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SUMMARY

A wind tunnel test was conducted to investigate the effect cf rotor
head configuration and fuselage pitch and yaw angle on the roter perfor-
mance and wake characteristics of helicopters. The test mcdel had a rotor
diameter of 9 feet and was a 1/8th scale representation of a generalized
40,000-pound helicopter. The model rotor was scaled to te dynamically
similar to a full-scale rotor when operated at half full-scale forward and

tip speeds.

Test configurations included two rotor head fairings in addition to
the basic rotor head. One fairing was a "cap" fairing similar to that
used on the Sikorsky CH-3C helicopter. The other fairing consisted of an
ellipsoidal shell which covered the rotor head, and a streamlined enclosure
for the rotor shaft and control system pushrcds. This streamlined en-
closure incorporated blowing boundary layer control jets which were in-
tended to prevent flow separation. The basic rotor nead with and without
the ellipsoidal fairing was tested with rotor blades; the cap fairing was
not tested with rotor blades.

From results obtained in this test, it has been concluded that heli-
copter yaw angle has no significant effect upon rotor performance. Wake
survey data showed thaet the wake of the helicopter tends to remain directly
downstream of the helicopter rotor head for the pitch and yaw angles in-
vestigated. Data obtained for the ellipsoidal rotor head fairing indicated
that the boundary layer control jet mass flow during this test was not
sufficient to forestall separation around the fairing, and therefore no
drag reduction was obtained. However, previous full-scale tests, partially
reported in Reference 1, demonstrated that significant reductions in drag
and wake size can be obtained with this type of fairing with sufficient
boundary layer control. Data obtained for the cap fairing did not indicate
the reduction in turbulence or deflection of the wake which is effective in
eliminating "tail shake" in full-scale helicopters. These data showed,
however, that the cap fairing increased the drag of the model rotor head

by about 12 percent.

The wake survey data for the model operating with rotor blades were
not regular or consistent, and no discernible ends could be derived from
these data. All of the conclusions and results concerning the wake char-
acteristics are based upon data obtained without rotor blades.
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first harmonic lateral cyclic pitch angle witk respect to the
rotor shaft, positive for increasing pitch on forward tlade,
degrees

first harmonic longitudinal flapping angle with respect to the
rotor shaft, positive for forward blade up, degrees

first harmonic longitudinal cyclic pitch angle with respect to
the rotor shaft, positive for pitch down on ~dvancing blade,
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number of blades
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fuselage angle of attack, called ALPHA in Appendix II tables,
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rotor tip path plane angle of attack, ap + 814, degrees
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upwash angle, degrees
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INTRODUCTION

In typical current helicopters, about 30 percent of the totel air-
craft drag can be attributed to the rotor head. Advanced high-speed rotor-
craft will have improved fuselages, resembling the low-drag configurations
commonly used for fixed-wing aircraft. Unless rotor heads for these rotor-
craft are faired or are much cleaner in design, rotor head drag will
account for much more than 30 percent of the total aircraft drag.

Reduction of rotor head drag is a complicated task. The problem is
influenced by a number of variables, including the interference of the
rotor, fuselage-pylon-rotor head interference, leakage from the pylon, and
fuselage incidence and yaw angles. Further complications arise because
both the size and location of the rotor head-pylon wake must be considered
with respect to the tail surfaces of the aircraft, for these can have a
strong effect on tail rotor loads, rudder and elevator effectiveness, and
airframe vibrations.

A large amount of experimental work has been done to investigate the
drag characteristics of helicopters and helicopter components. Some of
this work is reported in References 2 through 6, which are concerned with
body force measurements. No wake surveys were performed.

The objectives of this investigation were to study the effects of
rotor head configuration, rotor performance, and fuselage pitch and yaw
angle on the performance and wake characteristics of a complete, general-
ized helicopter. Several rotor head configurations were tested with and
without rotor blades at various operating conditions. Fuselage yaw angle
was varied for all conditions tested. The flow direction and dynamic
pressure at the tail of the model were measured, as were rotor shaft forces
and moments. When the model was tested with the rotor, blade vibratory
stresses were also measured.



DESCRIPTION OF THE MODEL

The model used in this test was the Sikorsky Aircraft 1/8th scale
generalized helicopter model, desigued to investigate the aerodynamic
characteristics of advanced rotorcraft. For this test, the model con-
sisted of a fuselage which enclosed the rotor drive system and control
system and a wake survey rake which was attached to the aft end of the
model. A photograph of the model with the wake survey rake and an ellip-
soidal rotor head fairing is presented in Figure 1. A more detailed
description of the test article follows. The wind tunnel, experimental
procedure, data acquisition system, and data accuracy and repeatability
are described in Appendix I.

Rotor System

The model rotor was a four-bladed fully articulated system with a
radius of 54 inches and a blade chord of 4.2k inches. The resulting
solidity was 0.1. The coincident flap-lag hinges were offset 5.6 vercent
of the rotor radius, and the pitch-flap coupling ratio, tan 83, was -1.0
degree pitch per degree of flap. The rotor blades were riber glass repli-
cas of typical full-scale construction, similar to those described in
Reference T, and were used previously in the wind tunnel tests described
in Reference 8. Blade stiffnesses were scaled so that the model rotor was
dynamically similar to a full-scale rotor operating at twice the model
forward and rotor tip speeds. Table I lists the model operating conditions,
including the actual and sirulated forwerd speeds. A schematic drawing of
a rotor blade showing the strain gage locations is presented in Figure 2.

The rotor was powered by & 19-horsepower variable-frequency electric
motor, and the control system was hydraulically actuated. All of the rotor
system components, including the control actuators, hydraulic pump, rotor
gearbox, and the 19-horsepower electric mctor were mounted inside the
model on a separate frame, which was supported by a six-component force
measuring balance. The electric power lines, instrumentation wires, and
control system wires were routed so as to minimize interference with the
balance readings. The balance was of the floating frame, internal strain
gage type and was temperature compensated. The slight interactions between
force components were accounted for in the data reduction program.

Fuselage

The fuselage is shown in Figures 1 and 3. The model was constructed
around a steel frame and was covered with a smooth fiber glass shell fuse-
lage. The fuselage was 9 feet long and had a projected frontal area of
1.25 square feet, not including the rotor pylon.

Model Configurations

The model was tested without rotor blades in the four configurations
shown in Figure 3, and with rotor blades in the two configurations labeled
FHB and FHBf. Testing with and without rotor blades was conducted at the



same forward speed-rotor speed combinations which are listed in Table I.

The simplest configuration tested without rotor blades was the fuse-
lage with no rotor head, but with the rotor shaft protruding from the fuse-
lage. The model was also tested without rotor blades with the bare rotor
head and with two rotor head fairings.

The simplest fairing was a "cap" fairing, Figure 4, similar to the
fairing mounted on Sikorsky H-3 series helicopters. This fairing reduces
helicopter "tail shake", which is caused by the interaction of the wake of
the rotor head with the tail and possibly the tail rotor of the helicopter.
The fairing is a dome-shaped cover that fits over the rotor head.

The second rotor head fairing, Figure 5, consisted of an ellipsoidal
fiber glass shell covering the rotor head, a cylinder enclosing the rotor
shaft and control pushrods, and a wedge-shaped afterbody which gave the
cylinder a sharp trailing edge. The ellipsoidal shell was mounted to the
rotor blades outboard of the flap-lag hinges so that it would follow the
largest blade motions-coning, average lag, and first harmonic flapping.
This minimized the size of the cutout holes necessary to accommodate the
motions of the rotor blades. The cylinder enclosing the rotor shaft and
pushrods, was mounted to the fuselage shell and was provided with air
eJection boundary layer control slots located at the point of maximum
thickness. It should be noted that because the cylinder was attached to
the fuselage, rotor force measurements taken with this configuration do
not include forces on the cylinder. The ellipsoidal shell rotated around
the cylinder, and the sliding joint was sealed with felt. A wedge-shaped
afterbody was mounted on the aft end of the cylinder and was segmented and
spring loaded to stay in contact with the ellipsoidal shell. A felt seal
was used between the wedge-shaped afterbody and the ellipsoidal shell. In
operation, the boundary layer control jets were intended to prevent flow
separation over the wedge-shaped afterbody. This technique has been used
successfully on a full-scale model and will be discussed further under
"Discussion of Results".

The model was tested with rotor blades attached to the basic rotor
head and to the rotor head with ellipsoidal fairing. As mentioned before,
the model with the cap fairing was not tested with rotor blades. The test
configurations are summarized in Table II.

Wake Survey Rake

The wake survey rake measured total head pressures at 112 stations
and flow directions at 9 stations in a 9-square-foot arez. Figure 6 shows
the wake survey rake with the pressure probe locations. The total head
pressure probes were of the shrouded, or Kiel type. The flow direction
meters were United Sensor five-holed probes.

Before the test program was conducted, the wake survey rake was
calibrated in the b-by-6-foot Pilot Wind Tunnel at the United Aircraft
Research Laboratories. The shrouded total pressure taps were found to be
insensitive to incoming flow directions of up to + 25 degrees.

3



The pressures to be surveyed were monitored by four L48-port scanning
type pressure valves. Each pressure valve was equipped with a 2.5-psi
differential pressure transducer. The entire pressure valve module was
mounted inside the rear model extension that supported the wake survey
rake.



PRESENTATION OF DATA

Wake Survey Data

All of the wake survey data obtained in the test, including the data
obtained with rotor blades, are presented in tabular form in Appendix II.
These tables list the pressure coefficient measured by each cf the 112
total pressure probes and the flow direction measured by each of the 9 flow
direction meters. The numbers are arranged so that their locations in the
table correspond to the locations of the measuring probes given in Figure

6.

Flow directions are indicated at nine locations by the velues within
boxes. The topmost number in each box is vertical flow displacement in
degrees (positive for upwash), and the bottom number is horizontal flow
displacement in degrees (positive for flow from left to right loocking aft).
These flow directions are measured with respect to the wake survey rake
which is rigidly attached to the tail of the model. Therefore, to obtain
upwash or sidewash angles with respect to the wind tunnel axis, the fuse-
lage pitch and yaw angles, given in each table, must be removed from the
tabulated flow direction:

Upwash = ¢ = Vertical flow displacemen* - Qg

Sidewash = ¢' = Horizontal flcw displacement + ¢.

Totel pressures are listed in the table as pressure coefficients,
defined as Cp = (Pp - Pg)/q. Pressure coefficient is related to fluid
speed as shown in Figure 7. The dynamic pressures and velocities given at
the top of each table are the actual values obtained in the wind tunnel,
not the simulated values.

A selected porticn of the wake survey data obtained without rotor
blades is presented in graphical form to permit visualization of the wake
and to illustrate the effects observed in this test. Figure 8 is an ex-
ample of this. These wake survey figures show, within the bounds of the
wake survey rake, lines of consteat pressure coefficient and arrows which
indicate upwash and sidewash as seen by an observer looking downstream.

Flow direction arrows are formed by the vector addition of upwash and
sidewash arrows. The "tail" of each arrow is located at the measurement
point. The scale of these arrows, shown on each figure, is degrees, which
for the small angles being dealt with is proportional to velocity. In some
cases, the measured angles were unusually large, so that flow direction
arrows would go off the figure. In these cases, the upwash and sidewash
angles are printed adjacent to the measurement point.

Rotor Performance Data

The rotor performance data obtained in this test are presented in
tabular form in Appendix III. Each table in this appendix presents all of
the data obtained for a particular configuration. The tables include the

5



wind tunnel operating velocity, wind tunnel dynamic pressure, model
attitude, rotor cyclic pitch, collective pitch, and first harmonic longi-
tudinal end lateral flapping components, as well as rotor shaft force and
moment coefficient-solidity ratios. When the rotor blades were not
attached to the model, the force and moment coefficient-solidity ratios
vere computed as if the blades were present. This was done to facilitate
comparison of the data. To »btain forces and moments from these data, the
fcllowing formulae can be used:

L = 12.72 (q/w?) Cy/o, pounds
D = 12.72 (q/w?) Cp/o, pounds
Y = 12.72 (q/w?) Cy/o, pounds
Q = 5T7.26 (q/u?) Cy/0, foot-pounds

PM = 57.26 (q/u?) CpM/0, foot-pounds
RM = 57.26 (q/u?) Cpy/o, foot-pounds

Rotor Blade Moment and Flapping Data

The rotor blade moment and flapping data are presented in tabular
form in Appendix IV. These data are in the form of maximum and minimum
bending moment or flapping values measured during a particular test con-
dition. The blades were dynamically scaled so that a flapwise moment of
60 inch-pounds, a chordwise moment of 125 inch-pounds, and a torsional
moment of 85 inch-pounds would each correspond to a 10,000-psi stress in an
equivalent aluminum blade. The data are not presented in graphicecl form
because no variation in rotor blade stress or flapping with fuselage yaw
angle was observed, and because the deta agree with similar data obtained
in Reference 8.



DISCUSSION OF RESULTS

The Effect of Fuselage Pitch on the Wake Characteristics

As fuselage pitch angie increases, the position of the wake remains
relatively constant with respect to the streamwise projected fuselage
profile, i.e., the wake trails directly downstream. This is shown in
Figure 8 for the model with the basic rotor head attached but without rotor
blades (configuration FH) at a simulated forward speed of 200 knots and at
values of asr between -8 and +8 degrees. The wake did, however, move up
with respect to the tail of the helicopter. Ilio consistent effects of fuse-
lage pitch angle on the shape of the wake were observed. It is believed
that the nonsteady nature of the wake makes an accurate definition of the
average wake impossible using the data obtained in this test which repre-
sent the instantaneous pressures in the wake.

The Effect of Fuselage Yaw on the Wake Characteristics

Yawing the model in either direction causes the wake tc shift with
respect to the tail so as to remain behind the streamwise projected pro-
file. This is shown in Figure 9 for the model with the basic rotor head
(configuration FH) at a simulated forward speed of 200 knots ani at values
of | between -8 and +8 degrees. Examination of the flow directions
measured by the upper row of flow direction probes indicates that the
downwash is greater on the downstream side of the model than on the undis-
turbed side. Again, no consistent effects on the shape of the wake were
observed.

The Effect of Rotor Head Configuration on the Wake

Adding the basic rotor head to the model increases the size of the
wake compared to the bare shaft (configuration F) case. Adding the cap
fairing to the basic rotor head (configuration FH) [urther increases the
wake size (this will be discussed in more detail in the next section).
However, no change in the shape or the location of the wake was noticed
which would indicate why the cap fairing has been effective in flight oper-
ation in reducing tail shake. A better understanding of the mechanism of
this improvement might be obtained from examination of dynamic measuremernts
of the turbulence in the wake. Adding the ellipsoidal fairing to the con-
figuration FH causes the wake to increase in size slightly. These effects
are shown in Figure 10 for the model in an unpitched, unyawed attitude, and
in Figure 11 for the model in an attitude which is tyrieal of normal neli-
copter flight, i.e. nose down and to the left (.- -utive ar, negative ).
Data for these figures were taken at a simulated rorward sreed of 200 knots.

The Effect of Rotor Head Configuration and
Fuselage Angle of Attack on Rotor Head Drag

The parasite drag of the rotor head increases slightly with increasing
fuselage angle of attack. This is illustrated in Figure 12 for a simulated
forward speed of 200 knots. This figure also shows that the addition of



the cap fairing increases the drag of the tasic w.tor head Uy aboat 0.03
square foot (12 percent), and that the addition «f the ellirscidal fairing
increases the drag of the basic rotor head by nbcut 0.02 square foot (8
percent).

The d-ag measurements for the ellipsoidal fairing did not include the
drag of the cylinder enclosing the rotor shaft ana pushrods (this was dis-
cussed in the description of the model configurations), and none of the
drag measurements included possible interference drag effects. In order
to provide an indication of the total drag, the area enclosed by the
Cp = 0.9 contour was measured for all of the conditions shown in Figures
10 and 11. Fluid passing through a Cp = (0.9 contour has lost momentum;
therefore, a large enclosed area connotes a large drag. These areas are
presented in Table III in square feet and as a percentage of the area for
the basic rotor head. The area within the Cp = 0.9 contour is approx-
imately proportional to the total drag of the rotor head and fuselage and
includes any interferences between these components. The results show the
same trends that are shown in Figure 12: the ellipsoidal fairing (config-
uration FHf) has less drag than the cap fairing (configuration FHC), and,
for zero fuselage angle of attack, both configurations have higher drag
than the basic rotor head. The small area enclosed by the Cp = 0.9 contour
for configuration FHf at -U degrees fuselage angle of attack is not re-
flected by a corresponding reduction in the drag measured at the same
attitude. This is probably due to a reduction in the interference drag
between the pylon and the ellipsoidal fairing, which would not be reflected
in the drag measured at the rotor head but which would decrease the momen-
tum loss in the wake and therefore decrease the area enclosed by the
Cp = 0.9 contour. No attempt has been made to integrate the wake survey
data to obtain total drag because of the unknown effects of the model
mounting struts, and because the wake is not fully enclosed by the wake
survey rake.

The Effect of Boundary Layer Control Jet Pressure Ratio on the Drag and
Wake Characteristics of a Full-Scale Ellipsoidal Rotor Head Fairing

As previously mentioned, the model boundary layer control jet pressure
ratio was not sufficient to prevent flow separation over the wedge-shaped
afterbody. This was determined from observing tufts attached to the
cylinder and afterbody. Large pressure losses in the ducts connecting the
high-pressure source to the boundary layer control system caused this in-
adequacy. However, full-scale tests of an ellipsocidal rotor head fairing
mounted on a modified SH-3A pylon, Figure 13, were conducted by Sikorsky
Aircraft in 1960 in the United Aircraft Corporation 18-foot Main Wind
Tunnel. The test model is described in more detail in Reference 1. Wake
survey data were taken during this test using a wake survey rake located
38 feet downstream of the center of the rotor head, which is the approx-
imate distance between the rotor head and the tail rotor of the SH-3A.
Since this test was full scale, the actual tunnel speed V, and not a sim-
ulated forward speed, will be referred to in the discussions. The results
presented here were obtained at a forward speed of 105 knots, an effective
advance ratio, u*, of 0.27, and at zero angle of attack.



This full scale test demonstrated that significant reductions in drag
and wake size could be ob*ained with sufficient boundary layer control Jet
pressure. Figure 1l presents some of the wake survey data that were ob-
tained in this test. The size of the wake decreased with increasing
boundary layer control jet pressure ratio, defined as (P; - Pg)/q, until a
Jet pressure ratio of about 7.7 was attained. Beyond this point, increas-
ing Jet pressure ratio caused no reduction in wake size, indicating that
separation had been minimized.

The parasite area, f, of the full-scale model is plotted against
boundary layer control jei pressure ratio in Figure 15. Due to jJet reac-
tion, the measured drag of the full-scale model decreased as the boundary
layer control jet pressure ratio was increased beyond 7.7. This is shown
by the lower curve of Figure 15. There was, however, an optimum operating
Jet pressure ratio where the total equivalent drag, which includes form
drag and the drag equivalent of the power reguired to operate the boundary
layer control jets (assuming 75 percent efficient pumps), was a minimum.
The upper curve of Figure 15 shows that this optimum point was reached at
a Jet pressure ratio of about T7.7T.

The Effect of Fuselage Angle of Attack on Average Upwash

Increasing fuselage angle of attack has no discrete effect on the
average upwash. Figure 16 presents the average upwash versus fuselagec
angle of attack for each of the four basic configurations tested at various
yaw angles. Included in this figure are comparative data obtained from a
floating tail flow direction meter which was tested previously on the
model, Reference 8. The upwash angle remains essentially constant at minus
one degree for all configurations except the ellipsoidal fairing. Upwash
increased with angle of attack for this configuration. The rotor head 1ift
data for this configuration do not indicate any significant decrease in
lift with angle of attack which might explain this.

The Effect of Fuselage Yaw on Rotor Performance

The effect of fuselage yaw on rotor performance for three forward
speed-advance ratio combinations is shown in Figures 17, 18, and 19. In-
cluded in Figures 17 and 18 are comparative data obtained from Reference 8
shown as dashed lines. Drag and torque data for the 250-knot simulated
forward speed case are not presented in Figure 19 because very little
variation in these parameters was observed. Rotor lift, drag, and torque
vere found to be essentially unaffected by fuselage yaw.



CONCLUSIONS
=
!

As a result of the tests described in this report, the following
conclusions have been drawn: ;

l‘

delicopter fuselage yaw angle has b significant effect
upon rotor lift, drag, or torque cparacteristics for the
configuration tested.

The wake survey pressure data obtained for the model with
rotor blades was not regular or tonsisteat, and no discernable
trends have been observed in thése data. The following con-
clusions are based on wake survey data obtained without rotor
blades.

The wake of the helicopter tends to remain directly downstream
of the helicopter rotor head for the angles of pitch and yaw
that were investigated (i.e., angles between +8 and -8 degrees).

The ellipsoidal rotor head fairing used in this test resulted

in an 8 percent increase in rotor head drag over the basic

rotor head and increased the area of the wake slightly. However,
this type of fairing, when used with an effective biowing
boundary layer control system, may provide significant reductions
in drag and wake size.

The "cap" rotor head fairing used in this test resulted in a 12
percent increase in rotor head drag over the basic rotor head and
increased the size of the wake slightly. The data obtained in
this test gave no indication of why this fairing is effective in
eliminating tail shake.
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APPENDIX T
DESCRIPTION OF THE WIND TUNNEL, EXPERIME!TAL PROCEDURE,
DATA ACQUISITION SYSTEM, AND DATA ACCURACY AND REPEATABILITY

Wind Tunnel

The 18-foot Main Wind Tunnel at the United Aircraft Research Labor-
atories is a closed-throat, single-return wind tunnel capable of speeds up
to approximately 175 knots. An artist's sketch cf this tunnel is shown in
Figure 20. The test section is octagonal in cross section. The tunnel
stagnation temperature is held approximately constant by variable-opening
air exchangers. Stagnation pressure is atmospheric and is constant
throughout the test section in the absence of externally caused momentum
losses.

All tunnel controls and data acquisition equipment are located in a
control room adjacent to the tunnel test section. Windows permit constant
observation of the model from the control room.

Experimental Procedure

At the beginning of each run, the rotor shaft speed and the wind
tunnel speed were set to one of the shaft speed-tunnel speed combinations
listed in Table I. This was done whether or not the model was being tested
with blades to include any possible effects due to rotor head rotation.
Then the fuselage pitch and yaw angles were varied. When the rotor blades
were attached, the rotor controls were set to produce zero first harmonic
lateral flapping and the desired first harmonic longitudinal flapping.

The wake survey data and the rotor performance data were obtained
simultaneously whenever possible. However, due to data system malfunctions,
same of the runs had to be repeated to obtain the rotor performance data.
Table IV summarizes the data runs.

Data Acquisition System

The rotor balance data were recorded manually from Baldwin SR-U
Precision Indicators (Type L-5D). The data were then processed and tab-
ulated by a UNIVAC 1108 digital computer. All rotor balance data have been
corrected for force variations due to gravity, and corrections have been
applied to the data to compensate for wind tunnel blockage and wall effects,
using the methods of References 9 and 10. The blockage correction to
velocity was less than 2 percent of the wind tunnel velocity; the wall
correction to angle of attack was less than 0.5 degree. All rotor forces
and moments taken with the rotor blades are presented with the rotor head

lift and drag forces removed.

The pressure data from the wake survey rake were transmitted directly
to the United Aircraft Research Laboratories' Static Data Acquisition
System (STADAS II), which punched the data on paper tape. Model attitude,
dynamic pressure, total head pressure, and varicus other constants were

12



entered into the STADAS II facility through a manual input board. The
paper tape from STADAS II was converted to magnetic tape, which was then
reduced utilizing a UNIVAC 1108.

The rotor blade stress and flapping motion data were recorded by an
Ampex AR 200 F.M. magnetic tape recorder. These data were transferred to
an oscillograph record, from which the maximum and minimum moment and
flapping values were obtained. These moment and flapping data are pre-
sented in Appendix IV.

Data Accuracy and Repeatability

The repeatability of the rotor force data is indicated in Figure 21,
which presents a comparison of data obtained in this test and in the
similar tests described in Reference 8. The rotor force data are estimated
to be accurate to within 5 percent of the maximum reading.

As mentioned before, the wake survey data were not consistent when
the model was equipped with rotor blades. It is believed that either the
nonsteady nature of the wake or vibration-induced errors in the pressure
transducers caused the lack of consistency in the data. The estimated
accuracy of the wake survey data obtaired when the model was operating
without rotor blades is as follows:

Error in Pressure Coefficient Expressed as
a Percentage of Maximum Reading

Simulated Forward Speed, Vg Error
120 knots + 9.0 pct
200 knots + 3.5 pect
250 knots + 2.0 pct
300 knots + 1.5 pet

Error in the Horizontal and Vertical Flow Displacements

Simulated Forward Speed, Vg Error
120 knots + 1.5 deg
200 knots + 0.7 deg
250 knots + 0.k deg
300 knots + 0.3 deg

The rotor blade moment data are estimated to be accurate to within
2 inch-pounds. The rotor blade flapping motion data are estimated to be
accurate to within 0.2 degree.

13
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LOCAL AIRSTREAM SPEED/FREESTREAM SPEED

o
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—_,—— e b 4

4 6 .8 1.0
PRESSURE COEFFICIENT, Cp = (R —P5)/q

Figure 7. Local Airstream Speed Ratio Versus Pressure
Coefficient.
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Figure 9. The Effect of Fuselage Yaw Angle on the Wake of the
Helicopter Model, Vg = 200 Knots, ap = 0°,
u* = 0.5, Configuration FH.

2L



e

Wéﬁsﬁ"l‘ BRI

.

cemear=tmmm S

.....

RAKE MOUNTING POINT

| OUTER EDGE OF
! WAKE SURVEY RAKE

VWAKE SURVEY RAKE

‘i , RAKE MOUNTING POINT

tMODEL CROSS SECTION TAKEN HERE

Figure 9. Ccntinued



T

:
e i B
]
g ke L ey
¢ & O b ad | %4
R | =
‘ HEWMAN ' 3
" I E L F
oA , : ,_
"o |
" i
| A Y i PR .
| H
" O |
! -
I v | AT
o
' g L ¥
] s
[} m I W__M" ./.\
“ ) \\ MP Mﬂ u M ) '
' m oo we 1
] 3% !
T 1 o S et T i e B e L e -

IODEL CROSS SECTION TAKEN HERE
0°
Continued
28

(c)

Figure 9.




Cp - |
4 e .
é§§ 2 MODEL CROSS SECTION ;
b+ B s S
ANGLE e e
DEG g S B aottlad
Cp=09
Cp=08
- s

'r—-

Ve oo oo o oo oo -

o -
OUTER EDGE OF
WAKE SURVEY RAKE
- -
WAKE SURVEY RAKE
MOUNTING POINT
DEL CROSS SECTION TAKEN HERE

Figue 9. Continued

29



d' =0°

|

Py |

o ) '
338 2 E MODEL CROSS SECTION ;
|

| -s""
....-r-'"“\-s‘ u"-\..,__l
pouaii -
Veendy [ O oy
| 1 poed |
'
1]
P
4
'
- -

# DATA QUESTIONABLE

WAKE SURVEY RAKE

RAKE MOUNTING POINT

>
FLOW S

Figure 9.

Concluded

30



i
| Cp = ﬁ;_pL :
: > ? 4 |

uo
|
| §352 :
| req 0o 2 4 |
: MODEL CROSS SECTION — ! ; _— '
' g DEG

| I
| |
| I
| N\ g [
| |
| |
| Cp:09 I
| Cp:08 :
: |
|
i » afit]
| RAKE MOUNTNG PONT |
|
: OUTER EDGE OF |
3 WAKE SURVEY RAKE l

'
bue s v e ae e < SR R _B

7475 IN——

/WAKE SURVEY RAKE
as 30" - i g JRAKE MOUNTING POINT
FLOW ot ‘_ :

MODEL CROSS SECTION TAKEN HERE

(]
»

Eaid . N e
\a) Lare onals

Figure 10. The Effect of Rotor Head Configuration . +<ne Wake
of the Helicopter Model, V5 = 200 Xnots, aes = 09,
v =09 u* = 0.5.




~
|
CP = _p.I;P.i_ !
MUDEL CROSS SECTION q |
Ve
5 E ’
S |
33“2
_.‘__,d----\!k :.J'-'\., ______ [e] 2 4 |
"’“-\..-.h‘ P WU -t siDEwasH |
= o ANGLE
4 \ DEG
5 r |
' 1
|
- (
et |
|
|
|
) |
Cp =08 [
1
|
— ! |
|
RAKE MOUNTING POINT :
OUTER EDGE OF |
WAKE SURVEY RAKE: [
g o !
.......... -t e ecmacanad

T4.75 IN——on
I‘/WAKE SURVEY RAKE
= ’ e RAKE MOUNTING POINT
as oo’ - . A ;%
FLOW e S !

I-MODEL CROSS SECTION TAKEN HERE

(b) Basic Roto- dead (Configuration FH)

Figure 1C. Ucntinued

)
<



RAKE MOUNTING POINT

O S S & 5 58 % = e e = 5 0 Tl o

I Cp = Propg |
qQ
| |
| N gge 4{ |
-—- FQwW2

| i ™~ S‘o 1L.J '

MODEL CROSS SECY.oN—"Tree . —____% 0 2 ¢
i P L}; b 7. L____h_ SIDEWASH I

et ~eon ANGLE
: SN I L oec |
" r=
| |
| I
!
|

| ' |
| I
| l"I. |
| ! |
! : |
I | |
: l
” I
|
|
|

OUTER EDGE OF
WAKE SURVEY RAKE |

L

T4.75 IN——em
!/WAKE SURVEY RAKE

@02 - - N T — [RAKE MOUNTING POINT
FLOW = —

(¢)

I_MODEL CROSS SECTION TAKEN HERE

Rotor Head With Cap Fairing (Configuration FHC)

Figure 10. Continued

33



MODEL CROSS sscm\ g
g
o
§~2E
_———— §<o

——

WAKE SURVEY RAKE

/
as=0° 3K_RI\KE MOUNTING POINT
—_— —
FLOW

I_MODEL CROSS SECTION TAKEN HERE

(d) Ellipsoidal Fairing (Configuration FHf)

Figure 10. Concluded

3L



Eama Lo S o cie s e i s el i e
P
| G |
¢ | S 5532 I
[ izs |
I 0 2 4|
| SIEWASH |
ANGLE
l DEG |
' MODEL CROSS SECTION i !
l \r 7 l
[ ! i
: - P ad 1 |’
|
! I
! [
| Cp:=09 |
| Cp =08 I
' |
' |
: gy ° — B9 |
|
' |
| GUISR CF OF AKE MOUNTING
sz SURVEY RAKE o :
|
Bl et e bl S o)

TATSIN. ——a
’,IIKE SURVEY RAKE
‘ K\\h_ — ' 4 :RAKENKNJT"NGININT
a=-4 L
MODEL CROSS SECTION TAKEN HERE

(a) Bare Shaft (Configuration F)

Figure 11. The Effect of Rotor Head Conficuraticn on the
Wake of the Helicorter Mocel, V5 = 200 Knots,

ap = - 49, y = - 4O, y* = .5,




r _____________________ =l
cp = fs I
| q
4
| - ggo l
2
| 338 E...._. [
| 0O 2 a4
! e |
| MODEL CROSS SECTION ors |
l \_m,,--1 |
| e =
coad et
| ., o F ,
| S
| i '
| |
| |
| Cp =08 |
| |
' A o) ’ |
| |
[ RAKE |
|  OUTER EDGE OF MOUNTING |
:/m: SURVEY RAKE : o i
| |
B i i oo RTRRL e e 0 IR

WAKE SURVEY RAKE

RAKE MOUNTING POINT

) =
L MODEL CROSS SECTION TAKEN HERE

(b) Basic Rotor Head {Configuration FH)

Figure 11. Continued

36



MODEL CROSS SECTION

OUTER EDGE OF

:/«E SURVEY RAKE

crmeal =TT N

e W e
; o s

& -
Cresczr=tzzeep

-

"
L -“‘.ﬂ---

RAKE
MOUNTING
POINT

WAKE SURVEY RAKE

(c)

— +

RAKE MOUNTING POINT
_f

MODEL CROSS SECTION TAKEN HERE

Rotor Head vith Cap Fairing (Configuration FHC)

Yigure 11.

3

Cuntinued




SIDE WASH
ANGLE
DEG

MODEL CROSS SECTION

| i !
I I
I |
| |
I |
| ]
| |
| |
| ’ N
| { ; !
N /
l \\‘ _,’ |
e ——
I b ~ | ‘,f‘ |
1
I L |
‘ |
I Cp:09 |
| .
Lo - - 218

| e o
| ' !
| I
! aami |
I AT TN l
’/owtn €0GE OF Py | |

WAKE SURVE Y RAKE |
v ) - e T e o

% OATA QUESTIONABLE

MTSIN —— o
»WAKE SURVEY RAKE

'FLOW ;
— ' -
| TING T
, . _yRAKE MOUNTING PON
ay = -4° L MOOEL CROSS SECTION TAKEN HERE

(d) Ellipsoidal Fairing (Configuration FHf)

Figure 1ll. Concluded

38



PARASITE AREA, f , FT2

5 T (L
| CONFIGURATION
(o) FH
o} FHf
4 o FHC
' i
3 — e ’
E —G
|
21 T
|
4 | ; | > A Lo
; i | |
I " :
| | : | '
ORISR, | It | s
' f i i l
o l E | 3 | 1
-12 -8 -4 0 4 8 12

FUSELAGE ANGLE OF ATTACK, a¢ , DEG

Figure 12. A Comparison of the Drag Characteristics of Three
Rotor Head Configurations, Vg = 200 Knots,
v =0, p* = 0.5.

39



Rear View of Model

Front View of Model

Figure 13. Full-Scale Pylon-Ellipsoidal Rotor Head Fairing
Installed in the United Aircraft Research
Laboratories 18-Foot Main Wind Tunnel.
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TABLE I. SUMMARY OF ROTOR OPERATING CONDITIONS

Approximate

V, Knots Vg, Knots Y N, rpm
€0 120 b. 3 Th2
100 200 0.5 T
125 250 1.0 LT
150 300 1.0 529

105** 105** .2""** 205**

¥* These operating conditions are for the full scale
data, Reference 1.

R — S—
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TABLE II.

Designation Description of Model Configuration

SUMMARY OF MODEL COIFIGURATIONE

F

FHC

FEf

FHE

IHelicpi

u_mmgd

Fuselage with nc rotcr head attached
but with the rotor shaft protruding

Fuselage with the rotcr head attached

Fuselage with the rotor head and the
"car" rotor nead fairing attached

Fuselage with the rotor head and the
ellirsoidal rotor head fairing attached

¥H with rotor blades

FEf wiwn rotor o.aces
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TABLE IV. DATA RUN SUMMARY

Sinulated | Wake Survey |Retor Performance | Blade Stress
Forward Data Run Data Run Data Run
Configuration | Speed, Knots Number Number Number
F 120 3U 3k -
200 35 35 =
300 36 36 -
FH 120 - 87 -
200 if 87 =
300 8 87 -
FHC 120 10 88 -
200 11 88 -
300 12 88 -
FEf 120 21 89 -
200 22 89 =
300 26 89 -
FHB 120 14,15 61 61
200 16 62 62
250 L1 L1 L1
FHBf .20 28,29,30 29,30 29,30
200 31 31 31
250 33 33 33

61




APPENDIX II

‘STANIITLIY FOVIISN SNOIAVA ANY STIAAIS qYYMHOL

JIHHL IV SNOILOFIHIQ MOTJd ANV SLNAIDIJAHOD HAHASSIHd DIVM A =ZIdYS

Lm0 "14Y ONINOOT *3ISON 1300w o “14Y ONINOOT *3ISON 13Q0M
S~ . . %5 W1 WOMJ NITS ST 319VL 310N “igig L WOU3 N3ZS SI ITPVL -31ON
. ) o o
. nMELYL —— o *14Y ONIN0O LHOIY Ol -—— MLl g “44Y ONIN00T iHO1¥ O4
~3auns 13437 WOHYI ROJ MOJ IATLISOd “AINIWIIVIASIO IVINOZINOW = ¥3I=0Y e 4437 WOU4 MOTd ¥OJ 3AILILOM ‘ININIDVIASIA IVANOZINOW = ¥3NOT
HSYAN 404 3AJL1SOd *ANIMIIVIISIO TVIILNIA = H3ddN e HSYRJN 04 u>~»_mon *ININIIVIASTIO WIILHIA = H3dd
*S339920 NI NOILIIWI0 M0T4 ILVIIONT SINOE NI SHIWN *$33¥930 NI NOILJIYIQ MO 3LVIIONI SIX0O NI SHIGWWN
.n._lchl.._om»zuziuuou 3uNSS3Hd ¥V 370YL NI SUIBWN dmﬂ...o SINITITA430D IWNSSI¥ UV IWAVL NI SHZWNN
-%d
10°1 96* 28" Le 9L* out 96" L0t 90°Y s6* 09° e6° g6° 10°1
20t eg’ 1N "9 L6° 60°1 09 29°* W s6*
40°1 501 66° oL’ en* ne* vo° T 20"t 66* %" LT TN 66° 50°1
20°% 86" n9* 00°1 c6* 60°1 <6* LT
0 1 [ iNJOd 9°g T°%- 23 w2 iINJOd 6°2 6 1-
90° FARR! €1y @ s L0°7 60°1 R6* 16° "9 &. sL* 00°1t 't
g~ 9°6- ONTLNNOW L°T1 T2~ 0°- 2 - N1 LRNOwW 9°1- ne-
%0t "t Invy ze* otr°t 26° ne* Invy ee* 96° f
Q0" 2t 0g* s@* 6L* N 9%° "e" G6° Lot nse ne* 96° 0o*l
56° 201 LT 00°1 L6° 66" 86° 65° we £6
201 "o 60°1 10°1 201 20°1 to® G6° 20°1 26° LT s 26’ 96°
06" S0°1 10°1 26° s6° 90" % %* "®* 09° 2o
8* T 1= 91~ 21~ FR "= 9°2-] -
86" 16° 9%"* go°t L1 N €6° L6° 88" L0°1 S6° s9° 0e* €6’ €6°
o 6°L- €9~ ¢te- 6°9~- 0° 1 LM & L€~ 0°1-
86° ne* 10°Y s6* 66° 80°1 86" 26 w 0e°
ne* 20t €6° go°t 96° 86* Lo’ Ge* 20°1 LIN 86° N 06° 0"
€01 26" 96’ t0°1t 06° L6* s0°1 16° "e* c6*
ne* go° v L TN 2° 20t i6° 60" 00" 1 "6 60°1 96* Ty (1% f6°
L0t i6° "6* 66" 66° €6° Loy %* 00°1 s6°
Ay CET
16° 90°1 96° 9%6° 16° c6° 20* 90°1 69° 10°1 a6* €6 96° ne"
£°9- he-
96° 96" %" 96* 16" 2e* %" 96" 86" ne*
c6* G6* 66° 66° %" "o ho* 0% s6° €6* £0°t LY f6° %"
4 NOILVHNOIINOD °4Sd »°IT =b S ONN 09 =A 4 NOILVNNOIINOD °*3Sd #°11 =b  SIONX 09=A
930 0°- =ISd 930 0°9==VHJIY 9 INIOd &€ NNy 930 0°~ =ISd 930 0° =VHdIY S INIOd #€ NNy
4 NOILVHNODTJINOD

62



ARy *14Y ONINO0T *ISON T1300M

) A ]

“RoG ML wONd N3IIS ST 378VL -310N

- meivL — -

“14¥ ONINOOTY 1W91Y Ol

st 1377 wOWS ROVS WOJ IALLISOd *AINIWIIVIISIO IWINOZIHOH = N3ISO

HSVAIN Y04 FATLISOd ‘YNINIIVIISIO TVIILUIA = ¥3IddD
“S33¥930 NI NOILIIYIC AOT4 IAVIIONI SIXOO NI SUIOWW

40804 -
SO

L *14Y ONI¥00T *3SON T300M
“holam1 wows N3IS ST IIAVL ~ILON

e

o NMELVL — g “L1d4v ONINOOTY LHOIM Ol

azaung 4 337 WOUS MOT4 404 IATLISOD *INIWIIVIASIO IVINOZINOW = ¥3I=0T

HSYAGN ¥0d JATLISOd ‘AINIWIIVIISIO TVIILNH3A = YIddN
“S33¥930 NI NOILIIFHIO %074 3L1VIIONT SIXOB NI SHIRWON

) ye o1 » 93 SINIIIN34300 FUNSSING FYY INOVL NI SUIGWWN w._lmﬂ a @y SIN3IDIZ3I30D IUNSSING IuY I1OVL NI SHIPWNN
SN S e e
T "6 " ou°t 18° W 66° "e* c1°1 oty 06" 89° 6" f6* [
ve* L' "2* 20°1 96" s1°1 20°1 -1 86" 56°
G0°1 S0°t L1 (T8 69" L6° 10°1 a1y st°1 20°y an* £9° [N Q0" 1
ov't | in® 69" 10°1 21 o011 1 s6°
fer 6°¢ INLOd [0 6" 1~ e 2T t- IN]JOd (R 9 1=
501 2ty 9a* & L0°t n6* L0°1 o1°y 90°1 €1°1 09°* 6y Y a1ty
—n.n 82 ONT INNON 9°¢ vz e & 6" n- ONTINNON w e '
2t e0°1 3wy €9 10°Y 10°1 (S84 Iuvy 86° 50°1
90° ¢ 90°1 20"t (Y e ou°v s6* 0% 16°1 Le” 99° 9s° 9L° 66*
| 66° 90°1 09° S6* (TN ¢ 10°1 €01 1% nL* s6°
ne f6° Q0°1 61°1 96° 9%6° L6° 00°Y 00°% 00"t 59° 9g° 86° 96"
96" se° S0° 1 96" 10°1 "0°T To*1 18 1e* S6°
1°- € 1] 1°- T O 2 1~ Goo T -
S0°1 06° 01 oL’ 66° 26° 9%* LU 90°1 00°1 16° 69* 66° to°1
e €°c G* n'e 6°¢~ 1°G- L7G- GG
26° S6* 99°* [N 26* ey uu*t 16° 66° 00°1
96° G6* 96 20°1 96* 96° 6" L6° [ 0 4 S6* L6° i6° 00°Y 66°
00°1 9%6° P no* %" nl*y 10°y 96° 9%6° Ty
S6* go0°1 "e* L6° sL° 86" 96" 00"y LIRS LI Rl ¢ 26 6" 16° G0°
90°1Y 26° 96° [ 9%6"* e 1 0t°1 "6"* 86 ° 96°
6= Rk
16° 90°T 26° 16° 10°1 L6* f6° F R ¢ 201 5% Ty 96° L6 L6* -’}
T*y ‘-
e0°t S6° 66° 0p°t 26" 96° 9%° 96° 96° 66"
26° "1 e £6° 96° 06° 96° 60°1 96° S6° 66° . het s6° 86"

SIONX 09z=A
ANIOd o€ NN

4 NOTAVUNOLIINOD “4Sd »°1T =D
930 0°~ =JSd 930 0°% =VHdIY @

4 NOILVMNOIINOD °*J4Sd »°1T =D
930 0°~ =ISd 930 0°w==VHdIY ¢

SIONX 09 =A
ANIOd »f NOY

PSnuTiuUC) - A d19YL

84}



i

- NS — o]
Apwng 1437 WO¥S MOTJ ¥OJ IATLISOd ‘AINIWIIVIASIO IVINOZINOM = ¥3IOT

\gu‘»

*14Y ONIN00T

¢3ISON 1300W
WOMJ N33S SI 379VL -3iO0N

“14V ONIN00T 1MOIY 0L

HSYRGN ¥OJ 3IALLISOd ‘ANINIIVIISIO IVIILN3A = HIddN
*S33¥930 NI NOTLI3IWIO MOT4 ILVIIONI SIXOE NI SUIPWNN

[]
5 m * 92 51N312194307 JUNSSIUA FWV ITOVL NI SHIGWNN

e *14V ONINO0T *3SON T13NO0W
l.m,ﬂ s 3HL WOYd N33IS SI 3M9VL -3ILON
W WELUL = *14V ONIM00T LHOIY OL
Aowung (4937 WOYA MOT4 ¥OJ IATLISOd ‘AINIWIIVIASIA IVANOZIMOH = ¥3IROT

HSVAJN ¥0J 3IATLISOd ‘ININIIVIASIO TVIILYIA = ¥3ddN
°S33¥930 NI NOTLJ3WIO MOT4 3LVIIONI S3IX08 NT SUIOWNN

]
eIy * 93 SIN31I144300 3UNSSING WY 310VL NT SHUIWNN

930 0°%-=ISd 930 0°% =VHdTV 0T INIOd #»€ NNY

21t e 86* 19° To* "6 66° "0°1 90°1 LT e c6* 66° To0°t
21t 00°1 29 Lot 66° 1388 ¢ L9* cT° e 20°t
AR L10A ] 001 T 9" L G0°1 st e LS Ls° e9° 96° G50°T
_ et om0l | Le* on* (3831 69° 19° R6°
CRl ] non IN}Od 2°c ZToh- §* 2= INJOd L*h 8-
AR e LTM | &5 ot°*t 09°* nret Lot 69° 09° 66° Lt
2'n 52 NI INNOW 1 () 9°9 ONIANNOW 1 €5
2t [1831 Invy 10°t1 20 10°t 8L Invy 29° co°t
g1t TN (1831 e 99° 9° 20°1 Lo°1 00°1 LN 09°* (LN L6° 20°1
66° Ly o oL w LM 9%°* "9° €6* ee’
"0°1 s0° 1 91 62° 20°t (TN 0o0°1 2o°y e6° 90°V 29° €6° s0°1 90°1
96° 11 we 99° s6° 69° LT 20 B I Y 10°t1 ou*ty
0°2- 30 1 n=] (RS L[ 9°G- ) _a.T (R
10°1 f6° 60°1 s6° 19° 96° 10°t 66 96° 66 121 ce* co°t 10°t
(3] 2°n 1= Lt "9 S°L 9°n 2°G
"0°1 To*t €e° Lo 20" 10°1 ne* £0°1 o | 96°
10°t 60°1 0ot L6° 29 0e° 66° 9%* 90°1 he* 09° f6° so°t "'t
cre T0°1 96* 90°1 09° LiA se* " 90°1 96°
(TS st 9"* 16° 00°Y se°* T0°7 L 60°7 26* 0S°* . Lo°v 20°t 20°1
it T0°1 96° 06°* 66° et Yo't LI s6* 96°
R 0°T=
10°1 (3831 L0t €6° 66° $6° 96° he* 60°1 % f6° 6L’ (TN " 00°t
0°s
60°t Le* $6° 96 9%° "0°7 Le* §6° 20 00°Y
[ go°t go°1 "' T 56° £6° 96" 10°% 00°% %" 16° 9" 96° 66° |
4 NOLIAVMNOIINOD °“4Sd #°IT =b  SIONN 09=A 34 NOLLVYNOIINOD °*4Sd #°IT =b  SIONN 09=A

930 0°~ =ISd 930 0°9 =VHJW 6 INIOd ®E NNY

penutquo)y - A ATAYI

6L




*14V SNINOOT *ISON 1200 e e *1a¥ ONIN00T *ISON 1300W
e 3L WOU4 N3ZS 51 3T8VL -3UON A5 ML WOMA N3IIS ST 318VL =3UON
WELVL — g *14V ONINOO IMOTW OL weivs — o *14Y ONINOO LHOIY OL
ek 437 wOUS ROT4 W04 IAILISOE *AnIMIIVIISIO TWANOZIMOH = WINOT Toire {1431 WONS ROT4 WO4 FATLISO *ANINIIVISSIO IVANOZINOH = ¥INOT
HSVAN ¥4 JALLISOd ‘ANIWIIVIISIA WILINAA = NdddD HSVAGN ¥OJ JALLISOd *ANINIIVIESIO WWOILLYIA = ¥Iddn
*S33¥930 NI NOILOIWIO MOTJ IAVOIIONI SINOE NT SUIBWWN *S33¥930 NI NOTAOI3WIO ACT4 3LVIIONI SIXO NI SUIGWNN
WL 99 SINIIDN4430D JNSSIUG WY TIVL NI SUIGWN ol * %9 SINII2144307 3uNSSTUa WY IIOVL NI SHIRWN
"e" w" %" 001 oL 09° Ty %" 26" To'1 "o 99° 69" 56°
o 69" on* s o 201 e 20" we 90°1
ce* 29° 66° €s* L "9° n0°t ({0 201 [y L 2 Lot To°ty
oL’ 9%° 9 9w i% 101 se* 99° 69°
L0 £ 6° ) INJOC L= e°c- S°1 L3 N 6°1 L€
08* oL LU Le* 69° 50°1 90°1 90°1 06* 65° a 90°1
2L Lot ONILNNOW 5214 T 2*2- 9°¢ N1 9°g- 1+9-
we se* vy e 0e* — % 1 66" | vy 99° 26*
S8 06* 1e° e0°t L "% LN ot°t 60°1 86* "’ 101 e Te*
96° og* 66° 26* ({ N 10°t 9%°Y 9%"* " (1M
68 s6° e 00°Y 66° e6° 26* ot°t S6* o1°t 9%"° T0°v 1e° "6’
06° e 66° " €6 9" Tt s6° e £9°
" hel L 6°2- hoh- 9°2~- 6°C~] 9°G~- 0°%=
"o £6° 88 s6° 66° 26° €6’ 40°y "%* go0°t 16° 0o0°t "’ Le*
h - 6° 8- U6~ i g 9 h- € h- 98~ 6° h=
68° 69 86 1ot 16° 26° %°1 e6° T6* 69°
L1 N 9 "e* 00°1 66" Ll 26* 00°t 9%"* 00°1 66° Le’ s6° 86°
2e° Ge* 66° 66° £6° 10°1 Se6°* 66° LN s6°
96° 29 9°* 20°1 %6° z6* ' 9%"* LI "’ 9%"* Le* %" 9%6°*
oL LN 201 se* "' 90°1 L6° Le* s6°
T1°G-]
96° 19 88 10°1 66" 9% io* "' 90°1 s6° 9%"* 36° 96°
e
e L6° oo*t 66° L1 mner L6° 10°71 e
89° 26° 66° e6° 86° ; £6° %" "' 90°1 66° S6° 86° 06° L6°
4 1OILVHNOTANO) “4Sd #°IT =D  SIONY 09=A 4 NOTAVHNOIINOD °“4Sd #°IT =B  SIONY 09:=A
930G 0°H==IS¢ 930 0°8=-=vHdTIV 2T INIOd 4f HNY 930 0°h==1ISd 930 0°#=-=VHJTWV TT INIOd &€ NNY
panuiquo) = A {IHVL

65

v



L0004 -
ONILNON "
v

ETLA]
Azuns

L1t

N

4

of*

€6

00°1

*14V 9NIMN00T *3S0N T13INOW

180¢ *14V ONI®001 *350% 1310W
o2 ML wWoud N3IS ST FI8VL =N oL O o014 M4 wWNYd KIS ST 39vL =310n
7 : vy
NSLVL — o *14V ONINONT LHOIN N1 NSLOL - - “14V 9MIN00T AMOIN OU
WOY¥4 MO14 404 IATLIGOD *AIN3WIIVIASIN WINOZINOH = ¥I®N) 3NV 1437 WOHS MOT4 HO4 IATLIC0d *ANIATIVIASTA WINOZIMON = HIwnT
HSVMGN ¥04 IATLISOL *L1M3IW3IDVIASIO WILLNIA = ¥Idd" o HSYMGN HO3 IALLISOd *ANIWIIVIASTI WOTLHIA = ¥IddN
*5334030 NI NOTL23YIC %074 3LVIIANT S3IX0R NT SHIAWNH *$334930 NI NOTLOYYUIO MOT4 IAVIIONT SINOR MY SYIAWNN
b % b y !
N I 3 MYy 2TflvL M Wt 3 e,
L ol dy S1H3I2144300 JUNSSInd 3 1 N1 S¥3 3 7> R SINITIIA4300 IANSSING IAV I0VL NI SeIPunn
s0°1 ng* 6L 96" "e* “a ¢o°t [([:M ¢ 19* 0 “e* 66° ay*
26° €8 e | L6 4l 26" 20°1 | e 10°1 nu*t
ue* e’ en” | ®° 26* _ L0l 18 06* £5° £5° 56* 20°t | wpct
we* 06* | os* L6 "e* 659°* CEN Tu"?
6°- 1NJOd G h- 9°1 n'Z INLOU 6ty
68° 64° | Le* 16° 2t QL an* e | E a* '
"ty 9NT INNOW Loc- Gre- 8'6- ONI INNOW Lo —a:.-
LY 66* dnvy | "o 66° 6c" 59 | e | §6° Hh6*
18 an® 6Lt fo* i6° 0no*1 ag* 19° ﬂ 2L 86° 26 W’ “6°
o 09% | eocr 1001 qe | o ze° - e Ll
Lt f6* _ L6° 66° LURR RO 2e° ae* ! 8° 26 w6’ i 6° <t
20°1 LVRS g6* | inet 4l G6* L6° — ag* %6° 66° F $6°
gL e CH 3 £°2 L%
He* Lt oo°t | 66* q6° e’ 26° LN 68° | ne* 9%°* 06° ho*
S*6- FALE 9% = 1°01- | v*g= A
gt RS BT s6° 1ot 10t 68° ve* 56° | 48° 26°
0T ce* | 66° | 00°T G6° Qo* he* G8°* f6° s6° | we* He* ho!
9e* ve* 9° | f6° 96° £8° %"° w %" 96° 16°
68* Le6* g6’ | Re* s6* 96* 66° W oW e to* | ge* 20*
.8° 101 ne* | @6 96° 1er | cer | oe "' c6°
9°¢C (043 f
.8° 66° 96° " 66° 56° G6° 00° 1 18° 68* | 10°1 S6° i6° Lo’
1= | € e
N 56° 56° L6 L6° «g* I L6° 86 G6°
58 G6° 66° "’ 00t Lo 16° 06 Le*® s6° ne* n6* L

(S

MOTAVYNOIANOD °34Sd »°IT =b  SION®  08=A
0°h =ISd 930 0°h==VHdIV H1 ININd »E NNY

4 NOTAVENOTINOD “4Sd #°1IT = b  SIONM  09:=A
930 0°% =ISd 930 0°A==VHdIV €1 ININd #E NNY

66

penuTquUO) - A FTAVL




67

WL ol v.nql.. *14V ONINOOT *3ISON T300M 1 7 R *14Y ONI®00T *3SON 300W
won X o ML WOMJ N33S ST 3TAVL -3LON ¢ & 2 “Wa 3L Wowd N3IIS SI 379VL -3LON
s el *14V ONIN00T LHOTY Ol 6. Wiive = )] *14¥ ONINOOT LHOTY 01
A3uns 1337 WOWJ MOT4 ¥OJ 3AILISOd *INIWIIVIASIA TVANOZIMOMW = ¥3401 Hlrei1437 WOud MOT4 ¥OJ IATLISOJ *AINIWIIVIASIQ IVINOZINOH = ¥INOT
HSVAGN ¥0J 3IAILISOd ‘INIWIIVIASIO TVIILNIA = ¥iddN HSYAJN ¥OJ 3AILISOd ‘ANIWIIVIASIO TVIILN3A = ¥3ddN
*S33¥930 NI NOTLO3YIO MOTd 3ILVOIIONI S3IX08 NI SHIAWNN *533¥930 NI NOILO3YIO MOT3 3ILVIIONT S3IX08 NT SHIBWNN
b
S,0g * 9 SINIIIN4430D UNSSIHd IV 318VL NI SHIAWNN i * 90 SINIID144300 FWNSSING TV INVL NT SHITHON
00°Y s6° 60°1 19° 9L 29° 69° 10°7 8L 96G* 66° 96° mey
s6* n0°1 20°1 99° w Lo0* ({3 10°1 ou*t
20° 1 10°1 20°y 80°1 9t 96° 96° (A0 § Ls° n6* f6° 66"° Lot
L0°1 s6* se* 96° (TN 10°1 66°
e°¢C- 1°8=- INJOd L*n 9°€- 9°2 ANJOJ " L= LA
L0°y Lo°y %"° 00°1 96° 0t S1°y 99°* @ "1 LA A%
e 0° ONIANNONW 9°2- 91~ () ONILINNOW s ¢
80°1 Te* Invy 96° 0e° w Invy €0t f6°
o1°y 384 S6° L9° we "6 69° 01°1 96° 20°1 n9* G6° co°t
T S0°1 L5° on* 19° o 15° 28" L6°
60°1 S0t t{ A ¢ 8s° e’ co°t w* 00°Y AR 68° 10°t1 66°
L6* 21y L8 Te* w 21 9 80°1 vt
9°9-] L= 2°9- 2°014 9°2 o'g A4
0r°y ne* ot°y 00°1 90°1 co*t 9 10°1 58° we 90°1 et Twet
0°1 2 2°g- 9% h= 61 ! Z°n neg
G6* 60°1 00°1 00°1 ze* 68° | 60°1 ve* cu°t
|
LTS § "e* Tt 86° 9%"* 66° LU 66° 16* 6L %°* 20t "ot
c6° so°t "1 00°7 s6° (Y 16° ne* T0°1
10°Y 10°1 20°1 00°T1 96° s6°* L6* he* ve* “ 96° 00°1 cu°t 2ot
ho't 66° 10°V 66° LN 8e° LN 86° 66°
6° L~
%6° 90°t L6° 00°1 T0°1 9%"* 9%"* e 86° L6° co°t 16° 60°
6°1
ot1°t1 201 L6° 00°Y s6° He6* "6 Le* no*t
Le* 21 _ 66° 00°1 86° 16° 50° 66° "6t |  66° 10°1 66° Yo *
4 NOILVUNOTINOD °4Sd #°IT = b SION¥ 09 =A 4 NOTAVENOIINOD *4S4 #°1T = b SLONN 09 =A
930 0°9-=ISd 930 0° =VHdIV 9T INIOd HE NNY 930 0°h =ISd 930 0°h =VHJIV ST INIOd € NNY
psnutluo]j - A FIAVI

A ket



10804 *14V ONINO0T ¢3ISON T1300W e i *14V ONI®00T ¢3SON 1300W
rﬂf& . /W0t 311 Wo¥4 N3IS SI FWAVL -3ILON - = “WoUi3u1 Wo¥d N3IS ST F9VL -3L0M
= S ] YNy p——

s o i *14V ONI¥007 1MOTH 01 e ™ . *14V ONIXOCT 1MOTH OL
A3auns 1437 WOUJ MOTJ HO4 IATLISOd ‘ANIWIIVIASIO TVINOZI¥OH = Y301 AJAUNS 1 437 WOYS MOTd MO IATAISOd ‘ANIWIIVIASIO IVINOZINOM = ¥3IWO0T
HSYMJN W03 3AILISOd ‘AN3WIIVIISIO TVIILWIA = ¥3IddN HSYMJN ¥OJ 3AILISOd ‘ANIWIIVIASIO WIILY3A = ¥3ddN
*5331930 NI NOILJ3YIO MOT4 3ILVIIONI SIXOB NI SYIAWNN .mwuxoua NI NOILOINIO MOT4 ILVOIIONI SIX08 NT SYIBWNN

de [}

Lt 9 5IN312144307 34NSSIuUd WY IIOVL NI SHIAWNN ST * % SIN3IIO144300 FuNSSING FWY I1BVL NI SHIAWNN
10°1 09° 19* 80°1 oo°t 00°1 €0t 96° €01 we sL* ne* G6°
w" ([N 65° 96° ho°1 66° 06° o9 w
ey sc*1 we 16° 10°1 no*t Lo Lot 00°1 L6° LN et T0°t
et | ee” 26° ot°t To*y oL 26°

0°g 6* INJOd 3 L 0°e- 2°G- IN]JOd
211 60°1 LIRS @ 86° otr°t 60°1 o1°t £6* hhe 88" 90°t
2 "t ONTLNNOW [ et Te= ONIINNOW
L0°1 10°v Invy T0°t (383 """ Invy 09°* ne*
611 1001 et 6L 96* vo°1 o1°y 21 66° 2 €o°T "6 0b*
16° 66° ce* 96° S0°1 To°t cn 2L 10°t
90°1 ot1°Y €21 09°* L6° 66° ney 10°t €1°t 98 06° 59° ho*
a6° 69" c6° 26° s6* 90°1 16° A hee
30 2°¢ 6°C 2 e~ 6°C-
20°1 16° Lo 16° 96° 10°1 Lo°y 9%* Loy 96" s6° 19°* vo't
0°2 6°C- G- 2°- 6°
2e° Iy 16 00°tY €6* (A0 ¢ "6"* [N he*
66° "ot c6° 66° 00°1 66° 20°t 96° €0t 10°t 66° L6* f6*
60°1 26° 16° L6° 10°1 20°1 00°1 [ 96°
96° 011 l6° 06° 66° T0°t 66° S0°1 L6° s6° 96° £6° 90°
ot°1 86° g6* 00°t 90°t .. 86° 9° [T ne*
%" LN s6° s6° 0o0°t 9° 60°1 Giy "* "o 66° 9° Lo*
86° 26° se* (1084 %" L6° 96 26°
v6e 9%* %° 96° 96° ne* et 66° £6° 96° 68° 96°
4 NOILVNNOIINOD °*3Sd #°IT1 =b ‘09=A 4 NOILVUNOTINOD “4Sd #°IT Zb SLIONW 09=A
& 030 0°h =ISd 930 0° =VHdIV @1 INIOd ®€ NNY 030 0°%-=ISd 930 0° =VHJIY LT INIOd #€ NNY

panutjuo)y = A HTIAVL

68




Jxﬂ *L4V SNINGOT ‘F5ON T300M
- - ML woud NIIS ST TWVL =108
el | 214V SNING0T ANGIW OL
At L 437 wOUd M0d wod BAILISOd ‘ANINZIVISSIO TVANOZINOM &= WIROT
HEYRGN wOd BATL1S0d CANTMIIWWSIO WIT WA = ¥iesN
*S33y930 N1 NOILO2WIO RO ALVIIONI SIX0E NI SUIBWNN
TG * % S1n315144300 FunSsIue Y WYL NI SUIGW
zo*ty €0°1 .n° L 1L T0°Y (7Y 66°
€0°1 s6’ 5 %4 S0y %°
co°t go°1 9%° 1 {1 50°% (' £o0°1
90°1 16° "°3 ({241
| ze- iNJOd L] .y
€o0°1 %" €0°t rg° (Y °0°1
9° £°- ON]ANNOW 22 i°-
00°t es’ vy n9e zo°t
t0°*t 6" 19° L iL9° ° o6°
€0°1 e oL Tr°% [y
('Y °%° 90°1 103 e oo°y 66°
g6* Ty zo° t6°* e
n- G-ul N. no
66° 00°t 1 (T (Y i6° 66°
9° 9. 22 g~
00°1 e’ [0 Ze° 66
(1% 10°Y (TS (L} Te° 96 00°1
20°t i6° §6° Qg 66
c6° %0°1 se” 0% 96° 00°t 66°
g0t 6s’ 16° 66° 7%
iL-
o6 z0°1 00°7Y 16° Qg ° e 66°
9*
o0°% %" (T 8e* v
(Y% (- [T g6° 86° 00°1 66"
4 NOLAVMNSINGD °*45d L°0€ = b  SLONN OO0i=p
930 0°- =1S4 930 0° =VHdIY S INIOd SC NnM

. > SR Az "3V SNIN001 *3ISON 13:OM
- = r i WONA NIIS ST 318VL -3|ON
- MLl — '
3»# o = *44Y SNINOOT LHOIY OL
Angli 437 wONS ROT3 ¥O4 IATAISOd *ANIWIIVIASIO WWANOZINOM = WIPO
HSYAN WOJ ATLISOd *AININIIVIGSIA IVIILU3A = Y3ddn
*$338930 NI NOILIINIO A0T3 ILYIIONI SIXOS NI SHIRYNN
_ﬂ.w.l « 9 SINIIIT44307 INSSIUd FuV 37GYL NI SHIMe W
10°t 09" o s9° %* 06° 66"
16° £c* ot° %" 10°1
90°1 ce* w0'l z6* Ty .6° 201
90°1 90°t o1 66"
vz t ¢z IN10d 1 S0
21y or°1 so°t W 66° s6° 60°1
" 91 PN T LNAOW " i-
€01 g E Lt 00°1
[ Gl § 09° 16° L7 54 96° LI | 26 °
98° 00"V €9* 96° 86°
ot°1 96 901 £6° L 1% s6"° 66"
9° 06° 16° 66° "6"
o1 CH TS T
50°1 w6* £9° v6* 0o°1 96° 66"
Lo 1-2- 11 £
16° 80°1 L6* [+1.34 66°
66"° 96° ["[LR § £0°1 186°* 00°t 26"
z0°1 66" 00°1 o't 66°
86" 60°1 ie" 10°1 i6° 86° L6*
|e0°1 (17 ¢ G6° on*y 66°
w1
16° L0°1 26° 96° 00°y 96" 66°
-
21t 201 66° 66° 26°
[+ " [i} Bl { e6"* 001 t0°t 6" 96"
4 NOILVUNOIINOD *d4Sd #°11 =b  SiONW 09zA
930 0°0 IS 930 0° =VHdIY 61 INIOD »E NNY

panuUIquUos

- A TI14V1

69



AW0d - .
i 14 ONI®007 ¢3SON 1300W
NN : W0V 341 woud N33S ST 318VL =3LON
e e *14V ONINOOT 1M8lY 0L
Awuns 1437 !O:u m072 ¥od 3AILISOd CANINIIVIGSIO IVANOZINOH
HSYRdN ¥O0d4 3AIL1SOd O INIWIIVIESIO TVIILHIA
5334930 NI NOTLD3HIQ 013 3LVIIONI SIX08 NI

b

5315 * 9 SINI1O144300 3unSSIud 38V 37GVL NI SIGWON

19804 - *14Y ONI001 *3ISON 300N
jonwow ] W0 3uL woud H3IIS ST 378VL =3LON

o T S e o *14V ONI¥00 1Hol¥ OL
Wire 1437 W44 ROY4 o4 IATLISOd *ININIVIGSIO TWANOZINOH = HINO0T
HSVAGN 03 3ATLISOd *INIWIVIGSIO WIIL¥IA = ¥iddn
*533y930 NI NOT1D3HIQ AOV4 3AVITONI SIXOB NI SHITWN

>
T Tg * % SINIII144300 IuNSSIud TV I1VL NI S¥IEMN

€6° "6* .8° 15° 69° ([} 86°
€6° 6L’ (1] €9 96°
96° L6° £6° (1M €L 10°t 00°t
00t 2e° te* 66°
LM 0°g- ANIOd 6°2 L°1=-
86° gn°r 08’ To*y L0°% 2o0°t
6°¢ T°g- ON1ANNOW 6°G= G h=
n6* 06’ INVY L 9%*
86° 10°1 19° nee TG 80°1 L6°
96° 9’ (1N 6q° G6°
00°t 66° L6° (LY e 96 "%*
e 96° "o ag* fos
0°= [ 98 & 0°= 0°~-
[T} c6° 96° 0k 6 101 9%*
G h n*g- 2°Qe 0°G-
96° 00°t ey LN 9*
10t "6* 10°1 on°y 96° L6° 86°
g6° 00°t on°y 96° 86°
06° 16° 96° 66° 66° 00°t 06°
e6° s6° g6° no*s e6°
21~
Le*® 66° "’ 66° 66° L6° 86°
Lo
OD- FO. g6° f6° 06°
"o’ 10°7 66° 16° 66° 96 L6*

26° "' e’ L f9° 9%° 86°
26° 96’ L1 LA 66°
26° 16° 26’ e “q° 10°1 0o0°t
16° s9° e9° “—p1%0°%
L e iINIOd L°1=
26° 16’ 9@’ 4] 4g* €o°t1 0o°1
1°6- n°ola ONT LNNOW L°L-
96° (1M INVY “g* " 96°
16° c6° 06°* e LA 84 | $6° 9%"*
96° ({M 2L “e* 96° _
LT 96° 16° 10y ne* 96° F Qe
16° €6’ 96° Te* L6°
- "'e Q- L=
96 c6° €6’ ne* ve* 96° 96°
6°8= O-Ol had T3 2°8=
c6° L6° g6 LN 9%°
96° 26° L6° 96° f6° 96 96
16° 96° g6° a6° 96°
96° 26° L6° s6* Ve 9 L6°
06° "%’ 66° 9e° 66°
6°-
L6° c6° [T 96° 96° L6° f6°
9°-
he* 16° 96° t6° L6°
s6° 96° g6’ L6° ﬁ He* L6° L6°*

4 NOILVHNOI4NGD °3Sd L°0E =b  SAONY ‘001 =A
ouo 0°= =ISd 930 0°%=SVHdWV ¢ INIOd S NNy

4 NOILVNNOIINOD °4Sd L°0F = SA0NM (001 =A

b
930 0°~ =1Sq4 930 0°9==VHdTV 9 INIOd S€ NNY

psnutjuoy - A HTHVL

T0




ol v ] :
oy 5 *14V ONI%007 ‘3SON 1300W 4004 - ___ *13Y 9NI»001 ‘3SON T300W
- : “WoTi M1 Wo4 NIIS ST 318YL -3LON ﬁ..:n“.... “U01i3nL woud H3s ST 31avL -340N
NS —_—
v ™ e *14¥ ONINOOT LHSIH O1 Sl e Nl e *14¥ ONIN007 1HOTH OL
AMUNS 1437 WOud MO ¥4 3AILISOd ‘AN3IN3IVI4SIO TVANOZIUOH = ¥3IMOT A3uns 1337 WOUS MONJ ¥Od IAILISOd ‘ANINIIVIGSIO TVLINOZIHOH = ¥3MOT
HSYMgN ¥04 3ATLISOd ¢ANIWIIVIASTIO VIILNIA = ¥3ddn HSYMdN 404 3ATLISOd ¢AN3WIIVIASIA VIILHIA = ¥3ddn
*S33y930 NI NOTLJ3¥IO WOT3 3AVIIGNT S3IX08 NI SH3WNN *533y930 NI NOI1J3HIO mON4 3AVIIAGHT S3X08 NI S¥3IAWNN
b b d
Sa-1g .;u.a»zu-u:uuou UNSSIYd UV 318VL NI SH3IBWNN 5" um»zun:.tuou WNSSIYd WV 378VY NI SyIMNN
T il =
|
e | 96° _ L6° e fQ° 00°t 86° 10°t 66° 00°"1 65’ uge 66° 86°
u o6' | L6° whe ne* 66° PO 61°1 e €6* | 001
|
20t 66° 80°1 15 50°% 20°t 10°1 20°1 5" GR* L 96° 10°t1
] ety 99° a0 s6° 66° ug* s6*
s°2 0%y INlod 2 2t S'¢- INlod S*h ~.~l-_
co°t 9n°y €9° @ ig* 10°1 20°1 20°1 16° &3] "e* 10°1 €o0°t
6°L 9°6 ONIANNONW f°071, 2°9 € ONILNNON T°n 0°s _
({8} 89° VY nq* s6° 19° AV 482 7 96°
ho't ancy Lt che e e6° s6* no°t €0°1 ‘LY LI (184 9%6*
96° ([N 25 Se* T0°y 6n’ go* 2c 66°
90°1 g0°Y oc* L0t on (1% L6 2o0°t 96° oL’ hoey 2Q° T0°1 96°
-] 26° (184 § Ly 86° so0°t g6* "0°1 16° mey (1% ._n_.
S 0°2- e 1 0y ne- 2°
20°1 26° t0°t oc* G6° £6° T0°1 00°T1 et s’ 9n ng* [TH L6*
"L 6°s 9°2 €9 £°c S F.n
00°t "0°1 9R* To°s 00°s g0°1 S0t 2R° (N 26°
g6 (1M (TS oL Z6° 26 T0°Y f6° 96° 9%° g6 nge s6° 66°
10°1 (1M ([} 19 (7% 10°7 9"° ce° nge 66°
s6° 00°t 90°" on° e 00°t e6° 96° 10°1 16° (U4 § a6 96° °6°
20°Y 09° 16° %* 1e° 10°Y (T} 26° fe* 66°
L 0°y-
Le* go°t 10°t 69° %6° 00°t [ [ 66° g0t 9° 96° 0o°y L6° 66°
L6 3 :
00°t T0°t s6° eg* $6° 2n°y 06° e6* 06 v
s6° 66’ 66° 66° To'y s6° 96 96° 20°1 Iy 66 To°y L6° 96°
34 NOILVUNGISNGD °3Sd L°0€ =b  SLONN '00I=A 4 NOLLIVMNGIJINGD °3Sd L°NC = b SLONX 001 =A
930 0°~ =ISd 930 0°0 =VHdW 6 INIOd SE€ NN 930 0°= =ISd 930 0°% =VHdIWW @ INIOd SE€ NNy
panutiuo) - A HI4VL




A0 - *14Y 9NIN00T *3ISON YIOOW

HANYON ; : “Woi3n1 woud NIIS S1 FTEVL -3ON
el eite . 14V SNIN0O0T LHSIN 01

AMWNS 1 437 wOUd MOYd Y04 IALILISOd *AINIWIIVIGSIO TVINOZIUOH = ¥IAOT

HSYMN ¥03 IATLISOd ¢ANFWIIVIASTO VI UIA = YIddn
+5334930 NI NOI123510 m0T3d JAVIIONT SINCE NI SUINMON

ﬂt%h” « 43 SANITII143300 WNSSIWd YV IV, NI SuISmNN

19004 _ *14Y ONINGOT *ISON 1300W
prLirN . . “Kovi L WoMd NHIIS ST IWVL 310N
B *14Y SNINGO iW8Ty OL

A LI wOdd mMONd MOd FALLISOd ¢ANINIIVIYSIO IVANOZIMOH = ¥IROT
HSYAgN ¥O0d IALL1S0d 2INIWIOIVIASIA IWIILYIA = ¥iddn
*S334930G NI NOILOIHIO mONd FAVIIONI SIX08 NI SHISWNN

T2 - % SINIIOT44300 NSSIud WY INAVL NI SuIBwON
d

C of
96" 66" ﬁ 96" ce* Te* LU 00°t "0°t an°y z0°t [ T8 [} 9L T0°t
i
g6’ N TN oL* ‘L L[ 90°| 10°t [ Lt [T
P TS ! ge* €S Ll zo°t 2oy ~o° 1 $0°1 00"t 96 as* to° go0°t
) : T I TS t9° os* Nt z0°t ug* sL°*
X _ A=y L vt . w -z%n . L 58 £ . 0°%- . e 1- s*g- iNTod Q2 Coh-
"6 | | 6 96 ‘s Lo oy L0°1 PN co°t Te* 66° s0°1
Fﬁ 1oe- Tz:zao: 6= 1°9- L % S - = -,
[ e el e e » e6* 2t | 3wwy a6* oe*
te’ ge° - 98 | e Ta 9 0* Yo't R e’ sae 26° 66° 00°1
1
96° €6° | €6° Ta® oL* 06° 90°1t aney 6* (1%
26° g6° Te® “ s6* " e ie° co°t _ st "’ g5 »q° 26° %6’
on°1 ne" | 0°y A | e 0e* . 6° 90°1 L fQ* ce*
Loc- £ n- W I L BT LA 1l € 2- " 0°2- Soc-
ne* 16° c6° Qh* 86 B 9% . 66 00°t on°1 c0°t ctey g 16° 66°
0 he 2°n-] q . GOl i GG 6% % 1%= 61
66° se’ 66"* i6 16 ey 0°t oR* "y ©6°
s6° 16° se” | 96t ‘e’ L X 66* 00" 6" 6’ e6* g %9 66"
s6° %6’ “ Le* le* s6° on°y 66° g6 rocy Ty
06* 6" ve” | wer ¢6" o gogt L6° ancy ve" ge- 16° _ g0y ve*
c6* g6° w 66° l6° 16° €0° Y 96" co° Qag* [ Y
= [t TSR s e . o 6'c- _
e6° "6 . °6 L6 6 00°¢ LN z0°t ve* te° £6° L6°
°€] 2°g _
16° Ty 66° e* 96 10°7 9" LY 9g* L6°
66 Y .6’ e6° %6* 00t LI o0°1 00°1 %" Lo B ng® 66° ve*

4 NOIAVENGIINGD °*4Sd L°0€ = b SLIONX 0O0i=A
930 0**=1Sd 930 0°%=SvVHdIW Tl LNIOd GE€ NNV

4 NOLAVUNGIINGD °i35d L°0€ =b  SAONX 00IzA

930 0°"==1Sd 930 0°% SVYHIIW OT INIOd S NNy

pInNUTIUO] ~ A HTIIVL

72



A904 - *44Y ONIX00T ‘3ISON 1300W 1004 *44Y ONINOOT ‘3ISON 13QOW
onuoR- 5 ; “%iowi 3H1 Wovd N3IIS ST 3TEVL ~ILON e b %o 341 WO¥S N33S ST 378VL =3M0N
A ek LA *14Y ONINO0T AWSIN OL g M — *14V ONINOOT LHOTY OL
Aawuns 1337 w044 RO1d ¥0J IALLISOd ¢ANINIVIJSIO TVINOZINOH = ¥IA01 Aawns 1437 WOCd MO4 ¥OJ IALLISOd *ANIWIIVIJSIO WWINOZINOW = H3NOT
HSYAGN ¥04 3A1i1S0d *ANIAIIVIASIO TWIIL¥IA = ¥3IddN HSYMgN w03 3ATLISOd ¢ANIVIOVIASIO VI HIA = Widdn
*533y930 NI NOILJ3YIO MOTJ 3IAVIIONI S3X08 NI SYISWNN *533y930 NI NOILJ3VIA mOTd 31VIIONT S3IX08 NI SYIWNN
b_ .4
§5-T5 " “251N31914430 3nSSInd WV 378VL NI SHIBWN .ﬁmﬂ.;m SINII144302 uNSSIud IV I1EVL NI SHIGHON
Iy s na* L6° Yo'y %6° L6° 10°1 00°1 6a° c8* ag* 06° 66°
(1 en’ L L he* 66° 9n°1 6L’ 15° 66° 66°
66° 00°1 €s° [ %° 66° To°y 20°t 20°1 oL’ ec* S6°* (1% T0°T1
69° 69° fo°t [ [} 0y 3 no°t %6°
ez 1Nlod 2zt P k| T ke nog- e
00°t oL’ 26° te* 40°y 20°1 co°t on°y 1s° m% ag* 16° co°t
(3 ] ONTANNONW 2 0°h= £ ONT LNNOW 2on- 6°€-
L6’ T0°T [ vy “6* 26° c6* e VY 20° 66°
2t s’y "’ €5 Te* to°s 06 co°t 69° .° cae 66° 96° 06°
e0°t t0°t %S* L% 10°t 15° 98° 06° 86° 9%°
so0°t 9% "0°1 28 is* L6° L6° 00°T 2L 19° (3 10°% 66°* 66°
(1 M "’ (1M Le° 26° . . 20°y ug* 96° IL
"2 0°2 L2 2°n 9o CHN 96 6°2 92
go° ¥ 66° €6° Ll To'y %6° 00°1 16° 96° oL° "6° %° 66° g6°
L [N 1w g g 22~ Gon- 0
26° 09° 25° "e* 9%"° 66° 96° 16° Ge* 00°t
66° e’ 19° 68* 66* L6 Le* 06° 66° 96" 16° %6° 00°t 66°
08 6L’ z6° fo°t e6° 101 .6° 16° %6° 96°
ge* o w e el -’ e L6 201 9* s6* L6* ve* o6*
96° ) 66° 96° %6* 66 80°1 96° 66° %° ve*
1°c 1°
s’ LU B TS 160 %" v v 6° O et T 0% 96" " 6
0'¢c 2o
090°1 L6’ e6* le* 66° 20°1 96° 16° 66° 06°
(1Y g0t (T L6* 66° 96° 66° 06° PPy %° 16° L6° 16° ce*
4 NOIAVHNOIINOGD °*d4Sd L°0E =b  SAONY ‘00! =A 4 IAVUNGIINGD °*3Sd L°0€ = b SLONN ‘00!=A
930 0°h =IS4 930 0°N =VHdIY €T INIOd SE NNY o S TTeS “050 ouchvne T ANfod o€ MW

panuriuo) - A JI9YL

—

T3

e




1wod +14¥ ONI¥007 *3SON 130N [ iwoa *13V ONI®001 ‘ISON 300N
,o..:nw-.... %012 3H1 WOHd N33S ST 318Y) =3LO0N o..:ulmqa‘ “Wo1a3HL woud M3IIS SI I7AVL =3ILO0N
T NsLoL ——o 14V ONI®007 1HOl¥ 04 v o °14Y ONIX001 L1HOIY oL
une 1437 wood MO 804 IATLISOd ININIIVIGSIO WWANOZIHOH = ¥3NOT A3nuns 1937 wOd4 MO4 ¥od IATLISOd ¢ANIWIIVIASIO IVINOZINOH = ¥IAOT
HSYMdN 04 3ATLISOd ¢AN3W3IVIESIO WIILH3IA = ¥3ddn H5YMdN 03 3AILISOd ¢ANIAIIVIASIO IWIILH3A = ¥IddN
+533y930 NI NOILI341Q mOTd 3LVIIONT S3x08 NI SuIAWNN *5334930 NI NOILI3HIQ MOT4 31vIIGHT S3IXOR NI SHIHWNH
b b
oela” 99 g N319144309 WNSSIyd ¥V 378VL NI SHIBWNN §3-Ig =99 6 N319144300 3uNSS3ud WY 318VL NI SYIBWNN
no*t €n°1 96° Ly _ 4g° c6° “ 66° 00° 1 gb* n6* 69° | 10°1
| |
g0t 20°1 | Tee w gas | wor . 6R* | ce 09°
€0t €Nt 9° a0y | 7t se° _ to°1 L6° | e m a* "e* 201
X 86° w 2q° n0°1 ! 16°
LS INLod stn 2th- 2°¢- inlod Loh=
"0t Gn°t 86° b | roct 00°1 no°1 96° b n6* n0°1
n°t ONIANNON | LoT= 1= (4 | ® ONTLNNOW 8=
00°1 ‘_ 90°t INVY “ Le* "6 96° Go°1 | VY "9
|
20°t 86° 66° goe | (o° 66° 20°1 96° ne* 66° aLs | nect 69° 20°1
| ]
66° €0°1 we | 89 CLA g6* | 26" cLe | fet €L
H H |
10°1 86" "ot g6 [ el e 0o°t g6* on°t 96° | 9t | Wt o 10°1
g6° = 20°1 LR te* o1l 1L6° ce’ takd _ ug* sL*
0°a- nog- H 2% heg=- 6= { { GoC- 2=
* | ¢6° 10°t 10y we 10°%1 L8° 56* 6° c6° anet upe 18° 66°
se n._l_ ¢ L { 4Le2=- heg- i 2 s " T ne2=
; 86° 00°1 66* | le® s6° on°1 26° 16 Nt 99°
|
|
66° oh'1 00°1 66° _ le* 66° 86° 96° g6° ge® | @6* 6 c8° 00°1
|
N:.— QO. Lo° N H6° 86° GO. mGo i L6* | ue* c6*
6 201 9° 6 | et 86° 66° g6° 6" 6 wes | % 86° 001
wo°1 6° 9e* | foty 86° c6* no°1 no* et 1668 |
9°L- ! i
86° gn°t 10°1 g6 _ ag* 96° L6° 96° c6°* 66° g6 _ “6* (T8 10°1
6°1 | i
66° 6° L6° | te* 96° c6° 9e* |  96° | l6* " 96°
1o°t 66° 86" 962 t6* i6° L6’ 00°7 €6° 96° .— Lo _ e | 96* _ 96°
AT e o e D | i T Bath 5
1 NOILVENOIINDD °3Sd L'0€ = b SIONY 001 =A 4 NOIAVMNOIINGD °3Sd L°0€ = b SAIONY 001 =A
930 ¢°P==1S4 930 0° =VHdWW #T INIOd SE NNY 930 0°"==1S4 930 0° =VHAIWV ST INIOd S NNY
penutiucy - A JT4dYS

Th




10004 *14Y ONINOOT *3SON 300W T . 13V ONI®001 3SON T13OOW |
e L . “Noa ML WOYd NIIS ST ITEVL =ILO0N puLLwON- y “$i01a 3HL WOYd NIIS ST 3TEVL =3L0N
N S e 14V SNINO0T LMely 0L S MELYL — g *14Y ONINO01 1Hely 04
A3auns 1337 WOUS MOT4 Q4 IATLISOd *ANINIIVIGSIO IVANOZIHOM = ¥IAOT aawns 4337 HOY3 MO1d ¥od 3ATLISOd *ANINIIVIASIO TVINOZINOH = ¥IAOT
HSYAGN 404 3ATLISOd *ANFWNIAIVIISIO TWIIL¥IA = Y3Iddn HSYAGN MOJ4 IAILISOd ¢ANIWIIVIASTIO TVIILNIA = ¥IddN
°S33y930 NI NOILIINIO MO IAVIIONI S3x08 NI SYIOWNN *S33y930 NI NOIAJ3HI0 mOTd 3AVIIONT S3Ix08 NI SYISWNN
q..lwﬂ...o SIN31D149309 3unSSIud WY 31GVL NI SU3SWNN u..l...ﬂ » 99 6 N312144300 WNSSIud ¥V 318YL NI SYISWNN
€0t (1M o"©e’ 2e° %6 s6° 00°1 1Y 26° "’ 6n To't ﬁ 00°¢ — 00°1
90°1 06* | e fe* L6° (1M 2’ she fo°y | o00°1 ’
s0°1 we [ TR { M €6* 66° ({24 c6* %0°1 16° A {103 § To°y _ 66° T0°1
I sn°y 90°1 l6° 16° "o co°t ‘ g ] 00°y[
n°62=- 2 n2- iNlOd 9°2 c'c " ANTod 2°s 6°1
66° 20°1 6c’ ﬂ he* 66° so°t (1Y 16° 99° % a6 00°t s0°t
01~ 6°1~ PN ANNOW s [ 0°g- INILNNON VT~ | 14
16° 96" INVY UM L6° 26° o INVY 69° 10°1
16° e0°y s9° oL* % T0°t e6° s6° c6° 0s’ 68° 21t 10°t , 0ot
Lo 9z* UL (6L %" 20 g | e ag* 66 |
96° 60°T 19° 16° % 96° 66° g6° 10°1 s9° c6° 80°y 66° %"°
16° "'t L6 q6° ] 00°t 89" 6s° 7y ‘e* 66°
st 0y 2's 1t (33 ¢ 0°2 Les
L6° ({XM 26° 66° ve* T0°t 96° G6° es* w’ 96° L6* 66° 96°
9°h= €2~ L c* € 1= [ bl & ne=
6S*® 96° 96° 86 66° g0°1 (VA s6° 66* 66°
s6* 66° 06’ e6° %* T0°y 96° 96°* "n* 99° g6 fo°y 20t | 96°
e 00°1 L6° 96° 10°1 c6° 20°1 g6 ve* 66 |
L6° 21 10°t 96° "6 16° 66° 96° g6* 66° oney To°y 10°1 | e
10y 20°1 6 v6* v 6* 66° 6° % | es* |
e 2°¢
66° é6° 00°Y 96° %6 e6° 66° 66° s6° A 66"’ o0°1 fe* 96° [T}
[ 0%«
96° s6’ _oney L6° we* c6° L6° 96 f6° 00°y
20°¢ 96° 9%° 96° %* e6° L6° 10°t "6"* 66° on*y 66 00°t 86°
4 NOLAVMNOIINOD °3Sd L°CE = b SAONN -00I=A 4 NOILVMNOIINOD °d4Sd L°0€ =b  SIONY 00) =A
930 0°7 =1Sd 930 0° =VHdIV LT INIOd SE€ NN 930 0°" =1S4 930 0° =VHJIV 9T INIOd SC NNy
pSnuTUO] -~ A AIAVIL

75




10009 *14V 91I%007 *3ISON 1330
priwos - A “WoUiay woud 133G ST IMYL =3LO0N
T o e . *14V 9NINOOT LHOIN 0L
A3awns 4937 WOod MOTd ¥od 3AILISOd ¢iNIWIOVIYSIA TVLHOZTHOH = HY3MOT
HSYMdN ¥03 IATLISOM ¢IN3IIVIASTO WIIL¥IA = ¥IddN

5334930 11 NOTL3410 MO ILVIIANT SIN0E NI SYIAMNN

b
ﬂ-tu SIN3III439390 3UNSSIYd IV 378V, NI SHIAWNN

40804 - . . .
- 14V 9415007 *3SON 1330w
b s W0 341 woM4 1335 ST MAVL =IL0M
e *14V ONI¥N0T LHOTYH 0L
A3MuNS 1437 wOod MO1d 803 3IAILISOd ‘AN3W3OVIYSIC TVANOZINOH = ¥3Iv07
HSYMGN 803 IATLISO4 ¢AN3-i3OVIASTC WITLMIA = #3d4n
+5333530 NI NOI1I3ald MOT3 3LVIICT S3x09 NI S¥ITAnn

oIg * %9 SINIIO142300 3uNSSIud ¥ INWL HI Sy

e G9°* 86° €6° 00°t gn°t 10°1 Tefe fe*
89° 70 10°1 on°t 66° b G ‘6*
2€ LN 66° no°t 00°T n°t 00°1 e Te.*
| 19 LLARS 16° 20°t Facy
inlod hee [34 & 9° AR inlod 1°¢
() up* 66° 10°1 L6 00°1 65° @ fa¢
ONTLNNOW| L°%=) Coh= L L= ONILANON €2
ANTY 4 J " 66° 69° 16° INVy Tt
€L fqe 66° 36° 96° n6* VAR 25 L6
oh* RN 00°g "t L6° nae a° 96°
gae “ug* Le* no°t 66° g6° 60°1 nee nty 10°t Ls*
FJ. amo = 10°t . . m:o— 5 ~0. 26 aney ©6°
et - - =
. 3 . {7 . ﬂ . ﬂ . ﬂ .— . — - —.
6 6 L6 f6 16° et 96 8L nt u6* ®e*
*G= G he Q- 11~ 40 7= 9=
. g6 R’ TN 96° [T (LA e ey
16° l6* L6* f6° g6* n°t g6’ gk ap L6 66°
Lh* RCH no*L b6° f6* [ e o6°
Lo 16 L6* 66° 66° 86° a6’ ke nney L6 06
96° s 0ot L6 66 L6* g6° . [T 96 e nney
- 6°'-
96° 96° | | 00°1 L6* e* 66° q6° 66° 96° (XM Lot ‘0* (N q6°
5 ¢~ 9°
L6° L6’ fe Le* 06° a96* Ge* L6 i6° w6
0n°t 96° L6 16 v 86° 66° 66° 96° bo® _ gk up L6° 30°

4 NOLLVANGIINDD °*45d L°89 =b  Sidt» OGI=A
930 0°= =1Sd 930 0°h=SVH=IW 9 Lr10d 9€ Ny

4 nOlivuNoldnod  *4Sd S104%  OGI=A

93C 0°= =154 930 0* = 10d € Ny

panutjuo) - A JIHVL

76




1804 14V ONINO0T ‘ISON 1300W
Ly - ; “$ova ML WOU4 NIIS ST TWWVL =3L0N
g S oL ——wll 14V SNIN00T iHelN OL
Wre 1437 WOBd O Wod IATLISOY ‘ANINIIVIGSIO TVANOZINOH = ¥INOT

HSYMgN 4034 FATLISOd ¢ANINIIVIASIO VITLNIA = ¥3ddN
*533y930 NI NOTLOINIA MOTJ ILVIIONT S3Ix08 NI SUIMNN

b
%3-I * 99 S1N310144300 uNSSIud WV 376VL NI SUIBWNN

A4V ONINOO1 ‘3ISON 300N
o 2 “Woui3aML woud NIIS ST 318VL =3U0N

e v | °14Y SNIN00T LWSIW OL
Azunt 1937 WOUd 2074 ¥Od FAILISO *ANIWIIVIGSIO TVANOZIWOH = HINOT
HSYAGN ¥O4 IATLISOd ¢ANIWIIVIISIO IVIILNIA = ¥3Iddn

+532y930 NI NOILI3YIA MOTS ILVIIONT S3IX08 NI SuIBWNN

Y25 + 99 SINIIIN 43300 JNSSIud T8V 3T0VL NI SHIBWN

pownn

co°t 20°t 90°t 28 86° g6’ 66° 06° [T (T% 45 "e* [ [} 96°
10°1 9° 9e* 6° 10t 10°1 16° e T0°%y 9%°
#o°t 66° 20°t sS* L 00°t 10°t Joo. 66° co°t 9c" nee L6° no°t
L6° 96° ag* €o°y t0°t c6’ "9* L6°
L 9°2+ ANlod 0°2=| | &4 L% iNlod 1°c L=
"ot Nt 16’ @6 G0 96 10°1 66° 96° 10°t oL L6° 00°t
82 L'y angANNONW 9t (3 8 Teg- BNIANNONW 9°2- g2~
96° er’y Iy 20t 96 2Nt (13 VY %6* 00°t
10°1 96° 66’ o Qg L6° 66° 3... 20°1 98° (144 Le* 66° L6°
66° t{ M g6 G6° s6° w01 20°t go° 80"t 20°1
Vo ¢ 2Nt i oL eg° 96° L6* 00°T 00°1 10°t 19 6L 9" 10°1
2Nt 26" | 6e° Le* 26° 96° cr°t 95 cg* z6°
1 L= | g N Y- Qe 0%~
66° gy L’ | e G9° 66° 9%° 66° 96° 6’ (Y re* 66° 66°
(3 n* _ (3 9°2- n2- f°C= 9°2-
(1M 10°1 | €6* oy e6* c6° 16° 16 g * 10°y
66° nn°t " | elL* %6 | 96° [6° L6* 66° T we "6 oc*t 66°
“~en’y 10°t (LM 78 96° 66° s6’ L6° 46° 00°1
66° en°t 00°T1 s6°* q6* Le* L6° 96° 66° G6° g6 no*y 66° 66°
66° 20°1 s6° To*s 66° 16° T { [ no°y ([}
o'y 2=
0G°t 0n°t §0°t | e&° f6° s6* 66° 96° 66° 66° 96 66° 66° 00°Y
9°2 1°1-
66" T T e’ Le° %6° L6° 66° 86° 66° t6° e6°
g0t on'1 v* W _— %* 66 %° L6 6 66 15° t6* 9e° %6*

4 NOLLVMNOI4NGD °*4Sd L°89 =b  SION* 0GI=A
930 0°*= =IS4 930 0°2 =VHdWW 8 INIOd 9€ NNY

4 NOTLYENOI4NYD °4Sd £°89 =b  SIONX 0S| =A
930 0°- =ISd 930 0°2=-3VHdIWV ¢ INIOd 9L NNY

psnuljuoy - A d79Y

7

ki




1009 *14Y ONINOOT ‘3ISON”13Q0W 104 *13Y SNIN001 ‘3SON V300N |
owuNOW 9013 ML WO¥d NI3IS ST 318VL -3L0N uwou: B “Wo1a3H1 Woud NIIS ST 318VL =3LO0N
S NSLYL - - *14Y ONINO0T AWOIY O e NSLVL — o *14Y ONINOOT 1HOIY OL
Auns EUJ WOtd MO7d ¥0d IATLISOd *ANIN3OVIISIO TWANOZINOH = ¥3WOT ure 1437 WO¥d O3 04 IAILISOd *AN3WIIVIASIQ TIVANOZINHOH = ¥INOT
HSYMJN ¥04 3IAILISOd *ININIIVIASIO TVIILWIA = ¥Iddn HSYMgN 03 3ATLISOd ¢INIWIIVIASIO TVIILNIA = ¥3IddN
*S33¥930 NI NOILI3¥IQ MO13 IAVIIONI SIX0E NI SHIWNN *$33y930 N1 NOT1D3410 m074 3AVIIONT S3IX08 NI SIOWNN
llclt d9 SIN3IJ1343300 3unSS3yd WY 318VL NI SHIOWNN ﬂvﬂ. 49 fzu.u:uuou J¥NSS3yd WY 3718V) NI mzun::z
101 66° _ 9° “ The _ 7q° c6°* 66° 00°T 00°t 6L’ (1N Le* 96 m 6°
[ e6° _ 66" | 9o | 1z 06° 0n°1 66° | o0S° _ W e
| 1
10°t ey _ L6° A AT I % o L 00° ¥ 66° 86" | uf° e* |_ 66°
10°1 96° [omge 7 co° 2t 26" | es* 1 we*
2°- < 4 INlOd | I*n 9°¢C- 9° 9°2- iINlOd T°n °2-
00°1 66" %" e | ees 00°t T0°1 10°t 20°1 6* P | e "%’ 00°1
" | ONIANNOW | 1°2 6°€ a*y £ BNILNNOW | 6°2 neg |
2Nt H 00°7 Iy _ Hg* 00°t 26° tN | INVY - Te* ([} 4
66* { 66° | 96° 16° _ no°s 10°t 10°t 66° c6° »0°1 W L ! ig* 06° 66°
| | |
FARE T R L s | m %* s’ 6L® | € “ fa* so0 |
66* | 96 _ 6 gns ‘e ve° T0°t 10°1 e’ ze® | ome | @gr % | e
1| 6° oho | 6n° | ne* 99° OO- noon ﬁ 06° “9* 16°
ol © e { 90 co1- T "y 1o-
L6 | "6’ €6’ enet ne 9e° T0°t 66° "6’ 20°1 201 | fo°y 16° 86°
2y 8¢ | _ fBe- 2°2 L 6°2 | W _ ney
16° 20°t | i@ | le° 00°t 16° et W L L 9%"*
9%6* g6* w | W | w 90°1 66° 6* 6° ge’ | e | <e* 66° 96*
! i [ 1 1
| e6° oo°v | eer | nge oL* 0n°1 se* | et | s 66* |
{ |
6 _ 66" w | oaer | et T6° T0°t 9° on*t 96° " “ g 6 9°
| | | >
! g6* to°t | 2L _ fe* 9%° 66° L6° 0n°y _ ‘e 9%
8°2- | | 8- i . |
9" 16° 66° ~ g6 | le* 66° 96° 66° e6° g L6 L6° ve* 9% 66°
[ | { "
| 16° s6* | te* 6* 86° 96° L6’ 06°* 66° i6°
96 H 96" 6 ~ ve° g _ Le* e6° 00t ) 9° _ 9n° 6 0° 06°
3 NOIAVMNOIINGD °3Sd L°@9 3 b  SIONH 0G! =A E] ze.:c:w.h.ou *4Sd L'99 = b w»ozx ‘06! =A
ouo 0°2=21S4 930 0°% SVHdIWV 0T INIOd 9% NN 930 0°~ =ISd 930 0°h =VHATY 6 INIOd 9 NNy
penuIiuo) - A TI9VL




*44V ONINOOY ¢33ON 1200W
e ; .ﬂ!_— NO¥d NI3S ST TWVL -3L0N

u..:.. e e 44V ONIN00Y AMely OL
uns 4437 WOU4 MO7J W04 ALLISOd *ANIMAIVISIA TWWVANOZINOH 3 Y¥3ROT
HSVAJN ¥4 FATLISOd *ANIWIIVISIO TVILLWAA 8 ¥iddn

*S33y030 NI NOILIFWIO MOT4 JAVIIONI SIX0U NI SWISWW

20+ 99 51031144300 WNSSING TUV 370V NI SHIOWON

iR’

*44Y ONINOOT ‘ISON 1300M
i “RoudHl WOYd NI3S ST FMAVL -ILON

!ﬁ“
oo b | *14Y_SNI%00T 1MOTY 0L
N 31 W0U3 A0YS w03 FATLISOd ¢ANIWAIVI4SIO WWANOZIWOW = MINOY
HSVAGN W03 FATLISOd ANNIIVIASIO WIILUIA = ¥3ddn

.muurxoun NI NOILOIWIQ MO IAVIIONI S3IX08 NI SUIIWN

¥a-1g * 9951n312144300 unSSIud MY 378VL NI_SHIGWN |

96" 9* 66’ 2 t9° . 66° .° c6° @ yae T o .g_ %
v’ s6’ 90°% ng* T0°t c6° 10°1 we nge 60 |
96"* 16° 06° 18 L 6° 00°Y 96° 96° 6° 16° 19 c6* ‘ 66°
0" o' 2 66° . . age o —1-
bz o iNlod bk gec- SO Tl T iy iNlod Y Teee | * [anee
v v i @6: il - b s e’ 6’ | ve® 96 T0°1
£ 1= 9°2- 14 6°c- L2- L2 n*y foN1iNnON | £ 51
6’ s | P s e° : ot°1 se° | vy | ono°t s I
96° 96° (13 1S8° fe* §0°t 16° 96° 96° 09° ot | 2ge 16° 66°
10°Y 48° 21y 09° s6° 19° TN iy | te* $0°1 |
L se’ v’ 90s 59* Lo 5 16° 00°1 e e | e g6 L6°
16° L1 we oL 26 6 %° cae nge — w9
sy 6°2- LA O 2°2- Q° =] ¢ 2°c- . 2= e'l-
] T L Ll 60 | o | soes| |48 9%* on°y 00°1 | 6S* 8e° s6° 9%
"2 9°2- th9e Lhd 3 L1 61 tes- L
9%° 96’ n0°g i9° 9%* .6° 0° 26 2 | °9°
96° "6* (1} g6 Te* 01 66° T 96° s6° 95 0w 06° 9%°
96 9* L2 Cx L 96° v’ cor e oo
Le* L6 L[ g6 l6° s6° e6° L6°® g6° s6° 96° 96° 16° 96*
.° o %" ee° 66* PPy e = c6* 163 e e
- 3
s6° 96° Toy 16° ge° LN 16° 66° 16° 16° " g6 96°* 96° 16°
. L
6° L6° 96 te* L e6° s6’ L6° %" 9°
s6® e6° L6’ 66° %° Le° L 9%° 6’ "6’ sé* %" L6° 66°
3 NOIAVUNGIINGD °3Sd L°89 =b  SAONN ‘OSI=A 4 NOILVMNGI4NOD °3Sd L°89 =b  SIONA 0GI =A
930 0°2-=1S4 930 0°2-VHIW 2T INIOd O9€ NnW 930 0°2-21S4 930 0°2 SVHAW 1T INIOd 9€ NnW
psnutluon - A T4V

A Y

(o))
~




T B *14Y SNINOOT “‘ISON T300W _ 1004 - *434Y ONINOOT ‘ISON 1300M
swuwon “Woii M1 woud NIIS ST FMWYL -ILON rod N “E5% 3l woud NIIS ST IWVE -3sCN
= mELvL— - *14Y SNINOOY inSIY 0L - wEivi o 14V SNIN0O0T 181y OL
e 1437 wOtd mON4 ¥O3 IATLISOd *ANINIIVIASIO IYINOZINOM = WIAOT e 1437 woud MO ¥Od IAILISOd *ANINIIVILSIO IVINOZIWOH = ¥IROI
HSYRgN 403 FALILISOd *ININIIVIISIO TWIILHIA = ¥IddN HSYAGN 4O4 IATLISOd *ANIWIIVIASIC TWIILWIA = WIddn
.mueuuwuo NI NOILI3MIO mOV4 IAVIIONI SIX0Q NI SYISNNN *S334930 NI NOILIIYIO MO 3LVIIONI S3IX08 NI SuIGww

i ‘ ’

b — - - .w.s-d. 2 SAN3121434300 ju.....m.n.u..a WY ITMVL NI SuISnN S5 ° 4 SINIIJI143300 FUNSSIud WY ITWVL NI SuIWNN
06" (1 % ey L Q Te* Lo Le* (1 s6° 0e°* 6% Zot 9" 66°
66° | 66" | wer =z 9 9" ss* e 66° %°

et’ 66" | gee e w0 68° 06’ 9 1s° ce S0t o0°ry 10°1
[ L L L e 10°t iy " 7n°1 66
1 61 LR i ANlod | Lt [ T 0°2 9° 2~ iNIOd 0w 6°~
TS s6° L 90T @6: re* %" o0°t 001 Iy 16° sﬁ. YA s6° L{0]
LI 25=1 Jj {ontal Lo2- co- s°2 st SN1aRnoNW S* 6
FUL s0°1 | 3Iwvw | 1g° %"’ z0°t e | 3wve 0 e oty
6" 16° 10°t ! 9N ' i vyl 10°71 96° 16° 9¢° ofF° " 10°t | g6°
£6° L0°t 9L f6* $6° 96° £s° 9S° i zL* €6°
FUS 96° [T L 9’ we 66° 00°t 16° 00’ L2 I A 20°ty 66"
6" 71 ge" [T cq° (T} 26° 60°t s°° | eae 96°
g c~ 1°2- 1°6- L€~ et IS ! 1 [} |
i16° 6° oo0°t 26 i L9 se° L 96° 6° t1e° €6° 66° 00°t 96°
T G* ; i LA 13 £*2=- "1 [N T°7 g1
16° 00°1 ey | zo°y 0" e’ e’ 9°° . e6° 6
i '
%% 96° (% 96° no°t [Tl i8° 96° 06" 16’ Lk e 10°1 66°
|
9%° Ty 96 (% %° 00°1 L6° e | se* 66*
]
oe* 18° b 00°1 6° | ee° se* ° 96° 96° 16° o ag* 66 | She
ce° "’ ec | et | e Iy v’ wer | e ve*
9%y~ : | .° ! i
0e° e 9" 16 | 9t | %" Le° 9%6"* 96° oo°t [ L %6° [ [ i 66*
.C— _ ”.~ 1
9%° se’ _ g6 . 96" 9%° 06’ s6’ L6 LN 00°1
! !
3._; * = % " ;_, b2 _ . Lﬁ i i6° s6* Ty 16° ug® %6° 86°
3 wOlAvNglge0) "25¢ L°69 = b SAIONM O0SIza 4 NOLLVHNGIINOD *4Sd L°89 =0  SLONW 0G| =A
930 0°*-2IS4 930 0° =VHAW 1 INIOd 9C NN 930 0°7 IS4 930 0°2 =¥yHdI¥ €T INIOE ©9F NNM
panuUTUC] - A TIdVD

80



ru o *14Y ONINGOY *ISON TAOOM ﬁ!ﬂu = .
44V SNINOOT ‘2SON TI0OW
S . \.ﬁ!p WONS NIIS ST TWVL ~210N wok . 3 %% M1 wous N335 SI TWVL ~2UON
savna T et — °14Y NINQOT 1MOIN O4 Yy Y pum——
Nca 1437 woud #0V3 wOd BAILISOd ANBMIIVIGSIO WANOZINOH = WIAO e v 44V SNINOOT iMelW OL
HSYA 404 BATLISOd *ANIPIIVIESIO TWOTINAA = Wideh Adauns 4TV OV MOS WO IATLISOL *ANIMIIVIGSIO TVANOZINOH = WIAOT
*STh030 NI WOTLSIVIO AOT4 AVIIONT SIXO8 NI SUIeww e YRR W04 AALLIS0M VLHITREV RSAS TWOTINAN < Wddd0)
. S234030 NI NOILIIVIO RONS ILVIIONT SIX08 NI SUIMNN
nsdﬂ ® O SiN312144300 JUNSSINd TNV FWVL NI SuItnN * 99 5 N312144307 FUNSSIud TUY TVEVL NI SUIWNN
F'. : ﬂ.o Nd.ﬂ 59-‘ ...ﬂ :. ’- *n OO.d dﬂ. "9 ﬂﬁ.d :o
L w’ Ly fo°y 10°y 0’ 10°1 20° Co° s’
%%° 16 [ T4 9s° 1e* 10°t %% ce* " 66° .0 g g0t 0ot
°I L] n - L]
Ll .| e : Lo B g e 96° .’ ne* 00°t
] iNlod . z 5 g =
c6° 26° PN Le* €0°1 00°t [ 0%~ ANIOd T2 t1°Ce
. . g . i6° 9° 10°t v se° 10°%
. §°- N LNNOW i 9= 5 5 5
00° og® MV 60°1 %* b \J 1 [ & 21~
16° L6° PV g 96°
. 0 3 S0 .
= s % b L Lo - s6 o’ 90"t | oee ng* oo°t oot
96° °9° | 13 ee° [~ N 00°1 9¢ e Qg* 96°
96° 20°t Lo’ L L fo°y 00°s Le* 0% 16° e’ 06° 26° 9 %°
- - o Qg .
it o L° & * . ) 4 4 o Lt s 1y c¢c~ s L83 b 22 26} 6°1
16° .o 16 . 96 [ (] L7 %4 . 9%"* . °6° 16° ﬂO- °° 16° 2L 9° 6°*
1°t = 0°2 - . 0°1=- 3 Z°= 2 2° L°Ce 1°1=
s6 99 L 1 %6 ”*% 6° 6° 0Tt 19° 00°¢
. . . Q . .
1Y 56 €9 o 66 96 % o &t 66" 06" l9° %° e
» L] L] L] L]
s b b ce % s v 16 ne* 66°
16° c6° c6° Le° %"* i6° Ty 26° c6° %" 66° Ge* 16° 26°
nﬂo = i o0y no*t 9% ° 96° = 6" 16° 86° 16°
. . . z-
L6* [} 3 % o0°t np*y 06° e6° 6° ce* . "' prYs ) 6° o’
. o . 0’1
96 96 ney 86 16° 10° 16° 6b° l6° 66°*
5 L, . . e 5
te o e & ory %’ te te* Y v’ e6° * 16° 66*
5 NOLLYWNSI MO 454 £°99 = b SIONM O%1zA r ol . : \
- = 4 zo::.:c..!ou *4Sd L°99 =b  SIONM ‘0OGi =A
930 0°7 =1Sg4 930 0° =VHAIV 9T INIOd 9 NNW 930 0°7=z1S4 930 0° <VHdIY ST INIOd 9€ Nnu
panuljuo’ - A JIdVL

81



TARLE V - Concluded

RUN 3u POINT 17 ALPHA= L0 DEG Psl= 4,0 DEG
= 150. KNOTS Q= 68,7 PSFe CONFIGURATION F

.99 97 ‘ 9 97 .96 .98 [ o8
97 | «98 «96 .98 .98 l
.2
.99 Y 2 . ) .98 1,01 1,00 | 97
t 3.3
«99 | .98 .97 .98 1.01 ‘
1.01 98 | .9 .97 .96 ‘ 1.01 | .98
.99 ‘ .98 .97 91 .95
.99 .98 % 79 | 91 .99 .97
.98 «99 .98 .78 1,02
o1 -4,3
1.01 1.03 .92 .77 .83 .81 .97
3.0 2,5
1.00 % ool .68 .89
.98 1,00 1,07 | w96 | 76 .68 | .97
.98 0 ! | 1,03 96 |
.98 .97 89 | .59 | 1,00 o4 .99
«98 1.07 | RakE | .59 .86
-6 | MOUNT ING! .33
99 1.00 1,01 | | .09 .97 .98
Selt | POINT | =T
.95 .97 l .87 .99
1.00 |l.oo 1,02 | eu0 .01 .89 1.01
i .99 o9 okl .56 .89
.98 I 99 l 99 1.0% .96 .91 «99

NUMBERS IN TABLE ARE PRESSURE COEFFICIENTSc, . Py-Pg
qQ

NUMBERS IN BOXES INDICATE FLOW DIRECTION IN DE3REES.,
UPPER = VERTICAL DISPLACEVENT: POSITIVE FUR UPWASH
LOWER = HORIZONTAL DISPLACEMENT, POSITIVE FOR FLOW FrQM LEF‘I 'LANE

TO RIGHT LOOKING AFT, - 7a78N
NOTE= TABLE IS SEEI FROM THEFLOW_ : _'.'.‘é‘hmo
MODEL NOSE, LOOKING AFT, PONT
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