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INTRODUCTION

This is a companion document to Volume I, NASA CR 134758, . "Final Report."
The appendices contained herein supplement the technical discussion in that
document.
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APPENDIX A

OMS FUEL TANK PRELIMINARY DESIGN DRAWINGS
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APPENDIX B
MODIFIED THEORETICAL EFFECTIVE GAS CONDUCTIVITY

In Reference T an expression for elemental heat transfer due to free molecule
gas conduction was derived for open net MLI systems employing layer densities
from 2.0 to 4.0 layers per mm (51 to 102 layers per inch). That expression
is

_— (8)*

where
q, = heat flux in the x direction
o = accommodation coefficient
k . = true gas conductivity
= thickness of one shield.plus one space {layer interval)
mean free path
= temperature
= MLI thickness dimension

X — = TW
1l

After substitution of curve-fit formulas expressing the gas property para-
meters of Equation (8) in terms pressure, temperature and molecular weight,
the equation becomes

a T a, ™h :
= .__._—_____0 1 = ﬂ (]O)

q
X [8.6a, T°T .37 dx
pM.Jﬁ

*Equation numbers, units and nomenclature (except where conflicting with
symbols used elsewhere in this report) are those of Reference 1.
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for which the gas-dependent

Gas

constants are:

ao n a] m a2

2.66 -.42 971 x 107 .92 1.5 x 107°
1.17 2333 2.35 x 107 .74 5.0 x 107
1.0 0 1.38 x107° 92 1.2 x 107®

0 M

7 2.016
.65  4.003
.9  28.013

The values for a, and o (gas viscosity constants) were not listed directly
in Reference 2 but were derived here from the curves of the reference.

With h<<g (free molecule regime), Equation (10) may be simplified to

or

where

q, = EI(T)S ph] a
dx

_CpT df
C,X 'N’ ?B?
C = f(ao, a1, a,, M)
S = f(n, m, o) (
N = number of layers per unit of thickness
N = 1/h

(12)

In Reference 1, Equation (12) was integrated under the assumption that T

varied with x

or

C -~y
. SH1 LS+,
9 ° Nolg +1) [TH Te
C -
. [}Hs+1 g S
9 N (S+1) .

but p was independent of x.

The result was



For the free molecule regime, however, Knudsen's principle (Reference 3)
states that

= ( ;%5 ) =0

If it can be assumed that

3 Sy 3 1.5y _
% (pT)"_BT (pT ") =0

then from Equation (12)

Because of the independence of(pTS) of x, the non-subscripted p and T
may be evaluated at any consistent location within the MLI, usually most
conveniently at the hot surface. The effective gas conductivity, which
follows directly from the preceding expression, has exactly the same form as
the previously used semi-empirical formula,

pT> (A)

The gas-dependent constants of Equation (10) were used to evaluate C and S
for use in the above formula. The values, along with the corresponding
values for the previous, semi-empirical effective conductivity expression

are shown below.

C C

Gas watt-m Bty S
m-N-k>] (ftz-hr-Torr-R5+‘)

H, 244 (7610) -.70

He An (3460) -.74

N, L0575 (1790) .48

Ny, He 0266 (828) -.5

(Previous Semi-Emp. Formula)
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The newly derived theoretical values of S fail to satisfy exactly the
assumption that

= (T = 52 (1)
but are close enough to the ideal value of 0.5 to offer hope as to the
validity of the theoretical formula for kg. In order to test this validity
predictions were made for comparison with effective gas conductivity test

data of reference 4. Results of this comparison, shown in Figure A-1, support
the validity of the theoretical expression, Equation (A), at least for N
On the basis of this correlation, the validity for H2 was assumed and

2

Equation (A) was adopted for subsequent thermal analyses in the current
program.
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APPENDIX C
ANALYTICAL THERMAL MODELS

The analytical models used in the detailed thermal analysis are illustrated
in Figures C-1 through C-7. Symbols employed in the illustrations are
explained in Table C-1. The figures show the network of thermal conductors
for each case treated, in order to provide an indication of the degree of
detail to which the conduction heat paths were considered. Radiation heat
paths, which in the analyses connected each pair of terminal nodes between
which radiation interchange was significant, have been omitted from the
figures for clarity. Although the analytical models, as currently defined,
represent details of the full scale design, most of them can be easily
adapted to analysis of the subscale design. The following paragraphs
describe features of the individual models.

1. Idealized MLI Blankets

The basic heat flow across the idealized MLI, i.e., blankets having no dis-
continuities or penetrations, was computed with the aid of the one-
dimensional model illustrated in Figure C-1. The total heat path included
conduction across the vacuum jacket skins, coupled radiation and conduction

across the vacuum jacket core, radiation across the vacuum annulus, effec-
tive conduction across the MLI, and conduction across the pressure vessel
wall. For the steady state analysis, representing the 30-day LH2 storage
condition, constant boundary temperatures at T1 and T10 of 311.0K (560R)

and 20.5K (37R), respectively, were assumed. For the transient analysis,
representing response to an assumed orbiter reentry with an empty tank,

the temperature at T1 was defined to follow a prescribed history while all
other nodes were free to respond. The interface between the two MLI blanket
was effectively ignored with the assumption of continuous properties through
the entire MLI thickness. The MLI thickness was varied parametrically in
the basic heat flow analysis in order to develop data required for thermal
optimization.
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2. Typical Lap Joint
Figure C-2 shows the model used to compute the incremental heat leak per unit

length of single-step lap joint in the MLI. The two-dimensional model
represented a 65.0 cm (26.6 in) wide section of blanket perpendicu?ar to the
joint. It was assumed that this section was wide enough to effectively
isolate the influence of the joint on the basic heat flow. The gap at the
butt interfaces in the joint, which had an important effect on the magnitude
of the joint incremental heat leak, was assumed as .0127 cm (.050 in). As in
the basic heat flow analysis, the MLI thickness was varied parametrically.

Unlike the basic heat flow model of Figure C-1, the joint analytical model
did not include the vacuum jacket or the vacuum annulus. Instead, the
temperatures at the outer surface of the MLI (T1, T8, T15, T22, ..., T85 in
Figure C-2 were defined as fixed at the value derived from the corresponding
point (T5, Figure C-1) from the basic heat flow analysis. The temperatures
along the pressure vessel wall (77, T14, T21, T28, ..., T91) were fixed at
the cold boundary condition of 20.5K (37R).

3. Pin-and-Grommet Fastener

The model used for analyzing the pin-and-grommet (MLI panel installation)
type fastener is shown in Figure C-3. This is the design for which alterna-
tives having lower heat leaks are being considered. As in the case of the
lap joint, the model includes an area of MLI assumed sufficient to isolate
the thermal influence of the fastener. The analytical model is two-
dimensional but, by virtue of assumed axial symmetry, represents the
fastener and a surrounding circular area of MLI 52.07 cm (20.5 in) in
diameter. In a manner similar to the previously described models, the MLI
thickness and the affected lengths of pin shaft and grommet wall were varied
parametrically. For the purpose of computing radiation interchange in the
annular space between the pin and the grommet, the pin was assumed to be
positioned concentric with the grommet.

The high temperature boundary condition, at T61, T60, T63, T21, T27, T33,
T39, and T45, was set at the computed value for T5 from Figure C-1. The



cold (20.5°K) boundary condition was assumed to exist at T65, 164, T67, 126,
T32, T38, T44, and T50.

4. Pin Fasteners

Figure C-4 shows the model used for analyzing the pin-type (MLI panel
assembly) fasteners. Because of the alternating positions of the fasteners
in the two blankets and the possibility of thermal interactions between

pairs of fasteners, it was necessary to employ a three-dimension analytical
model. For the fastener pattern assumed, the minimum size recurring cell

is the triangular area shown in the figure. The validity of such a recurring
cell for an analytical model depends upon infinite repetition of the pattern.
Its use here assumes no interactions between the pin-type fasteners and the
pin-and-grommet fasteners, MLI lap joints, or other penetrations. For
analysis of the pin-type fasteners, both the MLI thickness (Dimension "B"

in the figure) and the pin spacing (dimension "A") were varied parametrically.
Boundary temperatures were prescribed on the MLI surfaces and the surfaces

of exposed pin heads in a manner similar to that used for the pin-and-
grommet and lap joint analyses.

5. Structural Support Strap

Figure C-5 illustrates the model used to analyze the incremental heat flow
due to a typical support strap penetration. This penetration was actually
treated in two parts: the strap itself, as a direct conductor of heat to
the pressure vessel; and the MLI in the vicinity of the strap attachment
on the pressure vessel wall. Both components of the model are shown in
the figure.

The actual MLI blanket design at the strap penetration includes a number of
cuts, seams, and joints. The modelling of these details, especially in
view of the difficulties in estimating the dimensions of gaps and spaces

at joints and the effects of compression of the MLI, appeared to be a
formidable task and one of questionable value. It was observed that the
design provided total MLI thicknesses at least equal to the basic thickness
everywhere around the strap except in the vicinity of the attachment boss.
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It was therefore assumed that the total heat leak due to the strap pene-
tration could be estimated as the sum of the heat flow through the strap
and the increased heat flow through the MLI due to the reduced thickness
over the strap attachment bolt.

The strap was considered a one-dimensional conductor between the point where
it emerged from the insulation cover to the thickened lug on its pressure
vessel end. Those two points, designated at T51 and T20 on Figure C-5, were
fixed at 311.0°K (560°R) and 20.5°K (37°R), respectively.

The MLI analysis employed a two-dimensional model of an axially symmetric
area 52.07 cm (20.5 in) in diameter, centered on the strap attachment bolt,
No interaction between the strap and the MLI was assumed. As in previous
cases, the MLI thickness was varied parametrically.

Warm side boundary temperatures, at T1, T8, T15, T21, ..., T45 were again
set at the value for MLI outer surface from the basic heat flow analysis.
The cold side boundary temperature, at T20, T26, T32, 738, T44, and T50,

were set at 20.5°K (37°R). '

6. Manhole Access and Feed Valve Assembly

The model for analysis of the manhole and feed valve penetration is shown in
Figure C-6. The heat flow through this region was expected to be a complex
combination of conduction and radiation with the thermal influence extending

well beyond the periphery of the assembly.

With the exception of the two small vent and valve actuator tubes, the
network shown in the figure was treated as axisymmetric. Heat flow through
the two small tubes was computed on an independent, one-dimensional basis
and added to the heat flow resulting from the axisymmetric model analysis.
Radiation interchange between the small tubes and other surfaces was thus
ignored, but all other possible radiant exchanges permitted by the nodal
network, includihQ radiation through the main feed line interior, were



considered. The conductor values for the two small coiled tubes were based
on their true length, although the figure shows shorter lengths for clarity.

The model for manhole and feed valve penetration analysis included pressure
vessel, MLI blanket, vacuum annulus, and vacuum jacket area out to a radius
of 107 cm (42 in) from the feed 1ine. The thickness of the main MLI blanket
was taken as 2.79 cm (1.10 in) and the feed line MLI as 1.27 cm (0.50 in)
rather than being varied as in some of the other component analyses. It was
assumed that within the range of MLI thicknesses of interest for optimization
purposes, the incremental heat leak associated with the manhole and feed
valve penetration would be 1ittle affected by variations in thickness. The
joints in the main MLI providing access to the manhole cover bolts were not
included as part of this model but were included as part of the total length
of joint in the computation of total joint heat leak.

Boundary temperatures for the model of Figure C-6 were 311.0°K (560°R) at
T1, the outer, warm surface, and 20.5°K (37°R) at T2, at the cold boundary.

7. Vent Valve Assembly

Figure C-7 shows the analytical model for the vent valve assembly penetration,
Although the model was developed as illustrated, the analysis of this pene-
tration, as described in the discussion of predicted heat flow results, did
not incorporate all details of the model. Specifically, radiation within
the valve enclosure and its vacuum jacket housing, and lateral heat flow in
the pressure vessel MLI and the entire vacuum jacket were ignored. The
analysis did include conduction through the main vent line, valve enclosure,
insulation support collar, valve enclosure MLI (laterally only), and the
valve enclosure vent and valve actuator tubes, as well as radiation through
the main vent line interior. Boundary temperatures for the analysis were
20.5°K (37°R) at T70 and 311.0°K (560°R) at T1 and T69.
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TABLE C-1

SYMBOLS FOR ANALYTICAL THERMAL
MODEL DIAGRAMS

36

Terminal Node: Terminus for thermal
conductors, point at which tempera-
tures are evaluated, point at which
surface area (for radiation inter-
change) and thermal capacitance (for
transient thermal diffusion) are
assumed concentrated.

Thermal Conductor: Connects two
terminal nodes, incorporating
properties of material conductivity,
conduction path length and conduction
path effective cross section area.

Zero Resistance Conductor: Connects
terminal nodes whose temperatures
are assumed identical.
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INNE R, FANEL
' -36 ASSEMBLY (LONG) [ & >
| -3%5 A )
l -4
l -33
| -232
l -3 ¥ ¥
NNER PANEL
l -30 ASSEMELY (LONG) &S
INNER. PANEL
' 29 ASSEMBLY (SHORT) 7 >
| -28 A A
| -27
| -26
| -25
| 24 Y Y
INNER FPANEL ["
' —23 ASSEMBLY (SUORT) 73
CUTER PANTL
‘ 22 ASSEMBLY (SucRT) [_? >
QTY|FPART OR IDENTIEYING]  NOMENCLATURE OR | MATERIAL AND
| REQD! NUMBER DESCRIPTION SPECIFICATION
iy LIST OF MATERIAL
SI1ZE CODE IDENT NO.
= cuee D-1C e |SK2-5035- 142
60 SCALE SHEET D

Amer AANL oo

<D




>

REV
LIST OF MATERIAL L
GTVIPARTOR IDENTIFYING] NOMENCLATURE OR -1 MATERIAL AND
REQDI NUMBER DESCRIPTION SPECIFICATION
HO21SK 2-508% Wi 7-2 BUTTON
HO2|SK 2-B082-U7- 1 | BUTTON-STUD
QTV|PART OR IDENTIFYING| NOMENCLATURE OR | MATERIAL AND
REQD) NUMBER DESCRIPTION SPECIFICATION
LIST OF MATERIAL
SI1Z¢E CODE IDENT NO.
- £ - -
Ficote D-17 |A| eizos [SIK2-S08%142
SCALE ser1 4

D1 4316 308% ORIG. /T

»




USE FOR DRAWINGS AND HAND PRINTED MATERIAL ONLY - NO TYPEWRITTEN MATERIAL

62

L>

[ BLANKET DENSITY = 75 LAYERS/\WeH.

"ONE LAYER EQUALS  ONE .14 MIL
DOUBLE . ALUMINIZED MYLAR SHIED
(OR OnE (20 MIL DouslLe ALUMINIZED
LATTON | WRICHEVER \S SFEQRED) PLUS
ONE  DAcRon NET (B4A) SPaceR .
NUMBER GF SHIEWS = 42
NUMBER. ofF SPaAcsRs = 41
OUTER. PANEL SURFACES CONSIST OF
2 DACReN NET (R44) LAYERS.

[[Z > \VElceo  woox oo

(HE  HAZTWEW.  Co] 2P) .60 INcH

~n
e a1
D <

WIDE  PoLYESTER FASKENNG TAP”' 11>

2> VELCRo PLE ( THE HARTWELL CorP)

T-00 \NCH WIDE  POLYESTER
FASTENING TAPE | n> '

[E> EE- €6CO (PeRMAcEL)  REFLECTNE,

POLYESTER., INTTZLNED | PRESSURE
SENSITWE TTAPL .

SIZE CODE DENT NO.

Eicote D18

Al si2o5 [EX2-503%-

V4.

SCALE 5»11:;1‘.‘3’

<>

D1t £316-2001 omic /71



A

USE FOR DRAWINGS AND HAND PRINTED MATERIAL ONLY - NO TYPEWRITTEN MATERIAL

5 > 7402 {BoRoon, MYSTIK) ALmMinue  Forl,
SILICONE. ADHES\VE | PRESSURE SENSITVE 'YAPE
PoSiTiON WO Fon_ LAYERS "o

| SANDWICH THE "TWo OUJTER DACRN WET
CLAMERS  AND THE . NYLow  PIN BUTToNS
BEMEEM THE ADHESWVE  BiCKED Folb SUWFACES.

G > MAKE FRomM -\
[ 7> MAKE FRom -2

(B MAKE Feom -3

[5> Make tRom -4

[10 > ALL HoLES EDGES AND SLTS
CuVv NORMAL TO PAMEL CURVATURE

| > BOND WiTel KNIFE  COAT  oF
EC 2532 (3M) SRICIURAL ADHESWVE

[[12 > FASTERER AND THERMOCAIPLE DIMENSIIONS
MEASURED ALoNG PANEL CURVATURE

SIZF CODE IDFNT HO.

Beuee D-12  [A | 81205 K C-5085%-147

ALY SHEL! 6

w2
O1 4316-2001 ORIG &/ 71 53
*




6l

-

3> HEAT FoRmM RETENTION BALL

[TF O LOCATIORS To. MaTed  DETAWL 1IN
- \LocATIENS oN TINNER. PANELS

[ 15> FoRM: SHIELD TTO ConTauR B DRANANG
OVER.  lAXUP Tool THEN FalDING
CTHE WRINKLES AleNG THE EVGES FLAT.
TAPE Fowds N PLACE  wiTh [ &>,
1100 x A\ IN. ARRANGE TFolhs TO Avaly
A Lochl THICKNESS  Bullhup IN "THE
CRLANKEY. o |

[(G> TAPE  TRERMOCOURLES [N PLacE
CWITH &> [ 1.00 %-15 IN.

[T E-36-2- 507- 00V #2325  CHRomEL

~ CONSTANTAR  TTHEZMo CoudLE wwze:)
TeEFLow WSLLATED. B

T8> RAbIMon. SHIBDS  ARE NUMBERED
COWETING PRo TWE WNER. LAYER
OF tEncH  PAnEL. : -

[ D> BXTEND  OUTER. SURFACE DACROM NET

(B4A) | 2 LAYERS . 1150 IN. BEYOND TRM
EDGE OF PanNEL AT EXE  SHowN.

I'd

SIZE COLE IDENT NO.

=eoee D-zo || 8205 PKZ-35055-147

SCALE ‘ SHERT

©1 £316-2001 OFIG &/ 71

e

o

e = e o s ———t L
— - A ————————



USE FOR DRAWINGS AND HAND PRINTED MATERIAL ONLY - NO TYPEWRITTEN MATERIAL

<=

ASSEMBLY PROCEDIRES

WHITE N¥Lon GLOVES OR EGQUIVALENT
CSHALL BE USED IN HAMUNG ALL
MATERAAL. TTO INSURE CLEANLINESS .
ALL MATERIALS SYWL BE FREE oF
DIRT | GRense , ok OTHER
CONTAMIN ATION  MATER AL,

2. LAY P ALTERNATE LAYERS OF .

RADIATION  SHIELDS AND DAcRoN NET
PER] V> ., CoNTouR SHiEWS

PER[15>.

3. WHEN SPECIFIED | INSTALL THERMoCOUPLES

17> DWRING INSULATION  LAvY-uP.
TAPE  THeRmocowPLES N PLACE PER

e

4. WHITE NYLoN CoATS O©R EAUVALENT
SHALL RE wolkd DUING  TRARRCcATION
AND \RSTALLATIOoN oF ™ALt PANGL

ASSEMBLIES TO INQURE  INSLLATION
CLEAWLIESS .

Niras CODE ADERT NO.

BGure D- 2| A | 8205 [SKZ-5085-141C

SCALE SHift ! q

01 4316-200t ORiG V71

65




(%

T1IR, 797, T98 ON OUTER SURFACE
ON QUTER SURFACE OF SHIELD NO 28
T21 ON OUTER SURFACE OF SHIELD NO. 14

-9

OO0

S, S (I

DETAIL W1

T9,Ti8 ON OUTER SURFACE
T8, T17 ON QUTER. SURFACE OF SHIELD NQ. 28
T7,Ti6e ON QUTER SURFACE OF SHIELD NO |4

INSTALL T16,T17,4 TI8 AT ML INSTALLATION -
(SK2-5085-41)

Col>le o>

INAS3- 15848

EN OOV
[

Plguﬁ D-22 o

e e amen mper e s - e

BiM.BUNNING q/u/ni-‘MLl PANELS (OUTER LONG),
 HALF SCALE  LH2
STEST MODEL

i Br0SSK25085-142

2-5520
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Ol T33He SN-280c-Si2

T EIAY

NONE.

. TEST MODEL

LHz
| 812053K2-5085-142

Figure D-23

"INAS 3 -15848 |
‘HALF SCALE

il wARCLAY 4/

NING 4017\ 1| PANELS (OUTER SHORT)

2

-22
>

Y

_ b un

N
Wt

NO THERMOCOUPLES OR CUTS

-8
=

DETAIL VI

T20ON OUTER SURFACE OF SHIELD NO 28
TION QUTER SURFACE OF SHIELD NO. 14

T3 ON OQUTER SURFACE

T

N\

NO THERMOCOUPLES OR CUTS

cKS-2082-NS 2HEE L 10

2-5520



-.y—\/ ~!~ B
Lo

904.49 MM Vi
(35,61 1ML)

Q<

[

S14 W2

\
ot TTION p ©.35MM
7.25 )%

¢ TsosoMm

DETAIL VT

L

T, T24 ONQUTER SURFACE OF SHIELD NO. t4
T, 722 CNIQUTER SURFACE OF SLIELD NO.28
T2, T99 O OUTER SURFALE

Nasa-isass Figure D-2k

. oamDuNaNG ST DANELS(IMNERSHORT)
A 'HALF SCALE LH:
o DL ARCLAY A o NAODEL

N TR - BlzosSK2308 M2

>

2-5520
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T

©.35M

(251N
-2 2-; J4,
1S \/
%
Ib
SBOMM

Teoom) ™ saeow

L

DETAIL KX

T4 ON OUTER SURFACE OF SHIELD NO 14
TS ON OUTER SURFACE OF SHIELD NO 28
Te ON OUTER SURFACE

196.09 Mm

772 1) 25.40MM

145,29 MM L

Te7zm) ‘ (-0 &
G2O9MM
]Z:erN,)

Il
T

-

TI3 ON OUTER SURFACE OF SHIELD NO]A\\

T ON OUTER SURFACE OF SHIELDNO 28 N\ 'é-
TIS ON OUTER SURFACE

INSTALL Ti3,T14,4 TI5E AT MLI INSTALLATION-
(SK2-5085-141)

-35

Lol >tmole> §

~iNAS 3-15848

. »J\ DUNNING | #I

‘m_ BARCLAY ﬂ’/zz

Figure D-25

ML PANELS(INNER LONG)
HALF SCALE LHa
TEST MODEL

5|é658K25085 42




REVISIONS

_42|GLA6$ EPORY PREPREG. FER BMSS-39,
TVPE 181 25LY. CLIRE PER BAC 5529
@7 | 4MiL DOUBLE ALUMINIZED MYLAR - I3UNERS
BAA DACRON NET-12 LAYERS .
~ 40 |. 30 MIL DOUBLE. ALUMINIZED KAPTON- BLAYERS (QUTER. .I0N)
B4A DACRON NET - BLAYERS
" BaA DACRON NET P2 LAYERS OUTSICR
THM
2B IN THIMM B4A DACRON NET - 2LAVERS INNER SURFACE (SEE. DETAILXY)
(23N 41|14 MIL DOUBLE ALUMINIZED MYLAR - 21 LAYERS
Y BaA BACRON NET- 201AVERS
T BAA DACRON NET- 2 LAYERS (OUTER SURFACE)
EEi
i T Z = O3FILLET RADIUS (-42)
53,69 M4 / a2
58.42MM
Taag i DA (42)(REF) “—k—— -
235N L52MM UINE BRUL
(E31) i B Toemy M nantaony @ i -20
oy Pa-42) - Gl
. T I o | Z5 1524WM 45
i (2N (01N 4
k 0.eMM | o
A0IN 132.08MM ! BAA DACRON NET
(5.201) 2 INNER. LAYERS EXTENDED
AGOBMM, 11 o0 EOS4MM
. it = 2o DETAIL XY
—4 -4 I —42 NOTE : CONTINUOUSLY WRAP MYLAR (OR KAPTON - WHICHEVER 15 SPECIFIED)
° ° WtV DACRON NET SPACER UNTIL REQUIRED NUMBER. OF LAYERS (NO SCALE)
(SCALE 1/1) ARE ACHIEVED
| SN S T " S—
© 1D ™ 0 o 0
b 4 MIL DOUBLE ALUMINIZED MYLAR - 13 LAYERS BAA DACRON NET - 2 LAYERS(INNER SURFACE]
BAA DACRON NET -IZ LAYERS 14 MIL DOUBLE. ALUMINIZED MYLAR - 3} LAYERS
-37/. 30 MIL DOUBLE. ALUMINUM KAPTON - 8 LAYERS(OUTER 10 1NL) 38| BaA DACRON NET- 30LAYERS
B4A DACRON NET-SLAYERS .
BAA DACRON NET - 2 (AYERS B4A BACRON NET- 2LAVE RS (QUTER SURFACE)
“Te@ OMOUTER SURFACE OF SHIELD No.34:
B ~ {OUTERMOST MYLAR SMELD)
_____________________________ L ' DETAIL XII
== T
! ! : ;;T:: FILLET RADWS (TYP)-32)
< = - {SCALE. 1/2)
103.22MM Mo o leiass roxy mamsamswse-nsg,l 19.05MM
10785MM_ 15 (.30 er) . (TSR - 181 _2PLY. CURE. PER BAC 5529 (751N) SHOWING INSTRUMENTATION FOR -7 2> > 7 >l >
4301\, l.52mm LOCATEL (i, 151N SROM UPPER END (—=) SEE SHEET | FOR. cap NS
228W) T REDNAOE T £ UNE DRILLTURDUGH PERRENDIZULAR A moLe UNE BRILL SHEET | FOR POLAR CAP ASSEMBLY DIMENSIONS
FINGEDERLTT) 1 G TUDINAL SPUIT OF -39 - ! R T T
. o AL SPUT OF -
& amrrum | (BRI A i
! 818 IN,Y T
___________________ 3 7.78MM, i
[ = e e ettt ST Jfl{m( ) ,
L SK2:5085-47-R2(12 PLS) \ -?—?%—%(-35)4 [~
. 453, 3OMM_ 45 i
; T17.65 N © N N
ATIMM (s oy :
1820 1Ny ¥ 12065MM
NOTE.. 1) FABRICATE -37,-38 433 AS AN AGSEMBLY LOCATED(4.75 INJFROM
Z)CONTINLIOUSLY WRAP MYLAR (OR KAPTON - WHICHEVER 1S SPECIF(ED) wiTH DACRON JoER B ) .
NET SPRCER UNTIL REQUIRED NUMBER OF LAYERS ARE ACHIEVED et et OF 23 k
2)ONGITUDINALLY CUIT ~37, ONE PLACE ONLY AND REMOVE. INSTALL $K2-5085-W7-142 (ORILL-33 o) _
_37_38 _39 GRACES AS SHOWN . —
o . 4) LONGITUDINALLY CUT-38, ONE PLACE. OWLY, 180 FROM-37 CUT. INSTARLL \ r
SK2-5025-147-142 & PLACES AS SHOWM. 1
(SCALE 1/1) S)LONGITUDINALLY CUT- 39, 2 PLACES 180" APART S \ TR +25
e e e w CE.\ S ©3DMM 2 | T26
(Zs _‘|\ B
Cspuror -3 To.20MM : . )
T NIA F - : . .
f—LOUGI uo iS‘OOIM.) 109 73MM . \/ 0
) (2.3210) | 127.00MM T2y —i- VX
[T:%-Sr A [Yiv) (500 1N} 2 RN
5631
I~ - TIBONES
oo DIAHOLE - UNE DRt THRRL.
. Neis -39 oaev 1y ( / )
- SCALE 2/1
1S Rad {T0) ] e s
o) - e an
LINGITUBINAL, SPUT OF - 39 —/
(SCALE 2/1)

DE TAIL XVI =
& (scaLe /1)

[ S Y S S S
0 16 ® 3 4 0
MM

T28, T8, 91 ON OUTER SURFACE
T29 ON OUTER SURFACE OF SHIELD NG. 28

DETAIL X woovomzsmmce = sunnnoia

(SCALE 1/2)
SHOWING INSTRUMENI TATION FOR.- 6 (2 >06 >7 >(e >

SEE SHEET | FOR POLAR CAP ASSEMBLY DIMENSIONS

“_ P
o ™ @ w & w0
M

R} BESCRIPT ION DATE APDROV

A | ADD WIRE LXK HOLES & GLASS EFOXY ‘WAS. (2/25(74 | gty
TYPE 2D

77.80MM

02

TUS LA
133"} 76.20MM

0. TIMM

7 \4.52|N:E 127.00MM

(300om)

] _s00m R aa.27wm

DETAIL XTI
\S:i\LE l/Z) 0w B e
SHOWING  INSTRUMENTATION ?02-8@@@

SEEL SHEET | FOR POLAR CAF ASSEMELY DiMENSIONS

NAS 3-15848
DMELING €375 | POLAR CAPS § TUBE. INS.

Ratciar Al
DL atces e A e ST TMODE L

[COEN

725,790,792 ON OUTER SURFACE

T26 ON DUTER SURFACE OF SHIELD
NO. 28

T27 ON OUTER SURFACE OF SHIELD
NO. 4

HALF SCALE  LH,

81205 SKZ-SOB;-MZ

aITEN ¥

2-5520

Fiqure D-26
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$ O- 0% ™A * O.00on

O.-S0 2o0.01 DIA

|
r ;
O.otn —p{rt— . o.50
DA O-5S0 —-o.00 "W -
o0 -wh 8-
- DWR " ! oS5
g +« 0.
BLEND RA | A ©- O\S | o.oo0
D ows ¥ r I
A . . & <3—0.010 t 0.00!
Tull. Round %’rﬂ- ©-oz20 + ,
DR -
o.s50 TRUTTON

INSOLATION
0.0 —B! <mg—o THACKXNEDSD

DA, ”
[O-OLO RAD. l

—

! L
- . o)
. Ls- 050 Lo.0) ‘w-l o000 Z8%0

MATY * ZYTEL 103 HSI-L NYLON RESW

(SeAe 4l 1)

A,
-\ :
) TBRUTION - Pin STUD : FiGuee O~ 20
- MAT L : ZYTEL 102 HS1-L NNsN REWIN 7 SK 2- S0R5- |47 — ML FASTENEES

— TOLERANCE oM X.Xnx VS T 6.002

(‘SCR\.E af D
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[Tler| a80e:9¢

[

2

3D CokBe MAY BE SPUCED. WIRE CORE SEAMS TOGETHER WITH
A3 M (OS5 IN) DAL CRas WIRE AND  PeT PER [BD.

[(ED POT WITH STRUCTURAL FOAMING ADHESIVE PER BAC
5-20,TYPE 2,CLASS 350, GRADE S0.

= EAN PER HYSOL BULLE TIN AD-123 BOND WiTH €A 234
HYSOL DIVISION THE DEXTER CORR) WITH VACUUM RAG
FPRESSURE PER HYSOL BULLETIN AS 134,

(3D c061-Te ALUM BAR PER QQ-A- 225/8
(3D c0GI-TG ALLUM SHEE T PER QQ-A-250/1 1
[ZD OEAN,PRINE WITH METLROND 329 TYPE 2, APPLY METLBOND

329 ADHTSIVE (N MATERIALS DIV, WHITTAKER CORP),
BOND AT 408°K 257“;99-—) FoE 90 MINUTES AT \0\.4kN/»‘CUEE
(141 Psl) vACuu™M PRESSURE.

D FLix CORE b -5056/FR0--CO14 . 3 (4.3 \/FT3) ALUM
HERETES S, vt PSR £8 R G2/ )

[REV 5TATUS REVIEORE
NOTES SRR TION I
1. SPECIFCATIONS AND STAMDARCS FOR THE CONTROL OF MAMUF ACTURDS OPERATIONS (AS APPLICAR £):
SURFACE ROLGMNERE FYMBOLS PER RACD 20857 PART MARKNNG PER SAC 57 l
WELDING AND SRAZING SYMBOLS PER BACD IKTT BOLT & NUT (NETAL LATION PER BAC bans 1
FORM, STRAJOHTEN & FIT METAL FPARTS FEA BAC K200 Frs CODES FER DOCLASENT C3-3000 0 .
MATERIAL SUBSTITUTIONS & EQLAVALENTS PER BAC GRS RIVET aSTALLATION & SYMBOLS PER RAC S ’
2a NASI226C18 B0OLT
80 NASI226C1S BoLT
32 NASIZ24C18 soLT ,
04 NASSGOCGIGL WASHER
a2 NASSEO416 L WASHER
104 NASG73CGM NOT
3z NASGT7ICAM NUT
- NE RNG SEGMENT-0MEB6-2 [ 3140 * B2 AUM =D
& 12 . [rNG sTeMINT- mniR-2 [RR -0 1 7302 AUMDED
2 - sPuce raTe-autirfae 2[00, Z0: 380 D
Py -0 SPUCE PATE-mwER[Be 2 [100 1 2102320 3D
4 -3 ATTACHMENT & -OUTERCS- 2 ﬂ_a\?&?é%‘ EANS)
2 -8 ITTACHMENT R -wER [c3-2 | 980 265 < 75.02 5
4 -7 DUB.ER R-OuTER[ca-2| i ERRY TS D
“ -G DOUBLER ® -inneR[cs-e [0 £LRTTSS D
V- -5 SAN-INNER (B3 2[R9, 4028020
JE -a san-outer (232|989 %88 43'°
3B -3 corE B2 D %05 ;43R %
-{a -2 ‘\'Riu \_'_(SN SEGNENT =
N
[ﬂﬁ" PR T e R NOMENCLATURE OB DEXCRUPTION | zowr WATERLAL AMD SRCIFICATION TR o —':-' ™
Z2]-y PARTS_UST
DMEEYIROMNING & TOL ERANCING R m
A NAS3-1SBAB pid AT maaneTOw w00
b TTRY Tl
OHBENIICNS AXE % (NCIEY [¢ & p-3-23)
et e[ MBRREE S TOANSTION ASSEMBLY ),

ATVET & BOLT EDGE MARZIN 6
£

2.030W .08 8 GREATER
ETAL CORNER RADY

o10M.T3am

FRORCT AveDvaL

> —HF/S TEST-
B T 7T RN LHs TEST NODE

PART X7 ASEY AP0 On EFFECTONTY DwG 3 * {nev| o7 ernB ~ J |§&O§]SKZ—%]85 l 4’28 i
lacomendd APPLICATION Jmmen L . i ALt CIHWR] H
4 4 3 ’ﬂmr: 2 T 2-ss20 { 1

iz 3

Figure D-28

D085-149
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D0 €000 Jse2
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SRR ESP)

-] WIVHEGHE
SR 7Y
.9% s
S r‘@'
-7 l
N 7
]
1 -2 ASSY
&
I T DA, HOLE /—
| LINE BRILL THRU - -3 z
: (104 PLACESD) i /- D
[ 19, NAS \22GC18 [
| ANSGOC GG L !
NAS GIHCEM i .
24PLACES -
] ¢ ) : /‘— 5
(R LA
! |
! 1
‘ R | |
| Ry lﬂf‘) | —
]
1 )
25 TQUAL i )
PACES | ! a 2
-9 :
NSI22GCID | | /
ANSGOCGIGL | |
NABSGTDCEM | |
GOPRACES) | )
)
:-
+
. T c
A "
MM It
[}
1.201N) f'#
[~ - =14 -
Tl
63 +|4
d I
—_ sV
RN \/\E\N C‘Ar W 2 AS
(LO%\A\‘\’\EO'%(EDS GCAE: 112 !
ATCM SK2- TNPIACAL SPICE |+
goe,s \ao- ) 4 PLACES ) -7 — : y
o ®» ﬁwu - 00 : ‘-
| /—
|
|
|
|
| |
|
a ‘ '|
I
-13= v , : /
\ ) (& PLACES) ' 2.70u l
: ; '
B ) . \ R - B
' /! (& :mc:§\ :
- — 2TOM! 'S _ ‘
P BE s [ R
N\ .4
: RN S
| N \.\
(B yRaois (57) ~——=B 2

' D\A QIO
PLAN VIEW | BN RS ? SIDE \/\E\/\/

-1 ASSEMBLY -| ASSEMBLY

q (SCALE: /D) — N —|~ __Beae:vs)
g = S, AN Tz .
mp)\ Sié’m‘w BB o :/_ {.E SEEp
\ DIA, HOLE -LINE DRILLTHRYS Yo —1 -
O/ (™ g ises -1k N
NASG7ICAM st "&'H'"l’nli
-12 (32 PLACES) { - e ey dapl REEEE Lo
A / ""’—“"‘7——[1‘—1 \_\ : -—(_%%@mbommmm A
EEZS’-S_QABé-\‘eIO-‘ o=t &SSMM _\ ASS* SEE SHEET 1 £OM PARTS LIST ANO NOTES F ' gure D—29 h
G — R | e (0 STV ST L 2
6 caaa VIEW BZ (A i o CWOSROREL 3T T A NSITION. ASSTMBLY | 5_9_
GeaLe: \/2) - SECT\ON Ae m —A ‘ M Dazciav p-igal FIS TesT- _ ;iv dJ
(TYPICAL 4 PLACES) _ TTRS T Raspae e E:;m HALF SCAE L TEST woDELE § )
e J[Eco5x25085 149 16 1
St NOTCL] 2 or zﬁl LQ i 73
6 | 5 [ . 4 4 - 3 | 2 T e-ss20 | 1 RS 2




. NOTES 1 REVITIONS
. ;?;l?:x:::mﬁ?‘x:rmwn?;mrmu;r:cﬂummn Lre OEsCRWTION T oare | awwoveo
i i : ) ) | i . | :
o T
‘ I i
N R SOBOMM sy I S Y B 2o
| T ' - i (2 OOIN) o i i I i &/
| | ] i ' | i ; i i
| | ' ' | | ' | | |
| i | ] I | I . i | [
| O2.60 MM
(24.00 IN)
3 } g ‘ T
] I
(SCALE: /)Y
P TR N SR S|
O 10 20 30 4w D cuT FROM S0 aomm (Z.o IN) WiDE PREREG [Z5 P 49-3
MM (= -rn-.oe
V (D RESIN SYSTEM ERLA 41 7(UNION CARBSIDE
CORP.) WITH PHENVLENEDIAM NE (CU CaTALYST
. ELLIED CHEMIC ALS) :
o ———— —
—t AN [ PRD-B 2UNGLE END VARN - 3BO DENER - 400
= NN FILAWMENTS PER YARN - CONTINUOUS - PRODUCERS
. . SN -5 TWISRT - NO FINSW (E.\. DU PONT)
> neay S PLACESDS (ED @A 4y TITANIUM SHEET PER NMIL-T-304GE,
-2 TYPE TOIX, CcOWMP C,
i%es DETAILT e maces)
.14 MM - iy (B FBERGLASS EFPOXY PRE PREG PER B3 B-139 -
®REF)  (-3's OMITZID FO / . ,
((2IN) C3s C\_AR\%‘Y) R 1 , TYPE 120, 2 PLY.
(NO SCA\_E) I p ‘f:} -3 5 PLACEDY) [ED CURE WiTH VACUUM BAG PRESSDINET TWO nOURS AT
T ABWWe < (SO°F) £ FOUR HOLRS AT &22° K (ROOF)
V.02
25.40MM | to,g\ r:::AA 7’_C’ZMM (REF [ cLEAN FAYING SURFRLES OF -4 END FITTINGS
i ! o DIA WOLE. (20N PER MVBOL RULLETIN AR -123 § SOND WiTH
(LOOIN) I .437 'N) - 2 A S SEM B\_\( €A 2B a4 (MYSOL DIVISION THE DEATER CORR) WiTR
. 422 IN VRCUUM BAG PREDSSURE PER HYSOL BULLE TIN
NO SCALE) AS -\ D4
l L - CHEMICAL MILL PER BAC SBa?2.
S\DE VIEW ONLWY
50.80MM i -
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APPENDIX E
THERMAL INSTRUMENTATION TEST PLAN FOR
THE LH, TEST MODEL

2

The thermal instrumentation plan was developed from the Contract NAS 3-15848
Statement of Work instrumentation requirements. Thermocouple locations and
wire routing are shown in Appendix D, Figures D-22 through D-26.

Table E-1 is a list of all thermocouples. The thermocouple entries in the
list are grouped by the type of wire required and the lengths shown were
used in determination of total quantities of wire required for the test.
Four types of wire were used: Teflon insulated Chromel-Constantan for
thermocouples in the evacuated volume; fiberglass insulated Chromel-
Constantan for exterior locations; vinyl insulation Chromel-Constantan for
hydrogen filled spaces; and vinly insulated copper wire for LH2 reference
junctions and leads. The computations for required wire lengths included
added length margins to facilitate component assembly and disassembly.

Table E-2 1ists those thermocouples which comply with the Statement of Work
requirements. In some of the areas specified, a greater number of thermo-

couples than the minimum required were installed; also, a number of thermo-
couples were installed in areas not mentioned in the reference.

A practical limitation on the number of thermocouples located in the
evacuated volume exists by virtue of the available space and cost for
vacuum tight connectors. Four Deutsch Series DM-5623 connectors, located
in the cover plate of the simulated plumbing penetration assembly housing,
as shown in Figure D-38 was used. These connectors contain 37 contracts
each, providing circuit connectors for 74 thermo-couples. These 74 thermo-
couples are listed as the first group in Table E-1.
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The Deutsch connectors incorporate 18 Constantan and 19 Chromel pins each.
Therefore, of the 74 thermocouples, 2 thermocouple circuits must use Chromel
pins to connect their Constantan lead wires. Any temperature differences
between: the resulting superfluous Chromel-Constantan junctions will generate
extraneous voltages, causing errors in the indicated temperatures. In order
to minimize these possible errors, thermocouples in high temperature areas,
i.e., thermocouples whose unaltered output voltage will be relatively high,
were selected for routing through the all-Chromel connector pins. These
thermocouples are T59 and T60 on the inner surface of the vacuum jacket. Any
of the other thermcouples on this surface would have been suitable, except
T56 or 162, for which accuracy is somewhat more important due to their associa-
tion with thermocouple sets in the MIL.

Three thermocouples, 172, T73, and T74 were to be immersed in the GH2 boil-

off flow in the vent tube in an attempt to measure the temperature rise in the
gas as it travels up the tube. The possibility of bonding small fins to

these junctions to increase their response to changes in gas temperature

was explored. Because of the need for maximum accuracy for these temperatures,
relative to the saturated vapor temperature, these thermocouple circuits were
to employ reference junctions within the LH2 in the test tank rather than
reference junctions in the cold box like all other thermocouples.

Thermocouple locations and wire routings were planned to achieve the best
combination of accurate, useful data and minimum disruption. In some areas,
these requirements conflicted and compromises were necessary. A1l thermo-
couples on or within the MLI were attached to shield layers with an
aluminized Mylar tape having reflective properties very close to those

of the shields themselves. When possible, the first 6 inches of wire leading
to the thermocouple junction followed expected isotherm contours in order to
minimize errors due to heat flow in the wires. On tubular components and
support straps, loads made at least 2 turns around the component being

routed away from the location of the junction.




Location and routings were planned to minimize junction and wire overlaps,
avoding the MLI thickness disruption that would result from excessive super-
position. This is the reason for the rosette patterns for thermocouples

T1 through T6, T7 through T12, and T25 through T30, and the staggering of
groups T13 through T18 and T19 through T24.
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TABLE E-2

THERMOCOUPLE LOCATIONS FOR WORK STATEMENT COMPLIANCE

Work Statement Location Description

""... six different depths in‘tbe MLL ..
locations as follows:

(a) Forward hemisphere on a line 4g° from
the centerline of the hemisphere.

(b) Aft hemisphere on a line 45° from the
centerline of the hemisphere.

(c) Mid point of the cylindrical section.

(d) At a point where an inner tank support
passes through the insulation at a con-
stant radia! distance from the support.

(e) The insulation within the simulated
manhole access area."

"Twelve thermocouples ... on both the exterior
of the vacuum jacket and the inner face shin of
the vacuum jacket.'

"Two thermocouples ... bonded to both exterior
and interior surfaces of the girth ring."

"Two of the inner vessel supports
(a minimum of four on each support)."

"The thermally modeled manhole and fluid line
penetrations ... (a minimum of four on each
penetration)."

"The ullage gas temperature shall be measured
at the outlet of the pressure vessel."

Thermocouples

T1,7T2,7T3,T4,T75,T6

T77,78,79,7T10,T11
Ti2

T13,T14,T15,7T16,T17,T18

T19,T20,T21,T22
T23,T24

T?S,T26,T27,T28,
123,730

Th4 through T55
T56 through T67
T40, T
Th2,T43

T31,722,732,733,T34
T35,736,T37,738,T39

175,776,777,778,

T86,T87,788:
T69,7T70,771,782,

- T93,T94,795.

T72
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TEST PLAN >3
LIGETWEIGHT VACUUM JACKET FOR CRYOGENIC INSULATION

Distribution: J. Allbee 4=-1720 1E-11
D. Barclay - 2-5520 8C=45
R, Hanna 2-5610 86~09
R. Lominick 2~2405 1E-11
P. Olsen 2=-1833 44A=20
Test Engineer: /% 7 oA ae Date: _//-/A - 73
H. M. Olden
Test Supervisor: ,;%9:’5 —‘@,@’ Date: /4//{&’/3?.3
W. A. Smith o
TTS Test No.1 7308
Test Title: Lightweight Vacuum Jacket for Cryogenic Insulation
Contract No.t NASA Contract NAS3-15848
Test Location: Area 41, Pad 3
Reference: (1) Procedures Manual, Tulalip Test Site,.D2-121705-1

1.0

2,0

(2) FEngineering leboratories Safety Manual, D2-121354-1
(3) sor- 72K
(4) Engineering laeboratories Test Practices Manual, D180-14822-1

(5) EWA No. 25540, Task IV

PURPOSE

The purpose of this teat is to demonstrate system performance of a half
scale model of the Shuttle Orbiter OMS fuel tank with an evacuated multi-
layer insulation (ILI) system. The performance of this gystem will be
carefully evalusted in conjunction with the rigorous cyclic operational
requirements of the orbiter.

This test plan describes in sufficient detail the test conditions,
instrumentation, facilities, cquipment, and safety and operating procedures
to ingure meeting the program test objectives in a safe and efficlent
manner,

OBJECTIVE

.

Testing to be accomplished under this test plan will furnish data that

‘will be used to verify the feasibility of the evacuated MLI system

design for the OIS fuel tank.
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SCOPE

A half scale model of the Shuttle Orbiter OIS fuel tank will be designed,
fabricated and shipped to Tulalip Test Site for testing on Pad 3, Area 41,
The tank will be installed into an existing IHp supply, vent and disposal
system with some modifications required. A radiant heat shroud will be
fabricated and installed eround the tank to provide temperature
conditioning. A boiloff test system will be assembled and installed

for determining heat flow into the tank. Three boiloff tests will be
performed., The first one will be conesidered the baseline boil off rate.
The second one will be performed after subjecting the tank to 100
external pressure cycles of 0 to 200,000 fi{. equivalent altitude

pressure and 100 thermal cycles of 100 to 350°F. The third boiloff

teat will be conducted while simulating a specified hydrogen leak into
the vacuum annulus of the tanks insulation system., The test date will
provide information to determine if any degradation in performance of

the insulation system has occurred as a result of these operational
environments.

TEST CONDITIOKS

There will be three boiloff tests and two cyclic tests performed under
this test plan in the sequence as follows:

o Bageline boil-off test

o Load cycling (altitude cycling) test - Area 34
‘e Thermal cycling test

* Post cycling boil«off test

s Constant GH2 leak boil-off test.

« The test conditions for the three boiloff tests will be as follows:

+« Tank internal pressure 17.0 PSIA
¢ Tank vacuum annulus pressure < 2,0 x 10~4 Torr
¢ Tank external pressure . ambient
» ¢ Tank external temperature 100°F * 50p
¢ Tank liquid hydrogen level ~Z3,0 in, from Top

The test conditions for the load oycling (altitude cycling) test will be
as follows:

* Tank internal pressure Same as external

* Tank vacuum anmilus pressure' <<2.0 x 10~4 Torr

* Tank external pressure ambient to 1.6 x 10~1 Torr
e Tgnk external temperature ambient
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* Tank liquid hydrogen level No hydrogen
¢ Number of cycles 100 cycles

The +test conditions for the thermal cycling test will be as follows:

¢ Tank internal pressure 15.0 PSIA

* Tank vacuun annulus pressure < 2.0 x 1074 Torr

* Tank external pressure ambient

* Tank external temperature 100°F to 350°F

* Tank liquid hydrogen level | <:' 14.0 in. from bottom
* Number of cycles 100 cycles

The half scale tank model will be constructed of two 90.0 inch diameter
hemispheres connected to an 18.0 inch long cylindrical section. This
tank will hold 2150 gallons of IH2 when full. The inner vessel will have
an operating pressure of 17.0 psia, a proof pressure of 40.0 psia, and a
design burst pressure of 70.0 psie.

FACILITIES

All testing will be conducted at the Boeing Company's Tulalip Test Site
located approximately 45 miles north of Boeing's wain Plant II headquarters.
This facility has several well developed permanent test areas designed to
handle a wide variety of hazardous and high noise level type tests. The
cryogenic structural test facility, Test Area 41, is one of these special-
ized ereas and will be used for this program. This area is devoted to
structural materials testing which involve hazardous environments. <These
environments involve cryogenic propellants such as IHp, 102 and toxic
propellants such as LF2, N204 and Hydrazine. )

In order to efficiently and safely handle this type of teating the area
has three heavily reinforced concrete test cells dispersed on an arc
located 130 ft. from the test control and data recording building. Each
test pad is separated on this arc by 85 ft. Each pad has permanently
installed wiring for remote control of the test setup and for remotely
recording all test data. In addition, each pad has installed plumbing
which provides He and N2 preagsurization and purge gases, plant air,
water, and electrical power.

This facility has permanently installed 1H? supply capacity of 14,000 gal.
with a distribution and control system to each of the three test pads.

All testing for this program, except for altitude cycling at Area 34, will
be performed on Pad 3 of Test Area 41.
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TEST EQUIPMENT

A sohematic of the test setup is shown in Figure F-{,

The ILHy fill system will include a IHp conditioning cryostat mounted
above the test tank. This vacuum insulated device will condition the
IH? prior to entering the test tank so that the thermodynamic properties
of the entering hydrogen are ncarly the same as the hydrogen elready in
the test tank. This is to minimize the disturbance of thermal
equilibrium during test tank refill operations. The pressure in this
cryostat will be maintained at a constant differential pressure of

0.5 psi above the pressure in the teat tank.

A radiant heat shroud will be fabricated and installed around the test
tank so a8 to provide the required test tank extermal surface temperature.
This shroud will be an aluminum sphere with gquartz radiant heat lamps
installed to the inside surface. Electrical power to the lamps will be
regulated by a Research Incorporated ignitron electrical power control
Unit, A closed loop temperature feedback system will be used to control
the electrical power required to maintain the desired tank surface
temperature, Redundant over-temperature safety circuits will be installed
to prevent accidental overheating of the tank. Preheated gaseous nitrogen
(GN2) will be used as a purge gas between the shroud and the external
surface of the tank, This will aid in obtaining the desired surface
temperature with minimum radiant heating power and also will exclude air,
minimizing the chances of ignition of hydrogen.

The test tank internal pressure control system will consist of a closed
loop pressure feedback servo valve system. The servo valve will control
the flow of hydrogen boiloff gas from the tank so that the desired
pressure in the tank will be maintained at & constant value. An Annin
globe valve with the proper sized trim and an electro~hydraulic actuator
will be used as the servo valve. The tank pressure feedback will be
measured with a Baratron differential pressure transducer referenced

to a very stable constant pressure source. This high~resolution
differential pressure transducer will be used to sense very small
positive or negative pressure variations in the cryogenic tank relastive
to a constant reference pressure. This reference pressure source will

-be a fixed volume of gas maintained at a constant temperature in an ice

baths A set point controller will be used to sense the electrical output
8ignal of the high-resolution differential pressure transducer for control
of the electrohydraulic pressure regulating servo valve. This complete
system results in controlling the tank pressure to a constant value with
respect to the reference pressure.

The flowrate of the hydrogen bolloff gas will be measured with a Hastings-
Radist HI' series mass flowmeter calibrated per documented procedures
prepared by the Boeing Cal.-Ccrt. laboratories. A copper tube heat
exchanger will be used to maintain the hydrogen boiloff gms at a constant
temperature before entering the pressure regulating valve and flowmeter,.
In addition, the entire tank pressure regulating and boiloff flow
measuring system will be contained in an insulated constant temperature
controlled environmental box for thermal stability purposes.
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continued

The gaseous hydrogen (GH2) leak system will consist of a needle velve,
calibrated and installed to the test tank at the Kent Space Center, and
a8 pure GH2 pressure regulated supply system installed at Tulalip. The
GH2 leak rate needle valve will be calibrated at Kent by using helium
leak rates corrected to yield ihe desired Gi2 leak rate. The calibrated
leak will not be acceesible when the LUz tank i1s loaded but final GHp
leak rate adjustment will be provided by the remotely variable GHp supply
pressure. Vacuum integrity will be insured by a remotely operated shut-
off valve between the calibrated leak and the tank vacuum annulus. This
velve will not be opened until the time of the constant GHp2 leak boil-off
test. The section of plumbing between the calibrated leak and the vacuum
gshut-off valve will be evacuated prior to opening the annulus to the
calibrated leak. This will purge this section of plumbing so as not

to contaminate the tank annulus.

INSTRUMENTATION

An instrumentation list showing parameter, range, and accuracy is shown
in FigureF-2. A block diagram of the instrumentation data acquisition
gystem is shown in Figure F3, .i11 instrumentation equipment will have
up~-to~date calibration certifications issued by Boeing Quality Control
Organization. These periodic calibrations are designated and performed
per existing Q.C. documented slandards. All calibrations are traceable
to the National Bureau of Standards.

All pressures will be measured with strain gage pressure transducers.
These will be located so that they will always be at ambient temperature
thus requiring only an ambient calibration.

Test vessel temperatures above O°F will be measured with chromel-constantan
thermocouples with 150°F reference junction. Temperatures below 0°F will
use a INp reference junction. Temperstures measured in the vent tube will
be set up as differential thermocouples with the LHp in the test tank as
the reference temperature.

Hydrogen liquid level is determined by the use of carbon resistors which
give a point indication as to the presence of ligquid., In this applica-~
tion, the carbon resistor will be electrically driven so as to slightly
heat uvp vhile in the presence of cold hydroxzen gus. The increased heat
dissipated as a result of submergence in the liquid hydrogen will cause

& resistance change due to temperature which will be detected through a
bridge circuit. This in turn will actuate & relay turning on an indicator
light. The carbon resistor will be normally installed in a still-well
(shield) to minimize false indications due to boiling liquid surface
irregularities. Sufficient resistors will be installed in the test tank
to adequately nonitor liquid levels during thermal stabilization and
boil~off testing. Power to carbon resistors will be turned off during R.

stability period when boil-off data is taken,
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7.0 continued

The hydrogen boil-off gas flow rate will be measured with a Hastings-
Radist, HF series, mass flowmeter. This will provide e continuous direct
recording of mass flow rate from the tank. This meter with its laminar
flow element will be calibrated per Boeing Cal-Cert laboratories
documented procedures using hydrogen gas. The calibration will provide
data as to actual standard cubic feet per minute of hydrogen gas vs
millivolts output.

A MKS Baratron transducer will be used to monitor the pressure variations
in the test tank. This device is a very high resolution differential
pressure transducer which will be referenced to a stable constant
pregsure source,

The test tank vacuum annulus pressure will be monitored with the wvao-ion
pump current, The vac-~ion pumps will be in continuous operation
throughout the test program. A thermocouple gage and readout will be
installed in the GH» leak system which could be opened to the annulus

in case the annulus pressure increased beyond the effective range of

the vac-ion pumps, This would provide an emergency means of monitoring
the vacuum annulus pressure.

Test data will be recorded with a Non-Linear Systems (NLS) digital data
reoording system. This is a higuly reliable, 200-shannel recorder which
records millivolt signal data on magnetic tape.that can be listed or
prlotted on IMi~compatible computers. The system is designed to operate
continuously 24 hours per day, seven days per week. The sample rate is

10 samples per second. System accuracy is considered to be 40 microvolts
of 100 nillivolts full scale., The data tape will be removed from the
recording system at the end of each boil-off test for computer processing.
The data end calculated values will be tabulated and/or plotted as
required for each boil-off test performed.

Some of the data parameters will be displayed and recorded on potentiometer
type strip chart recorders. This will provide continuous quick-look
information for ease in determining system stability and satisfactory
performance., ’

A test progress report, consiéting of the test log, reduced data, brief
test summary of any test deviations or annomalies, and photographs will
be prepared after each of the three boil-off tests.
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TEST PROCEDURES

1ift test tank/fixture assembly from transportation trailer with crane and
place it on Pad 3, Area 41. This assembly will remain as a complete unit
throughout the Task IV test programe.

Move test tank/fixture assembly into test position and connect to Iy fill
and conditioning cryostat.

Connect vac-ion pump power to facility source and monitor annulus vacuum.
Connect tank thermocouples to test facility instrumentation wiring.

Leak check tank connection by pressurizing with gaseous helium and using
a8 helimm mass spectrometer to sniff joint.

Install four sections of the spherical heat shroud around test tank and
connect all power and control cables.

Connect gaseous hydrogen supply to the calibrated leak system, and purge
gystem with gaseous hydrogen.

Adjust all the test tank and cryogenic system instrumentation recorders
for their proper zeros and calibration rulses with the system vent velves
VE 351 and VH 354 open.

Purge LH2 conditioning cryostat by flowing helium through VHe 303 and out
VH 354 for 2 min,

Purge test tank by continuing flow as in 8.9 but open VH 363 and VH 351
and close VH 354 causing helium flow out the vent for 20 min.

¥hile purging, set up thermal conditions by gradually energizing the heat
*shroud radiant lamps and nitrogen gas flow to slowly increase vacuum jacket
external temperature to 100°F I 5°F. Monitor vacuum annulus pressure while
temperature is being increased and for a period of time after reaching final
temperature until pressure is stable or decreasing. If vacuum annulus
pressure exceeds 2,0 x 104 Torr discontinue temperature increase until
pressure decreases. If vacuum annulus external surface temperature of

100°F ¥ 5°F cannot be reached without exceeding annulus pressure of 2.0 x 30™4
Torr, hold temperature at intermediate level until after completing tank ILH2

fill in paragraph 8.17.

Turn Pad 3 ares condition lights to "RED" and notify Fire Department at
completion of purging and after attaining external surface temperature
conditions.

Set up the facility liquid hydrogen supply system per standard operating
rrocedures for delivery of 1H» to Pad 3.

Fill conditioning cryostat by opening vent VH 354 and pad 1Hp supply VH 301,
The automatic liquid level control system will operate VH 301 as needed to
maintain the cryostat full of Lip.

Set conditioning cryostat pressure control VH 365 to automatic and close
VH 354 which will hold its pressure to 17.5 psia.
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Fill test tank by opening VH 351 and then slowly opening VH 363 keeping
the test tank pressure below 17.0 psia.

Stop test tank fill by closing VH 363.

Monitor test tank vacuum annulus pressure during and after filling with
ILH2., It should decrease during filling but should not be greater than
2.0 x 104 Torr. Complete temperature conditioning per para. 8.11.

Continue to refill test tank per 8.13 through 8.17 as tank liquid level
decreases to 6.0 inches from top.

When time between refills approaches 6.0 hrs. then set VH 382 to auto-
matic operation and close VH 351 which will hold test tank pressure at
17.0 psia,

Continue to monitor all data parameters and refilling tank per 8.19 until
all data appears stabilized indicating thermal equilibrium has been
obtained.

Boil~off data will be sampled at decreasing time intervals until con-
gidered stabilized for boil-off measurement data. At this time, 4 hrs
of concentrated data will be taken.

Stop conditioning cryostat fill by closing VH 301 and open vent VH 354
and drain VH 366.

Enpty test tank by opening VH 363 and maintaining 17 to 20 psia in tank
by closing VH 382 and intermittently opening helium purge valve VHE 352,

Test tank will be empty when LL1 light goes out and temperature TS1
begins to rise sharply.

Close VHE 352 and VH 363 and open VH 351,

Empty conditioning cryostat by opening VH 366 and closing VH 354. It will
be empty when LL9 light goes out and temperature TS2 begins rising.

Open VH 363 and close VH 366 and VH 354 to prepare system for helium
purge and initial warmup.

Open VHE 359 to purge system for 10 min. and then turn helium heater on
to initiate system warmup,

when TS1 indicates -250°F switch purge gas supply from helium to nitrogen.

Continue gageous nitrogen warmup until TS1 reaches 50°F. Then turn off
heater and G and return test pad to green condition. Leave a slight
positive pressure in system.

Turn of{ radiant heat shroud and remove ahroud from tank.

.Disconnect instrumentation from test tank.

Disconnect vac-ion power from faocility and put on portable supply.
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Disconnect test tank/fixture assembly from conditioning cryostat and move
out of test pad 3.

Load test tank/fixture assembly on transport trailer and move to Area 34
for altitude testing.

Lift test tank/fixture assembly from transport trailer at Area 34 and
place on altitude chamber dolly.

Roll test tank/fixture assembly into altitude chamber and connect vac-ion
pumps to facility power supply.

Close altitude chamber and evacuate to an equivalent gltitude pressure of
200,000 f¢. and return to ambient pressure.

Monitor test tank vacuum annulus pressure all during the pressure cycle.

If the vacuum annulus pressure rises above the vac-ion pump capability
(approximately 2.4 x 10~4 Torr) the test will be stopped. Procedures to
reactivate the test will be developed at that time.

Repeat this pressure cycle 100 times.

Open altitude chamber and remove test tank/fixture assembly for transport
back to Area 41.

At Area 41 repeat steps 8.1 through 8.18 stopping test tank fill when
liquid level reaches 14,0 inches from bottom of tank by closing VH 363.

Maintain this liquid level all during the succeeding thermal cycling test

by opening VH 363 to refill test tank as needed. The thermael cycling will
be interrupted during each refill operation.

Heating to 350°F must be approached cautiously. The possibility of out-
gassing beyond the pumping capability of the vac-ion pumps exists. Heating
should be controlled so that when the limitation of the vac-ion pump (=~2.4
x 10™% Torr) is approached the heating system is immediately shut off and
cold nitrogen gas is introduced in the shroud area to restirict further out-
gassing if posaible. If the vacuum annulus pressure rises above the
vac~-ion pump capability, the test would be stopped. Procedures to re=
activate the test would be developed at that time. -

Slowly apply heat manually for the first 100°%F to 350°F temperature oycle

- while observing the precautions of para. 8.45.

Turn heat shroud controller to thermal cycle programmer and automatically
cyocle test tank surface temperature from 100°F to 350°F for a total of
100 cycles. Continually monitor test tanik vacuum annulus pressure for
any signs of degradation or system failure,

At end of thermal cycle test return heat shroud control to set point of
100°F for the following post cycling boil-off test.

Perform the post cycling boil-off test as in Section 8.16 through 8.22,

Evacuate the GHp leak system by opening VV 360 and pumping until P4
stabilizes in pressure.

Close YV 360 and open VV 357 which will meter a calibrated flow of
hydrogen gas into the vacuum annulus,

109
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Set hydrogen supply pressure regulator VH 386 so that P3 is at a value
TBD psia.

The flow rate of GH2 leak gas will be trimmed by adjusting supply pressure,
o Gradually increase P3 in steps, monitoring vacuum annulus pressure.
Final P3 setting will be that resulting in a stable vacuum annulus pressure

of TBD Torr.

Perform the constant GHo leak boil-off test per section 8,19 through 8.23.

Close VV 357 40 stop GHp leak into vacuum annulus., Continue to refill
test tank with LHo per section 8.19 until vacuum annulus pressure returns
to TBD Torr or for 3 days, whichever occurs first. MHonitor vacuum
annulus pressure. No boil-off rate or temperature data required.

Enpty, purge and werm up test tank per 8,24 through 8.31,

Prepare tank for shipment per 8.32 through 8.35.

Load test tank/fixture assembly on tramsport trailer for shipment to the
Kent Space Center,

SAFETY CONSIDERATIONS

The 1H? system to be used for this test poses no abnormal safety problem.
The majority of the equipment, i.e., transfer lines, cryostats, vents and
valvegs have all been used in pazst testing for several years. This specific
test configuration has been used in nearly identical form for two previous
test programs. The major difference for this program is in the gize of the
test tank, This tank will hold 2,150 gal. (1,270 1lbs.) of IHo,

Due to the integrity of the tank design, i.e., design, proof and operating
rressures, failure of the test tank is considered highly improbable as

" long as overpressure conditions do not occur. Therefore, redundant

pressure safety devices will be ingstalled on the test tank so that maximum
pressures will not be exceeded. Also, the vent system of the test tank
hag been sized such that in the event the vacuum fails in the insulation
anmulus the resultant higher boil-off rate will not cause the tank
pressure to exceed a safe value.

In order to minimize the possible ignition of hydrogen gas that may
accldently be released, all spark producing equipment will either be
explosion proof or be inert-gas purged. The space between the radiant
heat lamp shroud and the external surface of the test tank will also

be purged with nitrogen gas in order to eliminate any possible ignition
in that area.

The radiant heat system will have a redundant temperature shutoff safety
gystem. One system will be within the temperature control unit and the
backup systew-will be a completely independent unit and will shut off all
electrical power to the heating system in the event tank temperatures
exceed a safe value,

Voo
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continmied

In order to eliminate possible conflicts or confusion, and to increase
the safety of operations, the essigned Test Area Engineer will have
overall control of the test including safety procedures, cryogenic test
procedures, malfunction vrocedures, end control of all personnel in the
test area. During hydrogen test operations, all of the area of Test
Area 41, east of the east end of the control house, will be excluded of

all personnel,

MALFUNCTION PROCEDURES

A malfunction will be defined a8 any damage of equipment as a direct
result of test operations conducted per this test plan. This could be
caused by rupture and/or fire of/or from the test tank.

In the event of the above all hydrogen supply valves will be closed and
the test tank will be euptied per 8.24 through 8.31, if possible, and

‘the 1Hp conditioning cryostat cmptied immediately after the test tank,

The Fire Department will be notified and instructed to proceed to Test
Aree 41 and coordinate with the Test Area Engineer for further action,
Helium purges of both tanks will then be turned on and maintained to

wvarm up the test tanks and eliminate hydrogen. As soon as the hydrogen has

been expelled and no over-pressurization of a tank exists the Fire
Department may then be admitted to the pad area to expel any secondary

fires that may exist and to cool down the test area, All main electrical
power -to the pad will also be turned off to eliminate electrical hazards.

If a malfunction occurs the Test Area Engineer will immediately notify
the Test Site Manager and the Ordnance Engineer. A written report will
subsequently be prepared giving the details surrounding the incident.
Corrective action will be taken before any further testing per this test

plan is resumed,

m
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Belleville, New Jersey 07109
Attn: Library

Linde, Division of Union Carbide
P. 0. Box L4

Tonawanda, N.Y. 111450

Min: G, Nies

Ling-Tenco-Vought Corporation
Po Oo Box 5907

Dallas, Texas 75222

Attn: Library

Lockheed Missiles & Space Company -
P. 0. Box SO4
Sunnyvale, California 94087

Attn: Library
, R, T. Parmley

Lockheed Propulsion Company
P, 0. Box 111

Redlands, California 92374
Attn: Library



o
<

Marquardt Corparation

16555 Saticoy Street

Box 2013 South Annex

Van Nuys, California 91L09

Attn: Library

Minnesota Mining ¢ Manufacturing Company
900 Bush Avenue

St. Paul, Minnesota 55106

Attn: Library

Martin-Marietta Cofporation
P, 0. Box 179
Denver, Colorado 80201

Attn: Library
G, C, Skartvedt

Martin-Marietta Corporation
Box 5827

Orlando, Florlda

Attn: Library

icDonnell Douglas ‘Astronauties
5301 Bosa Avenue
Huntington Beach, California 92647

Attn: Library
L. Q. "estmoreland
P. Klevatt

McDonnell Douglas Aircraft Corporation
P. 0. Box 516
Lambert Field, Missouri 63166

Attn: Library
L. F. Kohrs

Northrop Space Laboratories
3401 Vest Broadway
Hawthorne, California

Attn: Library
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Philco-Ford Corporation
Aeronutronic Division |

Ford Noad

Newport Beach, California . 92663
Attn: Library

Purdue University
Lafayette, Indiana 47907
Attn: Library

Radio Corporation of America
Astro-Electronics Products
Princeton, New Jersey

Attn: Library :

Rocketdyne

A Division of Rockwell International
6633 Canoga Avenue

Canoge Park, California 91304

Attn: Library

_ Space Division

A Division of Rockwell Internaticnal
1221} Lakewood Blvd

Dowmey, California

Attn: Libdrary

pee g

Rocket Research Corporation

Willow Road At 116th Street

Redmond, Vashington 98052

Attn: Library .

Stanford Research Institute
333 Ravenswood Avenue

Menlo Park, California 94025
Attn: Library

Susquehanna Corporation
Atlantic Research Division
Shirley Highway & Edsall Hoad
Alexandria, Virginia 22314
Attn: Library



Y ' .
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Thiokol Chemical Corporation
Redstone Division ’
Huntsville, Alabama

Attn: Library

TR Systems Inc.
1 Space Park
Redondo Beach, California 90278

Attn: Library
A, H. Zimmerman

TRW :

TAPCO Division

23555 Euclid Avenue
Cleveland, Ohio LL117
Attn: Library

United Aircraft Corporation
Corporation Library

LOO Main Street )

East Hartford, Connecticut 05103

United Lireraft Corporatioen
United Technology Center

P. 0. Box 358 _
Sunnyvale, California 94038 -
Attn: Library

United Aircraft Corporation

Pratt & “hitney Division

Florida Research +« DPevelopment Center
P. 0. Box 2691

West Palm Beach, Florida 33402

Attn: Library
G. B. Cox
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Vickers Incorporated
Box 302

Troy, Michigan

Attn: Library

Vought Astronautics
Box 5907

Dallas, Texas

Attn: Library

13

a—_—

——— s atm—





