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ABSTRACT

Rocket borne chemical payload systems were designed, developed and flight tested

to give controlled releases of gases, liquids and solids. Payloads consisted of chem-
ical tanks, chemicals, fluid controls with associated plumbing, event programmer and
aerodynamic envelope.

Trimethylaluminum, Diborane, Nitric Oxide, High Explosives seeded with metals,
Barium/Copper Oxide and Cesium Nitrate,/Aluminum/Tungsten systems were provided.

Chemical handling techniques were developed and engineering field services were
provided to assist with payload launches.



BLANK PAGE



lNTRODUa|ON.............................I....I..
PAYLOADSUMMRY.......I...............I.........

NO O WN —

Y
-—t et -t O OO

N — O

TABLE OF CONTENTS

N

Genﬂ'o' © 0 00000000 0000000060000 00c0000000000
Nih’ECOXid.Trail(277'IO).....ouoooooooooooooooooo
Diborane Trail (349-10) , . ... cc0c0ceocccscscoscscsss
TMA Trail (Accumulator Tank) (308=11) , ..o veseecocoosce
TMAT'Q“(BO“'QdTQﬂk)(299‘]')oooooouoooooooooooooo
TMA = Four "Point" (312-11) , . ..iieueeeeroncasacone
TMA Intermittent Release Payload ....ceocceeeeececccsce
High Explosive Payload (278-11) .. c.ccvuenceecanaans s
Barium - Three Burner Payload (309-12) . ... .cc0cc0ceeese 10
Barium Modules (319-11and 333=11) , ... veceecocoocsscs 1l
Barium - Delayed Release (Large Void) (351-10 and 363-10) .... 14
Cesium Nitrate/Aluminum/Tungsten (362=10) . .....c0o000ses 17

NV ONOO;MEBENNN

SUBSYSIEMS ® 6 v O 6 006060606060 5 0 060 0 0605 0600000 0000 00 0000 0t 0o |8

3.1
3.2

G.mol..................................... 18
Fluidconwols...............................'.. 18

DN —

General . ...vceeercccctcccrsscconcsacascs I8
Fitfings 000 000 0000000000000 00 000000 18
SqUIbVOIV.(273'IO) 0606060600000 000000000000, 19
Intermittent Release Systems . .. ...ce0evvveeees 21

wwww

. General ...vvveeccerocconcsosell
.2 Cam Operated Toggle Valve (284-11,
284-12) ,... 21
.3 Geneva Mechanism Actuated Ball Valve
(289-13) .....22
3.2.4.4 Solenoid Actuated Valves (322-11,
N-10).,.... 22

NN
LS o

w W W
N
L]

-iVe




3.3

3.4

3.5

3.2.5 Nozz|.s ...............................26
Gener°| ® © 06 ¢ 0 0 0 00 0 00 0 00 0O 000 00 26
m"rim Oriﬂce ® ® 00 0 00 0 00 9 00 0 0 26
A'omi zi m Nou'es ® ® 0 0 060 0000 090 0 60 26
anﬂeoi’CNoule..oooooooooooo 26

O oo
nwNn -

3.2,6 Accumulators - Cold Gasand Hot Gas v ceoveecoeee 33

Tonk’........................................u

3.3.1 General .. ooveeeecscrcocsrssscccssoseoes 34
3.3.2 Structural Design . .oveeeveccnconsooss.ones 4
3.3.3 Material o cooeeecesceososossoccscsosccses 39
334 JOinhoooooooooooooooooooooooooooooooo 37
3.2.5

S.O".0............................... 37

Prwom’..................................C40

] General .o oovveeececrroccscscnssscnscass 40
2 Single Event . voveevevccccosocconcosseses 40
3 Multi-Event .. .ueeeeeceesossossscossssesed3
4 Multi-Event with Valve Sequencer .. ..ccccoeceee 46
5 Lid Separation Device , .. ccovcocessscscossecs 5l
6 Pym-de'cy............................. 53

wiumswmr..................................53

l Gen‘ral ® O 0 000 0000 00 00 00 0 0 000 000000000 00 53
2 Burmr Hmdw‘ ® 6 0 0 000 060 00 00 0 000000000000 55
.3 Chem:ca|’ ® © 0 0060 060 00000 00 00 00 00 0000 00 090 0 57
4

T”“...‘..............................y

3.5
3.5
3.5
3.5
Structural Tests (Nozzles and Tank) ... .. 57
T . Y4
Pressure o o ccovocecccecocsccccscs 57
VentTime ...ccceeevescscocsses 80
Flame Temperature ., . . e v eveveceees60
Buntime .. coeeeeocoscocooseess0
Thrm'oooooooooooooooooo-ooaoo60
Lids.wc'ion..................62

puuywwww
Lo n

Aahannan
ONOONMEBWN =




o g e Gl e el

3.6  Cesium Nitrate/Aluminum/Tungsten Burner (lon Generator) ... .. 62

3.61 G.n.r°|.......l...........l.l.........62
3'602 T.'”oooooooooooooooooooooooooooo-oooo “

CHEM'CALHANDLENG .................................65

G.n“°| ® 6 0 06 0.0 06000 000 00 00 000 000 00 000 B0 00 e e 65
N' "i c OXid. ® 0 0 0. 00060600 00 00 00 00 0 0000 s 000000 000 00 67
Dib“cne ® 0 © 0 00 6. 00 0.0 00 000 00 00 000 000 000 0 0000 000000 70

Tm.........................................74

High Explosives (TNTand RDX) e e ecevocvcoocoscsaosesas IO
BG’iUm/COPPOfOXIdC.....‘......................o.-77
Cesium Nitrate/Aluminumy/Tungsten Compounds oo o o e e esse oo s o80
GQ‘G.I’\"C’“'................................. .8‘

L L]
ONONEWN -

REFERENGS...........O...................O..J......87

PARTSL|ST.....................t ...............'.....“'

_ e




10,
1.
12,
13.
14,
15,
16,

17,

19.

LIST OF FIGURES

Nitric Oxide Payload (277-11) Functional Sketch . ....cc00...

Diborane Payload (349-10) Functional Sketch . .. co0veeeoesooveces

TMA Trail Module (Accumulator Tank) (308-11) Functional Sketch , .. ..

TMA Trail Module (Baffled Tank) (299-11) Functional Sketch . ., ..

TMA-FOW"POint"qu|°°d(3|2'll)ooooooooooooooooooooooooo

TMA - |nrermittent Release Payload (Solenoid Valve - 371-10) , . . .. . & .

HiQhEXP|OCive P°y|Md(278-ll)o0....0000000..!000..

Ba‘iumThreeBWMPCy|00d(309'|2)....-.o........-..-.oo-o

Barium Three Module Payload (319-12) . . . v veeeonsocoose

B’iumTth.MU'ePW'ood(s”"z)oooooooooooooooooooo-ooo

Barium Delayed Release (Large Void) Payload (351-10) ........c....

B’ium De'oyed Re'm (Lafg. v°id) P°y|°°d (363"0) o0 0000000000

Cesium Nitrate/Aluminum/Tungsten Payload (362-10) , ., .ccvveveen s

Squabv°|ve(273-lo).......l.............0.............

ComOpCl’ddeTogg'eValvo(zu-")...-.....-..-..........o

Geneva Mechanism Operated 8all Valve (284-13) ,........

Intermittent Release System Solenoid Actuated Valve(s) Functional Sketch,
(322"' dnd37|-|°) ® 00000 0000000000000 0000 00

NozzleType,...U.........l..............l........l..

Av.rw‘k.'.mRat‘vs&iﬂc.oiamt“....l...........l....

-vii-

10
12
13
15
16
7
20
23
24

27
28




21,
22.
23.
24,
25.
26.
27.

28.

31.

B 8

35.

37.

¢ 8

Particle Size vs Nozzle Number - Hollow Cone Nozzle . .....c.ccc00 . 30
Particle Size vs Spraying Pressyre - Hollow Cone Nozzle .. ....cc000 0 30
Particle Size vs Nozzle Orifice Diameter - Hollow Cone Nozzle (TN) ... 31
Flow Rate vs Liquid Pressure for Hollow Cone Nozzles (LN) .. .cvvees o 32
Tonk Jointsand Seals . . oo vvoeeescrossssoscecccccsoesscnsss 38
Allowable Force per Thread vs Working Pressure, Aluminum Tank (277-43) , 39
Electrical Schematic (277-44) Single Event Programmer - Single EED ... . 4]
Electrical Schematic (278-35) Single Event Programmer - Dual EED ... .. .42
Electrical Schematic (309-28) Three Event Programmer . . c o cc oo eooeo 44
Electrical Schematic (378-34) Three Event Programmer . . o e c c e 6 060 o 45

Electrical Schematic (284-214) Three Event Programmer with Valve
Sequencer ,....... 47

Electrical Schematic (371-23) Multi-event Programmer with Valve
Sequencer .. ,...... .48
Electrical Schematic (372-21) Valve Sequencer ... .ccocovocococes 49
Typical Pulse Profile - Valve Sequencer ., . oo vvevecnccceocess 50
Eloctrl;:al Schematic (363-27) Lid Separation Device . . .oeveeooeoeso52
Barium Burner Configuration Shetches . ..o oo vveecvevoccoocoesssd
Separation System = Barium Burner . .. . ccevecccrcccccrrrec.oee 56
Barium Burner Thrust Test Set Up (Test 319-3) .. v v vvvveevccnnees. 8]
Cesium Nitrate/Aluminum/Tungsten Burner (363-10) ............... 43

NI""COX'*LMdi“ﬂSY".m .ooo...o..o..oooooo.o.ooo...o.68

-viii=




40.

41,
42.

43.

Nitriz Oxide Loading Density vs Pressure , .. cecccecccccccccocs e 9
Diborane Vapor Pressure vs Temperature . . . occcceeocccocccccsces 71
Diborane Loading Satem . . oo ceeeeeeceaccscccoccscocccsss el
TMALoodingSystum................................,.. 75

hium/cm“OXidePrepmafim ...........................76

-ix -




S.

LIST OF TABLES

Comparative Particle Size Data. . oo -veeeeseesscosscocsocsces29
Tank SUMMBrY . o e e ocoveosoovecssosssocsccsossssscasscsedd
Borlum Burner Chemical Formulations, . oo e vveeee.ovoeceoooesese58
Borlum Burner Pressure Test SUMMArY. . . cooverocsscossccnnconess®
Chemical Properties, Handling, Precautionsand Hazards, . ... .... ... .66

Dib“oms’“w.shb‘lity................................73




LIST OF APPENDIXES

Payload Design and Test Criteria

Nitric Oxide Payload Tests (Reference TM 225)

Squib Valve (273-10) Tests

Toggle and Geneva Valve Tests (Reference TM 105)
Tank Design Equations

Barium Burner Nozzle Tests (Reference TM 193)

Barium Burner Calorimeter Tests (Reference TM 255)
Barium Burner Tabulated Test Results (Reference TM 193)
Barium Burner Pressure Traces

Cesium Nitrate/Aluminim/Tungsten Burner Tests

-l -




1.
INTRODUCTION

This report documents the work conducted by Space Data Corporation under AFCRL
Contract Number AF19(628)-5125 from July 1965 through June 1968,

The objective of this program was to provide payload systems, design, development,
fabrication and flight test for rocket borne payloads carrying liquids, gases and solids
into the upper atmosphere.

Seven launch test programs were supported during this period. Forty~four payload
systems were delivered and launched. Test programs were conducted from Eglin
AFB, Florida, Wallops Island, Virginia and Vega Baja, Puerto Rico.

Standardization of subsystems was emphasized where possible: Tankage was either
low pressure, (to 300 PSIj for liquids or high pressure for gases ( to 3000 PS''; pro-
grommers were either single event, multiple event or multiple event with a pulse
generator; fluld controls included squib valves to initiate flow, and intermittent
liquid release systems to interrupt flow, nozzles for metering flow and atomizing
liquids.

Chemical formulations and release requirements were specified by AFCRL.

Chemical handling techniques were developed; ground safety procedures were prepared
and engineering fleld services were provided for the seven flight test programs conduc-
ted during this period.

This report describes the payload systems, gives design information; test results and
chemical handling procedures.
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2,
PAYLOAD SUMMARY

2.1 General.

Standardization of payload subsystems was emphasized where possible. Systems may
be clamified into three categories; (1) complete payload systems, (2) payload modules
which may be flown Independently or in conjunction with other modules on the same
vehicle and (3) subsystems, including fluld controls, tanks and programmers.

Payloads were designed to withstand the flight environments described in Appendix A.
Joints between nose cones, modules, payloads and rockets (except Arcas) were slip
fit with (24 each 1/4 x 28 high strength) radial screws.

The_ following paragraphs briefly describe these payloads and modules; whereas sub-
systems are described in Section 3.

2.2 Nitric Oxide Trall Paylood (227-11).

Twenty pounds of Nitric Oxide (loaded at 3000 PS{)were released at a constant rate of
approximately 200 grams/second to produce a continuous trail over approximately a 50
second time duration. The tank (277-43) was constructed of aluminym with threaded

{oints; A single event programmer opened a squib valve initiating release through a pre-
surp regulater velve; through interconnecting plumbing and a metering nozzle located
in the nose tip.

Telemetry was used to measure tank temperature and pressure for flow calculations.

Figure 1 is a functional sketch of this payload. Development tests are detailed in
Appendix B.

g
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FIGURE 1 NITRIC OXIDE PAYLOAD 277-11

A-1962




2.3  Diborane Trail Payloud (349-10).

Approximately 4 pounds of gaseous Diborane was released as a continuous frafl. A
single event programmer opened a squib valve initiating release through a metering
noxzzle located in the nose Hp. The Diborane was carried in an integral welded
stainless steel tank (349-22) ot approximately 500 PSI with a 0.0038 pound/cubic
inch loading density.

Figure 2 is @ functiona’ sketch of this payload.

AL PTER
Se9-22
NOZZLE METERING
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FIGURE 2 DIBORANE PAYLOAD (349-10)
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2.4 TMA Trail Module (Accumulator Tank) (308-11).

Approximately 40 pounds of TMA were released as a continuous trall at desired release
rates. A single event programmer opened a squib valve allowing TMA to flow through
two metering nozzles. The tank was aluminum with bolted joints and contained a piston

forming an accumulator that separated the liquid from the gas to insure a continuous
liquid release.

Figure 3 is a functional sketch of this payload.
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FIGURE 3 TMA TRAIL RELEASE MODULE (308-11)
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2.5 TMA Trail Payload (Baffled Tank) (299-11).

Approximately 2.5 pounds of TMA were released as a continuous trail at a desired
release rate. A single event programmer opened a squib valve allowing TMA to
flow through a single metering orifice. Release rate was controlled by the nitrogen
pressure, and nozzle size.

The tank was aluminum with a combination of brazed and threaded joints.

Baffles were placed in the tank so that vehicle spin and coning would force the liquid
forward and against the cylinder walls of the tank to aid liquid venting.

Figure 4 is a functional sketch of this payload.
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2.6 TMA Fawur "Point" Payload (213-11).

TMA was sequentially released in faur bursts (less than one second each) of 4.5 pounds
each, fram four separate tanks. Signals from a multievent programmer sequentially en-
ergized a pyrotechnic hot gas cecumulator contained in each tank.

As the pressure exceeded 500 psi, a rupture disc failed, allawing release thraugh ports
on the side of the payload.

Figure 5 is a functional sketch of this payload.
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2,7 TMA Intermittent Release Payload.

TMA wos released in intermittent bursts of varying durations and duty cycles. TMA
payload types similiar to that described in sections 2.4, except for dimensions and
quantities contained, were attached to one of the following intermittent release
systems to give the desired release profile:

)] Cam operated toggle valve (284-11)(284-i2,

(2) Geneva mechanism operated ball valve (284-200)

(3) Solenold actuated multi-valve (322-11)

(4) Solenoid actuated single valve (371-10)

Figwe 6 Is a functional sketch of the TMA Intermittent Release (Solenoid Actuated
Valve) payload.

Bé J7.6 252 S0

/-vaa vacve
r - —-%— TAA g
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FIGURE 6 TMA INTERMITTENT RELEASE PAYLOAD (SOLENOID VALVY)
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2,8  High Explosive Payload (278-11).

Thirty pounds of high explosives seeded with metals were detonated to provide a single
point release. Two high explosive charge formulations were provided:

m 34 % RDX, 46% TNT and 20% Beryllium

(22 34 % RDX, 46% TNT and 20 % Magnesium
The explosive constituents ware melted at 90° C. Metal constituents were added to
the explosives, mixed and cast dicuctly into the payload canister. A combination of
composition B and TNT was used to provide the required RDX and TNT percentages.

A single event programmer electrically initiated an explosive train consisting of
an electro-explosive detonator and composition C4 booster.

Figure 7 is a functional sketch of this payload.

ST429.75 14.78 SYAQ
Expeosive (Fo Las)
PCCCPUMMER (SINGLE EVENT,) AT
DETONATOR ( 2E4CH)
FIGURE 7 HIGH EXPLOSIVE PAYLOAD (278-11)
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2.9  Barium Three Burner Paylcad (309-12).

Three barium burners were carried in a single envelope. Release was sequentially
initiated with a multievent programmer. Reaction products from each burner were
vented through a single nozzle.

Figure 8 is a functional sketch of this paylood.

vévr moeT
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¢ PewE SROUEVCE: 1-8-F APTERI:

FIGURE 8 BARIUM 3-BURNER PAYLOAD (309-12)
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2.10 Barium Modules (319-11, 333-11).

Both 2.4 and 6 Kg net modules were provided. Each module consis ted of a Barium
burner, single event programmer and an oerodynamic envelope.

Figues ¢ and 10 are functional sketches of the 3 module 319-11 and 333-11 payloads
respectively.
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2.11  Barium Delayed Release (lorge void) Payload (351-10 and 363-10).

The Barium/Copper Oxide mixture was released by cutting the Barium can circumfer-
entially 0.25 seconds after ignition. A single event programmer fired the Barium
burner. Burning pressure (i.e., to 700 PSi) closed a pressure switch (300 PSI) in the
lid separation device which in turn, fired a delay detonator ignition train to a shaped
charge. The shaped charge cut the can circumferentially, allowing instantaneous
reloasq of the burner contents.

Two sizes of this payload were provided. Part number 351-10 carried 48 pounds of
Barlum/Copper Oxide, whereas part number 363-10 corried 12 pounds of Barium/

Copper Oxide. Figure 11 and 12 are functional sketches of these two payloads re-
spectively. l
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2.12 Cesium Nitrate/Aluminum/Tungsten Payload (362-10).

Approximately 5.5 pounds of an end burning mixture of Cesium Nifrate, Aluminum/
Tungsten compound produced a trall release of approximately 30 seconds duration.
At launch a pyrotechnic delay squib was electrically initiated and ignited an ignition

train to the thermite mix. Reaction products were vented through graphite insulated
nozzles.

Figure 13 is a functional sketch of this payload.
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CESIUM NITRATE/ALUMINUM/TUNGSTEN PAYLOAD (362-10)
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3.
SUBSYSTEMS

3.1 General.

A major objective of this program was to develop an inventory of standardized sub-
systems that, when combined, could be used to satisfy a large variety of scientific
requirements to perform controlled releases of gases, liquids or solids with @ mini-
mum modification of basic subsystems and maximum flexibility to meet scientific
requirements.

Subsystems have been categorized as to function and part number. Hopefully, this
will enable the recder, who has chemical payload requirements, to select the sub-
systems that will meet his future requirements.

3.2 Fluid Controls.
3.2.1 General.

Fluid controls directed or regulated the flow of fluids from the chemical tank into
the atmosphere. Fluid controls have been classified as fittings, squib valve, in-
termittent release system and nozzles.

3.2.2  Fittings.

During this program numerous types of plumbing fittings have been tried, i.e., ta-
pered pipe thread, Swag Lok, 45° and 37° flare and SAE O-ring port fittings. For
chemical payload applications, including loading systems, the 37" flare, SAE O-
ring port fittings have proven to be the most reliable. These fittings may be disas-
sembled repeatedly without damage and the design enables compact lightweight
packaging in payload systems.

-18-




3.2.3 Squib Valve.

This valve was developed to provide a reliable method of releasing reactive liquids
ond gases from chemical tankage. The valve has a 0. 5-inch port size, 5000 psi
working pressure and seals prior to firing are metal-to-metal. Figure 14 illustrates
the valve.

When the valve is fired, an electro-explosive, 1 amp, 1 watt, maximum no-fire
squib, in combination with boron potassium nitrate propellant imparts energy to a
piston that breaks a nipple at a fail section.

The valve has been hydrostatically tested to 15,000 psi without failure, and has
been ground and flight functionally tested more than 100 times with working pres-
sure of 0 = 3200 psi with all valves functioning satisfactorily, The valve was en-
vironmentally tested to the flight environment specifications described in Appen-
dix A. Detailed test results ore presented in Appendix C.
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3.2.4 Intermittent Release Systems.

3.2.4.1  General. The systems were developed to provide
an interrupted release profile of variois pulse durations and duty cycles. Three
techniques were used:

1. Cam operated toggle valve,
2. A Geneva mechanism operated ball valve,
3. Solenoid actuated valves.

3.2.4.2  Cam Operated Toggle Valve (28411 and 284-12).
A DC motor driven cam was used to operato a commerclally available foggle valve to
give the desired open and closed sequence. The advantage of the system is simpliciry.
Disadvantages include; (1) reaction time is limited by geometry and inertia, (2) the
operational sequence is fixed by the cam design, although new cams may easily be
substituted,

The operating characteristics of this system are:

1. Moximum total cycle time 2.5 seconds

2, Minimum total cycle time 0.9 seconds

3. Maximum operating pressure 200 psi (Valve cracking
pressure 210 psi)

4, Tota! cycle times available 2,5, 1.1, 1.5and
0.9 seconds

The cam profile requires 15 degrees ramp angle to fully open the valve, The closing
ramp may be less, however, by having them equal, tha direction of the motor rota-
tion due to polerity has no effect on valve operation. Appendix B gives test results
for this system. This system is illustrated in Figure 15.

The system 284-11 was refined by replacing the roller type ram follower with a ball

detent giving a direct mechanical linkage between the cam and the valve poppet,
(2“"'”0
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3.2.4.3  Geneva Mechanism Operated Ball Valve (284-13).
The advantage of this system over P/N 284-11 is that a longer cycle time is avail-
able. A d.c. motor driven Geneva mechanism actuated a commercial ball valve. 1
This system is illustrated in Figure 16.

The operational characteristics of this system are:

1. Maximum total cycle time 4.7 seconds

2, Minimum total cycle time 1.9 seconds ']

3. Total cycle times available 4.7, 3.3, 2.4,
. 1.9 seconds. 4

4, Limitations: The valve open time equals close time and f!

the time to actuate the valve from Tull closure to fully open and vice versa is 25%
of the total cycle time,

4

Appendix D gives test results for this system.

3.2.4.4  Solenoid Actuated Valves (322-11 and 371-10). These
systems were developed to give tast operating response and provide tHexibility so that the
sequence may be easily set. Solenoid actuated valves were electrically pulsed with
an electronic valve sequencer. Pulse time and duty cycle time were set by two indi-~
vidual knob adjustments on the sequencer (adjusting the resistance value of an R-C
circuit.) Pragrammer elements are described further in Section 3.4. Figure 17 gives
functional sketches of two systems provided. One system contained three solenoid
valves (322-1) whereas the other system contained one solenaid valve, (371-10). Both
systems featured two valve sequencers, each giving a different release profile (i.e.,
Sequencer No. (N , pulse duration, 0.25 seconds, duty cycle 3 seconds. Sequencer
No. (2), pulse duration, .75 seconds, duty cycle, 15 seconds.)
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3.2,5 Nozzles.

3.2.5.1 Generol. Three types of nozzles were provided; (1)
metering, (2) liquid atomizing and (3) rupture disc. The rupture disc nozzle con-
sisted of o rupture disc combined with o metering nozzle. Figure 18 illustrates
these nozzles.

3.2,5.2  Metering Nozzle. The diameter of o metering noz- !
zle was voried os o method to adjust flow rote. A simple flat plate orifice wos used.
In most cases, the orifice was drilled into o plug which threaded directly into the pay-
load envelope, thus the orifice size could be easily odjusted. Figure 19 is o plot of
average release rate versus metering nozzle diameter showing typicol relotionship be-
tween flow rote ond nozzle size ot o constant initiol occumulator pressure.

3.2,5.3  Atomizing Nozzles. Two types of liquid atomizing {
nozzles were considered as a method of atomlzing TMA during release. (1) A gas :
otomizing nozzle which uses the energy of o high velocity gos stream to atomize the

liquid ond (2) a hollow cone nozzle which depends upon the liquid impingement

against o hard surface or the otmosphere to break up the liquid. Particle size ob- :
tainable with various off-the=-shelf nuzzles were found to be os follows:

Hollow cone 10-40 microns at 500 psi
Hollow cone 50-100 microns at 100 psi
Gas Atomizing 10-40 microns ot 60 psi

The major advontages of the hollow cone nozzle are (1) small size, (2) desired flow
rotes, (3) simplicity. The gas atomizing nozzle wauld require a gos reservoir and
available off-the-shelf systems would not provide the desired flow rates without
using multiple nozzles.

Methods of determining particle size were investigated. The opproach used was to
measure the time for the porticles to foll 10 feet and compare these foll rotes with the
information given in Toble 1. Test results seemed to compare fairly well with data
given by the nozzle supplier for the nozzles selected. Figures 20 through 22 give
particle size information ond Figure 23 gives flow rate versus liquid pressure for var~
ious hollow cone nozzles selected.

3.2,5.4 Rupture Disc Nozzles. Release was initioted through
the rupture disc nozzle at o predetermined pressure by either pressurization of a hot
gas accumulator (312-11) or burning prassure of o bariura burner (i.e., 309-24).

-26-
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3.2.6 Accumulators (Cold Gas and Hot Gas).

Both cold gas and hot gas accumulators were used to store energy in the low pressure
liquid tanks. The accumulator consisted of a piston that separated the liquid from the
energizing gases. The cold gas systems were energized with dry nitrogen whereas the
hot gas systems were energized by an electro-explosive squib and boron potassium
nitrate propellant combination.

The relationship between the maximum accumulator pressure and the weight of boron
potassium nitrate for a hot gas accumulator is defined by

PV = WRT where RT = 1.3 x 106 ft-1b
6.

P=16.3W W = WT Propellant (Ib)

- V = Vol accumulator (Cu. In.)
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3.3 Tanks.

3.3.1 General.

Tanks were categorized as low pressure (liquid) and high pressure (gas). Gaseous
chemicals were carried in the payload at higher pressures than the liquids to achieve
the desired loading densities. Two fypes of liquid tanks were provided, (1) baffled
and (2) accumulator. Tank joints were either threaded, bolted, brazed or welded.

Materials of construction were aluminum and steel. Tanks were constructed to serve as
the payload aerodynamic structural envelope. Low pressure tanks were configured
with flat ends to save space and accommodate accumulator systems. Barium burner
tanks had flat ends to facilitate chemical looding. Table 2 summarizes various

tanks as to part number, material, configuration and working pressure,

3.3.2  Structural Design.

Tanks were designed with a "burs:" pressure two times the working pressure and were
proof tested to at least 1.5 times the working pressura. During proof tests the tank
dimensions were measured to determine if yielding occurred. Shapes used included:
flat plate; 3:1 semi-major to semi-minor axis ellipsoid ends and cylinders. Wall
thicknesses were determined by the following equations:

Cylinder Thickness = 1.29 PwDj

Rk

Ellipsoid (3 : 1) Thickness = 1.47 PyD;

1
Flat Plate Thickness (Aluminum) = (.475 PwDj 2) /2

Flat Plate Thickness (Steel) = (.59 P12 )l/‘z
y
Where P, = Working Pressure

D' = |nside Diameter

S, = Yield Stress
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The equations assume the "burst” pressure is the pressure at which the tank begins to
yield, A factor of safety of 1.15 based on yield stress was also used. These equa-
tions are given in more detail in Appendix D. Table 2 summarizes the allowable
working pressure of the various tanks as a function of material, wall thickness and

shape.
3.3.3 Materials of Construction.

Aluminum was used for all low pressure tanks, whereas aluminum, carbon steel and
stainless steel were used for high pressure tanks. The selection of tank materials
was based on the following considerations: :

1. Compatability with the chemicals to be contained,
2, Avcilability (of raw stock),

3. Fase of fabrication,

4, Strength, relative to weight,

5. Low temperature properties and,

6. Cost.

Low temperature properties were considered since some gases are loaded by super-
cooling the payload tank.

The cold temperature properties of aluminum are satisfactory whereas those of 4130
and 17-7 steel are poor as defined by shock sensitivity. But, in the case where the
proper heat freat and stabillzation cycles have been applied, these steels will
regain satisfactory ductility after being warmed back to room temperature.

Aluminum is recommended for low pressure applications whereas 4130 steel iz recom=-
mended for the high pressure systems due to relative availabllity of raw stock and
ease of fabrication.

Since the payload chemicals are noncorrosive with aluminum and steel when contain-

od in properly cleaned tanks, and storage time in flight tanks was relatively short,
compatability of tank material was not considered as a problem.
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3.3.4 Joints.

Threaded, bolted, brazed and welded joints have been used. The threaded joint
consists of a screw-thread interface between the end cop and the cylinder where-
as the bolted joint consists of a series of radial screws that attach the end to the
cylinder. Figure 24 illustrates the tank joint designs. An advantore of the wel-
ded and brazed joints is that they provide an integral sealed structure whereas
advantages of the threaded and bolted tanks are ease of fabrication and access to
the inside for cleaning and installation of internal parts (i.e., piston, baffles.)

An aluminum tank with threaded joints was developed with 3000 psi working pres-
swe. Figure 25 summarizes the effects of working pressure on tank radius, effec-
tive thread thickness and allowable force per thread. It can be noted that as the
pressure increases, the effective thread thickness is decreased as a result of tank
expansion and therefore, the allowable force per thread decreases with pressure.,

3.3.5 Seals,

Seals were required for the threaded and bolted joint tanks. Major considerations
during seal design were

1. Compatability with working fluid,
2, Operating pressures,
3. Operating temperatures (Cryogenic and high temperature).

Two types of seals were used, (1) metal to metal (37° flere and flat face), (2) O-
ring. O-ring seal designs used available off-the-shelf O-rings, Metal-to-metal
seals were used on plumbing and rupture disc nozzle attachments to tanks whereas
tank end cop and cylinder joints wsed O-rings, Dynamic O=ring seals were used
to seal accumulater pistons.

Figure 25 illustrates the various tank seal designs uwsed. For compatability Viton A
was used for TMA applications. Teflon was conpctlbfa with Nitric Oxide, but was
difficult to provide a tight seal (277-43). Buna N provided the resilience and high
temperature qualities required for the barium burner epplications. O-ring seals are
not compatible with low temperature opplications (0°C or loss).
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3.4  Programmers.
3.4.1 General.

Programmers initiated an ever:t or a series of events at predetermined times after
rocket launch.

The basic programmer consisted of a Raymond Engineering spring wound "G" ac-
tivated timer, Yardney PM-1 or HR-1 dry charge battery power supply and two
sofing devices.

[ ¥l L P9

To commit and continue to rurn, ths timar must experience 5 "G"s for ai leusi vie
percent of its maximum time capacity (i.e., 180, 300, 500 or 600 seconds.) Timer
setting involved adjustment of a "setting arm" on the single switch model and cams
on the multi-switch model. Timer switch closure (SPDT) initiated the desired

evert(s).

The safing devices included an arm/short device and timer lock. An arm/short re-
ceptacle accommodated either an arming or shorting connector. The shorting con-
nector isolated the eleciro-explosive device(s) (EED's) from the power supply portion
of the programmer and shorted the EED leads. The arming connector connected the
EED leads to the powsr supply portion of the programmer, thus arming the programmer
leaving the timer switch to complete the circuit between the batteries and the EED's.

A timer lock pin physically would not allow the timer to run.

Access doors were provided to the arm/short connector as well as to the timer, allow-
ing last minute battery voltage and EED continuity checks, timer visual inspection
checks, timer lock pin removal and arm/short functions.

3.4.2 Single Event Programmer.

Figure 26 and 27 are elecirical schematics for the single event programmer with o
single EED and a dual EED respectively.
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3.4.3 Multi-Event Programmer.

Figure 28 is an electrical schematic for a three event programmer. This programmer
was very similar to the single event type except the multi-event programmer con-
tained a multi-switch Raymond timer. Each switch being a cam-operated micro~
switch,

Two techniques were used to initiate multi-events, (1) a separate battery power

supply wos provided for each event as shown in Figure 28, (2) a single power sup-
ply was provided for all events as shown in Figure 29. Fusistors were added to all
but the last EED circuit to preclude shorting the battary in case the EED's shorted

vpon firing.
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FIGURE 28
ELECTRICAL SCHEMATIC (309-28) THREE EVENT PROGRAMMER
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3.4.4 Multi -Event Programmer with Valve Sequencér.

This programmer was similar to the multi-event programmer, except the urm/short
was eliminated, since inadvertant functioning of the programmet would not cause
a safety hazard. Also, two electronic valve sequencers (372-10) were added 10 !
pulse the solenoid valve (s) giving two release sequences over the same trajectory.
Figures 30 and 31 are electrical schematics for the 322-11 and 371-10 systems re-

spectively.

The valve sequencer consisted of two (2) R-C relaxation oscillators and is schematic-
ally illustrated in Figure 32. The duty cycle time is defined by a variable resistor,
RL and capatitor, Cj, whereas the solenold valve pulse time is defined by variable
resistor Rg and capacitor, Cg. A typical pulse profile of the sequencer is graphically
illustrated in Figure 33.
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3.4.5 Lid Separation Device.

A lid separation device was developed for the deleyed release Barium burner systems
(352-10 and 363-10 , Sect. 3.5). This device was identical to the single event pro-
grammer described in Section 3.4.2, except that the timer was replaced with a pres-
sure switch that monitored the Barium burner pressure. The pressure switch closed at
300 PSI completing the circuit to the lid separation EED's. This device is schematic-
ally illustrated in Figure 34.
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FIGURE 34

ELECTRICAL SCHEMATIC (363-27) LID SEPARATION DEVICE
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3.4.6 Pyro Delay (EED).

This was the simplest programming’method used (payload <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>