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ABSTRACT. A torpedo test vehicle utilizing a ventilated
supercavitating propeller was the subject of an experimental
program carried out on the underwater cableway facilityLat Morris Dam. Vehicle runs, incorporating an 11-inch-
diameter ventilated supercavitating propeller (DTMB 3819),
showed the propulsive efficiency to average 79%. As gas
was passed through the blade-ventilation holes in increasing
amounts, the advance ratio progressively decreased by 10%
but it could not be concluded that the efficiency was directly
affected. Propeller performance data obtained with the ac-
tual test torpedo agreed with water-tunnel results reported
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In a field test program conducted by the Naval Ordnance Test
Station, Pasadena, a ventilated supercavitating propeller, designed by
the David Taylor Model Basin, was fitted to a high-performance tor-
pedo and operated on an underwater cable facility. The program is
significant in that -data were accumulated under realistic operating
conditions. Part I of this report describes the performance results;
the acoustic data are presented in Part 2, classified Confidential.
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NOMENCLATURE

Ain Area of calibrated hub orifices, in 2

D Propeller diameter = 11 in.

e Propulsive efficiency = drag HP/shaft HP

g Acceleration of gravity = 32.2 ft/sec2

H Absolute pressure at torpedo centerline minus cavity pressure
in feet of water

J Advance ratio =V/nD

Kq Torque coefficient = Q/pnZD5

Kt Thrust coefficient = T/pn 2 D4

n Propeller revolution speed, rps

Pa Absolute pressure, psia

PE Pressure at end of drive-shaft tube, psig

PH Pressure inside propeller hub, psig

PR Cavity pressure at 0.7 blade radius, psig

Q Measured torque, ft-lb

QSTP Flow of venting gas, cfm, at standard conditions (15 psi and70 °F)

R Maximum propeller radius = 5.5 in.

RQ Blade-filling ratio

T Thrust of propeller, lb = vehicle drag at constant velocity

Ta Absolute temperature, °Fabs

V Advance speed of torpedo, ft/sec

p Density of water = 1.94 slugs/cu ft

T Cavitation number = ZgH/V 2

iv
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INTRODUCTION

As torpedo speeda increase, it becomes more and more difficult to
provide propeller-type thrust-producers that operate without caivitation
with the resulting adverse effects on performance and the increase in
noise and in blade erosion. Because it would be impossible to suppress
such cavitation in the high-speed range (i. e., typically above 50 knots),
research programs have been launched to design and develop propellers
that could be operated efficlently at high velocity with a fully developed
cavity on the suction side of the blades. A supercavitating propeller
(Fig. 1), having a blade cross section resembling a wedge rather than
an airfoil, resulted (Ref. I to 4).

Supercavitating propellers have performed satisfactorily on sur-
face vessels. However, the attainment of a fully developed blade
cavity becomes difficult with nnderwater vehicles because of the high
cavitation numbers encountered. In an effort to vary the cavity size
at depth, a technique has been evolved in which permanent gas is in-
jected into the low-pressure region in contact with the backs of the
supercavitating propeller's blades. This process is called ventilation
or forced ventilation. Although ventilated supercavitating propellers
have displayed constant efficiencies over a wide range of ventilation
rates, the lengthened gas-filled cavities that result have demonstrated
a significant reduction in blade-surface erosion rates and noise gen-
eration.

The supercavitating propeller Is a relatively new thrust-producer
for surface-vessel operation. In the past, research and development
have been conducted through towing-basin and water-tunnel experi-
mentation under limited conditions. Although both these types of
facility offer excellent photographic coverage and an almost unlimited
adaptability to complete instrumentation, water or carriage velocities
are relatively slow. Also, testing is limited to shallow depths in all
towing basins and in some water tunnels. It was therefore apparent
that a need existed for a test program that would extend present venti"
lated supercavitating propeller data to higher speeds and thrust loads,
greater depths, and generally more realistic operating conditions for
torpedo applications.

This report describes an experimental investigation conducted by
the Naval Ordnance Test Station (NOTS) in which a ventilated super-
cavitating propeller was fitted to a high-speed research torpedo con-
figuration. The vehicle was run captively on an underwater cableway
facility so that the propeller's acoustic and performance characteristics
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FIG. 1. Ventilated Supercavitating Propeller, Showing
Sharp LeadIng Edges, Thick Trailing fldges, Venting
Holes on Suction Side of Blading.
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could be observed under varying ventilation rates. The results of the
acoustic investigation are published separately in Part Z of this re-
port. This part describes the propeller's performance characteristics.
Although a large quantity of the performance data essentially verifies
results obtained by other laboratories through water-tunnel evaluations.
much of the data expands upon that which is currently available. It is
felt that the program is significant because the data were obtained di-
rectly with a high-speed torpedo. The program was of value to NOTS
not so much for the performance information accumulated as for the
experience gained in outfitting and operating an underwater velicle with
a ventilated supercavitating propeller.

METHODS OF INVEST!ATTON

TEST FACILTTY

A unique underwater cableway facility Is operated by NOTS at the
Morris Dan Torpedo Range, where a portion of a reservoir Is bounded
by two ridges of land approximately 3,500 feet apart. Anchor blocks
were placed on both ridges to hold the ends of two 3/4-inch-diameter
smooth-exterior steel cables. These cables, hanging parallel to each
other in a catenary curve between the anchor blocks, resemble a long
sweeping railroad track. The catenary extends to a maximum water
depth of 66.5 feet and the total underwater trajectory is approximately
2,600 feet long. When a torpedo is to be captively operated on the
cableway facility, the vehicle is equipped with four short airfoil struts
with hardened steel guides or sliding shoes that attach to the cables.

The underwater cableway is an ideal facility for experimental pro-
grams such as the one described here. Because the vehicle travel is
restricted to a predetermined path, there is no need for hydrodynamic
control systems, and power-plant or thrust-producer evaluations are
allowed to proceed at an accelerated rate. Also. since one of the
cable. is permanently magnetized at discrete intervals (every 5 feet),
torpedo velocity can be accurately determined by sensing these mag.
netic markers with instrumentation inside the torpedo. The facility
is also equipped with hydrophones placed at precise distances from
the trajectory to record the torpedo's radiated noise. Because of the
turbidity of the Morris Darn water, underwater photography of the
cableway is seldom successful and was not attempted during this in-
vestigation.

TEST VEHICLE

The NOTS Research Torpedo test vehicle (Vig. Z ad 3) was
used as a mobile dynamnometer for evaluating the ventilated
supre avtating propeller. This torpedo is powered by a sisagi-
wheal torbine operating oan the devainpasition pre4m.cs of

3
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hydrogen peroxide. The propeller shaft Is driven directly at turbine
speed. The vehicle is well suited for testing any new propeller
design since the direct connection between the turbine and propeller
allows a wide range of power to be delivered over a wide range of ro-

tative speed. Only the pressure of the decomposing hydrogen peroxide
monopropellant need be changed for operation at the power-rpm condi-
tion desired. Also, a sufficient quantity of turbine exhaust gas is
available to fill the blade cavities of a ventilated supercavitating pro-
peller.

Figure 3 indicates the arrangement of the test vehicle's Internal
components. The torpedo is 15 Inches In diameter, 120 Inches
long (with exhaust cone), and weighs 590 pounds In air. The nose sec-
tion contains the instrumentation package used for recording all per-
formance data. The next section consists of the valving, regulator, and
tank for the 90% hydrogen peroxide fuel system. Just aft of the torpedo
midpoint ts the 12-inch-diameter tangential-flow Terry turbine. Fig-
ure 4, illustrating the turbine's internal configuration, shows the four
nozzles with separate reversing chambers. The torpedo afterbody
houses nitrogen flasks that are incorporated in the fuel-feed pressuri-
zation system. The afterbody Is also fitted with four rudders set at a
3.6" deflection for counteracting the torque of the single propeller.

FFG. 4. T'angential- Flow Turbine !wcorporating Four' Nozzles
and Reversing Chambers.
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The gas driving the turbine is composed of 29.1% oxygen and 70.8%
steam by volume. A portion of this gas was used to ventilate the pro-
peller and the remainder was allowed to pass through the exhaust cone
approximately 6 inches aft of the propeller plane. Figure S illustrates
the system used to control and measure the quantity of venting gas.
The calibrated hub orifices (of various sizes) were changed between
runs to allow the hub chamber pressure to vary and thus vary the flow
of gas through the root and blade holes. The pressure in the exhaust
system could be increased by placing plugs in the exhaist cone flow-
restrictor. This forced more gas to flow through the root and blade
hole s.

PROPELLER

The I I-Inch-diameter ventilated supereavitating propeller
(TMB 3819) was designed by the David Taylor Model Basin for a for-
ward speed of 65 knots. a rotative speed of 7.500 rpr, a thrust of
1,341 pounds, and a propulsive efficiency of 70% . From these values,
the advance ratio J can be computed as 0.96, the thrust coefficient Kt
as 0.0627. the torque coefficient Kq as 0.0136. and the shaft horse-
power requirement as 38?.

Figure 6 shows the root and blade gas ventilation holes plus a
small hole at the 0.7 radius point for sensing blade cavity pressure.

INST RUMENTATION

All performance data were recorded with instruments inside the
test vehicle. The heart of this instrumentation system was a Midwest
14-channel galvanometer-type oscillograph. Recorded on the oscillo-
graph were the various functions required to monitor the performance
or environment of the vehicle and thrust producer, the operation of the
power plant, and the gas-flow quantity utilized for propeller ventila-
tion. The decomposition-chamber pressure. exhaust pressure, and
propeller hub and cavity pressures were sensed with strain-gage-type
transducers. Gas-exhaust temperature was monitored by thermo-
couples. Rotative speed of the propeller shaft was digitally deter.
mined by means of a magnet and coil pick-up. Torque measurements
were obtained from strain-gage-instrumented ilexure beams on which
the turbine case was mounted. Data on the forward speed of the tor-
pedo was acquired from the magnetic cableway markers, which also
provided an accurate determination of the vehicle's position along the
underwater trajectory and thus a conflnwoAs indication of the operating.
depth.

1NOTS SK 46S496.
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FIG. 6. Propeller Showing Blade Venting Hole and
Cavity-Pressure Sensing Hole.

In order to obtain a velocity profile of the water flowing into the
propeller plane, the afterbody of the vehicle was fitted with a pressure-
sensing rake (Fig. 3 and 7). Although velocity-profile information is
not required for determining performance levels in the field, it Is use-
ful to the propeller designer for comparison with the original Inlet
velocity assumptions. Results of the pressure-rake measurements
are given in Appendix A.

Calibration of the instrumentation system indicated an over-all
accuracy of *2% for all transducers except the torque cell, which pro-
duced variations of ±9%. Galvanometer response time was approxi-
mately 0.2 second.

RANGE PROCEDURES

Thirteen cableway runs with the TMB 3819 ventilated supercavttat-
ing propeller were made. Just prior to launching, the vehicle was
attached to the cableway by bolting the four guide .shoes to the airfoil
struts (Fig. Z). The torpedo was then pushed down the cableway to the
starting depth (5 feet for all tests except the two final high-speed runs
when the starting depth was 15 feet), and an external lanyard was
pulled to actuate the run programmer. This cam-actuated switching
device provided the necessary time sequencing for warming up the
inetrumentatton, !)ring~ng the oneillograph up to speed, and starting

9
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tA

FIG. 7. Pressure Rake Measures Water Velocity Profile at
Propeller Plane.

the power plant. At the end of each run, all power was shut off and the
torpedo came to a complete stop just past the middle of the cableway
trajectory. A recovery boat towed a separate cableway sweep back-
wards along the cables to return the test vehicle to the launching barge.
The oscillograph magazine was removed after each run for immediate
processing of the record.

The Information obtained by the oscillograph was plotted on indi-
vidual run records. A portion of the reduced data from a typical run
is shown in Fig. 8. It can be seen that as the vehicle reaches greater
depths in the lake, the back pressure on the turbine reduces the speed
and also causes a fall-off of torque, rotative speed, and shaft horse-
power.

DATA REDUCTION TECHNIQUES

Gas-Flow Rates

The gas-flow rates used for propeller ventilation were determined
with the changeable hub orifices shown in Fig. 5. The orifices were

10
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calibrated in the laboratory, and the foliow g enpirical relationslhip
resulted for total gas flow:

QSTP a 753 Ain,

These quantities are defined in the Nomenclature and the pressures
are also indicated in Fig. S. It should be noted that PE was deter-
mined by calculating the pressure drop down the drive-shaft tube. The
turbine case and exhaust pressures, as recorded by the Internal Instru-
nentation on certain runs, provided the mean& of calibrating this pres-
sure drop.

All stean contained in the hot exhaust products was assumed to
condense upon entry into the propeller-blade cavities. Only the oxy-
gen. 29. % by volume, was considered as a permanent cavity-filling
gas. The modified hub-orifice relationship is

QSTP ff - ( 7 5 3 )Ain P 220 n-
100 Ta T

Laboratory calibrations were typically consistent to within *6.
However, when the flow rate was low, PE and PH were nearly equal
and a 50% error in the pressure difference was possible. This condi-
tion was experienced in Runs No. . 3, and 7. Nevertheless, for the
small amounts of gas ventilation for those runs, no significant change
in the conclusions would be experienced even if those ventilation rates
were changed by a factor of two.

The propeller ventilation holes were also used as calibrated oi-
fices for those runs in which the blade cavity pressure was recorded.
The pressure drop employed In the associated calibration equation,
1 l - PR, is indicated in Fig. 5. The blade-venting holes provided
back-up instrumentation with which to check the ventilation r&tes as
computed from the hub orifice data.

Propulsive Efficiency

The turbine or propeller rotative speed was combined with the re-
corded torque to yield shaft horsepower as follows;

ZMQn
SHP a-

550

Propulsive efficiency was obtained by dividing the drag horsepower
by the shit WOrsepowqr. Drag horsepower is defined as

lZ
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vehicle drag X vehicle velocity

The test vehicle's bare-body drag was determined In the California

Institute of Technology low-speed wind tunnel. To this bare-body
value, a 5% Increase was added for the fin area witth deflected rudders.
AZO% Increase was also added to account for the effect of the propel-
ler disturbance on the bare-afterbody pressure distribution (thrust
deduction), the airfoil-strut drag, and the shoe friction on the cables. 2

The cubic relationship between drag power and vehicle velocity was
applied to the wind-tunnel evaluation point (data taken at 40 knots). The
resulting curve of drag power versus velocity is shown in Fig. 9. The
propeller's thrust and torque coefficients KT and KQ were computed
from these drag-curve data and the recorded torque, respectively.

100

80

60

~0

40

zo

t z00 OO 300 400 500

Drag, NP

FIG. 9. Drag Horsepower as Calculated for
Design Evaluation and Data Reduction.

Previous shoe-drag measurements established the coefficient of

* friction at 0.1, whiLe the shoe load for the vehicle was approximately
80 pounds. This increased the drag by 8 pounds, which is small com-
pared to the total drag of approximately 490 pounds at 40 knots.
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lade-Cavity Pressure and Cavitation Number

The measurement of propeller blade-cavity pressure was started on
Run No. 7. This cavity pressure was sensed through a small orifice
located at the 0.7 radius point (Fig. 6). The pressure was then trans-
mitted through a small passage to the Internal transducer. As shown
in Fig. 5, this passage is bounded in one area by two O-ring rubbing
seals. Since the rubbing velocity was as high as 6,000 fpm, lubrication
was a definite problem. Graphite grease was used on Run No. 7, but it
was found that the thick grease plugged the small passageways. For
the following sic runs, a lubricant consisting of 75% Dow Corning 550
silicon oil and 25% rust Inhibitor was employed on the O-rings and the
rotating hub was lightly coated with electrofilm spray. This combina-
tion proved successful and five runsd yielded cavity-pressure records
suitable for engineering analysis.

The recorded blade-cavity pressures were used to compute the
cavitation numbers as

ZgH
V2

where the quantity H represents the absolute pressure head at the tor-

pedo center line minus the blade-cavity pressure (in feet of water).

Blade- Filling Ratio

A new relationship, entitled the blade-filling ratio RQ, introduced
here, should prove a useful parameter for comparing different pro-
peller designs and determining the gas-ventilation quantities for new
propeller designs. The blade-filling ratio is defined as the quantity
of gas (standard temperature and pressure, STP) per unit time em-
ployed for propeller ventilation divided by the volume generated per
unit time by the blade trailing-edge thicknesses as they move through
the water. For each trailing edge of the propeller under evaluation,
the tip was 1/3Z inch thick and the root was 13/32 inch thick. Each
such area follows a helical path to evolve one third of the total volume
generated by the three-bladed propeller. This volume is calculated in
Appendix B. Since the total recorded volume of ventilating gas is com-
pared to the total volume generated by the propeller's trailing edge, it
is seen that the blade-filling ratio indicates that portion of a character-
istic cavity being filled by venting gas.

During Run No. 9, a small strip of O-ring was sheared off and
plugged the pressure line.

14
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Advance Ratio

In several of the performance charts to follow, the advance ratio J
is used as either the dependent or the independent variable. The ad-
vance ratio Is defined as

V

RD

It Is seen that the advance ratio represents the forward mnovernent of
the vehicle, expressed In propeller dianeters, for each revolution of
the propeller. The advance ratio, thrust coefficient, torque coeffi-
cient, and propulsive efficiency are related by the follvowing expresslon'

KCQJ = -ve --

DESCRIPTION OF RUNS

Results of 12 of the 13 cableway runs are tabulated 3 In Table 1.
Performance data are listed for that instant when the vehicle passed
the 50-foot-depth level on the cableway.

Table 1 shows that the gas-ventilation flow rates were continuously
increased for the first six runs. The next two tests (No. 7 and 8) were
repeats of earlier runs (Run No. 3 and 6). For Run No. 9. the propeller.
blade and root-ventilation holes were purposely plugged and the exhaust
cone (with its internal flow-restrictor) was removed from the vehicle.
Thus, exhaust gases left the vehicle through the hub which was only
3/8 inch to the rear of the propeller's trailing edges. This was done
to determine whether ventilation could be acconpli shed without direct
cavity injection. Runs No. 10 and I I were concerned with exhausting
turbine gases at the side of the vehicle, and iote throuigh the blade
holes. The ventilation came only from bubbles in the water and was
estimated as less than I cfm. Rins No. 12 and 13 were final high-
speed tests employing large quantities of ventilation gas.

The remainder of the performance data in Table I were obtained by
the instrumentation and techniques described above. Unfortunately, the
torque cell was overloaded during Runs No. IZ and 13 so that shaft
horsepower and propulsion efficiency could not be computed.

Run No. 4 was unsatisfactory and is not sbowa.

15
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EXPERIMENTAL RESULTS

VENTILATION VERSUS ADVANCE RATIO

As can be seer in Table 1. the performance parameter that varied
most consistently with ventilation flow rate was the advance ratio 3.
As the ventilation rate was increased from 0 to 50 cfm during the first
six runs, the advance ratio steadily decreased from 1.08 to 0.96 (for
the S0-foot depth). It is clear that this trend is real because the ad-
vance ratio was very accurately established from the digitally deter-
mined vehicle velocity and propeller- shaft speed.

Judging from the high advance ratio that resulted during Run No. 9,
It was conc!uded that the Indirect ventilation that was attempted by ex-
hausting gas close to the trailing edges of the blade was not totally suc-
cessful. The resulting advance ratio of 1.05 corresponds to that ob-
tained during Run No. 3 when the direct ventilation flow rate was 3 cfm.
Conceivably. a much greater effect might have been produced if the
hub had been cut back closer to the trailing edges of the blade.

During any individual run, the slope of the cableway and the result-
ant ambient pressure Increase affected many of the performance pa.
rameters, including the advance ratio. The volume of venting gas cal-
culated for standard temperature and pressure conditions, QSTP,
remained relatively constant for each run. However. as the cavity
pressure increased with depth, the actual volume of gas supplied to the
propeller c€,vity would decrease by approximately Z5f . This volume
change, along with simultaneous variations in shaft speed and vehicle
velocity, influenced the advance ratio. The resulting effect is plotted
in Fig. I0.

BLADE-FILING RATIO VERSUS ADVANCE RATIO

Jast as the advance ratio varied consistently with gas-ventilation
flow rate, it automatically follows that it varied consistently with the
blade-filling ratio. Figure 11 shows the blade-filling ratio plotted
versus advance ratio for all tests In which the ventilation flow rate
was known. The solid-line curve of Fig. 11 shows this relationship
when it is computed with ventilation flow rates based on standard tem-
perature and pressure conditions. If these ventilation rates were cal-
culated for actual cavity pressures, a maximum correction in R of
approximately 250 would be effected for any given advance ratio. A
portion of the corrected curve, based upon three of the runs for which
the cavity pressure was recorded, is shown as a dashed line in Fig. I1.
It is seen that the relationship between RQ and 3 is quite linear for gas-
ventilation rates in excess of approximately 3 cfm and that a 10% re-
duction in advance ratio took place when the hypothetical helical cavity
was approximately one quarter filled with permanent gas.

17
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FIG. 10. Variation of Advance Ratio With Depth and
Varying Amounts of Venting Gas.

CAVITY PRESSURE RELATIONSHIPS

The blade-cavity pressure was successfully recorded for five runs
(No.8. 10. 11, 12, and 13). The resulting data are plotted versus op-
erating depth in Fig. 12. A convenient display is achieved by dimen-
sioning the cavity pressure in feet of water along with the ambient
depth. atmospheric. and saturated water-vapor pressures on the same
graph. Figure 12 shows that the blade-cavity pressure is approximately
proportional to the gas-ventilation flow rate. Cavity pressure was well
above the vapor pressure of 70°F water even at the minimum ventila-
tion rate of 1 cfm. It is unfortunate that blade-cavity pressure was
not recorded for Run No. 1 to verify supercavitating operation under
z-ero ventilation.

Cavitation numbers were computed for the five runs listed above,
and three representative curves of this parameter are also plotted
versus operating depth in Fig. 12. The minimum cavitation number,

m 0.28 at 50-foot depth, occurred on Run No. 12, which gave the
highest speed.

COMBINED PERFORMANCE CHARACTERISTICS

In presenting test results of supercavitating propeller' evaluatioe
programs, it has been cutomary to plot the propeller's propulsive

18
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FIG. 11. Blade-Filling Ratio Versus Advance Ratio at
50-F oot Depth.
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efficiency. thrust coefficient, and torque coeffIcient as functions of
advance ratio on the same graph. When sufficient data are available,
it has also been custarnary to present a famnily of curves for different
cavitation numbers (Ref. I and 41.

Figure 13 shows a graphical display of" this type (i. e., e. Kt , Kq
versus J). Individual curves are shown for Runs No. 1, 3, 5. and 6
wherein the ventilation flow rates were 0, 3, ZO, and 50 cfrn, respec-
tively. The dashed-line segment of each curve represents that initial
portion of the run when the vehicle was accelerating to noinaI speed.

Figure 13 shows no consistent trend in the propulsive efficiency as
the advance ratio changes. However, because the ventilation rate
progressively Increased on Runs No. 1. 3, 5, and 6. there seems t* be
an increase in efficiency with increasing gas supply. However, the
torque cell inaccuracy was *9 %. Its calibration varied not only before
and after runs, but there were inconsistent rates of change of torque
during some of the runs. Thus, the large torque inaccuracy makes It
difficult to justify the suggested trend due to ventilation rate changes.
By analyzing all data, an average value of propulsive efficiency of 79%
was obtained, in contrast to the TMB design value of 70% .

Figure 13 shows that both the thrust and torque coefficients in-
creased in a linear fashion with increasiag advance ratio during any
individual run and still assumed their approximate design values at the
design advance ratio. There is a definite trend In the behavior of the
torque coefficient as the ventilation rate was increased steadily from
Run No. I to Run No. 6 (i. e., Kq decreases as ventilation rate in-
creases at a fixed advance ratio). A similar trend Is present but less
apparent in the behavior of the thrust coefficient.

It ts again stressed that the curves of Fig. 13 represent the per-
formance characteristics noted during individual runs. Many systerm
parameters vary during the course of a run because of the progres-
sively changing depth along the cableway catenary. Earlier Illustra.
tions In this report showed the resulting variations in velocity. turbine
speed and torque, ventilation control pressures, advance ratio, cavity
pressure, and cavitation number. This situation complicates any at-
tempt to isolate independent variables on which to base performance
graphs. Nevertheless, because the cavitation number has been typi.
cally used as a performance-controlling criterion in previous super.
cavitatIng propeller investigations, it is 'worth while to review the
possible tffect of this parameter on the present results.

Since, as shown in Fig. 10, the advance ratio continuously In-
creased during any individual test, It can be seen that run time woul4
continuously itncrease to the right in Fig. 13. Also, as seen in
Fig. 12. the cavitation number typically increased with run time be.,
cause of the combined effect of Increasing depth and decreasing v.-
locity. Thus, for any curve of Fig. 13. the. cavitation number
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increases with advance ratio. Whereas past experimenters (Ref. I and
4) have shown the thrust and torque coefficients to decrease with in-
creasing advance ratio (opposite to the effect shown in F'ig. 13). they
have also shown these coefficients to increase with cavitation number
at any fixed advance ratio. Since the curves of Fig. 13 represent in-
creasing cavitation numbers as they proceed to increasing advance
ratios, this combined effect would tend to explain why these curves
slope in a direction opposite to those resulting from past experimenta-
tion. Because of the lack of sufficient cavity pressure measurernents,
no attempt was made to quantitatively Isolate this effect.

V ENTILATION LIMITATIONS

With power-plant exhaust gases being used for propeller ventilation,
the fixed siz-e of the blade-venting holes was an important limiting fac-
tor. With a fixed hole size, the tarbine back-pressure had to be raised
in order to increase the volume of venting gas. This reduced the tur.
bine nozzle pressure ratio, with the result that power output was also
reduced.

DTMB requested that the high-speed runs be made with the naximumi
gas-ventilation flow rate in an attempt to obtain an advance ratio near
the design value of 0.96. However, increasing the gas-flow rate from
40 to 50 cfm (Runs No. 12 and 13. respectively)only changed the advance
ratio from 1.00 to 0.99 at a 50-foot depth. Because of the higher hub
pressures required, the speed was also reduced fromS9.3 to 56.3knots.
representing a loss of approximately 30 horsepower. Further Increase
in the turbine back-pressure was not attempted since the exhaust tubing
was originally designed for only 100 psi. In future designs, the
propeller-hole sizes must be conoidered for their effect on the over-all
performance of the power plant.

CONCLUSION1S

The results of the program prove that the ventilated supereavtating
propeller can be successfully used ou a high-performance underwater
torpedo with the inherent performance advantages of a high allowable
shaft speed, an excellent propulsive efficiency, and a high vehicle ve-
locity without need for cavitation suppression at the thrust-producer.

The experimental field data, although not as precisely controlled
as in equivalent laboratory programs, were nevertheless obtained under
more realistic conditions of velocity, power level, and operating depth.
These data showed that the ventilated supercavitating propeller was
operated at or near its design conditions insofar as advance ratio,
thrust coefficient, and torque coefficient were concerned.

Because of the problem In matching the propeller's ventilation re-
quirement at high speed to the exhiauat-ga supply limitatias, only
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about 90% of the design speed was ultimately attaited. Nevertheless,
the propeller displaye4 an efficiency well beyond its design value of
70% throughout all phases of the investigation.

It can be stated that the ventilated supercavitating propeller can be
effectively employed with a high-speed torpedo as long as a sufficient
quantity of gas at suitable injection pressUre Is available for ventilation.
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Appendix A

DOUNDARY-LAYER VELOCITIES AT
PROPELLER PLANE

Before actually computing the blade-setting angles and blade-lift
distribution, the propeller designer must deternine the water-velocity
profile at the inlet to the propeller plane. This profile is analytically
resolved after a particular vehicle configuration and advance velocity
are assuned. The hydrodynarmicist is interested In knowing the actual
velocity distribution that results in the field once the propeller In
placed In operation. In order to compare it with his Inittal design
calculations, To secare this infornation. a pressure-sensing rake
was fitted to the vehicle (Fig. 7 and 14). The resulting data are shown
in Fig. 14 as a plot of dimensionless velocity versus position on the
rake. The dimensionless quantity Is defined as "local velocity"
divided by "forward velocity." Figure 14 is plotted as a large-scale
drawing showing the rake position In relation to the propeller. The
body static pressure, as sensed at Point F of Fig. 14. was I to Z psi
greater than depth pressure at a 43-knot advance velocity.
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Appendix 8

CALCULATION OF CHARACTERISTIC CAVTY VOLUUE

As the propeller blades turt throagh the water, the thick traili g
edges move in a helical path and generate a characteristic volume, Qc.
This volume Is calculated as follows:

_3 11 -
$2 ~ ~ ~ ~ ....- .. .. -- I

113
.39

Area 1.5 sq In. 3.08

Center of gravity of area

The sketch shows the dimensions of each blade cross section. The

total blade cross section area Is

1.5 X 3 a 4.S sq in. a 0.0312 sq ft

According to the following velocity diagram,

Blade helix path velocity Circumferential

Svelocity at center
of gravity of

Forward velocity area

the helix velocity is

x rps X- + V?' ft/sec
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The characteristic volume genaerated by three blade. is

0Ca area X helix velocity

Oc= O.0312 (i 6.16)2, C t/e

anid the blade-filling ratio, Ra, to

QSTP
R Q = Q
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