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ACSTRACT

\Lnlented are results of a program to modify an
available Cenisur tankage system for testing in the
AFRPL Space Enviroumentsal Simulation Chamber to
determ.ce its thermodyramic suitability for space
storability. Results of a detailed thermsl analysis

K  predict equilibrium propellant tank nat heat rates
‘ of 42.09 BIU/hr for the LEp tank and 14.56 BTU/hr
for the Lllg tenk with corresponding respective
boil-off rates of 0.218 1b/hr and 0.169 1lb/br.
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The Psrtitlioned Conteur Test Tauk program was conducted by Convair Division

of Gererzl Dynamics under Alr Force Contract FOW611-87-C-000k.

» ) ‘ Tae primary objective of this program was to modify an svailable Ceatsur

tankage system {identified sg end item 55-75&2) for use in an AFRPL test

PRSI,

program to determine its thermodymanic suitability for space storability.

o

Modifications to the Centaur tankage system coaaisted basically of the
following:

-Cut the vehicls aft of stetion 219.0 and remove approximstely 81 inches

of constant mection skin,
-Fabricate and ingtall a new partitioning bulkhead for the hydrogen tank.

-Raweld forwvard bulkhead cu to uew conetant section and install fill and

vent lines, covers, ete.

-Fabricate and install two Fiberglas adapters which are 10 feet in diameter

and epproximately 68 inches long.

-Fabricate and Imstall two 10 foot diameter Fiberglas cover plates,

. - i

-Febricate and install ope hot wire sensor, six platinum resistence type

therwoneters and approximately 52 copper constantan thermocouplas.

~Buper-insulets the entire vehizla witk approximately ! lsyers of super-
texp Dimplay) insulation.

o

During the ccurss of the program, four snalyvical reports were generated;

an informsl stress amalysis report, & recomsanded test plan, e functional ' {
limitations report and a space-euvironmental thermml analyeis.

]
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1, TEST ARTICLE DESCRIPTION

This section conteins a description of the Centaur Teet Article modified
for the Partitioned Cen‘aur Test Tsnk (PCTT). The section discusses the
previous test program conducted on the article and the results of Convair's
tank corrosicn study progrem. Also included in Section 1, is & genersl

description of the modifications performed during this program.

1.1 PRE-!*ODIFICATION

1.1.1 Description - The Centavr Teat Article (Figure 1-i, end item 55-
7542) used for construction of the PUTT was & 10 foot diameter, approxi-
mtely 24 foot long vehicle, fabricated from thin gauge, 300 series,

stainless steel material, and wvas pressure stubilized,

The configurstion consists of twc nropellant tsnks (liguid hydrogen
and liquid oxygen) separated by a ccmmcn bulkhead,

The LOp tank located in the aft region of the test srticle conaisis of
an aft bulkhesd fabricsted from gore scction of .08 3/% byrd 301 reries
s‘ainless steel and a forwerd (commm to the Lip tank) bulbhess conaisting
of a structural member and a non-structurrl member {spring bulkhead) fabri-
czted from 026 (chem-milled to .013) 1/2 hard 303 gmizigsi steel and 016

(ches-ailled to .013) sanealsd stasnienz stvel, rospectively.

The LEz tack (Figure 1-1), located turvard of the L0 wak consiste of

six cylindrical asctions 10 feet in diamsier and spprovimtely 33 iochee

loag Joined st aprruxirately ths tangepiy sulnt of e wzm forwmrd
bulkhead. " |

T pp— -




Y

(pomuvwi-a;ry) wopenBpPuos YUl mwusd ‘1-1 Mg

*0597 UOIUIF 03 300d0x M4 S3uUtod HNOLIBA JO ‘FOROu] UT UOTIBOO0] W) sjwNdep pus Buiriel 980U IMEIUSD )
jo xade oty Aq perIes0Idex (UOIBI OJ02) 098G B QA WeIEAS SOUSILJOX [HUOIEUOWP B8 8] ( VIS) uop®ig TLON
' CAIVANNY = 1INV

QUvVH 4TIVH = HZ/1
QUYH YHIXd = HI

19 "6vY %L "80F 0°613 8291 M
'vilg ‘vis ‘Vis vis
{
S
Vs /lr e s s——
\ !
/_/ :
- \ w
.!!.J. ’/ m
' \ ot
‘ 1] !
] ! 1. U1 . -

4 o ]

' I

! .‘_

} ]

-~ \
w\
| N I S
AN
// . . -/
Hv /€ 210" /qz< 610°-510 “HJ 910"

HZ/T €1c "~920 °




P mrma——y Prmm—— (——-4-’

fr——n

e e e

ot sy

The cylindrical skinr are constructed from .0i6 extre hard 301 series atain-

less ste:l. Coepleting the LH> tank is s forverd bulkhead consisting of two
ellipsoicdal skia segments fabricated from .016 1/2 hard 301 stainless steel
waterial ard a conical section of skin fabricated from .016 extra hard 301
stainless ste¢l material.

Prominent features of the above degeribed configuration are a LOo tank
volume of 404.76 cubic feet and 8 LZ5 volume of 1247.98 cubic feet. The
102 tank bulkheads are an e=llipsoidal shape baving a mBjor axis of 120.00
inches acd a minar axis of 57.00 inches. The LH> tank forward dulkhead
geometry conaintn_ of an ellipscidal segment having & major axis of 120,00
inches and 3 minor »xis of 89.90 inches, a 45° cone segment, and an ellip-
soidal segwaat with a mejor sxis of 70.37 inches and a minor axis of 51.0k
inches.

Jotaing technigues on the test article were priwarily resistance spot-
velds and seaxwelds as well as autcmmtic machine heli-arc buttwelds. Joints
involving the use of materials ahove the amnealed hardness level using buti-
wvelding technigues ar: supplemented by the use of doublers.,

The 55-75k2 test article vae highly representative of the Centaur flight
configuration for the R & ) series. Certain modifications peculiar to the
intended test requirements were incorporatsd. These changes were local in

pature involving such things as attachments for incorporating ground testing

requirements, instrumentation and test peculiarse,




1.1.2 Tank History - The Centaur Test Articls (ond item 55-T5h2) has. been
utilized to support seven mjor R & D tests on the Centaur program. During
the conducting of these tests, the test article was sudbjected to 69 pressure
cycles. Peak pressures in tbe LH> tank ranged from 12.5 psig to 23 psig.
LO2 tank pesk pressure —anged from 30 psig to 36.3 psig. Total time pres-
surized above stardby pressure was 95.65 hours in the LO2 tank and T70.97
bhours 3n the LH2 tank. A brief description >f the areas of interest of these

seven: major tests 18 given belovw,

1.1.2.1 Insulation Panel Fit and Cryogenic Test (July, 1963) - The objec-
tives of this series of tests wers to:

1. Perform fit and legk check of the Centaur AC-2 configurstion insula-
tion panels.

2. Flight proof test Centsur AC-2 insulation panels under cryogenic

conditions.
3. Demonstrate vehicle structural integrity.

The structural integrity of the test vehicle was demonstrated when tark
pressures vere raised o 36.3 paig 102 apd 23.0 psig fuel, and helium was
injected into the bulkhead cavity at 14.0 psia. This phase of testing (the
proof pressur= test) was held for three minutes hefore returning the pro- |
pellant tanks to the automatic boiloff-valve conditions with LO2 tank reseat

and venting pressures of 1li-17 psig, and fuel tank reseat and venting pres-

sures of 4.5-7.5 psig.
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A second scries cf flight proof testing was conducted on the test article

in Auguzi, 1963. Thres fuel tank boilcff valve ‘lockups were performed with

cycies ranging from 6.5 psig to 12.5 psig. 'Two pressurc cycles of 23 psig

in the fuel tank and 31 psig in the L0 tank were also conducted during this

series of tests,

1.1.2.2 Centaur Fuel Boiloff Valve Lockup Test -(9-21-63 to 10-14-63) - The

objectives of this series of tests were as follows:

1.

2.

3.

5

Determine fuel tank ullage pressure rise rate versus time.

Demonstrate cperationsl cheracteristics of the nose fairing skirt

heaters air infletable seal.

Measure temperature stratification of the liquid hydrogen above

staticn 215.0.

Measure externsl skin temperature on a dummy Centaur destruct unit

and destruct unit arming awitch.

Measure the external body temperature of the intermediate bulkhead

cavity pressure trsnsducer.

Deternine deflection of two simulsted attituds ‘control engine

brackets.

Evaluate & new cold hydrogen gas purge technique for the fuel tank,




During tanking test number one conducted on 9-21-63, a series of twenty-
one boi}ofr valve lockups were accomplished. Each lockup consisted of
closing the fuel bolloff valve and monitoring the fuel tank pressure rise
until 27 psia vas reached. The fuel boiloff valve was put in the vent posi-
tion when the fuel ullage pressure reached 27 psia. The LO2 tank presoure
was maiutained at 18 + 1 psig during sll lockup tests. Propellants used
for all tests were liquid nitrogen in the aft ta.nk and liquid hydrogen in
the forward tank.

During tanking test numbes two ccnducted on 10-3-63, a series of sixteen
fuel boiloff valve lockups were performed as described in tanking test
number one, except three lockups were performed with heat applied to the
forward bulkhead coverplate insulstion. The nose fairing skirt heaters and

the ifusulation panel foywerd seel were operated during this test.

Seventeen additional fuel boiloff valve lockup tests similar to the test

set up described in tanking test number one were conducted on 10-9-63.

On 10-12-63, a two hour and twenty minute hold period was maintained on

both tapks, An identical hold tcst was also conducted on 10-14-63.

1.1.2.3 Design Evaluaticn Fill und Drein Outlet Test (10-26-63) - The

objectives of thic series of tests were:

1. Prove the structurel integrity of the Centaur propeliant £ill and
drain outlets by looding to 100% of the design loads.




ety

=

1

-]

2. .Determine tank wall deflection rdially, and propeilant fill and
drein outlet deflection radially, tangentially and vertically.

On 10.26-63, the structural integrity of the fill and drain cutlets was
satisfactorily demonstrated with liquid nitrogen in the fuel and 10, tanks

at 4.5 psig and 15.5 psig, respectively.

1.1.2.4 Hydrogen Peroxide and Helium Bottle Supfort Structure Test
(11-7-63) - The objective of this test was to demonstrate the structural
integrity of the hydrogen peroxide and helium bottle support sy.tem, when
exposed to simulated flight limit loads.

The structural integrity of the hydrogen peroxide and heiium support .
system vas successfully demonstrated on 11-7-63 while the vehicle was tanked
with liquid nitrogen in both the fuel and oxidizer tank. The fuel tank

pressure vas maintained at 12 psig and the oxidizer \ack at 30 paig.

'1.1.2.5 Centaur 3C Structural Test (3-31-64 to 4-11-64) - The npjertive of

this serics of tests was to demonstrate the structural integrity of the
station 219.0 and 408.0 tank rings vhen subjected to eimulated f1light loads

that occur during maximum "G" and maximum alpha "Q" conditions.

During the maximum alplia "Q" test of the 219.0 ring, liquid nitrogen

was tanked into the fuel and oxidizer tanks at 19.4 psig and 32.0 psig,

' respectively. Axial compression loads and shear loads representing flight

loading conditions at alpha "Q" were applied to the vehicle with subsequent

IS S




demonstration of the integrity of the station 219.0 ring. A second maximum
alpha "Q" test was conducted on the test articlé the same as above except

tank pressures were 33 psig in the oxidizer tank and 20.5 psig in the fuel
tank.

During the maximum "G" test of the 219.0 ring, 1iquid nitrugen was tanked
into the fuel and oxidizer tanks at 20.5 psig and 33.0 psig, respectively.
An axial compression loed was applied to the test article and structural
integrity of the station 219.0 ring wvas demonstrated for this flight loading
condition. No shear load vas imposed during this test. A maximum "G" test
Va8 con&ucted on the station 408.0 ring similar to. that conducted on the
219.0 ring except tank pressures were 34.9 psig in the oxidizer tank and
20.5 psig in the fuel tank.

All asbove series tests demonstrated the structural integrity of the 219.C
and 408.0 tank rings to withstand flight )osding conditions.

1.1.2.6 Centaur-Surveycr Nose FPairing Jettison Test (5-14-64 to 5-23-64) -
The objective of this test was to determine whether possible ice or frozen
nitrogen, between the forward bulkhead and the nose fairing, impairs separa-
tion of the nose fairing from the tank; and to determine Hhether.nose fairing

Jettison causes damage to the forward tank bulkbead and station 219 ring ares.

During this test, the oxidizer tank was tanked with liquid nitrogen at 30
psig and the fuel tank with liquid hydrogen at 20 psig. The nose fairing was
unlatched and accelerated away from the test article with thruster bottles.
Structural integrity of the test article was meintained during this series of

tests.
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1.1.3 Tenk Corrosion Study - During the resesrch and development phase of

the Centaur progranm, an anomaly was detected in the resistance welding tech-

niques used in the fabrication process of the Centaur tanks. This irregu-

larity wvas discovered during the radiographbic inspection of resistance welds.

tion.

tasks:

1.

2.

3.

Conveir was directed under NASA contract NAS3-3232 to study this condi-

The major objectives uf this study were:.
Determine the source and causes of spotweld corrosion.

Develop methods to inhibit present and future corrosicn to Centaur

tanks.
Development of acceptance standayds.

Documentation and evaluation of data acquired for application to

future corrosioa problems.

To meet these obqectives, it was necesaary to accomplish the following

1.

2.

ot ¢ o s b

Re-examine X-rays and develop trepd charts.

Provide supplementary X-ray data and integrate new data into trend

charts.

Determine causes, effects, and means of preventing corrosion by

laboratory tests and asalyais.

Effect changes in Centaur tank fabrication standsrds to inhibit

substances inducing corrosion.




1.1.3.1 Corrosion Crigin ard Vormation - The irvegularities discovered in
the resistance spotwelds on the Centaur tank vere identified &nd clessi- -
fied as corrosion fi:s and/or corrosion cracks, This corrusion usuaily
appears\as either ﬁité in metal coused by corrosion, or cracks formed by 1
corrosion combined vith stress iu the metal. The corrosion may resull
from: (1) an acid polution in contact with the metal which attacks the
metal directly; (2) an electro-chemical process in vhich thg metal is
removed by galvanic action; (3) stress corrosion wbere the corroeion 1is

initiated by stresses within the metal in the presence of an electrolyte.
Four iistinct areas where corrosion may occur in a spctweld are:

1, Parent metal unaffected by the welding.

2. ‘The cast structure or actual weld nugget formed by the molten nmetal.

3. The hest affected zone,

4. The carbide precipitate zone formed by the precipitation of chromium

carbides upor coocling.

Mcst of the corrosion at the spotwelds begins at the carbide prezipitate
zone. This mey be the rewult of intergranvlar corrosion resulting from
sengitization. Occurring principally in sustenitic atainleas steel when it
is heated in the range of 900 to 1400°F, sensitization results from pre-
cipitated chromium carbides at the grain boundaries, chromium depletion in
zones adjacen. Lo those Luundaries, and a'difrerence in solution potential

between the center of the grains and thelr cuter chromium zonss.

10
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The conditior described previsusly can result in the appearance of pits
and/or crwcks. These cracks bave been found to be both intergranular snd
transgranular and sre similar in appsarance to cracks produced by stress
corrosion. They cpp.ir to originate as pits and form cracks due to stresses

sst up quring metal cooling. The cracks could originate as micro-cracks,

'prn&\ieoﬁ* dvring weidﬁng operations, vhich were attacked and opensd up by a

corrosive fluid in the faying surface. This £1luld my be one of the cor-

rosive procesaing fiuids which. cha.mg trapped betwe n the faying surfaces

betore or after the sheets were spotwelded. Corrosion may slsc hava been

initiated by non-corrosivs golutions combining with salt or other dry cor-
rosive clements, wvhich settled from the atmosphere during tank build-up,

forming eloctroiytu o corrosive solutions,

During the couree of the investigation, it ms discoversd that certain .

metel marking fluids were aiso a possible scurce of corrosion initiation,

-1.1.3.2 Extent and Growth of Corrosion - The fabrication process usged on

the Centaur tank incorporates spproximately 75,000 spotwelds. Approximately
22,000 are used during ihe forward “nulkbesd build-up, approximately 24,000
are iacorporated in the fabricatior of the cylindrical section of the tank,

and approximetely 29,000 are used in the construction of the aft tank.

The aft bulkhead of the aft tank appears to show the greatest amount of
corrosion, This is attributed to the aft bulkhead possessing more doublers
than in other areas snd, consequently, more spotwelds and more areas for

collectinn of corrodents.

11
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The corrosion on Centaur tanks affected a smll percentage of the total
spotwelds. The maximum amount of corrcsion on sny Csntaur flight tank wss
1.25 percent of all spotwelds examined, with most tanks showing corrosion of

less tusn one percent.

Charts showing crack growth versus time vere prepared and monitored for
several tunks over & time period of one year, The data for these charts
vas collected by identifying esgh crack noted on 'the X-ray and measuring the
length. This type of exanination genei-ally shoved that the cracks seldom

grev in length.

Charts showing the increase in totel number of pits and/cr cracks versus

time were also prepared and monitored for s time period of one year. Reoult--

indicated that after a L month time period essentially no nev cracks or pite

were discovered.

1.1.3.3 Effects of Coriosion on Structural Capability - To determine the
effects of corxc.ion on the 158d carrying capability of resistance welded

structures, a test program wvas initiated as follows:

1. Perform stress corrosion testing on approximstely 4O specimens for
six months under a continuocusly applied load equivalent to 20,000

psi stress.

2. Corroded ’nd non-corroded control specimens wvere subjected to eyeclie
fatigue loading squivaient to from O to 135,000 pei stress. Other
specimens werw exposed Yo sustained loadings squivalent to 135,000
psi stress for 16 hours folloved by sustained losding equivalent to
160,000 psi stress for 16 hours. All tests were conducted at -320°F
or -423°P as applicable,
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Corrosion was Snduced into & inch x 4 inch welded specimcons by the
spplication of elsctromtch 2604 togetber with an applied stress. Craciks
and pits representative of ticse found in Centaur tanks were produced.

Fatigue tests of simulated tank joints were conducted at both -320°F and
~423°F. These specimens were cycled for 200 cycles while sublycted to &
stress level from O to 135,000 psi, then checked for lesaks. Simulated 1LOp
tagk joints were then cyrled, (unds: tempersture exposures of -320°P), from
0 to 160,000 pei stress levels until failure occurred; and simulsted LH2
tank joints vere cycled, (under teaperstuve exposures of -423°F), from O to
135,000 psi streas levels until they failed. Results of these tests are
shown in Table 1-l1.

Welded test specimens were tested vith verious corrodents ard subjected
to sustained losdings at the 20,000 psi stress level. The corrodents used,
the resultant corrosion determized by X-rey examimation, and tbe duretion of

the tests are shown ‘n Table i.2, HNone of these specimens failed under test.

$ections were uade of the more severely corroCed specimens vhich, upon exami-

pation, showved the spparent crecks to be elongated pits sz shown in Table 1-3.

1.1.3.% Sustained Flight Load Test - Several similated Centaur Jjoint epeci-
mens vere corroded and ested at simulated flight ireds. This progrea con-
sisted of zpplyirg a tensionm load aquivelent to 135,000 ps! for 16 bours.
Three times during the test the loud wes reduced to sero, similating the
varistion of load iz flight. Aftsr the 135,000 pei exposire, the stress
level was ircreased to 160,000 pei and sustained for 16 hours. The losd was
relaxed three tiwes u before. Conditicns and results of this test are

presented in Table l-b,

13
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TABIE 1-2 STRESS CORROSION CRACKING TES

Corrodent
Applicaticn
Schedule Start I
Specimen No.. Corrodent J Corrodent II (No. of Times/Week
1 §4 1 II I
A * 222133 Initial gl 8
B 1A 2 9] 8
101 2610A Note 1 4128
702 20114 Note 1 5|2
c * 2608 2 9] 8
718 2604 Note 1 i [28
719 2008 | Note 1 L]28
D £ TNo. 1 (Initial 26QA) 2 9 8
S E. Fo. 1 2 11l 2
T20 E. Fo. 1 Note 1 Li28
721 F.Ro. 1 Note 1 L 128
722 E1D Note 1 L 128
723 E_D _ Note 1 % [28
G { Tez O01 4+ Mill Marking Ink Initial 9l 6
B * | Tec 9Ci + Mill Markirg Ink 2 9 8
726 Ter OC1 + Mill Merking Ink Note 1 L 128
121 Tes 201 + Mill Merking Ink — Note 1 L 128
I W Ter OC1/CB MX 8-D.I. H20 Tech 902 + Mill Marking Ink| Initial 2 9] 81
J | Tec 501/CB MX 8-D.I. B0 2 9{ 8
M U Tec 901 Prichioroethylene initial 2 | 9{ 8l
N V__ [ Tec 901 Tric, + Mill Marking Ink | 2 2 9] BT
0 Tec OC2 2 9} 8
728 Tec 3C2 Note 1 L 28] |
729 Tec SCC Note 1 4120
732 Tricklaroethylene Note 1
e Oxylece Note 1
E Red X =.trle Fluid Initial 9] 8
F Red X Z.rh]e Filuid > 5T°8
72k Red X 3.:rle Fluid Note 1 4128
123 Red X 3.:rle Fluid Note 1 4 128
P * Dykem Iok 2 918
730 | D,kex Izk Note 1 L 128
131 Dvkem Iok Rote 1 128
733 Monode AD> Cleaner Note 1
K Contre. (Xo: Cleaned) 918
L < TMagnes: .. Chloride (k2 Wt%) 2 9] 8
i B10 2 3{3
B BiCA 2 L3
NOTE: 1. X, Speci=cne prepared irom 301 CRES 0.018 in. 3/L E corrodent added initially and after t
3. “ndicates specimens which were sectioned. GSee Table :-2 for results.




IO CRACKING TEST , T

nt Corrodent : . Failographic Analyses .
tion Application Teast : ) Tevs T \
)1e Start Date Stopped |Termingted _ (Tosa_ zorrosion gite and Cracks)
nes Week ) I ‘ 11
s 1 11 I [ 11 | I |11 UaGh]22[ub]<2[Pe[=aTak] 11{13768]70
| 9] 8 11]13 1{27 MCIHEDIER
| 91 8 10/47 1028 28]55
4128 i H 0
5|28 ' 0
9] B 11113 1127, b9 [5€ Bh-
4128 0
) L128 0
9] 8 11113 1127 291581 €1 [
11] 2 2] 1 1]27 3f {1k 18
4128 0 .
4128 0
k|28 )
L 128 K
91 8 11113 1113 RY SR
g1 8 13[33 1127 6[Z] |15 19
L2 ' 0 -
4|2 _ 0
2 9| 8]11]20 12| 1{11[131 127 o] © 0 0 0
9] B 11[13 1113 0] 0 [¢)
2 g BBy 1{:3(2] 1[33[33 T 1{27Tf [Oof © © 10 1
2 o] BlILlB 11338 (11331 0| 0 0 0 |
9] B 1113 1[27 0] O ) 0 :
L 128 0 1
4128 0 {
91 B ; 1113 ol o 000
- 91 B 11113 127 0l © 3 3
L ]28 0
L |28 0
91 Bl 11133 1127 ) S B
4 128 ‘ C
L [28 ]
N 51 8 1[27 ol o 0 0
9] 8 1113 1{a7 Lefs2] Js2f Is2
313 317 0 0
| 113 NG 0 0

tially and after two veeks. 2.  Other specimens prepared from 30. CRES 0.010 in. XK
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1.1.3.5 Special Test - From November 2, 1962, to Decembsr 15, 1962, special
tests were conducted on the forward bulkbsad of test traok 55-7534-1 in order
to evaluate the structural integrity of installed plugwelds. A total of 101
pressure cycles at full flight pressures were conducted. These tests were
conducted at the Convair Point Loma facility where the tank was subjected to
salt air environment. Although 4O percent of the spotwelds examined showed
corrosion, no failure occurred during testing. 'fh:ls tank was similar to
flight tanks but had been subjected to considorably more load cycles and

more severe corrosion.

1.1.3.6 Corrosion Study Conclusions - The following conclusions on the

effects of corrosion on tank structurul integrity, cause of corrosion, extent

" of corrosion, and methods of pPreventing ~orrosion are presented.

1. Moderate to severe currosion causes & decresse of approximately 3%
in the static strength of tank joints when tested in tension at -320°F
and -423°F,

2. 'The fatigue strength when cycled O - 135,000 psi at -320°F and -423°F
of such corroded Joints is insensitive to moderate corrosion when

compaxed with uncorroded specimens.

3. Based on availablo dsts, the fatigue strength (O - 160,000 psi) at
-320°F and -423'F of moderstely corroded specimens iz not lowered.

k, Spotweld corrosion is caused by corrosive solutions entrapped between

the faying aurfaces of spotwelded Jjoints.

18
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5. The corrosion on Centaur tanks affected a small percentage of the

total spotwvelds. The maximunm amount was 1.25 percent of all welds
examined.

—

6. Corrosion cracks seldom increase in length over extended time periods.

7. Application of corrosion inhibitors, such as WD-40, to all outside

r e "

tank surfaces immediately following fabrication is desirable.

ST,

L 1.2 MODIFICATIONS (PCTT)
{ The Partitioned Centaur Test Tank (PCTT), Figure 1-2, article consists
{ essentially of the following:
1. A stainless steel tankage system contalning a liquid oxygen tank,
: { an intermediate tank volume, and a forward liguid hydrogen tank,
{ 2. A forward and aft Fiberglas adapter.

{ 3. A forward snd aft Fiberglas cover plate,
4, Propellant fill and drein lines and pressurization lines.
An instrumentation system.

6. A thermal control (superinsulation) system.

pr—— ooy e
N
.

The complete test article is 10 feet in diameter, approximately 20 feet

i

long and has a total empty weight of approximately 3,300 pounds. The nominal
volume of the LH2 tank is bLO cubic feet and “he nominal volume of tbe LO2
tank is 408 cubic feet,

1
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1.2.1 Tank Description - The Partitioned Centaur Test Tnnk (PCTT), Figure

1-3, is a 10. foot diameter approximtely 17-1/2 foot long tankage sysisa,
designed to use thin gauge, 300 series, stainless steel material, and is
pressure stabilized. The tank only weight is approximately 1,400 pounds.
The LO2 tank was pot modified from its origimal configuraticn defined in
Section 1.1.1. The liquid hydrogen tank and intermediste tank were formed
by removing approximateiy four feet of cylindrical sectiorn skin and adding
& nev LH? tank aft bulkhead as shown in Figure l-z. Tbe 1.7 bulkhead is
made frocm eleven ,020 ll;nf hx;a, 301 series, stainless steel, gore sections.
These gore sections miuchim beli-arc butivelded to form the completed

bulkhead. Resistance epotwelding and seamselding and machine heli-arc

buttwelding are used tﬁroughout for joining teckniques.

Fill and vent and pressurization linzes have also been provided for in
the PCTT; see Figures 1-2 and 1-4. The LH, tank fiil and drein line -onsists
of & 3-1/2 inch dismeter, .065 gauge, staodpipe ®ade from 5061 16 aiusdnum
alloy intermmlly mounted to the LH> tami forwvard cover and a 2-1/2 ipeh diam-
eter, .065 gauge, 321 stainless steel outside line extending froa the top of
the LH2 tank forwerd cover plate out through the forward adapteyr for & leagth
of approximately 6 inches. Flanges mi ws owov nlate of these lines incor-
porate a metal "0" ring seal and are bolted to the cover pluat2. A Conosesl
type flange is provided for on the line vhich intcrfm# with the AFRPL
facility line. The LHp tank pressurization line is made from 2-1/2 inch
diameter, .065 gauge, 321 stainless steel material and extends froa the top
of the LH> tank cover plate, out through the forvard adspter, in approximately
the seme radial location as the LEp fill apd drein lime. It incorporates the

i
!

- _




o £t - o T Ry e L e e A e L L
..... R ivaama e R e "

G iia o o - PO i

. . Lo

: : ¥ pa . W - £ .
W 5 L 1 OB ey Mt T ot e SRR
- "

Bt 4

§ y . = atan e it oo B gyl ¢
U I L . X - *

4 .
v
E.
rined
~ . - )
. S
: . .
B . « é.'
) T ‘ ’ ¥
v
) : - 0 . T
K ' ST
| S R AR N
. . o . . ’
. . o . . S R  .1
. . - o " .
. . 3
. ¢
- B ‘ L
. RN
< B . 4
‘ . e LR RN
! ‘ - N :. B
. o " - - "
. - . . i
. . ' . v
. ‘ oo ) ‘
2 . N -
AR . R '
Y . v .
- o i
. - RS - - .y
[P ) : ,
; PRI T AN . . . - N
. . ¥
i - > - . M |
. : - : s
P . -
L : o
1. - - - I
rand: i
’ - . - FERN -
3 .
— : ,




TN I R PR (IS sy

g L TR -

e vt AT A b, |

- i’ B ok b paa Rt LA S W sl NP is s D ot A P
. . )
. .
L 3
B R . » )
* B N . . - :
O P .
S « : A o L0
L -t : er ey R .
' . "y . . e v .
: b St T . o
AT : .-
" . * . . . Lo . 4 R
‘l o T TeMeeew cen s .- ’ . e e e am B .‘-ﬁ e U wnie awe P s 8 S . LY “l“." -
. N
- * - . . -

-

X
[ XX

| &
r

Anes e 0

-;.".xﬁ"‘.




I
A}
- e e e v 2t M S

» - b ., - - —— - - ——t - --‘r-v‘v&‘w N s ae .
1 T - padl

L} | -, L 3X 3 '
| o . BEXES
. ™ P e gy : s
) * .: og-w-—- _ == :i Fom Y ) - Ar
R .——-A--——...‘
{ o :-. O e - g} ST ? il sweraw C~C o
(A Mo ) kit £ 18 | e iy
L) LD § Y R Ry 7 § ake
) 4 —r = e S . .
- . A sy ey Yl |
}‘ ;':i ] d L. sorve . -
- - L ]
ey B r _
, Py - -
. o
[ -k

——— e . ——




P A NN AR i WG 9 5% S st mrmn o TR DI emrpare
e r B KAt o et oo

4 " ‘”—— ot

| ' ) . J. NFY - mzn >

A : \J"S LA O \ N Y L
ARERaEs s 10 :




+-
PP A o rs Ty
T TIO8 -5 L4557 M - — 0
7 ane) - :
v
N At

] ol .

-

4

L

L_i

4

e poe - -
Iecany. 18073048 TORUIG A

Lgn 7 AMATE T -9 RarW Ap> E; = ;
-d . -
S s | ;
7 . ;

PTIICKD BN _ MLLISMAID OO S TN AOIARED I TR .
- DOy ey ST O Pl ' .

|
:
)
E
;

ar Ly : -
/-'\-' _ ’-‘:,‘1'.." BT SIS LA ITHE .
AR Srdiav o NDesscsns Smoewd
: 4T sanwLLew e & Yy TR - » >
28 MEVPRTY SW 9- OSSR 0. TEE WON 248, o
49 covnne rv ar ik Lt od - < ror—

& . -y
7 anw% ~ . - -
SEGIIT GPPIQL. SN/ S Ir sam apow  E ; E —

N o
e P Lot e TS b (T . e 16 WS 4 ‘. ' .
5 A FVer L -~ - : :

: : - ) AU
. A . e . S S
— _ - S > - .'

3]
. - ] - Tig 1.3 PCTT Propellant Tank

——— o




——— |t o R LA Dt et 14 e

a P s ., »..',

X

E S L

X Lo - A
- . AN, ”

: i
MIvOI3-3

IP-EPR -0y
F872437-7 A

NLTA

- -

-
3
I

b T * o
X —~ ot 209 2 Q0 g v cOvm®
LDV ARGN MU v g
AX~ divse. oW “NE Tty ooww
ANG awd ADsrap Sne
= pnes 3002 st v

LRGeSl 2 A
. g vur e v 0T

vy C=C oo - DD,

-




-
t

AN SAT N
MIIVPIR-3 vt P 7 )
IP-EPR - QIP S 44
SR TPIYY-? N TE DL A A

by i

zim& zﬂ'«n’ . ‘I:'Om’ﬂw.ﬂw
aatl INEP ¢/ Sy F AN
_wMMfm 8)

41-." o |
. 30000- 74 SOLY 1)
AVIIECIO MAINER K)

- 18
' ¢ 1
\




¥ - o - | A 3

a%lmu mr{m:m ' oo o .

s ‘4:3"7 ' |
Sl o avierys) ot By RTINS A TIRE(E)
»L -3 awres) WA ey \ l -
83-57908 049 T eg. NS L2 3 v/ B0)

W LT (ADD (NPAB AwA® SR
CEAS tnasontv(?eg) (Aenw TroW) *
NS C/a mmmwn

BEYNE SODRTRY M STT ™

(@

- AT PRI ST b

D SMOTINE (/4
o

BRI twore
oy 4
Nt .

e aerave ¥ am

arcrion BB +a
'rmmmam IE?.QI l pc)’f./ !/l

] [} ! (]




B A Racc. -l i TEHOw

et e SEIOPR WITE LM 7 N o

.

¢ pony ! ) .
. AT RO N T(L) . o
Wr.g avrcro] N\ . 3

. . .
. . . =
B POV NI KTV ALST PNV, sroemr i i I . var-
P AR IGWW FD APy, u\rrn INDTION 10 B IMSINLED o7 cowoi. , ) : g
. : Atm:w OB o BAVAT YO DOASS SO 5 TOPALL, IMNOL A "
VB TLROD BN IS S D FLINE ANO #ET TA0s 70 oA
e = GEPDNRE I MBI PO 8.00 8O PIIG. WG AVD AFV TANT
NGV NS NRIYTRING W WATN A NININUP 25 P P5I8 GCOTAITH,
1 A PP TR TR
AT (U LU 1 AT FAOW AP O304 - e
- : " ) ' v . N e
. . '] ‘
e ) . A
- - . -
el rod T “mmmnmm—mm LYy NN - . -
v P s ot rwent ‘ aa -~ . ;
: 4 we e AP Pt - : -~
(27 v a il 9 metos; o ? 1S M (3 ) -
zs_w SOLY (PO (NEAD AW SXP5) e ) X L TIERY- F Sy siwr
C8HE BaSsnP(788) (AEAP TIOL) * . . v RV
WML S C//R FOW MNE CAOVT) : TN e d1r B v:mw.ru 4.-.«;
. : . N ...":::r_:" - o e
S AMIVCATIN W STY ST A * ) L= =
il . m O ALNP AAPTS AY m R N
i 1
SR SIONE-Oh S0 ( . »
£80vs-1903 ou-uu - p
A vy
N . . -
. apmoes 2 B0t BT SHIPOS 40 (0000 WETD T ATPn. s
]
. ¥
.(
H Y
1
- ’ 3
punad.
-
-
. - bq -t 3 -
[ 1 -’ hy
, bg
. - it
R ' Py . . ~

pr e




e e e A I Y T M A A v S 1 v it e e R T R AU W S M s > 2 “. et e -
’ @
. N ' &, -
' a : ) . : . .
i , - .
. 5 U Y n !
; i
‘ - : ' : N
] -3
. K < . 14
o
i 4 . : A8 L ‘
L ' l
A
. | 4 4
. . & - - ’
. i i 4 E:
- : { : g ¢ ! : ¢ 1
. . i 1 ) ¢ A 16 RS, K1Y 8, 3 ‘
. i 3 < 4
- f p 7
“ B P 3
2, » p ;
. - -~
P ———r WP S v - ' ;
BTG WTRATIGN TO L6 WETHLOO 4T smowi. - {5 . ¥ . ]
! DA BPTS KOw 3 TOPAEE, MINDLING - i
Mg TAN AND ART VAL VO o . 3
VE S.022DPIIC. NG AND AET Il - i
TH A i O B BIE GOFATIR. ¢ 2
o-mvel. - — é
L Rk
” —' . . y . 3 - H /..
.. i - L4 i
) i) 3
. W .. v e e - < - ' ’;
° [y 1 ‘ "
! AETOGNE P RO ROV AL SOl POIS = - >
< 3 42 " 5
ST T RS AW (3} R v
- : 3
L YRRy SN . - o
- 1
¢ ALPOI NSNS MOE q
R L mmelas * % X _— N
e ' 3 Ki
HUVL OF ASRW PAPTE AV APOW. R L4 N
5. NI0N-G P0A(1) ST, an - h
LBenn- 2085 QLINPY (B} - . 1m o
: 1 B 8 arrse vt
# Srari, S 3-NPEES 19 LOMIE MASTS TH AT, - e
- .
. ¢ ;
v 4 ;
PR
sy I3
. 2 :
. ‘ . :
: ¥ e - i
B e e R
’ wis .8 i
. - . 1 i
) nrag 'l %
ok ~ t" "“!“' SR 3
v 8 ]
. { B
‘ i 3
3 ¥ s‘ g
3
i
:
¥
: ]
o 1




[pR—

- w— pasennmn—rn, —s———my rASm——
. v

same attachment and sealing techniques as the IH2 f£ill and drsin line, The
LO2 tank uses the existing intermal fill and druin line previously installed,
without modificat.on., Provisions bave been made for incorporating a short
elbow from the existing flang»d outlet to the facility interface. Connec-
tions include an "0" ring, bolt-on jJoiat at the tenk flange and a Conoseal,
marmon clamp arrangement at the facility interface. The LO, tank pressuriza-
tion line is identical to the LH» tank fill and drain line escept for the

internal standpipe length.

1.2.2 Adapter Description ~ Forward and aft adapters, Figure 1-5, are pro-

vided as part of the Partitioned Centaur Test Tank. The adapiers are used
for handling the test article as well as suspending .': test article from
the chamber during testing. The adapters sre also representative of inter-
stage and payload adapters, thus providing for thermodynamic charucteriatics
of this type structure and its relaticunship tc the tankage system. The

adapters also providz means for externally mounting the superinsulation.

Tte forward adapter is 10 fecet in diameter and approximstely 68 inches
long. The adaptar is fabricated from a 20 piy minimum, gisss reinforcec,
plastic layup, Jorming skin gegments. Four skin zegmenis are spliced and
mechanically fastened using bolts, washers and nute. At each end of the
slapter is a 6061 sluminum alloy ring vhich is attached tc the Fiberglas
skin segments with mechanical fasteners. The forward adapter incorporates
four Fiberglas lugs for mounting the entire test article in the AFRPL
chamber, The aft adapter is similar to the forverd adapter except it is
58 inches in length and has no attachment lugs. Tt also has several cutouts

for propellent £1i11 and drain lires which are Gifferept than those in the

forwerd adapter,
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1.2.3 Cover Plate Description - The PCTT incorporates forward and aft

cover plates, Figure 1-5, which attach tc the forward and aft adapters.
The cover plates are fabricated from four flat sheet segments of 12 ply,
glass reinforced plastic. These four segments are spliced together with
mechanical fasteners tc form & 10 foot diameter circular shape. Each
splice is reinforced with approximately 4O ply, glsss reinforced plastic

splice plates,

1.2.4 Insulation Description - The PCTT article is completely insulated

with super-temp (Dimplar) superinsulation; see Figures 1-6 and 1-7. The
insulation sheets are aluminized mylar, 1/2 mil thick. These sheets are
used to form insulation blankets consisting of several pairs of mylar
sheets. One pair uses & singie layer of 1/2 mil smooth mylar aluminized
on both sides and a single layer c~ 1/2 mil, deep-set Dimplar (mylar alu-
minized on both sides and processed by Super-Temp Corporation) material.
The iriside surface of the forward and aft adapters is insulsted to a
dpth of approximately 42 inches with one coutinuous blanket containing
10 paicrs of superinsulation material. These blankets are attached Lo the
adapliers by use of Fiberglas support pegs, Fiberglas felt washers, and
teflon screws. Nylon monofilament line (Lff test or eqpivalent) is laced
diagonally bétween upper and lower support pegs for additional insulation
support. The inside surface of the forwerd and aft cover plates are insu-
lated with three insulation blankets for each cover. One of the three
blankets consists of six pairs cf superinsulation material and the other
two blankets use seven pairs per blanket. Attachment methods used are the

same 28 those used for attachment to the forward and aft adapters. The
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entire outside cylindrical surface of the test article, including outside
surfaces of the forwvard and srt adapters, is insulated. iTine separate
blankets for each of three layers ars used on the vutside gurfaces, The
innermost blankets are made from six pairs of insulatiion and the outer

two layors use seven pairs for each layer. Tbese insulat.on blankets are
attached to two sets of Fiberglas pegs mounted on the forward adapter and
are suspended the entire length of tlLe vehicle without additiomal support.
A technique of interleaving smooth shects of aluminized mylar was used for
"bridging" the geps left by the necessity to butt the insulation blankeis
during installation. Aluminized mylar tape was used liberally for attaching
the interleaved sheets and for covering expcosed screw heads and penetration
areas. Fiberglas standoff rings and bands were used to reduce direst con-

tact area of the Juperinsulation to the tank walls and tenk ocutlets.

1.2.5 Instrumentation Description - The instrumentation for the PCTT,

Figures 1-8, 1-9, 1-10 and 1-11, consists ~f one Lot wire sensor, six

platinum tbermomete}s and a,;ioximetely 58 constantan thermocouples

All of tre thermometers and thermocoupias a«re ictended for use in
assessing the individual magnitude of the hest leaks into and through the
teat article structure. Platinum resi:tance elements and chromel/constantan
thermocouples are placed in strategic locations. Each thermocouple is wired
vish & voltage bucking that of snother couple, the latter couple being shown

a3 reference,

The thermcmeters have an ice point resistance of about 1,380 cams. The

leads ccanacting the thermemet:re to the reference junction block are of 2k
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cauge conctantan and therefore of relatively high resistance, ranging up

to about 40 ohms at room tempersture.

Fifty-eight of the temperature measurements are made with chromel/
constantan therasocouples, Thirty-nine of these are referenced to the Jjune-
tion block (Figure 1-10) which is expected tc stabilize st sbout LN, tem-
perature durirng the testing, and vhoee temperature ie monitored by a Rosemont
118YL piatinum resistence thermometer. Nineteen of the thermocouple pairs
measure temperature differences between closely related points on the struc-
ture in order to assess the megnitude of the individual local heat leaks

into and between the tanks,

The hot wire sensor is designed to determine liquid level in the liquid
hydrogen tank during cryogenic testing. The senscr is located on tae ma’
tank f£11l and drain standpipe in such a manrer as to detect ligquid level at
tsnk station 180.2. The liquid levei sersor consists of twc idemtical
(redundant) resistance elements ¢f oue mil dizmeter platinum wire, A vol-
tage spplied ¢ either or both elements {for redundant sensing) will result
in a curreat which will vexy as a function of tbe heat transfer chsracter-
istics of the sensor environment, v'l‘he sensor power supply provides a lov

voltage (2.6 to 3.0V) to the sensor from s 28V gc source.
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2. TEST ARTICLE FABRICATION

The Partitiorned Centeur Test Tenk modification and febrication task comprised

the following:

1. Cut the vehicle aft of station 219.0 and remove approximately 81

inches of constant seciion sikin,

2, Fabricate and install a new partitioning bulkhead for the hydrogen

tank,

3. Reneld forward bulkhesd on to new constant section and install new

£111 and vent lines, covers, ectec.

4, Pebricate and install two Fiberglas sdapters which are 10 feet in

diameter and approxirately 68 inches long.
5. PFabricate and install two 10 foot diemeter Fiberglas cover plates.

6. Fabricate and install one hot wire sensor, six platinum resistance
type thermometers and approximately 58 chromel/constaucan thermc-

colples,
T. Fabricate superinsulatiou blankets and inotall on vehicle.

This section of the report is devoted to the fabrication, assembly and
installation tasks vhich were accomplished at the Convair fecility in
San Diego, A limited amount of final installation was accomplished at the
Air Force Rocket Fropulelon laboratory by Convair personnel. This work is

discussed in Section 4, Field Test Support.
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2.1 TANK FABRICATION

The initial taek associated with wodification of the Centaur test tank into

a PCTV conf!guration ‘ez to strip the forward bulgheed of rixed insulation

and lesk test the pre-modified tankage system to assure the ii:iegrity of the
article to be modified. A freon leak test and a helium leak test were con-
ducted on the test article in October 1966, The freon leak test Qaa conducted
first, uaing the Centaur Standard Equipment Operations Procedure 55-535.4,1
previously established for Centaur vehicles. The following is a brief des-
cription of the general requirements and procedures used during the freon

testing of the LOp end LH> tanks.

1. The oxidizer tank pressure was raised -0 7.5 psig, using nitrogen, snd

held for five minutes. after which time it was reduced to 3.7 psig.
2. The oxidizer tank pressure was then increased to L.0 psig, using freon.

3. The oxidizer tank was then furtber pressurized to 5.0 psig, using

nitrogen, and held for 30 minutes prior to sniffing.

4. A leak test on all seams, welds and other possible sources of leaks

was then conducted, using the General Electric H-l type sniffer.

5. The LH2 tank pressure was then raised to 3.6 psig, using nitrogen, end

held for five minutes, after which time it wes reduced to 1.5 psig.
6. The LH> tank pressure was then increased to 1.8 psig, using freon,

7. The LH? tank was then further pressurized to 2.4 psig, using nitrogen,

and held for 30 minulzs prior to eniffing
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8. A leak %est was then perform:d on 8ll s-v. ; v-id48, ané other possible

sources of les)<. uaing the G.E, spiffer,

Following the 1O, and Lip tank test, a helium jesk Leet was conducted on
the intermediate bullkhead cavity using the Convalr Eguipment (peretional

Procedure 55-535.4.3.

A leak test consistiug of 100% helium leek check of all weld aress wes
ther conducted on the entire vehicle in accordance with the same procedure

used for the freon leak testing.

The resuits of this series of tests ghowed no lesks in excess of 2.6 x 10-5
cc/sec in the weld areas. A leak in the spring bulkbead (Convair was pre-
vioucly aware of this leak) was observed and calculated. to be 2.8 x 10-8
stendard cc He/sec. After completion of the pre-modificstion scceptance
tegting, Convair proceeded with tank and tank components modiflication "nd

fabrication.

The Centaur test articie was instelled in the major weld fixture (modified
for this prrogram; and preparations completed for cutting the cylindricsl ekin
(thus removing the forward bulkhead) for the purpose of installing the new
partitioning bulkhead, ané shortening +he oversll Jength. After cuiting the
eylindrical skin, the forward bulkhsad was pleced in storsge for subsequent
»einstallsiion., Existing doublers wobich swuld cause interference with the

installation of the new partitioning bulkhead were ground of<.

The new partitioning buikbeed wag fabricated on existing tooling using

simllar procedures to those used for Centaur production bulkheads, the major

3




differsncs being thet Cemtaur bulkhsads eve chemwinilled end the pariitioning
bulkhesd was not. Materisl qualificsetion procodures fnllowed were the same
a# thore used on production vehicles. Quality cohtrols were identical to
production methods except no radiograysic inspection was performed oo wéld
Joints. A separate bulkheed lexk test was perrormed on the bulkhead asgembly

prior to lastellstion.

In preperstion for the iastellation of the mew bulkbead, the aft section
of ¢<he tank was relocsted in the major weld fixture and & new short length
cylindrical ekin i:stelled. The new vdulkbnad was then welded to the tenk
uging the &ft gantry welder. Sce Figures 2-1 and 2-2, Resistance spotweld
and sesmwelding techrnigues were used during this process. The forward bulk-
besd was then taken out of storage and reinstalled by use of the eft gantry
weldyr to complete the basic tank modificaticn task., See Figure 2-3 for

completed Zmnk,

Detail febricaticn of the forward end aft docr assemblies, tas fill and
ﬁrain iines, and the pressurization lires, wes accompiished using estandard
wachining and fusion welding techniques, ‘Tha deor agsenmblies vere instelled
on the tunk and tbe lines wers prepared for shiprant uvo AFRPL for subsegueni

attachwent o8 Lar” of tbe field test support teax described in Section &4,
.2 ADAPTER AND COVER PIATE FABRICATICN

The fubricetion technique appiled to the production of the detailed party

for the forward 3nd aft adapters and the cover plates was the typical dry
layup of glass fabric, reinfcrced plagtic lamiuates. Thie process essentially
consiata of prepering the layup tool, - ppiying the designated plys, prepara-

tion for and application of the vacuum o#g processing, curing the parta and
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trivming them tc tlueprint specificetions.

1~

All adapter details requiring n contoir shape wer: fabricated from cns=
layup tool designed and constructed for this progrem. Psrts fsbricated i
o this tool included the cy;lindricsl skin quadrants, longeroas, piates,

dcubliers and splices. I

Ail cover plate details were fatricated on aluminum flat rlates. Trix
ans. drill tcols were mmde of template stock apd wrapped to coatour 28

required,

Two aluminum rings for sacl. adapter were :equired tc be fabricated for

this program. ‘ite aluminum ring for the outcoard end of each alapcer was
fabricated from an existing channel section ring provided as part of the L

GFP, The aluminum ring for the inboard end of -ach adapter was fabricated

=i
o

from a welded 506l aluminum blank. The blanks were rolled to shape, solu-

ticn heat treated, aged to T6€ condition; fusion (tig) welded, rsdiographic

B )

inspected and machiped to final configuration.

=

The forward and aft adapter were sssembled by use of existing (modified)

v patrissy

tooling as shown in Figures 2-4, 2-5 snd 2-6. The entire assemblies were
bolted together. The aluminum attachrment rings were drilled from existing
Centaur mester gauge tooling to acsure matching >f the hole pattern ;

establighed on tenk mounting rings.

Cover platee were assembled using bolts, nuts and weshers Yor all joinlag

requirements. No specisl tooling was required for this azsembly except for -

. the drilling operation of boles in the cover plates for attachment to the

sdapters. These holes were drilled from the same available master gauge

tools used to drill the adu;*er rings and tenk attachment 1_ngs. iﬁ

ke : f‘ 3
! La i
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2.3 INSUZATION BLANKET FABRICATION

All ingul-tion blankets werekassembled by the Super-Temp Corporation in
acccrdance with blueprints and specific~itiors. provided by Conveir. The
blankets were prapar:d by altsrncte at&cking.of & smooth aluminized mylar
sheet and s "dimpled" aluminized nylar sheet until the desired buildup was
cotained. All blankets were fabricated oversize sud a planned tricming

operation was to take place st thé time of installaticu.
2.% INSTRUMENTATION FABRICATION

The hot wire sensor was instslled oﬁ the LEp f£ill éh@ érain standpipe in
such & manner as to indicats liquid level at tgnk staiion 180.2. Sensor
lead wires were soldered to a standard recépt&cie which iﬁ turn was welded
into & bulkhead_pass«ﬁhrowgktfittiqg.» Thié fitting, made :rom a standard

MS plug, was then iﬁétalledfin thé f§r§ard tank cover plate using a metal

"o ring-f§r sééling,iiThese ;eadsbwere then csrried to the terminal Junction
plate located @§ the &ftlddﬁptér.' The terminal plate and reference junction

block were fabricated using standér& machining teéhniques.
2.5 FIMAL ASSEMELY

The final saaembly task at the Conveir Sen Diego plant consisted primerily
of the task of installing the forward and aft adapters and the forward and

aft cover plates.

The forwsrd and aft sdapters were installed on the tank assembly while in
the borizental position. (See Figures 2-7 and 2-8.) This installscion is
completed by bolting the aft flange of the adapter to the tank muting ring.
The forward adapter installation incorporates the use of radiue blocks

tastallezd behind the tank ring.

g —

g, ateny

RSN




Fraee .

s ssmrprn

Nornr s

e

e

llatien

Fooward Avapter Insta

L7




Figure 2-8

Att Adapter Installation
L8

o e

[

}

[P

ns NI« e




i

Ory E ey

oo BN wevenn

P

menns B s B ot N viie N e B et Y s

A
-

The forward and aft cover plates were then installed on tvhe outbeard
end of each adapter (see Figure 2-9) with boits and pucs, thus completing
the installation task. The test article was now resdy for ?inal acceptence

testing at San Diego,
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3. TEST ARTICLY DELTVERY

3.1 ACCEPTANCE LEAK TEST

An zeesptance hellum le#ak test of all weld areass was conducted on the PCIT

prior to delivery. Detection of individusl leaks grester than 2.6 x 10-3

erfsec would be cause for rejection.

The following sequence of leak testing was plamned snd accomplished on

the Partitioned Centaur Test Tank prior to delivery:

1.

2.

Pregaurize the LA tank and 102 tank with pure helium and perform a
leak check on all weld aresg using the Veeco leak detector in con-

Junction with a sniffer probe.

Determine the helium content in the intermediate tank and monitor for
increase in concentration thus determining 1f the bulkheuds forming
the intermediste tank were satisfactory. (It was later discoversd
that this test was not feasible except to establish a confidence

level.)

Pressurize the intermediste tank with pure helium and check all
external weld areas for lesks using the Veeco leak detector in cen-

Junction with the sniffer probe.

The leak testing of the LH2 and 102 tanks was sccomplishec on January 18,

1967.

Both tenks ere pressurized with pure helium to approximately 8 psig

and allowed to g2iand for 30 minutes. All welds associated with these tanks

were then leak checked with (he Veeco leak Jetector using a standard equipment
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operaiiocnal procedure and opcrated by & qualified person from the inspection
department. No leaks were detected with the Veeco and probe on its highest

sensitivity scale,

On January 19, 1967, wita the LH> and LO2 tarks locked up at 7.5 peig with
pure helium, nitrogen was introduced into the iatermediats tank until a pres-
sure of 3.5 puig was reached. This procedure was iwplemented in preparation
of taking » iase point {initial helium concentration) reading with tke Veeco
the following morning. The plan was to then take subsequent readings at four
hour interve's for 2 hours to determine if the concentration changed from
the basge feading. If the concentration changed, it wouid ve indicative of a

leak in one of the bulkhesds.

On January 20, 1967, the intermediate tar . was vented to zer: psig and the
first reading taken with the Veeco and probe. This readipng was recorded as
340 units on the Veeco. This reading and a subsequent calculation on the
possible parts per million count of helium was evaluated to be excessively
bigh for a bage point reading. A nitrogen purge of the intertark was then
directed by engineering. After 2 hours of nitrogen purg: &t a low flow rate
and essentially zero pressure, a second Veeco reading wag taken., This reading
was recorded to he 9.9 units on a 100 scale, Further discussior in the
Engineering department on the procedure being ured to check the intertank
disclosed that this method of testing would be inconclusive. This conclusion
was based on the use of the prcbe in a large volume (intertank is approxi-
metely 250 cubic feet) giving dilution effects, for which the machine has ro

compensating capability. Because of the uncertainty of the test results with
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the Veeco apparatus, a decision was made to take gas samples and amalyze

these samples in the lsboratory on a Perkin-Elmer, Model 154-D, gas chroma-

tographi, Veesco reading would also be contiuued. This new precedure for leak

testing the intertunk was discussed with tbhe AFRFL Project Enginser, who
directe’ the implementation of this procedure. Convair initiated a 48 hour
leak click sequence with the intent of demcnstrating that no increase in
heliuw concentration (within the limits of the test equipment) occurred in
the interaediate cavity. The results of this test are shown ip Table 3-1.
It s1would be noted that the accurecy cf the gas chromatngraph is considered
by Conveir laboratory perscnnel to te + 20 parts per million. The data in
Table 3-1 shows that for a period of time exceeding 46 hours, tbe concentra-
tion did not increase with the exceotinn cf a sample taken at 6:20 p.m. on
Janusry 23, 1967. This one exception was attrituted tc & tank watch on the
night skift inedvertently pressurizigg the intertank cavity with nitrogen
through s hose which wig previously used for pressurizing the 1H2 and LOp

tanke with helium.

The third phase of acceptance testing was initiated on January 26, 1967.
This phase consisted of vresaurizing the ictertark cavity to 3.5 psig with
pure helium and lesk checking sll externsl weld areas with thke Vesco leak

detector and sniffer prebe. No leaks wave Jdetected.

Prelirinary irspection of the test ariicie wsg conducted on Jenuary =7,
1967, by the AVHPL Project Engineer resulting ir the initiel signing of the

D250 and authorization to deliroy the PCTT to AFRHPL.

Prior %o completing the prelicinary inspection con the ’UTT, it was

necessary to disprsiticn an Alr Force Discrepancy Report, lssued ty the

_—— W
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DECASFRG Quality Assurance Representative. Tkis report (§7-02-3) vas iasued

to document a vrevious known condition of spotweld corrosicn pits and crecks
discovered on test tank 55-7542-1 oa September £, 196k, The discrepancy
report reflected the following informatior regarding the PCTT spotweld c-o-

rosion status:

- Aft bulkhead contains 316 spotwelds with corrosion pits.
- Constant 3xin contains 71 spotwelds with corrosion pits.
- Aft bulkhead contains G0 spotwelds with corrosion cracks.,

- Conatant skin contains 41 spotwelds with corrosion cracks.

This conditicn was previously known by Convair and waa thoroughly evaluated
as part of the tank corrosion study progrem, condiucted by Convair under con-
trasts to the RASA lewis Research Center, discussed in Section 1.1.3 o this

report.

The Air Force Discrepancy Report described above, was dispositioned to the
satisfaction of the Air Force ty Convalr defining the appropriate functional
limitetions to be used in handling, transporting and testing the PCTT. These
limitations are presented in Convair Report GDC-BTD66-216, "Functional

Limitations of The Fartitioned Centaur Test Tank".
3.2 SHIFPPIRG

The PCTT vehicle was prepared for shipment to the AFRPL by use cf a staandard
"low boy" traller., The test article wus supported on the trailer th;ough
the use of wood saddles bnited to the trailer bed. (See Flgure 3-1.) Steel

bands were then secured around the vehicle and fixed to the trailer bed as
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sbown in Figure 3-2. A Ceuntaur transpor:aticn pressurization unit (Figure
3-3) was installed on the trailer to be used for automstically maeintaining
tank pressures between specified bands during transportation to AFRPL. The
entire test article wass shrouded with a polyethylene cover and delivery was

made to the Air Force Rocket Propulsion Laborstory on January 30, 19€7.
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4. FIELD TEST SUPPORT

Certain tasks on the PCTIT prograa were of a nature that they were planned for
accomplishmen: at the AFRPL by Convair personnel. The three major tasks of
this nature were: the final ipstallation of the f£ill apd drain and pressuri-
zation lines, the installation of instrumentation, and the installation of

the superinsulation,
L.1 FILL ANI DRAIN LINES

This task consisted of inatalliﬁg the internai standpipe for the LH2 fill and
drain line to the inboard side of the LHo tank cover plate. The cover plate
with standpipe attached was then reinstalled (using new metal "0" ring seal) -
on the tank flange and bolted together. The external LH) fill and drain line
and LH2 tank pressurization lires were inse:ted through the access holes pro-
vided in the forward adapter and then attached to the outboerd side of the

cover plate as shown in Figure 4-1.

The LO2 tank preséurization standpipe and external lire were installed in
the same fashion as the LH2 lines and are shown iu Figure 4-2, The LOpo fill
and drain line installation consisted merely of installing a new elbow

(Figure 4-3) to an existing f£ill and drain outlet on the LO2 tank bulkhead.
4,2 INSTRUMENTATION

Six platinum resistance type tharmometers were installed in areas of the LH2
tank as shown in Figure 1-8, Approximetely 58 constantan thermocouples were
attached to designated points on the tank, adapters, cover plates, insulation

mounting pegs and between insulation panels. All thermometer and thermocouple
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leads were terminated at the terminsl and reference junction block located

P——y s

on the aft adapter in an orderly fashion as shown in Figuce bk,
4.3 INSULATION : . -

Prior 5 the instvallstion of t)ie superinsulation blenkets, it was neceesary : }
to instell mounting pexs, stand-off bands and stand-cff rings on the tank |
and adapters as ghown in Figures 1-6 and 1-7. A typical stand-off bz-d and
mounting peg installstion i3 shown in Figure U-5. This installation was
accomplished by first installing Fibergleas mounting pegs around the periphery

of the forivard adapter. Fiberglas bhands were then instalied on the pegs

which contsained a shoulder to "stand-off" the bands epproximately one inch . a g
from ithe adapter aurface. A similar installation wes provided for on the ! .
aft adapter as shown in Figure 4-6. Figure L-| shows the inatallation of

& Fiberglas stand-off ring epoxied to the tank outlet ring.

The task of installing “he superinsulaticn wss accomplished in three i
major steps: insulation of the cover plates, insulation of “he adapter [
{

interiors,; insuletion of the exterior surface.

The insulation of the cover pilstes (Figure 4-5) was accomplighed by
installing three blankets on the entire interior surface of tke forward and !
aft adapter cover plates, These blankeis were mounted to the covers by use
of Fiberglas mounting pegs, Fiberglas felt washers and teflon screws. All
blanket splices were made by interlesving layers of adjacent blankets and
securi.g the final layer wits aluminired mylar tape. 7The blankets were then

trimmed to final shape and placed in storsge awaiting final instailation.
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The interior surface of the forward and aft adapters was insulated with
a one piece blanket mounted in a fashion as deecribed above and shown in

Figures 4-9 and 4-10.

Forty-two-inch wide insulation blankets were installed arjund the entire
exterior surface of the tank and adapters. The buildup consisted of chree
blankets installed in a staggered pattern. The first layer of blankets is
shown in Figure 4-11. The first and second léyer of blankets was spliced
with a single layer of the six-inch wide aluminized rmyler sheet attachea to
the outeide layer of each adjacent blanket with aluminized mylar tape. The
final lajer of blankets (Figure 4-12) was spliced with a six-inch wide aluni-
nized mylar sheet attached to every other sheet (within the final blanket)

with &luminized mylar tape.

During the final trimming operation of the superinsulatior, instrumenta-
tion measurement number 46 was inadvertently cut, requiring splicing to

repair.

The insulated cover plates were then installed on the forward and aft
adapters., The entire test article was then wrapped with a polyethylene

cover as a protective measure and delivered tc the AFRPL by DD250.
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SECTION 1
TNTRODTCTION

The Fartitiaaed Jestans Test Tank (PCTT] 13 g Flighi-Teighti Cezans
Test Tanx 55-:3542) shich nas Sewa -2ified Tor tlesmal 1:sticg at tw
Air Force Rockxet Proegulsion ladborziory (AFAFLI. i skelch el the PCT1 is
shown in Figure 1. Modificztions to the (eutlaur tank consist cf removizg
a section of cyiindrical tanx akin, weldizg Io & nes wliipgoidal bunlkawsd.
and rewelding the forward bulkhead to lze tank. New kardwzre fabricated
for the PCTT consisis s{ the adapters, cover plates, prepellant fill «nd
vent lines, and superiascvlation.
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SECTION 2
DESIGN FACTORS OF SAFETY

# ——tre o

The PCIT is made from an existing flight weight Ceniaur Test Tank.
Care should be used to see that all limitations set forth in this docu-
neut are sirictly adhared to hecause safety factors 5f a flight woight
| Tank are considerably less than those ususlly encountered in ground tast
i i equipaent. Hardware which was fabricated new for the PCIT kas aafety
l | factors which are consiastent with Centaur ground eupport equipment. A
1ist of safety factors used for the design of the major PCTT components
, is contained in Table 1. The safety factors are defined in the following

mapner:

Py ey

Limit stress
Operating stress

Limit safety factor =

Pty

Ultinate streas
.Operating stress

Ultimate safety factor =

Operating streas ie defined as the stress encountered under the specified
conditions of operation or uss. In detriaental yielding shail occur at
limit stress and no failure zhall occur at ultimate stress.

oy
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Table 1
SAFETY FACTORS USED IN THE PSTT DESIGN
PART SAFETY FACTOR
!_!!JMBEB NAME OF PART LIMIT ULTIMATE
PCTT-1-2 STANDPIPE 1.00 1.50
PCTT-2-1 FORWARD ADAPTER ASSEMBLY 2.90 3.00
PCTT-2-2 AFY ADAPTER ASSEMELY 2.00 3.00
PCTT-2-3 FORWARD COVER PLATE 2.00 3.00
PCTT-2-4 AFT COVER PLATE 2,00 3.C¢0
PCTT-2-24 RING 1.00 1.30
PCTT-2-~2% RING 1.00 1.30
PCTT~-4-1 DOOR ASSEMBLY 2.00 3.0C
PCTT-4-9 TUBE ASSEMBLY 2.00 3.00
PCTT-4-14 TUBE ASSIMBLY 2.00 2,00
PCTT-4-16 PUBE ASSEMBLY 2.00 3.00
PCTT-4-18 TUBE ASSEMBLY 2.00 3.00
PCTT-6-1 INSULATION ASSEMBLY 2,00 3.00
PCTT-7-1 TANK ASSEMBLY 1.00 1.23

AUTBE<1 (REV. 8-08)
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SECTION 3
GROUND HANDLING AND TRANSPORTATIUN

3.1 Confignration - All routine ground handling and transportation of
the PCTT shall be accomplished with the adapters and cover plates
installed, and the propellant fill and vent lines (both internal
and oxternal) removed unleas specified otherwiae elsewhere in this
procedure. Gross empty weight of the PCTT in its trangportation
configuration is 3200 pounds.

J.2 Tank Pressures - The tank pressures during maintenance, stierage,
ground handling, and transportation shall be 8.0 + 1.0 psig in the
forward and aft tank, and 4.0 + 1.0 paig in the inter-tank region.

- CAUTION -

The forward and aft tanks must be muintained at
least 2.0 paig higher in pressure than the inter-
tank reg.on, Damage will result to the test
article if this conditiom is not strictly observed.

During transportation from San biego to AFRPL, the tank pr.ssures
will be automatically maintained at 8.3 to 9.8 paig in the forwerd
and aft tanks and 4.2 to 7.2 psig in the inter-taak region by means
of a Centaur Transportation Pressurizstion Unit. This unit gives
an automatic warning signal if the tank pressures vary outside the
limits aset forth above.

The intermediate bulklead boss at Sta. 324,17 (Quad. I, 3 inches
from the Y-axia) shall be vented to the atrosphere a2t all times
during maintenance, storage, ground handiing, and transportation.
The boss shall be protected by a four laycr thickness ol chess.-
cloth taped in place. A plastic bag at least 9 inches long an.
2 inchas in diameter with both ¢2ds open shall be taped over ths
boss to serve as weather protection.

~ CAUTION -

The fragmentatior pressure for the PCTT tank is
9.9 psig. Tank pressures shall Le kept below
9.9 psig at all times when g failure would be
hazardous to personnel.

3.3 Ground Winds ~ Erection, positioning, and hoigting of the PCTT
shall be accomplished only in wiands which do not exceed ten (10)
MPH. The PCTT shall not be left free standing in winda (steady
state plua gusts) which exceed 20 MPH.

ADTBE-1 (ALY, 3-88)
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3.5

Hoisting and Positioning - All hoisting and positioning shali be
performed with a crane system having a rated lvad capacity of at
least 4 tene. The cable from the crane shall be attached tn the
PCTT by mesns of a 4 ton capacity spreader bar system which has
two cables 120.9 inches apart that attach to two diametrically
opposite longerons as ghown in Figure 2. A clevis or clavis-like
device shall be used to connect the spreader bar cables to the
PCIT 80 no bending or radial shear forcesz are .nduced on the
lo.gerons. The distance acrose the throat of the clevis shall be
2.35 to 2.40 inches. The clevis pins shall be NAS 1018 bolte made
from A286 CRES. Two half inch diameter nylen taglines, 180°® apart,
shall be attached to the aft adapter and one man shall manage cach
tagline. The taglines suall be attacked to \he adapter by means
of anglea (2) which bolt te the aft adapter ring with at least ¢4
bolts each at a 2 inch spacing. The outstanding leg of the angle
has a hole through which the tagline can be attached. The purpose
of the taglines is to help damp out oscillatiors of the PCTT while
it is being hoisted. Extremely large forces shall not he applied
to the taglines.

rrection - krection fyrom harizontul to vertical shall be accom-
plished un a truck kaving a rotating cradle. A spreader bar (sce
Sectior 3.4) shail be used to attach the crane to the PCTT

longerons at the sides of the test article as shown ia Figure 3.

Two padded straps located as chown in Figure 3 shall be used to

tie vhe aft adapter to the rotation cradle. As the PCTIT is aslowly
‘aiged to the vertical position, the truck must be slowly moved
forwara to keep the hoisting cableas within i0® of vertical. Tha
base of ihe PCIT shall be kept im contact with the cradie, but the
PCTT must be held by the crane at all vimes. Two tagiines capable
cf 200C pounds each shall be attached to the clevises (see Rigure

3) to help sase the PCTT through the over center portios of rotation
whicn occurs {rom approximately %3¢ to 8C® from the herizoutal
position. A 2000 pound tension load shall be supplied by aeanc of

a winch or the equivalent. When the vertical position is recached,
the straps may be removed and the PCTT méy te raised froam the

truck bed. HKotation from versiical ¢35 uorizonial can he accomplished
by reversing the auuve procedure,

AS788-. (REV. B.68)
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TO CRANE

== SPREADER B2R

/« FORWARD ADAPTER

,_4.,__@

~~— TANK
L

:::z::»szzo'-a>

.~~~ AFT ADAPTER

_‘_L_,-v. —

_~— ANGLES (2)

e
/ '\< TAG LINES (2)
Figure 2
HOISTING SYSTEM
PREPARED BY BATE CHECKED BY RATE REVISER BY PATE
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Trandzoriative - Trapepertectioun of the PCTT shall be accomplished
wie & flol bed ¢ruck having 3uposrts Jocated as ahown in Figure 4.
T 3 iaz: wide crodles furm the main zupporisa. These crac laes
shal) te loczted as ~luse &8 posaikle to the Sta. 219 and Sta.

34r .47 ringz. 4 minizom 3f 0.73 inchea of wool felt paddiag shall
te uasw betveen .2 cradlas and thy tank. Steel hold down straps,
a mirige of 1 2L 1 ::5%8 wide, nuail re uzed 2t the Sta. 2i€ =ad
Sta. <CE. 87 Tooge 4 minlpuxn thicimess of C.75 inchez of Cargoe Pak
. o8Iag Brali bs uAed betwesn the hold down atraps and the tank
riagd. A ¥2ccep Fupnirt cradle mith a minimum of 1 iach of Cargo
Pait padding shall Be previded =¢ Sta. i8i. The rotation cradle,
Douglas Part ¥o. iTi4180-7, with a micimma of 1 inch of Cargoe Pak
pedéing shrll be used as a support at 3ta. 384.47. Saug but not
tight 0.75 inch wide steel strape #ith a 1.0 inch minimum thicknoss
of Carge Prsx padeirg akall be used at Sta. 151 and Sta. 384.47 to
secure the adaptere. Engineering representatives frcm Design
(961-3) X29€6, and Stress {(96i~4) X2222, shall be present during
the eniire leoading procesa to insure that the PCIT is properly
sezured to the trailer.

- CAUTION -

The tank pressures shall be monitored continuously
duri 1g transportation and xept ¥ithin the limits
estalished in Section 3.2 of this repoert. A
miniaum of four (4; K-bottles of dry nitrogen
suall be provided during shipment so that tank
pressures may be increased if neczsaary.

- WARNING -

If pressure in any tank varies outside the limits
of Section 3.2, the truck must stop at once. The
truck must not proceed until the pressures are
restored to normal (see Section 3.2).

ASTEE-Y (ALY, (-00)
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END STRAP STEEL STRAPS, PADDED
/;mau PADDED {TYP 2 PLACES}
(TYP 2 PLACES

L % e e - . -

NADS I, 11
up

QUADS III, IV

DOWN
=
!
STA. STA.
151.0 384.47
WOODEN 219.00 326.47 ROTATION CRADLE
SUFPT. CRADLE,™ MAIN CRADLES, PADDED DOUGLAS PART

HIGHLY PADDED (TYPICAL 2 PLACES) NUMBER 1714150-7,

HIGHLY PADDED

Figure 3
IRANSHORTATION SUFPOKTS
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3.7

3.8

|

L

Adapter Cover Plate Removal and Installation - The adapter cover
plates shall only be removed (or installed) with the PCIT in a
vertical position. Removal of the forward cover plate shall be
accomplished with the PCIT standing on the aft adapter. Attuch

a four cable sling to the eyebolts located on the cover as shown
in Figure 5. Uabeclt the cover and lift it vertically until it
clears the longerons. Reverse the above procedure to install the
forward cover. Toique the NAS 1205 fastenera to 100 - 140 in. 1b,

Removal of the aft cover plate shall be accomplished by suspending
the PCTT over some supports Zor the cover, uabolting the cover, and
hoisting the entire "CTT, leaving the cover plate on the three
sepports (Figure 5). The cover plete can then de moved by a sling
attached to the eyebolts as in Figure 5. Reverse the above pro-
cedure to install the aft cover. Torque the NAS 1004 fasteaners to
50 - 70 aile lbo

Adapter Removal and Instailation - The adapters shall only be re-
movad when the PCTT is in the vertical position. The 2xterior
propellant fill and vent lines must be removed per Section X.10,
the tank zspzanings capped, and the tanka repressurized befure the
adanters can be removed. Removal of the forward adapter is accom-
piished by supporting the PCTT on the aft adapter, unboiting tre
forward adapter, and hoisting it vertically with the spreader bar
(Section 3.4) until it clears the forward bulkhead. Two kalf inch
nyion tag lines located 180¢ apart shall be attached to the aft
ring of the adaptes, if necessary, and one man shall wmanayr es:h
tagline, The taglines shall be attached in the manner of Section
J.4. Taglines =2 required on the adapters only when hoisting in
a wind or when damage due to0 oscillations is passible. The adapter
shall be hept vertical when i{ is removed from the tank. Reverse
the above procedurs 10 instail the forward adapter ocaa the tank.
Toryue the NAS 1004 fasteners to 50 - 7C in. ib.

Removal of the aft .ucpte~r can only be accomplished with the for-
ward adapter installed Decause the PCTT shall ba hoisted only
through the fTorward adapt2r. Remcval of the aft adapter is accoe-
plished by suppsirting the PCTT on the aft adap’e¢v, unbolting the
aft agantsr from the tank ring, and hoisting the PCTT vertically
untif 1t clears the aft adapter. Two taglines located 180¢ apart
shall be att.:r 1ed to the aft ring of the tank, il necessary, and
one wman shall manage each tag.ine. The tagline attachment wetihed
is the same as used on ths forzard adapter. The PCTT must remain
suspended while the aft adapter is not in place, RHeverse the above
procedure to install the aft adapter on the tank Torque the NAS
X4 fanterers to 30 - 70 in. Ib,

ABTEB: v, b.4W)
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TQ CRANE

~ FOUR CABLE SLING

60° Va COVER PLATE
K /
J—-—-—._:!::

FIL T )N/ 7T 77

€ x 6 SUPPORTS (3),
10 FT LCONG

Figure 8
CO¥ER PLATE SLING AND SUPPGRTS
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3.9 Depressurization, Opening, Clozure, and Pressurization c¢f Propel)ant

Tanks -

3.9.1 Verity that the following materials and equipment asre availahie
before attempting any purtion of this procedurec.

¥ adequete tocling and/or engiineering parts to seal all tanks
anG vo place the PCTT in stretch by suspending it in tension.

2, Three p :s8 re g..ges 0-15 psig range minioum.

% 3. A regalated aupp'y of nitrogen gas per MiL-P-27401.

4, Adequate fittinge. vaives, adapters, and “ose for use during
pressurization and depressurizaticn.

l 5. Cheesecloth, GDC Meteria’ No. 32 262700 (787032) or equivaient,
6, Centaur upper-stage tank log boux GDC Form No. A-4083.

3.9.2 Uepressurizaticn - The depressurization sequence shali bLe performed
in the following manner:

i. I’lace the PCTT in atratch by suspending it from ths# {orward
adapter per Section 3.4 and place 'tanks degassed arnd in
stretch" signs on all four sides of the tank.

<. Verify that the intermediate bulkhead ies vented *» the atmos-
phere, VProtect the vent tube at Sta. 324.17 in Quad. I, 3

! inches from the Y-axia with four thicknesscs of cheeseclosth

taped in place.

3. plepresnurize the inter-tank region first by removing the pres-
surization line at the PCTT-%-7 plate and monitoring the pres-
sure gage until it reads zero gage pressure. Remove the PCTT-
4-7 plate and cover the opeaing with a four layer thickneas of
cheesecloth taped in place. Record the actual t:we and place

i wnera the tenk is dapressurized in the tank log book

4. Depressurize the forward itanrk by removing tre pressurization
lane (or plug as applicabie) located at Sta. 179.0 on the z-X
axis between Jyuads 1 and 1.

-~ CAUTION -

The inicr-tank region must be deprz2ysurized before the
Lorvard ana/or s=ft tank is depressurized. Dam~ge will
I rerci-lt tc the tesst article if this condiuon is not

| atrictly observed.

(S
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J.9.3

4, Continued

Monitor the pressure gage until it reads zero. Cover the tank
openirg with a fuur-layer thickness of cheesecloth tapad in
place, Record the actual time and place where the tank is
depressurized in the tank log book,

NOTE: The aft tank may remain pressurized when the forward
tank is depreasurized, however, the inter-tank region
mu3t be depressurized first,

5. Depressurize the aft tank by removing the pressurization line
(or plug as applicable) located on the aft door on the X-X
exis between Quads III and IV,

~ CAUTION -

The inter-tank region must be depressurized before the
forward and/or aft tank is depressurjzed. Damage will
result to the test article if this condition is not
strictly observed.

Monitor the pressure gage until it reads zero. Cover the tank
opening wit a four-layer thickness of cheesecloth taped in
place. Record the actual time2 and place where the tank is
depressurized in the tanik log book.

NOTE: The forward tank may remain pressurized when the
aft tenX 18 depressurized, however, the inter-tank
region must be depressurized first.

Opening Forward or Aft Tank - Before opening any tank it must be
depressurized in the manner of Section 3.9.2. The forward and/or
aft tank m¢y then be opened by removing the fill and vent pipes if
installed, and the bclis around ths periphery of the door. Care
ahali be used when the internal pipes, PCTT-4-18 and PCTT-4-20,
are installed on the door to in<ire that they do not hit the ¢ank
walls as the doors asre r moved.

- WARNING -

The tanks are pressurized with niirogen gas. Personnel
should not attempt to enter the tanka until the tanke
have been purged and 1t is verified that thz oxygen
conntent 1s notmal.

ATRE-y imE~.
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3.9.4

i
i

Until the tanks are purged, a aign shall be taped next to the
opening with the following words: '"Ceution, Tank Not Purged,

Do Not Enter". After the tanks are properly purged, a tontinuoua
supply of fresh air shall be blown into ihe tank while personnel
are inside. Personnel entering the tank ahall be supported from
the outside by means of a bosun's chair or other suitable device.

~ CAUTION -

The depressgurized tank skin is not capable of
supporting personnel or equipment. FExtreme care
shouid be used when entering the tank to avoid local
Joads on the tank akin,

Closing Forward or Aft Tank - Every time the door is removed, the
toruas seal, 83-67973-040, shall be replaced with a new seal. The
door shall be bolted in place with the bolts toryued to the
following limits:

Forward door: NAS 1003 bolts, 20 - 25 in. 1b.
Aft door: NAS 1144 scress, 30 - 70 in. 1lb.
Care sahall be uned when the irternal pipews, PCTT-4- 8 and PUTT-4-20

are installec on the door to insure that they do not hit the tank
walls as the doors are inatalled.

Pressurizatiocn - Reverse the procedure of Section 3.9.2 to preasurize
the tanks.

- CAUTION -~

Pressurize both the forward and aft cvanks belore
pressurizing the inter-tank region.

Tank pressures shall be in accourdance with Section 3.2. Leak check
all fittings on the forward and aft tanks before prossuriz.ng the
inter-tank region. Leak check the fittings on the inter-tank
regiun after it jis preasurized.

L3708 1 itgy, 2-08;
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3.10 Propeliant Fiil and Vent Lines - During all phases of transportation
the propellant fill and vent lines, PCTT-4-16 (3), PCTT-4-18,
PCTT-4-14, and PCTT-4-20, must be removed from the PCTT and shipped
separately. The lines shall be iastalled (or removed) with the PCTT
vertical and depressurized per 3Section 3.9 just prior to installation
in the test facility. Tre forward and aft cover plates must be
removed per Section 3.7 to instali the fill and vent lines, PCTT-4,
and a portion of the insulation PCTT-6. All of the fill and vent
lines shall be installed with NAS 1003 bolts torqued to 20 - 25 i
in. lb, After installing the propellant lines, install the PU[T-2-5 3 !
support halves on the adapters. ‘

Care should be used to avoid loading the fill and vent pipes during
ground handling and installati>n of the PCTT in the test facility.

L»ad limitations on the pipes are listed in 3Section 4.3 of this
reyort.

3.11 Insulation Installation - The PCTT-6 superinsulation for the PCTT '
shall be installed on the tcst articie after the fil. and vent lines o
and appropriate instrumentation have been installed. The PCTT shall
be in the vertical position when the inaulation is installed. A i
portion of the insulation must be installed while the cover plates : k
are removed to install thy pipes, see Section 3.10.

AJT89-t Ly, §-99!
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SECTWON 4
TESTING

Configuration - The PCTT shall be put in iis test configuration juat
prior to installation in the test facility. Tesat configuration
includes the adapters, cover plates, fill aud vent pipes, and super-
insuiation, The PCTT shall be supported by suspending it in tension
from the longerons at the ‘orward end of the forward adapter.
Maximum empty weight of the PCTT in its tes! configuration is 3500
pounds. Maximum gross weight of 25,000 poundn occurs with the for-
ward tank full of IN2 and the aft tank empty. Gross weight with L#)
forward and LNy aft is <4,300 pounds.

Tank Pressures - During installation (or removal) of the PCTT in the
test facility, the tank pressures shall be maintained per Section 3.2.

During tanking, testing, and detanking, the intermediate bulkhead
cavity shall be kept ev-cuated by a vacuum puwmp running continuously.

After installation of the PCTT in the teat facility, the inter-tank
region shall be vented to the altitude chamber as per Section 3.9.

During tanking, testing, and detanking, the gas pressure in the
forward (LHp) and aft (LNp) tanks shall not exceed 20.0 psia. When
IN2 is in the forward tank, ite maximum gas pressure shall be 20.0
psia. The pressure in the forward ~ad aft tanks shall always be
maintained a minimum ¢f 4.0 psi higher than the pressure in the
inter-tank region and/or test facility. The tanks shail be pres-
surized through the vent lines during tanking, testing, and de-
tanking.

The rate of chamber evacuation (or repressarization) shall be
monitored so that the differential pressure across the adapter walls

does not exceed 1.0¢ psid. Visuali surveillaace of the superinsulation

shall bLe provided during fucility evacuation to verify that it is out-
gassing preopzrly. A alovwer than normal pumpdown may be required to
Xeep from damaging tis: znsulation,

- CAUTION

The ‘'ragmeniation pressure of ihe PCIT tank is 9.9
paig. Tenk presaures shall be kept below 9.9 psig
at all times wher a failuse would b2 hezardous 1.
perscunel.
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4.7 Progp.liant Fiil and Vent Lines - The PCTT fiil and vent liines «ra
cantileserad from the propsllent tanks. The lines receive rome
suppnrt at the adapter wall. Allowable iloads which mnr he appliied
to the ends of the fill and v2nt lines are given by i1he interaction
equations which foli.iow:
4.%.1 LE; fill and vent pipes, PCTT-4-16.
MUIN,LS.! L(iB., < (SRR R CIUER
1560 + =33 =~ ) {SEE FIGUHE 6)
WACANG I
'p e i
!
Figure 8 i
LOAD DIRLITIONS, POTT-4-16, FUORWARD i
|
I 4.3.2 1IN, vent pipe, PCTT-4-)6. !
! t
*
‘ WIIN LB T ‘
! Miid.iB. ) oiLE S S L R P )
: 2000 F - 1 O3l SYGURE T ;
ST . - B . ]
; £ A P i
i S S~ + Fme e 3 !Qg- A i
’l . ; . L” .
; \\F .
£ qp d
i
: Figure 7 i
§ LGAD DIRECTIONS, POTT-4-16, AFT |
j |
|
1 |
!
f %
e — J
43359 ° ‘mp~v § ¢%
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403.3 Lﬂa ‘111 pip.. P(‘TT““I‘.
M(IN.LB.) P{LB.) < ¢ -
950 * s S 1 (SkX FIGURE 8)
‘, i M ’\
f * M A
{ :
i Figure 8
3 f
104D DIRECTIONS. PCTT-4-'4 ,
. | :
i
i ‘ 4.53.4 Thaermal Deflcctions of Pigesa ~ The propellant fill and veal pipaa
: ] will deflect relative to the test fac.lity when crycgenics are
. | {apged in the PCTY. Thormal defiection relative to the point ¢’ 3
; Aaupport st the tep ¢f the leagercops is equai to or less than: z
| PCTT-4-18, A =+ 0.15 inches ]
{ Lz Teak l *
) ; PCIT-4-18, O = + 0.¢5 icches
§ l M Tark
:? 1 B
; FOTE-i~1a, O3 M + £.65 inches
i Gesign of th> facility linss shall incurporate provisions to allow
thr above defiections withoui exceeding the aliowable pipe loads
of the prrossing rectien.
: P44 iryogenic Preof Test ~ A cryogenic proof test o/ the rewcrked forward
tank shall LDe perforaed with LN befors testing is perforacd with
iMz. The tanking level shall not excerd ta. 180.<. The ait taunk
i shall be smply during this test. Maximum pressure in the forward
: tapk ahsil moi excewd 20.0 pasia wheu it conteine LR,. Chill ths
tguk per 3ectioz 4.3 Deiore tanxing LN). A wiaimuwm differsontial
gresevsre of 4.0 peid shail Le ma.ntained across the tank wall when it
contains 1NZ.
- CAUTION - {
shen LN iz ia ihe forward tamik tha «ft Zaak sn 1} i 1
; by gEuiy of iiculda., Failure t¢ obserse thic limita- :
: ! tice mey cavsé damage to the vest artizle.
| ‘ i
: iy
| .
y e s Tam T “" T T ’ - ;
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4.4 Continued
~ CAUTIUN -

LHy shall not at f£ny time be put in the aft (LNy) tank.
Failure to observe this limitation may cause damage to the
test article.

4.5 Tanking and Detanking - The forward (l.Hy) tank shall always be
teriksd faret and detankea last. 7T * forward tank shall be chilled
ty vracking the LHy fill valve and lztting cold Hz (or N2) gas imto
the tank for a period of twenty minuies before opraing the valve
wide and filling the tack with LH2 (or IN2). Tank pressures during
tanking shall be in aceordance with Section 4.2. The LHp level in
the forward tank shali not exceed Sta. 180.2. Thirty sinutes shai

be allowsd between compietion of LH2 tanking and heginning LN2

f tanking in the aft tank, however, during this time the aft tank

! shall be chilled by cracking the LN2 fill vaive and letting cold N2
gus into the tank. The Li2 level in the aft tank shall not exceed
Sta. JS94.

i ~ CAUTION -
LHy shgil not at any time be put in the aft tank.
Farlure to ~bgarve thic limitation may cause damage

Lo Lhe teat crticle.

*ominel tapk volumcs versus staiion are shown ain Figure ¥ and 10,
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FOREWGRD

The Partitioned Centaur Test Tank (PCTT, therwal analysis
of this report has been performed in accordance with the pro-
visions of Contract No, FO461-67-C-0004. The repnart includes
detailed predicted temperature distributions, resulting {ank
net heat rates, and propellant boil-off rates for the PCIT
under simulated spyace-environmental .onditioms in the Space
Environment Simulation Kacility Chamber of the Air Force

Kocket Propulsion Laboratory at Edwards Rocket osite.
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SUMMARY

lesults of a detwziled therma)l analysis are presented for the
Partitioned Ceintaur Test Tank (FCTT), a space-environmental cryogenic
siorage test article employing Vimplar super insulation., The analysis
of this report is based on the simulated space-envirunmental condi-
tions of the AFRPL vacuum tes: facility including hard vacuum, LNP
cold wall, and quartz lamp radiation source, assuming the PCTT to.be
fuily tanked in accordancs with stress limitations and in thermal
egriilibrium. Detiiled FLIY temperature distributions and heat {(rans-
fer rates were predict:d on the basis of the simulated space-environ-
mental flux distribution grescribod for AFRPL PCTT testing in the test
docui.ant of Reference 1. Applicaiions of the analytical predictions
to the aaticipated test procedure and tne ensuing post-test evaluation
of the PCTT thermal control performance are discussed. Predictied
equilibrium propellant tank net heat rates corresponding to the
Heference 1 PCIT incident heating rates are 12.09 Btu/hr for the [H
tank and 14.56 Btu/h: for the LN2
boil-off rates of (.218 lb/hr and G.169 lb/hr.

2
tank, with corresponding respective

T R
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INTHRODUCTION

Future space missions require storage of high—energy crycgea,ic
propellants in propulsion system tankage during long space coast.
tvaluation of the potential space-environwental cryogenic storige
capabilities of tank thersal control systewms eaploying super insu-
lation is necessarily predicated on thr ability to demonsir te

‘therﬁdi zonirol performance. The j‘artitioned Centaur Test Tan
,;fiiled fuel "ank and

2
an LNz-filled oxidizer tanx deaigned to accommodate a practical

provides a full-scale vest article w:th an LH

evaluation of a Dimplar super insulat.on systewm under simulated

Space therma) vacuum conditions. |nterpretation f the resulting

thermal test data must in tura be supporied by deiailed analysis of

the actual test article.

1
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1. DISCUSSION

1.1, Partiticred Centaur Te2st Tanx Thermal Control Design

1.1.1 General Configuratice. Tae Partitioned Centsur Test Tank
(PCTT) conforms in all esmential details o the configura\ .on
described in Reference 2, in which the partitioned tank assembly is
pirovided .ore and aft with ¢ylindrical fiberglass adapters, each
having a stiffened fibergzlass cover. The entire test article is
suspanded in the Air Force Xocket Fropuision Laboratory (AFRPL)
Space Enviropment Simulatioa Facility (SESF) vacuum chamber by means
of four hanger assemblics. The forward and aft acdapters are pro-
vided with circumferential aluminum rings (angle sections) to which
the respective covers are mounted. Simulated space heating ie pro-
vided by banks of quartz lamps, positioned to distribute 2 controlled
heat flux over half of the external cylindrical surface area. Prec-
pellant tank fill and drain ducts, vent ducts, and instrument=tion

leads emerge on the side of the vehicle not irradiated by ithe lamps,

1.1.2. Super Insulation Configuratien.

1.1.2.1. The Dirplar super insulation, positioned as noted in Figurs

1, is installed in _erlapping "blarkets'". Each "blanket" counsists

"of a specified number of "pairs" of Dimplar layers, where a "pair"
pa

corresponds to a single layer of flat Dimpliar, plus & single dimpled
layer. The external super insulation i1s suspended by means of teflon
pegs which are “he sole physical contact between the externul insula-
tion and the PCTIT adapter. The aft adapter pegs do not peretrate the
external super insulation but suppert twe fiberglass rings (Siations
336 and 384) which, in turn, maintain physical weparation ¢f the
external insulation blankets and the aft adapter. ‘he internal sur-
faces of the forward and aft adapters and covers are provided with

additional Dimplar blankets which are in direct contact with the
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respective sdapter/cover internal aurfaces. A swmary cf{ the supsr
insulation and teflon peg coaliguration is: preseuted in Tabie I. A
26-inch section of the forward adapter innsr surtace, adjacent to
the 1H, tank is uniansulsted. A 16-~inch section of the aft adaptsr
inner suricce is eimilarly uninsulated.

1.2.2.2, 'The super insulation and peg mouating chzrzcteristics are
detailed in thz sketches of Figure 2, A typical blanket section ia
shown in Figure 2. As aoted in Figurs 20, the individual blankets
are 42 inches wide, and the method of stuggering ths blapxeta cir-
cusferentially ie zhown in Figure 2¢. *m the cylindrical diameter
increases with succseding ineulation layeis, a progressivaly
incraasing V-shuped gap occurs botweea matirg blanksis, as ashown in
Figures 2b and 2d. This gap is closed by means c¢f two Dimplar
strips on the inner klanket and seven Dimplar stripec on the outer
blanket. The external strips are socured Dy mesas of aluminised
mylar taps to provide a continuous extericr surface. The teflcn
mounting pexs and a typical mounting detail sro presented in Figures
2e and 2f.

. 1.2. PCTT Analytical Procedurez

1.2.1. Assumed Space-Envircamsental Simulatiorn. A8 noted in Refarence

1, the simulated opace-environmental incident heat input prescribed
for PCTIT thermal teating yieids a surface absorbed heat distribution
which corresponds te the local abscrbed solar emergy diatribution

evar a cylindrically cenfigured vehicle in a desp space environment
with vehicle centerline orisnted norsal to \‘he vehicle-sun vector.
Absorbad heat rate for thd/actual flight vehicle is accordingly predi-
cated on assumed solar absorptivity and emiesivity values of 0.3 and
0.91, respectively. The appropriate space vehicle incident haat flux
distribution is detailed in Appendix A of Roference 1. Ae noted im
the lattier study, this heat flux disiribution combines with the above

vehicle surface radiative characteristics in randering a unique

1o o

20 My Wy

R Y

SoRcaitan,

P —

© vy




—n ———  r—— pron——y I ——— A— a—t S N h———

B ] ———"y T sopm—c

B e e Tl o A LNl 2P ¥y

GPC-BINS7-000

15 January LE67

TALLE 1

PCTT SUPER INSULATIOM CONFIGURATICR SUMMARY

PCTT Number of Dimplar “Pairs" Support Peg
Item Blankets | Per Blanket Configuration
A - e S e s s S O —_— ” o k RO S i u__m
Outer Sidewalls 27 pegs, Sta. 156*
27 pegs, Sta. 214
27 pegs, Sta. 336
7 pegs, Sta. 364
Inner Forward
Adagpter i 10 27 pegs, Sta. 156
28 pegs, Sta. 1Sl
Inner Aft
Adapter 1 g 27 pegs, Sta. 336
23 pegs, Sta. 384.9
Forward % Aft
Covers 3 7, 7, & 6 32 pegs (=a.)
evenly distributed

* Station numbers represent longitudinal inches
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vehicla external surface egquilidriwm circumferontial tempeiature
diatribution, sleo pressnted im Appendix A of Heference 1, Tkis
teaporature distribntion which cumziders rersdiation to a dooﬁ
space enviromasnt was accordingly empisyed as am sxternal cylin-
drical surface texmparature beuadary ix %he anmalyais 3f this

study, and will be seen as curve (a) of Figures 7 through 20, A
thermally black radiative heat simk at 180°R (LN, celd-wall) was
assuzed te be the radiaiive beundary canditisns for the extermal
surfeaces of the forward and aft cuvers aw weli as the unirradiated
half of the cylindrical side. An externa) cover emittamce of 0.8
vaa cmployed, correspending approximately 2o unpainted fiberglass.

1.2.2. The PCIT Thersal Model.

1.2.2,1, Data obiained in Ceavair calerimetric iontin; of Diaplar -
insulation was cmployed in formulatiag the fellowing expressioan fer
keat rate through r layers of Dimplar:

4 4
9 (T° > Tt ) . T. - Ti
Yo e - -1 TFR)
3 &

in which T@ znd Ti are outer and inmer surfzce temperatures, ‘8 ie

the flat iaysr emittancs (0.04), ‘1 is the dimpled layer smittasnce
(.07}, sad §(X) is «a espirically-determined thermal resistance facter,
47,4 for 10 pair-imysre of Rimplar par inch. The reapasctive emit-
tunce values sre Rassd ox mensurements obtainsed in the Corvair Spacs-
Physice kaboratory. The oaverall heat rats ’» thuc seer te coumbimo a
readiatiocs teim and 3 conductior term, and tha sbhove sxpreesion was

swployad througheut the anxlysis.

1.2.2.2. The ICTIT test article was numerically repressnted in terme
of an eladoraie theraal modsl of the anaiogeus electrical type,
incorporating n tots) of 361 temparsture nodes and 4330 cenductivo aad
radiative resietors. The complete tent article is shown in Figure 4,
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in which it is soon that the ICTT was numerically representsd in
terms of seventeen {17) cylindrieal section data atations, and (6)
cover section data stativons. Each of the cylindrical stations con-
tained ton (10) circumforential incremental area segments, each in
turn containing an apprepriate compotite array of nodes rslsted te
that area segment. Both adapter covers were divided into three
(3) annular regions, each containing ten (10} equal area segssnts,
with sach segment, in turn, containing a compesite nodal arrsy.
The areas of the surface nodes are tabulated in Pigarc 4. Each
propellant tank was represented by a aingle heat sink node of
appropriate temperature and suriace area.

1.2.2.3. Typical thermal model local geometirical and thermophysical
characteristics are dotailed showing the nodal array for each of the
mijor composite structure configurations in Ficuiol 3a through 3Je.
Internsl radistion exchange parameters were obtained in a separate
preliminary numerical study. Comventicnal methods were first employed
in deternmining the appropriate geometric configuration factora. Por-
tinent configuration factors amd surface emittances were thon supplied
as input to an analysis employing the classical Oppenheim method eof.
detsmmining radiation eiucheny» factora. Theae radiation sxchange
factors (¥) are summarized graphically in Figures 3f through 3k as
functions of test article station. Thus it is poseible te reprosent
the net radiative heat transfer from s given surface (a) to a noigh-

boring surface (b) as

4 4 ' 4 4
Qp = AT - T) = - AL (T -1
whare

Aa ‘{b = Ab%n

l.2.2.4. It is of interest to note the effect of tae uninasulated
portion of the inner adapter surfaces on the resulting factors (Fig-

ures 3f and 3g). The uninsulated adapter surface was assumed to have
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an emittsnce of 0.8, corresponding to unpainted tibsrglass. The
resulting effect on wall-to-tank radiative heat rate will be seen
in the fsllowing section. Tho emittance of the super insulation
inner surface was assumed to bs the measurcd values cof 0.04, as
noted earlier;and the 301 stainless wsteel tank surface emittance

was assumed to be 0,175,

1.3. Rasulting Predicted PCTT Thermal Contro. Performance for
Hard Vacuus (10-5 TORR)

1.3.1. PCTT Temperature Profiles.

1.3.1,1. Equilibrium temperatur:s throughout the P.IT test article
assuaing tanked conditions snd hard vacuum (10" TORR) a-e pressnied
in Figuras 5 through 30. Fjiguras 5 through 21 show temperature pro-
files in planes normal to the vehicls major axis. Temperatures preo-
sented for data stations 1 and 17 are for the forward and aft alumi-
nus adapter rings. Forward and aft cover temperatures are presented
in Figures 22 through 27. Thermal symmetry permits complete presen-
tation of the cover temperatures in terms of three tranaverse dhta
stations each. It will be noted that in _ach casa, the three data

stations are coiﬁcidont at the conter of the cover.

1,3.1,2. Lengthwise temperature profiles are presented in Figures

28, 29 and 30, rexpectively, for the forward fiberglass adapis™, the
cylindrieal intertapnk section, and the aft fibergiass adapter. It

is seen that considerably elevated local structural temperatures occur
on the heated side of the vahicle, Meximum temperatures of 330°R,
186°R, and 342°R. cerrespond respectively to the forwsard sdapter, the
intertank section, and the aft adapter.

1.3.2. FCTT Propellant Heat Rmtes.

1.3.2.1. Tank heating rates from each of the dats stations (stations

1 and 17 are not applicable) are presented in Figures 31 througk 3J6.

e oy
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It should be noted that the sidewall radiation heat rates (atations
2 through 16) are local fluxes presented in Btu/hr-ftz. These data
are integrated circumferentially ani presented 1n Figures 37 and 38’

as average sidewall heat rate in Btu/hr-ft2 vs data station.

1.3.2.2. As seen in Figures 37 and 38, the relative contributions

of the uninisulated, unpainted adapter gsections to tank radiative

heat rate (data stations 4 and 14) are significant. Of further sig-
nificance is the LH2 tank heat rate at data station 5, a short, cyl-
indrical tank section which is not afforded the added shielding ef

the adapter or the intertank cylindrical wall. It will be of

interest to Briefly consult Figure 39, noting the LH2 tank conduc~
tion from the fiberglass adapter (1.8 Btu/hr), and the correspondingly
greater conduction from the steel intertank section (7.47 Btu/hr).
Conversely, it is seen that the intertank section radiation from
station 6 {0.005 Btu/hr-ftz, or approximately G.16 Btu/hr) is markedly
less than the adapter rediative heat rate from station 4 (0.143 Btu/
hr-ftz. or approximately 8.40 Btu/hr). It should be remembered that a
aecrease in the latter value would accompany incorporaticn of a low-
emittance adapter surface. However, the above comparison tends to
suggest the desirability of radiation-conduction trade-off studies in

the thermal design of cryogenic tank adajpters.

1.3.2.3. Thermal data and resulting predictions for penetration heat
leaks {(exclusive of adapter and intertank section conduction) are pre-
sented in Table II, All penetrations emerge from the test article at
a shadowed-side location with respect to the heat source. Thermally
controlled facility valves are installed in each fill and drain duct,
approximately two (2) feet outbcard of the test article. These valves
are radiatively ghielded from the test article surfacee by local LN2
cold walls, but provide temperature boundaries of approximately 400°R

for duct conducticn and internal duct radiation. All other penetration
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TABLE _II

PCTT PENETRATION THERMAL DATA

Condaction,[ Tetal Heat

Penetration Temperatutre Radiztion,
Description Boundary, °R | Btu/ir Btu/hr

R A

.3
oy

Leak, Btu/br

LHp Fill & Drain
304 Stainleas Stoel,
7' x 2,5" x .049" 400°R 1,43

0.88

2.31

LHy Vent Duct,
304 Stainless Stesl,
5' x 3"D x 049" 140°*R 0.01

0.26

0.30

LH

D) Instrumentation,
(213" long)

Constantan 140°R ~———
8 x 30 GA.
12 x 24 GA.

Chromel
8 x 30 GaA.

Copper
4 x 24 GA.

LH, Tank Total

Q.10

LN, Fill & Drain ' ) ﬁ"’

304 Stainless Steel,
2' x 2.5"D x .049"

LN2 Tank Total

.10

i0
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boundaries rery asgumed to bw at chamber coid wall temporsture, ar
140°R. Thng, the fill and drain duct is the only external peastra-
tion measurably aifecting the Iﬂz tark at eguilibriue conditions.
The instrumentaticn leuds convorge at a terminal board mounted at
the bottom, rear of the uft adapter. As roted, the lerminal board
was assumed to reach an eguilibrium temperature cf 140°R. Internal
duct radiation was predicatad in all casee on the duct cross-
sectional area and an effective smittance of 1.0. The combined
penetration heat rates (including adepter and intertank section con-
duction) are presented and summsarized in Figure 39. The test arti-
¢le eupport hangers, cousidered not irradiated by the lamp banks and
therefure found to contribute a net loass of heat from the forward
adapter, ware conservatively omitted from the penetration suamary.

1.3.2.4., Total equilibrium heat rates io the PCTT Lﬂz and LN, tanks

are summarized in Table IIl. The respectiive sidewall radiatiin heat
tates were ohtained by integrating the heat distribution curvea of
Figures 37 and 38, while the adanpter cover radiation and direct radi-
atron between tankc were obtained directily from numerical output from
the thermal model. As seen .n Table }XIJ, based on the AFRPL vacuum
facility environmental conditions of 1l.2.1., above, the ruspective
toial equilibrium neat rates are 42,09 Biu/hr to the Li, tank and
14.59 Btu/hr to the LH2 iuak. Total predicted doi.-off rates are

thus U.218 1b/hr of Ulz and 0.269 ib/hr of Lﬁz.
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TABLE 11X

FCTY TOTAL HEAT RATE SUMMARY

LA» TANK LN2 TANK
HEATING HEATING
HEAT SQURCE BTU/HR BTU/Hk
Radiaticn, Cover Inner Surface
‘Forward Cover (Fig. 31L) 1.16 - |
|
_Aft Cover (Fig. 36) 0.85
Radiation, Sidewall Inner Surface
(Figs. 37 and 38) 25.10 10,17
Radration Bet'eenhlhnkn _ 3.85 ~3.85
Penetrations & Structure Conduction ]
(Fig. 39) i1.906 7.3%
Total Heat Rate (Btu/kr) 42.0% 14.56 :
Total Boil-off RHate, {1b/hr) Q.218 0,169

12

———— I—————- FR——

PR RGN

-y

EEv—

£3

l

Oﬁw [e =Y PEepT RU——

Sty -




) GDC-BTDS7-006
!ﬁ 13 January 1967

2. CONCLUSIONS AND RECOMMENDATIONS

i t 2.1 Interpretation and Limitations

Z2.1.1, The analysis of thie roport is predicafad on successtul
achievement of the thermal controi design objectives of the ICTT

test article. An obvious objective of the test program is evalu- 5

ation of the practical capabilities of the FCIT thermal control
design concepts. The peirlformance predictions of this report
T { ahould thus be considered repreeentative of a theoretical opfirum

configuration. It is therefore useful tc enumerate the specific

k i items of possible departure from the assumptions of this report.

2.1.1.1. The heat rates and temperatures cf this documenct corres- :
pond to equilibrium simulated space-environmental conditions, 4

including a hard vacuum of at least 10'5 1OKR. This presumes a) &

sufficient duration of complete .2hicle chilldown, and b) complete

out-gassing of the super insulation. The former may require a

transient period of the order of 24 hours, and the latter may con-

T s,
Pt

ceivably continue for periods of ten (10} to ome hundred (100)

hours. Tank leakage could efiectively reiard the outgassing process.

2.1.1.2. Super insulation edge lueses were not considered in the
analysis of this report. The accumulated areas between matching
blankets of Dimplar would be a relatively insignificant portion of
the total ICIT surface area. However, edgewise radiative heating of

tne blankets at these locations and ~ti the support peg locations

could, in the aggregate, significant.'!y impair the insulation effji-

ciency. As noted, evaivation of this effeci is a test objective.

¢.,1.1.3. Heat leaksc from external penetrations are not =xpected to
contribute significant error after chilldown to equilibriuwm condi-
tions. As noted earlier, «ll psnetrations emsrge to an effactive
ccld wall environmenit, the thermally contrelied fill and doain

valves being the sole exception. However, a significant transient ;

in penetration chilldown can be expected,.

13 ;
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2.2, Corrnspondence to the PCTT Terl Article

fhe detailed temperature distributioas praseanied in this report are
~yngidered a practical requisite for a thorough sevaluation of the
PCTT measurement data. Meas.rod PCIT boil-off rates which exceed
the corres».nding predicted valuwes would be indicative of &
departure .Tom the intended thermel contrul perfuormance objective,
Comparison of the reapective temperaturs distridbutions would e a
practical requirement for isolating the specific causative thermal
control characteristic. It is furtaer suggested that post-test
modification ¢f the itheroal wode. of this repert as required tc
accomplish an analytical fit of the test data would be highly

degirable for detailed evaluation of 21l aspects f the FCTT thormml
cratrol design.

14
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lﬁa. Typical Blanket Section

8idewall 2} externzl blankets,
7, 7, and 8 paivs -

Covers J biankets, 7, 7, & 6

Inner Adapter, 1 blanket 1C pairs

2b, Blanket Curvature

L 4

=

2c. Gaps Lstween Mating Blankets

2d. Mating Bianket Interleaving

Outer lLayer
Taped-on

Outur blapket: 7 lcaves
Ioner blankety 1 lewf

22. Insulation Mounting Peg
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: DETAIL A 1 .
{ N.‘ ~ 2p— Super Insulation
) 3
B : .
S Upper Ada