . .

I, J co CL ML0. 0Q
U. >

U)) 7 a. nI d U £~~~~~- N )U ~ . ~ ' . O

~~~L U.I-I *
U. 7mt :T14

ZU 04 P. infl c

F- LL ~F . t
t . >4 N "

It
F) * *

*~ ~ Xa xa

iv-1



F331012-1

U. cu*

% 0 c U)
fo >- 0i V40-*
M L W4 4 Wv*

0 ii W

'.9 doi 0 0 0

(9 40.4 CI

InIn
o~"J In.0 ~U

*4; 0w 0

3- 0 toI
Iw i)n ~i

I- ~ as *o W4
4~~ V0 II.0 *

cc 4A - W4 i
CL tD (A 4i *

>n V4 to

0 in LA r- C I V

S - 4 . I t 0 Ll 04 N

w x x3 C40 'A
-1 (/) wi u WI& 4 Id co F

co a: N ' krn M' cr 0.
I-~ 4-~ . . A W4 4X n 1-- '

Lu cr C U- In 0)

; a. IL 0 Y N C.L .0 le 0) Ln. 0. :.. n.
LU a. C. wi cN Q.* .4

LL. > F.- .4 .4 .

u-Il Q 0 )
.il ill %D I.

Lii '43- 0 0 i0
-z '4 0 ~I 3 0 C
a4;- '4 1. '4 '04 V4

CL >L v4F

LA. Fn 4.$)
Z ii .40V40 04*

f- "4 v

4 P43

CL V . 4 4

0 0 (L

IU)l



F331012-1.

ItI~

W4

4C in tU)

Inm 11CM In.Li.~~C .4f C
<I 

li 4a:

Ci 4/ i. U)'
> co c l z c u -tD <- C) C) -4 9~01 0i (M CL w .- Lf

cc .4 .4

-j Li J4/
<I-. =a wi,

o L U. - .0 ~ '

t-4 V.--4 '-
> V-4

I" I-4 -4 -

oL c, tz~.

X x zec~I ~ 4.) II * 14>

I-.- I Z -~ IV-18f



F331012-1

0. 1% in *

o A w' ccco
o 0 4 0

'0 D- N. C3W4 nSc

a . .4* U.
40 .4 .4inc

cm %D CD0 "4.
0D n W4 o v4* 4 Y

I~l .J )W4 .4

w In c
*q * 0 (M

Fc 0 11 r4%0 04 (44J
I.- m inW-

w w n 0 

4L 0j II0 0C N
0i LaJ U. 0 a(V

I- (M 4 0 4
0. a. cu 4

W. (90 q- ON
x % 0 0 

0) F) ko C I
Iw ft 04 1-4 .- 0

04 U)04N
oD in w) 0

N In (A 0'. 0 x . 0

. 4 In in Q4 .4

mx CL 0. (U m C r- 0
IT C U. 0 10 0. 7' o0 W') 0) 0f _j r- 0 0

M9 I. > in ..j .q W4
r'- P4V

4 0 in in 0 In-
J 4 0 *D 14 0% f- - cu

.0 u ") (.J 0a 4 7'*
In OF z 00 0* -It

(Y II J4I

* L. U. co fl- 0o
u. z - 07' 0a 0
Z U4 Nt I

7'- 5 a. W4 V4 o )

50 ~LA '4 W4

w.4 *

04 0' *a
0I. 0 rA ot V4A

C N1 '4. '4. -

M- 01' t: L;
* W4

m9 w c a
*. C C

.4 '1h 1I9



F331012-1 U

W4
cc4W

%o u

I 4 'Y4

Z~ Li

DJ 40 C*4 '4
( n iL '

in

cii * W41' 04* CN
WI0 s4 0 4 4

I-. . 0 u

of "4 0' V

IrI

o~ 0 0
0in cui 0%o '4

o < L LAo '4' 0 N
an 0 4 cc-- t

0. 00.

o a Ln V4 0

V4 11-
0: N ) * -

... in ud U II0 N IA '

w xn 1/. 0. fr. V)

- X/ C, L 0' k1 04 co

eft~ . (I n. n ' V4
ZL 0.. VA. V 4 L 0'

u! -D j 0 r- ..
0 Z cc

> 00 N OO *

'4 4

%0 LL. irL to ) 10

in~ 00 .4 '4 t'
U V4

'.0 n

U)00 N C00*'41

0.0 0' '4 0



F331012-1

-44

%o I- N. In)

U) tW'.O 0% 4D

hi 4i W4 '

A U) U).

of C 0 W4 -4 4.

Li Nu Ncm
of ) U4 0 (

S0 It "4 co* N 4
t- m 0 W- .

.j x
itF) W4 cu

hi% 0' V)

t: W) 4 .4 '.4

hi4~ I %D V) W4 IL .
>0 I- I 9l CL * ODcm n

crIL

Ld x cc U) 0' o '
~~~~~ -- h 0 D* 4

V) In .- I .4 U)--.
w nI I- Nu i

i Ix EL cc o
X . L 0 t- CL co c

o IN) Ill I) .. r I) 0.
hi CL M. W. od z -K

LL > .4 V 4 4

w ~ .0 1- z 0 go

4~ ~~I 0 ) 0-4 0 4

4c N

9- -4 I

OD LL. 0L ( 0'

V in0 .j 4 zt

I V4

W4 (14 in

CY V4. 0o 0) :r Al

IL 0. 0 4v4 V4T

CL I 4 N- Wf)

XE

0 0 C 00a

IV-21



F331012-1 In
p.-

InI
s I- CWe I

U. .4* cm.-

w I

0 >. w4* 0

Li 4 4 W4

"Z IflJ.F

Uin
0 .4 :%. U- O

.4 0 - Inou V 4 in. to 0)00 4 W4 iI W4* u c*

0- If0~ *- -' .4

* 0 * F (%1
rr I- ee,4)

Li ~ i N* 0 '

F)1Ij II N I- p-
cc .)' 4

ac
a. C .o W ,

c -" . +-0 n 40

O- I~ IL .4F 0* N

C.. F)U J r..L)• e

i n"
C.

1..w I.- I- CI--I-- N " - '0 , I. I.- p
0 in J O •-t gr * .

V) 1- CY V) l -4" --qr

) 1- 11-

0 U) Q. '.) 'o o 4• ,-e• F

I z
w I '4 NL In - -

LL in C I- ) i

I- W Z 1" Li

1i C.. ..- 0

c. o in . 0 P 4IT

,. -'4 9- 4 .-4

Li F)-4
VI 0 CL ' .- 0 - L

V) 4t4
fr I In

T:.
1- 4 11 .

> 0

IV-2-



F331 012-1 77
C2C

W4 W

o . 0- tn u 0

of '-4 W4

z
0 4 . 4

aIn -anL.

C) t-. i o 0

0 0% 0 'm

II C. 11 r0 04 W4

I I- in(.3tJ ' '

CL * .4 *4
U. L) W4 0 u

V) in)

0~ L0. P

it f% 4 0% r-> W1 4 0'. cm 0. .. t-

ix W 4 In In) IL W4 04
00 a 4 a. F)V4 N I.w ) w *w tr- in a a00

I.~ - - M wi In D 0 * W4

SI.0 f% CLo0 W _j Pi 0 I.Ww~ ff I. CL w1 tD co
IA. > * j 4 .

OD3 w0 0'D r 4Ia) r) "4' 0 '0

> 04 '0 Z 0 *.4

F, *

4o In CY
0% hi 0% C

I (

U) C
U. cu * i

iL ) U
M W " u

0> iu. 091.

__________ IV-3



F331012-1
C-L

001

LIn
afl ,,.. I'€- af! l

If 
m ..

t. r- in,4•

L.4 ,4 '4L.  • .)
o n u ~ 4

W3 N In In to0

o ) o • '* U' 1- V,

U-9 (d m, 0",

a. CU e .4 *
0 IU. it. ,-C-Yo'

U) 4.

C). 0& N
n . II 04 i~

4 .4 - ,4

LU W' r- W-
0 P) IL 9

D. I.D w 4

o a L i U) * 4X'U * (l

- - V) U r- .

o0- F aZ

w 0' C) m (V C

4 ) LUL 934 e. U) ,.4 r-: i,,t ,

P U) U.) 0i '. , cc ,.
~ b1 K1 L-) 0* .44
N U) 0, F' ,,, .j

X ) I- 4. U) .4I

n .-Z 0
o w4

in 0. zL 0 0 7-

W4 I-D 4 ~ 9

't, z0 z 0

ZU P4 F)0-.40 ~
'() 0 CL >~I

u l 0' 1' 04.
a) 0Z 0 0. .4

0' P4 N

U)> 0' CUV 0 w4

* a. FIV4.4 4



F331012-1 -

o ,4 '0
' I- (V * In.

LL in4il .

iid -- .4 ,.

In lu.l) 1 1

• >.- ,,-, 4*
=1" D 4,-If,-LQ 1*1
II5 .3, { I) ..4 ,.4

o q CV. o %

It 0 t -4

II I- .4
SIn LL

I-'.E S I - 1N 10,
bJ 0 0F).o r.. N.=> ' . t. 0 II ,.4F)1 c,.'af l 1

0 r ' ,'- I In 0)0

" " I
. ! 0

W- 10 ( H CI,- ,.

C- n 0e 04.

o , I . In o.. O. . ( ..

,U)0 Z 0 i-,i :

V. I II Il X

.- 0 ;- . :. .0. , I-

- C I Li . ,.* .1, ,.4)'~ C F

.4I U) 0in '- 4 ,4

o i -v P.

I! "n

W. 1,..-4 0

n"U IlU I. IbJ ' ,Z

a. C 1. 0".
0 L -/) 0 -t

6-li) ND4 i

Li..o In4.4 '

< cf 4 ) 0 L W

J n l &' tn W-

1- 0 ILI 0* 0* -4*V
- in in*' 6 - 0

xa In (0
a . v-4 r

0) 0) 0a, ).4

0 c

I 0% - 4 .

F))

n0-4 4I ., 10 n

CL > inW

04 0. :t -4

I> C... 4

IV-25



F331012-1

o Ok

c~ a. -r 0

P- v4 CI W' 0' 0

Sal 0 W4 '4 0

I4n

* 00 0' K)
* 0 0 4%0 '4* NUid

IIJ 0 04

I- M 0 %
M2 *I OD 0
0- 0L U- 4o * N

> 4 La A( V)0C0
10- N 0' & -0 # k04 C ~
4-Z C. i-

0 (L

w. 0' F- '4 0
i0 *l I n 0'A

P.- Li 0' z b 4 F w*U * (J
U)x M 0 0 ) W4Y rt NL Q. *r

0) in % U) in t 0

(0 In'4 Lw FrI) U) 0 . . '
U) 0 if) 0' a) ~
cx: in J 4)

~~~ it A 0 C. 0~0

(0Li 0 w I '

Ln 0 In > *

Iii * r-I- If 0) *

-J~C r- w1 VI 4
04 1% r.) I 0 .~

14~~ V4 '40 0~'
in Q0

IL It z W

'4 ii 0 0

o L. Laz U) 2
LA. Z Z*. f).'>

g~ 14 4 ~ 0 fV-26I



F331012-1 CII i4

IL ",ILI in

W4 -4 to' 1:4J

w at 4 W

BL. &n4

' _.4 

AN. W4 in

It a" CD W4 W4
SiL. .440 Nd c-44

x- W

C' oIt) o 4 *

0 >0 W4* coI c f

I- W )b~

>.I I 0 4,ui 1.

,h" .1 0.'I. .

fu C! Itn

4~ U) L

* 0 I .4 .

in wD .r- w O CI

(, .4 •) ( ta
1-100 w .. .4 0 4

V) 0 V 0 '-. -

I-. 0 P-

in' In (A . C.
- (L w -% ,,

Wi QD 0

_jl 0 an jz V 0 40 C i

0. Li. * 4
oL . L fn0 0 0 %'JV)

0) C .

'hin

0 In0 ' '
hA 40 (m W... .

(~i) 0 . . 4 .4

SIL It z hi 04 * 4

U)L 0 a ~ .4

~ U) - 1-2 U



co 1

a Io 0 '0 I
itn

Op.C (PI n
I* I*nt

w 4 J In')
U U)t 0 V

0 cc. $0

o in * Q
in 40W

f Q0 in) w0 0

I-0 0

If 04 II4 ** %O

a. C p .

0 . LL cv
hi W4 W4 p
ILL L..4)0 0 0

0 * ' '4 %0
w dc OD t 0 4 po '

'4 i) I- . A. '4 's

w x a: ) in) 04
-j ) wi v. of w tO hi In)

4A U) 0. IX 0 0 0
p.~ w 0p - D t V4

0. w z Id
Wi I 0. Qu lo W, cu

I.0 O IL '0 If)
W U)i in .J p.. In) 0 G

Ia w 0.m 0. hi op* 04*i
to I In) j .4

w p- al P.
* In C% 0 0 W4 OD

.4~u a. 14*W - %.0 f
U0 a% z~ a* & IV

LL In At

'4 hiL

z u

in 010.4 * in

'0 p. 0

L (IP 00' At

or I. n hi

IV-28



F331012-1

CD 0W .4 to-4I"

0t IA U. ID.

IuWL& I D .4i10 0

10 w- cm

hi W1F 4 V4
In C;

In. ~ 0 r- ,

100 01 tm 000 1

tI 04* 4 W4

IL 0 W4

IL U- in (V1

in In II C4 il
>- q4 a4

3- 04 In IL
0. Nc 1" 10. W

J wL It. n11 ILI cc*
nn lo a in Vo

wF) At U1 N4 W

V) P- In cc 0. .4
w CL, Q' In 1

In in * F

w 0%

b4 I.) in 1-' a In V
0 I L 20 (v I

o-h IL Chi W

OF) 0u .Jf 0*10.
to 0L & ") .J 4

P4 jJ 44 w

4 O)> 0 C* 04

14 * N 14 F)IV--29



I p . I *

I IF331012-1 1

0 I 1 0 to

I'a is-- a,,, l in;j I 16411N

I S -- II 
*

I II

Ig~

, i :

II I C. NO

I ,, Ii.5I I

I In ! c
Joo

I CIO

. , l d ,aoj !ii ,,- .5."-p) o I ,",

o I U

! ,
t-o ;

N .

10 U. 0

itz Wr- a.
1w ~ ~1w

to I 1W r'. 'U, 0 ADI

I.") Ice

ia: I v) i 'a

t~4w1 0V 0  1

00.0.; 1W OW) 0* *

I W'D :0 j ; j q4
iw I AD* * ~ 0 O

la in*;~**~

'I w

Iu I

I*Ila

1 I r r4I

JI I

I I 10 11 IIV-30I



i.'1310 "12-1 I

hf r r  .r- - tl . m w) %f) 4T o.i
> , .-. -.... ~c

>>wOD n 'i

£-) Oil ) . I Iir
If0 i0ON ) -4 . .. . L'. 111, -

t. t41o ) -,D II, O -- PA ID> 0% M )I- (m wJ > >I 4 -,- r-

N.] Ml r 0 1'- "cD I- NO 0 t,,.M>10 0*
0 or. (\I N :- -c

>(' r) V > %w0 0 Uo >- 4a

N < .... < N **.

'.0O 1 In(')j 'c { % -(JI;L;

) *ye) o q CO Mo (- ). r-> 0 04.' I q > " - G >. N III(M N N) r)- 0 W M

CkI CO- U0 0" CC, ( (1) f00(- , I!,-.
>~ ~ ~ U 0 o- a) co C. r" ' 0 I -013" - ,,

0 0 * * 0 t- * *W-' : - U) D 1) 01 (1) N -'wO CG ,0 I'_ a > 0 4 0 > r- () ) W 0I > a) -

- U I-...... I- CeU - C .

J U Q 01 u 11-4 o 0. r- '.OK CU > . ,.U; ,IC I Ci.J•'J('..J£90 o • . e.'J9 . • 0b! D ( 0 , 0 ( ., ,) -. a , O0 > - tf) 0 0 \> COO C) co I -> v N . m ' PT P W (' ( U

-, - nUr N (1r ,j >C)q t- -- _ It r' ,

o 0 l ut (\ 4'. \09eW')q - C, M V).CI

0 W > 0 0 r r 0 1"_j C) Ui. 0 C-1 ( 1. I C) rot ..- L. 0 - r

D. 1,I- .--,0 0 Q (1 ) l i z >- -[) 14 0I V)

, 0 0 0 W() J() ) 0 NJ ( ) 0 (\I

I- 0-J U)••• . I U' . r

I z
V) 11 01 M )o -- c'l'.D rq r -U. \U 0 N q M V 1 .9 C o,(nr CUI 0 Lii 0 ... . %D L0 ., 0 . * ,

0> N t- M" -, -,: >- 0- In ,- "r > 4* (\I Qlu

c 0 r'. C), 0" I .- NNMT r) n (-

0 >£l N(9 0 ,- - tl e0 . ' ( ,O

, Oc c" cV, z 0 N

r £) (1 V) C 0 Is r- C -, C(
>~ r- (1) 10 0.( >I 0I O U ID >.4 (I 1' \ 1)

tj %0 ID %0 qE I- M"O ll ' 0 -r) O 0 0 0 0 . 0 0 0' 0 C

0 ' I *l *D ,. r- . C'I . f . I. . C ' U) ,, l

0~ >0 C r ONN Cw 0404Q) C) 04Q 0 I

> ' N t- q - -O X >.- - '4- >. Z I'- Cr q

('W N m 41 O. (1) 4 F_ (\

Q III I 0 I 0

V 0- a0 o- ,

o- M 4n0cr- r , - 4U) 0> -Q

C 0. 00 C. C) (L 000



F33i 012-1
((U4 co'~ "JM LOt-oI

-N (n A:W 400mN 4600 if)00.

> N 0 m NpN ~ CQ %0-
N " (U () -NNEM'()

tO 4 UO% )(\ o(
> I D D0 >~t - N0 00ti 0. *4 >s r-o (1

0\O f#- 0 m co'O \o 0

I' 0 ) * 0 000 (c44~

0 1 1r O 0 Wt- c'(j 0Lr,.-
< W 0 0 0 * < N .- a * * . ~ '

Wi - - -in ~ %0- - u - NW
-P 0 .4 r

C- Nh 9-, 0t-. 0' %0 if) *)o I 0 k .
W~-a M- n. I--OO' C. cO(I ~ i.er "j)>)-9- 0 0 ~ -NN I 0 0 6

ILI I--- %0 r-i0C' -y ((J oo CN O -, - N I O->4 0) o\ U -- N 0. >a,0I t-- \(J 0U - L > o-t

ci o W N 0 Ct
C4 0S 0\O' kor lA0-o0r-
> m Lu %0 Cu ~o o N . . m.. -r-

>- u >-Z > ~ rZ >N 'a C ~ O
0: u u -- \N M)-- c J ~ (. J0 - C (

(.9 -Cin~ U) O\~~C C NtU I" i.t
(.9 0 (SI N0 w . i L . * * * * . *i 0 a) * c
(n IIIjc~ 0 CW co - ac r? coU) C~r)~

C) LLi(h C(),, z O.Nn -N
I)0 C. 0 - ~ ~ ~ c

I r t- N- (yC\ -oV r
('4 0, CO C N 't -C'A ' cc al

aI CCNtc fI '(0 Cq N~Cj ' II Hol M r v)

>' a)) (\ c,> (1 .l ( \

(o C ) 0e N 0 N- >' c4 -I 4 4 6 04o '~

O e~~fo)0 N-~N~- C'N M .. CV W 0e
o a o. . *\ o r4 -S.. n co ' o qN >r ocl' C %f-1A i'-roi c c0(~

- M -AU * 9 o o rs-
uUq 0 CO -r.0o \0 Ct 0) If

U. V.2. U!10

J., > q, c co



lif 'L) 'L) Ld' It C 00

cm -40)o 4>f-O0

uoor ~r) -4t~ >- 0 o '0 r
-U) r~cuYrvP)m

>4 oF NO r

IfA 42UIOD f0o0 0 Q C C) 10 -1r)c0 *. 0e . 0 (' N * < (j 0 ... 0

N'0U -N-ifo
%0 > 01 r-4 -' >f >l'r0\ Nf t-a ) o0

C) o'CJ-o o.0 'o0 4(')0 0
Z )4 o F 000N0)in Z - () Z m (o m~wi >- a. >uN4 0. C >U to > w ntm1 L (M ( (M \jto(1

a > 02 w f 0 f
> N O'400N N U. u YN 1

a. u

.4 0 i W - 4 0% lO'P
a) Id > 0 . . * - * 0S< 0 L o r'0!)r IL 0 0 LL 0 o ooSF- -z >oJ'. 0 Tc TZ > U) z > I- co0 \o Id 0 Aj(M\Jq.N'4\J 0 LP, 0 ()r 1 ety .4 U U U

C, \0 U) () CO N, - '),

> ) 0 O020 IN, 1J4 *0 0- C) 0 (1) ,)40 > > > r- to>Q
(f 0 c., 0 cl 1mrU) c

0 -' t-O 00 o- WCl - ODo0 f, 0 4)c 1,1
4 0 a 0 o1 f 0 0 * 0 6

>i 0 0'nI'Jr- > r >~t II r-- In
(4 ('4 NC N' U) (Y 4

Nc 'Ct-O'- 0 < 0,10
Id 0'0U)'L)N' I OUf) W NOI > 0cMyftod I to,4 1 >r-)'

C -4) c. C)
C) 060 o o * '-

II > '('J It If f 1f )0 > lQ%
N (% N N

a. o 0 o C 00()
t o 0n ac t \0 nOC)01

m 4UOt4 U) U) If)

V-3



Fo'v ° 
I"-n o M

Ur 0 M, 0, J -> • • • > O> • e
>0q 4 . 0 0 00.
S in >t-O .- >
In m i IfU wn • •)

- (U- 9 (IV- (r J(,-. otq

,( ' • f • O t' q • O q < 'u •

oM 'MC IJpia
1 - )0.000,I I- 1r) eo U. ' ) 0'J 00.. ~~ ~I 6-1 - 0• I 0 • 0 . 0 -in

\ ~ ~ C 0% ,-- CDO " O .- 0 CO n ,',O

r -' ,') O. > > ) - OD to
0) %0 CD000 In -1-) 0ro-

M (0 a 0 I * o * O, • o 0 -0In 0 0 V '0 0 0r ,O-t%

> > I" if) 0 t > f- 00 Jo r >r ON - q
%0f~fUI co (04't a

cl 0% M (9 M M %01 N Io o t. oh

U 9 - 4O ( tf I0- C~("0If) I- CO O)

I 10 r- U j Z >h OD 0 N 0' o, r

In In) I
U 0 Aj t o N hi t.• • oC IV, t 0 N co

wi - - 4T.-O O\ - 0 4 NN

M> 0 0 0. 0o,1 o3 000 0f .,1 ,- ',O

W. - - >Il0 -U0 0 z z4' - CNI

O, > i("n Iio, o w > 0,' Q, 0C,-- I

In I n If I I to 0 ) 4 () (q,

:i.r I COc

a u
CL 0

)d 4 O\ LO-o 4 p
w

0 .- L 0 00 0 0 009.- h l- Z > Onor-u> 0, N0 Z >- O, Co bd 0 ) lin to f ) 0, 0 4T h T 0 - (% Nix .j L) o ux z

-0 \- -N EdID \0-U Ed m 4W

) \0 C0 , 0 - - C, 0 0 0 13
0 0 0 0 aa %0 a * 00 . O> D 0 0 fl w0 4 0 0 0 if) 0 00*

\ 0 N MtC\N O 0

i -I
P- q. < ODN IC- - %D (9

W~~~~~: 0 tw04 -N W0 0o



.. . 1 2 -- i

r.• e 1h eJIf)
q) l* ' >00. >000- ,~.

19.df4 Ui(lJq
A~ 0 a0 > * In 0.

ii

f- • y • l 
OD 

O 
CDT,•

&f Z ' rin,*- e,- *o

NN 0 .,In 0 V) 009, I

> • o c 4 m r > pko

I-.- ~ ~ (1 I(WP ) mr' () itq 0 " P) ,_

q0 ing 4%4
0 0 co o c i

" i') Oo U3O ' * ", p3€,,el'

CU -0 O 0'-, 00 o> o -q > F 4C 10 > q if?

V ( 9 V) ** ( 4. PJ c

- >0.4f)q > (')' >- ) )'

W D 0

nI'- % 0 : M.. in00 0

w~ ~~~ ,- IN (V)qg a 4 noar>,

" 1 4 e ) r M M ') I

(W Pi #- C) - (1
IL (1)r -0 0U 4 '0 M Pi 71)%

I 1 -L 0o o0q.. I 00.0-&..8om o 0o l'

r. in4 4 O
c1% W 0' "0 0 * a

40 I O DNU in 0 'I 11) C\. 0O4T 'p I> >Jp(U 4tt >'O- Zf 0f > W 4 V)> o u) V) () 0c ' 4 0 r(X u

IL , E L 0 0 0 0I l 0 . o .
Ul> t- f' o0ot 0 *~~o o~j

o0. r~) t- U-
0) w Y 0 0 44) r

(v U) .

0 a r) co r) C\
(n 0 f'0'g (1 O(W) 1% or0r

4') M CD t-40 4 4
In' Ino 1)4Tr

inm4 4 N04 41t'0

L~~O CC)'Ii~' %D t- Ii -C U

> N0I'3' m > 0r-u I >

or f- i0 0 3Do C)CD ( 4 ') M0 0 P-O
M Co.. 0000oI -l 0 a0 .

3E .4 L 03E O 0 v-O' 0 N
000 0 in 0 00 coo if)

M.00 0100 0 n00 0 G\4' Inooto 4 In~ 00 It) 4jr if)

Z I(\CjC'm 4w i-C(l')M Z 0-~g



qocl C. 0

- 0%i I)a
0,) 0 4 .

4D 9'-0 4 f'-.

f- (U 91' (10%e

q- lobt P

0.) IV-a-V
m 0 1 U.

0 N

16- 0

J ~~ ( 0 W M 0 0

J ~ 9 w' 5j 0 20 * 0 '0

-1 W (0600D

>- 401, C 0OD

0~~~A > .1- 0t

o t4

40 In n r-4



F331012-61

to 0Y u iPW40 Alf .04 -0
kil c0 - 0 0 P-0 w.0. 0 0 e r-W40

a. C ONNLI CL M 0 a 0a 0

toU 0 %a o in4 W inU i01* r- cl%

0% >LL *4)~0f in C1* I%- Q Al %N
0 CL O'0 0 0 0 0 tA . 0 0 4~p

o U) CNUo) C nC -1A
0 N %V%00 0 W4 4tV0al
0~ NO. 0.U W4eoU N . 0

in 2 W 0., In.** in t 0 o 0 ******
At CL (L W.4 * & 0 N m.44.44.

a: MI 4 0 Mi 00
v0 -0 4 940v4 -o 0 04 v4 0.4 v.4 w4 P

0 W44 MV.4 .40 cm 0 1-0 0 .4 .4NN
N. f- CL 0tfl 9 * ee * %. 11 V- CL w 0 0 0 0

W4 W49 4V4V 4V- 4W
(K Z U. 1- Z L

wi 0. -4.W40 0 00 wi C. O'o a4N
X, I- 10 1- P-Pf-r-r- 1- 0 r- P

Lf 1 L 1-L 1- U. I-Li
(D t 0 (D 0 a

1- 4c 0. 0i 0. r 4 - %
It CL 0. N 0 p-V)V" 'N" 0 . * CL0 WO.~ *4
Ii 1 1- * 0 WW 0 0 0 a00 1- 1- 000
J 4o PY * IC CU~AI in0 0 %NO.I-
J C Li 01 *V) W4 W4 1- V.4VN J)
w.0 0: 1i 1 1w S

' 00 .4 .4
Im 0 ci u 11 4 000000 ix Itm 4c 0000000
0. w U) 1-0 -4 0 N * * ) 1- 0 0000.0N

W 0. 4 I- 0 ww se ee . 4 1 0 Li 00i
.j Lim" 0 r% 0 "0

0 Z 1-I-
n- " '.4 33 ILU. W)
0 W) 0. CL W. 0. U) 0.

at IC L L 0.0 0 L U.0.0M
x Lic c W) x c

4 Mf 00 N o 00
a: o 4 000 0D w4 0 00

ND OP- i
V) 4 .4 I

U) Zooc Wi 0000 Ifl Z OOOOOO
W 4 U. U 0000 4 U. u "000000

0. Z4 Z Z 4 00000.0 0ZZ or..
> 40 V4 W14 P-f 0 4 W0 .4 41-4 *W.oo W

L.0 0. V

F') 0
NV ) N In) P4 U)

N "' o NmV) 0
.4 C;.4 0

Z it 1(vp in NUOr- Ism 1- NV* )0 0

VI-'



> L co t- ewolnin > W $0 0 .InInW

o.. 0 0 0 0 In,* *.oe o .nI v00 n00r

~I.OMMOWr0)"t a Al D00V0* m~f
I- C IC1OO. IL 0 ill I-lf*IC

0.I o~ivr- ~u oovt.4In cc

4A w. WC4 4 W4.W4WM.M

ou4 incctvC
o 0-4 C 04 00 (Y a0 0 1. P W4 04 *It- *
*k if) A C * * Ua * 1% 0 1 p- a.W 0ON ' .0 0

in a. 0. in to e oo in in in in1/ *. InW)W0I0i 00if

o I 94.9404 W4.4 W4 04 w4 4 4 4 4 4 W

It Co if4 CM At 0qC1W 4 wa tf
o f( II-fr-%.r -I x-0 4D CD0' O~ F- OD CO .Vc 00 O40

cc 4 L -Ii 04 A 4 Co 0 39 ONA14 0MOMO
w1 1- 0.Z IL p. Y 1 00* l- 94 Z w '0IL

Wi 0. w in m"A I w* .W4 0. * ** '
In at V4. 1- 1- IL I-
0a cot C 0 Ut

at 0 cu14 0000000'**.V of 4c 0 000.00
40. w 0 -0 0 * S 114 Lot 4 D 1- 0 04 0 0 ASel A

w a.1 ,Ll & - a- 0 WW *o.o 1- 0 .4 WW o s 0 0
.44 a - No N0ON-CW0 *Z o "Ww c ro a'

04 3555 LL V)0 f
0 40. W a. *9 W N

W 0o %0 ca co
~ ~ U W 4 0 0 0 1- 94 00 0 0 0

(D CC 0. 4 0 W 0 00 P" co 0 9.I 000 0

0 %0S r-

-1 w4 wD 00 O0 00 0 v- ua000

0P 4 P0 A4 (M A0 9j 0P %D0

I . w4 v4 w4 04 W- w -v -v4

0 U. pq IL ;

M (f) 04
OIL 04OL .

N. CV 0. 0

zz
-1- w4

VI-2



II ka OD510120%1 - 1t

0La. 0 00 0.0.W o* 0
> IL 0%on in IL.

0% 04 a~0 U n i 00 K ~ 4 %0 I 0.4 w in LLi *ffd4 f
. 4 0 . 0 . I . . m V 0 U . . .

I. a . 0V V @ C 0 0 0.

>I I*1-r 0 044444 0 P>- LILL 1; 9; 00 0 ;: -4 0% * 4 0: 00100r
w i NO In %0a~a NOe. In 1& I.1 *0.eee0%*1)o .w 0 WV S~ q40 W 0 f%- P,- Iii 0 W4 6 o< 4 0

W4 a. a.j InC l 0 00
-40 04 94P 4w 444W 4W~I 0 

it i ~ 00 0 0 ~ u ii c o o oNO v 4 *'IfF 04 N*- t-C)N S i 0I~l 0. V 8 0. in** 0. 8 00 w* .e e

Ix _U I-- c z LI I a.l - " %i. 0 . -t YI-c
1.- 10. 0% 0. Ow 0. U) 0.. 0 01 DCO0CW. I. I- w 

. I. -a) 0 -- * co 0 I0 0.4 . 0 r'-P)P) t 0w .- 1- o 0 0 8- 0 * ww 0 0 0Ix (M0 ca 4 8CL I R- -*00400_ (L w 
'001 

P
0 - II 4

L LA. CL 0. U.oo o 
CL (

>4 m'- * 
\to r- 0%0- Ix r- 0 

I-c

0 U 0 0 U)
04 9')

J V4 Q 0 0f D 0 % . 4 LL 
00 

0V 00 Q0
z W L

u 10 u 1 0

CL VI.CL



I P331012-1

I.n 0 ) n 0Ca' D

W40 w 1. Go 0 co atflO 0-W

*00 ~ ~ If *O o 4I) PMW. '4**nC0OW4 I >1* OIF)N"00

od i 0 A
o CN 4 * Al0 ON V4 0 N a 4 F"MomAl z~ 0 Wf. -40000004 * Y z (A P4W4 U %0 , %0 .4,o N C. O.U Ine..... 0 Ny C. ILW acc (L M. 0F* )v~ *) 4 in 0

0 0 1- P4.4.4. Y.4.4.
oL 0 4 O in I LO ) L kntoi Vi

if. 04 W'- W4W * e. .. 04 04 W4 V.W * 4o .V. *WM) z . *LlIfKl~l F) U. I~i~W (L m %.i 0 II co W (L 0000001
1- LL z - W. LL I. Z

a W) W'oF0o0 a 0. '00 40,D0m A I Al 010 Al ~0 Pl.n l L - 0 0 .opN =in I- l' W V 1W 0 0 0 0 0e0 ik.j 0 OW 0 W- I.
0W

cl: ~ ~ L 0.Ku 11 o z f& OI 04 *0* ON" IA* 0 4 t 0 W4P0Ul CL W. I- o -to4# a. In IC 1- 0In-* F0a4 4 0 0 1. P: jleeP. 0 * NO 0 4 0 0 ?-to W (D1 94 w4 v1- 04IV
0. z IL IA f IL00 W 4 CL 0 C ' L in (m 0r C U. CL IL 00 0o o U. (L 4 O Lo

40 ac - C O .*0~~ 1- NO 0~o~o~W N 0 0444'..

u LA. In 
Z It0 n 0. In *. tX C. in C.

-. 0 00 j f F.- W 00or0L CL z 0 e 001 0 * 0 004 *NNMQ W4 4 * 00 U N
F)0 04 0in.4 I &' IL N-

W U4 0 M 0
4n V4 N 1-0M~~ 4 4 ILU(YOoQ

V 4C 4h4 0N~ o ( 'Y 4 .4 0I 0Nz zni0 of. 1 4 0l AOPI 0 f t 4 l 4 4111' In 0 UJ0. (LM



*n in- in P, t 1V0 C CYo
u 0 0 0 %0 

100 *eoae... JLL* cN.4 c in.4 U)0 > . 40 0cP- %00%
LL AS n M w LLa..(

0 a u cy. W il)i in in cy.AS 0) P~ * 0 0 1 ( V U D(U)L 4-0. (A t- a f . a 0 * * * e 0o D 0La >il0v LL co* 04* coC) a.0 Ln 0 0inID 0 W)r-0
Q 0) ad 4np) 4 f

49 0%0 0 0 '00~j~ 
jLm 0 0% MI. 000 0 G 0 0 Kfl4 M M Mq)~OD . ./ x60 in0 "0 N 0. 0.A e . *CYN a- a- y C ( 0 0 0 . 0J~ 'o .4uc.4. CLI 

nf F oW

4C- II '% 00 4r 0 0 4c n aF)in cIn 
0. LO~~ m) 0.I-44o D CL (A 0 0 0 0 e . 0 II

it . CZ iAn 4

0. ad w0. -i nw L 0O %C 4o30 I4- 0 a % 0 %a. %0

4 0 Id 0 1- IL
I0 4c a. 

a c.P4US 0- N. t'- ii 04 " WOO CL " 1.S 4 mOWO 0ooId WW N a 0 a 0s. . 0 0 - 0 LAJ *eeee.a.

N C0 Z4 %0 9-M ( yY(
w Ul N)00
U) 0 m V4 11 0%4 0 00 in -C 00000 tI00 C00 *ya w 0 0 00 0 *0> 9J Id N &ftf IAS P' N CO 4flin0 0

(a 0 *) 0
:D " z LL LnI LL IA4 9-A CL V) Noo oo 4a . C 0 D o o(0c . LZ CZ IL CL.. L. 0. CL*ee

I U) W)
fx 0 in k .40> U) d 0 0A.

C) U.J 0. NL 0.0% OV u \ oo0 '\

0 LL 0
CL 00 N. 0

tz z
0. W) 4 0. %X I Pk c0Z.f

VI- 5



IxI 40.0 0 0 If
JL NLD 1-

I.-0 ,0 & O In t- 0

I- CL014

> ~ LL 0 In,* MAI) P:
D 0% C-'CY W) CD*

o U)

o o X V 0t V4 o0n-U~t,
-4 ' a n0 0 s. 0) 0 01I)O N

0. 0m cm (. C(y-4 t (
0 ~ ' 4 44 4 44

of ' 0 6
o 0 r-0 *-c

of) 0. 'CL L4

I- cr Z La
W 0. %0 00 0 N-4 in

1- Z 1-0 0OO00%00
k- LL l'.

w 4 0. 1-0 0 1-Ooifl**4
J +- I.- 4 N I&w 0 a Oo s

S . 0& ILI 4Y

S0 co V4

. X kA 0 VAJ 0000005

1- 04Z L

V. CL 0..x .

U) ~ NO
4 u .4 U) 00

0~~~6 r-0In*0
V' If rU 1 '0IfU

U. ~
V. 4 WL U 00OO

0 ~V 1.4 w44 * vOOOO4

Z U.

.0 C) 00.Y .
Is o

0 0 7V)



F331012-1

C30

94

P .tv 
W.W ~ ' *4 in

-3 .4 4 
-. ' 0 W4 W-

Op 0 Py 0. in .

tm 0 10 0in .

W4 In3 ImI

Wa.cu W4
4 I 0 to cm.0cm

I.- 0. Ve * )W im In
w 0 01 0
I- I- II9,4I'4

(L 4 ( 4 WI. W4 Fe- 0 IL 6 94. 0fm t,- cmo O W 0
cr~U U) m 4 4 -g 0 W 0 01M r

CL 0. "9 IL15 0 II CD 0 .

U o cc k) ej '4a. a. IL CL
J. 04 W4 *i 3, ftIW too o 0 to.* II0 a. t V o a,03 W;. - Al5 S' w 4 aU;) 0 U)1) W4 0;0 (1k 0 .

1w %0 0 cm U) L. 0 W U04 33 th0 0". # * W i 0

a- 0 > .*. 0 W) " in~~i 043 . OVi 1 i
w- i Ce. P) 4Y N

Ji c . "3 00

04 01 _.WI0 to in in 1 0 . oa.
0 y * in~P.0

h . w WI W)
LL z cm P 0t. hit '0cu0 0

00 ILe *, V40 3- . 94

LL ok W I0 m
I IL IL fl. 0 P)itIL t " 0W* 0C 0 0)CY01" O 0 0 W . '04

cm in. ~ ~ e 5"

P. t
* 4 1L 06 104 WICD~

01 ob0 0fi 04 00 0 bNP)W CCU' CA it V4.4 I 0 .4 I0 01

01~p jI 0wfl '4."9

a.~~ CL 0 CLf 0.
I 0 WIi

vow0 
O



F331012-1

In

to in 
.m4 nIL 

-0.10 ft#D
z u

W. ic I- W
In 'Oa t- -4 W4o in'~ ow' Cm..

0 -ai
0w~ 0' 0%0 .40 'Y

if) LO Co ( 1i 0% o4t In M In0~Z cv a)aOw , 0.0Cr 0 0 .4 d 0 .. 41 Y1

40 0 V4 %0 Cm .c 4 .0) LL 
W4 1 WI

CL 0 CL t 04) .tow wa
10- %0. 0 W) 1Chi Vi W 0 Di) 04 P. 00 1 , 5- P Ca W0 $1 0i mW> D 4C W14 0 U) M CL v4 v

0. 0 0. IN. F -C

-i ~ 0. W0 hi 1 W * 0 QI)W Q C
-- L I- 1S za W- 0 0 N4 W 911- N 0 D) 06 "mI1I- In c OS 0 0 W) 6 ~ ~W 

0 m L C ;I10-U W 39 IIW t O)C i 0 CW Cr. C ) VI'~Y lY) I . 0 0.r- C - LL W 0\S O*0) N i 00 ~ 00 .- r) W (A 0 . .r- a- U) 0

W W) I- s. ImV ;- ,jLI a 
00C94 AI in in F) OD4 .- 0. 0 40 ) Vo tOno _Woo 0 f.60W0 C. In. W V4 z 090 44 In

ZI 
a-i

a~V a-ty1aa- .

Cd V)4 OD 6
V) 4 in0 0P0 0* .010 Cd 00 a- .4

CYd. W~ On W -4

'0
woN 4 4Zl '.) 0)0, v) W 0* Ct Cr

00 0, IL 0 CL

50 IL 0 .40.4 iflVY) -2 0



'F331012-1

I-.W- in1

0 .4

1o 4I 0. -AO 4 n Qi
IL C

.01 cu)
w4

0% cm.4 In W
.a in *

Ci ev in~ cm in *

005t

II ~ ~ i 0 05 AV
1 %(J'

,. co in4 9)05
0i IL I I. 4 0

IL a cc %0. 51)0 
510- 0 CY t 0 .491 W I) 0

3 - z~c t a0W

ix so. CL U 4 *1 m)0() 0
Sn in We ft w 4 .

-* to 0 cu cr. in 040 .
W4 L 0 U ) 0 0 cuV) w a 3I 04 -~~~~ C) ZI LI V *' f . O i ' 0 U 1 1 0 1
Ix P) tA~~ 4 .

w Id~
(1 41 ) 0 Q 00.4 J) P. lr * c 0w It. 4Kh 0 W P) J1 to co5 ) 1 .I-~ 0 in 0 In 0.@ 4 5 U4 '4

U. hi > 01 W4 W4o r- SY o -4

hi~ P 1N 11 0-
.544 0.4 In i - 10 ~ ~ ~ ~ ~ t w~Ci* O 0P 5 0 0 t

V4 In Q wolr.. r ca .in tv 0 *e in I In in 'x -2 04 I'- P1
It II CJ0 N *

0 IL >5 h .4 cr P1i

Z z05P05 04 0 01 ain N in. Of- to ~(1) co a. in gE* e.4 to

V44

0 . CIA 0 4 In

Cli *r" 1 .. 4-1
cc l'1 *I'43- :91) Al 0' .4 0W
1A $A. W* V). OK) m* M

0 C0 *

VII-3 '



F331012-1

4pK

0 *

IL at . k In) .w (Iin

z uP- '0 %>W
W*0 0k hi4.4 (

0 $Ar *0.4 5
Wi IL0 C0 4 .

P)op cv 0. I in a4P- f4 0 * 4p in 0 o4 "v CV In 04 0 a61. 0. in y.I
Ai C In *. *In W4 V4

fl- 0 Q.0

In O 0%0 mt 0 at0 (V

1 0 0 0N0 e4C 0 W4.-0 0 L U .40 nF 0o0 in' K m nV

IX Ul 114~-

0. a_ IL .4 u
wiI In

I~i 4 * in U o 001CO-0 . re 0w r- V4 I' * 40- 0 1-Na 40 w Nm 0> w on 0 &f &. 0o 41 P 0 4
0 0 V) 0 44.

in .4, Q: 11 in) 41 .~J ) i U II 4i in) 0* V ) hi 0 (
4 W - I 01I c r-- W'4N cu 00 owK 't- V. 4 w, 09) W4 In0 ) .4

5-. Wi at vi ..

w : A. o a£ .IL i W4 0 co * 0 IL CLo . Ff 1 4 ) a F-1) AP I'P- in cc
UP IX L AL coo o *e 00 4 d V4 In

Si 4 0% Nu 4
hi SA I) 1.- 0 0 1- 11

00 in N n* W 0 Z 04 V; Pin CU cu 0 ni) ~ * .U
a:0 in P; V) .

X Y 0 in IL to 0 N
La. Z Z -V4 in) OP-i ") 0 noe- " 4 000 ID)P 000* .4rU)0 0.. > op 00 .04 .

& I. 0 *43- Phif. W4 I.w In)4)0 00 W in ) 0.4 0*4 .461

if 0 0 i Icy W. .P 0~ No0W
w) in(. W 4 o iy

W). In Z 0K 0c cc

a:IU0 0 a 00C

Vli-4

lpm I



F331012-1 0-.

0 r-)
00

L 05)F W )

ii

L t4) (U

z , '"

a ,D

0 in
W* 0 W 4

*' W40 tlIn

0 ,,, .4. ..,

mL a W0*0 0 91 7 41 ~g

o 0

LI % =
9-IJ II. 1 • 4 ,'4 ,,U)0Q1 ,.4 0If)

An. 0. co Q
C It low 0 .- W44 CU. W-)

N J. 4~ " 4 .4t
LI Zli Z " Ud e4

o.o U l-( in)
@0 in 1- nCm 0 ia 0 car)

a ~ (V*C W
WX IL" e0 W4 W4 nI

Ir 0 In cm (.. J In I U II n D- 0 O 'In i 04 .
)- il0 LX 0e 

cca. ~ ~ f 4
I CX 0. In in .4 LX j*

IL. La 0 * q> C- 4(0 0. C 0 .
J i W In t I*- II X w '4 t) S - W)4if

do1 z0 .1.-5Sf 0 7-0 4W 0 0 r- ~ 0' 7 .

t I . L In 0*0 .4

U) 0 CLB . P- M.0.

W W N )
uW W r- 0 N co

I4 n S F, P *C ' * '00 t- ONO co IP4 4 m4In C o 4 F)4Nr 4 4) Nm

- . ONO F)S1 0 * .MB. CI > 0 N In.
I P) 041F

I CL in 
00

0W4) In ~ 04 04

I cI
0T4-

W 04 0 W



F331O12k

a: 0

m), In on.4 F
P. - 0 &a -10.

IIW j 4 .

z 0

Q %0~' %00% :0 .4@ *
ft 0% r1-. 4c 44 V4 9) e In

hi I *F) 4 W4
0 u) IL04 IF

U) )

in) 10inP- to W 4, F
*r 01i 0 f- w ) d, (a i 0 )
0m 0 ee W4a 0 0 u .4 u w4 W) 0110
is OP 0 0 0 .4 .4

IA * F

in$) I m0 0 F) 0

4I 0 It wec410 00 .40 0at a 0i10i
I 2- w W 4 .4

.j hi I-sU) I 6
w ~~~~I w *t - I mW

-.1 " " 0 0 ( 0 0

0 U. L W .400 0 0 W4 W494 OW) 0m1in

Ix f IL W )

0 'D 0 .43- W~. Cl Q
9- 46 4. 41 ~) U CF0 0 0) e4 4 4 G 0 0
- 01- i f- *4 .4 00Gmm" .4' n 11 An 0 a oA n
> Z) F) 0 0 so 0 ) 0 0.C4L

0 0 hi F) .4 0. F)

w Z :g01iW
J-l tai u if W coF) 00 w 1 h 03 Fr)

ID .4 -0 in 0 0 I- 0*10 U) 0 at c v. 0 c'
4 I.- ip D h 0*0 ek-*F WOW 0 n DoQi 4W) .1
) U) e a: t; 0 0 4 0 U) .4 .

I- W 3-t 0. U - )
w i a . U or ) X ~ ('.J F
10. W. CO F)O 0 Q1 M. 0 F

0 V) i) Wn U V .4 w4 0 F- -.1 1- 0 W)0 OD
W, t CL (L A. co o0 -V4W) hi 0* 09) k41

0 0 0 s V. 04F
hi ka i I I - & 0 go 01

UD U N 4; *01* 0 m C J 'V *. 0-
4 In 0 0FV) I 0 W)') Z 0 P- 0 * .4W)n

W) In Iw- v4 U)

lpI US h 0

4 Z m 0N0 o 0.94 *0F* V
z p 0 0'V'*00 tInc Cl- 0* .41L"0

i 0 m. kn 0@ 0 54 .4

1 0 in
w.4 in) W- 0 u

'V &L W4 4' In F)m * 10.
&A .4 00O v)4 0 01 0 a .41n

I C. 1) a0 v 4 v4
in 0 100 c; F)
to V4 0 .V14 N

v4 cc'0 00 In0
ciW't- a00 0 '4.& W40 &

Fl-% " In 1 0.4 0* w4In
0 0 0 at .4

Z Z 1 )@0 0

W 1 In.. IU) or w
00. 00C.

vii..6



F331012-1

IIL • •

CL 1*4 6;V

;) 0 -4 ..
I Io (V cm

f'- ) W ,hO O ) (V,,4- * d
it ILlf tm' thl • 4 in ,cm 4

. e.4 ,4
z u )C (

in in Q

(Pt)U CfV .- I f)O *4.0 *
0 ) I e€0 (V P @0 m- 41) .e ) NWlI-if .1 6 * I4 '4 *-4

o co ILI0 I W4
f* n n04 0 C

0 of . . 8 to

(.V , ..*40~W4 4 W

II0 U) *L CD

I-- t) l * ),,, I (VI ; -i I

Lii .41 eo 0 *.0 F4

Im Is to W4 -01 0 (V

J 30*0 UI 1) * oJN ) 0.J W
4 2 C- 1- *4*0W O P IC ,. FJ)~ 030oU Win

co ai Lr 0 0 In * P)

x cO -/ I - O D O

,ahi F .m 0W 0) -.. in0. ,W-*, ) 0 W 0.4 -

o IL I !1 *41W 11. '4401 i

wL In * .P*
wF la p0 V I

'00 , 0 o 0 *l F) P3 0 (V-

I '0 * 0.4 0 F 0.) . C.,

0n .,4 % a t
I I 0 I I4 n 0 m&

J n h II J ). O F ) ,, V hi , C (V

xL *4 %a CV 0%' a0010 In cm to*0 0'

w i I- t #A .J F'4 hi 04C .D4m *) 0 O I 4 CU 0 'O 4 0
IW UI 0. W4 '4 t, • In

3- h,3.4 I.. hi '1 . ,.ol f ooL,

hI 0 "-V

aC P) w 1L 0 co

a 
h i 4 

...... 

in 

i 

0iNo U 0 V. * C314 hi Cp 0 cu

VI%. W4 * cc Cm cc ..J .4U -
W0 IL 0% CL F) W

iW4 U). W44hi to co " ft 0' 'fr '4 *0 *Y Al0 ' i 0 I- 0
4 ) I-- D4 0 al4 ca0 Zl 4p0 a* 'D)%)l- th * al P.4 cy r-. W .F) 0 In W40

co II II IL '4 9I
: a. hI 0% 0* (. w I Co cc 0 0% C 0% cm0 4n W00 *W 0190 0* -)U)~~ 0 W.~c ,F 4 InLL IL 0L W4)

CID) (n16 0 0 '.W4 II. 0'0W' ) V
40%0 00. OF-P F) 0 0* q P4I u C; 0 04 P)W in '4 4

If V4 in*0
(V~P CD*

' 410 F VI% .l V iin V40*4 4.

I- ~ ~ d P- cc l**0 0. 0i V46 in V*inp% 4

L a ON-a in - w4. l n ain

If)1 In %
_ _ _ _ _ _0_ _ jlllcm w I -7

IL J a tCL If z 0* V4 t



z
W*4 V) on in0
in 0- on .4 0.In

CMC 01 0 > 0W" 011
tm 0 0 4 AlI

z U IL
4) C3 aFP

In ~ ~ ~ I In) inhP)0
a& 44 9* r v 00 Ow In 0 011
cu .1 Ok 0 0 W4 W ef4 alo

o I In, W40
tnIn

In 00. #0' tv IqS)

*~~0 cu 0)~) 0*0 '
Oh 03In % IQ-. *0% 10. inF

o0I C 04 f. 4q0 04 .4fa'V '41 ca c i
w- in*0 0 ek. V40
ILl e IL IL 0c

I-~~~r F) I .0 *0
to)F 0 P- W F) . 0% . 01.

-\ 4 0r 6344 0 .4 b ( .0:0 1*- 01
- w P% m4 04w W O

> i i w & In In IL W

L) cc 10%i P0 U 0 .

oL) to lb In.' 001 V4 3) 01
I0 r- *. W4 1- 00 04

&. 00 0 go in W4
CK ul 1 IL P-Iy 4

% ix a. V* c t
x 0L 0L w 9 0% V) 0%O L 0% V4
0. 4 r WL .4 u 000 0 C a 1- 0 In co 0

w co C. CL 4cl 9- 0. '409 w

o to fl- i 1 16-0

j 4 *Q V 4 ILt w l I. t W

to .4 In LO S* W i *n in. C) _j O

1-c h W 4 W40LI4 1) -4 hi a W4W
0.4 IL h4 9 01 0 #-- wo0% '

0 z F)O an F)
4~0 II II4

W) LL atW In a I~ 0 tm0 In
UL Z 4 0) to) Ot. 0) * 9 W

I CL . 0 .0& *0*0 0* 4
InW 0I.n C C0 4 '

-4 of 0 1Y0 tv W
0% CV .4C'b 4 A

1) iL to '4.0, W40 F) )
a. of. 0 0 .4 .

W* cu *4 Wn S-F)b
0F)v a or a

0 IL 0C

vii-8



-F331012..1

0 r0

in e
an 40P 0 '0c.#A IL VI *4 "1

C1IL .aa *o v.I)

cmI
C! 19: P1 04 0

in 0P4P '0 4 m*

4 @0 404 fVIo IA ft In 0 4 .I) g V) cy9
to ~ W4 VVJn IIIP 1 4 F

" ft~ 
.4pff.4

;P4 04[~ ~ hiVa (Vi Fu0.1
0 W4 in a

4D 'O4 v- M win 044I
hi 0I 0 * 0 .4 F

0. S O IL P 3 P
hi I .

0~& 0 .FI 1) a 0Iii~ Z) cin 0400. t ~ . 9.

x CLI 
D c

o '4 Wl UP 0. Ok W O. r- In 0 .w 1- Ix CL 4c eanft- w 0* 4 Oin 04 inIcc IL LL 0- -10p4 P1 U 4 '

~n on w 0% tv' - 1 U
3- P- Z o4 W3 in'- : . I hi 94V9* ) 0 0 W4

0~~ ~ ~ IA L *YF) 4 '

z CY in 0 0* P0 *i 0 9-0 0S ' " "#P 0-f0 In to *
.4. o3- C0.4 v 0* wt '40

CIL a AhiW

IL W, r- iOP 0) . Ml
J In n. 04 In

H & 0 &1 a
'439- VIP) U). V )

U) 0 *9 In 0 i* .WO
*v V4 ft 9- "P

In V) IAu V rW

.40 .4

VII-9



F331012-i W.

w~~ CMacoV

IL t-e 0 01 vV4In c

--t %D ) W

. 0 fl C3 Cot 9 ino 0tW11 c0 :4 V
0,, eL Lil * n . )

*~L C3 cu t40 av i4 .. n 16.

in wC 0 o In V40 4. 4

Li ((V 04

0 11 4 rZ 0 e 0I In (4.

a.L in? aiV ~ %0U -- 4 a,.

o ~ ~ L "A "A (-.00 0a'. .40 In1 N * ~
U. V4 so 113 .4 ".4V 4 n

LA U 0 t-

JA < IL C4 zt4 "f I-) NU

0 V4 0 IL

It v

q:) 0 C I,, I r'C, 00 ,i-.4 tr -I"

3 0 00 000 Ln 4 "i

i t) T ' IA

CL . V t0 10 Cl.

I- A L. OWN' 40-0 j 0 U)

0. zI %0 to) Qn W : * ) -4
1-4

U) 0* S

L) E t P- 0 0 ko 0 _

U.00 CYN V

C, kl



F331012-1

00,

l4~ 1.- r-V m i

0t. l-O ,.4*".

* *. In
00 ) o3 i 10.1l' I- fir1U)1 **) Ol • In'

IL Cl .4 -. 1'* 0"

I 

U)C in o~ in C30 ~ I-~
in Al ") - P)r 1- in. o

0 0 0 (~V4 n 4 0% 4N W4 01 '-4* Cd _-

II * .4 P;4
IeO r C) * It0
i-fe) II ') I P-01' *FO in. 0*" ,i -

_1 * 0 M .'4 (
O- 0 ItI-4 f I v4 0 (v .4

g.... 1. I -FI,)Ilu U! (-4 C) InI
T'- U) ,'in 7.- 0

0fg) ~~- ) N OWN1.

. 0 -. ..4 M,,4 O" . 0, W K
- co I* .4 -4

I- 0 -t U C.

Li~c r-*0 %0Q- 0

,- In 0110; 0 ." . ,--;
-I I. W- v4 ON 4 0'01 01 Nt')

> 6-4' 0.1 M 0..I "4

,o n .4 -

"I: CL LI I'

if) m Mo U . .1

0 I", :0 I-0 *,,- ,,7-1 €:1 4? I. - 1

UI I, .o o 'L it)F ) o. 0 C, .0-

~~) LJ CI M ::. .4)- n4OCj)) 0* 04

L"m (L,

> Z) - 14 i C e. a 0 '4 .-

in , LAl U),o,' M- %D K,- Il 0 m 4•1

o f .4 0 I N F00

W C ,,3 !. f-
C0 0 .-N.

Co -II -0 I t 0 In 0 N to

P+ 4

LL' LL. co n1 0% N L
4i 0 Lii L) 0' 0.

.0 CL > 4 t-4

LA -6 i U N 0) %q44

LI~K D' v4 ~ -
* ~ ~ ~ P w)0 - *

U- N W4~40001 0. . -

. l -4 )

LnIt 10- (0L L ; L:1*

z w

lilt~ > 00. 0 cc* 1 4

U Vi S F

It) I4)



F31012-1i

IxI
In, 1.-0 10f-C D CU i

tL (V.04.4 W.0 cm 4 (~l z
Is 00 * 4 .4

I/ D0 0' ta 0' %
C-100 C ~ * .40 --t

I,. ..J- *r (V in4 cm
0 W4

Vo f- in 0 CD to
0 0- %0 : 0 0'0

'IV 0 tv lo 0 *0u W4 00 G V)@

If 0 f 0 4 .4 -
I-. 0 0 S4

In "I cm0 n (U 0
of - CM 0 In W4 W4 3 m z

4 cI 41 0' .44 4 0%

LL m 4 - ONC 0 "-0.

UL jL IL. U. .0 1F W.f)c .4f'- 1 0 .0

ci L -4C to* 0-4 aIJ W4 1 0

L' (0 Ci

W-i I! W4 u. C'
wA u.II (v ~ U in 0-4 r- C.l

C ~ ~ ~ 0 M- CI *4 (U. .401 'Ctfl 0-U i

S0 I 9 ; .

Ii. 0 qa

.W a. F) NC 0' W c

cc - CYCJ re) ~ .o 00 (IN
?1l ko "0 *l re) r4 o4 %C

CLU)3-

M~ #-4 -4 04 -4 t-4

t- LL 4 943 ) 0 co in if 4 r 0 d

-l Jr -4 . LI co i q

U I' -j *n fn0 W4aN 4t0 i'-4

It IL U. V LLti

IVII-1

~. L. 01 lf'fl 'V



0 

?4

co 1- O- CU 0 in
LL cu uW4 001 W4V In m

II 0 0 '4 w.4

0 40 4 * %a'.>0i t
D* CMaOq 0 '.0 -COt4i

w -j 00 0 w4 '4f
a &n I.i. I n

O D inJ 4. c4 0u
at 0n en* on 01

S 0 % 04 .444 Inf w.4 P) vwq 9) 34z

0 0 1

W) 34)a 0 (V0

If 4 f w 0 in w4) of. cm
ib e isIn v4 v4

I)i W cc Go 0n

U. U IN 0.4WfCf) inJ -0
0 IL LL in 94)'4 04 )'.46 '4I- 0

t z * o F. r-4 r4

w4 0' Uk *--C 0
0* tL- . a-. Q 0 Cc.w V) 0 Fr a'4 0

- 2 - W 0% * IL 4 .413-4 CO In0 w41win 11) C)- l -
If' ~: ,0 0 ot 0.0 ~

oj V) CJ 0v4~
:n (u 0/ C0 In

4- 11 4 U I.I 0ft* n W 0

w -c i -tc *'. .' cv IA * -
~- V) U, u 1 o 0o a- U, 0%

t- (Ai v4A6. i
x W .I- IA I.- (A

L.. IL. 0' G%' 0o F'- o.- 0
o W4 Ff ) 0 0~- O0JN J- LO. Cc

mi CL 0. 0 4 '0 m 4 Wi 0w4 C)4
C)) 0 0 0 es > F- 4 . .

rL) InFI l
LU ' h 0 ccI

.1 o0 0: w-. 0 r4- 0 o
4 -4 * "f3 f- *ii r- ir

%C 0 0 n, v~l Ur 4 Z, C5f 0* wl tI

.4 1 IU)

* IL IL 0F In-F 0in)

P- ~ 4 C3
U> 0 0. w'' 54 '4

m U. In C"0 "Inf*

r4 0
-44F~O0-

9 . _j '*InN0 4 

11 z

0 M 0

VII-13



f 331012-1

0 0

In00 oe * tn

IL m W)4 atN V.* cu 4
of V. S 4 .4

IM
U) 40 In I&Iin co 0

ID 0 10 AO % D .4 0 W. 4 0
LAI :3 ft 0 4 0 -CO 4 4 M_-

o Wn I& In
a u (LI

o 0 1 cc) In0t D 0
on W4 InDto In0 0 0 '*0

F) V4 -* I'a' *0 IDu W4 " 4 *-
* F .4.0 0 .41' 4 0*

II 0 '0 9 *F.4 4

I- F) 4 N 0 in
IDnt m~O Z F).a t 0( 0

4 0 111-i I 04~u OWi V4 4 0S4~ 04
9- I- at 0 in 4 .

LU Li 0 V0 3 cc

C - 0' No O 4 D0' 0

0oI IL 1 -- -4 " q4 on*4 V4F 0* CY in
ft U) Z 0 0 '0 w4 "4

0. 0. wiIU

Ii14 4 UOwr

W L ON V.- n0 '4 *4 1,-. 0' 0 F-
0, I- W a, w "i 4 ". 40 Al(~ U) 604 ('14> :2 4% r1 ILI ** 10 0D 0 V4 '4
o C3 C 0 3. CL Inwl W4 I 4 U L -

W I V) 0 U) 11 -1 ra b o%
0: "1 i U W40 Q-N V ) 0% Ix sm0 Ep0

m - I ~ C 0*01 P-F) 5J 0U 11 CS '44 4
I- ) U)C :3 0. * '0 U) V4

W) I U I I- ID Ln
LJ X~ CL. ta N cr -i '

ZE r U) C. (z 10 f 04 J o F. a PO.

0 an 6n ( 0 4 3 it _ -0 n0 r
U : CL CL 4 (v % I-4w ca0 1 r

*~ 0- 09 0 1 W4
cc 4:r ~ 0 '' i C - I '

14 0 10 -*. s - in I'- .- )

4n *I 0 4wIj .
0 OW. Io.n40 .4' * l 4t I t i

d-Ii Ik- .400 0~~ F).No I

L L F. V 0 M0 If-4 in L
in'e 0 W ID0i t0 )a '

If) --4 4
. > 0

:t IL 0.411 .4Oini n0 .4Y W

kA. cI CO * V) N -4 V4

:3~ 0 0 0

00. 00

' IZ T-



C)) W4 *
In 10cl WOCU i

L. a.0 cu*

0 .4

cu 0 Ol w 0% Ol

II t-0 %)c 4 0 0

--. 1 (cI 04
a In 05 0 J 0.L

0 i 4 CDO 04* 0~

1.- .8 00 0O 4

InnW
on P- 06 F)u i 0 Cy

x 1*1' 0 0 0 '. V4 w

1&1 0 '. 4 0W4 4 04* 05
CL 0 NO m0 00t M 0 V4 .4

LL. 0 L 1. -4 onC *n- 4( 3 ~
cc LAI F .4 0

w0~O 05'F) '. 5
4 0 I .050 hN 40 4 V4-

I- V 00 cu 0% -4
La Lii C~ . W 0 4- %F)-0 -

0 - 1- w "M n 0 A0 r(

o 0L La. 0- CLF0 OP. 'ld0 5
Ccm 00 Iii3

-. W w - ifJ CID 0 0 N.9. ka lb r-o C%
a) 8 P, N~ LP ILU o q cW t4F)0 0F~ .40 1 0 (0J

a F) i4 Ilk in a ) Oh V. '4 t

a. M to4 a W£ C. F

9- X, CL CL 004. Ono 14 q r- W4 '

..)I- U)l %C r- to U) U
u - A N OON -.1

on %0 0 4Of W4 Oli V 0 .4 0 CI V -

:t 6-0 "0> 0 . 4 14

LL N' 4.) a r8.
7-i 1- .D 1 0 V4 .~

M AL - .0 m*N 0woo N40 4
U)\ d I 04.- m q-74 ZOO' W4.4*

1fL V1 4 4 r00 . 8. ' 4

In 1-1
4V In t

Ifa Vi )U 04 F)'. .

'0 %D Ot0V
11 zf 0' 9

U) ~ ~ ~ ~ a (4 x'C. rx-, fq. C*.4
:I 0L CL Oh M4 .

vil1 4 A



P-51912-4
oin~

0 .4

IL WI)4 Ob cm* @1

ot 0 4 '40

P0P 0(*14P-
CD i00* CO In-. *

Irl .11 * '4 in 0'43

IN (
in I-'0% 0 N "

-it 0 11 0% vi WI '4cm

In Noc c nc

0~ N 0 ccV

5- I4 **P.44

in *4 "2
N. LL. cia 04 0'4 CC- t' Q4

o 0.~ L. ,4F4 WN01. - W4N * N
U) Z '! E*0 4

0 , 01. WSF
LW N u L

C) I- U) 11 010 00'4 4
0l ('.1 Ono ci'md COP' 0.1-

-05 D & 0 . 44 W 00 W .4Q U)c 1
o ' 0 S 0. P F) L

F' a. St 9- Ur -.

1E 0- LL. In N (0
a~ to L) W ( OF) ;1.: Q) I~ T ' '

4 L CI a. ;r CY (4 04U -41 0* .
0 LL 0 '4 "' 11 'F4

W \0 13 co() '4 C ~ (4

-j 0. Na Cu0fl tlo 0% a.'0
o ~ ~ ~ ~ t j) if) U) 0. 0fl 04 .4 0

cc .0 in in C4 In v4 '4f

WW ~0 0 I

Wr '.1 10' ON

U. 4L .4o (2 0 0% 4 ~ 5. ' .

(Y' .4 in

l . M Q ' (M v4 .4 '4
I (L0

r- IL)

If. I 1 .4

cc L4 0 LIn L

LA W% cc
'455~ ~~~ ONC)Q uN t

0. II E~~V .i IP-'46

I IA



0331014-1

W4

0L N 6 l 4 n 0

00

we *'4 14 0

* -1V@ r-(1 n

I, %a I 6
z, 0

o Wn to P+Vlc n0 i

010 010 Vol In64 *O CU) 0*

tA InU

(p. 0'* 01,CP C
N c 0 11 0'P' o r) 641'r. Q1 In u*zIx t- x ** 0 0 64 6 wo

is. tW It I

w W) , 4 r+ 0 %c

- In M' W4 In 0vlt
Li. LL41 00' 01 (m q0r nw qQl ~
Co ILL I'60Q0Fw 60100(1

Di I- C 4 1 W- ~w
0. CD % U 4o ON ON 0C 0

a i, -w '4 On* In6 Ucu4 0
> I(l w in (L v! woo 0J0or-

04 W4 aC

w~~~~ xI go0 0woli
W w If) ck w C

a 0n

xn 04 lo-li 001

W V C 000C ON~O 3t-?
U.B* @ > wool 6 -4

WO 00%
* .0 0 to- W4 0 4.4 02

w4 it) m 00w~ i In) l'- m' Q
toooo, if; ol IOF)6 w 0+ 0 .40

0. a In Flo w4 e4 q4 'i 04 .4ofL
W4 lo- oo wo

U. LL 0) 0' ccP'-P
O .IL Fc ) 01'- a ~

0 . wool) vo .r. ol

r- . wol i ool " ( * 0 % N0' O0 t4n
C3 W 0. > 0 0 94 4 

I CL 0

LL I -4'0 0* '0 60

~co I-. to I,-) 10*0' F) 0t f

*~ 0. a. 0* CL64 .

64 II 00 I )PlT.



I F
0v ci

10. W4 we

0 ~ ~~ cm a. f ~ Ii 0 C*V' w

W4 WI- W4 tv
'44

ILW C0 04 L 0Ck

Ix -

'2 04
44 WW.-

0 LL L I-r W4 la (V !l W

to 1 '4 C'4 4
C. 0 .a_

(L ' '0

I CL 0.* C

IL I I 3
to IIJ u0 11 1N N

'00 0t "4 '1q.

'j xx MhI n

P- M

0~ in

am too W V



F331011l

0%0

fill a

0,4001 a .
0 M' Ati aC 1)

Al I ~ to P-W44p

(A d OD0> * . 0 *wa ... ) 1~0' 4 a

0f If4 C4 QI '4
crI. x In i 0a I W4 W

PI w)- at 0'

g o C '

CL 0 V)

UJ W-1 0 33

I- ,9 * W4

a. toc~o'' 0 w 1 0 D o* '4

in V) I 4)
w L Al- (Ai0t ~ (~0

xi 4L 0L v4. U)00 0I- Ini W m r-i .40 j) in ; CIO

wJU toS a. CL 0 0 q-4 On w* 01 0 t
Ck ~ U N 1 j ~ 0 Q* 10 ;0 0D & >

l... ~ ~ cm ONw p4 ) 4 '

W U 0. 0Y 0V' m r) iO~ 04 w44

Wi ej (V i A \
0 CL >f (0 Al 0 "4 104

4 ( 01. ". to 0440 0 9)' C)) 0* -4*I CL 13' 1

CL 14 z. '0

t1 01 44 z ;
010 0'0 M 0 C

(0 (iiii 33

If '4 * I4

'4 I I'Al



1733101*.4

I In

If. W4

.4 5

49 t0 or4 at c. in N.

LL.4

0~' to40t

a W 1 9i410 41) cj
LI 09 *~04 w4

o ) I . * -4

.% 0 11 r W 1 )

4. a 4

w4 04V V

V) w u 1 1 aI c 3 1 CC I W (

W4 W4 I

i. LL 19 440 0P4C 01

W40 1 1
W .0

' lJ 4 4 0 W4i O(In 1000r, ~
0 t L 0 in L .40 Qlfl0 a4 I~0 V4 (In

4 '0 &i 1* 0. 6. 04 4'
wt' 94f 1

I U f- to 1M 01 cc 0 W)
Z ONO 00(~40 0 00 O'4 II'D

I-) U) .9 lee inc )

to

Wo in) V .~O' 0 JPei.

0 ~ i 1i * 00 P 4 4 .
1- '0 co .4f U;p
L I)f% z

cr evn 1.4 I' I- .0 W LA

4 II IVII ,20



$.-4

bo 0 0m io L 0t "% W4 e0c

gg 5 . 4 .4

z
0 *.-e o2 . 4 *a
w 400 4 %D

*P a1 co, > *
0 01l *a ) 0 %I cw 4 C

cm. a. 01

.1* in W-4 '-

to C
in- It in .4

tJ in 0. 0I44 in I I

o Ii. 1Lto ' 0 4 CD) 94 0U) 0
IfL LL W4 ok to (1 to0 0 . WW4

C0 a. 0 w ~ 0 UI)4

~C a0 P.- W 0.p(1 *4*. lof

' -0 ) W1 0 N o

I94 II. U* 'I
of~~ 0 01-PAcU) (y c u %A w co if m : 0 1 O UD 0-1- z tfltOwP4-t0 0' V4 i

t- ) IA in 9 * a4 ~ 'U 4 .
I- U) w-Uw U

~~4 co (V.C O %( 0 C . 'K ) %A U) 0 4 'fl4 OP)m 4?..1. (
I to (. 0. 0)o N 0 *tol W CD il "-(IIL >* A0 wl V '

r- at 0
w P- a'-

* ) 0 - t 0 on fI-4 .4 C '' ~ L - 0 .02 0 I) F 11-04 r-~ CYO ~* g.
4 0 m)00 10* V0N 0940

4W " Ic4

U. U. on 0 t
N 04 04~ 4 09N 00 0* '40

Z O ' d4 4 1
Q V4

V) n 194 v 4

w3 in VO * 4 w4

a'~~' p 9V4 o' in 4 go

~~..c .4 * *o4I
z~~~W inI0 0 0

VII-21



F331019-1

w w

01

a' '
~~~~O~L I 0 6' )(%. 0

in ~

4% Y 04 in

0) a W)V 4F C* N
Iul .5 I99.4

w an fn Y

w ccI 0. '

ow ino~ in0
o 0. . 1- -4 0 on" W404 c

II V) A .9-p 0 ?4 .ILl ix Inw'

CL 0 W4 to '
0 I

0. 4 U Al'N 0 0 CI. * . .o IL IA. IL 4W0 TF). UP 6%

0. 0 0 I!
In ICL IIt 0.4 it IL

J in .4 Si q jIpl 0CD* Ii. 4 i 0) 11 V. %0I 0~' 5% ii-
D~Q- ~ M ON ML 041 =) af 04 40--43 0 3 LI ** 9. In

0 0 L IA 0 I I
I- 2 z Inn * 0.JU LI- U6 II 00 1- 1 C'I

w 1) C CL tj tt -' . 0*00 fl09 ~ 04 V474tILI LL 0 > 00 0 rF) 4:i o ~P- cc~

~ I b-S I* - N I
w 4*L in r.- oo IDf

o )10 In4 0*. z.0 OC25% J P-

.1- F) 0Y 0 4

.0 ' LL LL r- 0 W4

0~% 00 W4 f

I-It r- 0. 0 09 - .
I1 CL (I '

0~( in0'0
-'4 AF) *o 0'4 .4 0

0.U tA L19 w9.4I U I . 3

VII-22

IAN A



to 1.- 0) c )

0 .4

C3 W4d ot

a W~ U. 04~

II 041 In .4 .4

-4~v ia ty a t040 C

W . . 4 W4

In i.

oxo If W4 P-0. 4) mnO CY 4

wS w x0 .4 W

5- W L 1 0 (V M4WW

U) V) .4 0 4 W

4 0 pI"00 * 46W 1

Wi 0 CD IL c *~j

> 4 :: x . C 4 -

.4 . of4
Or IL IL jO 10 4)O) (*

Ifl 044 3
cc 0 N) Ln w ccf 4 V

ZC o r- W) W4 1010 0) 1A V F

0~~ 0)1
I ILI z $AL

ifl~~~~~~ ini U I*1 1oii
0 c in in 0f WL 0 Ot 044 I J3~' ccO* O

.4 V4

.j w4 %01 0- 0e C

i u n -P 4 '00 0*10 .j o .9

0C% W. W4.*. ~ (

P.4 ccli
U. W0P ONr4
z4 i.4 (4 r4 v4- N 4tI

LI I V4 (v 0t4 a,)C 4' *
P. U) IA 4s GU' I o kn *0 10 .

1~W In
I CL ii I

'U) Ii N

*j r-- C0 Q.

0 0 0. .~ cc V4 P4 .t

If~ z .V

L' Nb 0'
&a..~ U') tI t4* w)F0F)N

U) I o o F) 'o OR.41

I CL Q*0 ~V 0,i. .

0' 01 ).4g1



. .I . I I I I !1 I i I

,F331012-1. I l , I I I,
, i I I I!

I I~ II 1 

I , I II I I , I1

ILL

I. I I 3
1Z '10L

,= 1,o 1 1o 1o" 'a I 1 %
I I I I I I

I 13 I I f- Ol. I01.4 *1.

, W .'- II 1, 4 1

~i ! "

W4d y I lin
a51,* ~ 0 4 I I..

fitJ ;c r- J I 1 1)

!P) ill . I n P-
I> I I 1 I ,I

a t x 4P OWILI O4~ a I~I.

full - bJ I' 0 1 1 " ( 1"

I c I I-I I 1' ,. I0. *'' I "

i I I

IxI

l I ,1 Ii ,, I• 0 e l i !I I 1I

W , o 1  ""0. @1* Ii Ig

'II S II :

I I

I I I
1 In 0- e

0g~ LL 0 II i I 0. I0 I p .
14 Uv 1 ) 0 zI N S ~ ld I1.

lie1 01. '1 15 lCI 4 '1

iw - 1* a. L0 .001 CfIO C1 I 10 ill- I
'.4 10 w 4 * L ;, t f 04 I I (A- 1.4!(

1~ 0 ;1 1 11A 1 0 A II IJW
I0 1k 1 NO11  1 1 I Igi

UV il * I IL !4S I II
IIce1 I I I ka ! I
II J II Iig I1

w to! III
!W 11- ) ; W. 1w lin 13 !c

ID1 0 0 1 I I I I

Iw xG I I I. ~O
1 I~in 1011 I 0 I) I I

I W IL I In OI 01(I

M I II ;( 1W 10

C4 CA I 1 1I



i • " ' i I.
I ! ! I II,

lit l I I ;
a. a ! i Ia .I I

,An,. 00, W,I I 5 I I ,I + . ain  ! I I I I

a i= I I I i I I aI

S I , ;I "
#1 '0 a l4 A's
a1 v P-. In--

II,,0]mI In 0 ,g)

" '+ - .4 i

i ,I 1* I,, -,+ I I..
"1 10 M I I I

a ) t 0 ' a I "

0 ,,,0 I..,II

111 j 1') '

, j , , , *

I j I 'I I anI I a I
S 0i 1 dL' IL 1 0011 04,! 1 a' 1 10 @v a

i 1 0 w a 0 al ainaa
0 A.- 10. * m , .U I an

I- I 10 ~ 0 4 i a I I 1 -1 In 0 Wa
OaC IceIlL I. IA a aO.. I .

>0 Ia. I t 1 54 s a N
-1 W4 4 I iJ II= I O. 1a 1

w 1W1  1L 04I "*~ 149f'1 I

ij I ILnw cac l U ,1
.j IZI I-z -§ 1

in in a W Iw 1
ice 1A flo if- a Ii k I

I IW M ;~a (L J i3 Ila II( 1 1
I ix a I 1Lc V a a. 0 A ~ a *

0 1.4 I0W WItf ILI IC ac "o ~ i' a a a CJ I N~t %a 1. P.- I '11A I
In (D CL anL Il r*- w It

a w I.- Of4la q * I~4 Itoa
a 1 1 I i n I I w I I I

lu I (P I 4'

4 a&*.4 on

I IIA1 Ig L O 1 a I I I W4

I A I aW% a7 1 1 1 W4 a1. 1I IN

10 1 %0 1, 10 u4 a
III Ia a* I

I w a I 3 11 1j 1 0 P

I I I I~ LIUJ IN

a,. c Ia lo ff.

I a a ~VII-25 I a Ia

a ~ a a a I I a a
a a , a a -,a+a+



i Ii , *l I +II I I3 I'

Ito  I f-
F 3 0I I . I I i

I ,. I II I* 0* I I'

If, in in e4

of of I 1 I I .4 I- I , Il I -'

I" i°I
II,,I, [In I K

I 0 I I I a 0 1 1

IW II

I ti' I l @ *iI i I d
I4I i0,!,0,N*,o (Sl z'

I. i IIL, In !i

• { II11 / I I I • 1 I I ' I,- I !

." I ,- "i n,-
S31, I n IA I

Ion IC ) I "I "1I iW-6 . ,

I * I.II I t~ I , I ,- I Io

I'. I "* 0II I " 1 it.- I,' I

I ' IU 1* 1 .4 I Ito WIIw or~ a1

3 I* | I I I

IX I

Ila rd IN I III

12.I IIJ ~ SI I g IS I ., I.-

-"."40II I - I I ,W4 11

1.8, I~I I 1 1 I I II II

I I I I I
* I ', * Ita I I ', , ,

W~~~~~ 1 (A 10*" ,I 43. 1I I . In W (Y
1w I 1 i 0 1 IL' lOvi I1f I .W 4 1I NW

I) l ~ Cc I I '-i i

W 
i1W~j~WI IS fl 'I II I '

It I P

l o w I C I" 
.*""-+I

'* 1w it+- I- 
+il i

w x~ III ' I I Ii

M CL I I US Q 1

b IL I0 I 01 06,f %a I, Ij if-~'~

IL ( IU I. In S4 I 1I I I

U. o i !3 •j . .- ,

S..I. II

I - !I t~ 04 1 (a "d4. I g I4 1 I III

I Illo *1 I 1 I I 1 I I

I ~ I It I 1g~

1 I I I~ II I I 1 0 -

I Ic %4IA
10ICII 

e

i nI I MI

I 1 0. V I 1
WWI Wr 4

Al I ON I V

loI WI toI I I

or I *i I U . 1 , 1i

.4 ~ ~~ 11 ma


