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NOTATION

Projected area of the foil perpendicular to the direction of the
carriage velocity, i.e., on a horizontal plane

Area of hydrofoil trailing edge surface
Mean lift coefficient

Oscillatory 1ift coefficient in waves
Section design 1ift coefficient for a = 0
Mean drag coefficient

Oscillatory drag coefficient in waves
Mean chord length of the hydrofoil

Mean measured drag

Amplitude of measured oscillatory drag

Foil depth, measured between the mean free waterplane and the
leading edge of the mid section

Wave amplitude

Ventilation index Q/VAp

Wave number 2m/X

Mean measured 1ift

Amplitude of measured oscillatory lift
Free-stream static pressure

Measured cavity pressure

Atmospheric pressure

Measured pressurz at flowmeter

Force ventilating volumetric flow of equivalent mass of air
at atmospheric pressure

Measured volume rate of air-flow




NOTATION (continuded)
3 v2
q Free-stream dynamic pressure, pV /2
; S Plan form area of the hydrofoil, 0.333 ft.2
s Hydrofoil span
] ; vV Speed
1 X,Y Coordinate axes with origin at strut leading edge
i a Foil angle of attack, measured between the reference plane
i of the Hydrofoil and horizontal plane
Syt Foil angle of attack, measured between the nose-tail line
of the foll and a horlzontal plane
Ao Change in angle of attack due to the orbital velocity of
water particles In waves, Qmoe'de7v
A Waveléngth
1 p Density of water
o, Cavitation number, (p_ - pc)/q
T Foil Taper ratio, ctip/c ﬁfdépéﬁ
W, Circular frequency of wave
v
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ABSTRACT

An experimental investigation was made to determine the mean
and oscillatory 1ift and drag forces on a hydrofoil with combined
natural and forced ventilation in regular waves. Conditions for
natural ventllation were enhanced by the addition of wedges to the
after end of the foil strut. Forced ventilation was provided by blowing
alr through slots in the upper surface of the foil. The experiments
were conducted with the foil operating in regular waves of several dif-
ferent lengths at varlous speeds and foll depths. Most of the experi-
ments were conducted in head waves, but some data were obtained in
following waves. Results are presented showing the variation of the
mean and oscillatory c;mponents of cavitation number based on cavity
pressure, 1ift coefficient and drag coefficient with ventilation index

(a measurement of the air flow rate).

ADMINISTRATIVE INFORMATIOMN
This work was supported by the Naval Material Command under Program
Element 62754N, Task Area ZF 43421001, known as the High Speed Struts

and Foils Direct Laboratory Funded Project.
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INTRODUCTION

In some regions of operation of a hydrofoil, It may be desirable
to control the cavitation number in order to control the 1ift or to
balance and improve 1ift~drag characteristics over a broad speed range
from wetted flow to supercavitating conditions. A means of controlling
the cavitation number is the introduction of a gas (usually air) to the
upper surface or wake of the foil, thus forming a fully developed cavity
which would not normally exist. Tne air can be supplied naturally through
a direct path to the atmosphere as provided, for example, by a base vented
strut, or it can be provided arti€icially by forcing gas through slots in

the upper surface of the foil.

As part of a hydrofoil Task Area Plan, an exploratory investigation was

made of a strut-foil system incorporating both natural and forced venti-
lation of cavity. Specifically, experiments were conducted to investigate
the performance of a foll with combined forced and natural ventilation in
regular waves and to determine the corresponding oscillatory 1ift and drag
components. Natural ventilation was aided by the addition of wedges to
the after end of the foil strut. Forced ventilation was provided by blow-
ing air through slots in the upper surface of the foil.

The experiments were conducted with the foil operating in waves of
several different lengths and at various speeds and foil depths. Most of
the experiments were conducted in head waves, but some data were obtained
in following waves. Also, some data were obtained without wedges on the

strut. The results are presented in this report showing the variation of

e



the mean and oscillatory components of tne cavitation number, 1ift

coefficient and drag coefficients with the ventilation index.

DESCRIPTION OF MODEL
The model chosen for the investigation of forced ventihldtion.
was an existing tapered hydrofoil, NSRDC Foil No. H47, see Reference
1 and Figure l.l The plan area of the model foil was 48 square inches

with a 5.33-inch maximum chord length at midspan and a taper ratio

ct[p _ chord length at tip
chord length at midspan’

Tt of 0.50, where 1 = Upper and

lower surfaces were g;ﬁ::ated from geometrically similar two-dimensional
sections having a common reference plane resulting in a spanwise taper
with a maximum foil thickness at midspan. The sections geometrically
had a Tulin-Burkhart two-term camber corresponding to a section 1ift
coefficient cL,d of 0.2. Coinciding with the upper surface of the
sections was the theoretical cavity shape at an attack angle ey of 3.69
degrees at a cavitation number o, of 0, and a submergence depth d of «
(Reference 1). Subsequent reference to hydrofoil angle of attack, a,
will be the angle between the foils reference plane and a horizontal
plane, Figure 2.

The hydrofoil was supported by a single strut whose geometry and
offsets are shown in Figure 3. Gemoetrically, the strut sections were

similar to NACA 16-012 airfoil sections except for a non-streamlined

wedge-lilke modification located between 0.500 <x/c<0.700 at the base

-

IReferences are listed on page 20
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of the strut and continuing upward parallel to the leading edge for an
overall length of 22 Inches on both sides of the strut. The wedge section
was 0.80 inches long with a trailing edge thickn2ss of 0.135 inches. The
materlal of the streamlined portion of the strut was stalnless steel
whereas the wedyes were epoxy. Geometrically, the upper strut portion

of the hydrofoil was a continuation of the lower 10-inch long cylindrical:
strut with expanded chord and thickness.

Fourteen ventilation holes were located on the top surface of the
foll symmetrically about the midspan, Figure 1. An air duct inside the
foil linked the fourteen ventilation ports with a duct running inside the
strut. Near tne top of the strut tie duct was connected via pipes and hoses
to a flowmeter and a suitable air supply.

In order to accommodate the eiectrical leads for a pressure transducer
mounted on the foil's trailing edge, (i.e. on the base of the wedge-shaped
foil) a groove was machined into one side of the strut and a hole was drilled
into the foil leading from the strut to the transducer. The groove with the
transducer leads inside was covered partly by a strip of stainless steel
and partly by an epoxy fill~in, both of which were sanded for a restoration

of the intended geometry of strut and hydrofoil.

EXPERIMENTAL APPARATUS
The faclility used was the Center's 21-foot wide, 2968-foot long
high-speed towing basin having a minimum water depth of 7.5 feet. Water
in the basin was fresh with a temperature deviating only slightly from

70°F. A pneumatic wavemaker at one end of the basin permitted the generation
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of regular waves which ranged in these experiments from 16-inch
high, 40-foot long waves to 6-inch high, 15-foot long waves. The
model was towed by Carriage 5 at a maximum straight-line speed of
34.9 ft/sec.

Mounting the hydrofoil required a means of adjusting the model
for the desired depth of submergence and angle of attack with a
resonable degree of rigidity. For this, an existing yaw table was
utilized in conjunction with the carriage-mounted vertical rails and
electromechanical hoisting system. A lift-drag dynamometer consisting
of two separate assemblies of two modular torgce gages (1ift and drag)
using differential reluctance transducers was mounted to the under-
side of the yaw table with appropriate attachments to provide the
degrees of freedom necessary to remove couplings and avoid erroneous
force measurements. The two 4-inch lift-measuring >lock gages and
the two 4-inch drag-measuring block gages were oriented Iin line with
the direction of carriage travel. Mounted below the dynamometer was
an adjustable pitch plate (to which the strut was attached), whereby
the desired foil angle of attack could be obtained.

Other measured test parameters were foil depth, cavity pressure
behind the foil's trailing edge, wave amplitude, carriage speed, and
the rate at which air was supplied to the foil's upper surface. The
corresponding transducers used were a linear potentiometer for foil
depth, a small strain gaged pressure transducer mounted on the back
side of the trailing foil surface and within the anticipated cavity, an

ultrasonic wave probe mounted forward of the model where approaching




waves were unaffected by che model, a reluctance pulse pickup for

carriage speed, and a flowmeter-pressure-temperature gage system for
determining the volumetric air flow. Bottled compressed air was
supplied to, and metered by, a Fischer-Porter "Flowrator' with a
maximum input pressure of 200 psig. A pressure gage located at the
flowmeter allowed correction of the airflow readings to standard
conditions. The correction used, which was based on the Flowrator
characteristics, was
a m
=%

where Qm = measured volume rate of flow, ft3/min.

Q = volumetric flow of equivalent mass of air at atmospheric
pressure, ft3/min.

P, = atmospheric pressure, psia

Pn = measured gage pressure, psig

The amplified transducer signals (including the sums of the two
lift measuring gages and of the two drag measuring gages) were recorded
on strip chart and analog magnetic tape. The signals were also analyzed
on the carriage during the test, utilizing the Interdata computer system,

and recorded on digital magnetic tape for post-test analysis.

EXPERIMENTAL PROCEDURE
The program for investigating unsteady effects on high speed hydrofoils
in regular waves with combined forced and natural ventilation consisted of

experiments in calm water, regular head waves, and regular following waves.




The program was conducted with various combinations of hydrofoil
depth of submergence/mean chord ratio (d/c), angle of attack (a«),
speed (V), and air flow rate (Q) to the foil's upper surface. In the
regular wave experiments wave length and wave amplitude were also
varied. These parameters varied within the following ranges model
scale:
1.0 <'d/c < 3.0
5 < o <19 (deg)
17.6 v 34.9 (ft/sec)
0 Q 45 (cubic ft/min)
15 A2 L0 (ft)
3 o 8 (in)
The most frequently used wave condition was ¢ = 3 inches with
A = 30 or 40 feet, the corresponding wave steepnesses being 1/60
and 1/80. The speed range was selected on the basis of Froude scaling
assuming a 1/15 scale ratio between model and prototype and full
scale speeds from 40 to 80 knots. Since scaling associated with
ventilated flow is actually more complicated than simple Froude scaling,
no further reference will be made to full scale values of speed.

Each run was conducted under steady state conditions; i.e., no
change was made in the foil depth below the mean water surface, foil
angle of attack, carrlage speed, and air flow to the foil's upper
surface. Troil angle of attack and foll depth were adjusted to the
desired setting prior to each passage of the carriage along the length

of the basin. After the attainment of the desired steady state carriage
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speed, the air flow was increased in steps with each step taken as a
run. Among the objectives of the calm water phase of the program was

a comparison with previous results of the same model foil but with the
unmodified streamlined supporting strut (Reference 1). Foil depth in
all regular wave experiments was chosen to assure continuous foil
immersion. Using the various combinations of hydrofoll speed and wave-
length, encounter frequeacies ranged between 2.91 and 0.79 hertz In
regular head waves and 5.57 to 0.08 hertz in regular following waves.
Hydrofoil speed was always greater than wave celerity in the following
wave runs. The final phase of the program involved the remcval of the
epoxy wedges on the strut wiereby the original streamlined strut was
restored. Experiments with this configuration were conducted in regular

head waves at a single foil depth of two chords.

PRESENTATION AND DISCUSSION OF EXPERIMENTAL RESULTS

GENERAL

The behavior of the strut-foil systems was complicated by the
interaction of the several different mechanisms by which the upper
surface of the foil was ventilated. Ventilation could occur naturally
by means of the wedges or could be forced by blowing air through
openings on the upper surface of the foil. These two mechanisms of
ventilation not only interacted with one another, but were also
capable of triggering hyperventilation. Hyperventilation here is
defined as a natural ventilation associated with the breaking open of

the cavity to the atmosphere whereby air entered directly through



the downstream part of the cavity.

At the speeds examined during these experiments and without
strut wedges or the occurrence of broaching, the foll appeared to
operate in a fully wetted regime. The addition of wedges, however,
had the predictable effect of providing a path to the atmosphere for
ventilatlon of the foil. This was most clearly observed with the
foil at an angle of attack of 10 degrees, depth of two chord lengths,
and speed of 10.3 knots. A fully developed cavity existed at these
conditions without the assistance of Torced ventilation and without
any other noticeable path open to the atmosphere. At a depth of one
chord dength, the foll appeared to be hyperventilating with a direct
path of air movement from the atmosphere to the cavity. Natural
ventilation of the foil through the strut wedges was not readily
apparent at other conditions or angles of attack, depths and speeds,
although pressure data from the trailing-edge transducer indicate
that In some of these cases air was reaching that portion of the foil.

During forced ventilation of the foil, it was noéed that there
existed a lower 1imit to the quantity of air flow required to form
a fully developed cavity, (i.e., one which was clearly distinguishable
and at least several chord lengths in size) below which minimum the
air simply streamed from the ports. Transition to a cavity flow,
which was In some cases abrupt, occurred only when more than this
minimum air flow was provided. In addition, the cavity pressure

quickly became atmospheric or very nearly atmospheric with a slight
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increase in air flow 12ate, and remained so in spite of any further
increase in the air race. An exception occurred at a speed of 10.3
knots where cavity pressure was increased above atmospheric, but
only after a large increase In the air rate.

The inability to increase the cavity pressure above atmospheric
during force ventilated flow can be attributed to two factors. In
some instances forced ventilation triggered hyperventilation and air
escaped directly into the atmosphere. In most other instances. however,
it appears that air was lost due to the strut wadges. This latter
conclusion is based upon measurements showing that higher than atmo-
spheric pressures were obtained for comparable air rates using a strut

wlthout wedges.

MEAN CAVITATION NUMBER

The cavitation number based upon cavity pressure provides, in a
general sense, the clearest indication of the behavior of the hydrofoil
during these experiments. Other parameters, such as mean lift and drag
coefficlents, can be directly related to the mean cavitation number.
The variation of the mean cavitatior number with ventilation index, for
example, is reflected in a corresponding variation in mean lift and
drag. Consequently, a detailed examination of the cavitation number
provides useful insight into the behavior of other experimentally
measured parameters.

Figure 4 presents the variation of the cavitation number with
ventilation index from experiments in calm water. A limited amount of

these data was obtained for comparison with previously reported data for

10
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this foll] and to provids a reference base for the results obtained

in waves. As shown in Figure La, at an angle of attack of 5 degrees
the cavitation number for the two speeds tested (10.3 and 20-7 kncts),
varies with air flow rate ouly at 10.3 knots. At this speed, the
cavity pressure, which is initially atmospheric, Is gradually increased
by increasina the flow rate or ventilation index at the 3-chord depth.
This is reflected in the figure by a decrease In the cavitaclion number.
The cavity pressure at both depths examined at the 20.7 knot speed
remainad atmospheric regardless of flow rate. A cavity on the upper
surface of the flow was not visible during experiments at this angle
of attack, but such a cavity may have existed and been too thin to
observer. The data indicate that, at the very least, an air path was
open between the atmosphere and the pressure gage located on the
backside of the foil. ’

A somewhat more definitive picture emerges from the calm water
results obtained a2t an angle of attack of 10 degrees shown in Figure
4b. At a speed of 10.3 knots, natural ventilation occurred due to
the strut wedges and resullted in the development of a clearly visible
cavity. At other conditions, a relatively small amount of alr was
required to initiate a cavity which appeared to develop rather abruptly.
The cavity pressure quickly became atmospheric and remained so in
spite of the injection of large quantities of air. An exception
occurred again for the 3 chord depth at 10.3 knots where an increase
in cavity pressure was realized, but only after a large increase in

ventilation Index.

11
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Fallure to increase the cavity pressure above atmospheric indlcates
that the cavity was In some manner open to the atmosphere through which
most of the air escaped. In some instances 1t was observed that
hyperventilation could be Initiated by force ventilation particularly at
a depth of one chord. This was noted by the persistence of the cavity
long after termination of the air supply to the foil. Air supplied to

the foil during hyperventilated flow would obviously escape to the

atmosphere. In most cases, however, it appears as though the air escaped
by means of the wedges. Data tc be presented later shcw that cavity

pressure higher than atmespheric can be obtained at comparable flow

rates by uslng a strut without wedges.

The calm water results for an angle of attack of 14 degrees, presented
in Figure hc, show a smoother transition of the cavitation number with
ventilation index than previous results. Also, cavity pressures greater
than atmospheric were obtained by forced ventilation, although it is
apparent that air had excaped via the strut wedges. Changing the angle
of attack of the foll required changing the strut angle and this may
have reduced the effectiveness of the air path created by the wedges.

The variation of the mean cavitation number with ventilation index
In regular waves is roughly the same as in calm water, with only slight
modification. These data are presented in Figure 5. Each graph shows
the variation of the mean cavitation number with ventilation index at a
speciflic angle of attack and foil depth for various combinations of wave
length and forward speed. The wave amplitude (single) was 3 inches in all

cases shown. Curves have been drawn through the data spots to assist in

12




distingulshing general trends, and these curves may not necessarlly
precisely reflect the behavior of the cavitation number at low
ventilation Indices.

As in the calm water experiments, air supplied to the upper

surface of the foll escaped either via the wedges or by hyper-
3 ventilation. Thus, a build-up of cavity pressure much above
atmospheric could not be realized by forced ventllation. This is
best illustrated in Figures 5(a), 5(b), and 5(c) which show data fér
an angle of attack of 10 degrees at depths of 1, 2, and 3 chord
lengths, respectively. In all cases, except at a speed of 10.3 knots,

the cavity pressure reaches a plateau at about atmospheric pressure

é and does not change in spite of large increases in the ventilation

| index. This is consistent with results obtained in calm water.

‘ The transition from high to low cavitation number, which occurs
& at a ventilation index of about 0.05 appears to be somewhat unstable

and is dependent upon the wave length. In long waves (A = 30 and

[Dr ARSI

Lo feet), the transition is generally smoother than in calm water,
whereas in short waves (A = 15 feet) the transition and behavior is
more nearly the same as in calm water. Occasional departure from this
trend may be noted, suggesting some instability in this region. Beyond

the tiransition region, for high ventilation indices, small differences

in the mean cavitation number were obtained in the different wave

b

lengths for ¢he same ventilation index, particularly at the lower speeds.
b There are also differences between the head and following wave results.

These differences are not large and no consistent trend is readily apparent.

13
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Some experiments were conducted In regular waves with the wedges
removed from the strut and the air path for natural ventilation of the
foil eliminated. These results, which were obtained at an angle cf
attack of 10 degrees and a foil depth of two chord lengths, are shown
in Figure 5d. The data show :that the cavity pressure, limited to
atmospheric pressure with the strit wedges, can be further increased
somewhat by torced ventilation without the strut wedges. It may also
be observed that the cavitation number for all conditions examined is
approximately the same at corresponding values of ventilation index.

These results suggest that the air loss auring forced ventilation occurred

primarily via the strut wedges at the farger foil depths.

MEAN LIFT AND DRAG

Figures 6 and 7 present the experimentally determined mean 1ift
coefficients plotted with respect to the ventilation index. These figures
match those previously presented for the mean cavitation number. It is
apparent upon examination of these data that the behavior of the mean
lift coefficient is consistent with the variation of the mean cavitation
number. For this reason, the mean 1ift coe’ficients have been reptotted with
reshect to the mean cavitation number and are presented in Figures 8 and 9.
These plots have been terminated at a cavitation number near 0.30 to exclude
most of those data obtained without a fully deveioped cavity on the upper
surface of the foil.

At an angle of attack of 5 degrees the data show consideratle
scatter, indicating that the flow conditions were not stable. Consequently,
the following comments and conclusions which are based on the data obtained
at this angle of attack are not as well supported as are those based on

14
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data obtalned at the higher angles of attack. The data show that,
within experimental accuracy, the mean lift coefficient for a given
angle of attack is a functior of the cavitation number only and
virtually independent of wave length, foll speed and depth (for
depths of one chord length and greater). Also, the mean 1ift
coefficient in waves is the same as in calm water.

A comparison of the mean 1ift coefficient obtained during these
experiments with thase reported in Reference 1 shows excellent agree-
ment.. This Is especially niteworthy since in this experiment the
cavitation number was computed on the basis of the measured mean
cavity pressure, whereas in the referern-ed data the cavitation
number was computed on the basis of the vapor pressure. This indicates
that for a given angle of attack, the mean 1ift coefficient is a function
of the mean cavitation number only, irrespective of the cavity pressure.
More specifically, the mean 1ift coefficient is the same for super-
cavitating or ventilating flow at a given angle of attack and cavitation
number provided a fully developed cavity exists on the upper surface
of the foil.

Mean drag coefficient data have been plotted with respect to mean
cavitation number as was done for the 1ift coefficient and are presented
in Figures 10 and 11. The mean drag coefficiant data, like the mean
1ift coefficient data, also appears to be independent of wave length,
foil speed, and foil depth. Any differences which may exist between
results obtained in the different wave lengths are too small to
distinguish from experimental scatter (which is also very small).

More significantly, the mean drag in head waves Is higher, and in
following waves lower, then that obtained in calm water.

15



AN AL R

PRSI Sk A

In summary, steady state lift and m2an 1ift in waves; are the same
however, mean drag in waves includes an additional contribution due to the

waves.

OSCILLATORY LIFT AMD DRAG

Oscillatory 1ift and drag data are plotted in nondimensional form
with respect to ventilation index in Figures 12 and 13. Curves are
drawn through the data points only to assist in distinguishing general
trends and should not be interpreted as describing the precise behavior
of the data especially at low values of ventilation index.

The oscillatory 1ift coefficient data obtained at an angle of attack
of 5 degrees shown in Figures 12(b) and 12(c), was constant for depths
of 2 and 3 chord lengths. At a depth of one chord length, a different
constant was obtained for different speeds. These results are consistent
with observations at this angle of attack that the flow was essentially
we tted for all speeds examined and that air injection had no major
influence on foil behavior.

The oscillatory 1ift data obtained at angles of attack of 10 degrees
and greater follow a pattern which is very much in accordance with the
variation in mean cavitation number and mean 1ift in waves. Consider the
data, for example, obtained at an angle of attack of 10 degrees and a
depth of 2 chord lengths, which is shown in Figure 12(e). At low values
of the ventilation index, where the 1ift slope is the steepest, the

oscillatory 1ift coefficient is appropriately the highest. Increasing the

16
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the ventllation index results in a rapid decrease In the oscillatory
11ft coefficients to scime constant similar to the behavior of the mean
cavitation number. Paradoxically, at a speed of 10.3 knots, the
oscillatory 'ift increases at very high ventilation indices, whereas
the mean cavitation number and mean lift actually decreased.

The effect of wave length on the oscillatory lift within the range
of the experimental parameter examined, !s not very noticeable, although
some differences probably do exist as expected from quasi-steady con-
siderations. The effect of speed is more apparent since [t alters .1e
mean cavitation number which directly influences the oscillatory lirt.

The behavior of the osciliatory diag coefficient data shown in

Figure 12 is roughly the same as the oscillatory lift. At some conditions,

the effect of wave length was more noticeable than at others. For
example, at an angle of attack of 14 degrees and a depth of one chord
length, shown in Figure 13(g), large differences were obtained between
wave lengths at a speed of 10.3 knots. Also, in some Instances, wave
anplitude had a significant effect on the mean drag coefficient as

shown in Figure 12(f) for an angle of attack of 10 degrees and 3 chord
depths at a speed of 10.3 knots. In general, the effects of wave length

and amplitude apoear to be more pronounced for the oscillatory drag than

for the oscillatery lift.

17
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SUMMARY AND CONCLUSIONS

The flow behavior of the strut foil system was complicated by the
combining of the two different methods of ventilation, i.e. natural
ventilation by use of strut wedges and forced ventilation by blowing air
through ports in tne upper surface of the foil. Forced ventilation
resulted in the development of a full cavity on the upper surface of the
foil except at an angle of attack of 5 degrees (which was the lowest
examined). The mean cavitation number was lowered by increasing air flow
until the cavity pressure reached atmospheric pressure. Further increase
in air flow did not result in any further decrease in the cavitation
numbers at comparable conditions, indicating that air escaped past the
strut wedges when in use. Also, in some instances forced ventilation
triggered hyperventilation and air escaped through the rear of the
cavity.

Once a full cavity was developed the mean lift coefficient was
dependent only upon the mean cavitation number and independent of wave
length, foil speed and foil depth within the range that was examined,
and the results in calm water and waves were the same. Excellent agreement
was obtained in comparing these results for ventilated flow on the basis
of cavitation number with those previously reported for supercavitating
flow conditions., This is especially significant since the cavitation
number for the supercavitating results was computed on the basis of vapor
pressure. The mean drag data also appears to be a function of cavitation
number (once a full cavity is developed); however, the mean drag in head

waves is higher and in following waves lowzr than that in calm water.

18
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The oscillatory 1ift and drag of the foil, in general, followed
the same behavior as the mean cavitation number and mean 1ift and
drag. The oscillatory lift was the highest at low air flow rates
vhere the flow was essentially wetted or partially cavitating and
1ift curve slope the steepest. As the air flow was increased, the
oscillatory 1ift decreased following the decrease in the mean
cavitation number. The effect of wave length on the oscillatory
1ift was too small for the wave lengths examined to infer any
general behavior of trend. The effect of wave déngth and height
on the oscillatory drag was in some instances more noticeable than
in others; but no consistent trend was readily apparent.

in these experiments the speeds selected were based upon Froude
scaling using a 1/15 scaled model. Scaling for ventilated flows,
and in particular those which combine both nacural and forced
ventilation, is not completely understood, and extrapolation of the
experimental results in this report to the prototype should not be

attempted without due caution.

ACKNOWLEDGMENTS
The authors wish to express their appreciation to Messrs. M. Pemberton,
M. Davis, and B. Peters for their contributions to the testing on the
carriage and the computer programming for the Interdata System.
Special appreciation is due to Drs. Y. Shen and M. Martin for the

guidance and direction in establishing the test program.

19

e @ e Tt NSRS OIS S AT R R VSR e



T

e

REFERENCES

Dobay, G.F., "Influence of Scale Ratio, Aspect Ratio and Planform
on the Performance of Supercavitating Hydrofoils,' NSRDC Report

2390, August 1967

Ficken, Jr., N.L. and Dobay, G.F., ''"Experimental Determination
of the Forces on Supercavitating Hydrofoils with Internal
Ventilation," NSRDC Report 1676, January 1963.

20




APPENDIX

DATA AEDUCTION

Processing of the data was accomplished primarily by utllization
of the Interdata computer system during the experiment on the
carriage. The following information was obtained in engineering
units for each experimental condition:
mean
root mean square (RMS)
standard deviation
single amplitude

for each of the following channels
forward lift gage
aft 1Fft gage

Téft .summation

forward drag gage
aft drag gage
drag summation
foil depth

pressure behind the
foil's tralling edge

carriage speed

wave amplitude

Furthermore, a number of nondimensionalized quantities were computed
8. such as:

Mean 11ft coefficlent C, =

1 L
]
L’if 2]

o0
wnlr|

(1)

B - - P SN ——




o T

Amplitude of oscillatory

11ft coefficlent A, =5 (2)
Mean drag coefficient - b
CD = ag-' 0.021d (3)
Amplitude of oscillatory Dm
drag coefficient AC, = — (4)
D q$
Lift/Drag ratio 175% (5)
P = Pc
Cavitation number 0, =~ (6)

The mean drag coefficient fb as presented in this report applies
to the hydrofoil only, i.e., the drag component due to the strut and
given by the second terms in equation (4) was subtracted from the
total measured drag coefficient as given by the first term. The strut
drag component was obtalned from experimental data and with reference
to previous strut drag determl.nations.2 All oscillatory quantities
as analyzed by the Interdata computer system are based on the RMS of
the measuted signal.

Additional computations were obtained after the conclusion of the
test program by a reanalysis of the digital magnetic tape on the Inter-
data. The most significant nondimensional quantities also based on

the signal's RMS value were:

L
T (7
and AC
D
o (8)

where Ac = change in angle of attack due to the orbital velocity of
water particles in waves

22
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Aq = _0___v___ (9)

From the forced ventilation volumetric air-flow rate, corrected
to atmospheric pressure Q, hydrofoil speed V, and foil angle of

attack, the nondimensional ratio designated ventilation index

Kv was defined as

K = g

Q
v VA
P

where A = projected area of the foil perpendicular to the
direction of carriage velocity

- - o
Ap At + S sin (@ - 5.07)

At = area of hydrofoil trailing edge surface, 0.0390 ftz.

23
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Figure 1 - Hydrofoil H47
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Figure 2 - Hydrofoi\-Strut orientation with Coordinate Axes
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HYDROFOIL TOWING STRUT 6 IN.—=
STRUT SECTION OFFSETS
(MODIFI1ED NACA 66, 1-0120) ] Hy
=a
!
X/¢ Y/C %r
1
]
0.0050 0.00900 H
0.0075 0.01083 i
0.0125 0.01343 H
0.025 0.01803 I
0.050 0.02482 b
0.075 0'032;9 ﬂ
0.10 0.03482 i
0.15 0.04214 26 IN. |
0.20 0.04779 i
0.25 0.05218 H
0.35 0.05550 il
c.35 0.05786 1!
0.40 0.05934 i
0.45 0.05998 i
% 0.50 0.05972 i
0.55 0.06457 i
0.60 0.06941 "
0.65 0.07426 1
0.70 0.07910 t
0.75 0.03789 !
0.80 0.02964 ::
0.85 0.02098
0.90 0.012k4 10 IN. 1
0.95 0.00477 !
1.00 0 hi
]
1
|I
H
* MODIFICATION EXTENDS !
FROM X/C = 0.500
TO  X/C = 0.700
WITH THE GIVEN OFFSETS APPLICABLE ONLY ol N——
TO THE LOWER 10~INCH LONG CYLINDRICAL
STRUT PORTION ==l
t.__*l “-0.8 IN.
2 IN.

Figure 3 - Hydrofoil Strut Offsets and Geometry

26




*%oR33Y JO 3)buy $32463Q 0'Hl - Op dSunb4

AN 'XI0H) KOILVILINIA

01 g'o 9°0 y'0 20
| T T T 0
- 4—.0
- —{T°0
1 | &v
v v v Lot
® © o] € ot €0
wil ol "y
T 3 i S10MY
033dS
{$QuUaK)) MidigQ 104
aM3931 | "o

Jp *vaEwAN NO1LYLIAYD

*¥oe33y 40 3buy sasubag g QL - qp d4nbLy
M x3ont worsvaLNaa

21 01 §'0 9:0 %0 z:0
T T T T T T T T T T T o
- —{t0
P —4Z°0
v v {0z
[ [ S°St
- o 621
* (] £°01L
4€°
uil Wt °
3 1 SI1O0N%
NI 0334$
{SOWOH)) HL1d3Q 1103
'R 0K3931
X 1 1 1 | 1 ] w0
*3yoe3ly 30 3buy ssaabag g'g - ey aanbi 4
M txaoki Ko1avALINIA
Tl M| 80 9°0 %0 z°0 o
T T —t 7 I I P S,
ﬁ —Ji-o
R —{z-0
] 1
v A4 L6t
° ] [T —Js-0
ull "y
€ 1 S1ONX
033d$
(SOVOHD) HEdI0 104
GH392Y | \L \ b0

*J2IOM WEP) U} XIPU] UOEJE|}IUDA YILM JDQUAN UOLIRILARD JO UOLIBLURA - ¢ 34nbLy

5 “YIINNN NOILVLIAYD

9o *¥3gHON KOILVLIAVY

27

v
i
1
;
H
'
i




*sabpay In43S INOYILH

43dag spJoy) 2 ‘3delly jo d(buy 324600 0'0L - P§ 3unbyy *y3dag spaoy) 2 ‘3dey 30 3|buy Saaubag 0 0L - 3§ d4nbiy
Ay
A CAIOND MOLAVILINDA >x “X30N1 NOILVILINIA _‘
s'0 vo to Eo re o 50 o t-o e ‘o — ~
T T T T
[ Y A = o
k- ¢ s N J T . "
\ P Y g, o
s \ -0 x .
s -0
A H z !
»
\ 2 < =
\ S £ ,
N € Lo 2 $33¥920 081 = ONIOVIH o B
$13¥030 09t = OWIGYIH \ = SIHMI £ = JONLITJWY Iave 3
SININE € = 2001 1100v Jawa © § ol ol o | tor | z
®  c ] C (o 8 2 | & | & 1 0 | st | z
d gt B 15
¢ 3 [ m.m._9“4| deo .r_ ¢ ¢ [} €21 B
v | * 9 | t o1 A ™ ° | o [ ta | ) e
ot [ of | st | siom ow § ot | S I siomx
19 "1sKIIAvA S:,MJ 44 'K MR | 03368 |
%121
UL ! 1 .o N3 ) \ s |
i
*y3dag spaoy) ¢ *X203ly jo 2(buy 5224620 0°0l - 35 24nbyy *Y3daq paoy) | “¥de33y jo a(fuy $33463Q 0°0L - ©G 24nbiy .
f . A, s )
XI0M1 MOILVIIINIA N "XIGNT NOLZVILLNIA '
90 $°0 %0 €0 1 3] 10 90 50 %0 €0 0 10 o -] ;
T T T T T - T T T T T 0 ~ .
—————0 i
L34 \ 4 O—3 .
Q¢ ‘
- o |- 8 o {
1
z \ a .
: \ z
. . [ad
= {20 m o / oz
=
E \ E
= 1 1 1 —f e
' L L oo m SININI € = 30N1114KY IAVA Y dio &
SIHNI € = J0ALINIWY TAVA o S J oo > To1 ¢ g
e lnl] o ) -0l Y @ | © ] O | ofter -0z ar
w "o | o | o Lot 4 {6 | C a8t 3 “
[ & [ 008t $:st | ) (S . v o o08: gor | evo
v % | 9 [ o0t ot © oy | ot | st .
ov [ o0 1 51 Lo licya | sious . ™3 ganes
13 _‘HISWIVIAYA | 0148 14 THININIAVA ]
ON4931 \ 1 0 aN3931 L { o

*S3ACH JP(NB3Y U} XDPU] UDIIL|IIUIA YIIM JIQUNN UOLIRILAR) URDK JO UOLIRLARA - G dunbig ;
i

B i s T U




*43dag spaoy) 2 233y jo atbuy $2a463Q 0°/L - u§ AJnbi4 *y3dag spdoyy g “¥oe33y 30 31buy saaubag 'yl - 35 dunbry

B e .

) )t ‘xigm; NOIZVILLINIA ?x "X30NE HOTIVILINIA
| 9”9 S0 X ("0 10 10 970 5°0 %0 o 20 10 ‘
_ I 1 T T T 0 1 T T L T A
| T < N KR _
4 AN —% - - - QI%,!
g - \ -ito
'y & -0 ‘
. \ E s 2 E
>
' \ = ) m
- \ z - \ o 2
. o o = . =
: . v . \ S _
] 4 SININY € = JCNLIIHY JAVA \ co g
| deg B - -1 -~
$INI0 Ca1 = SHIoVIN B SIO0]1 0] & oo \ 3
SIHINE € = 3001174 Java \ o ¢ 1O L O f oos |t Loz | $ !
[ [ {0t ] 4 [ [ P st |
. ¢ $ 51 \ [} K3 o) oCqL eu | oo
h © o] e ® | © | O | oo ) °
\ )
o ot $1040 L] " ot st} ZNICYIn mwox“
11 HBa0AA | 938 ¢ 13 'WINIIIAYA 0134
™3231 ¢ f , QM393% 14 1 1 50

*4y3dag paoyy | ‘¥9033y jo a|buy s09463g 0Ll - 65 AunbLy ‘y3dag paoyy [ *¥de33y 0 3{buy Saaubsq gyl - 95 24nbLJ
>u ‘X3ONI NOIIVIINIA >x “X30%) NONIYININIA
$'0 vo £°0 3] 1°0 N 9°0 o %0 €0 2’0 10 N X
Y T P.. T (-} T oI T __ P I _ o M
P — = - Ib‘.ﬁl -
' S~  ———— &% 0o
' LN c o~y ©
v A c © |.
n \ 1o 4 - + o
! z \
! \ ¢ z ,
¢ m ﬂ 3 .
- & 170 m - p —{z°0 m
2 E
$IINII0 0FL = INICYIH x o/ %
x o
SIRIME € = JONLVVWY Jnvn = “v z
= =
ISP I 1 & Jdio w_ SIHNL = 30011 T4wY IAVA ¢ Ao
i . S o | o o | O [ ot <ot . =
« e 06 ] s20wx ® | o | O | o -0t ,0\ o .
i 14 w3 nava | 02348 4 e | 0| e S5t . “ p
gx1931 ! L Vo [ RENEARD (31 Jyeo
v © (] otgt ot
oy 0f St aniavls | S20NY
won | | anes
aN1931 s f .
panui3uo) - G a4nbi 4
LY Tt -—— . _ e
AR st = Lt aal = XA e s, e e T - A -

= S et e o een o




m v v ae am oA ey o amvawr e [ . .

30033y 30 3|buy sa3aub3g 0°0OL - q9 d4n6L4

Ay x30N1 NOIIVILINIA
Tt 61 80 90 90 z o
T T T ] T T T 0

|

|
~
o

L 07
$° 5l
6721
£-0t

<3
o

[l faRtedis]

Ty tIN319143309 1310

v
&
L
(4
uZl sy

3 SLI0RX

! N1 62345 -
(SO¥OH)) H1d430 VW03

[EELER]

L]
o

*yoe33y 0 2|buy s334ba3q 0°¥L - 9 a4nbt 4

Ay “x30H1 NOIZYVIIINIA

2y 0. 2'0 9'0 7'0 0
! I J ! i -yoe33y 40 91buy saaubag 0°G - 9 d4nbLy ;
=3
Ay x3aN1 ROILIVILINIA @
. A1 01 g0 90 %0 7°0
B re T T T 7 0 ;
4
c -
_ -vo 3 = z'0
(2]
F=4 -
~m -
o] -
ad -
” [a]
- (=]
= —19'0 T - —H%0 5
= -
y a .
1 1 - 1 1 W.
. -t
v v \Y/ (31 v v oz :
e o 1o co avo ° ) o | 9o
oll wg ol wll ¥
SLONY
£ : ! wwmuﬂ £ ! 0334
(SOWOHI) Hidia 1104 (SQWOH)) H1d3Q 1103 ,
aN391 | \ | b1 083931 \ , i g0 g

-J1270M W(B) Up XOPU] UCIIBLIIUBA UILM JUILDL3390D 317 JO UOLIBLIRA - 9 3.4nbid




N
id * gy - e s

. Ve e e ik i e
T R e e e ey gy e e e e e e
e e e :‘«_
*sabpaM INA3S INOYILH
-q1dag Spaou) Z *XIeIIY jO dtbuy 324630 0'L1L - PL A4ty y1daQ spaoy) Z *39eI1y 30 3(buy $av4bdQ 9 0L - G/ d4nbiy !
Au cxagmi MOVIYAIINIA A% TX3ONI NOIIVIIINIA
L) xo {0 ) (K] ° 90 $'0 %0 €0 z°0 10 B
T T T T T T T T 7 1o
- T p 3
6 sw ¢
| _ © L Lo -~ EY
[ of ., stowx Jo 3 - 0 2
13 'M19%30)AWA } 9% a T
93971 2 =
: _ 3 g
u i o T s _r_ o 3
H - — — ¢ % 8¢ (S
$33¥230 091 = MIOYIN ) N <
SIHINE € = 20D111eWY IAYA ~ \ ..N.
. —— - $33¥D30 09t = ONIOViKR ol
" v & o SIHINE € = JONLINAWY IAvA \ duo
AN o el o i to Yo
N BEREEREN \
© | ,,m.+nc_,, w@g
! L 1 L $'0 0n | OC | St { siowx | g0
13 “WiONIIAYA | 03345
LLEVER] ¢ i §
*y3dag sp4 . 3 hy -
Yidag spaoyy g “¥2e3dy jo 3buy $23463g O v - I uNGLy 41090 Spaoy) 2 *3d0y 30 31buy se3ubag 0°01 - e d+nbiy
L}
% *XIONI WOLAVIIINIA
3'0 $°0 vo o 2o o A Tx3gKE KO1IVIIINIA 2
T T T T T 170 9°0 $°0 "0 €0 2°0 1°0 .
T T T T T 1o
x
s Jevo z
- o -~
¢ - — - lom.o.. cca 2 by
o H e
L. A’ v ~ 3
\ 2 - -£°0 o
* 2 2
\ < =
$33¥930 021 « MIQYIN ©y 0 o 2 5339930 081 = ONIOVIH !
SININE € = 30620 %emy 3 P
ok 1Ava \ z SIUINT € = 3001114V IAVA i
$ . .x | to | o/ ol v | ofo | e
“ ORI IS X T 0 & [ 5751
2y M -M.: + c, dso T {6 ([0 {eu
1A o] [ © o [N dsoo
v of | siom ‘. o | 0f | SU_| sionw
|11 wisnananwn Ty 9335 ° 13 wisnanaave | 93345 |
an39)1 X f 4 © o aN39%Y | \ [




*}2e33y 30 3buy saaubag 0| - o8 d4nbiy

I5 ‘HIENAN HO1IVIIAYY

04’0 €0 LN $T°0 0z°0 $1°0 010 $0°0

viy v e i T T T I 3 °

e | © o | ta

IR T

( R $10M8
Trovons) wiade wioa] 1% divo

Q%1921
11 T
L -{z°0
| -{t-o
P
o
- ° o o
—v'o
¥
- -{s°0
v
- {970
[
B -0
v

A A

b q ﬂ.o
1 1 Il 1 i L i 1 l#

Ny 14312143309 1411

Fin)

*3yoe33y 40 9|buy saadubag 0°0L - 48 2anbi g
% “WISWNN HOIIVIIAYD
of "0 $270 (13 $1°0 ot"0 $0°0 o
v [ 107 ! ! !
v v S°S1
u [s] 621
° [ [ o
il wt S10N B
H1d30 1103 03345
@N3031
T 1
- 420
R . devo
’ v
v e
.
- *e Ivvo
”,
[
13 1 1 1 1 3 m.o
*3}oe33y 40 3|Buy sasubag 0°G - ©8 aanbl 4
I *wISKAN NOILVLIAYD
of-o sT'o 0z°0 St'o 01’0 s0°0 o
T T T T T
°
- ° -0
v
v
« v
- L4 ° v o
° o v
1 L] 1 (<]
v 4 (¥4
d o ot | o
2l ) ( 1x31 335 )
€ ] siomi 3WI93¥ ADTS NIVINIIRN
0334s
(SONOHI) H1430 1103
0K3931 \ ) \ o

“J23RM WLRD U} SIQUNN UOLILIFARD YILM JUIEDLHIB0) 3317 JO uoLjeLaRp - g 3unbiy

Ty 1639149300 LI

32

T3 *1N319143303 LN

i

|
M

T




‘yidag paou) |

*%¥0033y 30 9 |buy $334690 00l ~ P6 o4nb1 g

o "uien AI1IVIIAYY NYIN

[ % to s
T T o
dio
B ﬁ °
z
° H
T [ \.m dt-o ¢
el 2
g
- s - - m
AL TR TLITRA YIS TTY - PUN Lo S
15 N { ov m
- . . ;
*.T. ter .
- ¢ - ¢ . ’ $ S
- ¢ . ¢ R [ ¢ o
¢ * < N { o
L e T
1 Saaaanen S anes
[T TN N o
*y3daQ spaoy) € *A9eIW j0 d|buy s23463Q 0'G - 26 24n6yy
u.m TUIN NOLIVEIAYY WY
to I Vo .
¥ L
[
dio
o GCA
<o N
< : :
oy’ ® <
« % to %
L S :
2
1001 108 « IMi%de 015 RIVINDINA z
300332 €46 * MIAYIn fo m
v 3 Ter | -
® « . Y %
.. - ' - Q -
[ e « T fon vo
v LI
o ot shm T g0u
0 BN ey dava G108
ﬁ'.! onin N . B ke

*y3dag spaoy)

2 ‘¥oe33y 30 3b6uy saauabag 0°g - qp I4unbiy

uw “HICNNN NOTIVIIAY) NY3¥
(5] zo 10
] 1 L[] T T
o'
o oo
i ¢ 4o z
v 3, H
b— — - - R ) n“ & [ ] <
1x31 11« I9120% AOYS NIVINIONN G ® e & . M ]
| SIHING € = JONLNVady TAVA OM.O oo 8
S8 o« Ifa 3
me o et 2
(788 e T e Z
K ow BT Jeoeo
- B S e ot
|, ov | ot L O
3 19 THINIAA 4 93
oN19) B n s L \ o

*yidag paoy) |

3oey3y Jo ajbuy saaubag 0°g - g danbL g

uw TWIONON NOILYIIAYY Kydw

t ¢ 2o (4 N
T T 1 T i N
k¢ z
a® " H
LS B2
- _ . 2
| D2 093 - w2y R0y z_:-:.sl_ LY ﬂzﬁa a o N
SIMONL € ~ JONE 1Y JAvA . -
e =
et 1 ftm ” 3
® ' C o il Fa-14 -
4 . - - e -
‘ 4 R 'S €3 " [ 31 It 0~
cdﬂ.,. g o
(1} M Of | $1 .. 2 3. SIONY
34 TeINIMAYA . e3¢t
. e Y . ke

E R

7N

33

;
!
i

e T




y3dag SPAOY) € *%2033Y JO a|buy $3I2U63Q 0°QL - 36 d4n6L4 *y3dag sp4oy) z “3oe3ay 30 3| buy S93463Q 0°01 - 96 anbly

u._w "VIBuAN NOLAVLIAYD WYYV u.m *UIGHAN NOLLVLIAYD NY3IH
{0 20 10 a £0 z°0 (] N
1 1 11 ¥ T T -
- —t-o - “jiro
|- ~{t'0 = - ~jro =
13 z
- r
3 o 3
X P o8 . b8 o j
- - o N
Ooo < w 1<) >~ © ¢ Q 3 o i
g - g
o oc y X © o ! A !
i 2% SIHMI £ = JOP1IVEW IAVA i | B T T A e w
< S J o ) o5 €01 . o 1o o 0 €01 ¢
°, ® | © | O [ a08L | tot Fe ® 1 © ] O] o8 | Lot :
6 16 ] o | oomt | s'st o2 ¢ ¢ | 6] 01 oot | s
2 14 R I O RS Ty T B P i OO OO I T T P
o o T o | ooe | €01 ©¢ ® 1o o | oem | o
oy | of H] $20M0 on of Hi S10%9
NIGYIN NIGVIR
25 “RIWINIWA | 03348 14 "HION3TIAVA i 0334
3 N aM31931 90 . ) aN3533 oo

panuLjuo) - g aanbyy

e N st e B R N




"y3dag paoy)y | ‘3oe33y jo albuy saaubag o'yt - g sunbiy

*yadaq spaoyy z *¥de3zy jo a(buy savubag 0'p| - yg a4nbyry
uw CWIBHN KOTLIVINAYI) NVIW u.m “MISNAN NOILIVLIIAYD NY3MW
€0 1) 1°0 o £ 20 1’0
r T T > e to 0 ot T T M
s fola{ oo iz |
6 |6 10 o281 | $'St
$334910 031 = OMidvIN Jivo ¢ | 6 | C ] ot | s X
TN IAVA SIHONE € = $I0BMAS Q139¥Ys v | © | O o081 To1 =fre
[} Y3 oy of 51 S10K0
Y “m bl Nilf 35 13 "Hi9M213AVA N T
® r s u - - o aNIO
; t €01 - - 2o
v (4 .
0y of SOONTT  s1omn |
19 “HIONIVIAVA "Wy 2awm| Q248 SIHINE € = 30NLITdHY JAVA
(3110
€0 2 - £°0 x
: T 2
=4 -
o R 3 o oSvR Mo | %
cn v 3 4 @ 5
- N g Ao §
2 2
4 z g
- o 11
- Wg 150 "4 - e s-0 1
OL\ © o
o y 190 L . i
< v
vy >
=4 -0 L i
L 4
'Y L 4
o ® ‘ "] -{g-0 1 ] 8 0
‘ *. 1 I i
panuijuo) - g aunby 4
m b -~ ekl - et ol A N

35




*y3aag spaoyd g ‘yde3y jo 3|buy saaubag 0° 4L - £6 aanbiryg

€0

%0 *y3gunm KOLLYIIAVY KvIM

T'0
| T 0
- ~ft°o
$33¥230 08t = OMIQY3N
$IHMI € » JQALIT4NY IAVA
. © Lot -{2°0
[} [ $°S1
3 v £ 0l
[ of $10M3
14 'RIINIIIAVA 03343 —con
[ITER m
c
[} 3
- 0é -8’0 m
b
a
H
3 A
= . ' —$°0 12
- —*0
= L0
L)
- ° oo
1 |

‘y3dag paoydy | “3¥oe33y 40 ajbuy saaubag 0°/|
pe)

- 16 9anby 4

D *y¥36HAN NOILVLIAYD NV3IN
€0 0 1°0
T T 0
|~ -fi*o
$334¥930 081 * 9NIAVIH
Rl € = 3QALINNY 3AVA dz-0
© Lot
L §°S1
© €01
ot stom |- Jeo
14 ‘HLINITIAYA 03348
QN3931 3
! E
c
B eat ~90 23
«
-
L A
2
[1a]
B © Js0
(o]
I
- 90
° —L°0
[
. g0

paNULIUO) - 6 34nbL4

36




%5091y 30 236uy s23463g 0"t - 0L 34nbt g

35 *NIuON NOTLYRIAYY

O3 * 18319143302 v¥0

0v°0 5§ 0 o€ o $2°0 00 $1°0 01’0 $0°0_
T 1 T T 1 T T T o
. 0% . -0
I ’ !
7
v
4 "
L. -42°0
[} c - 4
o¥ ;
. =<0
i 1
K2R N W B L
e lec il o, Ao
T =) - ! 10w
€ L T 1L 4 anes
:,93...3 ®idd0 02
(LI} N T S [ . o
*4370M W{R) UL JOQUNN UOLIRILAR) UILM qua1ot 33309 beag jo u
£
FEVRTITIING. POV S fn "

-yoe33y 40 aibuy s294639 0°0L - 901 aanbt 4

%o *y3aNaN NOILVLIAYD

) of 0 18 0z S0 - . o
s Samiis Sl S S -
Y * g
L ] »
L e q ¥ R
. ~io 2
<
o 2 1 a
e | o  to 2
v = $ 51 >
LR S ot
I 1o 3
e |, O oot -
L b siom s
wid20 Moy 9IS
r!'l\r'lr.l\'» \\\\ oo ]y e io
yoe13y 30 3ibuy s99463q 0°G - ©0| du4nbt3
uﬂ *NIGWON KOIIYIIAYY
s2°0 0z 0 S0 010 $9 0 N
¥ T ¥ o O o
L ° ow® X
.
°
Qo ¥
3
3
v < | toz 2
L, 0.t ] deo £
1] o s 1o ¢ 1x31 335 ) :
o D 3 L o
S T+ 9 IHI93Y A0S RIVI¥IONA Es
Tmoxox: H1430 J-o.:
.| L) BN I S

otjetaep - 01 d4nbiy

37




*y3dag paoy) | 39033y jo 9|buy 3934630 0°0L ~ PLL d4nbyy

29 *uigunn KOIIVIIAYY NYIM

*yadag spaoy) z *3}oe33y jo abuy ssasbeqg 0°S

90 'yIGHAK NONLVLIAYD NYIW

- qLL a4nbty

€0 10 1°0 $2'0 0z°0 St'o o1°0 $0°0 “o-
T T i 170 T T i T !
1X31 33S - 3IHID3Y A014 NIVLIN3IONN
SIHINL € = 300L1T4WY IAVF
P Q © ¥ ° .M.
-~ - - 5K - 2 [~ © () z
1+ o
5o £ - e v g
SIUING € = JONLITWY JAVA . % & z s
% w’ ©% - 2
- A Ao 8 S o 3
1 1 3 [ [ O 0081 L°02 s
pul - =
¢rs ¢ To 7 o ot 3 s 161 6 | oost 551 z
b ~ ¢ -3~ - T & o8t o :
¢ 0 _om o & $1¢ 1.8 T e
5 J8T8 0 " sa ] Jeoert ° i Lo
oA SRV L L e | ¢ | © o0 €01
M 014* o .oom_ L £ [ L] of Si S10N.
LS LSl aenn | O 13 "HIINIIIAVA MO ] g33es
L okduavn_ || 9034 -
8H1931 \ o ON3931 \ o

‘y3dag Spaoy) € *30e3IY 4O 36Uy SI3L63Q 0°G - dLL
Ip "EINNN HOILVLIAYD NYIM
. . $1°0 010 50°0 0
520 2_ ° X ; _ Lo
1X31 33§ - INI9I¥ AOVS NIVINIING
$1IWD30 091 = WIAVIH
s °d o
B W o o . s
A A L.
vivl©w 9 ot F L
e | v | o 3
[ (3 o { 5°S1
s |c | S [
e ol o ) e i
v © o €
oy of [ SIRINI SLOMN
14 ‘HIINIVIAYA *1dWY JAVA | 03345
oN19)) 1 co

$0°0

i, &

°
;

o M®

!
°

Oy *IN31D144309 VNG NVIW

aanbLy *y3dag paoyy | “yoe33y jo abuy saaubag o' - ey asnbLyg
o *yIGKNN NOTLYLIAVS NY3N
sz'0 0z°0 $1°0 01°0
T T T
1X31 335 "= IHIDI¥ AOT4 KIVI¥IINA
SIHINI € = JONLITIHY 3AVA
“ b
E . N !
g ® 1© 1 O | o08t | L0z
e [ & 0 0081 5°5t
a 9 © [+ 008l | €01 1
3 e | © o o0 £-01
a = L]
- 04 0 St SIONN
— SRIOYIH
A 13 "MIONI13AYA 03348
o QN3931

*S9ARM JR|NB3IY UL 4SqUNN UOLIRILAR) URBY YILM JUBLDLSI30) Beuag UBSH JO UOLIBLIBA - | B4nbl4

P L Yy L R R N PPt O V.

—— e p—— i e b BN o S K Baste, L PN an w

P I O R JUCU T P I

e bk a3V s

38




*Y1daQ spdoy) 2 *3oe33y jo a1buy $3aA6aQ 0°p| - YU d4nbyy

*y3dag spaoy) £ 3233y 30 3| buy $34630 0°0L - SLL danbiy

3 o
. S wIeww KOILYIIAY) WYIW X UW “YISHAN NOIIYLIAYD NYIW
{0 o 1'0 [ [ 20 10 0.
T | T %‘ ° T T T 1°0-
[ ¢]
o o]
o 0 %3 410 _—————— S L4 o
. ¢ Mt 60 (4 > o °c ©
by
te $ v E o0 o g
o z
= QOO. ) \ | ~z0 § 5 &9* o 2
Lo R ’ g ce it
® i oot |eror 3 o g
a 3
- oo 9 . g0 T e .2
M f o |5t M [~ s3INI € = 30nLITdNY JAVA e g
O -
v|o ” o o ° Lo [0 el @ o] st
w € ; C | 3t | foz |
N vijv [i
CRIGE N T T [cor e o el o Lot s | oo
O | O § 51 | W1 " vewv | S33%330 | Siown .2, © 2 tu | va |
12 oA ] aava | owionan | aases | 0% ) 08 | St lacievae  saow
! CTTERE 13 "HI9NIVIAVA | 83348
50 1 0NN R vo
. L] . -
yidag paoyy | *yde3Iy jo abuy saau63g o'yl - 6Ll danbLy -y3dag Spaoy) z *¥oeIy 30 36Uy S394630 0°0L - L1 d4nbLy
2o *y)aurn NOILVLIAYD HVIW 0 “y3qMIM NOIIVIIAYD KYIN
(3] £0 0 10 " €0 20 (] 1o-
1 i L % 1 ] Lf
(=]
- o W10 = o= o
L)) O@‘ (o] o
o ¢ x
© z s L z
‘ = ‘& o0 0%0? T ol
- %% o © T° 8 i . 1°E
& cc o ¢ x 9 3
o A — ||L|| -
1 . ] - — 3
SININL € = 30NLIMY JAYA i 2 SIHINE € = I0NLITGHY 3AVA Ao 2
: . B 2 5] o P ol B
Q nu..n, - O | e L MIF ..u‘ SN R e s ol
9 19010 ki) (310 &1 [ © . O o3 Lot S
® [ © | O pery) IR [ & 1 ¢ | O et | STS1
$ 1010 oo jeu_ | dvo ¢l 10 oy sn L Jevo
v © [~ 20 Iwm,m” Tt KN N a36: § €O ]
Lo s10M | 07§ OF ] St oy caney 510N
G | o 15 u1on3admvA ME ones
w1911 { 1 50 NI . o

panuijuo) - || a4nbij

39

e ————— 1
pron et




—
e o ai

-y3dag spdoy) z *¥2e33y jo 3|buy s93463q 0°LL - Ll d4nbry "y3dag Paoyd | “¥RIIY 40 3(buy $33463g 0°L1 - L1 d4nbLd
um SNIANAN NOELVLIAVY HY3W uw *¥3ENNN NO1LVLIAYD KY3W
) . . . z°0 Lo
o £e e —p e ; T 0
1
. - =10
~ ° e 7y

» e Py < . |

. ¢ 2 v :
a i o g - T i
33 - m !

[a] m

g ¢

) m © -{¢"0 m

- ol
] OJ— y ° i

L) © Lot T .

A y oL vo w MM $33¥930 081 = INI1QVIN T :
v © (ol $33¥930 081 = UNIQVIK & o SIHINT € = 3ANLETIHY AV :
o% ot Sao SIHINL € « 300L1TdWY IAVA 17 RIoNaNIAwA ] 033¢s :
13 NAONIIIAVA | 03348 oN3D31 . . w
0n3937 1 5°0 5o M

psnuijuo) - || 32nbLy4 “

PR WA S An fa amr Y e . e . Pie e e L




~y3daqQ SpJoy) z ‘%9833 JO abuy sd94630 05 - 921 d4nbry

+y3dag paoy) § *WIPNY JO a|buy saaabag 0°01 - P2l anbi g
A x1omr sortvILINIA A x20M1 MOILYIEINIA
L)) 30 L) L] o 1’0 60 e 30 $'0 LX) ('] 2'e 10
Y T T T T 0 T T T T T T T °
- -{0%i o 01
—{0°2 - (281
(31200 « 10021 VWY TAWR "_ -3
v T W - « w_1w.
" 51 | ot o3 > - v3 £ R S
Tor | ot ° e
L) - -Jo'¢ - 1 : 0°¢
® Jolo [t lo s Te Tl o It ] © \
oo _fof fs1 ]saoas J$1va0 viv |9 |to 08!
3 ‘R3MIVIAYA | 01148 | SM1QVIN [] © o 5781 Tl
[-L1¥))) 1 1 ] o'y L] < Q S g1 | " "J0NLITON 3AVA oy
- N9 = $I08MAS 4329V B
O [4 2] {0 o3t LSIHNE € = Jomna u><»
b ov [ of | 8t s1oww | $33¥2301
17 WIoNIIAYA | 03¢s | ImIGvIN
%1231 L $ ! i 1 1 .
——r (X3
—
+y3dd0 SP4oY) £ *¥eIIY o dLbuy $23463G 0°G - 2L 2anbt 3 -y3dag paoy) | 1oy Jo 9lbuy $394630 0°G - €2l 24nbiy
Ay ryeu1 wOSIVIIINIA A ez wonvnon
o 4o 2 »o <0 vo <o o 1o $0 3] e._o $°0 LX) €0 [ %) [ o
T T T T 1 T T T v T T T T T T T
- o1 o o1
- 2 - o'z
ET AT
B N a_ o 8 o
> P . 4 -% — > 3
v a2t I ¥ r v L $—o— D o= pe 5
L » L4 o € 10 1 s~ = - Jo¢
SINML (= JaRIDIW JAYA_| S §°S1 = A < .
\ N vjiv o | o8t xS0z = a / °
v v Lot W] O §51 | o8t
- 0 $°$) *J0ALIIWY JAYA Jo o e| ©] O <ot o | Ao
o ° ol w19 = $01AS 01O . sl 6o (Lo )
I = ISV JAvA
0y of S10w8 210000 o1 = MICYIN o { of § st | s1om | €333
15 “NAvA, | 03148 | 19 "MITNIIIAVA| 03245 | IN10VIX
3
6n)3) L L L \ L N o's onicly 3 1 t ) 3 0
*5aARH J0[NGIY UL XDPU] UOLICLLJUIA UILM ua15133300 1317 A403RL{1050 JO uoyjeraep - zi a4nbry
i e
O T T N o

4

SIS
————




TR

*43dag spaoy) 2

- ' PR - e vame . X h e e - -

*y3dag spaoyy 2 *y3daq sp4oy) ¢

*39033y Jo 2|buy $aa463g 0*/1 - 2] danbyy *33033y 30 |6uy 5224630 0°pl - yzi 4nbr g ‘yoe33y 30 91buy sa3ubag ¢ 0l - 32l B4nbyy
A 2o monvinanga A x30u1 wO1IVIIINGA A 23001 %01IKIA
(30 X ({7 13 10 o ()] $0 vo €0 o (i) 90 s0 [ €0 zo 1o
T T T T T T T T T o T T T T T °
B -jo°t o o ! - $1x £°0T 9 $°51 = » ot
b 4
o
- -0t - oz o ~fo'z
I 1 LR . -
S117336 081 © W10VIm & s g or - A 315
4301 { = WALV JAvR
- 3 1 1]
] ‘.: 57¢ . Jo¢ ¢ o J o Tot] o o«
® (X1 4 K v v 40t | opt
of S0 _1 ] (4] $°51 o9t
4 Teisennva | 01148 g — e [ © ol | _out 30N 3A
aum ) 1 . ‘w1 9« $0MUS 01IWY) » oy | o | S1_ | vioms [sawmr0 N3 = SW8uAS 01 o
[ fa - e
o TP [Cmmmma] on el spon ¢ somnan 2o |8
v < 7ot %) ¢ 3931 P N
[] T $ 51
* © e | os
» © [
oy of $1008
Lo WwadIViAvA | 93048
» 03217 1 1 Il oy
H *y3dag p4oy) | *yde31y 30 dtbuy saaubag 0yl - HzL danbry
A xont wuIIgA N
LX) $°0 30 [ %) 1'0 1°0 ~r
Y T T Y T °
$1% £°0T % S1 §°§1 = A ~y3dag spaoy3y 2
‘3oe31y 30 a|buy savdabag prol - ¥zl &+nbiry
*y1dag paoyy = A
B MOLLYTELNS.
%9033y 30 316uy $2a463Q 0" L1 - 421 24nbyy " o e e .
110 €01 = & o vo <0 0 t'o
& rees w1VIHLEA T T T T T °
$'e ve £°e T0 1'0 o
1 T ) |4 =
$19 £°0Z = A .
B S0 §°st -” 1T
L -40 ¢ b
$1% €0t ~ A o
3R = Ce * M Aoz, L
& 2 1 \, B w_.....
2 dor TINWI { = IO TAW | tos \ R 4°
, \ ry RX A ] e [ o Jo o] © ov
TININ 01 = MITYI vIv v | o v | v [ v | Cot| o | & ot
SIEMI € » ALIUW JAW w [ © [ O | ssi]| ont ® |0 | O | ssil ont w
© X1 Jo¢ oo ToOo Jeul|l m dorar ® ([© [0 | ont
© <ol * © o [{1 ogt © © o Cot| ot
*Tons 1wy
ot S10008 oy of 1 10w 133209 [ ef St SIONY {SIJUSIAL. M 9 - nh-:._s Sowo«” e doo
10 "MIMDIBAYA e 14 "HIMIVIAVA Q3348 [2m10vIK 13 “HIININIAYA 03345 | MIGYIN]  SIRONE € « 3001110 JAVR
ann 3 1 o'y "N 1 1 o'n oM ) !
panuLIuo) - gt danbtry
] ] » . » .
. PR e e -
) .Mr..r. vkt mokcail e ke st s sabu s o fogh 225 pmadiod i Py
N R o G




*y3daQ paoy) | *»2e3y 30 9| buy s224630 0°0L - PEL 24nbiy

A x3om1 MO1IVIIENIA

-y3dag spaoy) z “A2e3y jo albuy $93469g 0°5 - AL 4nbL3

Ay xa0M1 MO1IVIINIA

20 [ vo (-0 e "0 (3] [ 90 $°0 [X] [& 0 1°0 N
T T T Y T o T T Y T T T. T T
3ty L0t = A 19 6 St = A s1 L 0 >,4 o <
. l«lPuu. » N Se 27 LAY S
hd @ ° ° L) ] b4 °
a O Oy el
111/0 * A
- r-.o_-ﬂ\ . o, o1 - e swrtor-a . e & . @ ()
. - L % o — o - Y
I 6 L=~ A”
1 ) _
TIORI § = LI TAWR et - o2
T 1 k3 w_ a
v o of1 _0 . , <
" L %1 L1
s |l o o ot °
” 6y 0 ”J.M.“.ll.wﬂl -0t viv ]| o | te IS Jos
[ ®w |0 o | 55 081
SLINELY _w. s10we [ $2169% LK [ ¢ 2 o1 SI0AL1 MY JAVA
43 "WIOM)VIAVA | 0))e8 1 "M1 9 = S10EWAS Q3I°VNS
o.cu"u: 2o L B I BT 081 JSIHOM € = 20011 iy
V. 1 1 1 oy [3] of $1 S10Na | $33¥310}- oy
14 *M19RIIAYA [-32243 ONICYIN]
oNI 1 1 1 1 t
*y3dag paoy) { “AO®Y JO a|buy saaubag 0°G - efl aunbiy
Pb XIOML NOHAVIIINIA
to o 1,0 s0 x°0 fo o 1o ° P
. . 6 T T T T T eis ¢ O Ry T T ~g
-y 43g spaoyy £ *39e3y 3o dlbuy 294690 95 - O£l d4nbLI LN N -
A [+) k n \ S k
13081 BOIIYNLNIA N ° ° N il ©
0 Lo 9°0 $:0 v°0 €0 20 0 N - < \ v 3 rif do
T T T T T T T . T O cwtol-r P ©
v
» » e e
| ] , ’ “ » Y
- - {01 = 1 1 1 —ot
b4 SIINE  « JOMTTWY JAVA .
\ , . > Toi] o RS
v v {0t |l e lte o8t
] L 61 - "30AL1 e JAVA ¢ $°$1 gt | Jo¢
g N1 9 = $108MAS 0)9MVYS © - oFt
. ] sol SR (= KL JAvA Lol
o o 10K * U S10u300 og1 & MIGIN st 1 saomx |$32330
14 "MI3NDVIAVA 91148 13 WIONINIAVA 01343 [INIGVIH
[TI L i 1 1 1 2 o€ MIN 1 1 1 3 1 o
X3PU] UOLR(IUIA YILM JUILDLSID0) feag £103e( 11550 3O uoljeLARA - £} auanbt §

*S3ARH 40| nbaY ut




/

o/t

*y3dag sp4ou) 2
14033y 30 9{buy Sasabag 0 gt - (g1 dunbry
& e monvIIINIA

"yydag sp4ou) 2
*x5e33y 30 3buy saasbag 0 vl

A towt wvINNIA

- yg( 3anby

*y3dag spaoy) €
3033y 3O dbuy sa3a4bag 0 0L - £l 24nbr3

A xiomr worIvILINIR

panuiuo) € d4nbLy

(3] vo (] to 10 . $o (X ¢ 20 10 yo $o vo o to ‘e
T T T T T T T T T v T T T H 1
fr {0l = A W9 o2 (01 oA
) N\ s Lot >||Vulf .
» AR 3 3
— ..n...‘.:no.->/ »/ o o
) o hd ) 2 01
1 - — ©
119 € 01 » A L
I L1 t o<
. N I0AL114W¥ JAYA . ! w_aw.
n1 9+ $I08was 0399VN) v
Sirmt § o b1 ghrn L$hom € = Jounian 1avn | ej o 0 | (o
2 $IT4330 091 o MIOvIN vl vl 7oz | o8t
[N 5.4 1 9 5 o ¢ v v 7ot | s’ c Sev | o | do¢
LANSNU S L . © X7 10 [~ e © o1 |_out 1011wy IR
of o — 40wy @ 0.’\ IN;u.ﬂ.. ol o St FYvYo “TTTTIT Xt 9 = SIOLWAS QIOWVUL o
VLA LR LU - T ¢~ 1 fer T Suisadave | O3S 19¥2% JSIHOME {1000V TAVA
oo ! ! o e a T et \ _ _ ! on
15 _wiwivieea ] 9N 10
oI 3 ) 1
*y3dag p4aoyy |
‘y2e31y 30 916uy $3aaabag 0-v1 - BEL 34nb1t 4
*y3dag p4aoy) | A tracen woLVIINIA *y3dag Sp4oy) 2 K
yoe1ly 30 abuy $32463Q 0Lt - L€ d4nbry $°0 vo (K] to 10 +yoe3y 40 Abuy $33463¢ 0701 - €l ENLUTE] <
T T ot = o d T o a
A 130m1 wo1IIIIRA s ? 130Ht WOVIVUINIA
7”0 §°e ve e 20 e N £19 6 St = A 90 $°0 50 €0 to 10
T T T T T T T PP T T o
» 1y - v
INEEE - S eviEor - A —0 & PITL RIS |VM.I.Q.|..NI; 4
01 KO B TR Y b& VM .
B h $19 6 2y e A -~ T 12} ¢
e .\\ ¢ . * .
tatees - R U TR o ° >
1 1 1 RS © v .
of ot $IMoa1 € = JOALITWY JAVA - 1 Y © oz 8] 5
1 1 e Jo o [tof o e 16 |o [t o
$1)43)0 08t = MICYIw v v v. | cot i o | EXY v v v feoe] os S
$1umt (= 100111 JAVA s (€ o T30] on w« o | o [sn] on
c ss0 | ot el o sul o | ) o clopenl o L JOUIWWY TAVA A
0 T ol e o | o Co1 | om 3 ) o _| to (i w9 = $OMAS QIS .
o $10m oy | o | Sv_] sion | smemall o [ ov § ot | st [ siomnfsmwme]  sanmi € = r0minaw 39m
YT L 15 _"HadmiIlavA | 9D)48 | wiavim 13 wiowdsAva | 93348 fomiovin
“ann ) ) y b o a9V ' \ [XTEIN 1 1 oy




