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1. INTRODUGTION ~ } i/

e

130(4),) Pressure-Thrust Relationships of Visco-Elagtic Fluids TPFS JetE NS,

513). ~This work representg & continuation and extesnsion to schusl experimentation
of th?oretical gtudies conducted wnder Contract DA 18-108-405-CMI-891. We will
study,the physical parameters of gas pressurization (and expulsicn) of a visco-
elastic fluid {thickened gasoline), and the related problems of means of pressuri-
zation and of recoll compensation. '
gt o A’“ﬁ'

As a result of $he theoretical studies perforvmed Lw- z-preeviGUs contract
gited-zbovey pressurization by meansg of hot cowbustion geses wag selected for in-
vestigabion. Mﬁh&ﬁgﬂi&:ﬁex&?‘ g liquid bipropellant gas generator utilizing

s % .
nitrogen tetroxide (HpQh)'and unsymset¥ical dimethylhydvezine (UIMEY &s oxidizer and
fuel, respectively, was chosen ag being representative of a cless of controllable-
output hot gas pressure sourcses. An aliterpative approach to s source of pressuri-
zation and counterrecoil thrust was a solid-propellant rocket with a coolant-
diluent bed between the rocket and the flamethrower fuel tank. This configuration
will be eveluated concurrently with the liquid bipropelleaut sypbem.

i ) ) “/__./,/

Progress to date on thesz two candidate systems are discussed below in two
separate sections. In addition, preparation of a firing site for operatlion of the
Flamethrower research device at vanges up %o 150 yards is discussed in & third

section. \

NI W «(7 PR “f)’
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,__.Z This report is the first bimonthly progress report ca (Contract DA»lB%lOS;AMC/
5

2. LIQUID BIPROPELLANT GAS GENBERATOR

The liquid propellant approach to using combusgtion processes for ges generation
in a flamethrover application has proceaded well into the testing phase Jduring the
reporting period. :

The selection of ULMH anl Np0) as propellants was made on the basis of esse
of handling, stoxability, safety considerations, and because of the reliable
hypergolicity of the combination. Testing hes not xevealed any ignition problenms,
there have been no undesirable transient phenomena even at erxitreme mixture ratios
and only the production of ulight residues 1z a matier of vresent concern from the
standpolnt of possible overhaal requirements when the unit is serviced between
firings.

Previous teste with NoOl snd UIMH had established welationships between mixture
ratio, combustion gas temperature and c¥*. These paremeters were Used as & bazis
for designing & gas generator which would nomiaslly produce 450 psi fuel-rich gases
at 1000°F at & rate of .16 ib/pec. These values would be adequate to expel two
gallong per second of gelled zasoline from a Flamethrowver. :

/j,’
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Two injectore have been febricated and one has been tested. The first has
four fuel streams impinging on e slingle center oxidizer stream. The second in-
Jector has a single fuel stream Impinging with a single oxidizer stream at approxi-
mately optimum mixture ratio. Four additional fuel streams vhich provide the
balance of the fuel impinge further downstream to cool the burning mixture to
desived values. C

Auy combinatlion of injector, combustion chamber, nozzle, or sccumulator can
be assembled and tested to determine optimum operating conditions.

Becauge of the extremely smsll oxidiier flow rates, sbout .0L5 pound per ;
second, a cavitating venturi could not easily be constructed. Instead, a differential
pressure orifice meter has been employed in the initial tesis to measure flow
rates which have been controlled by the overall system pressure drop. Thus, oxidizer
flow rate varies with chemher prezsure fluctuations in the present test satup. When
chenber pressure is low, the NoQ) flow rate will be & maximm and as chamber pressure
incresses, cxidizer flow rate will spproach its design value. Starting transients
are thug minimized at the expense of slight pressure fluctuations.

A minor problem in the testing program has been the measurement of combustion
gas temperature. Measuremenis taken at various locations in the combustion chamber
with shielded chromele-glumel thermocouples have heen consistently lower than expected.
Howaver, temperatures meesured in a 225 cubic inch acc\mulator connected directly to
the combustion chamber have varied from 800°F to 1200°F as mixture ratio was varied
from .04 to .08. These btemperatures are slightly higher than desirable and have
been reduced in two teets by installing an orifice between the combusition chamber
and sccumlator.

The low temperstures measured in the small volume combustion chamber are not
realistic combustion gas temperatures but probably represent the temperature of
the liguid-vapor mixture of UIMH at chamber pressures under the fuel-rich operating
conditions.

Two diffexvent pressure swibches have been employed to automatically maintain
a minimum pressure in the 225 cubic inch accumilator. As the pressure decreages to
the lower limit, the propellant valves open until such time that the upper pressure
limit is reached, whereupon the propellant flow is stopped.

To simulate an increasing ullage volume in the flamethrower as gelled gasoline
is expelled, orifices were used on the sccumuilator outlet.

With the first switch, pressures were maintained between 250 and 500 psi.
Average temperatures were lowered some 300°F from continuous operation at the
same Tlow rates. A second switch maintained pressures between UL0 and 550 psi.
Again, gas temperatures vere congiderably reduced from steady state operation.
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When the pressure is varied elowly, the second pressure switch can maintein
a differential of 60 psi. Although combustor tests have not yet been run under
constant volume, no flow conditions, it is believed that & pressure can be
maintained with relatively small variastion with a switch similar to thet being
presently used.

~ The combustor has been started sgainst back pressure es high as 512 psi with
no dgifficulties experienced.

It has been noted that & black residue has been formed at times. The extent
and condivions under which this formation tskes place will be explored during the
next report period.

When these tests have been completed, it is planned to install the gas
generator on the government-furnished gelled gasoline tank and initially éxpel
water through the flamethrower nozzle to check out gas generator operation and
control under simulated expulsion conditions. The purpose of these tests is to
determire the transient characteristics of the system for integration with the
flamethrower and the recoil rocket in subsequent breadboard system testis.

3. SOLID PROPELLANT-ACTUATED RECOIL-COMPENSATED WORKHORSE FLAMETHROWER

Thies 80lid propellent-actuated long-renge flamethrower is a workhorse version
of the device described to Messys. Chernack, Penn, and Beyth and Major Yusas during
the visit of E. Kiaubert to Bdgewood Arsenal , CRIL, on April %-5, 1963. It 18’
intended to permit evaluation of the comparative edvantages and problems of uging a
one-uriit solid propellant counterrecoil rocket (CRR) end pressurization gas
génerator (GG) vs. a dual-combustor liquid bipropellant CRR/GG system.

To date, drawings have been completed for all components of this solld pro-
pellant workhorse unit. Propellant casting hardware for the solid propellént
charges which will be used in the workhorse unit has been fabrlcatedy but
application of the silicone mold release resin, which must be done before grains
can be prepared, has been held up. The delay has been due to apparent logs in
transit by Railway Express of the order of mold relesse resin. The materilal has
been reordered, and an interim quentity of sample containers has been delivered by

Air Express {the material’s ICC clasgification is red label, and thus bulk gquantities

cannot be shipped by air). Coating of the casiting fixtures is in process, and
propellant grain fabrication should begin within two weeks.

Meanwhile the workhorse CRR motor components, and also mogt of the parte of the
workhorge flamethrower, have been fabricated. Since this unit is not adaptable to
proper mounting on the thrust carriage of the flamethrower research device, &
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flexure-supported thrust mount has been designed. This thrust mount will attach
to the machine gun tripod of the flamethrower research device, and will use the
same thrust dynsmomater. Fabricatlon of this thrust mount will dbegin very shortly.

Initial quantitiee of pressed pellets of ammonium chloride (NH,Cl) have
been prepared. This materisl will be used as a coolant-diluent to reduce the
temperature of pressurizing gas from ca. B600CF (chamber flame temperature) to
600-800°F before entering the gelled fuel tank. These pellets were pressed 1o nesrly
theoretical density (1.49-1.51 g/cc vs. theoretical 1.53 g/ce) in sizes of
1/8, 3/16, and 1/4" diameter (approximately 1 dlameter in length) using available
tablet press and dies.

4. FLAMETHROWER FIRING RANGE

A gite has been selected for the flamethrower firing range, and contractors
have been authorized to proceed immediately with the necessary site preparation.
The site is at the Secondary Waste Disposal Area (“"burning ground") of RMD's Test
Area R. This location presently aifords a cleared, and very nearly flat, area
approximately 150 yardés long by T5-100 yards wide. A portion of one end of this
clearing will be extended to afford a maximum range of ca. 200 yards in order to
provide some over-travel protection. ' A steel gun turret will be installed on a
concrete pad at one end of the range, very close to the end of the clearing, and
the flamethrower will be mounted ingide this turret. Thus, in the unlikely event of
a fuel tank or fuel line rupture, the resultant splash of burning fuel will be
confined. An svailable trailer will be installed adjacent to the turret to house
instrumentation, service, and range engineering activities.

Site preparation is expected to be completed by shortly after mid-June.



