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A1) work was performed in accordance with the followe
ing Adir Force Contracts:
fitan II Program AFO4L(647)-576
Dyna-Soar Step I Program APOL(G47)-610
F1tan III Pnase I Program APO4(695)-54%

Notes The Dyna-Soar Step I vork included in this report
vas accomplished prior to the termination of the
oontract, The report and analysis work was acocomp-

lished under the Titan III Phase I eontract,
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ABSTRAC

The use of storadle, high energy and hypergoiie
propellants, Unsymmetrioul Dimethyl Hyiraszine (UDMH)/Eydra-
sine and MNitrogen Tetroxide (320“). in Ti{tan Ii and Titan III
is an advancement in veapon and space systems. Howvever, the
intermixing reaction and toxfooloziaal properties of these
propellants introduced a problea in the design of the destruvet
cystez for ths dooster., Tho tests that were condvoted to develop
and verify the bdocster destruct system with these propellants

are desoribed in this report.
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PITAN II ~ DYHA-SOAR

DESTRUCT TC3T AND AHALYZTIS REPORT

I. INTRODUCTION

The Titan II Dyna-Soar booster destruot system is oom-
pletely independent of the ather hooster systems. The explosive
ordnance oomponents used in the destruct system are bi-directional
charges. Tvo units are installed midwvay bsiween the oxidizer and
fuel tank in each stage and are designed to remove 75 to 80 pere
cent of esch opposing fuel and oxidizer tank dome to permit inter-
maixing of the propellants.

A series of iests were conducted by the Titan II project
to develop and certify the destruct system for flight and to ob-
%ain data from the irtermixing cf various volumes of the storable,
hyperzniio dooster propellants for evaluating the associated ex-
plosive and toxicoiogical problems. Theas tests included intermix-
ing and rupturing speoimens containing l.5 to 252 pounds of pro-
pellants, Qualification and acoeptance teats'vere also conducted
on the bi-directional or vafsr charge.

The Dyna-Soar project joined the Titan II test prograam to
obtain glider environmental data {temperature, over-pressure,
dedris pattern, etc.) for abort oriteria an. environmental data
(fire ball size, toxioity, d.bris pattern, etc.) for the molile
servioce tover and leunch complex to develop desfign criteria and

safety requirercants,

® Test report on flight cartification tests of di-directional destruc

charges, Hartin Part Ho. #D5050135-001, afg. Francis Asscoiates
Co., Danver 23, Colorado.
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The Jjoint project tests conductea included a deatruot
test of a half soale (linear) model of Stage II loaded with
5800 pounds of UD!H/Hydrasine and 10,000 pounds of nitrogesn
tetroxide, and s half scale test of a Stage I specimen loadea
wvith 21,500 pounds of nitrogen tetroxide and 11,200 pounds of
UDMH/Hydrasine,

The Baltimore (M/B) and Denver Divisions (M/D) cf the
Martin Yarietta Corporation, The Deaver Research Institute (DRI)
of the University of Denver and the United States Bureau of Mines
(Bu Mines) provided the personnel who partioipated in this series

of tests with the propellante.
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II. SUMMARY Pege 3

The destruct tests discussed in this report include:
Beer Barrel Destruct Tests
Full Scale Stage I Titan I without Propellants
Half 3cale stage II Titan II with Propellants
Half Scale Stage I Titan II »1ith Propellants

"BEER BARREL" DESTARUCT TZ37S

A sories of destruct tesis were conducted using aluaminuam
beer barrels containing quantities up to 230 pounds of propellants,
112 pounds of UDHE/Hydrazine in one barrel and 180 pounds of ni-
trogen tetroxide in the other.

The objective of these developmental tesiswas to de-
terdine the feasibility of rupturing domes and/or tank walls to
provide sufficiznt intermixing of the propellants for a destruct
system.,

While simulating both launch and horizontal flight
positions, several different destruct arrangements were tested.
The resultsof these tests indicated that the removal of opposing
dumes was the scst effective sethod for maximum intermixing of

the prornsllants,

PO
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| JYOLL SCALE STAG® I TITAH 1 WITHOUT PROPELLANTS

Mive methods vere coneidered and tested for opening the
oppoeing domes betwveen tanks - linear shaped charge, priwmacord,
wedge shaped charge, five directional shapsl charge and a bi-
direstional vafer charge., The bi-directional wvafer charge wvas
selooted bdecause of its effectivensss, cost and safetly aspects.
It oan bs handled and installed as a separate unit,

A full-scale test was conducted using the biedirectional
destruct system in an airborne Stage I Titan I be‘veen tanks
speoimen, The two di-directional charges removed 80% of each of

the opposinz dones.

HALP SUALE SPAGE I: TITAN II WITH PROPELLAKRIS

This test consisted of destructing a specimen with 5800
pounds of UDIE/Hydrazine and 10,000 pounds of Nitrogen Tstroxide.

The objectives ware to obtain reaction data and 302 dispers-
ion from 15,80C pounds of propeilant intermixings to obtain
environmental data for the glider, the mobile service tcver and
the launch oomplexj and to estadlish a mininum time delay betwveen
glider abort and booster destruct that will not endanger the pilot,

The firebail size was 148 feet in diameter vith a maximua
recorded temperature of 2400°P, The heat of the fireball causea
the IO2 vapors to rise initially. The maximum concentration of
N0, recorded 50C feet cownwird, vas &4 (PPM) parts per million at

2
€0 seconds after destruct initiation. Other values ¢¢ u02 vers

10-123
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below 11 PPH before 60 seconds and until 180 seconds after destruot,

HALP SCALE STAGy I TITAN II WITH PROPELLANDS

A specimen cortaining 11,200 pounde of UDHH/Hydrasino and
21,500 pounds of aitrogen letroxide was destructed for this test,

The objectives wvere the same as the previcus test with 32,700
pounds of propellant intermixing, but the tank sections were bolted
and wvelded in position for maximum propellant and vapor mixing.

The fireball size was 15) feet in diameter with s maximum
temperaturs recorded of 3000°FP. The xoz cloud rose from the heat
and the paximum concentration of Noz, recordad 700 feet downwind,
wvas 154 PPM at 90 seconds after destruct initiation, Other values

of 80, wvere below 1 PPM bdefore 90 seconds and below 1 PPM after

2
90 seconds untii 180 seconds,

The initial pressure recorded from the destruot charge near
thé specimen was 11 P.S.I. Two significant vapor explosions
oocurred at 3.1 and 4.2 seconds after destruct. Magnitudes of
these vere high near the tesat specimen (5 and 10 P.S.I, respective-

1y)s Rowever, their impulses were luv. The test zet-up remained

intaot and there vas no pressure acamage *to the test specimen,
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ITX, TEST METHOD AND DESCHIPTION
A. Baer Darrel Destruct Tests
Backgrounds
Late in 1940, a contract was awarded to the Denver Research
Institute of the University of Denver to perform & series of tests
needsd for the study of des!ign parameters of a destruct system in
the Titan IT booster. Prinmarily, the objectives were to study the
propellants, their intermixdng reaction and toxicological properties,
and to gather experimental data upon which a destruci system could
bs designed,
These tests becarn: known as beer barrel tests because the
4 containers used for the propellants were standard cormercial
aluminum beer barreis, A 16! x 16! concrete pad was constructed on
’ the west range of the University of Denver, and two angle-iron frame
assenblies were fabricated for supporting two barrels, twelve inches
apert, end to end horizontally or vertically. Floxible linsar charges
(RPX- 50 grains per foot) werc used to rupture the barreis, All the
tests were recorded on motion picture film at carera speeds of 2L,
LOO and 2000 frames per second,
Phasse 1
Initially, an affort wes made to discover the best destruct
charge arrangemont for maxir-mm intermixing the propellants, The
barrels wers placed vertically in the frare assembly, filled with
15 gallons of UMH/tivdrazine (112 pounds} and 15 gallons of r‘zoh

(180 pounds) and pressurized to LO psi,
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The destruct system was installed to split the same sides of Leth
barrels. After the destruct, ample intermixieg occurred and some

propellaats burned on the pad.

80, (15 gals., 100 pounds)

} ~— Linear Destruct Charge

UDME/Bydrazine (15 gals., 112 pounds)

y \ Linear Destruct Charge

[ /| Frame Assembly

Phase I ~ Total Propellants - 292 Pounds

Pbmsc II:
The horizontal frame assembly was erected to simulate and inves-

tigate how the destruct system would operste in .he flight attitude.

The barrels vere placed horizontally in the frame assembly, filled
vitk 7 1/2 galions of UDMH/Hydrazine (36 pounds) cnd 7 1/2 gallons
of l‘?O,‘ (70 pounds), and pressurized to 40 psi. The destruct system
was installed to split the top side of each barrel. Same of the
propellants were hurled “nto the air ¢y tne linear charge, hut three-
fourths of the propellants were left in the barrels. After the
initial intermixing, the barrcl assembly was tipped over to allow

the remaiuing propellaants to intermi{x on the pad.
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l"“zok (7 1/2 gals., 90 pounds)

Linun' Destruct Charge

Ligear Destruct Charge
(wFU){H/Bydmzlne (7 1/2 gsle., 56 pounds)

r rame Assambly

Phase II - Total Propeliants - 146 Pounds

Phase II1:

The decision was reached to use .036" ihick aluminum skirts to
enclose the area between the barrels for a gimuiation of the between-
tanks area of the booster. The barrele were agaln placed horizontally,
£1lled with T 1/2 gallons of propellants, and pressurized to 40 pai.
The destruct system was inatalled to split the top side of each
barrel and the oppusiug end of erc: hi-iel to obtain better propellant
intermixing. Greater lntermixiog did take place with some spilllage

oo the pad, and some propellants romained in the dbarrels.

— F 0, {7 1/2 gals., 90 pounds)
Liuear Destruct Charge

Aluminum Skirt (.056)

‘g gm\ft——l}l}m/ Bydrazine (7 1/2 gals., 56 pounds)
/{ ‘ k—} Frame Agammbly

Phare IIX - Total Propellants - 146 Pounds
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’ Pozse Tv:
The Phase III test was repeated in the vertical position to
; simulate the launch pad conditions. The results were cousidered
good because the fireball produced was uniform and the gaseous

¢loud rose rapldly.

i
m §,0, (T 1/2 Gals., 90 Pounds)
u |

~——— — Alumioum Skirt (.056)

A

— Frame Asscmbly

Linear Destruct Charge

UDMH/Bydrazine (7 1/2 Gals., 56 Pounds)

A re————————p it — e -

i

Phasc 1V - Total Propellants - 146 Pounds

] Phase V:
The Phasec III test was repectel without the side splitting
destruct charg:s to limit the spillage. The destruct was considered
good vhile gome propellants remnined and burned in the barrels.

%0, (7% Gals., 90 pounds)

Aluminum Skirt (.056)
{ /.. Linear Destruct Charge

( { /\‘_ ODMH/Hydrazine (7% Gals. * *
f_-](‘ - ][ — -‘X?_Frame Assc=bly

=

Phase ¥V Tetz) Prcpellant= 146 Pounds

-
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Phage VI:

The Phaa: V test was repeated in the vertical position. A
rapid reaction occurred and the gaseous cloud rose and dissipated
quick.y. The entire event lmeted approximately five seconds vwith
minor reactions that sounded like 30 caliber rifle fire. No pro-
pellants remained on the ped after the test.

%o severe blagt damage resulted. A small commercial tin can
filled with water wes placed under the barrcl and was undamaged

af®ter the test.

K,0, (7% Gals., 90 pounds)

Aluminum Skirt {.056}

Linear Destruct Charge

Frame Asserbly

GDHB/Hyrdazine (7% Gale., S6 pounds)

L)

Phase VI Total Propellanta 146 Pounds




12

P0-155

R N

TERT EILLIDSITETA OO 5QIRATEONS

Page 12
8. Destruct Test of a Fult Scale Portion of Stage 1 - Titan 1 Without Propellants
Background:
Prior 1o the venification dustruct wost of a full scuie portion of Stage ¥ - Titan 1,
without propellints, 1 w1s necessary ¢ accurately rvsalvate and demonstrate the
effeyi. 2ooss of the bi-directional destract charge. Tests were conducted with
tac destruct charge on 8' x 8" aluminum panels .067" thick and backed up with
water. After these evaluation tests were completed a water backed Titan I tank
dome was ruptured with the bi-directioral charge 20 away from the test speci-
men. The final test was conducted with the actual destruct system being detona-

ted 1n the between tanks section of as 1irborne Titan I missile.

Phase I - Because of the scarcity of availabic full size tank domes, this test plan
was arranged in such a manner as to permit maximum evaluation of the destruct
charges against mocked-up target panels. These targets were fabricated {rom
062" thick 6061 -Tb aluminum panels and s1zed as 8" x 8" floatable panels. These
panels were floated on a warter surface to simulate ine liquid backed condition of
a propellant tank dome. (The difference between the flat target panel and the
curved tank dome was considered unimportant for purposes of this tesi.) The
destruct charge was located at various distances above the center of the target
panel, and oriented 30 as to produce a destruct action against the center of the
panel  Charge effect was evaluated on basis of the degree of damage imparted

to the target panel, i.e., (1) maximum hole diameter in target panel caused by

destruct charge slug, and ‘2) maximum tear diameter in target panel caus~d by




t

- —————

BEARTEET F3fii20TFF ©@ODE282D7LHTION

§FO-123

Page 13
destruct charge blast effect.
Phase If - A subsequent test phase was arranged to permit evaluation of the de-
struct charge on an actuat missile rank dome. A Titan I tank dome was selected
for the test specimer.. The specimen was oriented to present a water backed tank
dome surface to the destruct charge, which was located about 20 away from the
dome. This test was condidered mowe 1ealistic for destruct analysis because of
the comparable nature of the test specimen to the Titan I' tank domes, particu-

larly with respect to the chem-milled dome areas.

Phase [1] - The final test in tius series was planned to permit accurate analysis
of a complete destruct system .nstallation. Preceding tests were conducted with
one charge at a time. This test set up consisted of two destruct charges mounted
on actual installation brackets, along with associated primacord harnesses. The
primacord was capped off with crimp-on boosters as in the actual missile instal-
lation. This ordnance system was irstalled in a Titan I Stage I between tanks
gection siructurally integral with a full size fuel tank. The test set up was com-
pleced by posttioning a full size (10" diameter) Titan [ tank dome in its proper
oriertation atop the between tanks section so that two opposing tank domes were
presented to the destruct charges. Water was loaded Into the lower tank to ap-
proximately $G7, capacity, and to ¢ height of about 20 ' in the upper dome. No
tank pressurization was used {n the test, in order to establish full capabilities of

the destruct charges alone.

(566 photozraphs of the bi-directional destruct clmrge installation and the
resulte of the charges in figures 1 anc 13 on pages 1l and 38,)
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C. Destruct Test of Half Scale Stage II - Titan II With
Propeliants

Backeround:
To thoroughly check out the test setup before destructing
a model wiih propellants, a half scale Stage I Titan II test
specimen was loaded with w sr and hypo solution (tc simulate
ths waight of Nzo“) and pressurized for a structural test.
The specimen was then destructed with a bi-directional charge
to verify the ordnance installation.(Figs. 2 & 2a, pages 15 %16&) %he
hemispherical domes of the test specimen did not rupture in
the same manner as the airborne ellipsodial domes did in
Section B of this report. For better simulation ¢f propelliant
intermixing snd to assure removal of 35C percent of each
' oppoaing doms in the model, & lirear shaped charge was used
for the test when the tanhs were loaded with propellants,
Since a bi-directional charge was replaced with a linear
shaped charge, it was also necessary to conduct the propellant
test without tolting the between-tanks sections together. As

noted in Section IX of this report, the bi-duirectional charge

removas the between-tanks structure. On all previous tests
with the bi-directional charge, the tanks separated immediately

after the destruct chargte was ini‘iated.
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Test Conditions:

Time: 2:23 p.a., 4 November 1361

Temperatura: 34°F

Ataospheric pressura: 11,7 lbs. per sg. in.

A weak, fest moving Pacific cold front passed the test site
at 9610, Brief flurries of snow occurred shortly after the frontal
passage. At the time of firing, there were scattered cuaulua clouds
at an estimated haight of 4000 feet. The wind, as measured at the

observation point wa= 40° e&nd 22 mph.

Description of Specimen:

The specimen was an assembly simulating the Stage 1I propellant
tanks of the Titan II booster. The diameter of the specinmen was 5
feet. Complete dimensions are shown in Figure 3, page 18. The
specimen tank domes were spun aluminum hemispherical domes. The
test specimen tank skins were rolled aluminum welded to the tank
domes and stiffened by twelve channel stringers welded tc the tank
at ten inch intervals., The stringers were butted and welded to
K X 5" X 5' diameter flat rings. The upper and lower tank assemblies
were placed togethsr, no bolts were used to splice the two asseablies
together. Simulated cable bundles were attached across the splice to
duplicate those on the actual booster. The between tanks area was
covered with .u:C ealuminum skirts and attached by sheet metal acrews.

A linear shaped charge (40 grams per foct) destruct system was
installed on each of the between tank domes. Styrofoam stripas were
used between the charge and the tank dome for optimum stand-off.

The linear charge pattern wss altered on each dome to allow for the

propellant fill fittings on the lower UDH/Hydrazine dome. Each
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Figure 3
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pattern was arranged to cut open a miniwum of 75% of the raspect-
I ive dome (See Figure 4, page 19).

Redundant® exploaive conrections were made between the two
dome charge installaticns. In addition, one linear charge f.om
each installation was coupled to the initiator through a pair of
booster capped (P-11 Booster Mz5087), 100 grain per foot, prim--
cord strands. A steniard Titan I destruct initiator, secured to
the between tanki structure, was used to initiate the destruct
systen.

Explosive bolis were used in the guy line cables to allow
the release of the test specimen five seconds prior to the destruct
event.
. Fixture:

The test 3pscimen was mounted on a stand (Figure 5, page 21)

which was ten feet high. The stand consisted of a 10' X 10°
platforn of steel plate stiffened by 8" channels and supported by
six braced steel pipe legs. The stand was bolted to a roncrete

pac. Tna pad waa 50' X 50' concrete with a curbing 4" wide and 18"

high. The pad was situnted at a test aite on the Lowry Alr Force
Base bombing range located east of Denver, Colorado. The test site
was 6000 feet above sea level, 5.4 miles east of Complex 1A and 3.5
miles north of Complex 1B,

Two weoden telephons poles, ?5' high, were erected at the edge
of the pad in linv with the test stand. Two rods were sttached

pole to pols 10' and 20' above the specimen., A fifteen foot bdoom
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wes cantilevered from each pole at the top of the specimen, and
a ten foot toom was cantilevered {rom one pols 2% the between
tanks height. Three smaller poles (23' high) ware erected at 60°,
1407, and 330! northeast of the teat stand. Instruamentation
equipment was mouated to each of these poles. (Figure 6, page 22)
A propeilani iovading =ad pressurization system was designed
and installed. (Figures 7 & 8, pagea 24 & 25)
The firing point was loucated 3500' southwest of the test pad.

Instruncntution:

A totul of 36 channels of instrumentation was installed and
calibrated. The in3trumontation consisted of eight thermocouples,
seven Photocon pressure transducers, six Kistler pressure trans-
. ducers, eight heat transfer gages, five strsain gages and two micro-

1 phones.
An instrumeatation trailer containing the recording equipment

was located 40O fert northeast of the test pad.

The Bureau of Mines placed two banks of vapor sensing bottles
500 feat frcm the test pal. One bank was ten feet above ground
and the other was suspsnded by a crane 60 feet mhove the ground.
The terrain was such that the samplers at 60 feet were at the same
elevation as the between tank location of the test spacimen.

The pressure transducers K1, K2, K3, X4, K5 and K6 vere
Kistler plezoelectric Mod. 701 uscd in conjunction with the Mod.
5,5 amplifier providing & 10MV/psi output with a flat froquency

E 31 inge of .01 to 60,000 cps and en accelerstion senaitivity of .02
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psi/g. Pressurs transducers PCl, PC2, PC3, PCh, PC6, PC7 and PC3
wore Photocon cepacitance gaugas Mod. 352-217C water cooled, used
in conjunction with a DG601-2 Dynagage Amplifier providing 100MV/
pet with an esseantially flat frequency response from 0-8,000 cps.

The two micrcophones used as pressure transducers were Altec
Lansing 21BR-150 sujplying =55 to -65 DB/IV/dyne/cmi. The
pressure at the last pole, 300 ft. from the blast center was measured
with & Stathan type PM-131 TC-35045 unbonded strain gage type
transducer.

Temperatures (TC1-10) were detected with thermocouples made
of O ga, chromel alumel thermocouple wire with #24 ga. chromel
alumel extension wire. The axtension wire terminated in a 150°F

2 1° controlled hot reference Junction box. The temperatt -e signal

was then carried to the recorder using 13 za. shielded copper wire.
Heat transfer was measured with total heat type calorimeters
consisting of a polished gold disk coated with platinum black on
the side facing exposure, Forty ga., chromel alumel thermocouple
wire was weldad to the disk on the backside. This assembly was
mounted in a stainless steel housing.

The thermocouple and calorimeter signzls were calibrated by
means vi a voltase substitution using thermocouple/millivolt tables.
The Photocon and Kistler pressure signals were stimulus calibrated
using actual known pressures applied to the seasing elements. The
alcrophones were caiibrated using an Altec Lensing No. 12185

Acoustic Celibrator snd the Ch” unbonded strain gage transducer
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was shunt resistance calibrated.

Strain guges used were TATNALL - 120 ohm, C12-141B with a
gage factor of 2.08, Shunt resistance calibrations were per-
formed and the outputs were ampiified through KinTel AFill D.C.
amplifiers.

All pressure datus and strain gage data was recorded on Ampex
FR1)4 Magnetic Tape Recorders. Temperature Data was recorded on
& CZC 5-119 oscillegraph using 1200 cycle/sec. galvoanometers.

Mction picture coverage included 24, 128, 208, 4CU frames per

second., (Figure 9, page 28)

Procedure

The model was erected on the test stand, and the following
functions were perforied:

{a) Both tanks were pressurized to S50 psi while all junctions
were covered with a soapy solution to detect leaks.

(b) All instrumentation was calibrated.

(¢) The ordnance system was insta)led sa the tank doaes.

(d) The lower tank was filled with 5800 pounds (780 gallons)
of UDMH/Hydrazine.

(e) The fuel fill line was purged, ani the UDMH/Hydra:zine
truck withiraw,

(f) The upper tsnk was filled with 10,000 pounds (835
gallons) of Nitrogen Tetroxide.

(g) The temperature during the ioading operation varied

batween LU’F at 0200 1oars to 30"F at 0700 hours.
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A final check on camerss and instrumentation wan
conpleted.

The Bureau of Mines personnel positioned their equipuent,
Both tanks were pressurized to 40 ,si,

Safety verified an all clear, and the destruct was

initiated.
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Destruct Test of Half Scale Stage T - Titan II With Propellasnts
Backgrouad:

This test was a contluuation of the previous test (Section
C) using a half scale 3tage I test specimen which held a greater
samount of propellanta (32,70C pounds), The two assemblies of
the gpscimen were welded togsther at the stringer interface ring
to provids for more intermixing of the propellants in their
11quid and gaseous states.

Test Conditions:

Time: 12:33 p.m., 22 Noveaber 1951

Teaperature: S0°F

Wind Velocity: 3 miles per hr.

Wind Direction: 265° from true north

Huaidity: 7<%

Atmoapheric Pregsure: 1l.?7 lba. per sq. in.

The RAOVS soundings from " apleton Field show that a stable
condition existed. There was no low iaversion at the time of
firsing (ref. Martin-Deaver IDC to J. E. Greichen from R. H. Bliss,
"The Martin Company Meteorologist™).

Description of Test Specimen:

The test svecimen was an assembly simulating the Stage 1
propellant taris and between tanks structure of the Titan IIX
booster. The dinensions and structural components of the speci-
men are shown in Figure 10, page 3¢. The aluminuam domes were

spun to a hemispherical shape and welded to the rolled aluminum
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tank barrels. Each tenk structuie was strengthened by twelvs
channel scringers welded tu the barrel at tes iach latervals
and butt welded to flat rinzs X X 5 inchbes and 5 feet in
diametor.

The upper and lower tank asseabliecs were “olte? and welded
together to keep the specimen tanks in place after the domes
rupturoed.

The ordnance installation for this test was the sase
arrangement as that called out in the previous section. (See
pege 17).

The fixture and instrumentation arrsugement were alsc the
same a8 that described in the previous section.

Procedure:

The specimen was erected on the test stand, (Figures 11 & 12,
pages 33 & 34) functions performed were the same as those in the
Stage Il procedure (Fage 27) except that the Stage I apacimea
contalned 11,200 pounds of UDMH/Hydrazine and 21,509 pounds of
nitrogen tetroxide, and both tanks were pressurized to 10 psi.

Camera Coverage:

Sequance camera photograpks (8 f,.s) were taken in addition

to the camera coverage denoted ia flgure 9, page 28.

PO-185
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IV. Kesults and Conclusions with Data References:

BIER BARK:sL DESTRUCT TESTS

(1) Removal of the opposing domes (oxidizer and fuel) is the
most sffective method for intermixing the iijuid propellants
in Pitan TI and Titan 111 boosters.

No significant problems occurred whean 292 pounds of pro-

o~
n
~

pellants were intermixed. The Noa cloud rose and disperased

rapidly.

FULL SCALE STAGS I - TITAN I WITHOUT PROPELLANTS

Phase I - Tests With Target Panels

(1) Perfornmance consistency of the bi-directicnal destruct
charge was demonatrated.

(2) Targst damage patterns justified further investigation of

these effects on actual nissile domes.

fbase II - Full Scale Dome - Titan I

(1) Perforzance consistency of the destruct charge was further
verified.

€2) Destruct charge removed 80% of the dome. (Figure 13, page
38)

(3) Tears in the dome tendcd io propogute along the edges of

the chem-milled sections.

Phase III Full Scale 3etween Tank Section of Stage I Titan I

(1) The destruct assembiy was satisfactorily demonstrated.

(2) More than 75% of both opposing domes were thoroughly destroy-
ed,

(3) The explosive blast of the two destruct charces rupturad the

between tanks skirt sssetcbly and blew thse skirt and stringers
svay frox the test speciren.
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HALF SCALE 5TAGS IT - TITAN II WITH PROZSLLANTS

(1) Sufficient intsrmixing of the propsllants occurred even
though the fuel and oxidizer tanks separated after desatruct
initiation,

{(2) The fire ball expanded to & maximum size of 143 feet
horizontally and 105 feet vertically in 2.3 seconds after
destruct initiation. (From 24 fps and 8 fps cazeras)

(3) Arter reaching a maximum size, the fire ball rose and drifted
downwiad., At 4.8 seconds after dastruct, the bottom of the
fire ball was 115 feet above the ground. (Froa 24 fps
camera, Figure 17, page 42)

(4) The maximum temperature recorded was 24LOO°F. This occurred
at a point at the side of the test specimen 3.2 seccnds after

destruct initiation. Temperature Data (Figure 14, page 39)

o~
\n
L4

The tctal radiant flux at a Thermopils 300 feet from the

test specimen was 2.3 joulea/cnz (Ref. (1).

(6) The rising fire ball and thermal column helpea to disperse
the 802 vapors well abcve ground level. The cloud rose above
900 feet &nd dispersed within a mile downwind. Unreacted
1liquid aitrogen tetroxide vaporized on the pad and this NOz
vapor drifted toward the sampling units.

(7) At a distance SO0 feet downwind from the pad, air samples

were taken frcm bottles located 10 and 60 feet above ground

level. The bottles took samples every 3C seconds over a 3

minute period. Ref (1) or (Figure 18, page 43)

PR
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(8)

9

(10)

(1)

ro-133

Fage 3%6a

Fersonnal one mile downwind from the pad did not detect the

prsaence of NO_ either by sampling or odor.

2
Although no vressures were recorded because of an instru-
meantation malfuncticn, there was no pressurs damage to the
tzst fixturesj i.e., telephone poles and cross beaus above
the teat specimen. No pressure wave was sensed by person-
nel at the firing or observation point 4000 feet from the
pade.

Fragments from the tetween tanks section of the tesat s=peci-
men were blown oui horizontally and did not go above the
level of the upper tank dome. The upper tank dome remained
intact and strain gages on the top of the upper tank dome
indicated a compressive load immediately after destruct
initiation. Fragmentation pattern is shown on Figure 16,
page 41,

Safety personnel inspected the pad thirty mirutes after the test,
They wore ecuipped with protective clothing and reported that
small amounts of nitrogen tetroxide were still vaporizing.
Unprotected personnel inspectei the test site sixty mimutes

after the destruct initistion,
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Half Scale Stage I - Titan IT With Propellants

(1) Sufficlent intermixing of the propellants occurred at destruct and was similar
to the Stoge II test. This was due to both test specimens being 5 feet 1n dia-
meter. Stage I and Stage I fireballs were approximately the same size.

(2) The fireball expanded to a muximum si1ze of 151 feet horizontally and 11!} feet
vertically In 2 seconds after destruct mitiation. Fig. 17 and Fig. 19.

(3} After reaching a maximum size, the fireball rose and drifted downwind. At
4.5 seconds after destruct, the bottom of the fireball was 99 fect above the
ground. Fig. 17 and Fig. 20.

(4) The maxismum temperature recorded was 3000% F. This occurred adjacent to
the test specimen 2.2 seconds after destruct initiation. Fig. 2! and Fig. 22.

(5) The total g‘adiant flux at a thermopile 275 feet irom the test specimen was 3.93
joules/cm* Ref. (1).

(6) The rising fiveball and thermal column helped to disperse the NO_ vapors well
above ground level . However, a volume of unreacted nitrogen tc&oxjde (larger
than Stage !I) vaporized on the pad and drifted downwind. Fig. 23.

() Anair sample taken 700 feet downwind and 60 feet above ground at 90 seconds
after destruct revealed a concentration of 154 parts per million of NO,. Other
air samples taken at six other time intervals up to three minutes recorded less
than 1 PPM of NOZ' Ref. (1) and Fig. 18

(8) Some 30 seconds after destruct a hole burned in the lower fuel tank dome and
released unreacted UDMH/hydrazine. This reacted with the nitrogen tetroxide
on the pad and reduced the amount of NO2 vapors. Fig. 24.

(9  With the UDMH/hydrazine and nitrogen tetroxide tanks being secured together,
the vapors from the propellants remained in closer proxinuty for intermixing.

(20) A pressure recorded from the destruct charge next to the test specimen was
11 psi. At 3.1 and 4.2 seconds after destruct initiation, two significant vapor
explosions occurred and pressures of 5 and 10 psi, respectively, were recorded.
Fig. 25. Although the magritude of these vapor explosion pressures were high,
their impulses were low. The test setup remained intact, and there was no pres-
sure damage to the test specimen.. Fig. 26 and kig. 27. Similar vapor explosions
were recorded in Ref. (2).

(11) The skirt between tanks was blown out horizontaily from the destruct charge but
did not rise above the level of the test specimen. The upper tank dome did not
fragment but remained intact.

PO-198
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(12) Personnel stationsd at the firing point, 3500 feet south
soutinrest of the pad, felt s mild sensation of the snock wave,
Pigure 30, page 56 siiows the snock wave moving outward. The
telephone pole gives the illusion of bending as the shock
wave passes betwesn the carmera and the pols,

(13) Safety persomel in protective clothing inspected the pad
thirty minutes after destruct initiation and reportad that
small volumes of nitrogen tetroxide were still vaporizing,

(14) Unprotected persomel inspected the pad sixty minutes after
destruct was initiated,

(15) A sanmpis of ths %ab run of instrumentaticn is shown in Figure 31
page 57, and the complets data tabulation is presented in
The Martin Company, Donver Division, Report - yna-Soar 3 Scale
Blaat Test of 28 November, 1561,
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Figure 14
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FRAGMENTATXIOR PATTERN

1/2 scale St,II Destruct Test
with propsllants

o ®d O

Scale

Page L1
Pigure 16

(-]

la—— 50t x50 TEST PAD

%
UDMH RAZINE
hng
3204TANK

MINIMUM 1 FT, SQ.
FRAGMENTS

1" - 40




P

Stage Il

Time
(seconds)

.5
1.0
1.5
2.0
2.33 (max.)
2.83
3.33
3.83
4.33

4.83

1.0
1.5
2.16 (max.)
2.56
3.06
3.56
4.06

4.56

Horiz. Dia.
{feet)

81

79.5
111
138

151

Time - seconds after destruct 1ntiation
Rise - measured from bottom of fireba'! to grovnd level

Half-scale Stage I and Stage 1] fireball size & rise

Vertical Dia.
(feet)

47
5¢
81
95

105

43.5
73.5
93

111

Page &2
Figure 17

Rise
(feet)

13.6
32.7
39

115

32.5
49.5

73
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Figure 18
Concentration of NO, in
Faris per Million (PPM)
Stage 11 Test
500 Feet Downwind
Time After Destruct Lower Bank Upper Bank

(sec) (PPM) (PPM)
] <1 3
2 <1 <1
20 10 1
60 44 13
90 5 11
120 8 9
180 1 0

Stage i Test
790 Feet Dewnwind
Tire After Destruct Uppcr Bank

(sec) (PPM)
5 <1
y.4 <1
30 <1
60 <1
90 154
120 <1
130 <1

Nitrogen Dioxide Concentrations

——

-
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Figure 21

T/C-Thermocouple Fosition Shown
In Figure Page

Temperature
Half Scale Stage I Titan II With Propellants
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Migure 25

b,2 seconds r.__.. 202 e ony

N ———

-3.) seconds

e |

!

39.3¢

28,4

1 i

Approxiaaxtie Center Locations of Vapor zxplosiors
At 3.1 snd 4,2 Seconds A‘ter Destruct Initiation

(Moasuremants are in ons plans only)
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PRAGMENTATION PATTERN

1/2 scale St, I Destruct Test
with propellants

QO -~ SPECIMEN

0 « MINIMUM 1 FT. 3Q.
FRAGMENTS

Scale 1" - 40!

1~




e - s - e B st
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P/DC - 6 PSI
P/4 -8 PpSI

P/DC-~ 3.0 PSI
P/3 -3.0PsI
P/4 -8.0Pps!
T/ -2M40°F

»/DC- 8.0 PSI
P/3 - 6.0Pst
pP/4 -10.0 PS

T

P/DC -9.0 PSI
P/3 - 10.0 PSI
,T/2 - 3000° ¥
{

,T/3 - 28000 |

Figure 29
P/DC - .S PSI
P/3 - 3.0 PSI
P/4 - 5.0 PSi
T/1 - 29209F
P/3-1.0PSt P/3- .SPSI
P/¢-1.1PS1 P/4- 1.3Ps]
T/O-S0°F ° T/0-S0°F

%

Pags 55

%

300.5°

e
___»h.__.q
141.9° -WL

P/DC - Pressure recorded from destruct charge
P/3 - Pressure recorded 3.1 seconds after destruct
P/4 - Preassure recorded 4.2 seconds aftar destruct

T/0 - Ambient temperature

T - Peak temperature recorded 1 second after destruct

T/1 = Peak temperature recorded 1.4 scconds after destruct
T/2 - Peak temperature recorded 2.2 seconds after destruct
T/3 - Peak temperature recorded 3.1 seconds after destiuce

SUMMARY OF PRESSURE AND TEMPERATURE DATA
1/2 ecale St. 1 Destruct Test with propellants
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RUN ID
DYNA==1/2
OYNA=--1/2
DYNA-=1/2
OYNA=-~-1/2
OYNA-~1/2
DYNA=--1/2
OVYNA=-=-1/2
OYNA=-=-1/2
CYNA-=1/2
DYNA~-~1/2
UYNA-=1/2
UYNA-=1/2
UYNA==1/2
LYNA==1/2
1.YNA==1/2
uY'!A--‘IZ
LY NA==17/2
'Y A==1/2
UYha==31/2
HYNA==1/2
LYNA==1/2
LYNA=-=1/2
WYNA==1/2
LYNA=-=1/2
UYNA==1/2
DYNA==1/2
YNA==~3 /2
UUYNA==1/2
UYNA-=1/2
DYNA==1/2
DYNA-=1/2
CINA==1/2
OYNA=--1/2
UYNA~=1/2
UYNA-=-1/2
OYNA=-~1/2
DYNA-=1/2
HYNR_A-=-1/2
LYNA=-~-1/2
LYNA=-=1/72
+YNA==1/2
UYNA=-=-172
LYNA==-1/2
LYNA==1/2
LYNA==1/2
DYNA==1/2
HYNA==L1/2
WYhA==1/2
YNA==1/2
Y NA==1/2
LYNA==1/2
t)Y‘f-l—-lIZ

_ MEAS

P(C-2
PC=-2
pC-2
pC-2
pC-2
PC-2
PL~2
PC-2
pPL=-2

pr=2

PC-2

PC~2
PC-2

“PC-2

PC~=2
pL~2
pC-2
PC~2
PC-2
PL-2
PC~2

A SAMPLE TATORUN OF THE

CTime

0.03)
N.0138
0044
0,047
0.050
0.05%3
00055
Ve)H?
0.069
0.072
0.077
0.0K%
0.089
0.093
0,097
0.101
0.106
0.110
0.11%
0.119
Oel24
0127
Oe131
0135
0139
0.145
Qe afs9
O«156
0.159
0.160
0.170
0174
0,178
0.182
0.105
0.190

fel9%

0.196
0.200
0.203
0.20%5
0.210
04215
Ce219
0e224
0231
0.238
00253
Dot
0e2%6
0e241
06265

8L CTS

109
105
105
15%
215
160
060
064
069
osn
094
109
107
118
165
120
118
139
220
173
168
199
279
188
184
187
16~
152
131
175
154
129
112
179
162
169
136
182
151
155
172
0712
106
100 .
119
072
121
080
063
103
168
122

FUNCT:UN VALUE

0C0000M, 1988
000000y, 1627

. 0000000. 1627

0000000.¢147
00G00UL. 1571
€000000.¢%9%7
0000000, 2% -
0000001.,2°.32-
000000C. %09~
000000::.00 0
000000L,0¢.32
00G000(.- 378
000000(,1"7¥=
000000¢,, 286G
000C00U.T705:
00000062983
000000C 7802
0000000L.,4700
00000061.2022
0000004.71 &
0000000, 7322
000000340124
00000017356
0000001 ,92130
000000¢.CT7¢0
000005€ . 2040
000000C.7232
000000C.5876
000000( 13977
000C00( + 7955
000009C 0,056
000000L 3796
000000(¢ 2200
000000( 8316
000000( ., 780
000000( 7612
000000( ¢ 44029
000000( . 2568
000000+ «5785%
000000. .. %~
00000¢: ¢« TH b4
000000 ¢ a1} 3=
000000¢( 61737
0000007 s 11 72
000000C: « (892
000000¢ ¢ L60%~
000C0G: «33272)
000000 ¢%Hiut ~
000000 oscs?23~
C009000. o1~
000000 » 3c2
000000 'o. L4
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