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FOREWORD

This report was prepared by the Convair Aerospace Divipion of General Dynamics
Corporation in partial fulfillment of Contract NAS3-17814. The contract was admini-
stered by the Lewis Research Center of the National Aeronautics Space Administration,

Cleveland, Ohio. The NASA Project Manager was Mr. John C. Aydelott.

A summarization and categorization is presented of the pertinent literature associated

with cryogenic thermal control technology having potential application to in—orbit
fluid transfer systems and/or associated space storage . Low-gravity fluld behavior
and fluid management systems technology data are presented in companion reports

under this same contract.

In addition to the project manager, Mr. John A. Stark, Messrs. F.O. Bennett
and K. E, Leonhard contributed to the preparation of this report.
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1.0 INTRODUCTICN

This report presents a summarization and categorization of the pertinent literature
associated with cryogenic thermal control technology having potential application to
in-orbit fluid transfer systems and/or agsociated space storage.

The initial task was to conduct a literature search to obtain pertinent documents for
review. The following sources formed the basis for this search.

a. Convair Library and Cryogenic Group files.

b. "Bibliography of References ~ Space Storage of Cryogenic Propellants,"
(Report B-777) prepared by the Cryogenic Data Center, NBS, covering
the period 10 June 1974 back through 1959.

¢. NASA-computer tape search covering low-g conéideraj;ions for the period
30 September 1974 back through 1969. Key words used in this search
are presenied in Appendix C.

d. Defense Documentation Center (DDC) search of the unclassified literature
for the period 3 June 1974 back through 1969.

e, Secondary sources from reports reviewed.

Reports which were determined to be of primary significance are summarized in
Sections 2 through 5. Each summary, where applicable, consists of; (1) report
title, author(s), organization doing the work, identifying numbers and date, (2)
objective(s) of the work, (3) description of pertinent work performed, (4) major
results, and (5) comments. The thoughts expressed by the objective, pertinent
work performed, and major results sections are those of the author. The thoughts
of the reviewer (GD/C) are presented in the comments section. Pertinent figures
are presented on a single facing page separate from the text. Units used in the
summaries: are those from the basic report; i.e. dual units were only used if they
were in the report being summarized. Where a reference is cited within the BUMMAry,
the author(s) and date were used in place of a reference number. Uncommon

. abbreviations, acronyms and nomenclature are defined in the individual summaries,
while general definitions and nomenclature are presented in Appendix C.

The summaries are 6rganized by category and date,with the most current work

appearing first. Aleo, a listing of all summarlzed reports alphabetically by author
is presented in Appendix A.
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The categories into which the summaries are divided are listed below, along with a
brief description of the work covered in each.

a.

Multilayer Insulation (MLI) - covering analyses, evaluatio_n, development,
design, fabrication and testing of MLI systems with and without vacuum
jacketing.

. Other Ingulation - covering various types of foams, shadow shields, micro-

spheres, honeycomb, vent cooling and composgites.

. Fluid Lines - covering analysis, design and test of vacuum jacketed and

composite lines and asgociated liners and jolnts.

. Tank Supports and Penetrations - covering the effects on tank heating of

insulation penetrations and the design and test of low conductive support struts.

Reports which were reviewed and nat summarized, along with reasons for not
summarizing, are listed in Appendix B. The following ground rules were used in
selecting specific reports for summarization.

a.

Only the thermal control required for storage and/or transfer of cryogenics
was considered which has potential application to in-orbit transfer systems
and/or associated space storage. Systems only applicable to atmospheric
operation such as Batting, Dyna Quartz, etc. were not inclded.

- Under "Other Insulation Systems" were included new and novel approaches to

thermal control.

- The report must have provided data required for current design and/or added

something [mportantto the knowledge required to provide a complete picture
of the current state-of-the-art.

Emphasis was on the most recent work; however, reports were not summarized
if they were just a rehash of other work. If they were primarily connected

with other work they must have provided useful consolidations, addittons

or evaluations.

. Fluid tankage itself and associated structural details were nof included.

Monthlies, Quarterlies and classified reports were not summarized,

- Reports which are not generally available were not included, such as

Symposium papers where only those in attendance may have copies and
internal company documents, such as Independent Research and Development
(IRAD) reports. |
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2.0 MULTILAYER INSULATION

Covering analyses, evaluation, development, design, fabri.cétion
and testing of MLI systems with and without vacuum jacketing.



DESIGN AND DEVEL.OPMENT OF PRESSURE AND
REPRESSURIZATION PURGE SYSTEM FOR REUSABLE
SPACE SHUTTLE MULTILAYER INSULATION SYSTEMS
Walburn, A.B., GDC, CASD-NAS-74-032, NASR]-27419,
August 1974

OBJECTIVE. - To develop and test a pressure and repressurization system for
reusable multilayer insulation (ML) systems.

PERTINENT WORK PERFORMED, - Property and performance data are presented

as a result of a literature survey of purge system materials and component hardware.
Purge system approaches were defined and two concepts were evaluated. One
configuration was selected for mamfacturing and testing, incorporating a purge bag
laminate of FEP and epoxy/fiberglass. An analysis of purge gas flow requirements
was made on a 2.21m (87 in.) diameter oblate spheroid test tank. MLI gold coating
thickness requirements were investigated based on a layer transmittance of 0.5%.
Purge bag manufacturing tests were conducted to develop fabrication techniques.
Pressure cycling tests were performed at 450K and 200K and acoustic loading tests
were performed. Tests were run to verify the purge pin gas injection concept for
purging MLI. The final system design consisted of the test tank, fiberglass purge
plenum (fairing), Superfloc MLI lay-up in 24 gore sections {2 blankets), flat

end blankets, and a fiberglass purge bag with a rigid penetration panel for fluid

loop hardware and instrumentation fittings. Purge pins for distributing gas between
the MLI layers were mounted on the fairing. The total system was subjected to 100
simulated shuttle mission cycles including tanking, ground hold equilibrium, launch,
Space residence, entry and detanking. System design data are presented in Table 1.

MAJOR RESULTS. -

1. A potential purge bag weight saving of 17% is possible if DuPont PRD~49 material
is substituted for the 181 fiberglass material.

2. The total helium mass required to purge the MLI of 99% of the condensible gases
decreases with increasing purge flow rate.

3. The total gold thickness requirement on each reflective shield of the Superfloc MLI
for the test system is 800 A to achleve a radiation transmission of 0.5%.

4. Approximately 5 mimtes are required to purge the test tank prior to cryogen
filling.

5. The actual measured density x conducfi.vity (pk) product for the complete cryogenic
storage system was 6.44 x 10-5 Btu * Ib/hr ft4F (Table 1).

6. The reusablity of the new goldized Kapton Superfloc MLI system was demonstrated
by repeatedly subjecting the cryogenic storage system to the simulated environments
of the Space Shuttle flight cycle.



Table 1. Superfloc MLI System Design and Performance Data
221 em (87 inch) Convair Aerospace Tank

DESIGN DATA

TANK

Surface Area: 14,12 sq meters (152 ftz)

Capaclty: - 4,95 cubic meters {175 tta)

Support System: 3 palrg of Epoxy/Fiberglass tubylax struts arranged in V" patterns.

Material: . 2219-T62 Al Aly

Thicknesa: 1.95 mm to 3. 94 mam (0.077 io to 0. 155 ln)

Fiit, Drain and Vent: Co-axial tube assembly. 6.35 ¢m (2.50 in) O.D. ocuter tube.

. 3.81 em (1.50 in) O.D. inner tube. Material; 061-T4 al aly,
304L CRES and Epoxy/Fibergiasa.
FAIRINGS
Coafiguration: Frustrum of cone at forward and aft end with stiffened flat panel at amall end of
) cone. Ring type secton at girth area. Fairiong at girth seals with struts.

Material: Epoxy/Fiberglass

Accessorles: Removable forward flat panel for access. Incorporates MLI support pina and
purge pios.

MLISYSTEM

Type of MLI: 30 gauge (0. 00076 ¢m} double goldized Kapton Superfloc. 12 layers/cm (30 layers/

. inch) lay-up density. 0.00871 kg/m? (0.001956 lb/ft2) per layer.
Face Sheeta: : . Beta glags scrim coated with pyre M.L. (preformed). 0.0888 kg/m? (0.0182
. 1bAtE). ©.00173 et (0.007 in) average thickness.

Btankets: 22 core eheete and 2 face sheets/blanket, 0.523 rad (30°) preformed gorea.
12 gores per blanket Jayer.

Quantity of Blanket Support Pins: 48 Epoxy/F iherglass material

Quantity of Twin Pin Fasteners: 158 for outer blanket layer. 85 for inner blanket layer. Polypbenylene oxide
{PPO) material.

Quantity of Coupler Pin: 24 for inner blankets. 24 for outer blankets. Coupler pio 18 a twia pin adapted
for intercommecting the MLI blankets to the support pins. Heat leak path
for two coupler pins ia equal to coe twin pin.

Seam Lengths. 40 meters (131 ft) per blanket layer.

Total Lay~Up Thickness: 3.82 ¢m (1,50 in)

Welght (Iacl. Fasteners): I4.0 kg {30.8 1b)

Average Area: 16.5 aq meters (178 ft2)

PURGE DISTRIBUTION EYSTEM

Quantity of Purge Pine: 43 PPO material.

Type of Purge Pina: Siotted tubular type.

Gag Flow Path: . Tubular manifold supplies plenum chambers formed between tank and fairinga.

Pleoums {ead purge pins.
Purge Volume Between Tank & Bag: 2.42 cu meters (85.5 ftd)

PURGE BAG ASSEMBLY

Fwd and Aft Bag Sections: 2 plys of 181 Epaxy/F iherglass sandwiched between two FEP filns.
Penetration Panel: Multi ply lay-up of Epox)/F:ber-g‘lass with one FEP film layer on inboard surfaces.
Joints Between Sectiona: Bolted fiange types.

Welght: 43.23 Kg (95.31 1bs)

PURSE AND REPRESSURIZATION FLUID LOOP HARDWARE

Vent: 15.25 e (6.0 in) motorized butterfly valve.

Bleed: 5.07 c¢m (2.0 in) motorized gate valve.

Emergency Relief: 2.54 em (1. 00 in) spring loaded poppet valve.

Supply: 0.952 e¢m (0. 373 in) solenoid poppet valve.

Controla: Two dlaphram (ype pressure switches.

Walght: ’ 11.20 kg {24.65 1bs)

THERMAL PERFORMANCE DATA

Predicted Heat Measured Heat
292-22K Leakage (watts) % of Total Leakage (watts)
MLI 3.08 Heat Flux: .76 w/m? (.242 Btu/hr-n%)
Seams T2.76 ' . Effective Conductivity, ¥ag: 85.6 yw/m-k (4.92 % 103
Pins 2.43 ’ Btu/hr-g-R) -
Penetrations 3.25 . MLI System pK Product: . 1.78 mW-Kg/m4-K
Residual Gas 0.18 . . - (6.44 > 107§ Bru-Ib/
Strute 2.50 - . ) hr-ftt R)

' 12.20 100 12.60 :



OXYGEN THERMAL TEST ARTICLE (OTTA)
Chronic, W, L., et al, Beech, ER~15361, NAS9-10348,
August 1974

OBJECTIVE, - To design and fabricate a prototype cryogenic tank for the long-term
storage of propellants in space.

PERTINENT WORK PERFORMED, - A double-walled, spherical, aluminum, 91-inch
1.D, vessel was designed and fabricated, The inner pressure vessel is supported by

a system of glass/epoxy filament wound circular rings, An insulation system consist-
ing of 46 layers of silverized Mylar/silk net was installed around the tank, Boiloff
vapor was flowed through channels attached to two aluminum shields located between
the third and fourth, and 18th and 19th layers of the MLI (counting from the cold wall),
The external shell was fabricated from rigid aluminum (Figure 1), The inner vapor-
cooled shield was called a "boiler shield ", its function being to vaporize any liquid
which was expelled from the pressure vessel, A thermal analysis of the storage sys-
tem was made prior to test. The insulation performance was represented by constant
effective emittances of 0.01, 00,0016, and 0, 0016 for the 3-, 15-, and 28-layer blankets,
respectively., Predictions of heat flux, pressure rise, and liquid expulsion rates were
made, The quantity of cryogen in the tank was determined by a BLH Electronics, Inc,,
load cell system, The load cell was found to be highly sensitive to the ambient tem-
perature, registering a 4-pound weight change per degree of temperature change.
Tests were performed with L, LNZ’ and LHe,

MAJOR RESULTS, ~

1, Measured thermal performance of the storage system was 2,5 times better than
originally predicted.

2. Measured boiloff rates at equilibrium for LH, and LN, were 0.5 and 2.5 pounds
per day, respectively, Corresponding average heat flux values were 0, 022 and
0. 042 Btu/hr-ft2, respectively. '

3. It was felt that the problem of silver coating tarnishing could be controlled during
system fabrication,

4, No deterioration of the silk net spacer material was observed after 18 months of
iesting,

5. The effect of the vapor~cooled shields on thermal performance was determined dur-
ing a test with liquid helium. When the boiloff vapor bypassed the shields, heat
flux rose by a factor of 8,6, ' '

COMMENTS, - There are no photographs in the final report, and there is no discussion

of insulation blanket fabrication and layup. Test hardware and procedures are not
adequately covered,
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BASIC PERFORMANCE OF A MULTILAYER INSULATION

SYSTEM CONTAINING 20 TO 160 LAYERS
Stochl, R. J., NASA-LeRC,TN D-7659, April 1974

OBJECTIVE, - To obtain experimental heat transfer data on a multilayer insulation
(MLI) system containing a large number of layers, and to determine whether semi-
empirical equations can be used fo predict heat transfer as a function of number of
layers.

PERTINENT WORK PERFORMED, - A double aluminized Mylar/silk net MLI system
was spirally wrapped on a 30-inch diameter double-guarded calorimeter (Figure 1)
to an equivalent depth of 160 layers. The materials were tensioned during wrapping
and Dacron string was taped to every tenth layer to support the material. Thermo-
couples and pressure sensing tubing were added during wrapping. The precedure
involved performing a space equilibrium thermal performance test with this config-
uration, and then unwrapping the material and performing similar tests with 100, 60,
40 and 20 layers. A tare run was made to identify miscellaneous heat leaks to the
measuring tank, and sufficient data were taken to permit corrections for non~-radial
flow, both longitudinally and laterally (due to the spiral wrap).

MAJOR RESULTS, -

1. Tank ullage pressure and system source temperature were controlled to within
0.0002 psi and 2.0 degrees F, respectively.

-5
2. The average measured interstitial pressure of 4.5 x 10 ~ torr resuited in a
calculated gas conduction heat transfer contribution of 24 percent.

3. Measured and corrected normal heat fluxes decreased exponentially with number
of layers (Figure 2) with approximately 75 percent of the total reduction {from
20 to 160 layers) occurring at 60 layers.

4. Predicted fluxes were within %7 percent of measured values for all tests except
160 layers. The discrepancy in the latter test was probably due to the large
corrections required for lateral conduction.

5. The semiéempirical relations were deemed adequate for predicting heat flux as
a function of number of layers.
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INVESTIGATION OF HIGH PERFORMANCE INSULATION APPLICATION
PROBLEMS: Fredrickson, G.O. ,MACDAC,MDC-G4722, NAS8-21400, Aug. 1973

OBJECTIVE. - To design, demonstirate fabricability, and experimentally determine
the performance of a practical, flightworthy, multilayer insulation (MLI) system for a
Modular Nuclear Vehicle (MNV) LH2 propellant tank.

PERTINENT WORK PERFORMED. - The definition and development of the MLI system
was accomplished in a three phase program: 1) Flightworthy MLI gystem design for

a MNV; 2) Design and fabrication of a large tank MLI system test article; 3)large tank.
MLI system testing. Phase I included all studies to define and develop a flight-type MLI
concept: design, manufacturing methods, component development, materials charac-
terization and selection, and thermal and structural testing. During phase II the
selected system was adapted and applied to the existing 105 inch diameter NASA-MSFC
calorimeter. A test program was defined. As shown in Figure 1, the insulation
composite (reflectors and separators) was assembled between reinforced face sheets.
Assembly was accomplished with Nylon fasteners that penetrate through the panel..
Two layers of panels were used in the test system. Panels were attached to the
structure at their upper end with grommets which fitted over studs mounted on the
tank. All panel joints were butt type and fastened together with lacing and Velero

tabs on their exterior and interior, respectively. In phase IfI the MLI was tested
utilizing the 105 inch tank. The test program consisted of two basic MLI performance
tests: evacuated equilibrium and prelaunch to orbit simulation. Purge system tests
were planned and designed. Thesge tests were cancelled after difficulties were
experienced during the purge bag installation. :

MAJOR RESULTS. -

1. Tests of the insulation system indicated that the applied thermal performance
represents a state-of-the art advancement

2. The conductivity x density (pk) performance was experimentally determined on the
105 inch diametexr NASA-MSFC calorimeter. The result was 4.6 x 10-5 RBu-1b/ft
‘hrF.

3. Structural integrity in a launch dynamic environment was demonstrated with separate
tests of representative panel segments.

4. Study results show that sufficient technology is now available to design and apply a
perforated 15-gauge DAM (double aluminized Mylar) - B4A Dacron net MLI system
to spacecraft for a tank temperature as low as -300°F. The MLI system design,
at this stage of development however, is not optimum.

5. Additional effort is needed in the areas of joint design, perforations, and purge
preconditioning.
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REUSABLE LIGHT WEIGHT MODULAR MULTI-LAYER INSULATION

FOR SPACE SHUTTLE
Burr, K, F.,Linde, NASA CR 121166, NAS3-14366, July 1973

OBJECTIVE. ~ To determine if the Self Evacuating Multilayer Insulation (SEMI) (Fig, 1)
System could be adapted to space shuttle orbiter vehicle cryogenic tankage.

PERTINENT WORK PERFORMED, - The SEMI system investigated consisted of a
flexible vacuum casing enclosing alternate layers of reflective thermal radiation
shielding and space material, A gas condensible at LH, temperature provided the
seli-evacuating mechanism within the panel, This system was previously developed
for a one flight vehicle, Through material substitutions, alteration of the system

was sought which allows it to withstand the higher surface temperature and the 100
flight life expectancy, The system fabricated and tested consisted of a vacuum casing
type 300 S Mylar film bonded with room temperature vulcanizing (RTV) rubber adhe-
sive, Open~cell polyurethane foam and glass matting was used between double alumi-
nized Kapton and Mylar radiation shields, The condensible filler gas was GNp, Small
scale materials evaluation and screening tests were performed to simulate the 300°F
temperature and 100 flight cycle condition, Subscale insulation system tests were
conducted to evaluate thermal and mechanical cycling effects on insulation panels,
Fabrication techniques were demonstrated on large scale panels,

MAJOR RESULTS, -

1, Small scale screening and subscale panel tests demonstrated the insulation's
potential for withstanding 100 flight cycles,

2. Considerable development work is required to ascertain reproducibility in mater-
ials and systems behavior, develop reliable manufacturing techniques, and to gen-
erate accurate system design data,

3. A single layer casing concept can simplify fabrication panels.

4, Provisions must be made for space evacuation of the panels on each flight to pre-
vent excessive pressure rise upon panel warm up,

3. Type 300 S Mylar and 732 RTV adhesive materials provided best overall perform-
ance from a cycling and handling standpoint,
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LIGHTWEIGHT EVACUATED MULTILAYER INSULATION
SYSTEMS FOR THE SPACE SHUTTLE VEHICLE
Barclay, D.L., et al, Boeing, NASA CR~121105, May 1973

OBJECTIVE. -~ To develop a high performance evacuated insulation aystem for the
on-orbit cryogenic propellant tanks of the Space Shuttle orbiter.

PERTINENT WORK PERFORMED. - Design and analytical studies were conducted
optimizing structural design, insulation system, and eryogen storage method (vented
or non-vented). Trade-off studies were conducted on shell construction methods

and the various component arrangements (pressure vessel, vacuum jacket, support
system, insulation, plumbing, etc.)for a range of tank length-to-diameter ratios.
Thermal analyses of the effects of gas leakage were conducted, and the weight penalty
associated with an on-board vacuum pumping system was determined. The outgassing
characteristics of candidate vacuum shell materials were investigated. Non-destructive
proof tests and vacuum acquisition tests were performed. Three multilayer insulation
(MLI) system configurations, including double aluminized Kapton (DAK) with Dacron
net spacer, a combination of DAK and double aluminized Mylar (DAM) with Dacron
net, and DAK with Tissuglas spacer, were considered for thig application.

MAJOR RESULTS, -

1. The combined DAK-DAM/Dacron net MLI system was selected. The DAK is used
in the outer few layers due to high temperatures (350F) encountered during entry
(Figure 1),

2. Due to relatively high outgassing rates, organic materials should not be exposed
to the vacuum anmulus.

3. A procedure for reevacuating the vacuum anmilus during ground turnaround will
be necessary to prevent gradual degradation of system thermal performance with
time.

4. Minimum overall system weight is achieved with boron/epoxy, low L/D spherical
- tanks, (Figure 2) and with non-vented storage of cryogens.
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EFFECT OF ENVIRONMENT ON INSULATION MATERIALS
Parmley, R. T. et al, LMSC, NASA CR 120978, NAS3-14342,
February 1973.

OBJECTIVE. - To obtain and evaluate data on environmental exposures of various
insulation materials fo provide both a quantitative and qualitative description of the
degradation to certain physical and thermal properties.

PERTINENT WORK PERFORMED, - Materials tested included multilayer insulation
(MLI) radiation shields and spacers, adhesivesi, polyurethane foam, glass fabric,
paints, Teflon film, and Velcro fasteners (Table 1), Environment exposure conditions
were vacuum, high temperature (200F), humidity, humidity plus salt air, water immer-
sion, and gaseous propellants (oxygen and fluorine), Tests performed (where applic~
able) included weight and density determination; emittance, absorptance, and reflec-
tance; flexibility; adhesion; tensile, shear, compression, and peel; ignition; and
outgassing, Data are presented in both tables and graphs in handbook form,

MAJOR RESULTS, -

1. Gold coated films are more resistant to attack by salt air and high humidity than
are aluminum coated films.

2. In most cases gold coalings provide greater protection to the subsatrate than alumimim.
3. Gold and Kapton outgas less than aluminum and Myiar, respectively.

4. Dacron net exhibited the fewest property changes of the spacers tested (silk net,
nylon net, Tissuglas).

5. Environments having the greatest effect on material properties were high tempera-
ture (200F) at one atmosphere or vacuum, salt air, and fluorine.

6. Fluorine ignition occurred with all materials except double aluminized Mylar, single
aluminized Kapton, double goldized Mylar, silk net (with sizing), glass cloth,
Goodyear adhesive, and Teflon film.
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CRYOGENIC INSULATION DEVELOPMENT _
Leonhard, K.E., GD/C, GDCA DDB 72-004, NAS8-26129, July 1972

OBJECTIVE. - To develop an insulation system, based on the Superfloc concept, -
capable of adequate performance for 100 mission cycles, and capable of withstanding -
extremes of -423 and +300°F,

PERTINENT WORK PERFORMED. - Typical reusable space vehicles were reviewed

to establish a set of thermal and structural parameters which were used in the
development of a reusable MLI system for LH, tanks. The materials studied were
materials for radiation shields, spacers, MLI blanket face sheets, fasteners, purge
bags and adhesives. Acceptance tests were performed including manufacturing tests,
cryogenic dip tests, thermal expansion and cycling tests, compression and recovery
experiments and thermal performance tests. MLI component development included
blanket attachments and supports. Structural tests were conducted to verify the
component designs. A thermal analyzer program was modified to permit an analytical
evaluation of the heat flow through a MLI system from ground hold through boost to
space environment. Analyses were performed to predict the concentration of a purge
gas in an MLI system. Helium tests were conducted to verify the analysis and purge
components were studied for hardware development. Twelve MLI purge and repres-
surization systems were identified, design layouts made and evaluated. A preliminary
design of the selected system "Internal Fairing and Purge Bag With Complete Gas
Distribution," was established for the MSFC 105 inch Calorimeter (Figure 1). The
thermal performance of this insulation was theoretically determined.

MAJOR RESULTS. -

1. Kapton material, goldized on both sides with Dacron fiber tufts as the spacers,
was selected as the radiation shield.

2. The thermal conductivity of Superfloc was measured to be 1.37 x 10—5 BTU/hr £t
°F at 30 layers/inch,

3. The thermal analyzer program was modified to predict MLI interstitial gas pressure
and the thermal resistance of the interstitial gases.

4. A 30 layers/inch Superfloc system with a vent valve of 2 inch diameter evacuated
the MLI to 1 X 1074 torr in 290 seconds.

5. A MLI system utilizing an internal fairing, purge bag and a complete purge gas
distribution system was the selected system (Figure 1), The design characteristics
and thermal performance are shown in Table 1,
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Tahle 1. Superfloc MLI System Design and Performance
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SATURN 8-II ADVANCED TECHNOLOGY STUDIES, CRYO
STORAGE THERMAL IMPROVEMENT
Schwartz, R.,NAR, SD71-263, NAS7-200, February 1972

OBJECTIVE. - To develop a NARSAM {(North American Rockwell Singly Aluminized
Mylar) MLI gystem suitable for a reusable application vehicle, and install it on
the NASA 105-inch diameter calorimeter to be furnished by and tested at NASA/MSFC.

PERTINENT WORK PERFORMED. - Detailed analyses of MLI effective thermal
conductivity (k, ) were made, including degradation due to pins, butt joints and shield
perforations. A complete 105-inch tank thermal model was developed and predictions
of space-hold heat flows for the various components were made, Analyses were per—
formed of heat leaks during the LH, fill transient, tank Y-ring temperatures, purge
system performance and insulation venting and outgassing. A structural analysis of
the insulation and purge systems was also performed. Material pumpdown charac-
teristics (Figure 1) and thermal conductivity (Figure 2} were determined.

The embossed, perforated NARSAM MLI was cut into 22.5 degree gore sections and
fabricated into five-layer blankets (Table 1). A total of 18 blanket layers were installed
on the tank (total of 90 insulation layers) resulting in a thickness of 1.5 in. An

internal purge manifold was attached to the tank, an aluminum support screen was
positioned on standoffs, the insulation blankets were layed up on the screen, an
external "tension membrane" net was installed, and an external purge tube framework
was mounted and covered with a fiberglass reinforced Kapton polyimide bag (Figure 3).
Three vent valves were installed and two differential pressure switches were added

to protect the system against overpressure during transients.

MAJOR RESULTS. -

1. A full-scale flight-configured MLI cryogenic insulation system, complete with
purge system and associated hardware, has been subjected to detailed analysis,
designed, fabricated, and installed on.a 105-inch diameter tank.

2. The predicted thermal conductivity (5'. 0 x 10-5 Btu/hr ft F) and conductivity-
density product (8.8 x 10~° Btu~1b/hr ft¢ F) of the installed NARSAM system
are competitive with the best MLI systems tested to date on a large scale tank.

COMMENTS. -
As of June 1974 the NARSAM - insulated 105~inch tank has not been tested by

NASA/MSFC. Thus, the design analyses and performance predictions have yet to be
verified by test, .
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LATERAL HEAT TRANSFER IN CRYOGENIC MULTILAYER INSULATION

Tien, C.L., et al, Univ. of California, Advances in Cryogenic
Engineering, Vol. 18, 1972

QBJECTIVE, - To examine existing theories and present new analytical interpretations
and experimental data.

PERTINENT WORK PERFORMED, ~ The paper examines existing theories and measure-

ments of lateral heat transfer characteristics in an attempt to clarify and improve the
current understanding. New analytical interpretations and experimental data are
presented and earlier measurements by othdr investigators are analyzed. The physical
system under investigation consists of two parallel conducting and radiating plates of
finite length but infinite width at teraperatures T, and Ty. The lateral heat transfer
between the two ends is governed by the interaction of the lateral radiation tunneling
between the two plates and conduction along the two plates. In order to obtain definite
measurements an apparatus was set up and experiments were performed. The results
consisted of two sets of data. The first set was obtained using thick sheets of blotting
paper as the spacers. The thermal resistance of this paper is much larger than that

of the aluminized Mylar shield; therefore, the measured lateral thermal conductivity
corresponds to the shield thermal conductivity. The second set of data was obtained
with densely packed Dexiglas spacers (twelve between each shield), It is shown-

that the densely packed Dexiglas system completely eliminates the radiation contribution.
The measured shield conductivity was used to predict the effective lateral thermal
conductlvity, including radiation in accordance with the analysis performed in thig
program, An attempt was also made io compare the prediction with measurements
reported in the literature.

MAJOR RESULTS, ~
1. Numerical calculations based on simplified nodal techniques have shown good agree-
ment with approximate analytical solutions.

2. Measured shield conductivity can be used to predict the effective lateral thermal
conduetivity (including radiation) in accordance with the equations developed in
this program.

3. A comparison between calculated and meagured values of effective thermal conductivity
of (1) double aluminized Mylar with or without Dexiglas spacers, (2) crinkled, single
aluminized Mylar, (3) double aluminized Mylar with Nylonnet spacers is presented
in Table I, II and IM, respectively.
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Table 1. Comparison between Calculated and Measured Values of Effective Thermal
Conductivity of Doubly Aluminized Mylar with or without Dexiglas Spacer

Measured Measured Predicted

T. Ts. Ck, k,, k,. Error,
K K Wicm-K ! N Wiem-K  W/im-K %

With no 91.99 77.88 4.10 14.34 0.068 4.11 4.98 —~214 -
spacer 11898 . . 78.33 4.86 14.84 0.124 8.54 6.2% 26.3
149.85 79.24 575 14.84 0.210 13.99 8.11 420
201.44 80.52 7.20 14.84 0,407 2356 11.95 49.3
246,71 8281 8.50 14.84 0.633 35.66 16.49 538
With one 121.74 77.85 491 2371 0.161 6.33 6.74 —6.5
layer of 12964 7800 514 2371 0.186 6.95 7.23 -40
Dexiglas 149.69 78.22 5.68 2371 0.260 9.12 8.54 6.3
192.58 79.30 6.92 2371 0.453 1298 12.10 6.8
247.74 B0.41 8.44 237 0.791 1991 18.21 8.5

Table 2. Comparison between Calculated and Measured Values of Effective
Thermal Conductivity of Crinkled, Single Aluminized Mylar

Measured Predicted

T, T;. k. k.. k,, Error,

K K W/iem-K ! N Wiem-K Wiem-K A
299.4 140.0 1.57 2403 2.30 6.98 176 . -1L5
2028 1394 1.48 24.03 0.92 426 4.56 -10
121.1 878 1.29 24.03 0.23 252 1.99 21.0
163.3 37.8 1.34 24,03 0.53 313 261 166
67.2 439 1.22 24.03 0.04 1.60 1.34 19.3
104.4 439 1.24 2403 0.15 1.89 1.52 19.6
202.2 140.6 1.48 1.59 0.92 391 3.95 -10

. 267.2 1778 1.57 7.59 1.98 511 5.61 —~08

Table 3. Comparison between Calculated and Measured Values of Effective
Thermal Conductivity of Doubly Aleminized Mylar with Nylon Net Spacer

Measured Predicted

T . k, k,. k. Error,
K K - WemK ! N W/ecm-K W/cm-K o
139.0 780 1.29 6.42 0.35 2.67 205 231
221.0 78.0 141 642 1.29 475 305 357
2280 156.0 1.51 6.42 1.33 6.15 479 221
286.0 186.0 1.59 6.42 248 837 805 92
3560 2120 1.66 6.42 458 - 1403 13.47 40
1370 78.0 1.29 10.30 0.13 2.30 1.59 309
2200 78.0 1.40 10.30 0.5¢ 3.60 233 353
2i9.0 1470 1.48 1030 - 047 4.23 3.00 29,1
290.0 1940 1.59 10.30 1.02 6.11 429 29.7
359.0 2220 1.66 10.30 1.85 9.03 693 233
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DESIGN IMPROVEMENT, QUALIFICATION TESTING, PURGE AND
VENT INVESTIGATION, FABRICATION AND DOCUMENTATION OF
A GAC~9 INSULATION SYSTEM

Shriver, C, R,, et al, Goodyear, GER-14915 S/9, November 1971

OBJECTIVE. - To determine the purge and vent characteristics of the GAC-9
{Goodyear) insulation system. '

PERTINENT WORK PERFORMED. - This report summarizes the research, develop-
ment, and testing that were accomplished during the contract effort. Mosat of the
work was directed toward determining the purge and vent characteristics of the
GAC-9 insulation system. Design improvement studies involved investigation of
perforated aluminized Mylar radiation shields, methods of drop thread¥ mechanization
and laboratory tests to obtain purge and gas flow characteristics parallel to and
across the layers of GAC-9 insulation. The laboratory tests were conducted on 30 cm
(12 inch) diameter eylinder and disc specimens to obtain basic engineering data on
purge gas flow through GAC-9 insulation. These data were required to design and
demonstrate a purge system for the GAC-9 insulation on a 76 cm (30-inch) diameter
calorimeter. Additional testing was conducted on a 94X122 cm (37x48 inch) GAC-9
insulation panel assembly comprising two panels that butt-jointed together, Subscale
tank tests were performed utilizing the 76 cm (30 inch) diameter double guarded
calorimeter for cryogenic tests to verify laboratory flow test results and demonstrate
a purge system design. Other work included thermal conductivity testing using a

15 cm (6 inch) diameter flat plate calorimeter, thermal conductivity tests of a simulated
penetration on the 76 cm (30 inch) diameter calorimeter, and a feasibility study of
techniques for mechanization of insulation panel drop thread installation.

MAJOR RESULTS. -

1. Flow coefficient measurements obtained from laboratory tests of helium purge gas
flow parallel to the layers of GAC-9 insulation compared favorably with flow
coefficients obtained theoretically.

2. For large scale GAC-9 insulati_on panels, the capability of venting purge gas
broadside as well as parallel to layers (via joints) will be beneficial to the
rapid reduction of insulation internal pressure.

3. Subscale tank tests for ground hold and space conditions verified the ability of GAC-9
insulation to be purged with gaseous helium during ground hold and vented during
ascent and space conditions.

4. The insulations performed their function with no evidence of deterioration,

5. LH, boil-off versus time for the GAC~9 insulation is presented in Figure 1,

*The function of drop threads is to hold the layers of the GAC-9 panel together during
panel trimming and handling,
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TRANSIENT THERMAL PERFORMANCE OF MULTILAYER
INSULATION SYSTEMS PURING SIMULATED ASCENT PRESSURE DECAY
Sumner, I. E.,Maloy, J.E., NASA-LeRC, TN D-6335, July 1971

OBJECTIVE. - To measure ground hold, Iaunch transient, and space hold heat
fluxes for three MLI composites during a simulated Saturn V launch vehicle ascent
pressure decay.

PERTINENT WORK PERFORMED. -~ A 30-inch diameter double guarded cylindrical
calorimeter was used to obtain steady state and transient heat flux and pressure
decay data on three insulation systems.

1. 30 layers of DAM/Dexiglas over a 0.5-inch thick fiberglass mat sublayer
2. 30 layers of DAM/silk net over a 0. 75-inch thick fiberglass mat sublayer.
3. 30 layers of DAM/Dexiglas over a 0. 75-inch thick polyurethane foam sublayer.

In each case the MLI and sublayer were separated by a vapor barrier, and a Dacron
net tension membrane was wrapped around the MLI (Figure 1). Attempts at rapid
evacuation after purging the fiber sublayer with GHe and the MLI with GNo (having

a lower conductivity) were unsuccessful due to No condensation on the vapor barrier.
Therefore GHe was used in both areas. Repeatability was hard to achieve. Inter-
stitial pressure was measured by large L/D tubes and the data were corrected for
thermomolecular pumping effects. A series of valves and pumps was used fo
duplicate the Saturn pressure decay profile. A typical result is shown in Figure 2.
Curves of pressure versus time, heat flux versus time, and both steady state and
transient heat flux versus pressure are presented.

MAJOR RESULTS. -

1. Due to thermal effects,a fibrous sublayer would have to be ""substantially
overdesigned" to avoid GN, condensation.

2. Comparisons of steady state and transient heat flux as a function of interstitial
pressure indicated that a quasi-steady-state heat transfer condition existed at
each point during pumpdown.

3. Tests with the foam system were more successful. Ground hold fluxes were lower
and there was no signifieant structural degradation due to thermal cycling.

4. Higher integrated heat flux for the foam system (Figure 3) is due to excessive
foam sensible heat changes resulting from non-optimization of foam thickness.

" -2
5. Interstitial pressure decayed rapidly to 10 * torr but required approximately
2 hours to drop to less than 1073 torr. '
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STUDY OF THERMAL CONDUCTIVITY REQUIREMENTS

VOLUME I, II and III
O'Neill, M, J,, McDanal, A.J., LMSC, HREC-6189~1, NAS 9-26189, June 1971

OBJECTIVE. - To analytically and experimentally determine the thermal conductivity
of various insulation materials. ‘

PERTINENT WORK PERFORMED. Thermal conductivity and compression tests were
conducted for six multilayer insulation (MLI) materials to obtain temperature - depen-
dent thermal conductivity data and compressibility versus layer density data. The
MLI materials tested were double-aluminized Mylar (DAM) and Tissuglas, DAM and
Goodyear Aerospace Company GAC-9 white foam, DAM and Dacron net, Superfloc,
DAM and Nomex net, and DAM and CEREX (Monsanto) spunbond Nylon. Empirical
correlations were developed which fit the previously defined surfaces (carpet plots).
An analytical and experimental study was conducted to develop a new MLI composite
by utilizing a net spacer which was nearly as optimum a spacer as possible. Experimental
data obtained during the test program included physical density measurements and the
response of each composite to mechanical loading. The range of test temperatures
was -200 to +200 °F and the layer density range included all practical values of layer
density. A subscale cryogenic tank with a MLI composite was analyzed and tested to
determine the applied thermal conductivily of the MLI. The analytical predictions
were made prior to the tests and were used in the development of the test plan and
selection of instrumentation.

MAJOR RESULTS, -
1. The test calorimeter used, operated with unprecedented accuracy (Table 1),
2. The test automation system functioned with great ease and economy,

3. A new and untried spacer material, CEREX, was located and tested with encouraging
results.

4. Double aluminized mylar (DAM) was chosen as the reflective shield o be used
with the six spacers because of its extremely good thermal radiation properties.

5. The analytical technique used in the subscale tank pre-test prediction was correct,

6. Conducting tests at variable rates by using a heater fo control the flow rate allows
the asymptotic QMLI to be determined and used to calculate applied thermal
conductivities.

7. Cooling the vent line top did not complétely eliminate the vent line heat leak for
the tank considered.
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THERMAL DATA FOR SUPERLFOC

F__La yer Chamber AT Mean Thermal Density x Thermal Probable
Density Pressure Temperature Conductivity Conductivity Error
N (K % 10%) (oK x 107) ‘
{Layers/in) {Tarr) ‘(GF) °F (Btu/hr-t-CF) | (Btu/hr-it-"F) (lam/te)| + (%)
80 20x10"% {470 -202.3 1.93 3,65 0.924
80 1.0x10°% {509 - 66.1 5.42 10.24 6.51
80 6.2x 1077 {2z6,1 96.8 10.24 19.36 0.983
89 s.2x1077 | 36.7 199.0 17.07 32.26 7.53
160 1.5x10°% {z43 ~194.6 2.7% 10.51 1.51
160 2.4x107% laos - 68.3 5.13 19,37 1.53
160 3.0x 1077 | 32.0 94,9 8.72 32,93 1.52
160 4.0x 1077 | 345 197.8 11.31 £2.73 1.69
Z00 .0x10°? {214 -190.5 2.43 11.48 1.85
200 Lex1077 {374 - 58.4 6.65 3141 1.86
200 3.0x10°7 1264 96.9 10.01 41.29 1.86
200 a3x 1077 | 36.5 198.2 15.02 71.00 2,05
THERMAL DATA FOR DAM/DACRON NET
AL.ayer Chamber AT Mean Thermal Density x Thermal Probable
Dersity Pressure Temperature Conductivity Conductivity Error
N (K x 107) (K x 10°) ,
(Layers/in) {Torr) CF) °F) {Btu/hr-ft-CF} | {Btu/hr-ft-°F) (lbm/0th |  + (%)
120 6.0 x 1077 | 20.6 -193.0 1.36 5. 14 112
129 8.0 x 107" | 34.9 - 56.2 1.95 7.37 1.27
120 6.0x 1077 | 23.4 86.9 8.62 32.65 1.90
120 8.0 x 1077 | 38.8 198.5 20.18 76.44 2.92
160 6.0x 1077 | 39,5 -200.8 1.77 10.71 1.54
160 .0x1077 | 49.0 - BLS 2.65 16.02 1.88
160 asx 1077 | 34.9 97.1 5.23 3146 1.64
160 4.5x10"7 | 383 198.8 9.92 60.03 1.74
200 g.ox10"% | 29.4 -197.7 1.96 14.83 1,62
200 Lsx107" | 235 - 62.8 2.77 20.92 1.97
200 zox10? | 110 B7.8 453 34,22 1.95
200 7.0x10°7 | 336 198.5 10.15 76.70 1.83
THERMAL DATA FOR DAM/CEREX
Layer Chamber aT Mean Thermal Density x Thermal | Probable
Density Pressure Temperature Conductivity Conductivity . Error
N - (K x 10%) (OK x 10%) +i%)
flayers/in) ftorr) °F) °F) {Btu/hr-1t-%F) | (Bu/hr-ft-°F)x
: {Ibm/ft3)
75 3.6x 1078 | 41.0 -190.1 2.29 8.27 1.45 .
75 s6x10% | 503 0.4 4.42 15.97 1.63
75 6.0x10"® | 6.9 198.8 13.03 47.07 1.87
100 14x10°% | 404 -186.8 3.10 14.91 1.91
100 1.ox10°7 | 43.9 7.2 511 24.58 1.90
100 24x10°% | 29.7 194.0 18.49 B8.92 2.23
* -5 ‘ _
150 < 8.0 x 10 32.2 -182.1 4.21 30.33 2.78
150 *<g.0x10® | 356 - 178 7.07 50.93 2.78
150 *<goxto"® | 275 198.8 23.54 165.56 2.86

F
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LIGHT WEIGHT MODULAR MULTI-LAYER INSULATION
Nies, G.E., Linde, NASA CR-72856, NAS3-12045, June 1971

OBJECTIVE. -(1) To design a full scale, lightweight self-evacuating multilayer
insulation (SEMI) system for liquid hydrogen tankage considering thermal and structural
loads, and (2) to design and fabricate a scale model of the full scale system for thermal
and structural evaluation tests.

PERTINENT WORK PERFORMED, - A SEMI system was designed for a tank 10 feet
in diameter by 20 feet in length with hemispherical heads. The structural and thermal

loadings imposed onthe insulation system were determined during the design phase.

A scaled down model of the full size insulation system was designed and fabricated.
The insulation system consisted of 002 filled panels composed of seven layers of open
cell rigid polyurethane foam spacers and six aluminized Mylar radiation shields enclosed
in an aluminized Mylar composite casing. The seale model insulation system was of
a three layer design with panels ¢ircumferentially wrapped on the cylindrical portion.
The forward bulkhead and simulated shirt section was insulated with panels installed
in a polar shingle fashion. Subscale testing performed to evaluate system components
included vibration testing of 12 in. by 18 in. panels; quality control checks on casing
materials, foam spacers, and radiation shields and evaluation of Velcro attachments.
Thermal testing of the model system was performed at NASA Plumbrook. Dynamic
tests were conducted at NASA Goddard Space Flight Center. The dynamic testing was
a combined acceleration, vibration, acoustic and launch vacuum profile evaluation.

MAJOR RESULTS, ~

1. The system performed as designed with the thermal performance being the game
when measured before and after the dynamic tests.

2. A heat flux of 1.3 BTU/hr-ft? was measured for both tests in the space condition.

3. The performance was slightly better than that predicted by the computer program
using flat plate data, corrected for panel edge effects.

4. During dynamic testing, pressure build-up behind the panel (of an unknown cause)
resulted in casing failure on two panels, and minor damage to one of the panels.

5. [Except for the indicated damage, the system functioned nominally in both
mechanical and thermal performance.

§. The SEMI system of cryopumpable pre-fabricated panel insulation is applicable
to hydrogen tankage.

7. The calculated full scale insulation performance is shown in Table 1.

LOMMENTS., - Methods of satisfactorily sealing must be developed if the SEMI system
is to be successfully applied, especially if a reusability requirement exists.
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TABLE 1

CALCULATED FULL SCALE INSULATION PERFORMANCE

Computer Analysts %)
A. Best Performance

(1) Circumferential-12 panel
{2) Head - 3 panel system

TOTAL
B, Realistic

(1) Circumferential-18 panel
(2) Head - & panel

TOTAL
C. Poorest Performance

(1) Circumferential-18 panel
{2) Head - 12 panel

TOTAL
Flat Plate Data (NAS 3-7953) (@)

: {CR 72363 - pg.13)
PT-6 Configuration

TOTAL

Calorimeter (Bef, CR 72361)
Total - COmputar(l)

Total - Test

AVERAGE HEAT FLUX
Btu/br.ft? (Watts/HZ)

Compressed

@1 atm,

7.05
7.95

7.2(22.7)

7.30
8.28

7.45(23.5)

7.58(23.9)

6.47(20.4)

-

10.0%) (31.5)

Uncom-
pressed

.53
234

.53(1.67)

.60
$L

.60(1.89)

.60
.82

.64 (2,01)

13 (L6
@ .01 psi

45(1.42)
.63(1.97)

Based on normal conductivity numbers computed from flat plate data.

TOTAL HEAYT LEAK

Btu/hr. (Jatts)

Goapressged

Q 1 atm.

3177.4
701.4

3879.8(1138.0)

3286.2
731.1

4017.3(1177.0)

3286.2
791.5

4077.7(1195.0)

3480(1020.0)

5384,0(c) (1580.0)

Flat plat data does mot sccount for edge losses therefore numbers are the theoretical low

limit for this insulation.

Calorimeter dats for the compressed case was not chtained at steady state conditions.
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Uncom=

pressed

236.9
ﬁ?.l

284,0(83,3)

270.0

. _53.7

323.7(54.8)

270.0
12,5

342,5(100.4)

70.0(20.5)

242.0(71.0)
339,5(9%.5)



EXPERIMENTAL EVALUATION OF A PURGED SUBSTRATE
MULTILAYER INSULATION SYSTEM FOR LIQUID HYDROGEN TANKAGE
DeWitt,R.L., Mellner, M.B., NASA-LeRC, TN D-6331, May 1971

OBJECTIVE. - To perform additional ground-hold and space-hold thermal perfor-
mance tests of a composite insulation system developed by LMSC under contract
NAS3-4199.

PERTINENT WORK PERFORMED. - The test configuration consisted of (1) an
82.6 inch diameter spherical test tank (Figure 1), (2) an 0. 5-inch thick fiberglass
mat covered with an Aclar bag, and (3) various numbers of 10 layer blankets of
0.25 mil double aluminized Mylar radiation shields separated by Dexiglas spacers
(Figure 2).

A total of seven space-hold thermal tests were performed. The effects of removing
and reinstalling blankets, adding blankets, and multiple thermal cycling on system
performance were investigated. Five ground hold tests were made with GHe in the
substrate and GNg in the MLI, and one test with GHe in both areas.

MAJOR RESULTS. -

1. Thermal cycling had no "gerious" effect on system space-hold thermal
performance.(Figure 3).

2. Space-hold tests after removing and reinstalling the three MLI blankets showed
a 55% increase in heat flux,

3. Of the heat flowing through the insulation during space hold testing approximately
12 percent is due to radiation and 88 percent to solid conduction (Figure 3).

4. Successful use of G.N2 Opén purges around a LH, tank is difficult. GN2
condensation and outgassing resulted in unexpectedly high heat fluxes.
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THERMAL PERFORMANCE OF MULTILAYER INSULATIONS
Keller, C, W., LMSC, NASA CR-72747, NAS 3-12025, April 1971

OBJECTIVE. - To investigate the thermal performance of multilayer insulationa
(MLI) which may be used for the long term storage of cryogens in space,

PERTINENT WORK PERFORMED. - The total scope of work (data, results and.
conclusions)was presented in two volumes. Both volumes are summarized below.

The first volume, NASA~CR-72605, task I and II, coverstheanalytical and experimen~
tal studies to assess the thermal performance of four multilayer insulations: double
aluminized Mylar/silk net, double goldized Mylar/silk net, crinkled single-aluminized
Mylar and double aluminized Mylar Tissuglas, Heat flux and optical property
measurements were obtained for a wide range of variables including number of layers,
compressive loads, thickness and boundary temperatures. Equations were developed
which characterize the thermal performance of each insulation. During the final task,
the double-goldized Mylar/double silk net MLI Bystem was selected, fabricated, and
installed on a 4-ft diameter calorimeter and tested in a vacuum environment., Thermal
performance tests were conducted for hot boundary temperatures of 500°R and 610°R
and for cold boundary temperatures of 140°R and 37°R. Each combination of these
temperatures was imposed on 20, 10 and 5 shield thicknesses of the composite system
in place on the tank, Results of these tests were correlated with the predictions,

MAJOR RESULTS. -

1. Al four insulations exhibited reproducibility of heat flux as a function of applied
pressure within +20%.

2. Reproducibility of heat flux as a function of layer density was found to be within

+30% for the silk net and Tissuglas systems and +80% for the crinkled system,

3. It was found that for a 30 day mission the Tissuglas system was optimum if the
design layer densities were achleved. The goldized Mylar/silk net was optimum
if the actual layer densities exceeded the design values by 30% or more.

4. The predicted values of the test results using double goldized Mylar/silk net
insulation were within +50 to -30% of the measured heat-flux values (Table 1),

5. It appeared that MLI density has significantly changed between test runs by gas
flow forces imposed during evacuation and repressurization cycles.
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Table 1.

Comparison of Measured and Predicted Heat Flux

Values for the Tank Calorimeter Tests

Utilizing Double-Goldized Mylar/Silk Net

Boundary () Preliminary Final Heasured Freliminary |[Finsl
Test \Totgl ) Temgera +ur'c_.ls Pradictesd (v) Pradicted () Av. EHeagt Comparison Com arlson
l?un Numbper of Ty n Av, Heat F"lux Av, Heat Flux Flux(dJI lOO{qV/q 100 qu 9%
Number | Shislds L % 4o q Percen%) (Percen%)
L °x (%) °R(OK) { Bu/be 06%(u/n®) | Bt/ £e2(u/m®) | Beashe £4200/d)

1 20 lso1(279)  1m(7e) | 0.335  (2.0%6) | 0.345  (L.087) 0,447 % (L.209)]  +33 +30
2 20 615(342}  137(76) 0.552 (1.740) | 0.585 (1.8424)1 0.879 % (2.771)] +59 450
3 20 502(279)  36(z20) 0.340 (1.072) | 0.369 {2. 163)‘ 0.343  {(1.081)0 + 1. -7
4 20 611 340) 36(20) 0.562 (1.771) | 0.597 (1.882)] 0.719 (2.266)] +28 +20
5 10 459(277)  137(78) 0.422 {1.320) | 0.439 {1.384)] o.510 (1.é08)] +21 +16
6 10 612(340)  137(76) 0.722  {(2.276) | 0.776 (2. 446) 1,085  (3.420) +50 +40
7 10 496(276) 36(20) | 0.435  {1.371) | G.458 (1.444)) 0.650  {2.049) 449 +2
8 10 612(340) 36(20) 0.732 (2.307) | 0.805 (2. 537) 1.078  (3.3980 447 +34,
9 5 489(272)  137(76) 0.610 (1.923} | 1.106 (3.486}] 0,900 (2.837)] +8 -19
101 5 611(340)  137(76) | 1.140  (3.593) | 2.003 (6.313)] 1.532  (4.B29)} 434 -2,
11 5 506(281) 36(20; 1.720 (5.421) | 1.571 (4.952)] 1l.522  (4.797) -12 ~3
12 5 615(342) 36(20 1,140 (3.593)} | 2.112 (6.657)] 1.520  (4.791) +33 -28
Notes:

(a) Nominal T values were 500 and 610°R {278 and 339°K} nominal T, values were 140 and 37 °R (77 and 20°K%

values shown were measured at equilibrium test conditions '
(b} Based on nominal boundary temperatures, pre-tegst layer densities, and toial nurber of shields
(c) Based on measured toundary temperatures, average pre-test and post-test layer densities, and correcied
number of shields A
(a) Based on measured boiloff flowrates and the insulstion surface ares at mid-thickness
(e) Data shown were corrected for effect of vacuum chamber pressure above 1 x 10~ torr

()

Data shown are for rerun of this test




MULTILAYER INSULATION PANELS
Lofgren, C. L., Gieseking, D.E., Boeing, NASA CR-72857,

NAS3-14179, April 1971.

OBJECTIVE, - To fabricate a panelized insulation system for three separate tanks.

PERTINENT WORK PERFORMED, - Phage I consisted of the design and fabrication
of tools for fabricating MLI panels for a 87.9 inch hydrogeu tank, 2 69,3 inch

FLOX tank, and a 54.5 inch liquid methane tank. Thirty glass/polyester resin and
glass/high temperature resin tools were fabricated. During phase II, preparatory
work was conducted on the MLI blanket components prior to fabrication of the
production panels. This work included (1) forming of the aluminized Mylar without
degradation of the aluminized surface, (2) forming of the MII cover material into a
female mold, and (3) forming of silk net spacer material by wetting, stretching, and
retaining it over a contoured male tool until dry. Phage III consisted of the fabrication,
agsembly, inspection and delivery of the MLI systems. The Schjeldahl X-850 cover
sheet was formed by thermal vacuum means using an infrared lamp bank. The
aluminized Mylar was thermally vacuum formed by assembling alternate layers of
positioning "cloth" and reflective shields and sealing them in a pillow in the forming,
tool. The silk netting was formed as described above. The formed inner shell of the
alternate plies of 2 silk netting layers and one aluminized Mylar shield were.applied
over a mandrel until 15 radiation shields and 18 separator plies were applied. The
final trim was made using trim templates. Button pins and grommet washers were
used to complete the agsembly. '

MAJOR RESULTS. -

1. The program was successful in that it extended the state-of-the-art in cryogenic
MLI from hand layup on the unit to an interchangeable panelized system.

2. The systems had consistent density and dimensionsal accuracy.

3. The systems were designed to be easily removed and replaced in the field with a
minimum of technical agssistance.

4. Forming of the Schjeldahl X-850 structural shell material was the most _
significant accomplishment of material development.

5. Softening of the sizing of the silk net spacer material with water allowed the material
to drape and conform to the compound contour without wrinkl ing.

6. Aluminized Mylar can be formed to the required contour but not without degradation
of emissivity. ‘
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THERMAL ANALYSIS OF CUSTOMIZED MULTILAYER INSULATION
ON AN UNSHROUDED LIQUID HYDROGEN TANK
Johnson, W.R., Cowgill, G.R., NASA-LeRC, TN D-6255, March 1971

OBJECTIVE . - To determine analytically the spacehold thermal performance of
various multilayer insulation (MLI) coﬂiguratlons on the upper half of a liquid
hydrogen tank.

PERTINENT WORK PERFORMED, - The hypothetical vehicle assumed was sun-
oriented, with the LH, tank in the shadow of the vehicle payload (Figure 1 and 2).
Various configurations were evaluated to determine the optimum combination of the
concepts. The CINDA~3G* computer program was used in the analysis, The physical
data required for solving the heat flow equations were 1), the geometric radiation view
factor between any two surfaces of the enclosure, 2) the surface emissivities, 3)
surface areas and the temperatures of all surfaces. The MLI was arbitrarily divided
info 10 annular segments from the polar cap to the equator of the tank (Figure 3). For
specified temperatures on all 10 segments of the MLI, a net heat flow into the MLI
was obtained. The model used to compute the heat flow through the MLI itself was
the 45° wedge portion shown in Figure 3. Since the MLI was completely symmetrical
over the top half of the tank, the computed thermal performance of the wedge portion
was multiplied by 8 to obtain the results for the entire top half of the tank.

MAJOR RESULTS. -

1. The space-hold thermal performance of a constant thickness MLI can be signifi-
cantly improved by

(a) Using a variable MLI thickness over the surface of the fank
(b) Using several high-lateral-thermal conductivity shields

(e} Increasing the MLI surface emissivity in certain areas

(d) Eliminating any shroud around the LH2 tank

(e) Continuously orienting the vehicle such that the payload is between LH2
tank and the sun.

2. Reduction in MLI system weight
3. Improvement in venting capability of the MLI during vehicle ascent
4. MLI can be easily fabricated and installed on the tank,

PRECEDING PAGE BLANK NOT FILMED

*Chrysler Improved Numerical Differencing Analyzer for Third Generation Computers,
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FLIGHTWORTHY, HIGH PERFORMANCE INSULATION DEVELOPMENT
Leonhard, K.E., (GDOC), Hyde,E.H., (NASA-MSFC),. "Cryogenic Technology" Magazine
Vol. 7, No. 1 Jan~-Feb., No. 2 Mar-Apr 1971.

OBJECTIVE, - Toreview the development of ﬂiéhtworthy multilayerinsulation (MLI)systems.

PERTINENT WORK PERFORMED. - Bagic MLI materials which have been used by
the government and industrial organizations were reviewed and listed in Table 1. The
radiation shield material most commonly considered was double aluminized mylar in
two thicknesses 0.25 and 0. 15 mil and an emissivity between 0.02 and 0.03. The
spacer materials investigated included Silk and Nylon netting, Dexiglas, Tissuglas,
Dacron fibers and crinkling of the radiation shields. The ability of insulation gystems
to resist compression and to permit rapid evacuation of interstitial gases was studied.

Five MLI systems which have been developed and tested on large scale tanks are
shown in Table 2 and their performance is summarized. In order to compare the
results it was necessary to recalculate the thermal performance based on common
hot and cold temperatures of 525°R and 40°R, respectively. New development
programs were directed toward developing of a reusable MLI system.

MAJOR RESULTS. -

1. From Table 1, the value of the "pk' product of Superfloc was the lowest for all \
materials compared,

2. One disadvantage of the aluminized coated plastics was that moisture has
deleterious effects on aluminized plastics. However, with proper GNg and GH,,
purging during storage, this material was acceptable for "one shot" applications.

3. Purging of MLI either with hot GH e OF GN2 reduces outgassing,

4. Test results indicated that below a compressive load of 2.5 X 10_2 psi, Superfloc
was the most effective spacer. It has 97% recovery.

5. The greater the radiation shield spacing, the better the evacuation,

6. Table 2 gives the results of the systems tested. The table shows that the ok
of double aluminized Mylar (DAM) with Dacron needles (Superfloc)was the lowest,

7. Goldized films may be required for reusable applications since gold is more
resistant to degradation due to moisture effects than is aluminum,

2-38



Tahte 1. Basic Candldate Inaulation Materials

Radiation Conduct~
Shield Spacer Density p lvity, K pK
Layer & (540°-140) {Bta-Ib/hny
Configuration Mat'l | M Materfal Milk I, [beu ft|Bu/britn| fid "R)
L Compoaites
1. Dbl-aluminized Mylar/sflk net DAM| 0,252 laycrs 6.0 GO 2.82 2,6x107% | 7.1x10-5
silk net
2, Dbl-aluminized Mylar/nylon net DAM| 0.25 [Nylon net 9.0( 80 3.36 1.7 5.7
3, Dbl=aluminized Mylar/Tissuglns DAM| 0.25 |Tissuglas 0.6| 100 J.24 1.4 4.5
4. Dbl=-pluminfzed Mylar/Dexiglas DAM| 0.25 [Dexiglas 2.8 60 3.67 2.8 10.3
5. Crinkled dbl aluminized Mylar/ DAM)] 0.25 |Tissuglas 0.6| GO 1.94 3.9 : 7.6
Tlissuglas - :
6. DbLl-aluminized Mylar open-cell DAM! 0.25 jIolyurcthane 22 2.17 7.4 ., |16,1
Freon blown foam Toum
7. Goodycar dbl=aluminized DAM} 0.25 | VYoam 21 1.87 6,0 1.0
Mylar/foam .
I, NRC-2 : AM ] 0,25 Integral 40 Jo.o1 | 2.6 2.4
m, Dimplar AM 0.50 [Al 0.5] 21 i,03 |13.1 13.5
V. 1, Hastings~dbl alum. Mylar DAM| ©.25 | lutegral 128 2,78 3.3 9.2
embossed
2. Hastinpgs gold-coated one gide GM 0.25 | Integral 68 1,84 3.7 6.8
V. Superiloc 3/8~in. tuft spacing DAM[ 0.25|ntegral 30 0.86 2.5 2.2
0.090 in. tuft size '

Table 2. Multi-Laver Insulation Performance Comparison.

7 -
Meas. _1
Cond 't~ -
: tvity oK | N Calort
meter
Number Test|System) Bt | Test | 525 {layes
Tank | Mmeulation of X iaT |DemsitylhnftR| pK [0 |per | K g pK | Date of

Company {in.) System | Layers |(ih.)| (B} [{Ib/(t3)| x205 |x105x105 in, { x10%|1n/0t3 | x 105 | Report

Convalr B7T.61 | D-A-M 44 Rad |1.5 (525 |1.21 |6.8 (8.2 la.2 |30 2.7 | 0.65| 1.8 |Det. 1969
74.5 Superfloc 4 Face 140 | with (3, 0)%
Tk, Mtd, Sheeta Attach
1/4 ma1
MEFC 106.0 | C-5-A-M 48 0.75{470 1 1,5No| 16 [24,0[32 |70 3.6 | 1.5 | 5.4 |Mer. 1987
Crinkled 40 |Attach
AL Mylar
Tank Mid.
1/4 Mal
Lockheed |109,7 | D-A-M 105DAM|0.T [209 |3.3No| 1.74{5.9 |16 {150 | 2D 3.3: 6.6 | Fab. 1968
Tissuglas 100 TG 4D |Attach ‘
Tank Mid
.15 Mit
Mabornell |72 Dia [DAM DHmp.| 11 Flat | 1.5/510 | .66M0|52 31 |31 |14 7.4 | 0.6 | 4.42| Deo. 1068
Dougtas 144 Lg |Shroud Atd, [ 10 Dinp 294 {Attach 19 o
50 Bl .
lLockheed |B2,6 |D-A-M 30 DAM [1.1 400 11,93 |15 29 |56 [25 5.8 |.1.3 | 7.5 |Nov. 1968
Dexiplas 27 Dexi= 128 | With
Tank Mtd glas Attach
1/4 Ml

(*) MSFC Flat Plate Calorimeter Data
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CRYOGENIC INSULATION DEVELOPMENT (PHASE II)
Leonhard, K.E., GDC-DDB69-002, NASA 8-18021, December 1969.

OBJECTIVE. - To develop and design a light weight, structurally sound, four-inch
thick super-insulation system for the NASA/MSFC 105-inch diameter calorimeter.

PERTINENT WORK PERFORMED. -

A number of multilayer insulations (MLI) were considered, each consisting of low emit-
tance radiation shields separated by a low conductive spacer material, The insulation
selected for the design was 0.25 mil double aluminized Mylar with the layers
separated by small tufts of Dacron needles ( Superfloc) bonded to one side of each
shield (Figure 1). Blanket to blanket and blanket to tank attachment methods were
developed to achieve a thermally and structurally effective MLI system. The rigid
twin pin fastener (Figure 2) was chosgen for its strength, positive layer density
control and lower heat leaks. Schjeldahl X-850 face sheet material (Dacron serim
bonded between aluminized Mylar) was added to each side of the insulation blanket to
carry structural loads. Blanket tensile and vibration tests were conducted to check
MLI and fastener integrity. The effect of a rapid gas evacuation was determined in a
rapid pump down test. A 25-inch diameter subscale test tank was insulated with four,
30-layer, 1-inch thick blankets having cap sections and 60-degree gore sections.
Plaster tooling was manufactured and used during the lay-up of the shields. The

25 inch tank test program included a pre-thermal test, a structural test (combined
environments of vibration, acceleration and temperature) and a post thermal test to
determine any degradation.

MAJOR RESULTS. -

1. Thermal and structural test results are presented in Figure 3.

2. Reasons for selecting Superfloc radiation shields are lowest "pk", superior
interstitial gas evacuation characteristics, highest fabricability ranking, ease of
installation, low outgassing characteristics.

3. Since thermal and structural test results were identical to theoretical calculations
and no damage or change occurred to the blanket during test, it was concluded
that adequate manufacturing procedures had been practiced.

4. The Superfloc insulation system is highly qualified for cryogenic tankage and the
design is available for the 105 in diameter calorimeter.
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SUPERFLOC TLUFT SIDE VIEW

" Figure 1. Stack of Superfloc Radiation Shields.

HEAT -SWAGED LINK TWIN PIN
REINFORCEMENT END
TAB

—

=SUPERINSULATION
-BLANKET

TR

|

o ——)

GROMMET (POLYCARBONATL RESINY

TWIN-PIN FASTENER

Figuro 2. Nlanket Atlnchment Techulgyes.

TANK SYSTEM PARAMETERS
Tank Volume: 7.2 ft3

Tank Surface Area: 18,3 ft2
Foiring Area: 0 ft2

Cryogen: LHg

Penetrations Thermally Guarded

INSULATION SYSTEM PARAMETERS
Insulation System: Superfloc

Nominal Thickness; 4,0 inch

System Density: 1.0 Ib/ft3
Average Arca: 23.8 ft

Confliguralion: six 60° gores

two hemlispherical end caps

Number of Blankets: 4
Seam Length:
Dlanket #1; 29,3 {t
Blanket ¥2; 30. 9 ft
Blanket #3: 32,6 ft
Blankct #4: 34,1 ft
No. of Support Pins: 6
No. of Support Pin Grommets: 24

No. of Secam Plns With Grommets: 316.

No. of Purge Pins: 0

THERMAL ANALYSIS
Ullnge Pressure: 14,7 psia
Source Temperature: 535°R
Sink Temperature: 40°R
Performuance:
Total Heal Flux: 0,185 B/hr ft?
Insulatlon: 17%
Seams: 24%
Pins: 59%
Penctrations: 0%
Heat ¥Flow Rate: 4,4 Btu/hr
Mass Flow Rate: o, 023 Iby,/hr

THERMAL TEST

Before Centrifuge Test
Duration: 38 hours
Cryogen Mass: 28.5 1b
Vacwun Pressure: 2,7 % 1076 torr

Figure 3. Summary of the 25~inch Test Tunk Progriua NASA Contruct NAS8-18021.

L arMER R

Ullage Pressure: 14,7 psla

Heat Flux: 0.19 Btw/(hr ft?)

Heat Flow Rate: 4.6 Btu/hr

Mass Flow Rate: 0,024 Ibp,/hr
After Centrifuge Test

Duration: 72 hours

Cryogen Mass: 28,6 b

Vacuum Pressure: 2.8 % 1078 torr

Ullage Pressure: 15,3 paia

Heat Flux: 0,18 Btu/thr ft%)

Heat Flow Rtate: 4,3 Btu/hr

Mass Flow Rate: 0,023 Ib,,/hr
Ground lold Test

Cryogen Mass: 191b

Chamber Pressure: 14,7 psia

Ullage Pressure: 14,7 psla

Heat Flux: 50 B/ hr {t2

Mass Flow Rate: 6,2 Ib/hr

STRUCTURAL TEST
Teat Conditions:
Sink Temperature: 160°R

Maximum "g" Load: 17.2 g's in 250 sec

Muaxlmum Vibration Lowd: 16 grma
Pumpdown: 1 torr in 70 sec
Signs of Structural Degradation: None



THE USE OF MULTILAYER INSULATION ON THE LM VEHICLE
Tawil, M.N., Caloger, P., Grumman, AIAA Paper No. 69-609.

June 1969.

OBJECTIVE. - To determine an evaluation parameter which would accurately
predict insulation performance, to develop standardized installation procedures,
and to define significant design parameters for analysis and design of MLI for the
flight vehicle.

PERTINENT WORK PERFORMED. - The eiraluation parameter selected, effective
emittance (ge), is defined as € = Q/A o Ty - T(f‘ where Q is heat flow, A is
area, o ig the Stefan-Boltzmann constant and Th and T, are hot and cold side
temperatures. Two test panels were fabricated. A baseline €g Was obtained for a
continuous blanket of crinklied, 0.25 mil, SAM, under vacumn conditions and then
the effects of various modifications to the blanket were determined (Table 1).
Modifications investigated ihcluded Mylar thickness, crinkled vs. uncrinkled,
metallizing both sides, Kapton vs. Mylar, attachment devices, seams, vent holes
(Figure 1), and the effect of increased gas pressure (Figure 2). Other items
investigated included techniques of reducing MLI blanket flammability, effect of
liquids on layers, and means to cope with thermal shrinkage of the blankets..

MAJOR RESULTS. -

1. Tests indicated no significant eifect on thermal performance (o) due to Mylar
film thickness (0. 15 or 0.25 mil),shield spacing characteristics (crinkled or
uncrinkled), or shield metallization (one side or both).

2. Interstitial gas pressure must be reduced to 5 X 1072 torr to eliminate gas
conduction effects.

3. Kapton cover sheets on DAM insulation layers render the blanket asgembly
"non-combustion suppditing. "

4. Liquids that get between the layers cause severe heat shorts. Apparently no
amount of ambient air drying or ambient evacuation will remove or alleviate
the effects of the liquid.

5. The observed test effective emittance of 0.0116 was 70% greater than that
predicted due to the "ideal'' conditions existing in the subscale tests (loose fit,
no stretching, well vented, simple configuration, etc.)

COMMENTS. -

No data are presented to corroborate the blanket flammability statement.
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0.016—
0.012 ' t= 72DegF
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Ho.012
£
£0.010

o i 75DegF
£0.008 *

5
120,006
b

0.004- t=75Degf t = 820egF

0,002} ! = B2DegF )
TERREN IR TR A S (1T S R A T IR A

COMPARTMENT 10 w? o 102 102
- PRESSURE, TORR
Figure 1. Bay and blanket venting Figure 2. Effect of gas pressure on
during launch. | _ _ . effective emittance.

Table 1, Component contributions to overall effective emittance,

Total Number of | Contribution to £=ff. Total

Penetrations or | (One Linesr Ft. af Contribution

Total Length of |Seam or one Penetration to Stage
Type of Seam or Hlanket Penetration Seam Per Sq. Ft. of Blznket} €effective
Basic Blacket [618 sq. ft.] . - B [ 0.00300
Aft Bay and midsection type standoff 357 0,00341 0.001597
Cabin Type standoff 172 0.00159 0.000kL
Guidance area type standoff 30 0.00koo 0.00020
Five inch dia. pateh over [

1/2" dia. thru hole 160 0.00044 . 0.00011
TM-2 type bay vent (figure 1)’ ‘59 0.00395 0.00038
Staodard 2 inch folded seam ‘

{"drugstore wrap"} ' 437 lipear fest 0.00104 0.0007h

Overall eeffective | {0.00634




INVESTIGATION REGARDING DEVELOPMENT OF A
HIGH PERFORMANCE INSULATION SYSTEM
Lockheed Missiles and Space Co., K-17-68-5, NAS8-20758,

July 1963 :

OBJECTIVES. - To perform the initial phase of development for a thermal protection
system on the Modular Nuclear Vehicle (MNV),

PERTINENT WORK PERFORMED, - Nine candidate multilayer ingulation composites
were tested for thermal performance on a calorimeter, The data were evaluated and
coraparisons made on the basis of weight (resulting boiloff and insulation weights), and
sengitivity of heat flow to compressive load occurring during ascent, The crinkled
Mylar-Tissuglas composite was designed into insulation assemblies and installed as
blankets (4x361ft) on the cylindrical section and gore segments {(4~ft max width) on the
dome sections of the tank. Experimental outgassing studies were conducted con the 3 top
ranked insulation composites to determine whether outgassing of the material could
degrade insulation performance. Tests were conducted on full width blankets that
demonstrated ease of evacuation and structural integrity during purge gas evacuation
occurring in ascent flight. Five candidate tank support structures were designed.
Stress, thermal, producibility, and cost data were compared to determine the best
support structure for the tank, Utilizing calorimeter test results, effective thermal
conductivity (ke) equations were derived for various insulation systems (Table 1),

MAJOR RESULTS. -

1. The resulting relative rankings together with evaluations of the ease of fabrication
and assembly (a subjective ranking), compatibility with a nuclear radiation environ-—
ment, and costs led to selection of the following as the three highest ranked insula-
tion composites:

- Double-aluminized crinkled Mylar with Tissuglas spacers
- NRC-2 (single-aluminized crinkled Mylar)
- Superfloc (double-aluminized Mylar with discrete Dacron fiber spacers)

2. Use of threeblankets was recommended for the Mars Departure Stage, each
blanket 0.4-in thick., The design insulation layer density i8 30 layers/in.

3. During outgassing tests. it was found that the only important outgassing constituent
is water vapor. At temperatures below 430R outgassing rates are so low that they
could not be measured, ‘

4, The best tank support structure was found to be a lightweight titanium semi-monocogue
cone,

5. One-inch overlap of MLI blankets was shown to permit safe evacuation,



Table 1. Superingulation System Equations

. z2
Double~Aluminized Mylar- o (Ti +Tc) (Th +Tc) t
Silk Netting (2 layers) ke = 1.13x10~9N Ty, +

(N-1)[(2/€)~1]

G (T%+T§) (T, + Tyt

NRC-2 k, = 5.90x10" 12 1,2 T, +
(N-1) [(1/€a)+(1/€b) ~1]
(Tﬁ+'r2 ) Ty, +Ty) t
Superfloc k, = 3. 23%x10~ 11 @1

m * (NC1) T(1/e )t (/e ) 1]

2 2
. O(T, +T ) (T, +T )t
Double-Aluminized Mylar- kg = 6.0%1 o-11 (ﬁ)l.d} T h e c

Nylon Net {1 layer)

m " TR T@/e)-1 ]

2 2
o 2.7o(T_+T (T +T )t
Double-Aluminized Mylar k, = 4.58x 10712 & (N) T h e "h ‘e

Dexiglas (N-1) [(2/€)-1]

1.70 (Ti +Ti )T, +T )t
MN-1)[(2/¢)-1]

Dougle-Aluminized Mylar-
Tissuglas

-12 =.2
ke = 1.83x10" “(®) Ty,

2 2
. : 1.70(T. +TS) (T, +T )t
Dougle-Aluminized Crinkled Kk =4.6x10-12 (N) T, + h "¢ *'h c

Mylar-Tissuglas , e (N-1)[(2/¢€)-1]

2., 2
T (T +T (T, +T )t

Double-Aluminized Mylar- 14 5 1
=1, -+
Open-~Cell Foam Ko =1 26.>< 107769 m o (N-1) [@2/¢€) -1]

2 .2
o (T +T )T, +T )t

Double-Aluminized Mylar- ~15 =.5. 7

: k. = 3. N +
Closed-Cell Foam e = 8.5%10 (N) m MN-1) [ (2/¢€)-1]
k, = effective thermal conductivity T, = cold temperature
N = no, of radiation shields/unit thickness N = no. of radiation shields
T, = mean temperature t = thickness of insulation
o = Stefan Boltzmann congtant € =emissivity

Th = hot tenperature
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STUDY OF ATTACHMENT METHODS FOR ADVANCED
SPACECRAFT THERMAL CONTRO_L MATERIALS
Kordsmeier, N, H,, Jr., McKellar, L. A.,LMSC,
NASA-CR~73219, NAS2-4252, May 1968

OBJECTIVE. - To develop attachment methods for a thermal control composite system,

PERTINENT WORK PERFORMED. - An investigation was made to develop attachment
methods for a thermal-control composite system comprised of optical solar reflectors
(second-surface mirrors) and multilayer insulation., Basic systems design constraints
were: (1) Systems must be removable for access to vehicle skin, (2) nonmagnetic
materials must be used in the construction of the composite, (3) attachments should not
appreciably degrade thermal conductivity of the MLI, (4) composite s ystem must with-
stand long-term exposure to high temperature (700F) and vacuum environment, (5)
structural integrity must be sufficient to withstand loads imposed during an Atlas- Agena
launch, and (6) application technigues must be usable on cylindrical and flat shapes.

Various techniques for attaching the composite system were evaluated (Table 1). Two
composites were fabricated utilizing different attachment methods and were subjected to
environmental conditions anticipated for a near-solar spacecraft mission, Both
composites employed optical solar reflectors in combination with aluminized polyimide-
Tissuglas multilayer insulation, However, substrates to which the reflectors were
applied differed, In one case, reflectors were bonded integrally to the MLI whereas

in the other case reflectors were bonded to an aluminum expanded-metal subsirate
which was attached subsequently to posts mounted through the multilayer insulation,

MAJOR RESULTS. -

1. The composite attachment methods developed under this program offered potential
for use as thermal protection of storage tanks for cryogenic propellants.

2.  The thermal control materials (second surface mirrors and multilayer insulation)
and attachment techniques will withstand forces imposed by an Atlas-Agena launch
and orbit sequence and can operate successfully in the temperature range of -100
to 700F.

3. Escape of entrapped air within multilayer blanket assemblies during vehicle ascent
has no detrimental effect on either design method,

4. Optimization of attachment techniques for both thermal control composites should be
accomplished with respect to weight reduction and ease of installation,
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" Table 1.

Matrix of Attachment Techniques

Flements of Composite System

Limitations

Candidate Attachment Methods

Element

System

Vapor-
Deposited
Silver

ﬁuhstratc.\\

Second-Surface Mirrors
to a Subsirate

~ .
Vapor-
Deposited

Inconel
— i

Mechanical attachment: metajlic track, elips, tabs

Weld to Inconel: mirror backing

a, Ultrasonics

b, Brazing

Adhesive: mirror to substrate

a. Silicones

b, Double-hacked polyimide tape, aflicone adhastve
¢, Ceramic cements

Loose in holder, subject to thermal
warpage

Not sufficient film thictmess to weld

%, Temperature limited to 700-800°F
b. Temperature limited to 500-800°F
¢. Attack mirror surface

Compromlises thermal efficiency

Not replaceable if mirror is shattered during

b. Requires application technique

handling

4. Reguires application technique

¢. Degrades reflective prbpertiaa‘

L¥-2

Mirror Substrate to Multilayer
or to Fosts Attached to Vehicle

Tabs welded onto underside of screen or foil. Wire
threaded through tabs and twisted onto bonded posts

Sna'pon cap welded to underaide of screen or foil fit;
over post

Mirrors attached to top layer of multilayer _
a. Adhesives or double-backed tape =

b, Welded to top layer of multilayer

Mirror substrate attached to top layer of multflayer
1, Metallic Velcro fasteners

b, Thread onto multilayer buttons

—

Must have clearance between mirror’
subsirate and multilayer to attach =
wires

Must apply pressure to mirror and
sereen; poat must be made from cera-
mic or glass to reduce heat logs

a. Difficulty in bonding mirrors to
agsembled rmultilayer blanket

b. Existing welding techniquea not
applicablé to polyimide film and
mirrors

a, Velcro material magnetic

b. Clearance required to tie down to
buttong

‘Alinement critical for installation; design of

Time conguming to assemble; bonded posta

tend; to shear off during handling and
inatallation procedures

receptacle to be made from ceramic/glase
difficult .

a, Mirrers no longer removsable for possible
replacetnent

b. Weiwht causes multilayer to sag aod tear
during loading unless strong thread used

a, Interference with experimentation/
communication equipment

b. " Buttong shear off due to load imposed by
irrors

H-film buttona, glass—fibe'r thread, silicone-
reinforced thread, wire thread

Ceramic studs moored hy metallic pugh-nuts

Teflon buttons and thread
Sewing blankeis together
Cylindrieal or longitudinal wrap

Thread chaffing during handling
Weight of studs

Temperature limited to 500°F.
Compresses multilayers together
Must be performed at launch site

Threading and kootting time; high thermal con-
ductivity for metallic threads

Increased thermal conductivity; tends to tear
through multilayer

System not readily removable or replaceable
System not readily removable or replaceable

-_—
Post
Multilayer Insulation
— "
———

e ~ 3.
Glass-Fiber Ceramlc
Thizad and Stud and 4.
H-Film Buttons Push-nut 5,
Iv. iaultilayer to Vehicle Skid

Mate-s with
Velero a

ta

Nvlon Velcro fasteners to rnultﬂajer and vehlels
gkin . .

Metallie ~Mpg or snaps to multilaver -=d vehicle
skin

Rond botbam of multilayer to vehizle ghir

Dlipa not weldable to 2luminized
multilayer

System not readily rexnizvable ov yreplzizahle

muitilayer

fordingtatiation

Some alinement of Velcro {asteners necessary r/
Allnemen! For installatize critical

T .

PROPOSED

z

R

FABTENING .
METHDS




ADVANCED STUDIES ON MULTILAYER INSULATION SYSTE MS
Arthur D. Little, Inc. NASA CR-72368, NAS3-7974, January 1968

OBJECTIVE. - To predict and measure the heat flow in a multilayer insulation with a
pipe penetration and determine the thermal performance of an MLI system that was
warehoused for one year.

PERTINENT WORK PERFORMED. -~ The program was conducted in two tasks. Task
I was a study of the influence of a pipe penetration 6 inches in diameter and 17 inches
long on the heat flow through a 10-shield evacuated multilayer insulation. Two
environmental temperature conditions, three free-end temperature conditions, and
two internal surface emittance configurations were considered. The MLI was placed
on a 4-foot diameter tank calorimeter, and tests were performed in a 5-foot-diameter
space-simulation chamber.

The experimental program was performed in conjunction with an analytical program
for the prediction of the penetration heat flow performance and wall temperature
distributions; this led to the establishment of a mathematical model to simulate the
conductive and radiative heat transport mechanisms. The resulis were compared
with the results obtained with the experimental model.

Task II was performed to determine the stability of the thermal performance of a five
shield MLI after a one-year warehouse storage period. The MLI consisted of five
double-gold-coated Mylar shields and six spacers, each consisting of two layers of
gilk netting. It was fabricated onto a 4-foot-diameter tank calorimeter, and the heat
flux was measured under NASA Contract NAS3-6283 (CR-54929). The thermal
performance of this system was again measured under the current contract after one
yvear of storage.

MAJOR RESULTS. -

1. The major portion of heat transfer is by wall condyction and internal radiation.
Heat flow from the environment to the pipe through the MLI is of secondary
importance.

2. The mathematical model produced excellent prediction of wall temperatures and
heat flow (Figures 1 and 2)up to a penetration end temperature of 540°R. For the
750°R end temperature the heat flow was 25% less than the measured heat flow
(due to the uncertainties associated with the conductance and interior surface
emittance).

3. The reduction of interior wall emittances produced substantial reduction in
penetration heat flow.

4. The thermal performance of a reasonably protected MLI system is not affected by
storage in a shop or warehouse environment for a one year period.
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A STUDY OF THERMAL CONDUCTIVITY REQUIREMENTS
Hale, D, V., et al, LMSC, HREC~11