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I, OBJECT AND DEFINITIONS

During this report period, research and development work has been con-
ducted on the following underwater propulsion devices:

A, HYDRODUCTOR

1, The vapor-jet hydroductor (see Figure 1) is an underwater
propulsive device which consists of a vapor-jet hydroduct and an directe-
contact steam condenser, The vapor-jet hydroduct is an underwater vehicle
that takes in "free" water, comverts it to steam by the heat of reaction of
a solid propellant such as Alclo, and expands the steam through a nozzle,
The thrust obtained by this means is used to propel the vehicle.

2. In the case of the hydroduct, the steam is di scharged
directly to the surrounding medium, and as the back pressure increases
because of increasing depths, the steam velocity decreases and the thrust
is reduced, However, the inclusion of the direct-contact condenser in the
system makes it possible to maintain a relatively constant, low back pressure
on the nozzle, thus making moter performance virtually independent of depth,
Since the exhaust of the Alclo hydroduct consists of steam and solid reaction
products, it is completely condensable.

B. SOLID-PROPELLANT, GAS-TURBINE, TORPEDO POWER PLANT

1, The objective of this program is to develop an optimum-
design speed controller which will keep the speed of a solid-propellant
torpedo engine constant during operation at depths varying from O to 1000
ft. The develoﬁment of this speed controller augments the work on another
program (NOrd 14993), and in its final form it wiil be suitable for use with
a power plant in a Mark Ul type torpedo,

2. Dynamometer testing was accomplished by utilizing, whenever
possible, the components from previous development programs,

C. HIGH~-SPEED, LNG-RANGE TORPEDO, DESIGN STUDY
1, The primary objectives in this study were to derive specifi-
cations for a 2l-in,-dia torpedo capable of an approximate range of 30, 000 yd
at a speed of approximately 75 knots.

2, The secondary objectives imposed are listed below:

a, The stored length shall be 123 in, in order to double
the numerical storage capacity of present submarine torpedo racks,

b, The warhead weight shall not be less than 600 1b.

Page 2

CONFIDENTIAL




CONFIDENTIAL
I Object and Definitions, C (cont,) Report No, 1008

c. The power plant shall be designed for normal running
at a dept of 26 ft, but shall be operable at reduced performance at a depth
of 1000 f%,

d. The overall specifications shall be generally
comparable to those for the modern anti-ship torpedo presented in NOTS
TH No, 1256 and prepared under Task Assignment NOTS - Re6a-280-13-53,

IT SUMMARY

A, HYDRODUCTCR

1, Testing has been continued on a static-test motor of the
same configuration as the motor section of the free-running hydroductor,
except for a difference in the area of the condensing-water scoop passages.
Tests have been conducted to determine the effect of changes in this area,

2, Starving sequences and conditions have been investigated,
It was found that the motor began successiul operation over a wide range of
sequences and starts against back pressure. Although the simulated depth
was increased sharply, the motor continued to operate, indicating that
operation is insensitive to depth,

3. Thrust data cannot be determined for deep-runnirg con=-
ditions because extraneous thrust readings, due to the nature of the static
test installation, are large enough to obscure the net thrust valves,

L, Hydroductor development work on the roctating-boom facility
was relatively limited during the past report period, Additional tests were
conducted on the most satisfactory configuration (see Reference 1), in order
to study its performance with different ratios of the water-scoop exit area
to the mixing-section diffuser area., In an attempt to decrease internal
friction losses, this model was also studied with a fully stepped rcndensing
section, Finally, the simulated hydroduct model was tested to compare its
performance with that of the hydroductor configuratiors,

5. A small amount of time was devoted to the development and
testing of a low-pass filter for application to the drag-measuring system,
The new filter very successfully eliminated all extraneous vibration from
the drag measurement, greatly simplifying the task of data reduction and
improving the accuracy with which the drag data could be interpreted, A
circuit diagram and an attenuation curve are shown in Figure 2,

B. SOLID-PROPELLANT, GAS-TURBINE, TORPEDC POWER PLANT

5 The speed comtrol valve was modified to operate on the hot
gas, directly from the gas generator, without passing the gas through a heat
exchanger, Cooling water was provided at the valve seat and at the pintle
tip, and the valve operated very satisfactorily in all tests.
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2, Two full-duration (L-min) tests of the complete torpedo
engine have been made, All of the tests in which the speed controller was
used have indicated that speed control can be maintained with % 1-1/2%,
while the back pressure and the gas-generator clearance volume are varied
batween extremes,

3. A speed control valve was fabricated of Kennametal, but it
was not tested, This valve should operate without any cooling water.

c. HIGH-SPEED, L(NG-RANGE TORPEDO DESIGN STUDY

1, Two types of propellant systems, both of which show promise,
were considered: hydrogen peroxide and diesel oil, and the Aerojet-General~
developed solid propellant, AN-2091AX, The latter was selected as more
desirable, largely becaase of simplicity, safety, and performance,

2, Propulsion is achieved by means of a high-speed, single-~
stage impulse turbine driving a single-stage, rear-mounted external pump jet,
The turbine develops 675 hp at the turbine shaft with a rotational speed of
45,900 rpm, The turbine efficiency 1s 60% and the pressure ratio across the
nozzle (P./Pe) is 60 at the depth for which the unit was designed.

3, The torpedc hull form is similar to that of the N,O,T,S,
Mast torpedoes, in that it has 2 modified, ellipsoidal forward section with
a flat nose, 2 central cylindrical section, and a tail section of Lyon "AY
form with a fineness ratio of 5:1, A snap-on tail extension, with a large
cutoff diameter for the exhaust exit, is fitted just prior to firing,

L, The performance requirements demand the greatest pcssible
length and diameter of propellant grain that are commensurate with a low-drag
hull contour, The drag analysis of the hull indicates a value of 2515 1lb
at the 70-knot design speed, The range available at this speed will be
slightly greater than 20,000 yd.

e The auxiliary equipment required for the turbine consists
of one water pump (cooling) of approximately 5 hp, one oil pump of negligible
power requirement, a chamber-pressure control valve to hold the turbine
speed constant, and two altermators,

III., CONCLUSIONS
A, HYDRODUCTOR

JIp The tests conducted to date show that the hydroductor motor
will begin successful operation under a wide range of conditions, The run
conditions which simulate a large increase in depth have shown no results
that indicate a cessation of hydroductor operation,
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2. Tne starting sequences that simulate launching conditions
indicate that the power plant operates successfully,

B. SOLID-PROPELLANT, GAS-TURBINE, TORPEDO POWER PLANT

kg When operated with the solid-propellant, torpedo power
plant, the speed-control valve has been extremely reliable, accurate, and
consistent,

2. This speed-control valve is a simple and practicai design
that can be used to cont=ol any solid-propellant-powered engine, or to
control any cther system that has a fixed fiow of propellant,

C. HIGH-SPEED, L(NG-RANGE TORPEDO, DESIGN STUDY

1. The choice of 2 solid-propellant fuel is based on the
experience gained in adapting that fuel for use in a similar turbine drive
that is applicable to the Mk Ll torpedo, This earlier work has demonstrated
the practicability of the system, snd it has indicated that it provides
three important additional benefits: reliability, simplicity, and safety.

2. Type AN-2091AX solid propellant, with one of the highest
specific impulses among the solid propellants available for turbine operation,
was chosen for maximum power and range, Once assembled, the solid propellant
has an almost unlimited shelf life and it remeins readily available, without
further servicing, for use over a wide range of operating conditions,

3. It is the nature of the solid-propellant system to operate
at virtually any required power levely however, run duration will be reduced
at higher power levels, Increases in horsepower are made by decreasing tur-
bine nozzle size in order to achieve a higher chamber pressure which, in
turn, promotes faster burning of the solid propellant, This more-rapid
combustion produces a higher mass flow to the turbine, resulting directly
in a horsepower increase, The most practical propellant grain configuration
is a cylinder in which burning is started at one end and allowed to progress
along the length, in a mamner similar to that of a cigarette, The area of
the end of the grain bears a relationship to the horsepower output desired,
and the length of the grain, in conjunction with burning rate, determines tl.e
run duration, In the proposed design, the grain cross-sectional area has
been held to the maximum possible within a 21-in,-dia, thus providing the
required horsepower at a minimum burning rate of 0,08 in./sec at a chamber
pressure of 1500 psi, ressed in terms of range, at 70 knots this burning
rate propels the torpedo 493 yd per lineal inch of propellant grain, The
grain length in a 123-in, torpedo can be made no greater than 42 in, without
hampering other components or increasing the hull drag excessively, Accord-
ingly, a range of 20,000 yd at 70 knots must be accepted as optimum for
this type of power plant., Increasing the torpedo length to more than 123 in,
to provide for a longer propellant grain would increase the range, but the
horsepower required would also increase, A range of LS,000 yd at 70 knots
appears possible for a torpedo 246 in, long,
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L, The proposed turbive wheel has an 8,0 in, pitch dia, and it
is located at the extreme tail of the torpedo in order to simplify exhaust
gas ducting, A high volumetric gas flow through the turbine cancels the
base drag of the 6-in,-dia tail cutoff. Kennametal is the most favorable
turbine wheel mterial which, besides being light in weight, possesses
remarkable strength at elevated temperatures., In order to minimize wheel
stress at the designed speed (L5,900 rpm), weight must be carefully considered,
Pagt experience with the turbine bearings in the L5, 000-rpm range indicates
that this speed can be consistently maintained, This speed is required to
achieve a turbine efficiency of 60%, on which power and duration calculations
are predicated,

5. The gas temperature of AN-2091AX measures approximately
2300°F at the burning face, which means that cooling water must be employed
at three locations in the system:

Turbine shaft
Turbine case
Chamber-pressure control valve

The turbine shaft cooling requires a water flow of 5 1lb/min to supply a
slinger mounted at the wheel hub, The turbine case is cooled intermlly

by two small inlets (each requiring a flow of 5 lb/min) which direct water
aga%nst the wheel periphery, By this means, case temperature is held around
500°F, and wheel temperature is substantially reduced below the temperature
of the hot gas, ihe chamber-pressure control valve employs water for speed
sensing, as well as for cooling, The water pump, a centrifugal type, is
coupled in a direct-gear relationship to the turbine. Consequently, any
overspeed of the turbine produces a greater head at the discharge line of
the water pump. Essentially, the control valve balances this pump discharge
pressure against a piston which has the combined force of turbine back pres-
sure and an adjustable spring acting on its opposite side. The function of
the piston is to open a small, water—cooled poppet vaive to reduce chamber
pressure. The total water flow to the control valve is L6 lb/min, of which
the greater part is a controlled leakage past the piston to assure free and
accurate operation.

IV, RECOMMENDATIONS

A,  HYDRODUCTOR

Additional engineering work on the hydroductor motor should
be contingent upon the results of the range testing program of the free-
running, hydroductor test missile, This program is aimed at proving the
depth insensitiveness of the hydroductor, and additional engineering work
might be necessary to improve the starting or free-running performance of
the missile under varied conditions,
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B, SCLID-PROPELLANT, GAS-TURBINE, TORPEDO POWER PLANT

For use with a production torpedo engine, the speed control
valve should be redesigned to incorporate a finer adjustment of the valve
spring, In view of the possible variations in the pressure drop from the
purp to the valve between differemt installations of the engine, it is
desirable that the valve spring for each assembly be set accurately. This
can be accomplished very readily by the use of a micrometer screw and locking
device,

C. HIGH-SPEED, LONG-RANGE, TCRPEDO DESIGN STUDY

The design study should be completed by producing the necessary
drawings and technical literature. The report on this program will show the
capabilities and limitations of this type of propellant system over a wide
range of operating conditions, in addition to the optimized design points
recomended by the design study.
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I, DESCRIPTION OF WORK

A, FULL-SCALE STEAM-JET CONDENSER

1, A rework of all parts of the static-test motor to meke

them identical to those of the free-running missile was instituted during
the last report period, These parts were completed, and the testing was
started prior to the free-running tests made during this current report
period, The motor configuration now in use in shown in Figure 3, It was
only after the parts for the static test motor were completed that the
decision was made to redesign the scoop (to provide a 10% increase in area)
and to reduce scoop height (to decrease the flow of condensing water).
For this reason, tests on the present facility do not completely simulate
the free~running tests, However, the small differences in design, as far
as internal hydrodynamics are concerned, did not justify the extra expense
of a new injecter section at this time,

2. Tests were conducted to evaluate the possible benefits
to be gained by reducing the rate of flow of the condensing water, Previous
tests on the rotating-boom facility had indicated the advantages to be derived
from this alteration, Flow was reduced by closing off every third hole in
the injector, Tests conducted in the static-test facility last year had
shown that even an unsymmetric array of water jets had little, if any, adverse
effect on hydroductor operation, It was believed, therefore, that the
results obtained in these tests would be valid,

3. The back-pressure facility discussed in Reference 1 was
put into operation, Tests have been conducted with back-pressures simulating
depths up to 100 ft, The equipment does not completely simulate all aspects
of an actual free-missile test, Although the motor can be started at any
back pressure up to 1000 ft, the “osses incurred in holding back pressure
on the system are such that a pre. .ure build-up occurs, This is equivalent
to plunging the missile to a large depth almost immediately and forcing it
to run there, Even under this extreme condition, the unit operates satis-
factorily and gives valuable information on that phase of operation,
Furthermore, the fact that condensation in the hydroductor chamber continues,
even though the pressure is greatly increased, provides adequate proof of the
feasibility of depth-insensitive running, Because of the difficulty in
correctly determining the momentum terms in the gross-thrust reading on
the static-test stand, the quantitative thrust data required to adequately
support this conclusion cannot be obtained,

B, HYDRODUCTOR INVESTIGATIONS ON THE ROTATING BOOM

1, The hydroductor model in which the condensing-water scoop
increased in area by 10% through the scoop passages was chosen during the
last report period as the model most worthy of further development for the
free-running missile, This decision was based on comparisons of power piant

Fage 2
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performnce and cavitation resistance of the various designs, and in
accordance with this decision, test work during the current report period

was concentrated on the "10%" hydroductor, The major portion of the program
was concerned with an investigation of the effect of varying the ratio of
the condensing section diffuser area to the condensing-water~scoop exit

area, This area ratio will henceforth be called the "A" ratio, The

original steam-water tunnel development work on the hydroductor (Reference 2)
resulted in the choice of an "A" ratio of 0,7 to provide good performance over
a wide operating range, This work also indicated that the hydroductor would
show little sensitivity in this respect for operation at shallow depths,
Since the starting characteristics and the ability to obtain vented operation
in the condensing section are improved with decreasing "A" ratios, it was
decided to run the "10%" rotating-boom mod2l (previously tested with an "A"
ratio of 0.7) at ratios of 0.5 and 0.6 for comparison, As expected, for sur-
face operation in the ring channel, performnce comparable to the earlier

0.7 tests was achieved,

2., The fully stepped condensing section (see Figure L) was
also tested during this report period, The steps, designed to decrease
internal resistance for the situation where the condensing water jets were
improperly vented, gave essentially the same results as the conventicnal
chamber, This would seem to indicate that properly vented operation has
been achieved throughout.

3. All the latest tests reported above utilized a simplified,
internal instrumentation system, In an effort to leave the condensing
section as clean as possible, the probe designed to pick up velocity head
at the exit of the condensing-water scoops was eliminated, Also, a smller
static pressure probe was passed through the center of the steam nozzle into
the condensing chamber, This probe was sufficient to show whither the motor
was operative, and the arrangement virtually eliminated any disturbance to the
flow in the condensing section, The cleaner design explains the difference
in thrust readings between the "fully instrumented"” runs and those with the
revised instrumentation listed in Table I,

IT, METHOD OF TESTING

A, FULL-SCALE STEAM-JET CONDENSOR

1, The static-test motor is mounted on a parallelogram-type
thrust stand., Water, under pressure, is supplied both as ram water for
steam generation and as condensing water to the motor, The ram water is
metered through a cavitating venturi which holde the flow constant regardless
of small variations in chamber pressure, Water flow can be varied either by
changing the tank pressure, or by changing the pressure drop in the line with
different settings of a plug valve,

Page 3
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2, Gross thrust, chamber pressure, ram pressure, condensation
pressure, back pressure, water-flow rates, and timing traces are recorded
on & multi-channel oscillograph.

3, Water- is run over the outside of the motor to simlate
the cooling effect of a free-running test,

L, The back-pressure system has undergone extensive alteration
during this report period in an attempt to obtain simulated constant-depth
running, Basically, the system is still the same as that described in
Reference 1, with a Flexflo valve acting as a throttling valve in the dis-
charge line from the motor, The large receiving tank, on which the back
pressure was set, has been replaced by a small reservoir, and the piping has
been simplified to reduce pressure losses, Since it could not be made to
withstand the large pressures without rupturing, the flexible joint, placed
in the line to eliminate flexure readings from the total thrust reading,
has been removed,

B, HYDRODUCTOR INVESTIGATIONS ON THE ROTATING BOOM

The method of testing the hydroductor on the rotating boom is
described in Reference 3, except that the air blast which precedes the
admission of steam to the combustion chamber has been discontinued, This
was done when it was found that excess air sometimes prevented proper starting
and inhibited the development of a vacuum in the condensing chamber,

ITII, RESULTS

A,  FULL-SCALE STEAM-JET CUNLENSER

l. During this report period, approximately 45 tests were
conducted using the static-test facility. A diagrem of the motor is shown
in Figure 3, Except for the scoop section, this motor conforms to the design
of the free-running missile, Since scoop design is principally a question
of external hydrodynamics, i.,e., the problem of eliminating pre-diffusion
and cavitation on the lip, it was not found necessary to make a now SCOOp
section for the static-test model, The angle of jet entry to the condensing
chamber is the same for both designs,

2. The successful starting of the hydroductor motor under
various conditions was the primary interest during this period, This achieve=-
ment meant the establishment of condensation of the steam Jet issuing from
the nozzle, evidenced by a low pressure in the condensing chamber, Success-
ful operation has been achieved over a wide range of starting conditions., The
test facility makes it possible to vary the time delay between ignition, start
of steam-water flow, and start of condensing-water flow, and to sequence these
in any order desired, Successful operation has been achieved with condensing-
water flow delayed from 0,3 to 2.0 sec after the grain ignition circuit is

Page L
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closed, The steam-water flow is established 2pproximately 0.3 sec after
the grain ignition circuit is closed, In these tests, steam-water flow is
actually started at 0.15 sec after ignition, but the inertia in the water
system and the time required for the full face of the Alclo grain to start
burning delay the actual forrmation of steam about 0,15 sec more, A typical
run with condensing-water delay of about 1.4 sec is shown in Figure 5, and
a run with virtually zero condensing-water delay is showm in Figure 6,

3. The tests made on the rotating-boom facility have shown
the desirability of decreasing the amount of condensing water that is
scooped into the free-running missile, Since it had been decided not to
mike a new injector for the static-test motor, the flow was reduced by
closing off every third scoop passage in the present injector, Tests con-
ducted last year had shown that even an unsymmetric closing of a few passages
wounld not affect adversely the performance of the static-test motor., Employ-
ing this method, the ratio of condensing water to the ratio of steam (§)
was lowered to a more advantageous value (approximately 20:1). The results
of a comparison between two tests mde with (Run 1133) and without (Run 113kL)
closed passages is listed below:

Pc (4v) Net Thrust Isp Vac,
Run Crain  psia 1b 8 1b f/1bm/sec in, Hg
1133 1300 287 515 19.h 318 1k
1134 130 286 L87 25.8 293 9

The records of these two runs are compared in Figure 7,

k, One of the major investigations concerning hydroductor
operation was the successful starting of the motor against the large back
pressures of deep launching., It had been expected to operate the missile
at waricus simulated depths, but all medifications made so far on the
static-test facility have failed to prevent excessive pressure build-up
as the exit flow from the motor developed, This resulted in runs as shown
in Figure 5, The missile started to operate at a depth of 10 ft, but it
was immediately subjected to a pressure of 100 ft and finally achieved
steady running conditions at 300 ft. The results show definitely that this
motor is depth-insensitive, since even these wide fluctuations in depth
did not, in any way, adversely affect the condensation process, Tre steam
nozzle had the steady, low pressure of the condenser acting on it rather
than the full back pressure of the simulated depth, (It should be noted
that the exponential decay of vacuum reading, which appears slow, is caused
by the characteristics of the pressure recording system,)
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S. No thrust trace has been shown in the reproduction of
Run 1135 in Figure 5., It has been virtually impossible to determire net
thrust for runs operating against back pressure, To determine the net
thrust, the momentum drag of the condensing water must be subtracted from
the gross-thrust reading, This can be calculated, and the test calibra-
tions show fair agreement, In back-pressure runs, an added pressure-area
term appears in the gross-thrust reading when the flexible joint is in use;
but, when the connection to the back-pressure chamber is rigid, conditions
are virtually unknown, Because of the magnitude of the terms involved, a
slight error in the calculation of either momentum drag or the pressure-area
term will result in large errors in net thrust, For this reason, nc thrusts
are listed for back-pressure runs, In the runs in which no back-pressure is
applied, the momentum drag can be read from the record by merely allowing
water flow to continue after the grain has finished burning, and then reading
the thrust recorded, Thrust for such a run can then be reported with a fair
degree of accuracy.

6. After a free-running missile test conducted at the Morris
Dam range (see Reference L), the question arose as to what would happen if
a missile were launched from a "dry box," i,e,, started in a tube where
no water was present to cool the missile skin, Tests were made in the
static-test facility by delaying cooling water over the outside of the
motor for about 2 sec, No adverse effects were noted, as all parts appeared
t0 be clean and unmarked after the tests,

B. HYDRODUCTCR INVESTIGATIONS ON THE ROTATING BOOM

1, A survey of all applicable test material from the
rotating-boom program is presented in Table I, Runs 148 through 164 show
the work performed during this report period, and the earlier data ar-
included for comparison, These data have been compiled in accordance with
the method outlined in Part I, Section III-B of Reference 1,

2, The rotating-boom program resulted in several decisions
regarding { 2 operational procedure and optimum design for the hydroductor.
First, it was found essential to ensure a well-established steam flow from
the combustion chamber prior to the admission of condensing water through
the scoops, Deviation from this procedure resulted in *he flooding of the
condensing chamber, making it impossible to achieve condensation or hydroductor
operation, This requirement was later verified by static-test firings of
the hydroductor motor,

3. Several hydroductor configurations were mde to operate
satisfactorily during the program, The first of these was the constant-
area, water-scoop model, While condensation was achieved, thrust output
was low and the external flow around the scoops was poor, resulting in a
large amount of external cavitation, The scoop passages were then redesigned
to have a gradually increasing cross-section, providing for boundary-layer
growth in the passages, These later models proved to be superior both in
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the thrust produced and also in the almost complete elimination of cavitation,
A 10% increasing-area scoop passage and a 20% increasing-area scoop passage
(based on scoop passage exit area) were fabricated and tested, The 10%

scoop showed slightly better performance than the other; consequently, it

was chosen for application to the future free-running, test-missile designs.

b, Stepped condensing chambers (see Figure L) were fabricated
for the constant-area scoop model, as well as for the 10% increasing-area
model, The latter, which showed gcod performance from the beginning, was
not affected by the change. The thrust output of the constant-area model
was improved by the steps, indicating that the poor scoop characteristics
of the first constant-area model probably resulted in improperly vented flow
of condensing water into the condensing chamber. These results would seem
to indicate the advisability of incorporating internal steps in future free-
running designs, Although they show no adverse effects, the incorporation
of internal steps might improve performance in the case of marginal opera-~
tion,

S. The work with variable "A" ratios (ratio of water-scoop
exit area to condensing-section diffuser area) verified the conclusion (from
the original steam-water tunnel work, Reference 2) that, for near-surface
operation, the "A" ratio used would have very little influence cn performance,
Therefore, it was recommended tha*, for the initial work with free-running
test missile designs, the "A" ratio be considered only insofar as it affects
motor starting characteristics, Work along these lines was studied in the
static~-test pit,
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I, GAS GENERATOR AND TURBINE DEVELOPMENT

The development of the solid propellant gas turbine engine for
torpedo propulsion has oeen accomplished under joint sponsorship of the
Burean of Ordnance and the Office of Naval Research, Specifically, the
gas generator and turbine development has been sponsored by the Bureau
of Ordnance, under Contract NOrd 111993;and the development of the speed-
control system has been sponsored by the Office of Naval Research, under
Contract Néori-10, Reliable performance of the gas generator and turbine
has been obtained, and full-duration tests (4 min) have been made with the
complete power plant, References 5, 6, 7, and 8 give complete details of
this part of the program, as well as the test results, Some of the test
results are shown in conjunction with the performance of the speed control
valve in Figures 8, 9, 10, and 11, Listed in Table II and Figure 12 are
the ballistic and thermodynamic properties of the Aeroplex AN-2091AX pro-
pellant which was used in the gas generator of this power plant,

II. TURBINE SPEED-CONTROLLER DEVELOPMENT

A, The speed~-control valve bleeds gas from the gas generator
when it is operating at below-maximum loads, This gas bleeding reduces
the mass-flow of gas to the turbine, as well as the power output of the
turbine, A secondary benefit is realized in reduction of the operating
chamber pressure, This reduction results in a lower burning rate of the
propellant, thus extending the duration, Calculations made of the perform-
ance show that, with this type of control, the range of a torpedo, when
operating at sea level, would be 25% greater than when operating at a depth
cf 1000 fv,

B, Figure 13 shows schematically the control system for a torpedo
engine, This control system consists of a centrifugal water pump driven by
the turbine and the control valve, The control valve is a spring~-loaded,
piston-and-pintle valve in which the pump pressure acts to open the valve,
and the spring acts to close the valve, The combustion gases are directed
into the valve so that the chamber pressure tends to open the valve, The
spring cavity is vented to the ambient pressure to make the controller
aepth-insensitive, The water is piped to the valve-actuating piston to pro-
vide the reference pressure, The centrifugal water pump supplies the fluid
for operation of the system. and it also supplies cooling water to the
turbine, The characteristics of the pump are dictated by the volume of
water required and the prsssure requirements of the control valve, The
discharge pressure of the pump is the sensing signal of the speed controller,
If the speed is too high, the pump pressure is high, causing the control valve
te open, This opening allows gas from the chamber to bleed out, reducing
the chamber pressure which reduces the mass rate of gas generation, Con-
seouently, the mass flow of gas to the turbine is reduced, and the speed
of the turbine decreases, If the speed is too low, the converse occurs,
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C. The system that is set up in the test pits is the same as that
described above, However, in test-pit operation, auxiliary equipment is
required in order to simulate the operation of the engine at the various
operating depths of the torpedo, For example, the turbine back pressure is
controlled by 2 vaive in the turbine exhaust line, The pressures at the
pump intake and at the various overboard discharge pressures (which must be
the same as the turbine back pressure) are controlled by the regulators in
the system, with the turbine back pressure as a reference pressure,

D, During this report period, the heat exchanger was eliminated from
the speed-control valve system, This heat exchanger had origimlly been
incorporated to cool the bleed gases from the gas generator in order to
protect the pintle and seat of the control valve, The control valve was
modified so that part of the high-pressure water from the pump was used to
directly cool the pintle tip and valve seat, This modification worked very
well, and it was used in the full-duration tests of the complete power plant,
The valve showed no erosion from this extended period of zas bleed. In an
effort to further simplify this speed-control valve, the valve seat and the
pintle are being made of Kennametal, and the water cooling will be eliminated,
Tests of this valve assembly have not been made, but the valve is expected to
function satisfactorily without the cooling-water complication,

E, In all of the tests conducted, the speed-control valve functioned
satisfactorily during its operating period, and it maintained a speed con~
stant within £ 1,4% on the full-duration run, (see Figure 11). Some of the
specific tests, together with their performance curves, are described below,

1, Because of a burnout of the gasket between the gas generator
and the turbine, the first test of the series (see Figure 8) was incomplete,
The duration of the run was 2 min 35 sec, The back pressure was held
essentially constant at 120 psi, The output shaft speed was maintained
constant within the specification limits, The speed gradually increased
from 1120 to 1150 rpm during the run, and it remained free of surges,

2. The second test (see Figure 9) was incomplete because of
the loss of a turbine blade after 3 min 2 sec of operation, During the test,
the dynamometer load was set too high, and the controller did not become
operative until the ratio of chamber pressure to back pressure was sufficient
to drive the turbine at rated speed, The controller was in operation during
the last 85 sec of the test, during which time it maintained surge-free
speeds between 1120 and 1140 rpm, Examination of the rezord shows that the
chamber-pressure change, which was caused by the sneed-control valve when
the turbine speed dropped, occurred as the result of the loose turbine blade
jaming in the housing,

3. The third test was not satisfactory, because of the seizure
of a bearing the in water-pump drive of the speed reduction gearbox, At the
time of seizure, the control valve had just started to bleed gas; consequently,
no data on the valve characteristics were obtained.
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b, The fourth test (see Figure 10) was a complete-duration
run of 3 min and 25 sec, In this test, all components operated satisfactorily,
The previous bearing trouble was cured by the incorporation of flexible
piumbing in the water-pump system, However, the flexible plumbing changed
the pressure drop of the water flow to the control valve, thus affecting the
speed-control setting, For this reason, the engine shaft speed was controlled
at 1200 instead of 1100 rpm, Control at 1200 rpm wag good, however, and the
data shewed little variation from the mean value,

5. The fifth test (see Figure 11) was a complete lL-min run.
The speed control was set correctly, and the engine operated at 1100 rpm,
The back pressure during the test was held essentially constant at 170 psig,
However, the characteristics of the water-brake dynamomater are such that
the dynamometer absorbs an increasing amount of power as a function of time,
due to the heating of the water, Consequently, the power level of the
engine varied during the run and, as a result, the chamber pressure was not
constant, The speed control was very good, being 1100 L 15 rpm throughout
the run and showing no bad effects from the variable generator chamber
clearance volume, The valve itself showed no erosion from extended period
of gas bleed,
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The work accomplished in this study initially involved the
selection of the propellant and the determination of the drag of a torpedo
hull which would adequately house the propulsion system, With these two
items known, it was then possible to draw initial layouts and to determine
complete power plant specifications, Progressive computation refined the
initisl estimates of the optimum physical size of components, based on the
volumetric capacities developed in the layouts,

Drag studies were conducted primarily to determine the power
requirements of the turbine drive, Three slightly different methods of
approach were followed, ylelding results of 2502, 2510, and 2515-lb drags.
The largest drag, 2515 1lb, was selected for purposes of conservative power
requirements, It is estimated that, lacking actual test data on the proposed
shape, calculated drag figures may be in error by % 8%,

The drag value of 2510 1lb can be most easily derived, and this
derivation is shown, This derivation is based on the tabulated drag of a
similar shape, the Type A torpedo, discussed in Reference 9. The proposed
shape differs from the Type A torpedo only in that it has a slightly longer
central cylinder and a larger tail cutoff diameter, Since the exhaust gas
cancels cutoff drag in the proposed shape, the only significant additional
drag source is that of the larger wetted envelope of the proposed shape,
Identisal for the two shapes under comparison are the nose section, the
pumpjet and fin configuration, the maximum diameter, and the operational speed.
Both shapes employ a cylindrical center section and a Lyon's "A" form, 5:1
tail contour aft of the cylinder, The overall length of the proposed shape
is 1/l in, longer than the Type A torpedo,

Type A Torpedo

Tabulated drag at 70 knots 2Lh7 1b
Wetted area 53.08 sq ft

Proposed Torpedo
We“* -d area st lu5 sq ft

The general drag formula is

Seya G

where p ™ %%75 = mass density of sea water = 2
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CD = drag coefficient
Aw = wetted area, sq ft

V = velocity = 118 ft/sec (70 knots)

Since Cp will be the same for both torpedo hulls, because of their nearly
identical configuration and velocity, the drag values will be proportional
to the wetted areas, Thus

Drag = Eh,hg
2 3.0
The drag of the proposed shape is then

g%-g (2LL7) = 2510 1b

In the above method, the wetted areas indicated for both torpedoes are slightly
more than the actual measured areas by a factor of 1,21 assigned to the

tail areas washed by the higher-velocity pumpjet stream, The proposed shape
has a larger jet-washed area than the Type A torpedo because its cylindrical
section is longer and its cutoff diameter is larger, The factor 1,21 is
derived from an estimated 10% rise in water velocity in the pumpjet, Detailed
consideration of the small, additional drag sources of the pumpjet shroud

ring and tail-to-body interference are eliminated in calculating the drag by
the proportional-area method, inasmuch as the identical pumpjet-and-tail
configuration is similarly located on each torpedo, The drag of wetted areas
under the pumpjet shroud have been considered in pumpjet efficiency.

The most critical cavitation areas of the torpedo are those of
the forward section and the control fins, Reference 9, from which the design
of the forward section is taken, indicates that the Type A torpedo was designed
for cavitation-free operation at 70 knots at a depth of 25 ft, Yaw angles
of 6° were contemplated, Initially designed as a Lyon's "A" form, the forward
section was later modified to an ellipsoidal body of revolution, having a
truncated forward end to achieve greater internal volume with no significant
increase in drag., This ellipsoidal design was derived from the method based
on the steady-state cavity and on experiments performed at the University of
Towa (see Reference 10) on a series of bodies consisting of blunt noses with
ellipsoidal transitions,

Measurable cavitation at the tail is anticipated only on the
control surfaces at significant angles of deflection from 3 to 6°, Angles
of this size are needed only for pattern running or in response to homing
signals, Deflections in excess of 1° are not expected for maintaining course
and depth, Reference 9 further indicates that, while the characteristics of
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the pumpjet are not yet wholly known, it is expected that the pressure and
velocity distribution, aft of the pumpjet, may serve to reduce control-surface
cavitation, From studies in Reference 11, the greatest loss of 1ift due

to cavitation at a deflection of 6° is estimated to be 20% of the free stream
1ift, which does not appear unreasonable when it is considered that a deflec-
tion of 6° will achieve a turning radius of 115 ft,

Cavitation of the central section and of the afterbody is not
anticipated, Reference 12 indicates that the afterbody from the tail to
the point of maximum diameter of a Lyonts "A" form of fineness ratio 5:1,
cperates in a safe region at 70 knots and a depth of 25 ft, The minimum
pressure coefficient predicted for the afterbody is -0,165 which will permit
a straight-running velocity of 90 knots without cavitation, Expressed in
terms of depth, the cavitation margin of the afterbody will permit operation
to a theoretical depth of less than 5 ft.

The two alternate methods of drag calculation, yielding results
of 2502 and 2515 1b, are taken from References 13 and 14, and they are con-
siderably more complex than the method shown,

Powerplant specifications and torpedo characteristics have been
largely refined in the final configuration, and the finished layouts are near
completion. Figure 1L shows a schematic diagram of the power plant, and
Table IIT lists most of the torpedo characteristics,
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BALLISTIC PROPERTIES OF AN-2091AX PROPELLANT

Gas Composition at
Adiabatic Flame Temoerature

Formulation wtg zole &
Ammonium nitrate 75 .00 COp 8.7
Ammonium dichromate 2,00 co 154
Styrene 2.98 H-0 20.5
A-20 resin 7..2L H, 35.6
Methyl acrylate 11.08 N, 19.8
Methyl ethyl ketone peroxide 0.ko
Cobalt (1% in styrene) as reqi ired
Lecithin (10% in styrene) 0.80
Calcium phosphate 0.§0
Density of solid propellant, lbm in,™
Therqaodinamic rroperiies
Theoretical Io,, 1bf sec 1bm™ .  (at 1000 psia) 190
Theoretical Cy, lbm 1bf~1 sec™t 0.00813
Molecular Weight of gases, M 20.89
Effective k = C /cv o 1.276
Theoretical FlaRe 'Temperature, °F 2388
Ballistic Parameters
Below 60°F = 0.00297 ¢0+00136(T-60) .LL
= h9 .8 e-0.00Uh(T—éO) p.56

w_ = 0,00238

n_ = 0,00238
Abave 60°F = 0.00297 e° '00181“"6016 b

- Lg.§ oO-001B3(T-60) .5
"r = 0,00325
n_ = 0,00325
Table II
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TABLE II (conts)

where

. . -1
r = Burning rate, in. sec

K = Area ratio, propellant burning area to nozzle throat area

np = Temperature coefficient of rressure at constant K ratio, OF-I
"r = Temperature coefficient of burning rate at constant K ratio, OF'1
p = Chamber pressure, psia
T = Initial grain temperature, °F
Table II
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TABLE III

CHARACTERISTIC PROPULSION DATA HIGH-SPEED L (NG-RANGE TORPEDO

Body

Length - in rack, in,
in tube, in,

Diameter, in,
Configuration
Nose

Center Section
Tail section

Drag, 1lb
Drag Power, hp

Pumpjet
Type

Arrangement
Dimensions
Speed

Cear Train
Type
Reduction ratio
Prime Mover
Type
Dimensions

Design data

Shaft hp

Combustion chamber
(Gas generator)

Operating Pressure

123.0
129.0
21,0

Blunt nose, 5.25-in,-dia flat plate,
followed by modified ellipsoid, length
26,25 in,

Cylinder, 21-in,-dia, length 49,0 in,
Lyon-A form, 5:1 fineness ratio, length
47,75 in, Tail cutoff dia 9 in, Snap-on
tail extension Lyon-A form, length 6,0 in,
Cutoff dia 6,0 in,

2515
sko

Rear external single-stage, boundary-layer
axial flow

Stator-rotor-stator

21-in, outer diameter; blade height 2,7 in,
1750 rpm

Dual jack shaft, load equalizing, helical
26:1

Single-stage impulse turbine

B.0-in, pitch line dia

8.3-in, outer dia

45,900 rpm, tip speed 1600 ft/sec. Admis-

2ion temperature 1900°F, pressure ratio
0:1

635 to pumpjet

21 in, OD, L9.0 in, long
20,4 in, ID

1500 psi

Table III
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TABLE III (cont.)

Propellant
Type

Flow rate
Total weight

Auxiliary Pumps
Water for cooling and speed

sensing
For lubricating oil

Generators
For controls and gyros
For RXEO exciter

Regulating System

Tank Volumes
Gas generator
Lubricating oil

Range, at 70 knots
25 ft depth

Aerojet--General product
AN-2091AX solid

1,32 1b/sec

677 lbs

Centrifugal, 8 hp
Positive displacement, negligible hp

AC LOO cps, 8000 rpm, Warsaw Elevator Co,
NOL AC generator XT-3D, 5600 rpm

Special piston-operated pintle-type bleed
valve senses overspeed by high discharge

pressure from water pump and acts to re-

lieve gas pressure,

8.36 cu ft
0.085 cu ft

20,200 yds &
19,000 yds assured

*Assumes 6% loss accounting for acceleration,

Table III
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