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KONWORD
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19, amd covers work co ducte i' 5August 1966

• through 14 rh 407.
The contractor's secondary report num.or for this

report Is ODC-NWL7-027.

Thai technical report has been reviewed and is
approved by:

EMM DAHL, 1/Lt, US.F
Project Engineer, PFPRM
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Afl0iRACT

\ resented are results of a program to modify an
available Centaur tankage system for testing in the
-AJPL Space Inviromntal Simulation Chamber to
dete:.nae its thermodynaic suitability for space
stormbility. Results of a detailed thermRs analysis
predict equilibrium propellent tank net bheat rates
of 4•2.09 BU/hr for the L2 tank and 14.56 BTU/hr
for the LN2t tank with corresponding respective
boil-off rates of 0.218 lb/br and 0.169 lb/hr.
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LL

The Partitloned Coutaur Test Tank program wýs conducted t7 Convair Division

I of General Dynamics under Air Fwce Conzract F0(611-67-C-0004.

The primary objective of this program was to modify an evailable Centaur

tankage system (identified an end item 55-7542) for use in an AFR test

program to determine its tbermudymue suitebility for space stormbility.

- Modifications to the Centaur tankage system con3isted baically of the

following:

-Cut the vehicle aft of station 219.0 &nd remove approximstely 81 inches

of constant nection skin.

-Fabricate and install a nev partitionit g bulkhead for the hrogen tank.

-ftweld forward bulkhead ou to Lev conetant section and install fill and

vent lines, covers, etc.

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

I and epproximately 68 inches long.

-Fabricate and install two 10 foot diameter Fiberglas cover plates.

- -Fabrieate and instali one hot wire sensoro six platinum resistpace type

therwuntere an4d approximately 52 copper conatantan thermocouples.

-Super-nasulot& the entire vhilcla with approximtely . Jayeis of super-

temp (Dizplar) insuition.

SDuring nth courso of the prW", four anaslyti re-portt were gmnerated;

an informal stre&s awwlyis report, a recaeaded test plan, a functional

I limitations report and a spce.-envonwzt thermal anmlysis.

I viii
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S1. TEST ARTiCL= M. PTION

This section contains a description of the Centaur Tert Article w~ified

for the Pnrtitioned Centaur Test Tank (PC?!"). The section discusses the

previous test progra conductedi on the article and the results of Cowvair's

tank corrosion study progra. Also included in Section 1, Is a SenersL

description of the modifications performed durIg this proga.

1.1 FRE-:MJIFICATION
I

1.1.1 Description - The Centaur Test Article (Figure 1-1, end Item 55-

7542) used for construction of the PLIT vas a 10 foot diameter, a,•i•oxi-

rately 24 foot long vehicle, fabricated from thin ~aue, 300 series,

stainlesa steel material, and ws pressure stabilized.

The configuration consists of two propellant tanks (liquid b~dropn

and liquid oxygen) separated by a comis b~ilkhead.

The WL2 tank located in the aft regiu -i the tVet &rticle coittls of

an aft bulkhead fabricated from gore s0ction of .018 3/4 bo-d 301 e~ries

stainless steel sad a forwerd (comwon to the LJ tank) bulkhead eonsistlng

of a structural member and a non-structuna M r (spring bulkbhad) ftbri-

ceted from e026 (chem-milled to 0,13) .1/;. hard 3W1 t~atanls.s steel WAd .016

(cbea-millod to .013) .inld staal&et e *,. r¢p. etIVe17.

SThe L12 tMak (Figure 1-i), 3ocSUt fntrwr Mf the L02 4.•-cOnlsti •fj

si cylindricia astct ion 10 feet ia Alimtot asd .ppwtPmt~t2Y 33 Im~

Uzig joined at ap icstely the UM"Wn-2,~~n of t~he A.,2 ti* frwxrd

U ~bulkhia&4.

I
!1

S. . .. . . . , ,



*w-L

C)

'4 L

- L4
-%44

MIS I L

coo

"4V-

o ito



The cqlInrical skn are cosrce from .016 extr hard 301 series stsin-

less 'r,.l. Cple"t • s L32 tank i a forward bulk d consisting of two

t ellipsoial• -,kin segment. fabricated from .016 1/2 hard 301 stainles,; steel

materlal and a c:nical secticni of skin-fabricated from .016 extra bard 301

gsalems steel mterial.

Promin•nt features of the above described configuration are a 102 tank

volum of 404.7T6 cubic feet and a IZ2 volume of 12*7.98 cubic feet. be

L02 tank bulkheads are an ellipsoidal shape having a major axis of 120.00

incbes a•d a mino axis ot T7.00 i aes. fte U12 tank forward bulkbead

geomtry consists of an ellipsoidal aent baving a major axis of 120.00

inches and a minor axi of 89.90 inches, a 4" cone segment, and an ellip-

soidal sernt with a rjwor axis of 70.37 Incbes ai a minor axis of 51.01

Jeo.ing teenbiqs on the test article were primaily resistance spot-

welds and sewelds as well as autcmtlc ma•bine heli-arc buttvelds. Joints

Involving the use of zaterials above the anmealed hardness level using butt-

t welding techniques arz supplemented by the use of doublers.

The 55-7542 test article was highly relmTesentative of the Centaur flight

configuration for the R & D series. Certain modifications peculiar to the

intended test requirements were incorporated. These changes were local in

mature in~volving such things as Lttachments for incorporatin& ground testing

requirements, instrumentation and test peculiars.

3
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1.1.2 Tan I* Cwztaur Test Artile" (and it"m 55-754) b"_ been

utilized to support seven ijor R 4 D tests on the Centaur program, Duriz'gL

the conducting of these tests, the test article ma subjected to 69 pressure

cycles. Peek pressures in the 1A2 tank vu .d fra 12.5 psig to 23 P619.

L02 tank peak pressure -aed from 30 psig to 36.3 paig. Total tim. pres-

surized above stardby presoure me 95.65 hours in the u02 tank and 70.97

hours In the L92 tank. A brief description 3f the areas of interest of those

severA m•jor tests is given bello.

1.1.2.1 Insulation Panel Fit and Cryogenic Test (July, 1963) - The objec-

tives of this series of tests vere to:

1. Perform fit and le~k check of the Centaur AC-2 configuration insula- B
tton pawels.

i?, Flight proof test Centaur AC-2 insulation panels under cryogenic

conditions.

3. .momnstrete vehicle structural integrity.

The structural integrity of the test vehicle was demonstrated when tank

pressures were raised to 36.3 paig LC2 and 23.0 psig fuel, and helium was

injected into the bulkhead cavity at 14.0 psia. This phase of testing (the

proof pressure test) was held for three minutes before returning the pro-

pellant tanks to the automatic boiloff-valve conditions with L02 tank resest

and venting pressures of 14-17 psig, and fuel tank repeat and venting pres- I
sures of 4.5-7.5 paig.

4



A second series cf fMo~t proof testing varn conducted on the test article

in Augul•, 1963. Three fuel tank bollof valve lockups were performed with

cycles ranging from 6.5 psI4 to 12.5 psiug. Two pressurc cycles of 23 piug

in the fuel tank and 31 paig in the 102 tank were also conducted during this

L series of tests.

1.1.2.2 Centaur Fuel Doiloff Valve Lockup Test-(9-21-63 to 10-14-63) - ne

objectives of this series of tests were as follow:

1. Determine fuel tank ullage pressure rise rate versus time.

2. Demonstrate operational characteristics of the nose fairing skirt

beaters air infletable seal.t-,

{ 3. Measure temperature stratification of the liquid hydrogen above

station 215.0.

4. Measure external skin temperature on a du=W Centaur destruct unit

and destruct Unit arming 3Witch.

5. Measure the external- body temperature ol the intermediate bulkhead

cavity pressure transducer.

6. Determine deflection of two simulated attitudi control engine

brackets.

7. Evaluate a new cold hydrogen gas purge technique for the fuel tank.

5
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During tanking test number one conducted on 9-21-63, a series of twenty-

one boiloff valve lockwryes were accomplished. Each lockup consisted of

closing the fuel boiloff valve and monitoring the fuel tank pressure rise [

until 27 psia was reached. The fuel boiloff valve was put in the vent posi-

tion when the fuel ullase pressure reached 27 psi&. The L02 tank pressure Ii
was minitained at 18 + 1 psig 46ring all lockup tests. Propellants used

for all tests were liquid nitrogen in the aft tank and liquid hydrogen in

the forward tank.

During tanking test number two conducted on 10-3-63, a series of sixteen [
fuel boiloff valve lockups vere performed as described in tanking test

number one, except three lockups were performed with heat apylied to the

forward bulkhead coverplate insulation. The nose fairing skirt heaters and

the insulation panel fe- -.seal were operated during this test. V
Seventeen additional fuel boiloff valve lockup tests mim1ar to the test Ii

set up described in tanking test number one were conducted on 10-9-63. 1

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

both tanks. An identical hold test was also conducted on 10-14-63. U

1.1.2.3 Design Evaluaticn Fill c.nd Drain Outlet Test (10-26-63)- The Ii
objectives of this series of tests were:

1. Prove the structural integrity of the Centaur propellant fill and

drain outlets hy loading to 100% of the design loads.

6
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2. Determine tank wall deflection radallTy, and propellant fill and

- dzrain outlet deflection radially, tangentiaLky and vertically.

1 On 10-26-63, the structural integrity of the fill and drain outlets was

satisfactorily demonstrated with liquid nitrogen in the fuel and L02 tankm

at 4.5 psig and 1ý.5 psig, respectively.

t 1.1.2.4 Hydrogen Peroxide and Helium Bottle Support Structure Test

(11-7-63) - The objective of this test wLs 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 bydrogen peroxide and helium support

system was successfully demonstrated on 11-7-63 while the vehicle was tanked

L with liquid nitrogen In both the fuel and oxidizer tank. The fuel tank

pressure was maintained at 12 psig and the oxidizer %-ank at 30 paig.

1.1.2.5 Centaur 3C Structural Test (3-31-64 to 4-11-64) - Thon nbjertive of

this se.ries of tUsts was to demonstrate the structural integrity of the

station 219.0 and 48.0 tank rings when subjected to simulated flight loads

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

)During the maximum alpha "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

II
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demonstration of the integrity of the station 219.0 ring. A second gaximuu

alpha "Q" test, was conducted on the test articlb the sam as above except

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

During the mixlmum "G" test of the 219.0 ring, liquid nitrogen was tanked

into the fuel and oxidizer tanks at 20.5 ps89 and 33.0 psig, respectively.

An axial compression load was applied to the test article and structural

integrity of the station 219.0 ring was demonstrated for this flight loading

condition. So shear load was iMposed during this test. A maximum "G" test

was conducted on the station 408.0 ring similar to that conducted on the

219.0 ring except tank pressures were 31.9 p81g in the oxidizer tank and

20.5 psig in the fuel tank.

All above series tests demonstrated the structural integrity of the 219.0

and 408.0 tank rings to withstand flight loading conditions.

1.1.2.6 Centaur-Surveyor Nose Fairing Jettison Test (5-14-6) to 5-23-6l) -6

The objective of this test was to determine whether possible ice or frozen

nitrogen, between the forward bullchead and the nose fairing, impairs separa- I
tion of the nose fairing from the tank; and to determine whether nose fairing

jettison causes dazage to the forward tank bulkhead and station 219 ring area.

During this test, the oxidizer tank was tanked with l.iquid nitrogen at 30

psig and the fuel tank with liquid hydrogen at 20 ps1g. The nose fairing was

unlatched and accelerated away from the test article with thruster bottles.

Structural integrity of the test article was mintained during this series of I
tests.

8 I



1.1.3 Tak Corrosion 8tudz - During the research and development phase of

L the Centaur program, an anomaly we detected in'the resistance welding tech-

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

larity was discovered during the radiographic inspection of resistance welds.

I" Convair was directed under NASA contract NA83-3232 to study this condi-

tion. The major objectives 4f this study were:.

1. Determine the source and causes of spotweld corrosion.

2. Develop methods to inhibit present and future corrosion to Centaur

tanks.

3. Development of acceptance standnads.

{ . Documentation and evaluation of data acquired for application to

future corrosion problems.

To meet these objectives, it was necessary to accomplish the following

tasks:

S1. Re-examine X-rays and develop trend charts.

S! 2. Provide supplementary X-ray data and integrate new data into trend

charts.

3. Determine causes, effects, and means of preventing corrosion by

laboratory tests and analysis.

Ii 14. ~Effect changes in Centaur tank fabrication standards to inhibit

substances inducing corrosion.

[
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1,1.3.1 Corrosion Crigin &Md Pornation -The irregularities discovered in

the resistance spotweldt on the Centaur tank were identified end clasti-

fled as corrosion pits and/or corrosoio cracks.* This corrosion usually [
appears as either pits in metal caused by corrosion, or exacks fomed by

corrosion combined with stress in the metal. The corrosion may resullt

from: (l)-an acid volution in contact with the metal which attacks the

metal directly; (2) an electro-chemical process in which the metal is

removed by galvanic action; (3) stress corrosion where the corrocion iv

initiated by stresses within the metal in the presence of an electrolyte.

Four listinct areas where corrosion may occur in a spotweld are:

1. Parent metal unaffected by the weld.ng. [
2. The cast structure or actual weld nugget formed by the molten metal.1

3. The heat affected zone.

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

carbides upon cooling.

Most of the corrosion at the spotwelds begins at the carbide pre-ipitate

zone. This mfty be the retiult of intergranular corrosion resulting from

sensitization. Occurring principally in austenitic stainless steel when It

is heated in the range of 900 to 1400°F, sensitization results from pre-

cipitated chromium carbides at the grain boundaries, chromi.tm depletion in

zones adljan. LU those burdaries, and a difference in solution potential

between the center of the grains and their cuter chromitm zones.

10



The GondAiO described previfu6ly @" result In appearance of pits

Iand/or tOracks. Miene Cracks have been fouz4 to' bib botb intergranular an1dn

transprantlar and %xv similar in sprearaea to cracks. produced, by stress

corsion. They appear to origiate as pits and form cracks due to stresses

o set up 4urina mtal. cooling. Mws cracks could oAW4, ate as micro-cracks,

produced during weldag operations, v1ioh were attacked and opened up by a

corrosive fluiM in the faytna surface. This fluid my be one of the cor-

rosive processing fluids wvtch became trapped betwe n the fay4ng surfaces

before or after the sheets were spotwelded. Corrosion my elso have been

i initiated by non-corrosivo solutions combining with salt or other dry cor-

rosive elements, which settled from the atoesphere during tank build-up,

forming electrolyte* oi corrosive solutions.

I During the courea of the investigation, it "ia ltscovered that certain

metal marking fluids were also a possible source of corrosion initiation.

1.1.3.2 •axnt and Growth of Corrosion - Thw fabrication process used on

the Centaur tank incorporates approximately 75,000 spotwelds. Approximately

22,000 are used during the forward ':,jlkbeed build-up, approximately 24,000

are incorporated in the fabricatior of the cylindrical section of the tank,

and approximtely 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

f" than in otber areas and, consequently, more spotwelds and more areas for

collection of corrodents.

11



The corrosion on Centaur tanks affected a small percentage of the total

spotwelds. The aximu amount of corrosion on any Centaur fliht tank was

1.25 percent of all spotwelde exa•ined, with most tanks &howing corros:Lon of

less than one per'.ent.

Charts showing crack growth versus time were prepared and monitored for

several tunks over a time period of one year. The data for these charts i

was collected by identifying each crack noted on the X-ray and measuring the

length. This type of ex~iination generally showed that the cracks seldom

grey in length.

Charts showing the Increase in total number of pits and/or creks versus

time were also prepared and monitored for a time period of one year. Results

indicated that after a 4 month time period essentially no new cracks or pits

were discovered.

1.1.3.3 Effects of Corrosion on Structural Capability - To determine the

effects of corr(c Aon on the losd, carrying capability of resistance welded

structures, a test program was initiated as follows:

I. Perform stress corrosion testing on approximately 40 specimens for

six montha under a coutinuously applied load equivalent to 20,000

psi stress.

2. Corrodel and non-corroded control specimens %are subjected to cyclic

fatigue loading equivaient to from 0 to 135,000 psi stress. Other

specimens were exposed to sustained loadings isquivalent to 135,000

psi stress for i6 hours followed by sustained loading equivalent to

160,000 psi stress for 16 hours. All tests were conducted at -320F

or -423`67 as Applicable.

12



Corrosion •s induced Into k inch x I4 inch vlded specluous by the

appiif~t4.on or electroetch 26M1 topetbsr with as' applied stress. Cracks

fand pits represeatative of those found In Centaur tanks wer produced.

Fatigue tests of simuted tack joints wrer codaeted at both -320'f and

-42F. Ibese speciens vez cycled for 200 cycles while subicted to a

stress level from 0 to 135,000 psi, then checked for leaks. •.iu.lated I2

tank Joints vere then cycled, (unds teUperaturs exposures of -32OF), from

0 to 160,000 psi stross lerels until failure occurred; and st0lcted 1&2

tank joints were cycled, (under teuerature exposures of -42rF), from 0 to

135,000 pat stress levels until they failed. Results of these tests are

shown in Table 1-1.

Welded teot speciinns ware tested with various eorrodents iA4 subjected

to sustained loadin at the 20,000 psi stress level. The corrodets ued,

Ithe resultant corrosL.m ftcened by X-ray examlation, aad the duration of

'the tests are shown In Table i-2. No of these specimens failed under test.

sections ere made of the more severely corroded specimns vhlch, upon exami-

nation, showed the apps•rent cracks to 'e eloapted pits a shown in Tsb2.e 1-3.

1.1.3.4 Sustained Fliht Load Test - Several- #iwlwated Centaur Joint speci-

nmon wre corroded and tested at slatlated flIItat !,aIs. This FpopM ecc-

sistod of tpplyit a tomen.io load quiv•l•t nt to 135,000 psL for 16 hours.

Three time d4u.u the toot the 'Ao wms rediced to smo, sjlatIng thet

variation of load iz flight. After the 135,000 psi GxPc4r4, the •t•re',

level we icreased to A0,000 psi and sustaind for 16 hours. T' load was

II relasd thrme tiws a betve. CoMitions and results of this to$e• ft

Spresented in Table l-4.

13



4-1 4L

u 04 t# .Ik 6

1 0.1 v4 .,14 4 0. 0M

gag

r4.3

0 43

c~Ic

-P 4-

r4 H4 Sr

04 0 1 mý
r4, ed +

043 0

V) C.) C. 4 C1

~ '-4----.F 9-f

U.'.'U'U'U.U.PQ'.'U'4



TABLE 1-2 STRSS CORROSIN0 CRACKING

Corrodent
Application

Schedule Start
Specimen . corrodent I Corrodent II (no. of Tmea/Week)

I II _____________ _ I I

A 26=" Initial 9 8
B -_2612A 2 918
701 - _ _ _ Note 1 4 2
7-02 _ _ __. r 2_11 -- -- _ ... .

Note 1 4128_r_ * •J 2 '98

718 260_., Note 1 42T1
71-9 Note 1 9 1__8

D£ No. (Initial _ _ __)_-_ 2 9_8
S E. -No. i_ 2 ii 2
720 £. Iwo. I________ Note I ____2T

721 E. 0o.1 Note 1 4_28
722 BID |Note 1 4 28
723 B-10 _Note 1 I _ i 21-
G Te: 901 + Mill. Marking Ink Initial _ _ 9 I
H * Te: 2C: + Mill Markirg Ink 2 ._8
726 Te: PCI + Mill Marking Ink Note 1 riY
727 -v: 90 + Mill MIerkin -Ink Note 1 4
I W Tec 9c:/CB MX 8-D.I. E]]O Tech 902 + Mill Marking Ink Initial 2 T T-
J Tec 0,l/01 MX 8-D.I. L 0 ,,_ .. , 2 92_
M U Tec 901 Tirchloroethylene Initial 2 _ 9
N v Tee 9L, Tric. + Mill Marking Ink 2 2 9b1

0 Tee _ _ _ 2 9 _

728 Tec •O2 Note 1 4-27

729 Tec 9C2 Note 1 4

7 2 Trich:-roethylene Note 1 __

73 _ 0xylee Note 1 ____- [ -E '73ed X -_l7ie Fluid Initial 9 d

F ..ed X e Fluid 2 ___9 _-

724 Red X I e Fluid _ Note 1 _ 428
725 Red X "..: le Fluid Note I hi28 -

P _ j_.em 2 02__

730 Dc,kem 1r Note 1 4, .28

731 Dykem ;: Note 1 __25"'

733 Monode .0- C•eaner Note 1
"K Contro •xoi Cleaned) '
L " agnes .. ,.hlor ide (42 W ___ 2 31_3

.• .o 2.,7 BIA I 1 11131

NOTE: 1. -'x, Specinc-.ýa prepared irom 301 CRES 0.018 in. 3/Lk E :orrodent added initially and after t

3. -"ndicates tpe..;mens which were sectioned. See Tatle "2 for results.
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10o1 c1~CJWG •T - .. .

nt j Fn Wlogrphic Anlyses
tion Application Test
_le -start Date S p e* M (Tot:., :rrosin Pits. Crack)

~es/Week) I- - - I. 11
II I II I III .4 2 c_.2 F_ _54 41 1-3'68 70

91 •18i 11 1, .1 17......6
8- 10 7 1 .04-- _7251_

28 -1-1 -- 0,o

4 !28 ' 0
Y• - - 113 1 1.2 9 5f 1 64,

11_ 21 2 :21 127 '3- 11
4 1281 1 0 1 L
i ___128_ 0

72--- 0---

9 111 13 19___ 28 .. 1 03
-9 8 11i 3 1i27 6 12 i0 9 19

2 0 ~ 1 3 1

4 428 0,.o

9 11 13 1 230 0 o0

IT-~ --f -1-I 7 -b --- 1-T0r2 !9 - -u -I• - , -- 1. 1 -13 - .0.0 0 - o 0

i9 8 11 13. 1 127 0 0 o0 0
2 __O __ _

__ 9 111 173 0 0 20 0_0

____ _T TT - ___ =

{I91 8 II 27 0 9 O _

- 8 1 2 0 0 - --

.tially and after two weeks. 2. Other specimens prepared from 30. CRP 0.010 in. XM
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1.1.3.5 Special Test - From November 2, 1962., to Decentuhr 1A, 1962, special

tests were conducted on the forward bulkhead of test tink 55-753-1- in order

to evaluate the structural integrity of installed plugVelds. A total of 101

pressure cycles at full flight preseures were conducted. These tests were

conducted at the Convair Point Loma facility where bhe tank was subjected to

salt air environment. Although 40 percent of the spotwelds emamined shoved r1

corrosion, no failure occurred during testing. This tank ws similar to

flight tanks but had been subje ted to conuidarably more load cycles and

more severe corrosion.

1.1.3.6 Corrosion Study Conclusions - The following conclusions on the

effects of corrosion on tank structura integrityp cause of corrosion, extent

of corrosion, and methods of preventi ng %orrosion are presented.

1. Moderate to severe cirrosion causes a decrease of approzinately 3%

in the static strength of tank joints when tested in tension at -320OF

and -423°F".

2. The fatigue strength when cycled 0 - 135,000 psi at -320F and -4230F

of such corroled joints in insensitive to moderate corrosion when

compared with uncorroded specimens. ii
3. Based on available data# the fatigue strength (0 - 160,000 psi) at

-32(F and -4231F of moderately corroded specimens is not lowered.

4.. Spotweld corrosion is caused by corrosive solutions entrapped between

the faying surfaces of spotwelded joints.

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

"total spotwelds. The maxium amount was 1.25 percent of all welds

examined.

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

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

tank surfaces iindiately following fabrication is desirabl,.

1.2 MOI'ICATIONS (PCTl)

The Partitioned Centaur Test Tank (PCTT), Figure 1-2, article consists

essentially of the following:

1. A stainless steel tanksge system containing a liquid oxygen tank,

an intermediate tank volume, and a forward liquid hydrogen tank.

{ 2. A forward and aft Fiberglas adapter.

3. A forward and aft Fiberglas cover plate.

14. Propellant fill and drain lines and pressurization lines.

5. An instrumentation system.

6. A thermal control (superinsulation) system.

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

I long and has a total empty weight of approximtely 3,300 pounds. The nominal

volume of the X92 tank is 440 cubic feet and 'the nominal volume of the L02

Stank is 408 cubic feet.

19
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1.2.1 Tank Description -The Partitioned Centaur Test Tn~nk (PCTT), Figure

1-3, is a 10. foot diameter approximately 17-1/2 foot long tankge s ,

des2iel to use thin puge, 300 series, stainless steel msteriao., and is

pressure stabilized. The tank only weight is approximtely 1,400 pouads.

The L02 tank was not modified from its original configuration defined in

Section 1.1.1. The liquid hydrogen tank and intermediate tank were formed

by removing appronxiazel- fvr feet ef cylindrical secti,=n Akin and adding

{a new 1•2 tank aft bulkhead as shown in F-gure 1-2. The ri."i bulkhead is

mdie from eleven .020 *If hak, 301 series, stainless steel, gore sections.

These gore sections are ,mehine heli-are buttvelded to form the completed

bulkhead. Resistance tpotwelding and seawnlding and sachine heli-arc

buttweldiun are used throughout for Joining tec•niques.

Fill and vent and prer3urization lines have also been provi4ed for in

the PCTT; see Figures 1-2 and 1-. e 1M2 tank fill and drain line :-.onsists

of a 3-1/2 inch diameter, .065 gauge, standpipe made frm 6061 T6 asuiinum

alloy intermiUy mounted to the L02 tank forward cover and a 2-1/2 inch diam-

eter, .065 gauge, 321 stainless steel outside, line extendiAg fror-i the top of

the L12 tank forward cover plate out through the forward adaptar for a length

of approxim•ely 6 inches. Flange.s a$^.: - niate of these llwea ineor-

porate a metal "0" ring seal and are bolted to the cover plat-. A ConoseaL

type flane is provided for on the line vhich interfaces with the AFRPL

facility line. The LH2 tank p-ssurization line Is m•de from 2-1/2 inch

diameter, .065 saup, 321 stainless steel material and exten&s from the top

of the LK2 tank cover plate, out through the forvard adapter, in approx1sately

the sea radial location as the U12 fill and drain line. It incoporte the

I •
!2
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same atta:hment and sealit% techniques as the LH2 fill and drain line. The

L02 tank uses the existing internal fill and drain line previously installed,

{without modificat~ion. Provisions have been made for incorporating a short

elbow from the existing flanged outlet to the facility interface. Connec-

tions include an "0" ring, bolt.-on Joint at the tank flange and a Conoseal,

marmon clamp arrangement at the facility interface. The L02 tank pressuriza-

tion line is identical to the LW. tank fill and drain line e;:cept for the

internal standpipe length.

1.2.2 Adapter Description - Forward and aft adapters, Figure 1-5, ar. pro-

vtded as part of the Partitioned Centaur Test Tank. The adapter4 are used

for handling the teat article as well as suspending ';- test article from

the chamber during testing. The adapters wre also reprinentative of inter-

1 stage and payload adapters, thus providing for thermodynamic characte•istics

of this type structure and its relationship to the tankage system. Tte

adapters also provide means for externally mounting the superinsulation.

I The forward adapter is 10 feet in diameter and approxiitely 68 inches

long. The adapter is fabricated from a 20 ply minimum, glass reinforcee.,

plastic layup, Zorming skin segments. Four skin tegets axr spliced and

mechanically fastened using bolts, washers ariý nuts. At each end of the

adapter is ^ 6061 aluminum alloy ring which is attached to the Fiberglas

skin segments Yith mechanical fasteners. The forward adapter incorporatte

four FiW-rglas lugs for mounting the entire test article in the AFRPL

chamber. The aft adapter is similar to the forvard adapt-er except it to

58 inches in length and hAs no attachment lugs. Tt also has eeyral cutouts

for propellant fill and Ornin lirms which are different tan those in tt-a

forword adapter,
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I
L
F 1.2.3 Cover Plate Description - The PCT incorporates forward and aft

cover plates, Figure 1-5, which attach to the forward and aft adapters.

i lThe cover plates are fabricated from four flat sheet segments of 12 ply,

glass reinforced plastic. These four segments are spliced together with

mechanical fasteners to form a 10 foot diameter circular shape. Each

splice is reinforced with approximately 40 ply, glass reinforced plastic

splice plates.

1.2.4 Insulation Description - The PCTT article is completely insulated

with super-temp (Dimplar) euperinsulation; 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 a single layer of 1/2 mil smooth mylar aluminized

L on both sides and a single layer c- 1/2 mil, deep-set Dimplar (mylar alu-

I- minized on both sides and processed by Super-Temp Corporation) material.

The inside surface of the forward and aft adapters is insulated to a

I dpth of approximately 42 inches t-.th one continuous blanket cont&ining

10 paii-s of superinsellation material. These blankets are attached -.o the

-i adapters by use of Fiberglas support pegs, Fiberglas felt washers, and

I teflon screws. Nylon monofilament line ( 4# test or equivalent) is laced
diagonally between upper and lower support pegs for additional insulation

support. The inside surface of the forward and aft cover plates are insu-

lated with three insulation blankets for each cover. One of the three

blankets consists of six pairs of superinsulation material and the other

two blankets use seven pairs per blanket. Attachment methods used are the

same as 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 forward and aft adapters, is insulated. i•ine separate

j blankets for each of three layers art used on the outside surfaces. The

innermost blankets are made from six pairs of insulation and the outer

two !a•mrs use seveu pairs for each layer. These insulat.on blankets are

If attached to two sets of Fiberglas pegs movnted on the forward adapter and

are suspended the entire length of the vehicle without additional support.

A technique of interleaving smooth shects of aluminised mylsr was used for

"bridging" the gaps left by the necessity to butt the insulation blankets

during installation. Almuinized mylar tape was used liberally for attaching

f the interleaved sheets and for covering exposed screw heads and penetration

areas. Fiberglas standoff rings and bands were used to reduce dirett con-

1 tact area of the v--perinsulation to the tank walls and tenk outlets.

1.2.5 Instrumentation Description - The instrumentation for the PCTT,

Figures 1-8, 1-9, 1-10 and 1-11, con-ists e-f one hot wire sensor, six

platinum tbermometers and a& oxixmtely 58 constntan thermocouples

[All of the thermoters and thermocoupls ure iLtended for use in

assessing the individual magnitu"- of the heat leaks into and through the

Stest article structure. Platinum resi6tance elements and chromel/confst&ntan

( thermocouples art placed in strategic locstiona. Each thermocouple ib vire&

Vit•h a volta4e bucking that of another couple, the latter couple being shown

j as reference.

The thermometers have an ice point resistance of abo~lt 1,380 uo1=. •- 1e

leads ccrma"cting the the-,w-'t=i'c to the reference Junction bloci are. of ?.4

I
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SCoupe conotantan and therefore of relatively high resistance, ranging up

to about 00 ohms at room temperature.Ji
Fifty-eight of the temperature measurements are made with chromel/

constantan the) mocouples. Thirty-nine of these are referenced to the Junc-

tion block (Figure 1-10) which is expected tc, stabilize at about L52 tea-

perature durirg the testing, &a0, whose temperature it monitored by a Rosemont

118YL p~atinum resistance themometer. Nineteen of the thermocouple pairs

measure temperature differences between closely related points on the struc-

j ture in order to assess the magnitude of the individual local heat leaks

into and between the tanks.

The hot wire sensor is designed to ditermine liqjid level in the liquid

hydrogen tank during cryogenic testing. The sensor in located on the LA2

tank fill and drain standpipe in such a manner as to detect liquid level at

tank station 180.2. The liquid level sensor consists of two identical

I (redundant) resistance elements of one mil diaster platinum wire. A 'ol-

tage applied to either or both elements (for redundant sensing) will result

Sin a curreat which will vaxy as a function of the heat transfer cbaracter-

istics or the sensor environmwnt. The sensor power supply provides a low

I voltage (2.6 to 3.OV) to the sensor from a 28V dc source.

I
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2*TEST ARTICL~E FABRICATIONI
The Partitioned Centaur Test Tank modification and fabrication task comprised

I the following:

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

inches of constant section skin.I
2. Fabricate and install a new partitioning bulkhead for the hydrogen

jI tank.

1 3. Reweld forward bulkhegd on to new constant section and install new

fill and vent lines, covers, etc.

1. Fabricate and install two Fiberglas adapters which are 10 feet in

& diameter and approximately 68 inches long.

I 5. Fabricate and install two 10 foot diameter Fiberglas cover plates.

6. Fabricate and install one hot wire sensor, six platinum resistance

type thermometers and approximately 58 chromel/constausan thermoo-

I couples.

1 7. Fabricate superinsulatioii olankets and inatall on vehicle.

This section of the report is devoted to the fabrication, assembly and

installation tasks which were accomplished at the Convair facility in

J San Diego. A limited amount of final installation was accomplished at the

Air Force Rocket Propulsion laboratory by Convair peisonnel. This work is

j discussed in Section 4, Field Test Support.

I
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2.1 TANK FABRICATION I
The initial task associated with .odification of th4 Centaur test tank into

a PCT'i conf uratior. 'w. to strip the forward bulichead of Zixed insulation

and leak test the pre-modified tankage system to assure the ii'te6Tity of the

article to be m',dified. A freon leak test and a helium leak test were con-

ducted on the test article in October 1966. The freon leak test was conducted

first, using 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 L02 end L12 tanks. }

1. fte oxidizer tank pressure was raised to 7.5 psig, using nitrogen, and

held for five minutes. after which time it was reduced to 3.7 puig.

2. The oxidizer tank pressure was then increased to 4.0 psig, using freon.

3. The oxidizer tank was then further 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-I type sniffer.

5. The LH2 tank Drcssure was then raised to 3.6 psig, using nitrogen, e&n

held for five minutes, after which time it was reduced to 1.5 psug.

6. The LH2 tank pressure vas then increased to 1.8 psig, using freon.

7. The LH2 tank was then further pressurized to 2.4 psig, using nitrogen,

and held for 30 minuses prior to sniffing

36



8, A leek test was then performod on all -I' d v sd, and other possbibe

sources of leakit uslng the ,.E. sniffer.

j Following the LO, and LZ2 tank test, a helium leek teet wds cormlucted on

the intermediate bulkhead cavity using the Con.vair Equipment Operational

( Procedure 55-535.4.3.

f A leak test consisting of 100% helium leak check of all weld areas was

then conducted on the entire vehicle in accordance with the same procedure

[ used for the freon leak tustizg.

j The results of this ser.es of tests ehowed no leaks in excess of 2.6 x 10-5

cc/sec in the weld areas. A leak in the spring bulkhead (Convair was pre-

ii viously aware of this leak) was observed and calculated to be 2.8 x 10-8

standard cc He/sec. After completion of the pre-modification acceptaece

testing, Convair proceeded with tank and tank coMonents modification -nd

[ fabrication.

The Centaur test article was installed in the meJor weld fixture (modified

for this program) and preparations completed f')r cutting the cylindricsl skin

[ (thus removing the forward bulkhead) for the purpose of installing the new

irtitioning bulkhead, and shortening t"he overall length. After cutting the

II cylindrical skin, the forward bulkhead was placed in storage for subsequent

Sreinstallstion. Existing doublers which would cause interferennc. with the

installation of the new partitioning bulkhead were ground off.

The new partitioning bulkhead was fabricated on uxistdng tooling using

f similar procedures to those used for Centaur Droduction bulkheads, the vlaJor

37I
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difference being that Centaur bulkhswds are chem-milled and the partitioning

bulkhead was not. Material quallflcwtion procedures frillowed were the som

as tLore used on prduction vehicles. Quality controls were identical to

production methods except no radiogra~iLc inspection was performed on weld

joints. A separate bulW)ead leok text was performed on the buIkhead assembly

prior to installation.

In preparatiow. for the istallation of the zew bulkhead, the aft section

of the tank was relocated in the major weld fixture and a new short length

cylindrical skin i:,stslled. The new bulkloead was then welded to the tank

using the aft gantry welder. See Figures 2-1 and 4.-2. Resistance spotweld

and seseomding techniqpes were used during this process. The forward bulk-

head wes then taken out of storage and reimstaVled by use, of the eft gantry

weld-r to complete the basic tank modification task. See Figure 2-3 for

completed -.nk.

Deta•i fabrication of the forward and aft doer assemblies, tai fill and

.4rain lines, and the pressurization lirne, was accomplished using etandard

mchining and fusion welding techniques. The door -nssemblies varc insatlled

-)•n tth ta.nk and tbe line,5 were prepared tor shl.pzlnt t•o AFrmL for subsequent

attachment as 1,r', of the field tese support tsi describ-d in Section 4.

Z.2 AIAPTER AND COVER PLATE FABRICATION

The fabrication technique applied to tLe production of the detailed parts
fsr the forward and aft adaptere and the cover plates was the typical dry

layup of glass fabric, reinfc-ced plautic lamiuates. This process essentially

consists of preparing the layup tool, -.pplying the designated plys, prepare-

tion for and application of the vacuum op• processing, curing the parts and

38
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tri7aing them to blueprint specificetiora.

All adapter details requiring a canto-r shape wtr• fabricated f-r-. ow

layup tool designed and conetructed Zor this p-cgrSma. Parts fiabriceted

ou this tool included the cylindrical skin quadrants, longerons, platCs,

doublers and splices.

All cover plate details were fabricated on aluminuz flat rlates. TTim

anf. drill tcols were m"_e of template stock and wrapped to contour as

reouiredo

Tuo aluminum rings for eacl adapter were :-equired to be fabricat-d for 1.

this program. 'IT aluminum rirg for the outboard enid of each adapt;er was

fabricated from an existing channel section ring provided as part of the

GFP. The aluminum ring for the inboart end of ach adapter was fabricated -

from a welded 6061 aluminum blank. The blanks were rolled to shape, solu-

tion heat treated, aged to T6 condition, fusion (tig) welded, radiographic

inspected and machined to finalI configuration.
1-

The forward and aft adapter were assembled b7 use of existing (modified)

tooling as shown in Figures 2-4, 2-5 and 2-6. The entire assemblies were

bolted together. The aluminum attachment rings were drilled from existing

Centaur mp.ster gauge tooling to a~sure matching of the hole pattern

established on tank mounting rings. r.
Cover platee were assembled using bolts, nuts and weshers for all joiniag

requirements. No special tooling was required for this assembly except fur

the drilling operation of holes in the cover plates for attachment to the 2

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

tools used to drill the ad•, ;tr rings and tank attachment i-ngs.
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2.3 INSilATION BLAM T FABRICATION

All inou)'- tion blankets were assembled by the Super-Temp Corporation in

acccrdanve with blueprints and speeific-oro-os provided by Convair. The

blankets were praparsd by alternrte stacking of a smooth aluminized mylar

sheet and a "dimpled" a2umlzized mylar sheet Lrntil the desired buildup was _

ootained. All blankets were fabricated oversize aLd a planned trimming

operation vas to take place at the time of installaticu.

2.4 INSTRUMNiATION FABRICATION

The hot wire sensor was installed on the La fill and drain• standpipe in

such a manner as to indicate liqu!d Level at tank station 180.2. Sensor

lead wires were soldered to a standard receptacle which in turn was welded

into a bulkhead pass-through fitting. This fitting, made from a standard

MS plug, was theni installed in the forward tank cover plate using a metal

"0" ring for sealing. These leads were then carried to the terminal junction

plate located cn the aft adaptbr. The term-ial plate and reference junction

block were fabricated using standard machining techniques.

2.5 FMIAL ASSEMBLY

M"e final assembly task at the Convair San Diego plant consisted primarily

of the task of installing the forward and aft adapters and the forward and

aft cover plates.

The forward and aft adapters were installed on the tank assembly while in

the horizontal position. (See Figures 2-7 and 2-8.) This inhtallacion is

completed by bolting the aft flange of the adapter to the tank miting ring.

The forward adapter installation incorporates the use of radius blocks

installed behind the tank ring.
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F igure. 2-8 Aft Adapter TI~t~l~iation
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The forward and aft cover plates were then Installed on xe outboar-4

Send of each adapter (see Figure 2-9) with 'olts and nuks, thus cotleting

the installatio-n task. The test article was nov resdy for linal acceptmce

testing at San Diego.
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3.3. A. -P=CUA UJ 7M

ii An acteptance helium leat test of anl weld areas was conducted on the PCTT

prio todelvMr. Detection of individ'uol leaks greater than 2.6

C-oicc wvould be cause for rejct•on.

V The following sequence of leek testing was planned and accomplished on

fi the Partitioned Centaur Test Tank prior to delivery:

1. Pressurize the- LH2 tank and. 1.02 tank with pure helIium and perform a

leak check on all weld areas using the Veeco leak detector in con-

1 juncetion with a sniffer probe.

2. Determine the helium content in the intermediate tank and monitor for

increase in concentration thus determining if the bulkheads forming

I the intermediate tank were satisfactory. (It was later diecovered

that this test was not feasible except to establish a confidence

1. level.)

"[ 3. Pressurize the intermedi&te tank with pure helium and check all

external weld areas for Ie*ks using tbr Veeco leak detector in con-

1.l Junction with the sniffer probe.

The leak testing of the LR2 an L02 tanks was accomplished on January 18,

11967. Both tenks kfree pressurized with pure helium to approximately 8 paig
and allowed to stand for 30 minutes. All welds associated with these tanks

were then leak checked with the Veeco leak detuctor using a standard equipment

51.



operatioal procedure and operated by a qualified person from the inspection

department. No leaki were detected with the Veeco and probe on its highest

sensitivity scale,

On January 19, 1967, vita the E12 and L02 tan"k lorenld up at 7.5 psig with

pure helium, nitrogen was introduced into the interzsdtat•. tank until a pres-

sure of 3.5 p•fig was reached. This procedure was implemented in preparation

of taking a Lase point (initial helium concentration) reading with the Veeco

the following morning. The plan was to then take subsequent readings at four

hour interve•s for 2h- hours to determine if the concentration changed from

the base reading. If the concentration changed, it would be indicative of a

leak in one of the bulkheads.

On January 20, 1967, the intermediate tazr was vented to zero psig and the

first reading taken with the Veeco and probe. This reading 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

high for a base point reading. A nitrogen purge of the intertank was then

directed by engineering. After 2 hours of nitrogen purg-- at a low flow rate

and essentially zero pressure, a second Veeco reading vad taken. This reading

was recorded to be 9.9 units on a 100 scale. Further discussior in the

Engineering department on the procedure being uved to check the intertank

disclosed that this method of testing would be irconcluvive. This conclusion

was based on the use of the probe in a large volume (int-,rtank is approxt-

mwtely 250 cubic feet) giving dilution effects, for which the machine has no

compensating capability. Because of the uncertainty of the test results with '
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the Veeco apparatus, a decision was node to take gas oamles and amlyze

these samples in the laboratory on a Perkin-Elner, Model 154-D, gas chroma-

tograph. Veeco reading would also be conti .iued. This new prcýedure for leak

Stesting the intertank was discussed with the AFRPL Project Engineer, who

direct& the implementation of this procedure. Convair initiated a 48 hour

j leak cbck sequence with the intent of demonstrating that no increase in

helium concentration (within the limits of the tet equipment) occurred in

the interuediate cavity. The results of this test are shown in Table 3-1.

f It b'lould be noted that the accuracy cf the gas chromatograph is considered

by Convair laboratory personnel to be + 20 parts pe. million. The data in

Table 3-1 shows that for a period of time exceeding 46 hours, the concentra-

tion did not increase with the except-',n of a sample taken at 6:20 'Pm. on

January 23, 1967. Thus one exception was attributed to a tank watch on the

j night shift inadvertently pressurizing the intertank cavity with nitrogen

through a hose which w. previously used for pressurizing the L2 and L02

tanks with helium.

j •The third phase of acceptance testir4 was ii•tiated on January 26, 1967.

This phase consisted of pres3',tizing the intertarnk civity to 3,5 psig with

Spure helium and leak checking all extern.al weld areas with the Veeco leak

detector and sniffer probe. No leaks we.re tecTed.,

Prelii'nary inspection of the test artcle v,%v cor.Aucted on Xnuary 27,

!iQ6? by the AFR•L Project Engineer resulting ir, the inttiel signir-g of the

j YDD25W and author.zation to ,) li •r the PCT7• to A•,WL.

Prior to complet'g t.he t r iay• Inspection ,.n the i'J, it was

necessar-i to disp.>iti.on an Air Force Discrmpancy RLLort, issued by the

3
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DECASPRO Quality Assurance Representative. This report (67-C_--) us issued

[to document a nrevious known condition of spotwld corroxion pits and crucks

[discovered on test tank 55-7542-i on September 5, 1964. The iscrepancy

report reflected the following informtilon regarding the PCTT spotweld e:z-

t rosion status:

[ - Aft bulkhead contains 316 spotwelds with corrosion pits.

- Constant skin contains 71 spotwelds with corrosion pits.

[- Aft bulkhead contains 90 spotwelds with corros:on cracks.

- Constant skin contains 41 spotwelds with corrosion cracks.

This condition was previously known by Convair and saa thoroughly evaluated

[ as part of the tank corrosion study progrm, conducted by Convair under con-

r tracts to the NASA Lewis Research Center, discussed in Section 1.1.3 o:' this

report.
The Air Force Discrepancy R-3port described above, was dispositioned to the

satisfaction of the Air Force by Convair defining the appropriate functional

limitations to be used in handling, transporting and testing the PCTT. These

limitations are presented in Convair Report GDC-BTD66-216, "Functional

Limitations of The Partitioned Centaur Test Tank".

3.2 SEUPPING

The PCTT vehicle was prepared for shipment to the AFRPL by uwe of a standard

I• "low boy" trailer. The test article was supported on the trailer through

the use of wood saddles bolted to the trailer bed. (See FIgure 3-1.) Steel

j bands were then secured around the vehicle and fixed to the trailer bed as
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I

sbown in Figure 3-2. A Centaur tranopor'aticn pressurization unit (Figure

3-3) was installed on the trailer to be used for automatically maintaining

tank preseures between specified bands during transportation to AFRPL. The

entire test article was shrouded with a polyethylene cover and delivery was

made to the Air Force Rocket Propulsion Laboratory on January 30, 1967.
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4. FIELD TEST SUPPORT I
Certain tasks on the PCTT program were of a nature that they ure planned for

accomplishmen- at the AFRPL by Convair personnel. The three major tasks of

this nature were: the final installation of the fill and drain and pressuri-

zation lines, the installation of instrumentation, and the installation of-[

the superinsulation.

4.1 FILL AM, DRAIN LINES

This task consisted of installing the internal standpipe for the LH2 fill and

drain line to the inboard side of the LH2 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 LH2 fill and drain line

and LH2 tank pressurization lines were inserted through the access holes pro-

vided in the forward adapter and then attached to the outboard side of the

cover plate as shown in Figure 4-1.

Thtz L02 tank pressurization standpipe and external line were installed in

the same fashion as the LH2 lines and are shown in Figure 4-2. The L02 fill

and drain line installation consisted merely of installing a new elbow

(Figure 4-3) to an existing fill and drain outlet on the L02 tank bulkhead.

4.2 INSTPUMENTATION

Six platinum resistance type thermometers were installed in areas of the LH2

tank as shown in Figure 1-8. Approximately 58 constantan thermocouples were

attached to designated points on the tank, adapters, covcr plates, insulation

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

on the aft adapter in an orderly fashion as shcwn in Fiur!e 4-4.

4&.3 INSULATION

Prior to the installation of the superinsulation blankets, it was necessary

to install mounting pegs, stand-off bands and stand-off rings on the tank

and adapters as shown in Figures 1-6 and 1-7. A typical stand-off b-'.J and

mounting peg installation is shown in Figure 4-5. This installation was

actomplished by first installing Fiberglas mounting pegs around the periphery

of the forward adapter. Fiberglas bands -ere then instalIed on the pegs

which contained a shoulder to "atand-off" the bands approximately one Inch

from the adapter aurface. A similar installation w&3 provided for on the

aft adapter as shown in Figure 4-6. Figure 4-'( shows the installation of

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

The task of installing %he superinsulation was accomplished in three

major steps: insulation of the cover ilates, insulation of Ohe adapter

interiors, insulation of the exterior surface.

The insulation of the cover plates (Figure 4-6) was accomplished by

installing three blankets on the entire interior surfai.e uf the forward and

aft aaapter cover plates. These blnkets were mounted to the covers by use

of Fiberglas mounting pegs, Fiberglas felt washers and teflon ecrews. All

blanket splices were made by interleaving laytrs of adja%.ent blankets and

securi,• the final layer wita aluminized mylar tape. Ihe blankets were then

trimmed to final shape end placed in storage awaiting final installation.
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1
The interior surface of the forward and aft adapters was insulated with I

a one piece blanket mounted in a fashion as described above and shown in

Figures 4-9 and 4-10.

Forty-two-inch wide insulation blankets were installed around the entire j
exterior surface of the tank e£nd adapters. The buildup consisted of three

blankets installed in a staggered pattern. The first layer of blankets is

shown in Figure 4-11. The first and second layer of blankets was spliced I

with a single layer of the six-inch wide aluminized qyla- sheet attached ti

the outside layer of each adjacent blanket with aluminized mylar tape. The

final layer of blankets (Figure 4-12) was spliced with a six-inch wide aluai-

nized mylar sheet attached to every other sheet (within the final blanket)

with aluminized mylar tape. I
During the final trimming operation of the superinsulatio,, instrumenta-

tion measurement number 46 was inadvcrtently cut, requiring splicing to

repair. I

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 an4 delivered to the AFRPL by DD250.
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The-- PsZit; ZI 2Md Z4=tA=r 19s IL~ IiT C i~Vi t Z&:
Test Tanx ý55--'r42) wtich %as beta- APdified :iGr zh~a.ALI -.- tm at tA I
A]ir Force Roket Pmpuls.o= labox-ir,- iAffL'. I skatc~h af tbe PCII is

I ~ ShOun jo Figure 1.Nd~ctosto Vbe C-MLa~r tAnk eOn~Sist Of r o'%img
a section of c-iindrical tank akin, vweliing izn a ne-s -211ipsoidal bulkhatad.
and revelding the forvard bulkhead to ti:* tank. Now harulmz-re fabricatec.
for th~e PCIT'" consists of the adaptez,. ca'rer plates, prcpellant faill Und
vent lines. and supprinsulation.
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The PCTI' is madie from an exixt1ing flight weight Centaur Tost Tack.ICare should be used to see that all limitations set forth in thid clocu-
t asit are strictly adhered to becauase safety factors of a flight weight

Tank are considerably less than those usurily encountered in ground test
equipuent. Hardware which was fabricated now for the ?CTT Loaa safety
factorn wh~ich are consistent with Centaur ground support equipa~nt. A
list of safety factors used for the design of the major Pcfl components

Iis contained in Table 1. The safety factors are defined in tb. following
I man ner:

Limi saety actr -Limit stress

Limitsafet fac Or perating stress
Ul he Pmte safety faetor Ultimate stress

Ulimte saftrty factre e eOperating stress

Operating stress is defined as the stress encountered under the specified
conditions of operation or use. X- detrimental yielding shall occur at
limit strees and no failure shall occur at ultimate stress.

iAUI t01ite strolI liae8fe•fco

OprtnIsrs
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Table 1I

SAP-ETY FACTORS USED IN THE PCTT DESIGN .

PART SAFETY FACTOR
NUMdER NAME OF PART LIMIT ULTIMATE

PCTT-1-2 STANDPIPM 1.00 1.501

PCTT-2-1 FORW~ARD ADAPTER ASSDIBLY 2.00 3.00)
PCTT-2-2 AFT ADAPTER ASSEMBLY 2.00 3.00
PCTT-2-3 FORWARD COVER PLATE 2.00 3.00 1
PCTT-2-4 AFT COVER PLATE 2.0C 3.00
PCTT-2-24 R!NG 1.00 1.50
PCTT-2-25 RING 1.00 1.50

PCTT-4-1 DOOR ASSEMBLY 2.00 3.00
PCTT-4-9 TUBE ASSEMBLY 2.00 3.00
PCTT-4-14 TUBE ASSEMBLY 2.00 Z • 00
PCTT-4-16 TUBE ASSEMBLY 2.00 3.00
PCTT-4-18 TUBE ASSEMBLY 2.00 3.00

IPCTT-6-1 INSULATION ASi*24BLY 2.00 3.00

PCTT-7-1 TANK ASSEMBLY 1.00 1.25

A•7SS.! (nREV. *.eg3
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SECTION 3

GROUND HANDLING AND TRANSPORTATIUN

3.1 Configuration - 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 external) removed unless specified otherwise elsewhere in this
procedure. Gross empty weight of the PCTT in its transportation
configuration is 3200 pounds.

3.2 Tank Pressures - The tank pressures during maintenance, storage,
ground handling, and transportation shall be 8.0 + 1.0 paig in the
forward and aft tank, and 4.0 + 1.0 pair in the inter-tank region,

-CAUTION -

The forward and aft tanks must be msintained at
least 2.0 paig higher in pressure than the inter-
tank ret.4n. Daaage will result to the test
article if this condition is not strictly observed.

During transportation from San Diego to AFRPL, the tank prssures
will be automatically maintained at 8.3 to 9.8 psig in the forward
and aft tanks and 4.2 to 7.2 psig in the inter-taak region by means
of a Centaur Transportation Pressurization Unit. This unit gives
an automatic warning Nignal if the tank pressures vary outside the
limits set forth above.

The intermediate bulkhead boss at Sta. 324.17 (Quad. I, 3 inches
from the Y-axis) shall be vented to the at#Aosphere at all times
during maintenance, storage, ground handling, and transportation.
The boas shall be protected by a four layrir thickness of chesa-
cloth taped in place. A plastic bag at least 9 inches long aiA
2 inches in diameter with both ends open shall be taped over the
boss to serve as weather protection.

- CAUTION -

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

3.3 Ground Winds - Erection, positioning, and hoisting of the PCTT
shall be accomplished only in winds which do not exteed ten (10)
MPH. The lPCTT shall not be left free standing in winds (steady
state plus gusts) which exceed 20 MPH.

A 578-.I MI V, 1.61}
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3.4 Hoisting and Positioning - All hoisting and positioning shall be
performed with a crane system having a rated load capacity of at
least 4 tons. The cable from the crane shall be attached to the I:
PCTT by moans of a 4 tan capacity spreader bar system which has
two cables 12U.9 inches apart that attach to two diametrically
opposite longerons as shown in Figure 2. A clevis or cldvis-like
device shall be used to connect the spreader bar- cables to the
PCTT so no bending or radial shear forces are Induced on the
lo.igerons. The distance across tht throat of the clovis shali be
e.Zi to 2.4U inches. The clevis pins shall be NA3 1018 bolte made
fram A286 CiKS. Two half inch diameter nylon taglinos, 180U apart,
shall be attached to thv aft adapter and one man shall manage each
tagline. The taglines i-lall be attacked to the adapter by means
of angles (2) which bolt to 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 I.
of the taglines is to help dama out oscillations ot the PCT while
it is being hoisted. Extremely large forces shall not be applied
to the taglines.

3.5 Lrection - Erection from hariznnt.l to vertical shall be accco-
plished on a truck having a rotating cradle. A spreader bar (soe
Section 3.4) shall be used to attach the crane to the PCTT

longerons at the sides of the test article as shown in Figure 3.
Two padded straps located am chown in Figure 3 shall be used to
tie the aft adapter to the rotation cradle. As the PCTT is mlowly
"aised to the vertical positiona, the truck must be slowly moved t
forwaru to keep the hoisting cables within iO of vertical. Tho
base of the PCT'T shall be kept in contact with the cradle, bWit the

PCUT mudt be held by the crane at all times. Two tagiinea capable
cf 2000 pounds each shall be attached to the clevises (see Jfiure
3) to help ease the PCTT through the over center portion of rotation
whica occurs from approximately 55 to 80e from the hbefioutal
position. A 2000 pound tension load shall be supplied by aeaa• of
a winch or the equivalent. When the vertical position is reached,
the straps may be removed and the PCTT may ke ra..ed from the
truck bed. Uotation from vericAl to 4.orizontAL can he accomplished

by reversing the auove procedure.

A3?705.; (R9V. 6051



g APMW GDC-BTD66-216
-- aGENEAL DYNAMICS

Convair Division pal ?

SPIREADLR BAR

L 
CABLE

CLEVIS

FORWARD ADAPTER

II

II F
O -0 TANK
Rp

I ,A

AFT ADAPTER

s' ANGLES (2)

-- TAG LINE.S (2)

Figure 2

HOISTING SYSTEM
ti a isl sy 

i

A;06-I (NEv. 9.65)

Ii



EPTGD-BTDW6-21,3

UUNNEVIAL DYNAMICS
Convair Diyision

CIO

hp

OAR MVusl



tNNNRAL 0Y49M1T GDC-BT056-216
L4om1eir Olvis - 9.

•Tu T'rant•rtation - Tnp..p~rtctiou of the PCTT shall be accomplished
-at a flat bed ý--vk rtiaf log a3ut4prts located as shown in Figure 4.
Tu. 30 i." wiit• tudlea turn the main eupportm. These crac Los
SkMAi3 t"ti 14cat.4 as 1s8 &s posaihte to the Sta, 219 and Stu.
3,r .41 ,-ina 4 ainai* of 0.75 inches if wool fe9t paddiag shall

S4se-" betvee .-e cradlas aud tbh tank. Steel hold down straps,
a airti Dt I L 2 -'.i id,•,•r•.all oe ued at the Sta. 2i9 .vtd

L I ~~Sta. Z~k V? r1-ja.tcmýi-na~& sa of U.75 in.-hei of Cisrgo Pak
.:- • •j'..UL b46 uiATd betweqn :he hold down straps and the tank
rialJa. A v0odev avppcrt cradle *:th a mintaum of 1 inch of Cargo
Pak padding shall he proided at Stu. 151. The rotation cradle,

L ~~Douglas Part .io. w••-? ith a miniumA of 1 inch of Carg~o Pak

,padding shel b* ase4 an a oupport at 3ta: 384.47. Snug but not
tieht 0.75 inch wide steel straps with a 1.0 inch minimum thicknoss
of Cargo ft, pad:i mt kAil be usgd at Sta. 151 and Sta. 384.47 to
secure the adaptere. Engineering rapreseatatives frcm 0e&-gn
(961-11) X2966, and Stress (961-4) X222, shall be present diuring
the en',.tre loading process to insure that the PCTf is properly
secured to the trailer.

- CAUTiION -

The tanx pressures shall be monitored continuously

i3dur. ig transportation and Kep'. within the limitsSe9stailished in Section 3.2 of this r~eport. A

vini.aum of four ý4ý K-bottles of dry nitrogon
suall be provided during shipment so that tank
pressures may be increased if necessary.

-WARNING -

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

I5.J
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3.? Adapter Cover Plaote Removal and Installation - The adapter cover
plates shall only be removed (or installed) with the PCTT in a
vertical position. Roaoval of the forward cover plate shall be
accomplished with the PCT standing on the aft adapter. Att..;ch
a four cable sling to the eyebolts located on the cover as shown
in Figure 5. Unbolt the cover and lift it vertically until it
clears the longerons. Reverse the above proceOstre to install the
forward cover. Torque the NAS 1005 fastenera to I00 - 140 in. lb.

Removal of the aft cover plato shall be accomplished by suspending
the PCTT over some supports for the cover, unbolting the cover, and
hoisting the entire "CTT, leaving the cover plate on the three
sapports (Figure 5). The cover plate can then be moved by a sling
attached to the eyebolts a4 in Figure 5. Reverse the above pro-
cedure to install the aft cover. Torque the NAS 1004 fasteaers to
50 - 70 Aa. lb.

3.8 Adapter Removal and Iastallation - The adapters shall only be re*
moved when the PCTT ia in the vertical position. The exterior

propellaat fill and vent lines must be removed per Se',tion 3.10,
the tank cpcnings capped, and the tanks repr-sourized before the
adantpra can be removed. Removal of the forward adapter is accozw-
plished by supporting the PCK7 on the aft adapter, unbodting tie
forward adapter, and hoisting it vertically with the spreader bar
(Section 3.4) until it clears the forward bulkhead. Two halt inch
nylon tag lines located 1801 apart shall be attached to the aft
ring of the adapter, if necessary, and one mn shall zana& each
tagline. The taglines shall be attached in the manner of Seczion
3.4. Taglinei -c required on the adapters only when hoisting in
a wind or when damage due to oscillations im po.aible. The adapter
shall be kept vertical when i. is removed from the tank, Reverse
the above procedure 4o install the forward adapter on the tank.

Torque the NAS IW4 fasteners to 50 - 70 in. 1b.

R emoval of the aft u.opt-r caq only be accomp|lished with the for-
ward adapter installed bet.iuet the PCfT shall bo hoisted only
Sthrough the orsurd adapter. Reieral of the aft oadpter is accoe-
pliihoed by Hupf)c-rting the PC?? on the aft adape-, unbolting the
aft oda tr from the tmnk ring, apd hoisting the PCrT vert.cally
tint• it clearra the aft adaptar. Two taglines located 18U* apart
shall be att,:r•ed to the aft ring of the tank, if necesi4a,'y, and
one La.w shall usosge each tsg'in.. The tagkxnt* attachment aelthod
in the SAmC aS used on tht for-jord adapter. The PC'T must remain
muspended while the aft adapter is not in place. Reverse the above
procedure to install the aft adapter on the tank Torque the NAS
(004 f.Atevers to 50 - "0 in. lb.

*I~ .~.
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3.9 Depressurization, opening, Cloiure, and Pressurization of Propeliant
'ranks -

3.9.1 Verify that the following materials and equipment Pro availahle
before attempting any p-'rtion of this procedure.

S.1 Adequr.te toling and/or engiaieering parts io seal all tanks
and to flac•v the PCT in stretch by suspending it in tension.

2. Three p .use re g, geh 0-15 pstg range minioum.

3. A regalated supp'y of nitrogen gas per MIL-P-27401o

S4. Adequate fittings, valves, adapters, and 'lose for use during

p!ressuri2ation arad deprezsurization

5. Cheesecloth, GOC Meteria' No. 32 262700 (787032) or equivaient,

6. Centaur upper-stage tank log book GDC Form No. A-4083.

I 3.9,; Depressu.-izaticn - The depre~surization oequence shall 4t performed
in the following manner.

1. Place the PCTT in stretch by suspending i.* from thp forward
adapter per Section 3.4 end place "tanks degassed and in
stretch" signs an all four sides of the tank.

.1. Verify that the intermediate bulkhead is vented *' the atmos-

phere. Protect the vent tube at Sta. 324.17 in Quad. I, 3
inches from the Y-axia with four thicknesses of cheesecloth
taped in place.

3. i)wPr.,'urize the inter-tank region first by removing the pres-

4 urization line rt the PCT'r-C-7 plate and monitoring the preo-
sure gage until it reads zero gage pressure. Remove the PCTT-
4-7 plate and cover the opeoing with a four layer thickness o?"

cheesecloth taped in place. Record the actual t;ý.&* and place

-nori the te.nk is depressurized in the tank log booK

4. Depreaourize the forward Lark by removing tie pressurization
lAnr (or plug as applicabie) located at Sta. 179.U on the ".-X
axis betwe.er* quads i And II.

-CAUTION-

The in0tc-tank region must be deprijaurized before the
Sorrird &na/or vft ttnk is depreNsurized. Dam,,g- will

rart-ii to the test article if t.his condition is not
4trictly observed,

t|.31fa- t~r
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4. Continued

Monitor the pressure gage until it reads zero. Cover the tank
opening with a four-layer thickness of cheesecloth tapad in
pl&ce. 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
•ank is depressurized, however, the inter-tank region
must be depressurized first,

5. Depresburize the aft tank by removing the pressurization line
(or plug as applicable) located on the aft door on the X-AX
axis between Wuads III and IV.

- CAUTION-

The inter-tank region must be depressurized before the
forward and/or aft tank is depressurized. Damage will
result to the test article if thiu 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 tim2 and place where the tank is
depressurized in the tank log book.

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

3.9.3 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 mey then be opened by removing the fill and vent pipes if
installed, and the bclts around the ppriphery of the door. Care
oihal' be used when the internal pipei, PCTT-4-18 and PCTT-4-2J,
are installed on the door to in0 are that they do not hit the !,ank

waIls as the doors are r uoveo.

- WARNING -

The tanks are pressurized with nitrogen gas. Personnel
should not attempt to enter the tanks until the tanks
have been purged and it is verified that th4 oxygen
content is normal.
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Until the tanks are purged, a 2ign shall be taped next to the
opening with the following words: "Caution, Tank Not Purged,
Do Not Enter". After the tanks are properly purged, a :ontinuous
supply of fresh air shall be blown into the tank while personnel

are inmide. Personnel entering the tank shall be supported from

the outside by means of a boaun's chair or other suitable device.

-CAUTION -

The depreaasrized tank skin is not capable of
supporting personnel or equipment. Extreme care
should be used when entering the tank to avoid local
loads on the tank akin.

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

ForWard door: NAS 1003 bolts, 20 - 25 in. lb.

Aft door: NAS 1144 screws, 50 - 70 its. lb.

Care shall be uaed when the internal pipes, PCTT-4-98 and PCTT-4-20
are installec. on tha door to insure that they do not hit the tank
walls as the doors are installed.

3.9.5 Pressurization - Reverse the procedure of Section 3.9.2 to pressurize

the tanks.

- CAUTION -

Pressurize both the forward and aft tanks bemire
pre63urizing the inter-tank region.

.ank pressures shall be in accordance with Section 3.2. Leak check
all fittings on the forward and aft tanks before prx-ssurLzxng the
inter tank region. Leak check the fittings on the inter-tank

region after it is press|rized.

_ _ __ _ _ _ _ _ _

,'.,-.
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3.10 Propellant Fill and Vent Lines - During all phases of transportation
the propellant fill and vent lines, PCTT-4-16 (5), PCTT-4-18,
PCTT-4-i4, and PCTT-4-20, must be removed from the PCTf' and shipped
separately. The lines shall be iastalled (or removed) with the PCTT
vertical and depressurized per 3ection 3.9 just prior to installation
in the test facility. The forward and aft cover plates must be
removed per Section 3.7 to install 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
in,. lb. After" installing the propellant lines, install the PCfT'-2-5
support halves on the adapters.

Care should be used to avoid loading the fill and vent pipes during
grounJ handling and installatiLn of the PCTT in the test facility.
Liad limitations on the pipes are listed in Section 4.3 of this
report.

3.11 Insulation Installation - rhe PCTr-6 superinsulation for the PCTT
shall be installed on the tcat articie after the fill and vent lines
and appropriate instrumentation have been installed. The PCTT shall
be in the vertical position when the insulation is installed. A
portion of the insulation must be installed while the cover plates
are removed to install the. pipes, see 5ection 3.10.

~ *-Ig
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SECTMON 4

TESTING

4.1 Configuration - The PCTT shall be put in its test configuration *uat
prior to installation in the tebt facility. Test configuration
includes the adapters, cover plate&, fill aud vent pipes, and super-
insulation. 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 Pcrr in its test configuration is 3500
pounds. Maximum gross weight of 25,000 poiindts occurs with the for-
ward tank full of LN2 arid the aft tank empty. Gross weight with Ld2
forward and LN2 aft is Z4,300 pounds.

4.2 Tank Pressures - During tnstallation (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.'ýcuated by a vacuum pump 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 presaure in the
forward (LH 2 ) and aft (UN2 ) tanks shall not exceed 20.0 psia. When
LN2 is in the forward tank, its maximun gas pressure shall be JV.0
psia. The presaure in the forward Fid aft tanks shall always be
maintained a minimum cf 4.0 psi higher than the pressure in the
inter-tani region and/or test facility. The tanks shall be pres-
aurized through the vent lines during tanking, testing, aiud do-
tanking.

Phe rate of chambtr e'tacuation (or represscirzation) shall be
monitored so that the differential pressure across the adapter walls
does not exceed 0.O. paid. Visual %urveilsaace of tkie superinsulation
shall be provided during facility evacuation to verify that it is out-
ga~aing properly. A 4lower than normal pumpdown ma& be required to
keep from dumaging tM. insulation.

- CAUTIUN

The fragmentation pressure of the PCTT trnk is ).g
psai. Ttnk pressures shall be kept h)elow 9.9 patE
at all time. when a failuv'& would bi hazardous t%
personnel.
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4.' Proj1ll&nt Fill add Vent Lines Thi PCTT tiUl and vent lit ýýr
cantileier,-d fr'om the propollont tanks. The linemi receive none~
suppirt at the adapter wall. Allowable load~i which ama-r be au~jied
to Ithe ends of the fill and vent linea are Fiven by thea inter~kctioI%.
equantionsi whi.ch fol iow:

4.1ýl LW.; fill and vent pipeg, PCTT-4-1f6.

0500Lb + 7V1. 1 (SLE FIGURE 6)

Figure 6

4.3,2 t.N" V1 'nt Pipe, ~c~rt- 4-S.

1SN.f. I B.)<S I (

Figure 7

LýUkb_ __ J).tC!fFT--6 F

31 *ý *9
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4.3.3 V22 fill pipe, PCTT-4-l4.

N(1t4.Le. ) L
950~~~ -ISi IGURK 8)

LO~AD DIRE.CTIONS, PC1TT-4-<4

4,3.4 Thk.rujl 4efliQCtong of Fiij*a - The propellant fill an vei*t vipaja

wili def ve.t relative to thle test fac~iity4 when cryro~eaici are
taatLeQ in t~o FCr. Thermal do'iectian re-ative to tia. point of.
Aupjort at tim tcp cf thai leagarous ii equai to or less than;

pcl 5ii at 0.15 inches
iA2 ?&AAX

PC 371 -If, '- inchel

5 . + 0.65 incbes

ik~gnOfVht facility lin&4 #hall inc',rporat& provisions to sa.'ow
th-2 ýjov e dtfloctt~ofls w~thout. excoodinji thet# iiloiiabie pipt loads
of tepceigrqction.

4A 4 cryoxoni.ý Proof 'rest - A cryogenic proof t'st u,' the reworictd forward
tank ohal.X t) perfo~rmed with LN2 before testing is per u:-.ed with

j .A4.. Thet taniking level shall not *xceid ta. 1O. The Li't tauk
*)%*I b* empty during this test. Maximu pressure in the forward
tank sb*11 not ext**d 2O.0 psi& wheu it. contains LNZ. COil. th%

I tzek per itct~o_- 4.5 Wo~'rt- tursi&Au LS2Q. A stiaivtm'i differintisi
presourv of 4.0' pakd shai iie maintained scross Ithe tank wall when it

US.e i.4ý Ia 1.ho forward tsa3& thv oft tauk si.' tl

t~o ~y auso d-amae to 'thQ tL*~t aAt
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4.4 Continued

- CAUTION-

LH2 shall not at rny time be put in the aft (12.1 tank.
Failuie to observe this limitation naUy cause damage to the
test article.

4.5 Tanking and iWtanking - The forwArd (1,H 2 ) tank shall always be
te)KWd first and dstanket lIst. T't forward tank shall be chilled
ty ýracking the LH2 fill valve and lztting cold H2 (or N2 ) &as into
the tank for a period of tc.nty siiaute* before opiaing the valve
wide and filling the tan' with LH2 (or L42). Tank pressu-ta during
tanking %hall be in acrordance with Secti-n 4.2. The LH2 level in
the foroarl tank shall not QAcoed Sta. 180.2. Thirty Ginutes ohal
he allowed between compiltion of LH2 tanking and beginning LN2
tank$•ng in the aft tank, however, during this time the aft tank
shAll be chilled by cracking the LN2 fill valve and letting cold N2
ga& into the tank. Tht JA2 level in the aft tank shall not exceed
its. .ýV4.

- CAUTION -

Lt,2 otiR, n't at any t~m* be put ic th* aft tank.
Fai.'xlre to -))xqrvo thic limitation maj cause damag*

, .h c t "rticte.

YinuI, , l tt versus ntaiion are shown in Figure io and 10.
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The Partitioned Centaur Test Tank (PCTT) thenaal analysis

of this report has been performed in accordance with the pro-

vision" of Gontract No. k'0461-67-C-OU04. The report includes

detailed predicted temperature distributions, resulting '6ajik

net heat rates, and propellant boil-off ratea for the PCTI'

under simulated space-environmental -inditions in the Space

knvironment Simulation Facility Chamber of the Air Force

Rlocket Propulbion Laboratory at Edwards Rlocket 6ite.

I.
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Results of a detailed thermal Analysis are presented for the

Partitioned Centaur Teat Tank (ICTT), a space-environmental cryogenic

sxorage test article employing Dimplar super insulation. The analysis

j' of this riport is based on the simulated space-tnvi.ronmental cond.i-

tions of the AF)PL vacuum tfest facility including hard vacuum, LN

cola wall, and quartz lamp radiation aource, assuming the PCTT to be

fully tanked in accordancA with stress limitations and in thermal

equilibrium. Detailed P2' temperaturs distributions and heat ýrans-

fer rates were predictAd on the basis of the simulated space-environ-

mental flux distribution prexcriiod for AFRiL PCTT testing in the testj docueant of Reference I. Applications of the analytical predictions

to the a;iticioated test procedure and the ensuing post-test evaluation

j of the Pcrr thermal control performance are discussed. Predizted

equilibriuiu propellant tank net heat rates corresponding to the

Reference I IPLfr incident heating rates are 42.09 Btu/hr for the i 2

tank and 14.56 Btu/b.- for the LN2 tank, wizh :orresponding respective

boil-off rates of 0.218 lb/hr and 0.169 lb/hr.

I
!I

!I

!
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I NTW)DUCTI ON

Future space miaazons require storage of high-energy crycgi,+ic

,ropelL.nt& in propulsion system tankage during long space coni.t.

f~valuation of the potential space-enivironrental cryogenic storisge

capabilities of tank thermal control systeas eaploying super is'A..-

lation is necessarily predicated on tt, ability to demonstr.-te

ther,•al con~rol performance. The i'artitiooed Centaur Te't Tan.

provides a full-scale test article with an LN 2 -fiiled fuel -ank and

an LN2 -filled oxidizer tanx designed to accowodate a practical

evaluAtion of a Didplar super insuiatLon system under simulated

space therma) vacswa conditions. Interpretation rn the resulting

thermal test data muvat in turn be nuppor-eLd by detailed analysis of

the actual test article.

7+
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SI I. DISCUSSION

1.1. Partitiored Centaur Teast Thak Thermal Control 1)esi&.

1.1.1 3eneral Configuratio,, The Partitioned Centaurf Test Tank

(PCTT) conforms in all essential details to the configuraý,on

described in Reference 2, ia which the partitioned tank assembly i.s

provided .ore and aft with cyliadrical fiberglaus adapters, each

having a stiffened fiberglass cover. The entire test article is

auspaided lin the Air Force Rocket Propulsion Laboratory (AFRP.L)

Space tnvironment Simulation Facility (SESF) vacuum chamber by means

of four hanger assemblies. The forward and aft adapters are pro-

[ wided' with circumferential aluminum rings (angle sections) to which

the respective covers are mounted. Simulated space heating is pro-

. vided by banka of quartz lamps, positioned to distribute P controlled

heat flux over half of the external cyl.indrical surface area. Pro-

pellant tank fill and drain ducts, vent ducts, and instrumeitt.tion

leads emerge Gn the side of the vehicle not irradiated by .he lamps.

F 1.1.2. Super Insulation Configuration.

[ {1.1.2.). Mhe Dimpl]r super insulation, positioned as noted in Figurz

1, is installed in erlapping "blankets". Each "blanket" coN.sists

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

corresponds to a single layer of flat Dimplar, plus r single dimpled

layer. The external super insulatio;t is suspended by means of te.!lon

1. pegs which are the sole physical contact between the exterr~l insula-

tion and the PCTT adapter. The aft adapter pegs do not penetrate the

external super insulation but support two fiberglass rings (Siations

336 and 384) which, in turn, maintain physical weparation ef the

external insulation blankets and the aft adapter. "he internal sur-

faces of the forward and aft adapters and covers are prov'ided with

f additional Dimplar blankets which are in direct contact with the

I3!I. ...

!
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r~spective &dapter/eovpr interhal marfaces. A simary of the vwper

insulation and teflon peg coafiguration is-preseatod in Table I. A

26-incb section of the forward adapter inner evrface, adjacent to

the UM2 tank is uninsulsted. A 16-inch section of the aft edaptor

inner uurA.'e is .iailtly uninsulated.

i.J.2.2. 'the super insulation and peg monuting cb~racteristica are

Aes&iled in ths sketches of Figure 2. A typical blanket section is |
shown in Figure 2&. As noted in Figure 2b, the individual blankets

are 42 inches wide, and the method of st&Sgering the blankets cir-

cumferentially ie chown in Figure 2c. o the cylindrical diametor

increases with succeeding insulation layers, a progreeniylyl

increasing V-shaped gap occurs botwecn inatin 1 blankets, as shown in

Figures 2b and 2d. This gap is closed by mean* of two Dimplar

strips on the inner blanket and seven nisplar stripe on the cuter

blanket. The external strips are socurcd by menao of aluminized

uylar tape to provide & continuous exterior surface. The tefldn

mounting pegs and a typical mounting detail vro presented in Figures¶

2e and 2f.

-1.2. PCTT Analytical Procedurez

1.2.1. Assumed Space-knviroamental Simulat.or. As noted in iIefarence

1, the sixulate6d pece-environmental incident heat input prescribed

for PCTT thermal teating yields a surface absorbed heat distribution

which corresponds to the local absorbed solar energy diatribution

over a cylindrically configured vehicle in a deep space environment

with vehicle centerline oriented norual to .he vehicle-san vector.

Absorbod heat rate for the actual flight vehicle is accarding•y p•.di-

cated on assumed solar absorptivityr and emissivity values of 0.3 and

0.91, respectively. The appropriate space vehicle incident heat flMX

distribution is detailed in Appendix A of Reference 1. As noted in

the latter •t.udy, this heat fl-jx distribution combines with the above

veninle surface radiative characteristics in r~ndering a unique

4

S~/
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TAULL I

SPUTT SUtP" INSUL&TION C.ONIGURATICK SU ARY

PCTT Nutmber ,f Diipler "Pairs" Support PeS
t bL•nkets Per Blanket Configuration

Outer Sidewalls 3 7, 7 & 6 27 pegs, Sta. 156"
27 pegk, St•a. 214
27 pegs, Sta. 336
27 pegs, Sta. 364

Inner Forward
Adapter 1 10 27 pegs, Sta. 15G

28 pegs, Sta. 191

I Inner Aft
Adapter 1 110 272 pegs, Sta. 336

2d pegs, Sta. 384.9

Forward & Aft
Covers 3 7, 7, & 6 32 pegs (ea.)

-_ _evenly distributed

* Station numbers represent longitudinal inches

I

15
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vehicle .a etora surface equilibrium circumferoatial temperature

distribution, also preseoted in Appendix A of i1eforence 1. Tims

temporature dfatribraticn which etu/id~rs reradiation to a deep

space enviromeant was accordingly emplpyed as an external cylin-

drical surface temperature boundary La ýhe analyols of this

study, and will be seen as curve (a) of Figures 7 through 20, A

thermally black radiative heat sink at 10"R (Lh2 cold-wall) was

asened to be the radiative boundary onnditieon for the eitermal

surfaces of the forward and aft cuvers as well as the unirradiated

half of the cylindrical aide. An oxternaJ cover emittance of 0.8

was employed, correspeading approximately to unspainted fiberglass.

1.2.2. The PCTT Thermal Model.

1.2.2.1. Data obtained in Cenvair calorimetric testing of Dimplar

insulation was employed in formulattag the follewing expressioo for

heat rate through a layers of Dimplarz y
4 4

(TO *T ) T* -T

A41 + 411 ( (
42

in which Tý end T, are outer and inaor surface temperatures, £ is f
the flat layor emittanca (0.04). dE is tAe dimpled layer omittanco

(.07), "d t(R) is ga. eoepirically-detvrmined thermel resistance factor,

47,4 for 10 pa•lr4-lyors of Dmnplar p*r inch. The respective emit-

tuno valume tiro ased ex measuzemento obtatnod im the ConvaIr Space-

Pbhsyca Laboratory. The overall beat rate '. thue *ose to combine a

radiation term and a cosduction term, and the above expreesion was

epploy*4 throughout the aaflysts.

1,2.2.2. The KITT toot article was numerically reprsaented in terms

of an elaborato thermal sodsl of the analogoua electrical type,

incorpornting a total of 661 temperature nodes and 4230 conductivo sad

radiative resirtors. Tbf complete tent article Is shown in Figure 4,

.- /
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in which it is seen that the CTT was numerically represented in

terms of seventeen Ul7) cylindrical section data stations, and (6)

cover section data atations. Each of the cylindrical stations con-

tained tmn (10) circumforential Incremental area segments, each in

turn containing an appropriate composite array of nodes related to

that area segment. Both adapter covers were divided into three

(3) annular reeions, each containing ten (10) equal area segments,

with each segment, in turn, containing a composite nodal array.

I The areas of the surface nodes are tabulated in Figure 4. Each

propellant tank was represented by a single beat sink nod* of

appropriate temperature and surface area.

1.2.2.3. Typical thermal model local geometrical and thermophysical

characteristics are detailed showing the nodal array for each of the

major composite structure configurations in Figures 3a through 3..

Internal radiation exchange parameters were obtained in a separate

preliminary numerical study. Cooventional methods were first employed

in determining the appropriate goometric configuration factors. Per-

tinent configuration factors amd surface emittances were then supplied

as input to an analysix employing the classical Oppeoheim method of

detarmining radiation eochana factors. These radiation exchange

factors (?I are summarised graphically in Figures 3f through 3k as

functions of test article station. Thus it is possible te represent

the not radiative heat transfer from a given surface (a) to a neigh-

boring surface (b) as

Qab Aalb(a" Tb-) "Abm.a(Tb " T )

where(a~b bba

t.a.2.4. It is of Interest to note the effect of the uninsulated

portion of the inner adapter surfaces on the resulting factors (Fig-

ures 3f and 3g). The uninsulated adapter surface was assumed to haro

7
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af esittance of 0.8, corresponding to unpainted fibrsglais. The

resulting effect on wall-to-tank radiative heat rate will be seen

in the Zollowing section, The emittance of the super insulation

inner surface was assumed to be the measarod value of 0.04, aw

noted earliergand the 301 stainless steel ta-k surface emittance

was assumed to be 0.175.

1.3. lbaultiag Predicted PCTT Thermal Contro&` Performance for
Hard Vacuum (10-0 TORRl)1

1.3.1. ICTT Temperature Profiles. I
1.3.1,1. Equilibrium temperaturvs thrughout the Pt*TT test article-5i
assuming tanked conditions end hard vacuum (10-5 IrORR) aý-* prestnted

in Figurms 5 through 30 figures 5 through 21 show temperature pro-

files in planes normal to the vehicle major axis. Temperatures pre-

seated for data stations I and 17 are for the forward and aft alumi-

num adapter rings. Forward and aft cover temperatures are presented L
in FigUres 22 through 27. Thermal symmetry permits complete presen-

tation of the cover temperatures in terms of three transverse data

stations each. It will be noted thet in anch case, the three data

stations are coincident at the center of the cover.

1.3.1.2. Lengthwise temperature profiles are presented in Figures

28, 29 and 30, respectively, for the forward fiberglass adapt(, the

cylindrical intertank section, and the aft fiberglass adapter. It

is &con that considerably elevated local structural temperatures occur

on the heated side of the vehicle. aximus temperatures of 3300R,

186*R, and 3421R cerrespond re•pectivoly to the forward adapter, the

intertank section, and the aft adapter.

1.3.2. PCTT Propellant Heat Wtes.

1.3.2.1. Tank beating rates from each of the data stations (stations

1 and 17 are not applicable) are presented in Figures 31 through 36, .

8
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It should be noted that the sidewall radiation heat rates (stations

2 through 16) are local fluxes presented in Btu/hr-ft 2. These data

are integrated circumferentially ani presented in Figures 37 and 38'
2I as average sidewall heat rate in Btu/hr-ft vs data station.

f 1.3.2.Z. As seen in Figures 37 and 38, the relative contributions

of the uniisulated, unpainted adapter sections 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 of

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

stat4ozk 6 (0.005 Btu/hr-ft 2, or approximately 0.16 Btu/hr) is markedly

less than the adapter radiative heat rate from station 4 (0.143 Btu/

"hr-ft 2, or approximately 8.40 Btu/hr). It should be remembered that a

I 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 adapters.

1 1.3.2.3. Thermal data and resu:ting 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 ehielded from the test article surfaces by local LN2

cold walls, but provide temperature boundaries of approximately 400°R

for duct conduction and internal duct radiation. All other penetration

[ 9

[
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Ii
TABLE I I

PCTT PV*'TRATIION THEJMAL DATA

Penetration Temperature hadiatio., Conduactt.on, Total Heat
Description Boundary, *R Btu/hr Btulhr Leak, Btu/br

I.H2 Fill & Drain

304 Stainloas Steel,
70 x 2.5" x .049" 400OR 1.43 0.88 2.31

Ia2 Vent Duct,

304 Stainless Steel,
5l x 4OD x .049" 140"R 0.01 0.16 0.30 1
LH2 Instrumentation,(21311 long)

Conatantan 140"R -0.10 0.10
8 x 30 GA. I
12 x 24 GA.

Chrome 1
8 x 30 GA.

Copper
4 x 24 GA. -

LAI) Tank Total ---- 1.47 1.44 2.71

LN2 Fill & Drain
304 Stainless Steel,
21 x 2.5"D x .049" 400"R 1.40 2.12 3.52

L2 Tank Total 1.40 2.12 3.52

2I

I,
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I" boundorien werv assumej to be mt chamber coid wall temper&ture, or

1406R. Thits, the fil and drain duct is thi unly ex~ernal penitra-

tios masurably aifocting the I12 tark at equilibrium conditions.

The instrumentatien leads convarge at a terwmual board mounted at

Sthe bottom, roar of the aft indapter, As notod, the "erminid board

was anaumed to reach cn equiJi'rium tetparature of 140*R. Internal

f dvict radiation was predicated in all casee 3n the duct croass-

sectional area and an effective emittance of 1.0. The combined

I penetration heat rates (includinx adapter and intertank section con-

duction) are presented and summarized .in Figure 39. The test arti-

( €cle support hangere, c9 d.dered not irradiated by the lamp banks and

t herefore foumd to contribu~te a not loas of heat from the forward

adapter, wlre conservatively omitted from the penetration summary.

1.3.2.'. Total equilibrium heat rates to the PUT 12112 and LA 2 tanks

are summarized in Table XII. Thm reiRective sidewall radiation heat

rates were obtained by integrating the heat distribution curves of

j Figures 57 and 38, vwiile the adspter cover radiat'.or, and direct radi-

at&on between tanks were obtained directly fzo-n iuverical output from

tk:e thermal model. A& seen .n Table )-1, based on the AFRPL, vacuum

facility environmentai conditions of 1.•.1., above, the rtspective

to La equilibrium neat rates are 42.09 B u/hr to the LJ1, tank and

14.5bi Bt.u/hr to the LN2 tak. Total Piedj.ed boA-•f3t rates aro

thus 0..Z18 !b/hr of 1A ana 0.169 .b/hr of L2

2

I
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TABIE III

VCTT TOTAL HEAT RATE SUMMARY'"

Lhks TANK IS2 TASK I
HEATENG NiLATING

liE-; sqLTJcK BrU/HR BTU/1II,

Radiaticn, Cover Inner Surface

Forward Cover (Fig. 31) 1.16

.Aft Cover (Fig. 36) 0.85

Radiation, Sidewall Inner Surface

(Fig&,. 37 and 38) 25.10 10.17

aadxation Between Tarks 3.85 -3.85

Penetrations & Structure Conduction
MFg. 39) 11.98 7.39

Total Heat Rate (Btu/hr) 42.09 14.56

Total Boil-off Rate, (lb/h,) 0.218 0.169j

lig

I

I
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I2. CONCLUSIONS AND RMOW.UDATIONS

1 2.1 Ieretation and Limitations

2.1.1. The analysis of thie ropDFt is predicated on successful

achievement of the thermai controi design objectives of the FCTT

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

j atbon of the practical capebilities of the JTIT thermal control

design concepts. The pea'formance predictions of this report

f zou.d thus be consider*o zepreventative of a theoretical optivum

configuration. It is therefore useful te enumerate the specificf items of possible departure from the assumptions of this report.

2.1.1.1. The heat rates and temperatures cf this documenL corres-

pond to equilibrium simulated space-envirormental conditions,

including a hard vacuLum of at least 10-5 !-ORR. This presumes a) a

sufficient duration of complete thicle chilldown, and b) complete

out-Cassing of the super insulation. The former may require a
transient period of the order of 24 hours, and the latter may con-

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

hours. Tank leakage could effectively reitard the outgassing process.

2.1.1.2. Super insulation edge losses were not considered in the

1analylis of this report. The accumulated areas between matching

blankets of Dimplar would be a relatively insignificant portion of

the total 1%CtT surface area. However, edgewise radiative heating of

tne blankets at these locations and P.t the support peg locations

could, in the aggregate, significantCy imipair the insulation effi-

ciency. As noted, eimiuation of this effect is a test objective.

4.1.1.3. Heat leaks from external penetrations are not expected tocontribute significant error after chtlidown to equilibrium condi-

tionns. As noted earlier, 411 penetrations emirge to an effe•ctive

cold wall environment, the therv~lly controlled fill and dnain

j valves being the sol* exception. However, a significant tr.ansient

in penet-ation chilldown can be expected.

113J
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2.2. Co.rsv•ndence to the I•CT Te&,t Article

the detailed temperature distributioA, preseated in this report are

.)nstdored a practical requisit*e for a thorough evaluation of the

fCTT msasurement data. Heasiarod C;TT boil-off rates which exceed

the rorrega)nding predicted values would be indicative of a

departure roe the intended thtrnal control perfonwnce objectivu.

Comparison of the respective tamperatur* distributions would be a

pa-actical Prequirement for isolating the specific causative thermal

control :haractristic. It is fur'ther suggested that post-test

modification of the thermal mode* of thia report an requir'ed to

accomplish an analytical fit of the test data would be highly

deeirable for detailed evaluation of all aspects of the FCTT thorn1al

cr atroe. design.

i4i
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LN2 COLD WALL
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LNZ COLD WALL.
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Ua. Typical Blanket Section 2b. Blanket Curvature

-. (

Sidewall 3 external blankets,
7, 72 and 6 pairs

Covers bl-ankets, 7. 7, & 6
Inner Adapter, ! blanket 10 pairs

p2. Gas '_tween Mating Blankets 2d. Mating Bianket Interleaving

* ,{ Outer Layer
Taped-on
Splice

Outur blapket: 7 Loaves
lonet blanket.I 1 loW

2s. Insulation Mounting Pe Z 2f. Typicai Section, Dimplar Instil
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3 ppr dapter Crbrgae

dsL~A~(?A~:L:L Top Cover (Fiterglass) 570 TGIN1LO

6 Hanger A 1umeion wa daq(TNENIsT

ADJADCAM NODS)-

WkAN, TOG3r

(V10t.R ?sAjca
(TANGNTIA~ TO (PEGS

K ~ AJtIEN Aft.ý 3730,li i~a~1*~sd.8.I

?~. . ~r TlI~LNf~~tCY~I 1ýG,4!JJANGS)E~i

1980.



GDI-BTD47,-0

S15 Jamwry 1967

[1
[ ~~DETA I L A2..ue

2 Super Iulation L LH

S5 Uppr Adapter (Fiberglas3)
6 Tank Skin (Steel)[ 7 Iniartank Skin (Steel) LNZ

L IIa
(VERTICAL, TO

( ADJACENT NODZ)

00431 'LATERAL, To

C /ADJACENT NODE)

- • . 3b., iC344, 4O1Z7

21.9 • 5-485

550.,

.1143 166.
.08 (VL.TETRAL, TO

ADADJACENT NODE)

FIG •b •T Tqi•,r• O~eL, II•T N]/ADAPTER XINTEt/FACE-
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IDETA IL A!

Super Insulation L H2

4 Intertank Skin

5 U1;2 Tank Skin (sffteel)6 Lower A&dpter (Fiberglass)A L N 2

.4

(VERTICAL, TO ADJACENT I
"NODE)

550. 149.AA*W• .1143 16
166 . (LATERAL, TO ADJACET.

NODE)

2i .9 . ,54 85s_,¢a a

500. .2

AAA .,,v (LATE% "--, TO r ADJACL\T
.0024 496.NODE)

(PEGS) 45 
1

(VERTICAL, TO ADJACINT NODE)

FIG. 3c. PUTT TIMtAL MODEL: LN2 TANK/ADAFTER IvNTERFACE
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DETAIL "A'

SprInsulationLN

1 ~3 Izatertank Skin (Steel)

I.

I

tVA W e,_ (TO TANK, F IG. 3j )
S•' 'rn (VMRICAL, TO

.022 LAiL O
I

415.ADJACENTj NODES)

I ~(TO CYLINDRICAL WALL,[ FIG.3k)

L ~FIG. 3d. PM? T11IEkMAL )IODQL: TYPICAL I1TUa~rA.NK LOCATION
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A1
DETAIL A.,

2)-Super Insulation L N a

4L
"3 Upper Adapter Skin

(Fiberglass)

(VE~tICAL, T (TCOVER, FIG. 3b)

-~J'JVVV'~- ~(TO CYI.ZNDRICAL WAL;

FIG. 3 g)

Z4. 158.

.00387 1 09

179 700

(LATCRAL, TO ADJACENT
NODL)

(TO TANjFIF G. 3f)
(VERTICAL, TO ADJACLMT

r1G. 3*. IPT' TH UL NODELsz TYPICAL I'OR4HAD OR AYT ADAPTER LOWATION
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.16
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D)ATA SIATION
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.0020 '7
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0~.0004
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.0012
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.0004

24 20 300 320j

Dat~a Stat ion/PCTT Station, InChes
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k9XCHA&%lE FACTW64
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TYPICAL [
(Z3) NODMS

,AI.96 It-
S.06 ft 2I ,

-~ 122V r2.82 ft~

36'~

19--A.---9.0'D

S6.5D

20

"AFT COVER

DATA NODE PC2T
STATION A Aft 2 STATION, I:1.

S. .... l -- 151.00 I

2 5.83 .... 162,75

3 5.83 - / 135.00

4 5.83 LH? -207.25

5 2.09 Z -- 223,23
6 3.24 233.66

7 3.24 246.04

8 3.24 -. - - 58.41

9 3.24 -- -- 270.79

10 3.24 -"--- - -- 283. 16

11 2 - - Z95. 54
12 3.24 / '•---07.91

13 3.214 LN,2 . . 2o. 2

14 3.20 "---- 333. 2Z

V's 5.83 3 /, .-t

16 5.S3 - 372.72
17 .384;47

FIG,. 4. PrTT TWIE•4AL MOV, ANALTICAL DATA STATIONS I
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100~

a. Outer Super' insulation, Outer 5!irface
b. Out'r Super Inocalation, Tw~er Surftcii
c. Fiberglama Adaptar
d. ininer Sup.&- irsulation, Inner Stsrf~co

F'~G.~.RCTT TEMPL~RATUR1h.S, DA-CA STiA-r1ON 2
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-x
NVI

I _K .

JAL

a. Outer Super Insulation, Outer Surface

b. Outer Super insulation, Inner Surface
cI Fiberglass Adapter
d. Inner Super Insulation, Inner Surface

F'IG. 7. PC?]' Tk.eWKATURES, DATA STATION 3
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X'\'

a. Outer Super Insulation, Outer Surface
b. Outer Super Insulation, Inner Surface
c. Fi berglass Adapter

FIG. 8. PCTT ThMEI~aTUHJeS, DATA STATION 4
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N\*

V,.

a. Su -tez r:ui u 11 ýi o n (r'te $u'c
b supeiz IfnLSUI otlo n I nnIeor Surf'-,

L. 1l'et~fl~Sac:'ýor S~kjf

0'1Ji 10. 'TV rIEFD~ DAtA -STATION 6
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XN' T

f. 1
"X"N

Al1.

Suo InultonOue Srfc

b- ~ ~ ~ ~ ' 5Q iv r4 -'6lt.a evStf,

lne-,aa etiaSi

FIG. ~ ~ ~ ~ ~ ~ ~ ~ / /tjlTTMýit m.DT& FTO
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a. Super Insulation Outer Surface
b. Super Inftolatiorn innor S~rface
C., IntortaiX 4ect ion Skit

FIG. 12. i'CrrTT r,,INPFATUw*, ]DATA STATION 8
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\AA

) . upet lnisutltiun Outer ,u,-face
V Super ,Insuiat ion Ininer SurfaMce
.inot~tttanii Sectitan Skin

Ft 14. ItrT T"F,)4I~M,'S DATA S TATI ON I J
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I/ x

a. Super Insulation Outer Surface
b. Super Insula*.iqn Irnner Surface
c. IrtvA-tanir Section Skip~

FIG. 15. PCTT ThMP1E"ATURUS, DATA SrATION~ 11
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R. Super Insulation Outer.Surface-
L. Super IwlonInner Surfac.e
c., Intertank Sect~on Skin

F~IG. 16. PUT T FkWMATURES, DATA STATION 12
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I rI

a. up*r benulation Outer "Surftwi-

C. IteranKSection Sk~n

Flu,~ 17. iFcrT T4MPfi.*'fUREi;, DATA SFATION 13
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a Outer1 $u e r Insulationi, Outer Surface
b. Outer Super Insulation, Inner Surface
C. Fiber'glass Adapter

F1( G 18. PCTT TEMPR- wLS DATA STATION 14
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I+

a. Outer Super Insulation, Outer Surface
b. Outer Super In'aulation, Ir~ner Surface
c. Fiberglass Adaptar
d. Inner Super Insulation, Inner Surface

* j i'FIG. 19. PC' 17 P~'f~,S D)TA STATION 15

43



GDC-BTD67-006

15 January 1967

~~~~yký v'N\ A2

Lt. Outer Super Insulation, Outer Surface
b. Outer Suj. r Insulation, Inner Surface
C~ Fiberglass Adapter
dI. Inner Super Insula)tion, Inr~er Surface.

FIG. ~20. PCTr rkN14PikA1UiRt., DA~'A STrATION 16
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i 0)1

T,0J2 TANN PENETRAT104 HEAT LZAKL BTU/H1R

1 Conduction, Forward Adapter. . Ilo0ea
2 Conduction, Intertank Section. . 7•47

Vent Duct. ......... .* 0 30

4 Fill & Drain Ne©t . . . . . .
3 lnstOuentation Leads ........ -10

a 2 Tank, Penetration Total 1L 9

I LN2 TANK PENETRATION HFAT LVAK. BT'7J/JIR

6Cornductioft Intertank Sectioni. . . Z
7 Conductican, %lf 'cdtcre . . . .* . .* 120

8 FIll & Drain Dit.. .... .. 7 -
B Vent Duct . . *. . . e . * * *[10 I.natrumentatiop" Lead. . . . . . . 0k.
11 Intermediate lBulkheed Va..,,, Jin*t. 0.0
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This report contains the General Dynamics/Convair (GD/C) recommended[

test plan for the Partitioned Centaur Test Tank (PCT'T) designed and

fabricated for the Air Force iocket Propulsion Laboratory (AFRPL),

Edwards Rocket •ite, per Air Force Contract F04611-67-C.0004. rho

report includes test objectives, test conditions, recommended

general procedures, and suggested areas of evaluatiov aftpr ,•esting.
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[ SUMMARY

The General Dynamics/Convair Partitioned Centaur Test Tank article, to

which this recommended test plan applies, is a flight-wyeght, f.ight-

similar tankage system enclosed in a thermal envelope of Dimplar multi-

layered cryogenic insulation. The test plat. encompasses test article

and facility test requirements in addition to test procedures.

I Iiicluded in the test plaL are recov.iended general test objectives And

liL¶tations, de3cription of the test article and its interfac, with

the f4cility vacuum cnnakber, test article and chamber instrumse-ation

descri•.tion, test procedural requirevents, and suggested future teat

capaLility of the tankage system. This test requirements document

compiles general and detailed guidelines which can be incorporated

directly in preparatiou of a detailed t-9st procedure by the Air Force

SkRocket Propulsion Laboratory. The information contained herein was

derived from Qsneral Dynamics/Convair experience in si-ilar testing

and vacuum chamber operations.

I[
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INROh4000TIOI4

Fuur saccrftpefomaceremiewnt sggstthat sophiaticated ,

high-perfýrmance rocet propulsion systems be incorporated a& launch
vehicle upper mtages. Increased mission complexities lead to require-

mints for added upger-stage versatility, such that various co& ,ina-

tiona of intermittent powered flight and extended spacp coast opera-

tjoui wy be accommodated. Utilization of upper stages of this type,
employing cryogeuic propellant ;'or maxi~uo performance, presents a

*ujo•r p.,obleii of long-term storage of cryogenic propellant in the
•p+•erovi orment. |

The purpose of the Partitioned Centaur Test Tank (PrTT) Program, as

initially proposed in Reference 2, is to utilize existing tankage to

provide a flight-size, flight-siml.ir test article tfG space thermal/

vacuum testing by the Air Force aocket Propulsion Laboratory (AFRPL).

Of further interest is the practical ev"Iuation of the multilayer

insulation concept &s a method of achieving 1mog-term cryogenic

vtorage in the space environment.

Thermal studies conducted prior to and leading to the preparation of

this report are available in Ateierence i.

i
2+
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S1.0 TET OBJECTIfVS AND LIMITATIONS

1. [ iuL ctive,

The objectives of the test are:

I) To determine the total fuel and oxidizer boil-off for the

lartitioned Centaur Test Tank configuration during simu-

lated space environments.

S2) 'ro determine, insofar as procedural limitations p.rnit,

the heat transfer rate breakdcw. L.i,rtugh the major

elements of the thermodynas.c ayst,ý., i.e., insulation,

structaral penetrations and fluid duct penetrations.

1.3) To determine the thermil control performance effects of

the non-tank structure of the vehicle comprising the for-

{- ward and aft ddapters and the intertank structure.

( 4) To determine the overall thermal performance of the

DimpLar multilayer r-vacuated insulation, including evalu-

ation of the effects of the mounting pegs.

5) To determine the venting and outgassing charactiristics

of the innulation siystem and the resulting influence on

thertunl c•.utrol performance.

6) To dLtermine the eif.cit of chambur pressure level on the

thermdl perf.3ruasne of tte isaulation.

1.2 Limitations

It was originally proposed (eference 4) to satisfy an nbjec-

t tive of determninzng the heat flow between the fuel (LhA2) ano oxi-

dixer (LN2) Lanka by tecnniquea invoLving tanking of fuel in the

Sox,.•er tank. Structural and other limitations now preclud/e

3
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this, and tanking LN 2 in the fuel tank is similarly not feasible. The

intertank heat rate must therefore be assessed by a I2ss direct method

involving computation of the heat flux from measured temperatures as !

part of the poat-test analytical tark.

2.0 TES' 'RTICL• AND FACILITY *UIRENFXTS

2.1 The General Dynabich/Convair Partitioned Centaur Test Tank (PCTT) I

2.1.1 nditied Centaur Teat Tank The PCTT articie, Figure 1, has -

been fabricated from a Centaur flight-weight test tank with the addition

of au ellipsoidal bulkhead, forward and aft cylindrical adapters, end

covers, and Dimplar super insulation. Fill, drain, vent and vacuum

lines were added. The Centaur tank alteration consisted of removing

approximately 112 inches of hydrogen tank. cylindrical skin, adding a now

aft bulkhead to form a forward stub hydrogen tank, and adding a short.

now cylindrical skin section to join the modified forward tank to the

remaining aft tank. TanK details are shown on General Dynamics/(:nvair

drawing 1WCTT-7. (
2.1.2 Test Article Adapters and Covers. The forward aud aft adapters

have been fabricated from fibergiass and are designed to support the

test article during storage, handling, and transportation, and to facil-

i•ate vertic.l suspension while testing Provisions are made for I.
attathint the forward adapter to the vacuum chamber structure, and suspeLd-

ing the test article from the toG during tanking and testing. both

forward and aft adapters ar* enclosed with a fiberglass cover. The PCT

adapters a.•d covers are detailes in General Dynamics/Convair drawing

PCTT-2.

2.1.3 Uimplar Cryogenic Insulation. the Dimplar cryogenic insulation

consiz of a stack of altorerate radiatio.n shields oi flat aluminized

mylar and 4impled aluminraku i rith !le dippling providi.g the

shield separation. the combination of a flat sheet and a dimpled sh*eet

$
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SI!'j pair-layer. The Dimplar insulation will be mounted by means of

fiberglass pegs positioned aroond the forward adapter in two rows of

27 pegs each, as recommended by the insulation subcontractor. There

is no insulation attachment directly to the tank; all insulation is

supported by the adaptors and cover plates. Two stand-off fiberglass

noops around the aft adapter hold the insulation away from the test

article skin at the aft end.

The insulation creates a thermal boundary envelope and is comprised

[' ! of three blanket thicknesses on the external cylindrical surface and

on the inner cover surfaces. The insulation consists of two 7-pair

layer blankets and one 6-pair-layer blanket yielding a tots1 of 20

pair-layers. In addition, one 10-pair-layer was added to the inter-

nal surface of each adapter, beginning at the cover and extendingf 1toward the L.Ank-adapter interfacee, for a distance of 42 inches from

tthe cover. (General Dynamics/Convair drawing PCTT-6 details the

Dimplar insulation instal~ation.

4.1.4 Insulation Penetrations. The insulation penetrations are com-

prisad of the following:

- 1) two rows of 27 fiberglass pegs each around the forward

adapter.

2) one liquid hydrogen and one liquid nitrogen fill and draii,

line which are 2.5 inch O0, 0.065 inch thick 321 Cb(M

U tubinA., extendini ar'proxin.ntely t Inebh. nnd IR inchen

outside the insulation to the flaiige terminations for the

liquid hydrogen and liquid nitrogen tanks, respectively.

3. one hydrogen and one nitrogen vent line formed of 2.5 inchSjD, 0.063 inch thick 321 Ckk4 tubing, extending

approximately 3 inches outside the insulation to the flange

torminations.

I,"
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4) an intermediate bulkhead vacuum line bass which Is connected

to a facility vacuum line, assumed to be approximately 0.25

inch ID 304 stainlost st"e tubing.

5) app.,oximately 134 Inctrumentation leads.

2.1.5 Comperison to Actual Flight Vehicle. The Partlttoned Centaur

Test rank article is thermodynamically and, in a *ecsure, geometri-

cally comparable to a flight vehicle tank system in a space coast con-

dition. However, the insulation coveragw would have to be modified

extensiveiy to accommodate the requireennts for pro-launch conditions

and for protection during launch.

2.2 Air Force kneket Pro ulsion Laboratory Facility__oquiroments

2.2.1 Chamber Configuration. The test is to be conducted in the alti-

tude chamber of the Space Environmental Simulation Facility located at

the Air F'orce Rocket Propulsion laboratory at Edwards Rocket Site.- The

chamber is capable of maintaining pressures at 10 torr or less, while I
accommodating leak rates o: 0.3 torr-liters/sec. In addition, the

chamber incorporates a thermally &Jack, liquid nitrogen coid wall for

space simulation, and is capable of supplying ^ i--aximum of 596 Btu/hr-

ft 2 a173 watts/it-) infra-red radiant energy gor solar simulation.

2.2.2 Column Supporta and Croesmember. The PCTT article will be

installed in the vacuum chamber by means of four column supports.

Cross member beams spanning the opposing columns provide four attach

points from which the test article will hang by pins through four strap

hangers mounted to the top of the forward adapter.

2.2.3 Local Cold *all Installations. AFIPL will supply two local cold

walks, one between each of the fill and drain valves and the PCrT side.

The local cold wails should effectively shield the PCTT from valve

mosembly radiation.

6i
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112.2.4 Bulkhead Vacuum. A vacuum pump muat be connected to the forward

LN tank bulkhead pressure tap in order to maintain an evacuated insult-2j• tion bulkhead during chamber pumpdown and testing. This will insure

that if gases leak into the bukhead insulation cavity, the bulkhead will ziot

reverse and rupture upon returning the chamber to ambient conditions.

1.2.5 Television Camera Coverage. Television camera coverage during

chamber puI.pdown,, testingband returri to ambient conditions must be pro-

vided. Continual surveillance must. be ma_.%tained during periods of

chamber pressure tran*ients in order to ".cotnize and avoid possible

onset of insulation "ballooning" and/or collQpse with subsequent tear-

ing. Coverage of the entire crlindrical surface is reo.onmended. How-

SI. ever, should coverage be lisited, the camerai shGcld be *Iaced so that

the =;Aximum temperature point (center of the irrad.,.ate, surfa-,e) can be

exaLined from the standpoint of overheating. The camera positiý4n

shoull then be adjusted such that the field of view would reach as much

"t of the -,old side ox the test article as possible.

2.2.6 iacility Heat Source. AFRPL will provide a sufficient number of

verticle heat lamp lines around one-half of the circumference of the

PCT to ?rovide the insulation surface temperature distribution shown

in Figure A-2 of Appendix A. The temperature distriuLtion is also dis-

cussed in Appendix A, The heat lamps should be capable of providing a

radiait energy level at the article insulation surface of zero to 442
Btu/hr-ft2 (0-130 watta/ft j. The portion of the test article circum-

fereince chosen shall be located such that the fill and drain lineb as

o well as vent lines are not irradiated. rhe forward and aft most lamp^

shall be positioued such that they irradiate no closer than 4 inches

to the forward or aft edge of the FCTf side insulation.

I 2. 1.7 Heat F'lux konitoring hacilities. AI"tPL srail provide disk heat

sour'e monitoring facilities as described in Appendix A. (me heat sen-

aor litie snould be provided and located very near the insulation surface

.. for eactn dimp line provided.

i7
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2.2.8 facilitl.r Peontraf 1on Lines. The facility-supplied fill/drain

and vent lines which are not yet designed, will be connected to the

GD/C insulation penetration stubs (see Article 2.1.4) by flanges. Li
At least the terminating two (2) feet of the facility fill and drain

lines should be rigid ducting, assumed for analysis to be 2.5 inch

10, 0.049 inch thick 304 stainless steel, connecting tha fill Ei

and drain valves to the tank fill and drain stubs. At least the

terminating two (2) feet of the facility vent lines connecting to 1'
the tank stubs should be rigid ducting assumed for analysis to be

3.0 inch ID (requires an increaser from 2% inch ID to 3 inch 1),

0.049 inch thick,304 stainless steel. The entire liquid nitrogen

tank forward bulkhead vacuum line is assumed to be 0.25 irnch 10, 304

stainless steeL tubing.

2.j.9 Penetration Calibration. before connection of the fill and I
drain, vent, and vacuum lines is accomplished, facilityrsupplied

lines must be carefully measured as to inside and outside diameter,

and distance between temperature measurements (see 3.2.2). The

dimensions, as well as information describing the type of line

material or alloy, must be recorded. These lines (approximately the

terminal two feet) will b• bracketed with two temperature measurements,

described in paragraph 3.2.2. Ideally, line sections between measure-

ments should be of constant crossection, and as nearly straight as

possible. Any departure from the assumed dimensions and materials of :!

paragraph 2.2.8 above should be ca.refully noted.

2.2.10 'acility Vent System Ca bijltZ. the facility-supplied vent i
system and associated flow measuring devices shall be capable of

venting and ,seasuring boil-off rates from the [i2 and LN2 tanks of -

0.U03 to 30 sad 0.0025 to 80 pounds per minute, respectively. The

facility vent system design for each tank snall limit pressure drop

from tank to ambient to 3 psi.

S F -
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jjj 3 .0 INSTRUMENTATION

[3.1 Description of General ynamics/Convair Instrumntation Provisions&

All oT the instrumentation supplied with the Partitioned Centaur

rest Tank measure temperature. Some of the elements are intended for

use in controlling test operations such a* tank fill and drain sequen-

tl ces; nearly all are intended for use in assessing the individual magni-

tude of the heat Leak& into and through the tank structure. Platinum

resistance elements and chromel/constantan thermocouples are placed in

strategic locations. kach thermocouple is wired with a voltage bucking

A• that of another couple, the latter couple being shown as "Reference" in

'. the Measurentent List of Table 1. Instrumentation sensor locations are

sh'own in Figure 2.

3.1.1. •_ JLevel Senaor-Menture.ent #1. This system is described in

Appendix B. It is intended for use in tauking anJ topping L 2.

3.1.2 P i esistance rransducer, ,easurements #2, 7, 19, 21 andI ._i7. hese units have an ice point resistance of about 1380 ohms.

Calibration data for each unit is supplied by Rosemount "nd will be

identified by measurement number and turned over to the test personnel.

The ieads connecting measurements#7, 19, 21 and 57 to the Junction

SBlock are of J14 gage constantan &%nd therefore of relatively high resis-

tance, ranging up to about 40 ohms at room temperature. The Lonstantasi

wam selected because of its low thermal conductivity and because its

electrical resistance is nearly invariant with temperature. Taking int'

account that the leads will be chilled to the LN, 1/LH, temperature region,

4t may be assumed that their teot k:ondition resistance will be 4% lower

than their room temperature resistance. The room temperature Leto

resistance can and should be measured in available paira, and used (with

the suitable 4* allowance) in calibrating the W.E.C. bridges In the

I instrument room,

[9
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For the calibration, it is recommended that each bridge be unplugged

ane the combined lead resistances measured at the socket through pins

D to F and N to R. The bridge ALMO ADJUST and SPAXt ADJUST screws may

then be set by connecting the bridge to its Voltage Supply, Indicator,

and a fiie resistor network simulating the transducer and leads. The

tour lead simulators should approximate the iead resistance. The

transducer simulator must be accurate--well within the transducer or 1*
4ridge specifications.

3.1.3 Thermocouples. Fiftt-eight of the sixty-four measuraments are

made with chromel-constantan thermocouples. Thirty-nine of these are

referenced to tae PCTT-3 Junction Block which is expected to stabilise

at about LN2 temperaturu during the testing, and whose temperature is

monitored oy a Rosemount 118¥L platinum resistance thermometer. Nine-

teen of the thermocouple pairs measure temperature differencw between

closely related points on the structure in order to assess the magni-

tude of the individual local heat leaks into and between the tanks.

3.1.4 Measurement List. Certain ground rule definitions will Le

helpful in the interpretation an4 use of Table 1. Column One indi-

cates the measurement number. Column Two shows the measurements to

which ths Column One thermocouple measurements are referenced. The

Lolumn One measurements not showing a reference number in Column Two

are platinum resistance transducers, Column Three shows the terminal

board number to which the Column One measurements are connected. In

Lolumn Four, the ccmma indicates wires terminating together. The

dash separates cerminala (or pairs) representing the two sides of a

measurewent. Vor the tbermorouplea, the first screw listed will be

positive relative to the second when the measurement 1eint i* woa r L
than the reference point. Columnne Five through Seven give the PCTT

quandrant, station, and radial distance from center line (inches) of

the meanure*ment location. Column Light gives the aomenclature or

description of the moosurementr Instrumtntation locations e&d refer-

once junction block/terminal board configuration are dtsailed tn

Genernl Dynamico/Convair drawlntF PCTr-0.

.10
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3-1.5 DitaReutin 4ui emsnts

•*Ii 3.1.5.1 LXI2 Level Sensor. Reduction of the platibum wire LH2 leoel

sensor data will be on a GO/NO-GO basis as Indicated in Appendix B.

1 3.1.5.2 Platinum Nesletance Transducers. Platinum resistance ther-

oometer data reduction should be based on the traneducer calibration

U data furnished, as noted above.

f 3.1.5.3 Thermocouple5. Thermocouple data reduction should be based

on the calibration tables which will be generated and furnished by

Convair on the basis of the early test data. These tables will List

the thermocouple voltages va temperature in one degree increments

from zero to three hundred degrees Kelvin. Data reduction will then

consist of the following operations:

1 (1) Find the reference junction temper&ture.

(2) Look up the reference junction voltage (in the tUbles to

be furnished),

(3i Head the Measurement Voltage ard add it algeoically to

the Heference Voltage, obtaining Result Voltare.

I (4) Look up the temperature corresponding to this hesult.

Voltage. rhis is the temperature at the mswsurement

I location.

: 3.1.5.4 Thermocoupil rables. The following data should be obtained

early to the test for Measurements 6, 8 and 41 under simultaneous con-

ditiomw oi LA4 tank ventinS, heat lamps on, and LHi level above

measuroment location:

.. .. .... ..... .
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1) Measurement Number

2) De t 4

3) Time

4) Ref. Junction Temp. (4'sm'nt No. 2) ('K)

5) H. ullag, pressure (psia) Ii
6) kVectrical output (polarity per 3.1.4) (Microvolts)

This data should be forwarded to Convair for preparation of the corrected

Thermocouple Calibration Table(s).

3.2 Air ioree Rocket Frpu&ison LAboratory Instrumentation Provisions

3.2.1 PV__mllant lank Pr*e.sure Sensors. A minimum of one tank pressure

sensor shall be provided in each tank fill and drain line. The sensor

should be located between the fill and drain valve and the PCTT fill and

drain line stub. They should be as close as practical to the tank stub

but located in a strhight section of line at least 5 diameters down-

stream of bends and discont4nuitite .n the duct inner wall. The sensors

should be capable of sensing and recording at least 0 to 30 plas. It

should be noted here that the maximum allowable tank pressure for both

tanks i3 20 plas, as stipulated in the Functional Limitation .port of

V serence 3.

3.2.2 Penetration temperature Measurements. AFRPL shall install two -

thermocouples on each tank plumbing penetration. To be inLluded are the

two fill and drain lines, the two vent lin6s, and the forward 1N2 tank

bulkheAd vacuum line. The sensors are to be located approximately two

feet apart on a hard section jf each line near the TCT? stubs, and the

provisions 0t 4.2.9 above must be adhered to. The measurnemntb must be.

capable of Peasuring 35' to 4001'k # 1% on the liquia hydrogen tank lines,
and 145 to 4004( • 1% on the liquid nitrogen tank line*s.

3.2.3 Chamber Pressure and Cold sailnloatrumentation, The vaculm

chamber preosur* and cola wall temperatures shuall be monitcred and

recorded continuLly during pumpdown and testtn.

II
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Si 3.2.4 Chamber Safety Instrumentation. AFMPL shaUl provide sufiicient

instrumentation to determine chamber malfunctions leading to test abort

Sprocedures. such as lo-s of chamber pressv-re or loss of cold wall.

3.2.5 Measarew.entRecordinj.quient. The measurement and recording
equipment si>.lied by AFIPL shall be capable of monitoring and record-

i ing me.irreaents consistent with the schedule of paragraph 4.2.3.1

b.Wbeow.

j I3.2.6 Faci.lity wirinl. Wiring from the Junction Block to the lnstru-

aent Room should be reasonably heavy copper, e.g. 20 gage. The thermo-[ couple wiring should not connect to the Facility Heference Junctions.

Th.e four wires from each platinum thermometer should connect through to

"*he .nstrument Room.

3.2.7 rest Article Television Camera Provisions. AFRPL will provide

.est arLicle television cawera coverago Olbring chamber pressure tran-

sients and testing. Recommended coveraý-t i,, discussed in paragraph

1 2.2.5.

3.2.6 Peat Source W-caitoringSensors. Heat flux sensing instrumenta-

tiun is to be designed per Appendix A and par4graph 2.2.7. Heat flux

se.asit disk thermocouple instrumentation should be capable of recording

I temperatures 4rom 150" to 700"R + 1%.

f 33.2.9 Cryogenic boil-off Instrum•entation. The AY'MPL boil-off instru-

mentation is aadumed to be four wet-gas a-ters arranged such tna" tne

test cunductor may place one or all in use ** tho boil-off requiromnts

dictate. The recommieciwd overall variable ranges for the LuI2 an,-, L_'2
tknkn -&re U.UO. to 3 and O).0025 to &J pounds per minute, respectivoly.

3.2.U Ina.trumentstion Ca^ibrstion. AYI-IL i••truentatiun and record-

ing equipment should be c€itbrited. Caitbrati-)n curves for the GD/L
- •ipklaeU tu-rmocouples mill be generated after early test tat* is

avaal.#iLe, rnd supplied to AtI.IL personnel.

13I.
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4.0 TEST Plr CJKDIAL RM(JUIRCH~iTS

4.1L Pri-Test i•euiremeotts

4.1.1. Teat Article PreIlinaires.

4.1.1.1 Circuity. Check all electrical connections for proper cir- [
cuitry and integrity. Appropriate portiPns of this inspection should

be completed prior to insulation application.

4.1.1.2 Compart•ept Vents. Inspect the intertank space vent port to

inaure port cap plates have beet. rew;tred. Inspect the forward and

aft sdapters to verify at_tleast 1.5 sqriare inches of gas vent area each.

4.1.1.3 Propoeliar. Transfer Lines. Check all valves and propellant
ducting for 'peratiun And structural integrity.

4.1.1.4 Li Tank Decontamination. Decontaminate the LM tank and C

-2- 2
tankage system to remove condensable gases by flcwing dry helium gas

thirough the lines and tank until at least three complete tank volumes

ha'e been displaced and the dew point of the emerging gas is at or

beiow -1-10'F. This process 4hould require approxiamto!y 55 minuted at

a helium flow rate of .5 cfm.

4.1.i.ý L&7 Tunk Decontamination. Flow dry C'N, throW;h the LN2 tank

systes until the dew print of the emerging gas is at or below -1200F.

4.1.2 'rest Facility Pro Itna rises1

4.1.211 Chamber _qp.oiratioo. Inspect an@ rsaactionally check all J
chamber valves, pu&pa, cold traps, iaostrumentati.#n, and facillty-

supplied *quipxsnt.

14
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4.1.2.2 81,!cial Llectrical Systems. Provide sufficient electrical

Spower internally to the chamber to operxAte camera systems and heat

1 lamp sour,•es. The lamp source power supply should be capable of

adjusting the lamp radiant enurgy output to provide heat flux sen-

[ sing disk temperatures of 85IF with cold wall and 200°F without

cold wall. The incident energy required to produce these tempera-

Lures will be approximately 42 Btu/ir-Ft2 (12.5 Watts/Ft2) whileA -4the chamber pressure is at 10 torr or below. Much higher flux

levels nay be required to produce the required sensor temperatures

at higher chamber pressures. Extreme caution shoul1 be exercised

to insure that the insulation temperature does not exceed 2000F.

It is recomaueeded that the heat flux sensor temperatures be recorded

rnd monitored visually during lamp activation.

4.1.2.3 Instrumentation. Check facility supplied instrumentation

[ for continuity ard recording equipment for proper operation.

4.- 'Thera•_a TestingA
4.2.1 Chamber Iiumpdown.

4.2.1.1 'Heat Flux DuriALgtdown. Actuate all lamp lines with

power dissipations suilicient to provide heat flux sensing disk t~m-

L. peratures of 2000F maximum. This procedure will facilitate Dimplar

inj;ulatiun venting and outga~sing.

4.-'.1.:2u~ h hpinj, Hlough pump chamber per facility procedure.

Do not exceed pumping rate of approximately I psi (52torr) per minute.

I•iiti-te cold wall filling with L'd at the appropriate ch.amber pressure
tapproximately I torr).

4. Z.1.3 Test Art;: eut~aaaio•. Continue chambor pumpdown to a

I pressure of 104 torr. Hold the chamber pressure at 10 torr to facil-
itate outgasatnrg of the test systaim which me) continue for as much as 50

LSt
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hours. The heat lamp power dissipations may h!3 cycled 30 minutes on

and 30 minutes off during the hold period. The JO0IF neat flux sensor

temperAture may be retained. Caution should be exercised in *onitori.a,

the disk temperatures since varying chamber parameters recessitate

frequent lamp adjustment.

4.-2.1.4 Vinl hkimpdown. Complete chamber pumpdow- to 10-6 torr with

the heot lamp lines off. Chilling of the LU2 tank (paragraph 4.2.2)

may commence during the fina, pumpdown. It is essential that the cold

wall remain full during testing to provide a stable simulation of the

space heat sink properties, which is particularly critical on the non-

irradiated areas of the test tank. Should the loss of chamber vacuum

or loss of cold wall occur during testing, the incident heat flux must

be immediately terminated and LH2 detanking begun. If the cold wall [j
is operating properly, and outside air has not entered the chamber, the

LN2 may be retained in the LNi2 tank vntil it in determined if correct-

ive action will allow continuance of the test. If, however, outside

air has entered the chamber, LNt must also be detanked and the test

terminated for insulation inspection. In either case, if the chamber

pressure has changed at a rate exceeding 1 psi per minute, the insula-

tion and adapters should be inspected for tears or cracks.

4.2.2 Chilldown and Tanking.

4.2.2.1 General. The chilldown and tanking of the test article is

subj.ct to strsa limitations per ICTT Functional Limitations Hoport,

Reference 3. .he procedures below reflect these requirements.

4,J.:. . LH2 Tank C;hilldown. Crack the LH. fill vaive and chill the
LJAa tvnk for a minimum of 20 minutes.

4.J.2.3 LH, Tanki•. VAII the L14 tanu, limiting fill rate to a

value allowing no greater than a 3 pal tank pressure increase above

asbient pressure during tanking. koduce (ill &ivte to approximately
lb:

B
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50 gal/min as the liquid level approaches the 100% level sensor as

ill determined from U 2 tank forward bulkhead temperature sensors, par-

t icularly hesourement #7, and facility fill rrocedures. Close the

FIM tank :•iil vaLve and hold the test article in this configuration

U1 for 50 minuLes, allowing tank chilldown.

4.2.2.4 LN. Tank Chilldovn and TankinD. During the 30-minute L 2

tanked hold, crack the LN2 tank fill valve to initiate LN tank

chitLdown. Tank LN at a rate Allowing a tank pressure increase

no greater than 3 psi above ambient pressure. Reduce fill rate to

approximately 50 gal/min as the liquid level approaches the 100%

[ level, us determined from LN. tank ring temperature sensor (Measure-
2

went !?28) and facility fill procedures.

4.2.2.5 Heat Lamp Source Duripj Teat~nj. Mnergize heat lamp& to

produce the temperature distributiort shown in figure A-2 of Appendix

A, as indicated by the heat flux sensing disks. The maximum energy

roquired at th* point in the center of the irradiated half of the

circumference is approximately 42 Btu/Hr-Ft (14.5 Watts/t t ) when

ct.dmbes pressure is less than 10 torr. The aeusorn ahould be moni-

Stored and recorded continually while the heat lamps are activated 'o

ensure that insulation overheating does nut occur.

U 4..2. ov~i. rh. Lu2 tank should be topped at the comiletion of

LN, tank filling, and thereaier, only when 200 pounds of boil-off

hav4 been reoorded.

4.2.3 tWta Acsuisition.

E' 4.2.3.1 .Hasurement SenstaR, ates. Ueta acqitisitiot is required for

the full duration of the tests of Section 4.3. eontoinuou strip record-

ing and visudl monitoring i* requkred for the fcllowing measurements:

17
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1) Ui2 and LN (an AFRPL installation) level sensor output

2) boil-off rates *II

3) tank and chamber pressures

4) one tank ring measurement on each tank

5) one LdZ tank forward bulkhead measurement. (easurement #7)2U
6) instrumentation junction block temperature

7) heat flux sinsors. &
Exceptions to this are the level sensors which need be recorded only

during activation for level asnsing purposes. Acquisition and record-

ing rates for all other measurements should be consistent with the

following schedule:

During chamber pumpdown - I sample every 15 minutes

During tank c.hilldown - I sample every 5 minutes U
During tank filling o I sample every 1 minute

Durti ýank cold soak I smple every 5 minutes

Wuring space simulation test- I sample every 30 minutes

4.j.3.2 Heat Flex Sensors. It is recommended that th. heat flux sen- I
sor output be monitored visually and continually adjusted to provide

the sensor circumferential temperuture diotribution per Figure A-J of

Appendix A.

4.2.3.3 Chamber Mv1vroeot. The vacuum chamber pressure and cold I
wall temperature should be visually monitored as well as recorded.

Should the cold wall temperature or the chaswvr Pressure increase to

the point where it is deemed necessary to proceed with chasmlmr abort

proce4ur*s, %ank abort precautiona of pdragraph (4.2.1.4) should be f
consulted.

4I
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4.2.3.4 Boil-off Measurement. Boil-off metsureuents taken during

steady state should be made over extejuded periodsof time of approyi-

mately 2 to 3 hours. Measurewent periods should commen-e at least

one hour after topping,as topping .iy upset equilibrium conditions.

4.2.3.5 Test Duration. After propellant tanks have been filled,

approximately 50 hours will be required to reach steady-state ther-

mal] conditions. Steady-state conditions will be defined as the

time required for all temperature measurenents to be stabilized to

the extent that their variance is no more than 59f per 5-hour period.

[ 4.3 Recommended i.Its During Test Article Tanking

[ he above recomuanded teat procedures imply that but one test articie

tanking need be accomplished. Ot.ring this tanking, however, a series

lof iour testN is recoo.mended. fne test conditions and test require-

4 ments are outlined below. Ifter each test, the tanks should be topped

before proc'eding to the next.

4.3.1 Ssace knvironment Simulation-Sunlit. These coitditions were

described above as an integral part of the test procedures.

4.3.2 Sc Environment Simulation-Shaded Coast. The sha"lod coast

I conditions are identica l t) the sunlit test condition, with the excep-

tion that the heat lam)s rtmain off during space simulation. At the

conclusion of the sunl't test., the test conductor may proceed directly

to the shaded coast test by simply turning the heat iamps off, .opping

the propellant tanks, and allowing the tanks to come to equilibrium

temperature conditions. If LN2 boil-off decreases to as, immeastrahle

rate, inteamittent complete closure of the LN 2 vent may be required to

F avoid back pumping- Tank (line) pressure must be maintained within

allowable limits aS outlined in Reference 3, as a limiting shaded

.1 coast simulation condition.

i19
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4.3.3 Testing for Chamber Pressure Effects on Heat Transfer. "ipon

completion of the shaded coast test and tank t,)pping, the chambe;

pressure should be increased by shutting off the diffusion pumps

and returning the chamber to a steady pressure of 10-2 torr read-

sitting air to the chamber, if necessary. The heat lamps should ii
then be turned on and adjusted to produce the flux sensing disk tem-

perature distribution of Figure A-2 of Appendix A. It should be

noted here that a considerably greater lamp power distribution may

be required than was used in the sunlit test, due to the increased

conduction through the insulation. fhen the system is allowed to

come to steady-state conditions in this configuration, valuable

basic information will be obtained on super insulation efficiency

under conditions of degraded varuum. An additional objective here

will be to determine if the hydrogen tank will allow pressures in
the 10 torr range without cryopumping to lower pressures, thereby

determining the maximum chamber pressures allowable for future

hydrogen filled tank testing.

4.3.4 TestinA for Residudl Helium Effects on Insulation. A flight-

rated vehicle of this typjý rould necessarily require that the insu-

lation be helium purged while in the tanked condition prior to launch.

It would then be of interest to determine the increase in heat leak to

the propellant tanks under the conditions of insulation helium contam-

ination. Since venting wit'hin the insulation occurs rapidly in the I
continuum regime but slowly in the free molecule regime, the heat leak

due to residual helium amy be important during long-term cryogenic

storage in space.

This test my be continued from the high pressure air test by pumping

the chamber down to 10"- torr, topping the tanks, and readmitting

helium to the chamber to a pressure of about 10 torr. Caution should

be taken here to insure that the chamber pressure gauges are calibrated

to read helium pressuree and correction factors are available. The

chamber shotd then be pumped down to 1U torr and the test article

allowed to reach steady-state conditions.

20
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1 4.3.5 142t Tank jqck Tests. If the AFRPL provides a boik-off valve

on the tank vent lines, GO/C recommends that a liquid hydrogen tank

lock-up be accomplished after steady-state conditions have been

attained on both the sunlit and shaded coast tests. The hydrogen tank
pressure should be carefully recorded continually during such a lock-

up. It should be cautioned that the tank pressure must not be allowed

to increase to a value greater than 20 pain. Care should also be

taken to insure that the hydrogen vent valve is hydrogen qualified to

sufficient extent to precludo the possibility of freezing of the valve

in the locked position. Alternate procedures such as rapid detanking

must be provided for, should valve freezing occur.

4.4 De•tanking and Post-Test checkouts

4.4.1 LN 2 Tank -- Detankin. The LN2 tank must be detanked first per

Stress Limitations Report, GD/C-iITD66-216 (Reference 3). Detank LN2[ doand blow ambient temperature GN2 into the tank at about 25 cfm to

remove residual L12 . This process will require approximately four

hours and should be continued until the temperatures of the purge gasf•

and ver.t gas are equal. The tank pressure should be monitored tc

insure 20 jaia is not exceeded.

4.4.2 %-LN2 Tank Detankin&. The LN!2 tank may be detanked after initia-

• tion of the iN tank purge. All heal. lamps may be energized to pro-U2
duce the 8531' temperature on the irradiated half of the test article

circumference to increase residual boil-off.

4.4.3 LMI Tank Decontamination. Blow ambient temperature helium into

the LA 2 tank and fill and drain line for abuut one hour at approxi-

mately 25 ctm to remove residual LH2 and decontaminate the LJ4 tank.

I Test the LA I tank vent ,fts products to insure no hydrogen remains in

the tank before terminating purge. Carefully monitor tank pressure to

insure 20 pats is not exceeded.

Sii
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4.5 Data Evaluation

4.5.1 Temp~erature Distributions. Temperaturg distributions o! forward

and aft coy -re, forward and aft adapters$ in'tortank space, and insula-A
tion say be compared with the analysis of ItUferenc* 1. Comparison here
will allow preparation of a thermal map of the test article which would

be usefLl in the future structural design of mimiei:r vehicles.

4.5.2 Heat Transfer Rate Distribution. Direct measurvment of the beat

transfer rate through or between various major elements of the text

article im not possible. The less direct method of correlating

the thermal temperature map from above with the tnermo-physical data fj
for the structure and the analysis of Reference 1 may be incirporated

to prepare a heat transfer map of the heat leaks through and between

the overall test article thermal envelope boundaries. This model may

be checked for accuracy by comperison with the actual boil-off rates

during testing after accounting for the heat leaks froe the insulation

penetrations.

4.5.3 Insulation PeFnetrations. Determinc the heat transfer rate
through each of the insulation penetrations by examining the tempera-

tures of the facillty-supplied penetration insatrumentation (paragraph

3.2.2) in conjunction with the penetration caiibrations of paragrah

4.3.4 educed. Insulation Lrficioncy Du* to &esidual Gas. Evaluate

the increase in the overall heat transfer rate through the inaulmtion

betwomn the hard vacuum (10-6 torr) sunlit test, and the increased air

and helium pressure tests. The diffurence in heat tranafer rates is

the measure of the inomlation degradation at higher prewsures. The

'ielium heat transfer evaluation test is also a maaure of the insula-

tion venting charactesiasice durinZ a simulated flight. Yuture upper

stages employing liquid hydrogen will typically have tteir insuistions

purged with nolium prior to lunco which neoeeatates taselation vent-

inS and outgaesen, of helitum during early coast phase..

=2
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4.5.5 Dimpiar Insulation. Evaluate the overall Dimplar cryogenic

insulation system, Along with peg application method, for use on

Sflight vehicles. Compare analytical heat transfer rate predictiod

equations of Reference I with teot resultant boll-off data. Deter-

mine the percentage heat leak through the insulation due to the

mounting pegs.

5.0 SUG TED FUN TET CAPBILITY 0Y STT ARTICU

D*tow is a list of proposed future test capabilities of the test

article. 14odifications would be required in varying degrees for

xncorporation of any or all of the items.

5.1 jUge System*

The test article may be used as a convenient tankage system for

Sthe testing of tank or insulation purge systems and/or procedures.

5.2 Other Insulations

The complete test procedures outlined here may be carried out

again utilizing different insulations or methods of application.

Suggested insulations are General Dymmics/Convair Superflnc super
Sinsulation, NN-2, and a Linde 6I series insulation.

5.3 Tnk Pressurization &qeta!

, 1'e test a•rticle way be used to simulate a flight-weight vehicle

under- one-C forces utilising various methods of tank pressurization
I during simulAted pro-launch end flight (engine run and coast) condi-

tiona. The propeilants may be pumped out at various rates to iAmu--

Sblte propolint depletion during engine run. Laution should be

"exercised to lItai tan pressures to 20 pasi •mm. xi

-3
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5.4 Alternate fluid2Satoms

Different propollaate may be examined for space storage suitability

by testing in the PCTT test article. by removing the tank insulation

and applying different space-rated thermal control coatings, the article

may be Usted to test the space-storage properties of the nox-:ryogonic

propellants. The FbnLtional Stress Limitations Report, Rference 3,

should be consulted for propellant mass limitations.

5.5 Alternate Structural Comlonents

by the installation of various fill and drain ar vent valves and [j
associated tubing, the article my be used to test their capability and

reliability with respect to flight-type vehicles. Vehicle mod1fications I
may be made to test the suitability of new structural components in the

space environment, e.g. bulkheads, brackets, and vent lines.

5.6 Propellant Line Disconnect Systems

Fill and drain line disconnect systems are required on all, flight

vehicles of this type in order to disconnect propellant lines at lift

off and provide thermal insulatioM at the termination or the ai •orne

line. The test article may be used to determine the suitability of such

systems and the thermal efficiency of insulation penetrations after I
disconnect. I
5.7 Propellant sinatAc. investions

The test article may be re-instrtmented to evaluate propellant

bet~vior during tanking. then coupled with a source of vibration, the I
article way be used in low acieleration I-g simulation testing.

5.d Ne. Tanking Conco to

The partitioned tank concept allows the consideration of the inter-

tank cavity being utilised as an additional fuel tank. The test article

24 .
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may be utilized as a test tank to determine tht feasibility of this

t. cept.

3.9 P'ropeilant Stratification Studies

U Under steady-state conditions the test article may be used to

provide data on propellant stratification. This test iay be con-

ducted in conjunction with the various insulation tests recommended

in paragraph 5.2.

5.10 Alternate or Variable ijace Heating Ates

Alternate or variable space heating rates could be incorporated

to provide a detailed simulation of space heating conditions which

would be more realistic than the constanDL beat flux levels uti'ized

in this report. Various periods of sun orientation and/or maneuvers

could be incorporated. Varying heat rates would roquire a more

flexible vent system cap~ability.

C
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TABLE~ 1

PCTT MEASUREMEIN LIST

JMeae. ferm Terminal Location
No. 110f. lHd Screw No. _ad. Sta. Kido Description

1 -- 8 3-4, 5-b 180 LH2 100% L/V Det.
2 -- 5 13, 14-13, 16 1-l h4ef Junction Block
3 2 1 1-2 • 162 0 LH2 Tank Lid

4 2 1 3-4 1,45- 166 19 LM2 'rank Top Bulkheid
S3 4 8 1-2 III-IV 02 29 LH2 Tank Top Bulkhead

6 ; 1 5-6 ..; 18t 40 LH2 Tank Top Bulkhead
S7 2 17, 18 19, .0 11-111 195 30 LH2 Tank Top Bulkhead

8 2 1 7-d1 i.I-IV 207 58 WM 2 Tank Top Bulkhead
9 - 5 17-18 11I-IV 151 62 Top king

10 2 113-20 .V-I 151 62 Top King

1L . . 1-2 1-11 151 62 Top king
12 2 6 9-8 III-lV 151 48 Top Cover
13 12 6 7-10 111-IV 151 36 Top Cover
14 2 6 3-4 IV-1 151 48 Top Civer

i5 2 6 5-6 I-11 151 48 rop Cover

16 2 1 9-10 III-1V 180 60 Upper Adapter
17 2 1 11-12 IV-l 180 60 Upper Adapter
18 2 1 13-14 1-11 180 60 Upper Adapter
19 .. 3 i1, 12-13, 14 III-IV 219 60 U12 Tank Ring
20 2 4 13-12 IV-I 219 .,0 LH2 Tank Ring

'21 -- 3 15, 16-17, 18 1-I1 219 60 12 Tank Ring
22 19 5 9-10 III-IV 2bO 60 Cyl. Tank Skin

S23 28 ý "5-18 IIl-IV 291 60 Cyl. Tank bkin
24 21 5 11-12 1-i1 260 60 Cyl. rank Skin
25 29 5 1-4 I11 291 60 Cyl. Tank Skin

S26 20 4 11-14 IV-1 2t0 60 Cyl. Tank Skin
27 62 5 5-8 IV-I 2%1 60 Cyl. Tutnk Skin
28 2 4 17-16 III-IV 326 60 LN2.'faisk king
29 J 3 3-2 1-11 326 C) LR2 lank Xing
30 2 2 15-16 Mi-IV 360 bO Sot Adapter

31 2 3 1-2 IV-1 360 60 W)t Adapter
32 4 3 3-4 !-11' 360 6U Bet Ada4jt rj 33 2 3 5-6 Ill-IV 385 60 Dot king
34 2 3 7-i1 IV-1 385 60 Sot Ring

3 2' 3 9-10 1-11 385 60 bot Ring

S3 2 4 1-2 Ill. IV 365 54 Dot Cover

35 2 9-1"-1
S37 j• 4 5-4 11 3,W 72 LN2 Fi I

313 37 4 3-b 1I 3,ý 3 73 LN2 F& 11

39 " 4 9-0 11 373 46 N2 Vent
40 39 4 7-10 11 375 56 N, Vent

27
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TABLE 1

PCTT oi"SUhXMNT LIST (Contd.)

Mean. Term Terminal Location
No. Ref. lid Screw No. ua. Sta. bad Descript ioR

41 2 2 5-4 U 158 46 II2 FiIl
42 41 2 3-6 11 158 36 LJ2 Fill
43 2 2 9-8 II 158 46 R2 Vent
44 43 2 7-10 II 158 56 H2 Vent
45 2 2 13-12 II-lY 214 63 Dlimplar Peg

46 45 2 11-14 111-IV 214 64 Dimplar Peg
47 2 6 13-12 III-IV 150 61 Hanger
48 47 6 11-14 111-IV 149 61 Hanger
49 2 6 17-A6 111-IV 1.iO 62 fhanger
50 49 6 15-18 I11-TV 149 62 Hanger

51 2 7 3-2 1V 1 150 '61 Hang.er
52 51 7 1-4 IV-I 149 61 Manger
53 2 7 7-6 IV-I 150 62 Manger
54 53 7 5-8 IV-I 14w 62 Hanger

55 2 7 11-10 1-I 150 62 Hanger

56 55 7 9-12 I1I1 149 62 Hanger
57 -- 1 17, 18-19, 20 Wiring Hoarne&&
58 2 1 15-16 III-IV 219 65 Super Ineulation
59 2 2 1-2 1-11 219 65 Super Insulation
60 2 7 15-14 1-1I 150 61 Manger

61 60 7 13-16 1-11 149 61 Ranger
62 2 5 7-6 IV-1 326 60 LN3 TUnk hLiag '63 2 8 9-8 1-11 214 63 Dimpl&r Peg64 63 8 7-10 1-11 214 64 Dimpiar Peg

25!
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I APPENDIX A

[ I Air Force Rocket Propulsion Laboratory (AFRPL)

Thermal Support Requirements for

Partitioned CenLaur Test Tank (PCTT)

ro provide a realistic space heat transfer simulation, the following

recommen(dations are made for controlling and wenitoring the radiant

source incident energy and the heat leaks to the propellants through
SjLhe faciiity/tank interfaces:

I . Flux Measurement

l.1 A cylindrically configured vehicle in a deep space environment,

[li if oriented with the vehicle center.-line normal to the vehicle-

sun vector, would be subjected to a local incident solar energy

t •-distribution as presented in Figure A-I. l'o minimize surface

temperatures and resulting tank heating, a practical require-

ment for the external vehicle surfaces would be a minimuwm

' • ratio. k•sulting surface temperature distributi.on would be

similar to that of Figure A-2, which aasumesaand 6values of

U.3 and 0.91, respectively. However, the incident heat flux of

'Figure A-I would have a radiative sp';ctril distribution co'.'es-

U ponding to a soldr source of energy,.

1.2 The A•'"IL facillty energy source tkas a spectral energy distribua-

tion which is oisifted to the infrA-red. In order to insure that

an equivalent solar energy distr.,ibution is obtained on the KIT,

the test energy dist ribution must be maasured. A practical heat

flux measureahwent solution must 4;onsist of a flux measuring scheme

w,|ich will;

1.2.1 (WiveP.k. acurdte indlcation _4t LVimplar surface temperature.

1.2.2 Not alter or otherwibv compromise necessary inaulation struc-

J ttirdl surfachrcteristics.

C a-
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APPENDIX A (Contd.)

1.2.3 Provide basis fox lamp adjawtment such that Figure A-2 temperature_'3

profile can be achieved.

1.3 V.•lid suk'face temperature contero and msasuremben% presents the

following practical requirements:

1.3.1 Measurement device must incorporate sufficient thermal mass to

ansure actual existence of indicated temperature level. This

would be subjoct to serious doubt, for example, were a therso-

couple attached directly to the very thin Dimplar surface layer. 13
1.3.2 Measurement devici must have an *ratic equal to that of Dimplar.

1.4 A suggested flux measurement procedure involves mapping of the test V
article surface with thin copper disks approximately one inch in

diameter and 0.010 inches thick. Disks should be instrumented with

copper-constantan leads forming an effective thermocouple, as noted 1
in Figure A-3a. The diaks and leads must then have flat sheets of

Dimplar bonded to both sides per Figure A-3b, and mounted ia verti- !3

cal lines as shown An figure A-3c, very near the insulation skin.

2. SuIavstedo ,..,l Positions 1

2.1 Iuastall five vertical lines of lamps around one half of the circum- 1 /

ference -f the PCKT, and adjust lamp intensities to provide measure-

went device temperatures consistent with Figure A-J, The circul- ji 1
ference chosen should be located such that the fill and drain lines

as well as vent liaea are not irradiated.

2.2 Position the forward-moat lamp in each lin" such that the iapirge-

sent area is no closer than 4 inches to the forward edKe of the

&vTr side insulation.

a-2
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I ~APPenDIX A (Contd.)

5 3. Provide local, thermally bltck cold wails betwewn the MTF fLLD

and drain valves and PCTT insulation skin.

S,4. -l"ir=w.cn:t eich fill ana drdi:, oine between the fill and dr'a.n

vaive and the MrT with two thermocouples each, located approxi-

mately 24 inches apart. &ich vent line should be insttumantetO

similarly just outboArd of the PCTT vent line stubs. All mea-

surenients should be located on relativel-, straight sactiona of

line having a constant cross-sectional ge ,etry.

5. Current assumptions for the facility inte.face fill and drain

lines include a 24-inch length of 2.5 in ID, 0.049 in 304SS

ducting from the fill and drain valves to the PCTT stubs. The

valves are assumed to have a cemperature :)f -65"F, and a cold

wall between the valve and PCTT is assumed. The vent lines are

assumed to be 3.0 in ID, 0.049 in thick 304SS.

6. P1ressure sensing and boil-off measuring capabilitivs for both

tanks is assumed available within the chamber instrumentations

facilities. Pressure sensing instrumentation should be located

in both vent lines as near as feasible to the IfrT vent line

stubs.

Ei-

I
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Constantan -~, - Copper iLad

LeadCope 

Disk

1 ,FIG. A-3a HEAT FLJX M&ASU(ING DISK CONFIGURATION

-:X yloa Hanger Lines and Thurmioouple leads

. Alhmiinised ylrar

I/ H Copper Disk

i "'Thermncomple Leads

0.010"

SFIG. A-3b ALUMINIZED MYLAR APPLICATION TO DISK

j! IMylr Covered ftsks

[ 'I t'•Nylon lkanllr Uneis and Thermocouple Leads

I;I

1 •FIG. A-3c TYPICAL MAT SMNSOM LINZ
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APPE~NDIX B

PCTT LJi Level Sensor

The followinS is a description of the system which will indicate the

liquid/gas interface at the 100% level of liquid hydrogen in the Par-

titioned Centaur Test Tank during tonkiag operations.

l.U DE~SCRIPTION

1.1 Level Sensor

The LH Level Sensor consists of two identical (redundant) resis-

tance elements of one-nil diameter platinum wire. The sensor

assembly is installed in the vehicle per General Dynamics/Convair

drawing PCTT-3, and is positioned for direct contact with the

liquid at 100% of desired level. A voltage applied to either or

both elements (for redundant sensing) will resu'" in a current

L[ which will vary as a function of the heat transfer characteristics

of the sensor environment.

Sfhe sensor circuit characterisulc curves are shown in Figure B-1.

Intersection of the loading curves ("COLD GH12 , "LH 2 NUCLU.ATE

! [ IJOILING", "RdOON TkMP GHi." with the "COMPkESATED POWER SUPPLY LINE'

defines the current and voltage drop of the sensor element in its

normal working environment. Note that the load line intersects

"LH2 NUCLiArE l•OILING" curve but not the "LH 2 FILM BOILING". It

is therefore expected the senstr element will exhibit the charac-

teristics of the "NUCLEAT BOILING" curve, .e. lower voltage drop.

(Film boiling would be encountered with the sensor operated at a

higher power level.

1.2 Sensor Power Supply (Figurer H-2 and H-3)

SThe sensor power supply provides a low voltage (.1.b to 3.0 v) to

the senaur from a 28 VW. source (See Figure B-1 output curve.) It

consists of two idvnticIl senor diode/transistor circuits •e for

each of the two ses.•i.r elements.) SwitcheiR to break input oad ott-

put circuits sid ammeter jacks are provided. Eizh both sections

oporatxiig, approximately 30 watts of hat maximum must be dissipated.

b-I
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2.0 .. in. MUMWS*Ij

2.1 Measurement and lndic,.•eon .

Sensing the arrival of LIPJ during filling operations can be

accomplished by one of several methods, e.g. measure ý,urrr.at to

sensor or voltage drop across sensor. the following outlines

the considerations for the voitage drop method.

It is suggested that one eloment of the sensor be active and I
the second element retained as a backup should the first element

fail. rhe power supply should be located adjacent to the verticle

(at terminal rack external to chamber) and provided with means to

remotely control the activation of the sensor during tanking

operations.

For maximum sensitivity of measuzment of the voltage drop,

tapping into the circuit should be made clow to the level sensor

"which avoids as much as possible the influence of voltage drop in

the lines (the unused Aeasor circuit which carries no current

would be employed for one leg). TV .--zsor voltage drop can be

dioplayed remotely in the bloclkhous.. moter or recorder. A )
"dry" isdicmtion is a reading waich exceeds U.5 volts. "IS2" at

the sensor would tndicate less than 0.5 -olts.&

2.- Operating Proctdure

o provide the desired curr•nt L0 the sensor it ts necessary to

determine the value of the coepetating resistor to be inserted

"In series with eke Interconnoct-ag ca4ble loop resistance. Tuis

is *ccomspixshfd oY the following method: oe* 0'gurt 0-4 for

test set-up)

b-2 i
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a. At the inxtramentation junction block, short terminals • and

4.

[b. Remove shortiig bar of the sensor power supply and insert

D).C. ammeter (N-l amp;.[
c. Connect in ceries a resistance decade or 2-watt variable

t. resistor (4 ohms max. in one-tenth ohm steps).

[ d. Adjust the resistance to obtain ii60 ma..

c. e•jlace the teio. repistur with a fixed valie and recheck

current: the exact current is not critical (the load line

will vary accirdingLv at the intersection with the ýrdinate

( of Figure U-I). IRemove the jumper at the instrumentation

junction block.

This ccmpletes the operating circuit preparation.

Note: Mhe ci.rcuit intercennect wiring was shorted at the

iustruaer, LtLtn junction block terminals, therefore the loop

Cresistaanc of the veiticle cable 4as iguored. This could intro-

dL v d w recijblv error except that the copper wire, duaring

tankr,•g oeretLuns, "v.. approach crvugenic temperatures and

ottain mtn.xM regi_. ace (approx,'-.tely 10% or leim of ambient

wire retistanca).

Sa -"e t

I Te 014tinum Senaor Ol¢;.rt a&tt.in a toxi.eeatUji which could

ignite a detwnabie gau except for a d*IjMait~d Cld %-nating.

rhis jiirý-4ves the gniat-on tewptLAture rcu* Itas t,4n ?L{)0'"

. to apvroxia.at ely 1?C'Ci' by provid.oig a barrier to thte c.talylic

I. o-3
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2.3 Safety (Contd.) U
effect of platinuoý To asaur* a satisfactory gold coating, the

sennor is tested in a dotr Able mixture of GH•2 /air with 270 ma

current per G)/C Drawing PCTT-5. In thia circuit, tha current I
is limited to approximatetly 175 as in GHM/air. F'or safety,

however, a double protection should be provided by tmving tne

sensor deactivated and therefore col4 when it may be exposed to

a fuel/oxidanIt mixture.

The following procedure shall be followed in employing this

sensor for tanking indication:

a. by remote control, activte sensor current only when Li2

is present, i.e. after some LA 2 hais been transferred to

the vehicle.

b. Upon completion of tanking (100% full), deactivate circuit.

b-4
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