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DESIGN, TESTING, FABKRICATION AND

LAUNCH SUPPORT OF A LIQUID CUHEMICAL BARIUM RELEASE PAYLOAD
by
«C. S. Stokes, E, W, Smith, and W. J. Murphy
SUMMARY

The program for "Design, Testing, Fabrication, Delivery , and Launch Sup-~
port of a Barium Chemical Release Payload," (NASA Contract No. NAS 1-7709) was

begun in September 1967.

A payload was designed which included a cryogenic oxidizer tank, a fuel
tank, and burner section. Release of 30 1b (13.6 kg) ol chemicals was planned
to occur Zn 2 seconds at the optimum oxidizer to fuel ratio. The chemicals
consisted of 17 1b (7.7 kg) of liquid fluorine oxidizer and 13 1b (5.9 kg) of ,
hydrazine-bariu salt fuel mixture. The fuel mixture was 177 bacium chlcride,
16% barium nitrate, and 67% hydraziﬁe and contained 2.6 1b (1.2 kg) of avail-
able barium. K]

Two significant problem areas were rescived during the program: expic ™

sive valve development and burner operation. The use of the extremely reactive

oxidizer, fluorine, necessitated the design of special, pyrotechnically actua-
ted, flow release valves. Development of these explosive valves was the

pacing item in the program.

The chemical releasze mechanism consisted of pressurized fuel and oxidizer
tanks containing dip tubes which were connected, through the explosive valves,
to the burner. The payload was spun-up during second stage rocket motor burn-
ing to approximately 6 rpe to maintain the liquid chemicals on the tank walls
and insure fuel and oxidizer flow:by blowdown through the dip tubes.

The average de81gn flow rgte of the chemicals was 15 1lb/sec (6.8 kg/sec);
however, the initial flow was anpbohynaLe1y 18 Ib/sec (8.2 kg/sec) and final
low sbout 13 1b/sec (5.9 kg/seec).’ This characteristic of decreasing mass
flcv rate led to burner ins Labiilty in the initlal stages of burner develop-
ment. The problem was solved by imptallation of control orifices iu the fuel
and oxidizer lines adjacent to the buraer. ‘

A prototype payload was fired in a ground test on Aﬁril 3, 1970, Data
indicated that the test was successful ond all spystems performed satisfactor-
ily. Combustion of the 30 1 (13°G,kg) of chemicals took placé in 2 seconds.

On October 7, 1970, the Research Institute of Temple University (RITU),
in conjunction with NASA-Langley Research Center (NASA-LRC), participated in a
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) *fiquid cherical barium release payload flight test from Wallops Island,
Virginia. ‘lhe release tock place at an altitude of approximately 260 km at
9:51:17 U.1. This marked the first time that cryogenic liquid f{luorinc was
used as an oxidizer in a spacecraft.

The release produced-a luminous cloud which expanded very rapidly, dis-
appearing to the human eye in about 20 seconds. Barium ion concentration
slowly increased over a wide area of sky until measurements were discontinued
at sunrise (about 30 minutes). ‘Although the barium ion yield was less than
optimum value, much was learned about the liquid system. A synopsis of flight
results is presented in Appendix I. :
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IN'TRODUCT L

Barium yield from solid chemical welease systems in existence at the time
this program began was s¢tween one and two percenﬁ of total chemical weight
(see ref. 1). An improvement in barium yield was needed in order to conduct
more ambitious electric and magnetic field experiments using the ionized
barium technique at greater distances in the geomagnetosphere., Since theoreti-
cal yield from liquid systems appeared to offer significant increases over ’
solid systems, laboratory investigations of promising fuel-oxidizer systems
were conducted, in an earlier studv, as reported in reference 2. From this
work, a liquid system consisting of hydrazine, with dissolved barlum salts, as
the fuel and liquid fluorin. for the oxidizer was selected as the basis for

payload hardware development,

’

The purpose of this progrem was to develop and test a liquid chemical pay-
load system suitable for a point release of barium in the form of barium atoms
and bar:um ions. To approximate a point release, a release time of 2 seccnds
was specified. The ionized barium yield of the liquid chemical payload system
was evaluated at an altitude of 260 ki during a flight test on a Nike-Tomahawk
vehicle. The Research Lanstitute of Temple University designed, fabricated,
developed, and ully qualified the liquid chemical barium release payload.

This report documents the development of the payload and describes the ground
support equipment essential for payload prepsration and monitoring prior to
lift-off. The results of the flight test areusummarized in Appendix I.
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(i CHEMICAL SYSTEM CHARACTERISTICS

, System Selection

Chemical systems containing dissolved barium salts were evaluated in an
carlicer study performed by the RITU under NASA Contracts NAS 1-6199 and NAS
1-7070. Some ten different chemical systems were evaluated and compared on the
basis of the relative intensities of the spectral lines of barium atoms (Bag
5535 A) and barium ions (Bat 4554 R). The results of this study, as reported
in reference 2, indicated that the system utilizing "B-Mix" fuel and liquid
fluorine (L¥,) oxidizer gave the greatest amount of light intensity at the
desired spectral lines. This chemical system was selected for development and
fiight tesc. .

The "B-Mix" fuel consisted of barium salts dissolved in hydrazine with
the following formulation:

17% BaCl, - 16%’Ba(no3)2 - 67% NH,
The liquid fluorine oxidizer was maintained in a cryogenic state and, when
mixed with the fuel in the burner, a hypergolic reaction resulted.

Chemical Properties and Handling Characteristics

All of the chemicals used in the selected chémical system are potentially
hazardous materials and were handled either accecrding to government or indus—
try approved procedures such as reference 3 and 4. The properties and handling
characteristics of the pertinent materials are summarized here.

Fluorine.~ Fluorine 25 one of the most poverful oxidizing agents known
and can react with practically all organic and inorganic substances. Most
common metals of comstruction are compatibie for use in a fluorine emvironment
since, in order to burn with fluorine, the reactiius must be initiated by a
secondary material which can be considered a contaminant or by localized addi-
tion of energy such as fricticn, impact, or heating to ignition temperatures.

T
The potential hazards tc persomnel working with fluorine are both chronic

and acute. Exposure to jets of liquid or. gas causes immediate and deep burn-

ing of the skin. This tissue destruction is the result of oxidation, thermal

burns and tissue poisoning bysformation:qﬁ hydroflvoric acid.

Excess iphalation of gaseous fluorine results in pulmonary edema. For-
tunacely, fluorine can be detected by odor in concentration as lcw as 0.14 ppm.

When fluorine can be smelled without irxitation to the nose (up to 15.ppm), the,

individual should leave the exposure area within onme-half hour. Concentrations
above 15 ppm call for air masks and full saxety suits,

. There vere three main hazards antiCLpated in handling fluorine in this
program. During test operations, theie was thehazard of inhalation of

(’\; fluorine ox hydrogen fluoride contaminated air over a long period of time as
S N . .
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the result of leakage into the atmosphere. As indicated, the human nose is an
vxcellent fluorine detector and when fluorine was first sensed, it was only
necessary for personnel to walk avay from the area in an upwind direction,
since most opera:ions were conducted outdoors.

The other hazards of concern included accidental exposure to high concen-
tration of the gas or accidental contact or impingement of liquid or gaseous
fluorine on the body. The possibilty of such incidents occurring was mini-
mized hy proper design, well planned operational and safety procedures, and
thoroughly trained personnel. During all operations involving fluorine, a
safety suit was worn by personnel and work was done from behind a shield. A
breathing air supply was available for emergencies as well as body showers, eye

wash fountains, and first aid equipment.

Fihysical properties of liquid fluorlne (LF ) are summarized as follows:

Density: 1.56 g/cc (97.34 lb/ 3\ @ -196°c (-320°F)
Viscosity:r 0,31 cP @ -196°C (- 320°F)

Boiling Point: -188°C (-~207°¢)

Critical temperature; =-1290C ( 201 °F)

"
:

Hydrazine.- Hydrazine, N,H,, has been known and used as a fuel for many
years and its handling peculiarities are well known. Hydrazine is a clear,
olly, water-white liquid. It is a strong reducing agent, weakly alkaline and
hygroscopic. It has an odor similar tco ammonia. Hydrazine is a highly polar
electrolytic solvent and is soluble in water, wethanol, unsymmetrical dimethyl-
hydrazine, and ethylene dlamlnc but is 1na01ublc in ethers and hydrocarbons.

Hydrazine ’/ 8 very toxic; lnhal Lion of even dilute concentrations should
be avoided. Lijuid hydrazine, if spilled onto the skin or into the eye, can
cause severe local damage or burns.. It -can also. penet¢trate the skin to cause
systemic effects similar to those produced when the compound is swallowed or

irhaled., Exposure to hydrazine can also result in dermatitis.

The threshold limit value (TLV) which has been adopted by the American
Conference of Governmental Industrial Hygienists is 1 ppm for repeated 8 hour
exposures, The minumum for odor detection is about 3 to 5 ppm. Siunce hydra-
zine vapors cause olfactory fatigue, the detection of hydrazine by oder can be
used only as a first.warning. ‘ S '

The tozicwty and chem*ca; reactlv ty oF hydrazine dwctated thai suitable
safety equipment be available for the protect*on of operating personnel and for
safeguarding storage areas.  Safety -eqt:ipment used on this program included
showers, eye wash fountains, fiFst aid ‘equipment, water spray de1uge systems,
fire hoses and fire blankets. R o

Barium Salts.~ The soluble barium galts, harium chloride and barium ni-
trate, ate poisonous when taken by mouth. Few cases of industrial systemic
poisoning by barium salts have been reported, but one investigator describes a
fatal dose of poisoning attributed to barium oxlde; the symptoms being severe
abdominal pain with vomiting, dyspnea, rapid pulse, paralysis of the. arm and

‘
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(ﬁ)lgg, and eventually cyanosis and death. The same investigator produced paraly-
sis in animals with barium oxide and carbonate. 7The usual result »f exposure
to the sulfide, oxide and carbonate is irritation of the eyes, nose ana throat,
and of the skin, producing dermatitis. The barium salts mentioned are also

somewhat caustic.

Particular precautions were taken to avoid unnecessary exposure or contact
-with the barium salts during mixing and handling operatioms.

The physical properties of barium chloride and barium nitrate are summari-
zed in Table I,

Fuel ('B-Mix").- The barium salt solution consisted of a mixture of bari-
um salts dissolved in hydrazine in the following amounts, by weight:

17% BaCls

167% Ba(NO3)2

67% NZH[‘ . } Y

Handling procedures and safety precautions compatible with hydrazine were L

used. The mixture was found to be relatively stable as shock and impact semsi- '
tivity tests gave negative results. Five successive 100 Kg-cm drop tests did
not produce any observable decomposition, Care was taken to keep the mixtursz )
near voom temperature when possible since solids would prec1p*tate out of so-
lution at the freezing point. :

\_\ 5 i . : ‘
<:/ Physical properties of the "B-Mix" are as follows:

Density: 1.358 g/lcc (84.74 1n/£t”) @ 25% (77°®

See Figure 1: "B-Mix" Density wvs. Temperature
Viscosity: 3.535 cS @ 259C (7/°F) 3
Freezing point: 1—60” (219F) . . 3 L

.
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PAYLOAD CONFIGURATIOX

The liquid chemical barium release payload consisted of five sections as

follows:

Nose ogive

Oxidizer tank

Burner section

Tuel tark

Second-svage firing module

The external configuration of the payload is shown in Figure 2. The payload
was 9.00 in, (0.299 m) in diamcter and 105.94 in. (2.691 m) in length. The
length of the payload sections are given in Table II. The total weight of the
payload was 175.0 1b (79.4 kg) including the 30 1b (13.6 kg) of chemicals. The
payload weight breakdown is tabulated in Table IIT.

The internal components of the payload and interfaces are shown schemati-
cally in Figure 3. Payload components are described in a later section, The
payload interfaces with the launcher-and ground equipment included three umbi~
lical connectors, a liquid nitrogen (LN,)} supply line to the oxidizer tank
jacket, oxidizer fill line, oxidizer dump line, and gaseous nitrogen purge
lines to critical areazs. The mechanical interface of the payload with the
second-stage Tomahawk rocket motor was by means of a simple lap joint,

W

The liquid chemical barium release payload was launched by a Nike-
Tomahawk vehicle. The launch vehicle and payload are shown in figure 4 in
position on the launcher during pre-launch operations at W&liops Island.
During flight, the Nike f{irst-stage rocket motor was drag separated at burrout.
The Tomahawk second-stage rocket motor and the payload remained attached
throughout the flight. The Nike-Tomahawlk vehicle was furnished by Goddard

Space Flight Center,

s 7 d T
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PAYLOAD HARD?AFE AND COMPOLEWT DESIGN SPECIFICATIONS

Descriptio of Payload Hardware

Y¥ose ogive.- The nose section for the payload furnished by the Government
was a standard Nike-Tomahawk ceramic nose oglive. Openings were provided to
adinit the oxidizer fill tube nand an extension handle for opening and closing

the oxidizer fill valve, as shown in Figure 3.

Oxidizer tank.~ The oxidizer tank was double walled with an inner pressure
vessel to hold the crvogenic fluorine surrounded by an outex jacket open to the
atmosphere, to hold the LNy for cooling. Since the LN has a lower boiling
point than the LFp, the fluorine in the inner tank was kept in a liquid state.
During f{light, the IN) was quickly depleted from the outer jacket but the LF2
was naintalned in a2 cryogenic state by the heat sink capacity of the heavy oxi-
dizer tank and the LF) itself.

During the final coast phase of the f£iight, the payload was spinning at a
rate from 4~5 rps. The inner tank included a diagonal slosh bar which helped
to accelerate the LFy during spin-up so that the LFp would remain on the wall
of the tank during the flight. The tank had a dip~tube along the wall through
which the oxidizer flowed under the action of helium pressurant at the moment
of relezse, e o

The material selected for the oxidizer tank was Type 6061-T6 aluminum
which is compatible with fluorine and also has excellent welding properties.
Oxidizer tank specifications are given in Table IV, :

An insulating adaptor section wes iscluded zt the burner end of the oxi-
dizer tank to reduce heat transfer from the burner and fuel tank sections and
possible chilling of the "B-mix" fuel. Insulator material specifications are

given in Table V.

Burner section.- The burner section, begween the onidizer and fuel tanks,
contained most of the payload components. Structurally, the burner section
consisted of two half-sections of rolled 608§1-T6 aluminum plate attached to
heavy ribs. The cylindrical half-sectiong comprised the payload skin and
either section could be removed to service Lﬁ internal ccmponents, which were
mounted on skin attached mounting brackets. The oxidizer and fuel explosive
valves were each held in place by a brace: Lntegral with the oxidizer and fuel
tanks reOpectfvely and by bcp ‘and botfom ?“LVG holders attached to the inside
of the payload skin. - -

Fuel tank.- The fuel tank was en integral presgure vessel and also served
as a structural gection of the payload. The fusl tank contained a2 diagonal
slosh bar to accelerate the fuel mixture during spin-up so that the fuel would
remain on the wall of the tank. The tank hod a dip-tube 2long the wall
through which the fuel flowed under helium pressure when released by the ex-
plosive valve. Fusl tank upec"icaCLGnv are given in Table VI.

3
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Oxidizer fill valve.~ The oxidizer fill valve was mounted on the forward
end of the oxidizer tank and was used during filling and pressurizing of the
oxidizer tank. The valve was connected to the tark by meaus ol a 3/8" swage
type fittinz and was actuated by a removable extension handle through an open-
ing in the nose ogive. The oxidizer [ill valve was a commercially available,
type 3i6 stainless steel, bellows seal valve which was suitable for fluorine
service.

Fuel fill valve.- The fuel fill valve was mounted on the aft end of the
fuel tank and was used during f£illing and pressurizing of the fuel tank. The
fuel fill valve was a type 316 stainless steel for, =d needle valve and was
attached to the tank by means of a standard pipe thread. The valve was not
accessible from outside the payload since fueling operations were completed
prior to final assembly of the payload. A closing torque of 20-30 in-1b was
specified for this wvalve.

Tubing and fittings.- Payload tubing in contact with fluorine was general-
ly either copper or aluminum, although the payload dump line stub was stainless
steel. As previously noted, the feed system tubes were flared aluminum with
steel fittings, Standard brass fittings were used with the flared copper
tubing and swage type steel fittings were generally used with the stainless
steel tubing., Due to the hazardous nature of the chemicals involved, particu-
lar care was taken to ensure that all fittings would be leak-free under the
expected environmental conditions by setting all fitting torque values at the
levels specified in Table XII. : #

v

{

Explosive valves.~ The payload iacluded four explosively actuated, nor-
mally closed, flow control valves: two %" explosive valves in the oxidizer
dump system; one 1" explosive valve in the oxidizer feed system; and one 1"
explosive valve in the fuel feed system;. All of these valves had the require~
ment to totally contain the chemicdls = cryogeaic fluorine or "B-Mix" -- until
the ingtant of firing, vhen full flow was established through the valve. The
original development testing was done on the %" explosive valve as reported in
reference 5. The 1" explosive valve decign was a scaled-up version of the %"
explogive valve, which is shown schematically in Figure 6. The operation of
the valve was zs follows: a pyrotechnic pressure cartridge was fized causing
the ram to translate, severing a nipple on the inlet port. Ram motion con-
tinued until the flow passege was cleared end the ram sealed itself by wedging
in the body of the valve., The zam included a sliding cup se2al and a flash cup
to help contain the pyvotechnic particles. However, there was no positive
separation of the exnplosive products ;?on tne f£lcy paspeges during ram trans-
lation, Sin_lazly, the rem geals were not desipgned to seal the rem against
dovmstream pressurization prior to actL32101°

The 1" explosive valvé, shown schomatieally in Figure 7, is similar to
the smaller valve and employed the same principle of operation. The larger
valve had no £lash cup arvangement but utiliszed two seals on the ram., In ad-
dition, the ram cavity was closed by e scrcw-on cover, necessitated by the
larger size of the ram. 5
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Both tvpes of valves were compatible with hvidrazine and fluorine and were
extensively tested during the devediopment phase. Zpecifications for these
valves are given in Table XI1il.

Description of Payload Electrical and Instrumentation Components

Payload Electrical Schematic.~ The payload electrical system was designed

.by NASA-LRC and is shown schematically in Figure 8. The clectrical system

includes the explosive valve firing circuits, contained in the {flight program-
mer, and the payload monitoring systems. The valve firing circuit was a two
wire, ungrounded, redundant system remoctely armed and safed. Ground monitor-
ing and checkout was done through two umbilical circuits; the payload had no
provision for in~flight monitoring.

Flight programmer.—- The flight programmer was designed, built, and quali-
fied by NASA~LRC. The programmer included redundant, g-activated mechanical
timers, which closed relay contacts to fire the valves. Due to the short
release time of the chemicals, it was necessary to ensure that the fuel and
oxidizer valves would open simultaneously. ‘To compensate for expected timer
variations, the circuits were wired such that closure of either timer, would
result in simultaneous actuation of both explosive valves.

Pressure Transducers.- Oxidizer and fuel tank pressures were individually
monitored by two Type 17-4PH stainless steel,  strain-gage pressure transducers
with a range of 0 - 1000 psia and qualified for cryogenic use. Pressure trans-
ducers of the same electrical type were used for both the oxidizer and the fuel
tanks in order to standardize tha%Flectrical characteristics and mechanical
requirements. The only differencs between the fuel and oxidizer pressure
transducers was the use of a teflon coazted, stainless steel O-ring for the fuel
unit versus a silve“ala*ed, stalnl°ss steel O-ring body seal for the oxidizer
unit, 3 &

\.

Temperature Sensors.- Ox 1d1zev and fuel tank temperatures were monitored
by two Type 321 stainless steel encased platinum resistance temperature Sensors.
This sensor met the required temperature range, chemical compatibility, and
shock and vibration capsbility for both fuel and oxidizer use. Again, the ad-
vantages of standardization were attained by the use of a gingle type of sensor.
The sensors were attached to each tank with a %" swage type stainless steel nut,

The 3-wire elect 16«1 connecbwon was made throagn the umbiiical cable,
- R

Payload bgtte*v ~ The nayload bat a £light qualified unit used

only to fire the 1Y explesive valve ca s the ' onidizer dump valves

could be fired only through the umbilies rround pover. The battery was

squib activated, thermestatically temperature controlled, with two sections,

each WWth 1/8 ampeve hour cuaacLLv an& an open clrcuit voltage of 15 volts,
e last

fe7 minutes of the payload countdown.

arness configuration
ated by NASA-LRC. All
al connectors were

2 fly—-asway disconnect.

Wiring ¥arness and Connectors ~ The payload wiring
1as jointly developed by NASA-LRC and RITU ond was fab
connectors used were flight gqualified items. The umbi
mounted in a special bracket at g 45° angle to faci 11&
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PAYLOAD AND COMPONENT DEVELOPMENT AND QUALIFICATION TESTS

Development and qualification tests were performed on materials, compon-
unts, subsystems and prototype payload to verify the design adequacy under
expected ground handling and flight load conditions., The qualification tests
included environmental stress and time duration in cxeess of that to be encoun-
tered by the payload in flight. The payload and componcent qualification test

levels are specified in Table XIV.
Component Development Tests
Tankage Burst Tests.- The payload tankage was designed in accordance with

the ASME Boiler and Pressure Vessel Code. The oxidizer tank specifications are
given in Table IV and the fuel tank specifications arc given in Table VI.

Burst tests were performed on typical fuel and oxidizer taunks. The tanks
were fully radiographed over the weld areas before testing. Results of the
burst tests are shown graphically in Figures 9 and 10 for the fuel and oxidizer

tanks, respectively, and are summarized here:

Fuel Tank : Design Test
Yield Pressure, psi 2400 2570
Burst Pressure, psi 2709 2850
. Oxidizer Tank '  , Design Test
. Yield Pressure, psi ;.,. 3710 4300 -
T Burst Pressure, psi - 4719 4550

Figure 9 ghows a curve of pressure (lb/inz) versus strain (micro in.
elongation/in. length) and a curve of pressure versus permanent strain for the
fuel tank. The pressure versus strain curve was a straight line up to about
2000 lb/:m2 pressure. Young's Modulus, as determined by test, was 12.4 x 10
1b/in2, The fuel tank burst longitudinally in the center of the shell. No
cracks, large permanent strains or yield appeared in the dished heads.

The pressure versus strain curve for the oxidizer tank, shown on Figure
10, was a straight line up to gbout ¢0001b/ﬂn2 pressure and Young's Modulus
was calculated 6 be 11.6 x 10871b/in2, The oxlaizer tank also burst longi-
tudinally in the center of the chell and, no cfgc&s, permanent straing, or yield
was apparent in the dished heads. '

Tubing Bu:st Test.~ The tubing leading from the tank to the explosive
valve was tested separately. An 8" length of 0.065" wall 6061-T6 aluminum
tubing was fitted with swage type fittings and subjected to a burst test pro-
cedure. The design burst pressure of the tubing was 6750 1b/in4., The tubing
burst at a pressure of 6800 ib/inZ im a 1oﬁsituci131 direction in the middle of
the tube. This test proved the design of the tba_ng and the integrity of swage
type connections for this application.

12
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Tankage Spin-Expulsion Test.- Tests were run on the oxidizer and fuel
tankage to determine the effect of rotation on expulsion efficicney. The
tankage was mounted with the payload longitudinal axis vertical and with 1"
explosive valves to ccntrol the release of fluid.

The oxidizer tank was filled with 10.9 pounds of water equivalent to the
volume of 17 pounds cof LFy. The oxidizer tank was spun at 22 rps aficr having
been pressurized to 250 psi. The water was released in 1.86 sec, with 0.24
pounds of water remaining in the tank after expulsion; equivalent to 0.37
pounds of fluorine. A second t€st using LOs at a spin rate of 16.5 rps
resulted in 0.31 pounds of LU, remaining in the tank; equivalent to 0.40 pounds
of LF2 or 2,354 fluid remaining. The test spin rates were higher than the
expected payload spin rate to compensate for the effect of gravity.

A test with the fuel tank filled with 9.57 pounds of water, equivalent to
the volume of 13 pounds of hydrazine mix, and spun at 22 rps resulted in 0.086
pounds remaining after expulsion; equivalent to 0.17 pounds of hydrazine mix
or 1.31% fluid remaining. High speed films and flowmeter recorder traces
showed the fuel and oxidizer expulsion to be smooth and continuous, Table XV
summarizes the results of the spin tests. ’

Tankage Slosh-Coning Test.~ Tests were conducted at LRC on specially fab-
ricated, transparent plastic fuel and oxidizer tanks to determine the effect of
expected vehicle coning motions on the fluids in the spinning tanks. The tanks
vere set-up on a rotating table so that the,simulated vehicle roll axis could
undergo coning motions while the tank was being spun at the desired rate about
its own axis. The fuel tank test set~up is shown in Figure 11, Note that the
tank included the slesh bar to improve acceleration of the fluid,

For the purpose of these tests, the fuel was simulated by 38% sugar-water
solution and the oxidizer was simulated by boiling water. The test procedure
consisted of spin accelerating the tanks from rest while imposing a coning
motion. The time from start of rvotation to formation of a stzble parabola was
recorded, Films showed that, after the acceleration period, fluids were very
stable within the tank and were not affected by the coning motion. The data
from the tests is summarized in Table XVi.

Mechanical and Electrical Commonents.- The oxidizer temperature and pres-
sure transducers and fill valve weve cuposed to liguid fluorine to assure
material compatibility. A temperature transducer, pressure transducer and
oxidizer £1l1l wvalve, as received £5om the vendor, were carefully examined and
attached to the bottom of a brass tank. The system was passivated with gaseous
fluorine, It was then immersed in'a liquid nitrogen bath and.one-half pound of
fluorine was condensed in the system. Liquid fluorine remained against the
components for 5 houzs. They were then pressure checked; no leakage was ob-
served. The components were thewn sent to NASA-LRC for qualification tests.
Following qualification tests, they were rechecked for integrity; no leaks or
failure of any kind.wexe noted. o

Expleaive Valves.~ An extengive program was undertsken to develop the 4"
0 ~ 3 g
and 1" explosive vaives for liquid fluorime service. The 1" explosive valves
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were also qualified for use with the hydrasioe Juel mixture; however, the
requirement for LFo compatibility presented the prearest developrnent probien.
As mentioned earlicr, the I valve was scaied-up trom the 3" valve which had
been previously developed. This scalling osperation introduaced some new dvanamic
problems which had to be resolved itcluding the ‘external problem of valve
nounting and the internal problem of pyrotechnic bHiow=-bv around the ram seal
into the flow passages. The initial tests were dene with the origizal configu~
ration 1" valves with a single ram seal. Later tests were done with valves
refitted with dual ram seals in the final configuration shown in Figures © and
7.

The following description summarizes the component testing of the valves
and also lists the valves which were tested as part of payload system tests,
A total of ten 1" explosive valves were tested: 6 with liquid fluorine; 3 with
“B-Mix" fuel; and 1 with liquid oxygen. A total of six %" explosive valves
were tested: 4 with liquid fluorine and 2 with gaseous fluorine. Table XVIL
summarizes the test results in tabular form. Figure 12 shows the explosive
valve initiator electrical circuit used for ground tests and figures 13 through
18 show various test set-ups.

1" Valve Tests (original configuration valves): .
SN _1010-017 - "B-Mix"

This test was to determine fuel compatibility of the valve., Figure 13
shows the piping schematic for the test. Valve SN 1010-017 was installed in
the system using 54 ft~1b torque on the valve ruts, as recommended by the manu-
facturer. Thirteen pounds of "B-Mix" were loaded in a flight-type fuel tank.
Both squibs in the pyrotechnic cartridge were used in parallel and had a total
resistance of .37 ohms. After pressurizing the tank to 417 psia, tae valwve
was actuated., The flowmeter trace indicated flov was completed after 2.3
scconds and the system held pressure after the test. No pressure splke wag
indicated by the strain gage type pressure transducer, which was located in the
liquid half of the tank, as shown-in Figure 13,

On removing the valve from the sysiem, it was noticed that the valve nuts
were reletively loose. The "B-Mixz" was drained from the recelver pysich belove
removing the valve. Some discolorvation of the aluminum was notlced i the flew
ports but was ettridbuted to discoloration by "B-Mixz". Subsequent suctioning
of the valve revealed SOﬁe pyro“echn1c 910d~by from the cartridpe inko the
vialve flow porta. - SO

SN 1010-016 ~ “B-dix® o il

Valve S 1010-0i6 wes tested using the some set-up. It was fnstalled Lo
the system using 54 fe~1b of torgue.  Thirvteen pounds of "B-Mix" were loaded
in the flo tenmk. It was decided to fige one squib in the pyrotechnic car-
tridge rather then two, After pressuriziag the tank to 617 peia, Squib C-D
with a resistance of 1.14 ohms was fired and the vaive wes actuated. The flow-
meter trace indicated flow was completed after 1.5 seconds. The system did not
hold presaure after the test and hoth fxtt‘ng nuts were loose and leaking,
The short welded line from the tank to the imboard valve port was found to be

4




R

‘valve was torn off at the 379 AN fitting.

split at the weid. The entire valve displaced itself 1/8" to 5/32" towarus the
center of the tank due to inadequate mounting. Again, no pressure spike was
indicated, but subsequent valve sectioning revealed traces of blow-by.

SN 1010-014 - LF,

Figure 14 shows the piping scheme for the liquid fluorine tests. Valve
SN 1010-014 was install-d in the system using 65 ft-1b torque. The squibs were
connected in parallel and had a total resistance of 0.56 ohms.

Liquid nitrogen was added to both baths and 16 pounds of fluorine was con-
densed in the flow tank. The explosive valve was immersed in liquid nitrogen
up to and including the flow ports. A thermocouple placed on the top of the
valve indicated a temperature of -297°F. A strain gage type pressure trans-
ducer was mounted in the top of the "boiler plate’ type tank. The system was
pressurized to 517 psia and the valve actuated. The flowmeter trace indicated
flow for 140 ms after firing of the valves, at which time a violent fluorine

reaction occurred,

Later inspection of the system showed that the inlet line to the explosive
The other end of this line, attached
to tne flowmeter outlet with a swage type connection, was pulled out. The tube
connecting the exit port of the valve with the inlet port of the receiver tank
was bulged. All of the damage seemed to be external, as the inside of the
valve through the flow ports was clean and showed no evidence of blow-by

reaction with fluorine. There was indication that some fluorine reacted w1th
ice on the external parts of the va?ve.

It was concluded that'the'impact of valve actuation opened some lines
slightly or possibly momentarily and a relatively small amount of fluorine
reacted with ice on the fittings and blew them out. Most of the fluorine
poured out the broken line at the exit of the flowmeter into the liquid nitro—
gen bath reacting with surrounding ice and biew the bath apart. The bulge in

the line leading from the valve to the receiver tank was thought to be due to
pressure build-up during the exploa-oﬂ. .

The solution to tblS probliem wes based strictly on thu mechanical failure.
A brace was designed and .constructed thet would hold the valve rigidly in the
vertical plane, This brace.was built into the split payload shell which, in
turn, was secux ced to the: mock-up oz!dizer tank., The brace previously used was
designed to hold the valve against vibration due to takeoff and flight: these
new braces were Lsed in adc’t101 Lo the old braces in the flight configuration.

. 8N 1010-015 - LOZ

)

Liquid oxygen (L03) was used znutebd 0f liguid fluorine in the first ex-
plosive valve test using the new braceo If valve actuation were to result in
damage to the system, the liquid o’ygen would probably cause no more damage
than a completely inert material.




(f\ Valve SN 1010-0i5 was installed in the system as shown in Fig. 15, using
trre flight-type payload tank and 100 ft-1b torque on both fittings. iloles were
previously drilled in the tube fitting nuts. After torquing the fittings, lead
balls were placed in these holes and a set screw turned down on the balls so
that the lead jammed the threads, minimizing the loosening effect of the valve
actuation.
I

Thirteen pounds of oxygen were condensed in the mock-up tank, being equi-
valent to 17 pounds of fluorine in volume. The system was pressurized to 595
peia and the valve actuated using both squib bridge wires ir parallel. Flow
to the recelver tank was completed in 2 seconds., HNo pressure spike was re-
corded although some blow-by was indicated above the flow ports on subsequent
sectioning of the valve.

Tre system was drained by means of the dump system. The receiver tank was
pressurized to 500 psia and the 13 pounds of liquid oxygen were dumped through
a couventional solenoid valve and %" OD copper line in 7 minutes. The line was
orificed close to the tank with a #69 drill hole in a small plate.,

On removal from the flow system, it was noted that the 1" explosive valve
had moved downward 1/32" toward the fittings. It was decided to use shims
between the valve and lower brace when necessary in subsequent testing.

When removing the explosive valve from the system, it was noticed that the
back-off torjue on the inlet nuts was 50 ft-1b and on the outlet nur, 60 ft-1b.
" was decided to use valve SN 1010-015 in further tbrque tests. The fitting

.Ut was torqued to 150 ft-1b and the tank pressurized to 500 psia with helium;

no leak was noticed. The valve was then lovered into a liquid nitrogen bath
and allcwed to come to equilibrium. The valve was taken out of the bath and
the back-off torque was noted to be 135 ft-lb, while the valve was still very
cold. At 150 ft-1b torque, the seal gasket used on 37° AN fittings showed an
acceptable deformation indicating that it functions as a seal, and 150 ft-1b
torque was chosen as an acceptable minimum torque level. A check with the
manufacturer and NASA-LRC verified that torgque levels as high as 200 ft-1b
could be used, 1f necessary, without damage to the fitting.

Air Cperated 3/4" Glcbe Valve - LFZ

Prior to further testing of the e nToaive valves, the transfer system was

tested under £lov conditions with fluorlqe but usiag a valve other than the
explosive valve. A pneumanlchl 1y actuated giche valve was installed in the
system shown in Figuze 16 using 160 f£r~1b torque on the inle: and outlet port
fittings. The entire system was pressure checked with helium to 580 psig and
then repassivated with 200 psig of fluowine for 25 minutes. The system was
again pressure- checked wirh heiium to 550 psuv,

‘LN, was supplied to the tank jacket and 6.15 pounds of fluorine were con-
- densed in the mock-up tank. The system was pressurized to 515 psig and the
valve actuated. Flow was completed in 1 second and the transfer .of fluorine

- Was accomplished without incident. This test indicated that the basic system

C

jas compatible with LF,.
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Further examination o) the previousiy tested explosive valves showed posi-
tive indication of pvrotechaice bloe-by around the ram scal., Valve SN 1010-016
tuat bad been tested witn "= Ux", was sectioned in a horizontal plane immedi-

atelv above the valve flow ports. Burn marks and some material were evident
later analysis of the material indicated the presence of titanium, a conscitu-
ent of the propellant charpe. A small amount of the material was exposed to
gaseous fluorine and an immediate and violent reaction occurred. Since fluo-
rine compatibility was a requirerent for the explosive valves. it was concluded
that the valves would have to be modified to reduce the possibility of pyro-
technic blow-by. Accordingly, the l-inch wvilves were refitted by the addition
of a second cup seal on the ram to provide seal redundancy. The Y%-inch valves
had not yet been tested, but they were alsc modified by the addition of a flash
cup seal to help contain particles from the pyrotechnic reaction.

2.

l-inch Valve Test. (refitted valves):

SN 1010-007 - LFZ

A set-up, as shown in Fig. 17, was prepared with a 3000 cc stainless
steel cylinder used as the LF, gupply tank. Pressure transducers were mounted
inmediately upstream and downstream of the explosive vaive. The valve was held
in the new brace and the cxit line was also clamped. The valvz nuts were
torqued to L65 fr-1b and lockcd with lead balls.

-

The supply tank was fillcd wiLh 5.54 pounds of LF2 and pressurized to 520
psia. Squib A-B with a registance of 1.55 ohms was fired. The valve actuated
satisfactorily. Pressure traces ifadicated an upstream pressure spike of 968
psia and downstream of 837 psia but the system remained pressure tight.
Approximately 85 ft-1b were required ¢o leoson the valve nuts at disassembly.
Subsequent sectioning of the valve did not vovceal any b%gw-by.

SN 1010-008 - LF, o o

Valve SN 1010-003 was placed in the 17-pound system shown in Fig. 15. A
train gege pressure transducer was mouated cbout 6 inches dewnstream of the
explosive valve outlet port. The valve nutc weve torgued to 165 £t-1b and
locked with lead balls.

Approxnimately 17.6 pounds of LF2 swere condensed in the flight-type tank,
The tenk was precsurized to 510 psia gad cquib A-B, with resistaace of 1.13
ohms, was fired. The valve performed cctisfoctorily and the system held pres-
sure after 2.3 sccondg, of flow. The deunstream pressure transducer failed, and
this was attributed to meeclisnical shock. :  The beck-off tozque on the valve nuts
‘at disagoembly wao 85 ft-lb R ' -

S 10ig-01i¢ - LFZ

This valve wes placed in the
strein gage transducer was mowm ted
previous test.

potnd tost set-up, as shown in Fig. 15, A
in

i7-
i 6 inches downstream of the valve, as in the
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e nuts on the valve ports were torgued to 10% {t-1lb with lead ball locks.
Approximately 18,9 pounds of LFy were condensed in the flight-type tank and the
system was pressurized to 535 pszia. The valve temperature was measured at the
tise of firing as -110°F. The valve performad satisfactorily although some
blow-by was shown on subsequent examination. The downstream pressure transdu-
cer failed again due to mechanical shock and the {lowmeter pick-up also failed.
The system remained pressure tight and the back~off torque on the valve nuts
was 70 ft-1b at disassembly.

SN 1010-009

This valve was placed In thie 17-pound test seteup as shown in Fig, 15.
The valve nuts were torqued to 165 ft-1b and sccured with lead ball locks. The
valve was wrapped with a heating tape with a power input of 400 watts. The
purpose of the heater was to determine the effect of valve temperature on per-
formance. At the time of valve £1r1ng, the top, of tne valve indicated -200F
and the side -7809F, : .

Y

A
)

Approximately 16.5 pounds of LFy were'ébngensed in the flight~type tank.
A piezoelectric type pressure gage was mounted b inches downstream from the
valve exit port. The tank was pressurized to 505 p51a. The A~B squib was
fired and the valve performed satisfactorily. 1It’was concluded that valve
temperature did not significantly effect valve operation. A pressure spike of
745 psia was noted about 20 milliseccnds artea flow started but the system was
pressure tight after the run, :

SN 1010-006 and SN 1010-033 . . .

The above valves weve fire a eT toost and their performance is
described under the Flight-type Burher 7

SN 1033-001 and SN ioailoes

The above valves were fired in a protolype bumer test end their perform-
ance 13 deseribed under the Protosype Firins Tast. i

SN_1045-004, SN 1045~006, ond 81 10652007
The above walver vere fired duzlng o burner voguum test and thelr perform-
ance 1s described under the Burnor Voeryn Po3t. WA

Yi=in * Valve Fests: ' A
SN 1010-0.2 and Si 1010-044 f B

U : . . -

These valves were tested in the L“g'd o)
flight-type oxidizer tank was mounted va vijce
DiCo
a £

Fig. 18, The ~;{
ge type pressure ;,?

s
1y, A strain ga
and was exposed to

transducer was mounted upstyeam of the e
liquid fluorine. A piezoelectric pressuxm T vags mounted 1mncdiately :
downstream of the valves. The dump liinz wos 2 d toa fl‘aht-type pull- .
awvay fitting equipped with teflon ferrules and tightencd t£o such & torque as to

require a force of 300 pounds =zcting on fhe fitting to cause separation. The s
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durp line led to the disposal unit, where the fluorine was reacted with char-.

cval to produce a relatively inert chemical,

specified 146 in-1b.
in the fitting region

the '-inch AN nuts on the valves were torgued to the
Farlier torque tests shouwed that aluminum fittings failed
between the valve body weld and thread area at 320 in-Jb.

The oxidizer tank was loaded with 13.5 pounds of LT and pressured to 490
psia. One squib from each valve was fired by an ac {iring system. Firing
currents were set off the nominal 5A with 6.1A {iring current applied to valve .
5N 3010-042 and 3.34 applied to walve SN 1010-044., Both valves performed .
satisfactorily. The average flow during the blowdown operation was estimated L
] to be 0.13 1b/sec. Two minutes were required to empty the tank as determined

by the repid pressure decay on the tank after that time. The disposal unit
performed satisfactorily and remained intact through the dump cycle.

.-—r‘~: -

N

SN _1010-040 and 1010-045

. These valves were also tested in the dump system shown in Fig. 18 with the
, flight-type oxidizer tank mownved vertically as in the previous test. This

\ test differed from the previous dump valve test in that the tank was pressur-
() ized to 365 psia with 17.0 pounds of LFp coadensed in the oxidizer tank. The
valve AN nuts were agaia torqued to 146 in-1b.

S ey e e e
N R "

One squib from each valve was fired vsing the following firing currents:
SN 1010-043 zt 8.94 and SN 1010-045 ot 4.5A. "hc valves performed satisfac~ :
torily and no pressar spikes were ohserved. It teok 154 sec to discharge the K
tank, as determined by the pressure trace drop, with average flow of 0.11 1b/ -
-sec. The disposel unit functiored satisfactoerily.

SN _1010-033 znd SN 1010-051

e e e

These valves were tested in the dubp system ghown in Fig. 18, except that
the oxidizer tank was in 2 horizental pesicion so that gaseous fluorine was
released to the dump system. Th light-Ctype oxidizer tank was used for the

test and was loaded with 7 O por

Ihe valwes wexe flred at the m imvm cuvrent of 8.0A using the firing
system through the £light pr ogrcﬂ:e:, The valves performed satisfactorily.
Tue total dump time was approsimately 20 minutes. The longer dump time re-
sulted from the time zequired for the LTy to vuporlza and simulated a release
froa the flight paylecad in the horizontal podi :icn on\the launcher.

Stl_1010-002 a2nd 3N 1010-003

4 oparate successfully if only one of
est was m2de in which only one valve
& wock-up onidizer tank mounted hori-

_ To insure that the dump syestem woul
(_, the flucrine dump valves functioned, & t
I wes fired. The test set-up coneiszed of

e e e e e e

zontally with the l-inch line blocked and the dump system, with the valves in
] position, was oriented to effect @ gas phese dump.
1 o
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fluorine condensed in the tank was 6,09 pounds and the tonk
ve 58 1010-003 was fired. Toe indicated valve

R
¢ was -98°F; immedialeiv after actuation it was

--------- HIELE N S Y

The amount of
was pressurized to

<

M) peig. Va

mos af firin
me ol 12710

1,

ure ar rho F
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OF. The gaseous f{luorine was discharged throuph one explosive valve the
Flome was observed ot

Lempere
~130 .
dump syvstem with two charceal bumer barrels. No onen
the barrels during the &45-minute release time and the disposal system performed
satisfactorily. After the vapor dump was complete, valve 8X 1010-002 was

fired; no abnormal operation was observed.

Burner.-~

ne this

The burner and feed system underwent exten levelopment ring this
program. Two types of test burners were de51gned, fnb ricated and tested. 9One
type was a single-sided burner; physically one-half the prototype. The other
type was a two-sided tvpe, as shown in Fig. 5. Early designs used a straight
chamber. The prototype, as shown in ¥Figure 5, incorperated a tapered chamber
together with a flow orifice in the fuel and oxidizer lines. The initial
burners indicated an instability at a frequency of 7 to 10 cps. This was
climinated by tapering the chamber and installing the {low orifice. The re-
sults of tests on the flight-type buyner are summarized below. .

] P

B

Flight-tvpe Burnex Test: ",;,ﬁ. ) . ; .

A test set-up wés mudé with the, fiight-type tankage mounted horizontally,
as shewn in Fig., 19. urbine type flowneters were installed to measure flow.
A plezoelectric preasuve gage was mounted on the oxidizer manifold; fuel and
oxidizer tanks were imstrume n;cé with f£lighz-type pressure and temperature
transducers., Euplosive valve SN 1030-3086 was mountced on the fuel tank; valve

SN 1010-013 was mounted_on the oxidizay tanlk, - Valve nuts were torqued to 165
ft-1b and lead ball lockd were insteiled.

Heaters were wrapped around the onidizer valve. At the time of firing,
heaters were turned off and the tewporature ot the valve top was ~360F while
at the side ir wzz ~32°0F,. The firing elrcuig for valve SN 1010-006 was C-D

vhile the A-B circuit was £1L Ld ;cv walve 83 1010~013. Both valves actuated

and performed satasfacuorllv BN S
R } . .‘. ;"’

The reco:dee data ig. ﬁreseateé,iﬁ Fiewre 20. Plots of oxidizer tank pres-
sure, oxidizer manifold prassuze, cxiéizﬁz ‘iow and fuel tank pressure are
plotted versus time. The fuel metey failcd ¢o record due to a fau’ty pick-up
but the fuel pressure trace indicated cusoth flow.

show that the propellants ran

The ozidizer and fuel tank prescuxe traces
out ot essentialily the samz time ~ 2400 millisaeconds. The coxidizer tank pres—
sure started at 5i5 psic and decrzaced go 103 psia, The fuel tank pressure
started at 465 psia and deeveased to 2460 pola, The fusl pressure transducer
shewed an initial drop to zero aftew valve a t'atioa; this was attributed to
e S

0
o5
0
%)

valve shock being transmitted to

itive pressure transducer. The
oxidizer manifold precsure did not sheoy any uneupected pressure spike or undue

pressure vise. The mantinum oqwdlzcx manhfoid pressuve was 512 psia and then




proceed at high flow rates (=15 1b/sec

decreased smoothly for 600 milliseconds, at which time the leads from the

transducer were burned torough. - /
./‘/
lowing the test, the burner walls showed some erosion. [his was attri-

buted to fluorine reacting with the hot burner walls.

Burner Vacuum Test:

This test was performed to determine burner operation under vacuun condi-
tions. A one-sided or one-half burner was placed at the end of a 1500 cu. ft.
vacuum chamber with explosive valves snd tankage located external to the
charmber. On the first attempt to rua this test, cxplosive valve SN 1045-004
was installed on the oxidizer tank and valve SN 1045-004 on the fucl tank,

Upon application of the firing current to these l-inch valves, only the oxidi-
zer tank emptied. Examination of the burner indicated that no combustion oc-
curred so it was concluded that the fuel valve failed tc actuate due to insuf-
ficient firing current.. Resistance checks confirmed that the bridge wires were
intact in the fuel valve, ° ' .

The firing circuit power supply was upgraded and the valve SN 1045-007 was
installed on the oxidizer tank and wvalve SN 1045-004 was reinmstalled on the
fuel tank, The oxidizer tank was loaded with 3.4 pounds of LF2 and pressurized
to 542 psia and the fuel tank was loaded with 2.6 pounds of "B-Mix" uand pres-
surized to 552 psia. A, :

The valves were fired and 2 succeseful burner firing occurred at a chamber
vacuum pressure of 400 torw. Valve performance was satisfactory in all re-
spects. Burning took place for 420 w3 as evidenced by 42 frames of a 100
frame/sec film. The flame appeared ved initially and gradually turned toward
bpright oranpe. Scanning spectta chaved a relative Ba® intensity of 2840 mV and
a Ba* velative intensity greater thon 460 mv. Color film data, pressure re-
cordings, and licht intensity weasurcmants of the firing showed smooth ignition
followed by ropid plume expansion. The fellesing data shows the relative light
intensity of the Bz and Ra™ lines g“c ¢ atmospheric and vacuum conditions.

 Test Condition - , %21at*ve Lipht Intensity, mV
z A R W i R-Mix"
. , T Bad Bat
btmosphevic i .. Pi. . 24,080 9,000
Vacuun : YT 3,840 4 600
Racio Afmospheric 6.2/ . 2/1

Vacuum

indiéated _that ignition of the
igfactory and that combustion could
£ did in atmospheric tests.

The succeosful conmpletion of this £
burner in the usper simosphere should be
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"~ tributed force and not yield.

Payload Development Tests

Load-deflection test.~ The prototype payload was assembled in the flight
configuration including the despin module. All screws and fittings were
torqued Lo values as shown in the specification section. Thirceen pounds of
water were placed in the fuel tank and seventeen pounds of water in the oxidi-
zer tank to simulatc the payload weight at launch. The payload was mounted
with the flight axis horizontal and with the burner axis either vertical or
horizontal. Dial gages indicating in thousandths of an inch were placed as
shown in the sketch accompanying Table XVIII,

Two types of loading were considered: a 200-pound load applied to the
nose ogive o produce a 21,600 in-1b external moment on the despin module to
Tomahawk joint; and a distributed load of 133 pounds to simulate a total lecad
of 1.75 g, including the payload weight. :

Tho results of the bend tests are summarized in Table XVIII. The maximum
deflectaion with the 200-pound load applied at the nose was 0.308 in. with the
burner axis in the vertical position. In thi% orientation the final "set"
or deflection from the initial position due to repeated application of the
load, was 0.002 inches.

The maximum deflection with the distributed load was 0.049 inches., The
payload did not show any set with this loading and returned to its original
position. These tests showed that the payload would withstand a 21,600 in-1b
moment at the despin module to Tomahawk joint without failure or apprec1able
yield. The tests also showed that the payload would withstand a 1.75 g dis-

N

-~

"Heat transfer tests.- Five heat transfer tests were performed with the
payload assembled as in a flight condition with all components in place. The
purpose of these tests was to determine if there were any payload or component
thermal provlems due to heat transfer into the cryogenic oxidizer tank. The
cxidizer tank jacket was filled with IN9 and the oxidizer tank was filled with
12,5 pounds of LOp to simulat2 the volume of 17 pounds of LFy. The fuel tank
was filled with'10.7 pounds of water-a1con01 solution to simulate 13 pounds of
fuel mix volume. . . :l

8]

Copper—constantan thermocoup1es verc autached at the following payload
locations: Y o TR U,

i -.k"
«

1. On the bonnat of the OVidize:,fil ¢a1ve

2. On the body ci the fuel explosive valve -

3. In the burner chamber attached to an rear wall

4. On the battery case side closest to the oxidizer tank
5. On the programmer case side nlosest to the oxidizer tank

6. On the explosive actuator part of the oxidizer explosive valve
7. On the explusive actuator part of the oxidizer dumo valve

8. OCn the fuel tank skia at the middle : : '
9. OCn the injector skin at the umbiiical comnecteor fitting-
10. Attached to'an umbilical pin : :

-1
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Temperatures were recorded after the specified
temperatures to stabilize.

Strain gages were mounted on the middle of the 1" line leading from the
ozidizer explosive valve to the burner.

tion gages were placed in longltudinal and circumferential direction.

dizer temperature probe and pressure’ transducers were placed in the oxidizer
tank.

Heat Transfer Test ifl:

Test Conditions

Assemhled payload mounted in horizontal position on pad.

"soak times' had permitted the

Strain gages were also mounted on the
burner skin at a point opposite to those on the oxidizer line. At each loca-

Temperature and pressure transducers were placed in the fuel tank. Oxi-

Ambient conditions: Soak Time " 5 hours
Air Temperature  50°F
Wind Velocity - - 15 to 25 ]
Relative Humidity 78%
Cxidizer Section Temperature, °p
(T Oxidizer £ill valve ' ; -236
S Oxidizer explosive valve, 1" : ' -242
Oxidizer explosive valve, %" ' =242
Oxidizer temperature probe, inside tank -314
Oxidizer pressure . 160 psig
Burner Section ' . S _
| Battery \ ' ‘ ~24
| Programmer -2
; Burner skin at umbilicals 8
i Umbilical pin B ' . 8
} Stress, burner skin R - . : . Nil
! Stress tube, circumferential, constant " 9600 psi
Stress tube, iongitudinal (max. at:36 ma) f 6170 psi
i Fuel Section o ‘ 7; i‘? | o
Fuel explosive valve, l" e B 22
Fuel tark skin N . oo 38
Fuel temperature probe, inside tenk, dndvial -1 o 53
Fuel temperature, final N - 38
e ¥ 157 peig

! Fuel pressure L S :f, .j:,j—

j Results of Heat Trzamsfer Tegt #1 ~ - .- - - .. il

Oxygen loading time was 20 minutes. Cowponents zeached & steady gtate
o~ temperature after 1-3/4 hours. The finaol tempercture of the ozidizer 1"
explosive valve and %" dump valve was. -2429F, The battoxy reached -240F,

——~
'

.The
fuel explosive valve final tempozature wos 22°F; thic. is approximately the-

—p
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fu(['%ruuzing point. The initial temperature of the fluid in the fuel tank
was 539F and decreased at the rate of 6Y9F/hr for 1-3/4 hours. After this

tume, the rate slowed to 1.35°/hr until a final temperature of 38°F was
reached.  The warm-up test showed that with an empty LNo jacket, the LO» tem- -
perature increased from -3149F to ~2939F in 30 minutes with a corresponding
pressure increase from 160 to 200 psig. The oxygen was released after the
temperature reached -2489F and the pressure reached 320 psig. ) . e

Heat Transfer Test #2:

Test Cenditions

Assembled payload mounted in horizontal position on pad. A fiberglass bat-
tery mounting bracket was substituted for the aluminum battery mounting
bracket. This was done to Jower the heat flow between the battery and sur-
roundings.

Ambient conditions: Soak Time 4-1/2 hours
' Air Temperature 43°F start, 419F finish
Wind Velocity 0 to 15 :
Relative Humidity 57%
Oxidizer Section < , Temperature, g

Oxidizer £111 valve N -217 .
Axidizer explogive valve, 1" o -225.
. _.dizer explosive valve, 1/4" ‘ ol -225
Ozidizer temperature, inside tank ' : ) -313.5
Oxidizer pressure S 150 psig

Burner Section

Battery o ' =50 ’ N
Programmer o -3 .
Burner . S -7
Burner skin at umbilicals N -7

! Umbilical pin S =5

| Fuel Section ‘ B

. ' _ _ i

Fuel expicsive valve, 1" -~ .= - Do i i8 ' s
Fuel tank skin R Co ' 30 ' -
Fuel temperature probe, inside tank . -~ 28.3 B
Fuel pressure ' - T e - - 150 psig

I . C vhoOT o

Results of Reat Transfer Test 2

S

The battery cooled to =30°F with use of a fiberglass mounting bracket,
The previous test showed the battery cooled to -249F, The insulator apparent-
ly prevented the conduction of heat from the fuel aznd burner sections into the :
battery. Components did not reach steady state., Asbient temperatuze continu- . s
ed to dvop until end of test. Temperatures beiwecn the burner section and F
ozidizer tankage at the insulator showed & AT of sbout 300°F after &% hr
shoim in the following sketch. N . o '

e
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-103°F
<
B
. J/ N\
’ -
) l OXIDIZER N\ BURNER SECTION
| TANK INSULATOR :
% Heat Treasfer Test #3: R
i Test Conditions
i Assembled payload mounted in horizontel position on pad. Aluminum battery
o mounting bracket installed in place of fiberglass mounting bracket. Glass
i (7 wool insulation placed around battery and bptween battery and oxidizer tank.
- i' ) Ambient conditions: Soak Time 2~} hours .
DA Air Temparature L0°F start, S50°F finish f
B #ind Velocity - 0 moh : o
] Relative Humidity 572 .
. i :
; o : o _
i Ouidizer Section Temperature, F
i Oxidizer fill valve : L f- -208 o
- Oxidizer explosive valve, 1" ' -264 ‘
S Oxidizer explooive valve, %" -264 e
o Oridizer temperature probe, ingide tank =316 »
o (uidizer pressure T i _ _ 150 psig rj
. } Burner Sectiecn ' - i y;
W -t Lo
v Battery . = 2 i
" Programmar ' 25 i
¥ ¥
o Burney S oy ik . i5 W
% Burner ckin at wmbllical = - s oo o 6 ?;
P Usdilical pla R o B b
S Fuel Section P
' ' - Do o o L
Tuel erxplosive valve, 1" o : S , , 38 b
Feel tank okin R ‘ _ _ 43 Lo
. Fuel temperature prcbe L 43 L
ya Fuel pressure’ » S j 150 psig }

’.25’ ! E >1‘>
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Results of Heat Transfer Test #3

The glass wool provided sufficient insulation to keep the battery at a
temperaturce of 2°F after 2-'% hours. Temperatures between the burner section
and the oxidizer section at the insulator joint showed a AT of about 300°F
after 2~'; hr as shown on the following sketch.

‘ v p—- 3/ NI ‘ l-
OXIDIZER ‘J// \\\- BUKRNER SECTION
TANK INSULATOR

Heat Trensfer Test #4:

Test Condltions

Assembled payload mounted in vcrt*cal gosition on ?ad. Aluminum battery

mounting bracket with glass wool insulation.

Ambient conditions: Sozk Time 2=} hours
Air Temperature 4397
Wind Velocity 6 £p 15

Relative Humldity 55%

Oxidizer Section Tenperature r
Oxidizer £11l velve ~ o -201
Oxidizer explocive vaive, 3". .. - = -257
Oxidizer esplosive vulvc,.k"-l P -266
Ozidizer temparature probe, ingide teal -316
Ouidizer precoure ) ' g 150 paig

Burnez Seetion P
Dattery e o < =23
Programmer ' _ 37
Burner ghin at urdilical 15

Umbilical pin S 21

2

3
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0
Temperature F

Fuecl Section

Fuel explosive valve, 1% 33

Fuel tank skin 40

Fuel temperature probe 39
150 psig

Fuel pressure

Results of Heat Transfer Test {4

The test showed that in the vertical position the '"cold flow" was greater
than in the horizontal position. The glass wool placed between battery and
oxidizer tank was less effective. The battery (after 2-’% hrs) reached a tem-
perature of ~239F versus 29F as in the horizontal position.

Heat Transfer Test #5:

Test Conditions

. X _
Payload axis horizontal. Payload located inside laboratory. Glass wool
installed between battery and end of oxidizer tank.

Ambient conditions: Soak Time 2-1s hours
Air Temperature 89.5°F
Wind Velocity .. 0 mph

Relative Humidity 35%

) o
Temperature F

Oxidizer Section el
Oxidizer fill valve ~232
Oxidizer explosive valve, 1" - : ~246
Oxidizer explosive valve, X" - - o . ~263
Oxidizer pressure ' 150 psig
Burner Section
Battery 20
Programmer _ 41
Burner skin at umbilical = - o 25
Umbilical pin S 21
Fuel Section . IR )
Fuel explosive vaive, 1" ‘ 57
Fuel tank shin o ; 63
Fuel temperature prob .73
150 psig

Fuel pressure : oy

Results of Heat Transfer Test #5

- L ' ] R 7 o
The battery temperature reacned,ZGoF. This shows that on a warm day (80 F

or warmer) the battery would not be eupocted to get colder than 20°F; hovever,
as a rasult of these tests, it was declded to incorporate a heater on the

battery to insure that the battery would be % the proper opereting temperature,

1% was also concluded thet the fuel tcmpereture could be meintained in the
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Optical and Camera

correct temperature ranige with no special provisions fer heating the fuel tank.

Prototvpe firing test.- Subsequent to environmental qualification testing
at LRC, which is described later, the prototype payload was test fired at the
contractor's facility. The prototype payload, including flight-type tankage,
burner, skin, ané all fiight-type hardware was assembled and mounted or the
test pad in a horizontal position approximately 6 feet above the pad. The

burner axis was vertical.

I‘f
®
(=N
o]
3
rt
o 3
it

Explosive valve SN 1033-001 was movnte the oxidizer tank and valve

SN 1033-003 was mounted on the fuel tank. Both valves were torgqued to 165 ft-
1b and lead ball locks were installed. Since the prototype payload conformed
te flight configuration, there were no flowmeters in the feed system. Dump
valves SN 1010-051 and SN 1010-038 were mounted in the nnv]gad but were not
fired. Pre-vest operations were performed as nearly as possible in accordance
with procedures intended for use at the launch site. The fuel tank was loaded

with 13 pounds of "B-Mix" fuel and pressurized to 551 psia. The oxidizer tank

was lcaded with 17 pounds of fluorine and pressurized to 620 psia. The payload

was then held for approximately 45 minutes to simulate a waiting period on the
launcher and to permit thermal cycling of the payload battery heater.

The burner ignited and burned smoothly during the approximately 2-second

‘period of burn followed by a rapid burnout. External examination of the pay-

load following the test showed the hardware to be in good condition with no
apparent burner erosion. Umbilical cables, which would normally be withdrawn
prior to flight, were slightly burned during burner firing.

The instrumentation used was as follows:
Indicating

: Fuel tewperature transducer
Oxidizer tewmperature transducer

Recording
Fuel pressure transducer .- i
Oxidizer pressure transducer {f- - .
Thermocouples: Side of owldize: en :plosive valve
Side of uattery s
Qutside wall of burner .
Side of fuel explosive wvalve
Battery voltage i, . _ o

fam

,’r

5

Scanaing Spectrograph: Sg (Bﬂ

Total Light
Film speztrograph #1

45542 }__

s
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IV cawmera (non-recording)

Camera #1 - Fastex

Camera #2 - Kodak

Camera #3 - Bell & Howell 200 fps
Camera #4 - Bolex

The oxidizer pressure transducer showed a typical polytropic type pressure
versus time expansion. At 1750 milliseconds after ignition, the pressurec was
340 ‘psia and an erratic trace developed. The oxidizer valve temperature showed
a gradual rise from -270°F at igpition to -1589F at 1600 ms., At this time the

temperature rose rapidly to ambient and above.

.“

The fuel pressure transducer did not operate., At ignition the pressure
trace went to zero and did not return. The fuel valve temperature gradually
increased from near ambient to 859F at 2000 ms after ignition.

The burner temperature at ignition was 43%F (ambient). The temperature
gradually rnse with time and at 2000 ms (apparent end of run) was 180°F. At
this time the temperature gradient became steeper and at 3000 milliseconds
after ignition the temperature was 77Q°F,

The totzal light output measured was 41 x 103 candleseconds per pound for
the prototype payload. This compares with 46 x 193 candleseconds per pound for
the flight-type burner test. 5 .

The scanning spectrograph light measurements gave Ba® (55358) and Bd+
(45548) values of 24,000 and 9000 as minimum values. These are within the
expected range of relative light output numbers -

Temperatures remained relatively constant during the pre—-ignition period
and the final tank conditions before burner firing indicated a fuel tank pres-
sure og 561 psia at 58.4°T and zn onidizer tank pressure of 610 psia at
~314.7°F. 3 :

After activation of the battery squib, the boltage was 15.5 volts. The
battexry was then load checkad at 1 amp for 30 seconds, at which time the bat-
tery voltage was 12.5 volts. Following the load check, the battery remained at
15 volts, At ignition the battery voltaze dropped to 13 volts then recovered
to 14.5 volts. o al o

DAL L T

Based on the test results and on film coverage from the firing, it was
concluded that the prototype burnzr performzd satisfactorily during the test.
Following post-test examination ofi the hardrave, it was also concluded that the

£ iy on the test, It was concluded
g that the payload design was

acceptable for fiight.

29 A
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Componant Qualification Tests

Component environmental qualification tests as specified in Table XIV were
performed at LRC on the explcsive valves, temperature sensors, pressure trans-
ducers, fill vaives, and programser, Following environmental exposure, compon-
ents were either examined or functionally operated to assure that they had
suifered no performance degradation durlng qualification. ’

In addition, samples from the flight. lot of explosive valves were fired in
design verification tests and f£light units were X-ray inspected. From the
flight lot of fourteen l-inch explosive valves: 3 were fired by the valve sub-
contractor in design verification tests; 2 were environmentally tested then
expored to LF, and successfully fired in component tests at the Lewis Research
Center; and 3 were environmentally tested then used in performance of the
burner vacuum test. From the flight lot of seventeen ¥-inch explosive valves:
3 were fired by the valve sub-contractor in design verification tests; 2 were
exposed to LF3 and successfully fired in a test of the fluorine dump system;
and 2 were exposed to LCp and fired du:ing a practicc countdown at the launch

site,

Payload Qualification Tests

Payload environmental qualification tests were performed at LRC on the

completely assembled prototype payload, including the despin module. The quali-

fication test zequirements sre shown in Table ¥IV.

To simulate launehiiccaditions, 13 pounds of water were placed in the fuel
tenk to gimulate the welgnr of the fuel and 17 povnds of LN, were used to simu-
late the weight of the oxidizer. The jacket was filled wit% LNy to maintain
cryogenic femperatures and to reprasent the actvq1 pﬂylouc temparature cendi-
tion at lavnch., The pcyload getup for wibrozion testing is shewn in Figure 21.
Payload structural regponse was meosured az ocveral locations during the vibra-
tion, test. :

Tae payload catisfactorily mot both the vibration and shock qualification
requirements prior to suvcessful pCZLOE“01CG of ¢he prototype firing test prev-
iougly deccribed. N Y

i-
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LIt PAYLOA) PRE-FLLIGHT PREPARATION

Design Review

¢ strcal Desieon Peview of the liquid chemical barium release project was
bSAl

dewd o LG o April 21y 1970, The payload design was accepted bv the CUR panel
and B e directed to fabricate the flight payload

Flight Acceptance Test

the Flight Acceptance Test (FAT) of the payload was conducted at LRC on
September 1-2, 1970. The pavload was environmentally tested to the levels
specitied in Table XIX and successfully met all requirements.

Electrical functians were monitored during both vibration and shock tests
and no anomalies were observed. Post-test visual inspection of the flight pay-
load revealed no structural problems. The structural response of the payload
was measured at several key locations during vibration runs and the levels were
simila~- to those wirich had previously been measured on the prototype pavload.

The VAT vibration requirement included both sinusoidal and random excita-

. tion in tiae thrust axis only. The sinusoidal FAT level was 5.0 g from 20-2000

Hz, .02 i maximum double amplitude, at a sweeprate of 6 oct/min. 1In addition,
a preliminazy 1.0 g survev run was made to verify instrumentation. The random
level was 5.0 g mms for a 20-second duration. The FAT shock requirementr was
for two shock pulses along the thrust axis with 75 g peak amplitude and a2 § ms
+ .;ation, . '

Payload resonant frequencies occurred at 287 Hz and approximately 860 Hz.
Amplification factors were observed over a range from 4.4 to 6.5 at the peak
value. A maximum amplification factor of 8.75 was noted at the top of the
ozidizer tank and is believed to represent an "oil-can' effect at that particu~
Yar locatlion which was noc consideted serious.

The General Environmental Test Specs indicate that the Nike-Tomahawk may
exhibit a special vibration characteristic over the frequency range from 80-110
Hz. The payload had no strLctural or component resonances in this freguency
range. e A -

Spln Balance

The flight paylcad was spin bala1ced on Sentemncr 30 2nd October i, 1970,
at Wallops Island. Following complete payload assembiy, weights were added to
the £fill end of the oxidizer tank and the £ill end of the fuel tank. During
spin balancing, the tankage was emn;y. Balancing completed the payload pre-

— flight preparations.

e
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Ground Support lquipment

I'ie liquid chemical barium release pavload reguired & unique set of zround
suppori ejuipment for pre-launch paylead cperations. This ejguiorent was pro-
viaed in part by RITU and in part by HASA. The follewing discussinn provides

a deseription of the major ground support components,

Blockhiouse Menitoring and Coatrcl Eguipment

Checkout, Control, and Monitoring Console.- NASA-LRC was responsible for
setting up the pre-flight Checkout, Control, and Monitoring Console used at
Wallops Island to check squib -~ntinuity, to activate the battery, to arm the
payload, and to dump the fluorine in case of an emergency. This conscle shown
in Figure 22, was wired to the two umbilical cables and completely checked out
by NASA-LRC personnel ceveral weeks before launch.

Pressure Readout.- Pressure readout of the flight payload at Wallops
Island was accomplished by the uszse of a visval readout system shown in Figure
23. ‘The visuvl systems were mounted in a standesed 19" panel and all the neces-
sary interconnecting cables and signal conditioning equipment was provided by
RITU. The readout systems had previously been used for the full-=cale payload
ground firing at the RITU foaoilitv. -

o )

Temperature Beadout.~ The temperature in the oxidiz:r and fuel tanks was
monitored by wo visual temperature indicators. The oxidizer indicator was
calibrated from -320°F to —-180°F and the fuel from N to 100°F. (See Figure 24.)
This temperature readout panel was also used for the full-scale payload ground
firing test at RITU. - o

o
e

Both indicators were rounted on a standard 19" panel together with an
intercom amplifier which was used to provide continucus communication between
the perscanel performing pre-launch operacions on the pad and perso.nel rmonitor-
ing pressures and temperatures in the blockhouse.

In an emargency, as scon o5 any zbnormal situation was recognized, the pad
personnel could be notified ismediately through the special headset intercom
and the standard Wallops public address systemn.

- Fiight ﬁﬁbilical Cables

iwo urmbilical cables werc provided for the launch orerations by NASA-LRC.
They were wired with the appropriate fly-zway connectors for mating to the pay-
load. All the continuity checks of the two urbilical casbles and of the block-
house equipment interconnecting csbles were administered by NASA-LRC.




Fluorine Manifold and Shielding

The tlunrine manifold censisted of & intercennected fluorine storape evi-
inders in g shiclded enclesure (Figure 25). . The cylinders were conneoted to
'uulurin; vialves and redundant prcssdre gages,

The shicelding was ! steel plate surrounding the 6 storase bottles on top,
sides aud 1ront. The open back was never approached whilz the storage cylin-
ders were open.

The sterage cylinders were opened and clesed by extension handles through
. the top of the shield. Metering valves were mounted inside the shielding -vith
o handles extending through. Cylinders of fluorine were shipped directlv from
the manufacturer to the launch site several weeks ahead of launch date. Tigurvre
20 shows the piping diagran for the total fluorine system.

i ‘ Payload Shielding _ .

: The paylcad shielding consisted of 3/8" steel plate, 9' iong and high "
- enough to shield the pavload in the horizontal position on the launcher. A 6" ' =
L % 18" safety glass window was built into the shield in order to view the fill
valve extension handle and fill line guillotine cutter, which was actuated after
: - comp’etlun of *he fiuorine loading operation to senaratc the fill Xine from the
: payload

The £ill valve extension handle was connectea to the valve in a diagonal
plane and came through the shielding in the same plane. The explosively actu-
ated fill line guillotine cutter was mounted on the {11 linz almost flush to
the payload. _ - .

A ey -

S Disposal Urit
i

During the filling operation, no fluorine was released to the atmosphere,
: All fleovine vent lines were connected to a charcoal reactor disposal system as
i described in reference 3. One clean 55-galleon dzum, lined with refractory
' cement and 907 filled with charcoal briquettes, was used for the fluorine vent
system and two similar drums wece used fo; tne pay’oad dump system,

The payload oyldizer dump q'stem conszstea of a ! copper manifold within

the payload attached to the tiwo z" explogive dump valves, thence to a swage tee .
fittlna and ending with a 5" piece of V" stainliess steel tubing extending at a L
45° angie from the skin of the payload burner section. ' ' :

To this tubing extensicn, a 3/8" swage type heat exchanger tee, together
with a nitrogen purge line was attached by use of teflon ferrules. The piece
of 3/8" copper tubing attached to the other end of the tee went to the charcoal
disposal system. !

, . ; T .
g . : - . v )




Intercennecting Tubing

-~ The tubing counnecting the flucrine manifold, payvload, and disposal system
(n_gs 1" soft annealed copper, 0.035" wall, and prepassivated for Fluorine ser-
vice. All tubing crossing the launch area was hung from stanchions 7' off the

ground. The launch area Javout of tubing , shielding and disposal system is
shown ia Figure 27. )

Liquid Kitrogen Cooling System
Liquid nitrogen was supplied to the integral jacket surrounding the oxidi-
zer tank from the start of countdown to launch. A liquid nitrogen storage con-
tainer‘of 500 gallon capacity was used for the launch operationm.

Umbilical Retractor

Due to the critical nature of the payload, it was necessary to maintain
continuous hard-line contact until the moment of launch. A continuouvs flow of
LN, was provided to wool the oxidizer jacket as described above and it was also
necessary to maintain the continuity of the oxidizer dump system to provide for
fluorine disposal in the event of a launch abort. Dry GNj purge flow was alsc
required to prevent possible frost build-up in criticsl payload areas. Umbili-
cal attachment was also required up tc actual launch of the payload.

However, at the moment of launch, it was necessary to positively retract
all of these hardlines and cables to assure that there would be no interfer-
‘ence with the vehicle fin hardware. “

An umbilical retraction system was designed and developed by NASA-Wallops
Station to positively retract and hold all of the necessary payload attach-
ments. This system provided a positive preloaded force to withdraw all lines
by means of a cable system. However, the mechanism could be triggered only by
first motion of the vehicle on the launcher. This system was thoroughly tested
by means of a simulated vechicle on the 1auncner and performed satisfactorily
during the launch.

Launcher and Launch Area

The Nike-Tomahawlk vehicle with the liquid chemical barium release payload
was launched from the H.A.D. Launcher in Launch Areca No. 3 at Wallops Island.
During pre-launch preparations, this launcher was completely checked-out and
calibrated by Wallops Station personnel to agssure gatisfactory performance
during launch. Necessary modifications were made to outfit the launcher with
the Umbilical Retractor. Equipment in the Launch Avea was positioned in
czccordance with the layout of Figure 28. .Specilal lighting was provided in the
launch area to permit work operations and closed-circuli TV coverage of the pay-
load during pre-launch preparations.
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PAYLOAD LAUNCH OPERATIONY

Practice Countdown

A practice countdown at YJallops Station was conductecd the week of Auvgust
24, 1970. The purpose of this practice was to assure systems periormance and
procedures for flight. .

The week of August 17 was devoted to practice preparation. Lines were
laid out and checked for length., A charcoal disposal unit site was cselected.
RITU communication lines were set-up. The RITU panel in the blockhouse was
readied. The fluorine mainfold was set-up with oxygen cylinders filled to 4GO
psia in place of fluorine cylinders. A nitrogen manifold was set-up. A 500-
gallon liquid nitrogen dewar was placed behind the blast shield., Placement of
equipment at the launch pad was made in accordance with the procedure outlined
in the .Critical Design Review.

A mock-up center section of the payload was assembled on the launcher for
umbilical and tubing pull-away tests. The umbilicals, fly-away dump line,
burner and nose cone purge lines, and liquid nitrogen lines were installed.
Release tests were performed to determine effects on rocket launch.

The flight despin module was mated to the flight payload to check for
satisfactory fit. Yo difficulty was ehpe ienced in the trial fitting,

A simulated prelaunch procedure was followed using prototype hardware.
~  The oxidizer system was made up with %" explosive valves in the dump section.
‘! Blocked oxidizer and fuel explosive valves wererinstaTled. Part I of the Pay-
load Check List (PCL) was perforned at the contra‘tor s facility, Part II of-
the PCL was performed at Wallops Islanu° - '

During the simulated fuel loading'operation, the fuel tan% was loaded with
9.57 pounds of water to simulzte the fuel volume and the tank was pressurized
to 50C psig. The payload was next attached to the Tomehawk on the launcher.
Prefill instrumentation checks-were made. The oxidizer tank jacket was sup-
plied with liquid nitrogen. Six bottles of oxygen attached to the fill line
manifold provided 13.1 pounds of oxidizer to simulate the volume of liquid
"fluorine. Following oxidizer fill, the oxidizer tank was pressurized to 500
psig and the £ill valve closcd ' The £fill tube cutter was then activated, sev-
ering the £1il1l 1ine. : :

The temperature. of the fue; remalned constant at 82 F during the test.
The oxidizer temperature remszined at -315°F for 6C minutes, at which time the
safety disc on the liquid nityogen dewar. released. Since it was not possible
to flow liquid nitvogen to the oxldlzer'jaclet, the pressure in the oxidizer
tank built up, When pressure went to 530 psig, due to loss of coolant, the
dump system was activated. The steps followed were as in the Abort Procedure
given in PCL.. Several seconds after firing the explosive valves, the oxidizer
tank pressure laveled off and began dropping,  Pressure relief was not immedi-
ate due to the ;act that the valves were dumpwng 1iqu1d and this was vaporizing,
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some back pressure in the dump Jine. The ravload was removed

after the vehiclr was Jovered.

tending to create
from the launcher

countdown generally valldated the procedures specified in the
safety procedures used are presented in the following

The practice
PCL. Some of the
paragraphs.

Personnel Safety Procedures

Fluorine.- All personnel working near the fluorine manifoid or payload
during any fluorine onperation wore safety suits. This is secondary protection -
the main protection wvas afforded by shields or barricades. Water deluge facili-
ties were available in the immediate pad area. Also, a doctor was available,

Hydrazine.~ The filling of theshydrazine fuel tank took place in the
holding area. A water deluge system in the form of a safety shower and fire
fighting equipment was available, Adequate personnel protection was provided
by ordinary work clothes, face shield and rubber gloves,

Pressurization of the fuel tank was not done until after the payload had
been transported to the lnunch pad. During the operations of tank pressuriza-
tion and mating the payload to the rocket, personnel wore protective clothing
and face shields.

7
Criteria for Aborting Mission

<

Grounc Support Equipment.- . _ "

(1) e

Malfunction of fluorine systems, fill system, dump system

or liquid nitrogen cooling system.

(2) Malfunction of ground nonltoring equ*pment including payload tem-
perature and pressure indication, electrical systems, and blockhouse monitoring
equipment.

Payload Failuré.—'

(1) Oxidizer system: =~ - -
. (a) No squib continuity on any one valve
(b) Temperature and/or pressure readout failure
(c) Hardware failure of any, kind during iluorine f111 due to chemi-
cal reaction
(d) Liquid nitrogen supply fuilure'
(e) Temperature in oxidizer tank above -290° F
(£) Pressure exceeding 680 psig. ‘
(g) Inability to discomnect. rluorine 111 system due to frosting on

exterior of hardware.




(2)

(3)

(4)

Fuel System

(a) No squib continuity on fuel valve

(b) Terperature and/or pressure readout failure

(¢) Chemical reaction in tank

(d) Fill valve failure. This will be determined before payload is
attached to vehicle.

(¢) Temperature in fuel bank below 32°F or exceeding 120°F

(f) TFressure exceeding 640 psig .

Urbilical -

Loss of umbilical cable continuity

Electrical
Programmer and/or battery malfunction

4
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contract requirements.
attended the following reviews:

‘

RLTU employed reiiability and quality assurance functions to satisfy the
ln accordance with ‘NASA requirements, RITU personnel

March 1, 1968
October 3, 1968
April 21, 1970
September 16, 1970
September 18, 1970

Payload Design Revicw
Preliminary Design Review
Critical Design Review
Systems Readiness Review
Pre~-Launch Review

An immediate inspection of equipment, parts, and stock was made on receipt
Written logs were kept at the RITU Test Site facility and at the

of the items.
These logs included seller, date of purchas date of de-

RITU machine shop.
livery, condition of item on delivery,
chemical analysis if metal stock used and when and for whkat purpose.
case of equipment, the date used or the date of incorporation into a system was
The details of all outside testing or fabrication were recorded.

~m

dpprOﬁl‘&&LL lot identification number,
In the

recorded.

The RITU constantly reviewed its techﬁiqués. Internal reviews of tech-

niques took place during the weekly progress meeting,

o Objective evidence was available to cognizant NASA personnel. This evi-

-nce consisted of inspection records, receipt recowds, and test record

Gross Hazards Analysis

A Gross Hazards Analvsis of the payioad ig presented in Appendix II Thé
classification of all identified potential hagzards is based on the following

definition of hazard categories:
Category 1 -~ Personnel loss or system icss and mission abort

Category II =~ Persounel injury or system damage and mission abort
Category I1I ~ Mission abort without personnel injury or system dumage

A simplified diagram is presented in Appendixz 1I depicting identified
gross hazards. The diagram identifies each item by number and is used as a
guide for the analysis presented in the GhA gheets, :

The GHA sheets present discussion of haaa”cv and causes, The recommended

corrective actlons shown involve operating procedures,

The terms used to describe action status ave defined as follows:

Closed: The corrective action is considerxed to be part of Lhe standaxrd opera-
ting procedure,
Open: The item requires furthay 1nveatlnation or review.
‘ .
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The comnents provided in the Remarks Celumn of the oHA tables relate to
cxisting design characteristics or operaticonal conditiens which act as preven-

Live nweasures.,

Failure Modes and Effects Analysis

The Failure Mode and Effects Analysis is included in Appendix LIT. A
logic block diagram {g shown {irst. The diagram shows the functional interde-
pendencies of the system rather than a descriptive diagram showing the physical

interconnvccion of components.
On the logic diagram the payload is divided into six systems:

4. Fuel Systems
5. Oxidizer System
6. Burner

1. Power Supply
2. Programmer
3. Ground Support

Following the logic diagram is the analysis itself, All headings are
self-explanatory with the possible cxception of "criticality category" they are

as follows: _ : .

I. Personnel loss or injury
IT1. System loss
ITI. Subsystem loss
IV. All others 5




'(/\-. FLIGHT OPERATLONS

The payload was cleaned and assembled at RiTV Test Sive facility., The oxi-
dizer tanit wis passivated, as well as the burner tubine and dump svstem. All
applicable ciecks such as tank leakage and electrical continuity were made at
this time. The programm.r was installed and checked by NASA-LRC persounel at
! wWallops Island. The fuel mixture was made up by RLITU personnel at Wallops

Istand.

A}
The following is a condensation of the major items in the payload
countdown:
‘ T-44 hours - Check out ground support systems .ncluding liquid nitrogen,
‘ fluorine fill, fluorine disposal, purge gases, blockhouse readouts, and pyro-~
technic actuation systems.

_ , T-20-3/4 hours - Bring empty payload to launch pad, install umbilicals and
U check all circuits through umbilicals. Remove payload to holding area. :

w T-7 hours -~ Fill the fuel tank in the holding area.

T-5-s hours - Bring uyload to launch area. Plug in uwbilicals. Pressur-
ize fuel tank. Mate payload to vehicle.

|

|

|

| - A
oo T-4-3/4 hours - Mount oxidizer fill line cutter, oxidizer fill line, dump B
:- o line, all purge llnes, an line and £ill valve handle, Check and safe fill N
{

!

I

!

line cutter. . - 5

T-4 hours -~ Start all dry nitrogen puéges.

R

e T-3 hours - Start LN, cool dewn of oxidizer tank. Fill and condense in

. oxidizer tank 17 lbs. of Tluorine.. Pressurize oxidizer tank with He and close

b fill valve. Remove extension handie from fill valve. All personnel retired to
blockhouse. The next item was the firing of the fill line cutter. There was
no deviation from the countdown until the fi11ll line cutter was actuated and
failed to sever the line and separate from the payload. At this time, the
launch vehicle and payload were ready for lavnch, ground stations were prepared

! to monitor the chemical release, and weather conditions were favorable. Prior
to fallure of the £ill line cutter, the entire operation was very smooth and
the pressure in the oxidizer tank was constant. After discussion with safety
~personne1 it was decided to approach the payload and ct the fill line by hand

; The Failure Mode Analyses were most conservative in regards to corrective

’ action for this incident (see Failure Mode No. 7-Appendix III). The same
personnel that write the Failure Mode Analyses were involved in this corrective
action, as well as one man from NASA—LRC and one man from NASA-Wallops Island.

B e e Ty

T-40 minute., =~ AcLuat*01 and cyc111g of battery heater.

T-30 minutes - Start elevat*on of launcher. Check explosive valve squibs.

40
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T-10 minutes - Activate battery. Contlnue tv renitor ali systems until

Tauvach.

The vehiecle was lTaunchied on sciredule with chemical release being initiated
at 3:51:17 AM EDT on Qctober 7, 1970, The releasce observed was one of a bright
initial burst with a very rapidly expanding luminous cloud which disappuarcd to
the naked eye within 20 scconds. The ground instrumentation detected barium
ions distributed relatively uniformly over a very large arca of the sky for
about 30 minutes when measurements were discontinued due to sunrise.  Further
results of the flight test are given in Appendix 1.
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CONCLUDING REMARKS
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ligh t u;quiu ica ium a
at the use of llquid fluorine as an oxidizer on small pdyl ds 1is
All fluorine transfer operations during the launch preparation pro-~
The success of the pre-~launch operation was made
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practical.
ceeded without incident.
possible since all personnel working with the fluorine f{ill operation had scv-

eral ycars experience in handling hazardous materials. Wallops I[sland launch
and safety personnel were also well educated in the problem arcas.
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sy, sinc

sfactorily. However, ce th s
be determined. In

i (<

2 The pay isfact @
0 no telemetry on—boald the actual d performan. cannot
retrospect , some means of determinlng the Lritical O0/F ratio duriag the release

would have been very helpful in analyzing the flight results. The chemical

I'-‘(n

BEGa nes s EEEE

f ! telease occurred at the proper time and a definite reaction was obscrved. liow-
" ever, the experimental results were less than optimum. A bright dot appeared
loss of light inten-

wpan&:d in a thpr{nn1 direction with

| which very quickly
sity. Within 20 seconds, the phenomenoan had disapoeared to the unaided eye.

The poor performance could have resulted from the basic chemistry of the
A low barium yield would result if the O/T ratio obtained in the pay-

load was too high., There are several failure mechanisms in the payload by
(~ which this could occur, however there was no pre-launch indication of any pay-
{  ‘load ancmalies and no flight indication to suggest a particular type of failure.

system.

A contributing factor. to the loss of intensity of the cloud was its rapid
expansion. This was probably because of a high exhaust gas velocity resulting

from a relatively high chamber pressure and a slightly diverging nczzle exit.
cloud as rapidly.

Lower chamber pressures would not have expanded the
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A The tollowing are recemmendations for improvenrent in the pre~launch opera—
i tions associated with the fluorine~hydrazine-barium payload.

Fluorine tarks should be stared in a separate, well-ventilated shelter
with a roof to prevent exposure to direct sunlight and rain. The vent from the i
gaseous fluorine manifold should not go intec a charcoal disposal unit but ;
should simply be vented to the atmosphere at a distance of approximately 200
feet. A small amount of fluorine is normally released at the beginning of the’

L fill operation. When vented to the dlsposaL barrel, the charcoal in the barrel
was ignited and continued to burn. in the air, This melted and closed the tube
inside the disposal unit so that later in the fill operation when it was neces-
sary to vent helium or fluorine down this line, the line was clogged and could
not be vented. This would not occur if the fluorine was simply vented to the

atmosphere. The small amounts of flucrine dumped from this manifold vent line
would not represent a safety hazard. Of course, disposal barrels would still

be provided for the possible disposal of LF2 during an abort situation.

e
B

Liquid Nitrogen System

— The LN, storage cylinder should have prov1s on not only for constant pres-
[ sure but also a remotely activated pressurizing mechanism to regulate the flow
‘ rate, This could be accomplished by a remotely actuared vent valve and a re-
motely operated regulator for control of the He pressurant. The flowvmeter on
the 1INy line should be closer to the payload so that a more accurate indication
of flow is obtained. On a long line, it is p0531b1e that much of the 1IN could
be vaporized before it reaches the payload.v

! Gaseous Nitrogen Puarge Lines

Reliable flowmeters should be provided on the dump line purge and the
burner purge system to assure that dry gaseous nitrogen is supplied to these
areas. ’ 5,

u

————

Umbilical Cables  .°

i

The umbilical cable should havé';enarate shielded conductors for instru-
mentation to preclude interference durwng powver switching.

——
———

Fill Line Cutter A_ ‘ LT 5;

Separation of the fill line before elevation should be done with a reli-
able, remotely actuated mechanism. %Tais device should be protected from im-
pingement of IN, which can cause icing of the mechanism, :

i
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Payload Modifications

Consideration should be given te weldiung the LN9 jacket at both ends.

This was not done because of possible differential thermal canunsion‘ However,

the resulting crack at the forward end of the jacket could t be sealed and
restlted in the leakage of LN, into the nose ogive area inlﬁ tie pay load was
in the horizental position. - ~

Considerable trouble was experienced in assembly of the oxidizer f£ill
valve to the payload with swage-type fittings. An improved method of attaching
fittings to the tanks is needed.

The fuel fill valve should be above the center line of the tank to simpli-
Car #lin mnraccirmd oabd am mranaAdiima amd alldmiumabtn +2hin nand A 376 Rhha A laad 3
1Y LHUE pPLCoOoULLLAlLULl PLULCUULE diUu Cillidildie Lug ICEU LU Liil LT padyliludu LU
order to pressurize the fuel tank.

A heater should be built into the fuel tank to control fuel temperature
during the pre-launch period. The wrap—a:ound thermal blanket used was not

entirely satisfactory.
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Oxidizer
feed ring

Oxidizer
tuhe

Burner in
chamber
and
nozzle

™

X

///f-OXidizer.

NV N
39\ N AN :ﬁi
T
?% Fuel flow
Fuel feed ) . N Orifice
ring , ¢
Fuel tube
_ Fuel feed
. ring
! _ , | . SR
? .
# i ~ Denotes weld _
‘ _ Material: 6061 T6 Aluminum
N Figure 5.~ Burner schematic.

T T e e
R Ty s Lo

P

N e

TR
RS T LA

e e
T et R




T e e e e e e et et e L L e e

” . -~

b 1+ S v st st et

\—- Ram

T

nw.
>
L]
. _ g
NN \ :
// // . 2
V/Vﬂllld,\._mr B ..,.;V..fhd\l.... .t.a‘,, ! e mou
™ N wuw:..fi.. /M/M..,. WA TN Kiisingeiri - . Q
iy i ; i
SRR S\ ,,3/ SAAIIRY ) o _
s B =t o g
L ..m.zmh.ﬂhff..\ RO b .
' W.Vbhb{? - ol
‘ g T
. ._-
O
)
a
]
)
-t
a. 3
R
= o
| =)
] <
|9
w .
]
-
=
. _.
- — — i e = e R S /




Ram —«”///

N

}

SIS By

Tigure 7.~ One inch exélosive valve.

Ry
“




w ou
IHN sl
>~ e
” 1) 1941
= _ <
\..l.-
LIRAT0 TENLT 1Y
l/; un
(1)
"
h«\ r.v.,.lL
RN L SV "
.vvl
LRk

"'[l:v.ll!llll

te o %

LR TSN -
U, vwill.ltlA

b

FOR s S
ﬁllla -
.a > e e
Vanty swr,
. - o
B
g ey

*DI3BWRYDS

16 8% re W
ew™ ' e¥IaIYY
3 v
- ..(. !\-4.vYAAJ.!,\OV|AA
“:. .? e.-._l e (83 e sl

_ - LK.
v

AN | -

L. setl 1w 5¢5

2o s 4 #v/A.l.i\vv <2

ot

I

%

L il ind

yaand
o, €AY,
\ w
-‘u EH

TeoYa140°212 proried -'g 9aand1g

”. € wiNw iy ™
lllv.\lA-J(x\..\vI
T n P
Sﬂm -«
L AXTR L.
s
_ Ve

23 fte—rs
eta
X e o
" N
/ bl
Y
a
0
1

o

A

bi ]

iy =

wWeo,

AT )

ada t i -.ﬁ ‘s
e e e SPme L
"w ¢ "
.

§ .

o=t




<J

000L

+33Tns21 13593 3s5anq juel TaNg -~°6 2ansty
UTRIIS 00T ‘3n
0009 0006 000% 000¢ 000¢ 0001 0
{ _ i - | _ |
. e
0001
,—1!-
q .
" ~—
. : oy
=N 7w
: 0
-J“
o
. 8
. @
1]
0
. 0002
UTRIIS "SA 2INSSalyg :l/////
—— et ST ——
uyreras ajuausuiad *SA aanssaid uL\
NM...;.QH 0L6GC 3® — 000 -
. {
(21t 000Z) 3utod PTITX -




: /
~—

{

1b/in? pressure

5000 ¢—

Yield point (2000 uc)

at 4300 1bfin? s ————
R

el

/ i . -

N—.. Pressure vs.
Permaneat strain

Burst 4550 1b/in®

Pressure vs. strain

£
3000 L
&
20004—
1000 [~ J’ : ;' o :;,i::':§ S ;

P

S S T R N S

0 1000 2000 . 3600 4000 5000 6000 7000
' - ue, Micro strain

Figure 10.- Onidizer tank burst test results.
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TABLE I
PHYSICAL PROPERTIES OF BARIUM SALTLS
f .- Chloride Nitrate
Formula -. ) . - BaC12 ' 13:1(}J03)2
Color & Crystalline Structure Colorless flat T T hite
Molecular Weight 208.27 : 261.38
Melting Point, °C 962 ' 592 3
. Boiling Yoint, °¢ 1560 Decomposes
| .
! Density, g/cc 3.856 (24°C) 3.24 (233
o
.
. : "'.37._
i
i
: -
|
L3
; o
! ) . i
i
o § , g . e
iy h
) H b
s T g
B ! " : ‘ b
{ . , ] ‘-?—:"."
Co '-‘ ) ,// = g
I .
,|
4 .
| ‘ |
;\\._,.-,.. - — -




CABLE LI~ PAYLOAD TENCIL, !uo., _ ;}

Sose Ogive
! ~QOxidizer Tank ' . ) -
Burner Section
Fuel Tank

Scecond-stage Firin; Module

Total Payload Length ' _ - - .
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TABLE L1l - PAYLOAD WEIGHT, Lb

Fuel Tank - Pressure transducer, temperature transducer, fill
valve and cap and 1V explosive valve

nose Mgive

Burner

Oxidizer Tank ~ 2-L" explosive valves, 1-1" explosive valve,
temperature transducer, pressure transducer,
£L11 valve and fittings, insulator, adaptor

Burner Skin and Umbilicnal Brace

Programmer and Connectors

Battery

IPlate Separator

Valve Holders.

Dump Tubues

Cablies

Screws and Fittings

Firing Module

p
Chemicals
Total Payload Weight
7 i .
I
T
o /5 5
/ s
g

24.25
16.87
11.00

36.39

25.75
7.37
1.87
0.94
4.33
0.62
0.63
2.10

12.88

145,00
30.J0

175.00




et e

TABLE IV - OXIDIZER TANK SPECIFICATIONS

Materinl - Type 6061-T6 Aluminum with machincd,'dished heads

‘Ultimate Strength - 45,000 psi

Yield Strength - 40,000 psi

Joint Efficiency - 100% - Welds fully radiographed

Working Pressure (max.) - 1,000 psi; safety factor 4,7:1

Burst Pressure - 4,710 psi (5,510 psi @ -320°F)

Yield Pressure - 3,710 psi (4,410 psi @ ~320°F)

Tank Volume - 604 in> with S0% ullage for i7 lbs LF,

Tank Dimensions -~ 22.50" length; 9" 0.D.; i-1/16" a;nular space for LN, jacket

TABLE V ~ INSULATOR MATERIAL SPECIFICATIONS

Material - Grade G-3 phenolic base, continuvous filament, glass fabric

Tensile Strengcth - Lengthwise 723,000 psi
Crosswise  , .T,‘,?  20,000 psi
Compressive Streagth - Flatwise 'ﬂi 30,000 psi
- Edgewise 17,080 poi

Modulus of Elasticity - Lengthuise - 1.3 x 10b psi

3]

_ s 6 .
Crosswise . ,'i.2 u 10" psi
' L 18,070 psi

Shear Strength—~ _

Specific CGravigy -
. i fn/lnfor
0,17 BTU/br/ft / F/ft

(,..1
C
L4
M

Coeff. of Thermal Exmaﬁsion‘v o

Thermal Conductivity -
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TABLE VI = FUEL TANK SPECLFICATLIONG

Haterial - Type 6061-10 aluminum

Vitimate Strength - 45,000 psi

Yield Strength - 40,000 psi

Shear Strength - 30,000 psi

Modulus of elasticity - 10 x 106 psi

Modulus'of rigidity - 3.8 x 106 psi

Poisson's ratio - 0.33

Thermal conductivity - 90 Btu/hr/ftzloF/ft

Coefficient of thermal expansion - 13.0 x 10"6 in/in/°F
Joint Efficiency ~- 100% - Welds fully radiographed
Working Pressure (max.) - 1,000 psi; safety factor 2,7:1
Burst Preggure - 2,700 psi ’

Yield Pressure - 2,400 psi v

Tank Volume - 530 in3 with 59% ullane for 13 lbs. of "B-dix"

Tank Dimenslons - 12-5/16" 1ﬁngéﬁ;_9“ 0. D.

s




TABLE VII - SXIN SCREW SPECIFLCATIONS

Description - Screw - Machine, Flat Head, 100° Céuntcfsink
Standard - AN 509; P/N 416R10

Head - Cross Recess,.Type L or II Drive

Material - Steel, Cadmium plated

Tensile Strength - 4,520 1b min

Stress - 125,000 psi

Thread - % - 28 UNF - 3A

TABLE VITI - JOINT SCREW SPECIFICATIONS

Description - Screw, Cap, Socket Head

Standards - MS 16995 thru MS 16898 - - |
NS 24673 thru MS 24678 ' -
NAS 1351, NAS 1352

.
N

Head - Hexagon socket

Material - Heat treated alloy étéel
Tensile Strength - 6,910 Ib min,
Stress - 190,000 psi ‘ -
Thread - % - 28 UNF - 3A

TABLE IX - SEoEy TORQUE SETTINGS

e —— e i

Screy Type - S o Failure Torque

. SEVERE ;' Torque, -in-1ib Used, in-1b °
" 10-32 Socket Head " : . T == 70
% - 28 UNF Socket Head . . . ' == ﬂ 120
% - 28 UNF Flat Head - - 2153 | 75
Valve Holder Screws e o 50
| ' 75

Valve Holder Locking Screws:@ -

RIS T

LRI X ) ) e el
LR Y o/ PN T DA
PR A TR o




TABLE X -~ BURNER MATERIAL SPECLFICATIONS

| Material - Type 6061-T6 aluminum
Ultimate Strength -~ 45,000 psi

Yield Strength - 40,000 psi

Shear Strength - 30,000 psi
N Modulus of elasticity - 10 x 106 psi
Modulus of rigidity - 3.8 x 20° psi . -

Poisson's ratio ~ 0.33

Specific gravity - 2.70
. -“’7
Thermal Conductivity - 96 BTU/hr/ft”/°F/ft

Coefficient of thermal .expansion - 3.0 x 10—6 in/in/®F !
3 o . !

]
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( o .t
N ] }.'1‘,
‘ 4 %
L "'
' £
:Y" N ! L) . "‘ .
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TABLE X1

BURMNER DESIGN PARAMETERS

Fuel Side

Flow
Start, 1b/sec
End, lb/seé
Average, lb/sec
Tank Prescure
Start, psi

End, psi

Oxidizer Side . i
Flow
Start, 1lb/sec ﬂj

End, lb/sec

<

Average,'lb/sec
Tank-Pfessufe
Start, psi
End; rsi | ’4
: Cha.mbc;.'Pr;zs.s.v;z?eﬁ:‘iﬁ
eare, poi
Eﬁd,‘bsi B
Flow Orifice Pressure Drop

Start, psi

End, psi

10.2

6.5

600

203

150

150 - 180

60 - 70




TABLE XII - FITTING TORQUE SETTINC. | l:l-_l._;
;iuiﬂﬂjqu
"_'I:__El:lre
1" Alwmninum M to Steel V - 1980
1M Steel M to Aluminum ¥ - 146
" Steel M to Steel F - 146
1" Steel M to drass ¥ - 146
L Aluminum M to Brass VU - 146
LY Aluminum ! to Steel ¥ — 146
1LY Brass M Lo vrass F - 146
Swage Type
3/8" Steel M to Steel ¥ - 110
3/8" Aluminum ¥ to Steel I . 240
1" Steel M to Steel F 599 146
" Aluminum M to Steel F - - 146
1" Brass M to Brass F ' ) TR0 146
LY Steel M to Brass F ‘ 290 146
Steel M to Brass F (ferru' s) - 65
Pipe a
- 360

LM NPT Steel M to Aluminum ¥

M = Hale fitting R

F = Female fitting-




TABLY XT1L - EXPLOSIVE VALVE SPECIFICATIONS

Cartridge

1 awp, 1 watt, 1.1 * 0.1 ohm (using no external
resistors or internal wire wound configurations) -
Dual bridge wires (A-B, C-D) :

Bridge:

Initiator: MNo-fire static charge of 8KV from pin to case
. 0 e 0., -5

Fire between -320"F and +125°F at 1xl0 torr

pressure '

Cartridge:

dey Assembly

ey

Mzterial: Type 2219-T6 aluminum body - o . .-

Fitting ends: 37° flared tube fictings

Working pressure: 1000 psi o

Proof pressure: 2000 psi

Burst pressure. closed port shear fitting: 5000 psi

Leak rate through closed port: 1 3'10-6 sce/sec e at 1000 psi

Actuation time:

75 ms maxzinmum

All valve parts, excluding cartridge,
cleaned for ouxygen service and bagged.

Cleaning proccdure:

o L, . o
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TABLE XIV b
: PART 1 - PAYLOAD QUALIYICATION TESTS :
|
’
: (a) _Shock e
¥
‘ Two shock pulses along thrust axis, 100 g (ti0 g) peak amplitude, ) {
ramped sawtooth or % sine wave pulse shape, 6 (1.6) ms duration. L
(b) Vibration L
|
: Sinusoidal: -
% Axis Frequency Range, cps =~ Amplitude, g Sweeprate, ;f
! Thrust ' 20 ~ 70 0.03 in. D.A. 2 oct/min B
70 - 2000 7.5 2 oct/min -
Random: ;
Frequency . - PSD Level, Accel., . L
Axis Range, cps’ o2/ cps g-Ims. Duration, Sec i
Thrust 20 - 2000 : .028 7.5 40 o
o i ” 5
PART II -~ COMPONENT QUALLFICATION TESTS ‘
: !
(a) Shock |
[ . One shock pulse, rampe&]éawtobth or ' sine wave ﬁulse of 6 (£.6) P
ms duration, 100 g (210 g) peak amplitude., (MIL STD-810) ;
.o ; . t
: (b) Vibration ' b
L ’ Sinusoidal: i
. Axis ; - Frequency Renpe, cps Amplitude, g Sweeprate, ;'w
Thrust, T . 20 - 100 0.04 in. D.A. 2 oct/min ‘£
Normal, and =~ T 100 - 200 » +20 2 oct/nin i
Transverse @ - .. .~ 200 - 2600 = 20 . 2 oct/min Lol
3 Random: ‘ . ‘ ';‘:;“ =
: .17 Freqiemey .- ['BSD Level, accel., :
Axis Range. cps L gz/cps , g-rms._ . Duration, Sec
o ‘ ‘Thrust, ° A : ’ . , v
M. Wormal, and 20 - 2000 ‘ 0.028 7.5 40
oo Transverse : ) ‘
() : ] g
\/‘ .
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| TABLE XV - SPIN TEST SUMMARY b
| é
/ . 3
= Initial Medium Equivalent [
Set and ~ Release of Propellant !
Pressuge . Charge | Time, Remaining f
Tank 3 ib/in< - rev/sec wt, 1b sec b % !
Oxidizer 250 22 i,0-10.9  1.86 0.37  2.18 3
320 16.5 LOX-13.1  2.00 0.40  2.35 x
. _ i
Fuel 612 22 H,0- 9.57  1.16 0.17  1.31 =
. . .
L
) !
(”’ i !;
” |
- i
F ;
L 5 .
. - ;
‘ (
; %
£
“'.I g"\‘
PR ;o .
.”_l [l : ‘l_ '
'y o 4 -
C |
3 = 1‘? oy

-
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i.._w.,...*.-.‘—_.__




. !
G |
i i
| _ i
' TABLE XVI - S1OSH - CONING TEST SINMMARY
j FUEL TANK |
| Test Spin Coning Coning Pounds of Time {rom start
No. Rate, Angle, "~ Period, Fuel or to fermation of
cps deg sec % Ullage parabola . P
1 6 6 25 13 1b (not recorded) |
2 6 6 ' 25 i 503
, 3 7 6 25 . 50% |
| 4 5 6 25 o sou o
.5 5 6 12k 50% f;
6 5 6 25 50 | =
.7 6 4 25 - sox
8 6 4 25 . 66%
. 9 6 4 | 25 ¥ 75%
Lo - Note: (1) 38% sugar-water solution used to simulate hydrazine/barium salts
o solution :
OXIDIZER TANK
' f ~ Test Spin | Coning B ;Coning Pounds of "~ Time from start
o No. Rate, ~ Angle,” = - Period, Fuel or te formation of
ek cps - deg . sec 7 Ullage parabola
N 1 6. 6 < . 25 17 23 sec
gi‘ 5 2 6 ‘5:7.;{'.{;f 25, 11k 1b; 50% 21 sec
éj i 3 23 65.;;;1j?:?1725.f B 50% 20 sec
S 5 6 4 ocdes v Tsox. . 13 see
- ‘i : 6 5 T s 50% 15 sec
o 7 6 5 25 662 16 sec
g 1 3 6 4 25+ 5% 17 sec
f% '} (t?‘ . Note: (i) Boiling H,0 used to simuiéte fluorine oxidizer '
.
al
Rl 87
y
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(a)  Ohock

{b)

5.

SN TR P\FFhRPANK NOT FTLWET

TARY B VI‘I
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PART | — PAYLOADR FLIGHT ASSURANCE TESTS

v

Two 5hock pulses along the thrust axis, 75 g (*7.5 g) peak amplitude,

ranped sawtooth or 'y sine wave pulse shape, 6 (+.6) ms duration.

\Vibration (thrust a.is only)

Sinusoidal:

Azls Frequency Range, cps Amplitude Sweeprate

Thrust 20 - 70 .02 in. D.A. 6 oct/mi
70 - 2000 +5 N o 6 cer/min
i [AVAVLEY) i b A\ LA I A A S 8 3

Random (Gaussian):

Frequency PSD Level, ‘ Accel.,
Axis Range, cpe 22/cps . g-rms. Duration
Thrust 20 - 2000 0.013 5 20 sec
b

PART 11 - CUMPOMENT FLIGHT ASSURANCE TESTS

(a) Shock

One sawtooth or % sine wave pulze, 6(t,6) ms duration, at 75 g
(47.5 g) amplitude, aleng thrust axis, (MIL STD-810)

(b) vibration . S -

Axis ' Frequency Ranne, &pd Avmlitude Sweeprate
Thrust . 20 - 100 0.04 in D.A. 6 oct/min
Normal _ ©100 - 200 . *10¢g 6 oct/min

+ Transverse - 200 -~ 2000 * 10 g 6 oct/min
Frequency =~ . 'PSQ Lovel, Accel.
T Axis Range, cps .. ... _g-feng ' £ TS5, Duration
Thrust . 7 ( = . ) - = — '
Normal ~ 20 - 2000 " . . 0.033 5 20 sec
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APPENDIX 1

o appendix is a synopsis of the results obiained from the flizht test
ol the liquid chemieal barium release payload and analyses performed subse-
qient to the flight test.

Vehicle Performance

Table Al summarizes the Mike-Tomahawk rocket performance in terms of
flight parameters at the time of release. ¥From the table it can be seen that
vehiicle performance wils quite close to pre~ilight prediction with release
occurring within 0. 10 Jonuitude, 0.12O latitude and 2 km altitude of the
expucted location. Accuracy of release time was well within the quoted accu-
racy of t6 scc for the mechanical timer.

Payload Results

— Althouvgh the relcase was seen with the unaided eve at Baltimore, MD and
’Coquxna Beach, NC as well as at Wallops Station, VA the intensity ond persis-
tence of the subsequent cloud were much lower than expected. Tigure Al is a
view of the release obtained by a K-37 camera (exposure from T + 227 sec. to
T + 233 sec.) au Coquina Beach, NC.

.

Cloud growth as a function of time was measured from enlargements of 35mm
motion pictures of, image orthicon video tape data. These results are shown on
Figure A2. The initial expansion, rate was about 1.8 km/sec. Estimated root
mean square velocity (1.92 km/sec) using average molecular weight of expected
combustion products agrecs well with the observed expansion.

Figure A3 presents data in terms of photon flux measured with a photo-
meter located at Coquina and operated by Dr. E. R. Manring of the Physics
Dept. of North Carolina State University. Dr. Manring reported that the cloud
expanded to 2 - 3 times ‘the photometer field of wiew of 10°., This raw data
was translated, by LRC personnel, Qinto'terms of ionized barium (Ba Il) yield
using the method of ref. 1, section VIL. _The yield from the liquid chemical
barium rclease system is presented in Table A2, along with the Max-Planck-
Institute so'lid system yields from a release at comparable altitude in 1966
and at much higher altitude (approx. 910 km) in 1970. An efficiency of 90 -
95% (based on available Ba) was expected from the liquid system.

Theoretical and actual ionization time histories are shown in Figure A4,

— The low yleld of Ba II, the slow rate of productlon, and the rapid, wide
(‘ ndprerSJon of the jon cloud were not what had been expectad from ground- -based

tests of the liquid system and past flight experience with another type of Ba
release system,

v . h



Heavier atoms nuch as Ba (m=137.73%4) and particles or droplets would ;

: achiveve the same velocity as the main “hody of lighter molecules (mnvg - D, :
: but they would travel greater distances before coming to equitibrium with the

avironment.  lhis has previovsly been observed in the flow of metallized pro- 3
o peliants. It is believed that particulate matter was formed in the release
A ad traveled much greater distances than the lighter molecules,  Assumption of .
: formation of Ba containing particles (or droplets) and the greater dispersion
thereot would explain why ba ions were found vver such a large region. The
' reason the total Ba ion densit’ contiunued to increase over a long period of
: time rather than reaching a mavimum very rapidly and slowly decayving is be-

lieved to be due.to siow release of Badk from particles or drepliets at ambient
This low rate of production of Ba ‘ons and rapid dispersion
After duc consideration of possible

e s

‘ temperature,

: would account for the low vield observed.
burner operating conditions (see Fig. A5), the case of 0/F > 1.31 seems to be
the condition which best fits the observed results. On the basis of payload
conditions (pressure and temperature) at release, extrapolated from conditions
at launch, it is believed that essentially all of the oxidizer and fuel were
expelled, but for some reason which cannot be determined from this experiment,

f the 0/F ratio was higher than required to obtain near optimum yield. Addition-

! al flight experiments with telemetered oxidizer and fuel flow measurements
would be required to give a definite explanation for the observed results.-
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ASSTRALC

svStens in existence at tne ime

varius yvield from o solid chemic v
poercent of total chesdienl weicht)
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thie preprar begaen wWas Pelween one and LW
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w2 LH[YﬁVOWUPC in barium vield was needed in order o conduct mere ambitious
vlectric and magnetic ficld ¢xperiments using the ienized bariun techaiaue ot
sredter distances into the geomagnetesphere. Ao eavlier study indicated that
titcoretical yvield from liguid swstems appeared to offer sipnificant fncreases
~uver solid systems.  From this work; a liquid sysgem consisting of hvdrazine,
with ¢dissolved barium salts, as the fucl and liquid fluorine for the oxidizer
was selected as the basis for pavload hardware developrient. The purpose o!
this program was to develop and test a liquid chemical paylioad system suitable
tor a point release of bariut in the form of barium atoms and barium ions. The
jonized barium vield of the liquid chemical pavicad svstem was cvaluated at an
altitude of 2060 km during a4 fliyht test on a Nike-Temahawk vehicle on Qctober
7, 1870, Tre releasce produced a luminous barium ion cloud which expanded very

rapildly, disappearing to the human eve in about 20 seconds.,

Tho barium yvield was much less than expected, however, the test demon-
strated that the use of liquid fluorine as an oxidizer co small payloads is

C::factical This report documents the development of the paplodnd, describes the

ground suppert cquipnent essentinl for payload preparation and wmonitorine prior
to lift-off, and sumnarizes the results of the {licht test.

Kev Words
Liquid chemical barium release o

Fluorine : T
Barium ion cloud
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