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INTRODUCTION

The primary objective of the test program was to evaluate the effectiveness of
external insulation as a means of improving the thermal performance of a cryo-
genic storage system (CSS). Evaporation rate tests, using liquid nitrogen as the
test fluid, were the basis for defining thermal performance. The CSS exterior
was wrapped with laminar insulation and the thermal performance (heat leak) of
the system.was evaluated as a function of insulation thickness and environmental
temperature. All thermal performance tests using exbernal insulation were con-

ducted in a vacuum environment of 10"5 torr or better. Baseline thermal perfor—
mance data were established prior to the application of the external insulation.

A secondary objective of the program was to investigate the structural integrity
of the insulation. The externally insulated GSS was subjected to rapld external
decompressions, similar to those expected during launch operations.

The test article was a Bendix "Fhaze-B" o;qyéen 0SS, modified for this test by
the installation of a vapor cooling line on the outer shell and revision of the
mounting structure., The (SS was procured from the Pioneer-Central Division of
the Bendix Corporation, Davenport, Iowa, under NASA contract number NAS 9-20978,
The (S5 was delivered to NASA-MSC on February 8, 1966, and was tested without ex-
ternal insulation from February 28 to April 14, 1966. The results of the origi-
nal test program were reported in Internal Note number MSC-IN-67-EP-10.

The tests were conducted by the Thermochemical Test Branch for the Power Gener-
ation Branch of the Propulsion and Power Division. Thermal performance tests
were conducted at the Space Chamber Test Facility, Building 351, and the launch
decompression tests were conducted at the Auxiliary Propulsion Test Facility,
Building 353. The test program was accomplished during the period from March 20
to June 26, 1967, ’

MSC FORM 360B (JAN 67)
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TEST ARTICLE DESCRIPTION

The supercritical oxygen cryogenic storage system was designed and manufactured
by the Pioneer-Central Division of the Bendix Corporation. It is designated as
the "Phase-B'" oxygen system to indicate that fabrication was accomplished during
the second phase of the development contract. Figure 1 is a representative cut-
away illustration of the system.

The CSS consists of two shells; an outer shell and-a spherical imner pressure
vessel. The inner pressure vessel, formed by the Ardeform process, is con-
structed of type 301 stainless steel. Internal insulation consists of an evac-
vated ammulus containing two silver-plated alumirmm radiation shields that are
supported by the fill and vent lines. The inside diameter of the vessel is

25 inches, which corresponds t¢ a volume of 4,74 feet3 and a maximom eapacity
of 239 pounds of nitrogen.

A cylindrical subassembly consisting of two 176-watt heaters, two electric
motor-fan units, four copper~constantan thermocouples and a capacitance probe is
contained in the inner vessel. These components were not operated during the
external insulation test. "o

The outer surface of the inner vessel is silver plated, The vessel 1ls supported
by eight Kel-F cylindrical supports: four mounted on the fill line and four
mounted on the vent line.

The outer shell of the C3S is constructed of type 30kl stainless steel and has
a diameter of 29 inches. Ibts irmmer surface is-copper plated, Mounted on the
outer shell are two small (0.2 liter/second) ion pumps. These ion pumps permit
re~evacuation of the anmilus in the event of wvacuun degradation and also serve
as a gage attachment to monitor the anmmlar vacuum level,

The (0SS was originally supported by means of a mounting carriage which was lo-
cated externally to the immer vessel supports. For the external insulation
test this mounting carriage was removed to facilitate insulation application.
The revised CSS support system, the vapor cooling line for the oubter shell, and
the external insulation are discussed in the test procedure section.

MSC FORM 360B (JAN &7)
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TEST PROGRAM

The test program consists of the thermal performance and decompression test seg-
uvences shown in the following table,

/
Se_quence Ifxbéiizz?_i_n Cgi%).;g Environment
Nitrogen Thermzl Performance Test
1 Nene No | 70° F, Ambient Pressure
2 None . No 70° F, Vacuum
3 Nene Tes 70° F, Vacuun
L 50 layers Yes 0° F, Vacuum
5 50 layers Yes T0° F, Vacuun
6 50 layers Yas 140° F, Vacuum
7 100 ‘layers Yes 0° F, Vacuum
8 100 layers Yes 70° F, Vacuum
9 25 layers No 70° F, Vacuum
10 25 layers Yes 0° F, Vacuum
11 + 25 layers Yes 70° F, Vacuum
12 25 layers Yes 140° F, Va.cuﬁm
13 5 layers ' Yes 70° F, Vacuum
Decompression Test
1 100 layers
2 25 layers

MSC FORM 360B {JAN €7)
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~_TEST PROCEDURE

This section is divided into three discussions, The first concerns installation
and wrapping operations, the second concerns the thermal performance test oper-
ations, and the third concerns the decompression test operations.

Instaliation and Wrapping Operations

Figure 2 illustrates the support fixture used in both phases of the test program.
The object of this fixbure was to isclate the GSS from major thermal conduction
paths through the CS3 mounting structure. The spherical outer shell was sup-
ported on four teflon cylinders equally spaced (to coincide with the internal
support bumpera) on a support ring formed from 1-inch diameter stainless steel
tubing. The support ring was suspended from a cubical frame by 1/1é-inch dia-
meter stainless steel cables. The external insulation was applied over the sup-
port ring. The £ill and vent ports were 1/8-inch sch 40 stainless steel pipe and
remained attached to the CSS during the test.

The G55 was modified by removing the support carriage and all other exterior com-
ponents (pressure switches, relief valves, electrical connectors, and fill and
vent valves), The removal of these exterior components resulted in a smooth CSS
outer surface except for -the ion pump, the fill and wvent port penetrations, the
vapor cooling line, and the support ring. )

Vapor cooling capability was not included in the original design; it was added to
the C53 outer shell for the external insulation test. The purpose of this fea-
ture was to reduce the outer shell temperature (exiting vent gas removes heat),
thereby reducing the effective heat leak. The vapor cooling line originated at
the 0SS vent port and consisted of four equally spaced wraps of 1/8-inch outside
diameter by 0.030-inch wall copper tubing bonded to the CSS with epoxy. The
enamel finish on the 0SS cuter shell was removed along the path of the wvapor
cocling line to allow bonding to bare metal. Aluminum powder-was added to the
epoxy for improved heat transfer. Figure 3 illustrates the CS3 prior to the ap-~
plication of the external insulation and also illustrates the vapor cooling line.

The insulation used throughout this test program was a 1/4-mil polyester film
which had been aluminiged and crinkled for use as a multilayer reflective insul-
atlon., The insulation is a product of the National Research Corporation and is
designated as NRC-2,

NRC-2 insulation operates on the principle of multilayer radiation barriers; cer—
tain physical conditions are essential for iits effective use. TFirst, gaseous
conduction must be essentially eliminated by establishing and maintaining inter-

stitial pressure levels of less than 10 b torr., Second, NRC-2 should be in-
stalled to minimize solid conduction paths through the multilayers and to prevent
lateral gradient along the multilayers. Based on the manufacturer!s information,
performance optimization is usually achieved with 60 to 70 layers per inch. As
the spaces between the layers must be maintained at a pressure less than

MSC FORM 360B (JAM 67}
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10  torr, the edges of the layers should be joined only as needed to keep the
material in place. Venting must be provided.

A rigorous procedure was not maintained for the application of the external in-
sulation. Each layer of laminar insulation was formed from a rectangular sheet.
The sheet was not cut to a pattern prior to application around the CSS outer
shell. Each sheet was initially wrapped around the GSS and then formed to the
spherical exterior by appropriate cubtting of excess material and taping of the
loose ends of the insunlation. The insulation was applied-layer by layer rather
than by cubtting and fitting a blanket of several layers at once. The insulation
width and lenghbh was sufficient to allow a minimum overlap of 2 inches at all
joints. The external insulation was wrapped over the exterior of the (55 to
cover the support ring and the ion pump protrusion. In the final configuration,
the only insulation penetrations were the fill and vent lines, the support ring
rods, and the temperature sensor instrumentation leads. The sheet of laminar
insulation was cut to lie around the fill, wvent, and support ring rod penetra-
tions. These penetrations were wrapped with teflon tape to minimize thermal
shorting to the insulation. The insulation was not tightly drawm arocund the
CSS but was allowed to remain slack during the application of each layer, since
excess tension tends to decrease the effectiveness of the insulation.

As each additional layer of insulation was applied, the wrap was started in a
different place; therefore, each wrap was a unique patbern and overlapping
joints fell in a different area for each layer.

Figures 4 and 5 illustrate the application of the external insulation, Fig-
ure 6 illustrates the completely insulated CSS in the test fixbure.

Thermal Performance Testing

A1 thermal performance tests with exbernal insulation were conducted in a 15-
5

foot spherical thermal vacuwm chamber at pressure levels of 10 ° torr or-better.

The 0SS was installed in the chamber, as Shown in figure 7, and filled with lig-
uid nitrogen from a facility supply dewar until liguid discharge was noted from
the vent. Figure 8 illustrates the liquid transfer and gas flow schematic., The
chamber was then closed off and evacuated at a rate less than 1 psi/minute. The
CSS was then allowed to vent (external to the chamber) until a stable flow rate
was attained under the desired operational conditions (that is, at varied en-
vironmental temperatures with and without vapor cooling and with varied thick-
nesses of external insulation)., The CSS was filled only once at each insulation
thickness, and the low evaporation rates permitted completion of several se-
quences without refilling. For example, sequences 9 through 12 were completed
without refilling. Following each series of sequences at a fixed insulation
thickness, the chamber was repressurized, the insulation removed, and the CSS
completely rewrapped to another insulation thickness. .

~

MSC FORM 3608 (JAN 67}
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Throughout the thermal performance test, the following parameters were recorded
by a digital data acquisition system: CS3S pressure, CSS nitrogen evaporation
rate, (035 ouber shell temperature, intermediste temperatures through the ex- :
ternal insulation, environmental temperature and pressure, and the support ring
temperatures. The digital data acquisition gystem is illustrated in figure 9.
Figure 10 is a schematic of the instrumentation and data acquisition setup. OCSS
pressure was measured by a strain gage pressure transducer, nitrogen evaporation
rate was measured with both a thermal mass flowmeter and a wet test flowmeter,
and outer shell and laminar insulation temperatures were indicated by platinum
resistance tempsrature transducers (RTT).

The RIT patches were bonded to the ouber shell with epoxy and attached to the
laminar insulation with tape, The size of the instrumentation wiring to the RTT
was minimized to reduce heat conduction, and the wiring was brought through the
insulation at a point 12 inches or greater from the sensor location, The follow-
ing table indicates the location of the RTT for each of the test sequences.

RIT LOCATION - SEQUENCE 1 THROUGH 13

CSS outer shell, near vent port

€33 oubter shell, girth

CSS outer shell, near fixture support pad

CSS5 outer shell, near end of vapor cooling line

SEQUENCE 4, 5, 6

APDITIONAL RTT LOCATION

External insulation, 12th layer - girth
External insulation, 24th layer - girth
External insulation, 36th layer - girth

Exterior of externsl insulation, 50th layer - near f£ill line
Exterior of external insulation, 50th layer - top
Exterior of external insulation, 50th layer - bottom

ADDITIONAT, RTT LOCATION - SEQUENCE 7, 8

External insulation, 12th layer - girth

External insulation, 24th layer - girth

External insulation, 36th layer - girth

External insulation, 75th layer —.girth

Exterior of external insulation, 100th layer — south girth -
Exterior of external insulation, 100th layer — north girth

ADDTTIONAT RTT TOCATION - SEQUENCE 9, 10, 11, 12

FExternal insulation, 6th layer - girth

External insulation, 12th layer - girth

External insulation, 18th layer - girth

Exterior of external insulation, 25th layer - west girth
Exterior of external insulation, 25th layer - south girth
Exterior of external insulation, 25th layer - north girth

MSC FORM 3608 (JAN 67)
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ADDITTONAT, RTT LOCATION - SEQUENCE-13

External insulation, 2nd layer - girth
External insulation, 3rd layer - girth
External insulation; 4th layer — girth
Bxterior of external insulation, 5th layer - west girth
Exterior of external insulation, 5th layer - south girth
BExterior of external insulation, 5th layer - north girth

The temperatures at the support ring were indicated by 12 copper-constantan ther—
mocouples {T/C}. Figure 11 is a schematic location of the support ring T/C and
surface RIT. The atmospheric pressure was conbtimuously monitored by a recording
barometer for all tests except sequences 4, 5, and 6.

Decompressicn Testing

- The decompression test operations were conducted in a 20-foot spherical altitude
chamber at the Auxiliary Propulsion Test Facility. The chamber was evacuated by
means of a steam ejector; the pumpdown rate was slightly less than the decom-—
pression profile expected during a Saturn V launch. ‘The empbty CSS was installed
in the chamber. The only data acquired during-this phase of testing were from
three motion picture cameras and two pressure transducers, which correlated in-
sulation behavior and pressure, Two test sequences were conducted at,insulation
thicknesses of 100 layers and 25 layers.

MSC FORM 3608 (JAN 67)
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RESULTS AND DISCUSSION

Thermal Performance Tests

The thermal performance evaluation was based on 13 individual nitrogen evapora-
tion rate tests. The tests were conducted on the CSS under the following condi-
tions: with no external inswlation and with 5, 25, 50, and 100 layers of ex-
ternal insulation; din both vapor-cooled and :non-vapor-cooled operational modes;
at atmospheric pressure and high-vacuum envirorments; and in temperature
environments ranging from 0° to 140° F. A1l high-vacuum tests were at a vacuum

of 10‘5 torr or better.

Table I defines the test conditions and summarizes the test results. The results
were derived from the following definitions and procedures:

a. The heat leak value for this report is defined as the product of the nitro-
gen evaporation rate (as measured by a flowmeter external to the C€SS) and
the latent heat of vaporization of the liquid nitregen.

b. The absolute pressure of the 0SS musht remain constant throughout the final
evaporation rate measurement period to ensure an equilibrium of thermo-
dynamic properties.

¢, Latent heat of vaporization is a function of CSS5 pressure.

d. The total test iime indicates the total duration of the evaporation rate
test. )

e. The elapsed time (ET) for the evaporation rate average indicates the ET span
over which the final evaporation rate was averaged (a 10-hour period at the
completion of each sequence except sequence 1, 2, and 11 where the evapora-
tion rate was averaged over a 5-hour pericd). The evaporation rate average
period may not correspond to the end of the total test time (as in
sequence 9) if an analysis of the atmospheric pressure indicated the evapo-
ration rate fluctuations were due to barometric pressure changes. A period
of relatively stable barometric pressure always corresponded to the final
average, Figure 12 illustrates the effect of barometric pressure fluctu-
ations on the evaporation rate. The total variation during the evaporation
rate average period indicates the minimmum and maximum of the hourly flowmeter
readings.

f. Average outer shell temperature was established from the four peripheral
skin RTT's. The time required for outer shell temperature stability was
arbitrarily defined as the elapsed time when the rate of change of the
average of the three outer shell temperatures (excluding the vent port
RIT) was less than 1° F per 5 hours,

g. Envirormmental temperature changes were made in 70° F increments throughout
the program. Approximately 3 hours were required to establish stable
envirommental conditions.

MSC FORM 360B (JAN 67)
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The external insulation thermal performance test is graphically summarized by
figure 13. This figure illustrates the heat leak versus environmental temper-—
ature; performance curves for 25, 50, and 100 layers of external insulation are
included. Single point performance data are indicated for the non-insulated
tests, the tests with 5 layers of insulation with vapor cooling, and the tests
with 25 layers of insulation without vapor cooling. The heat leak value indi-
cated by sequence 11 is apparently low due to a possible early termination of the
sequence, therefore the curve fit for the 25 layer performance does not include
the sequence 11 data point, Also included is the performance data from a previous
test program (MSC-IN-66-EP-10) illustrating the non-insulated 0SS performance in
50° to 150° F envirorments. The difference in the slope of the heat leak versus
environmental temperature for the non-insulated and externalily insulated CS3
should be noted. The manufacturer of the C3S indicates that the predominant mode
of heat transfer is radiation from the outer shell (approximately 90 percent).

As the temperature of the GSS outer shell 1s reduced through the use of extermal
insulation, the fourth power relationship of the radiant heat transfer results in
a decreased slope of the heat leak versus envirommental temperature curve. Se-
quences 5, 8, 11, and 13 were conducted in a 70° F envivonment with vapor cooling
but with various thicknesses of external insulation. Sequence 3 was tested under
identical conditions but with no external insulation, Using seduence 3 as base-
line data the following percent reductions in heat leak were indicated: 50 layers
—-39.7 percent, 100 layers—50.5 percent, 25 layers-—38.8 percent, and 5 layers
—28.2 percent.

Figure 14 illustrates the heat leak versus insulation thickness., Three indepen-
dent curves illustrate the performance in 0° F, 70° F, and 140° F environments.
The decreasing effectiveness (percentagewise) of additional layers of insulation
is readily apparent from this figure. The extension of the 140° F curve for a ’
bare CSS is approximated from the prior test program data adjusted for expected
vapor-cocled performance. .
Pigure 15a illustrates the temperature gradient through the external insulation
versus the insulation thickness for 50 layers, figure 15b for 100 layers, and
figure l5c¢ for 5 and 25 layers., This temperature gradient was determined by the
temperature sensors located on the outer shell of the CS3 and between wvarious
layers of the laminar insulation. As the insulation thickness is increased the
slope of the temperature gradient decreases, indicating the decreasing effective~
ness of the additional layers of insunlation. The average oubter shell temperature
is difficult to clearly define, because with external insulation a temperature
gradient will exist around the outer shell. The lowest temperature will be near
the vent port and the highest near the support points. The outer shell tempera- -
tures for all sequences were the average of 4 RIT's located as specified in the
-procedure. Since identical measurement points were used for all locations, these
outer shell temperatures will serve well for comparative purposes. Based on this
approach the minimum average outer shell temperature occurred with 100 layers of
insulation, in a 0° F enviromment, and was -102° F. The maximm outer shell
temperature noted during the exbternal insulation testing was 26° F with 25 layers
of insulation and in a 140° F environment.

MSC FORM 3608 (JAN 67)
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Figure 16 illustrates the CSS outer shell temperature versus insulation thick-
ness. The three curves illustrate the performance in 0° F, 70° F, and 140° F
environments., The expscted performance curves for the 0° F and the 140° F
enviromments are projected below the 25 layer thickmess. This again illus-
trates the diminishing effectiveness of the addiftional layers of insulatiom.

A1l test sequences in the vacuum environment, except sequences 2 and 9, were
vapor cooled., These two sequences may be compared with the vapor-cooled se-
quences under similar conditions, in order to determine the effectiveness of
vapor cooling. The effectiveness was limited in this application by the low
specific heat of nitrogen, and by the fact that the 0SS was not originally de-
signed for wvapor cooling. Therefore, the effectiveness may have been limited
by the vent port design and the method of bonding the vapor cooling line to the
outer shell, Seguence 2 (no vapor -cooling) indicated a heat leak of

10.6 BTU/hour, whereas the corresponding sequence with vapor cooling, sequence
3, indicated a heat leak of 10,0 BTU/hour. Thus, heat leak was reduced

5.7 percent due to vapor cooling. .

Sequence 9 and 11 may be compared as an indication of the effectivensss of
vapor cooling with 25 layers of external insulation. The sequence 9 (non-vapor-
cooled) heat leak was 7.1 BTU/hour, and the sequence 11 {vapor-cooled) heat leak
was estimated to be 6.4 BTU/hour. (This sequence 11 value is derived from a
curve fit, shown in figure 13, because as previously mentioned, the actual test
value was apparently low due to a possible early termination of the sequence).
Thus, the heat leak reduction due 1o vapor cooling was 9.6 percent (0.7
BTU/hour). The average outer shell temperature (excluding the vent port tem-
perature) indicated 5° F decrease with vapor cooling (sequence 9 = -10,.5° F and
sequence 11 = -~15,6° F). The calculated performance improvement due to wvapor
cooling, based on the vent port and the 0SS outer shell temperature near the
vapor cooling line termination, was found to be 0,5 BTU/hour., The difference
between the apparent and calculated heat leak differential from vapér cooling
may be due to the fact that the gas temperature was measured by a temperature
sensor located near the exterior of the vent port. A more accurate means of
determining the vapor cooling potential would be to locate temperature sensors
directly in the vent gas stream at the start and end of the vapor cooling line. .

The time required to achieve a steady state evaporation rate was considerably
longer than that expected before the start of the program for the following
reasons. JIn order to obtain useful evaporation rate data two conditions of
equilibrivm mist be established, First, steady state temperatures must be ob-
tained, and second, pressure-flow equilibrium must be established (that is, the
G35 pressure or flow must increase or decrease to an equilibrium value corres-
ponding to the steady state flow rate). The internal pressure of the CSS is a
function of the pressure drop through the supply gas line, as the CSS pressure
must be adeguate to overcome the flow resistance of the supply gas piping sys-
tem. The total test time for each sequence ranged from a minimum of 38 hours
for sequence 2 to 206 hours for sequence 7.
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The relationship between barometric pressure and flow rate fluctuations was re-
corded for the majority of the test sequences. Figure 12 illustrates a typical
plot of flow rate and barometric pressure versus ET. As is apparent from the
figure, the fluctuations in flow rate correspond to barometric pressure changes.
The flow rate increases as the barometric pressure is decreasing, and the flow
decreases as the barometric pressure is increasing.

Tn a CSS evaporation rate test a saturated liquid/vapor fluid exists, therefore,
at any pressure, the fluid is at its corresponding saturation temperature.
This results in a high thermodynamic inertia for pressure changes. Under
steady-state conditions the 0SS5 pressure is determined by the sum of the gas
receiver pressure (the atmosphere for this test program) and the pressure drop
through the vent system which is a function of the flow rate.

The 0SS heat leak is essentially independent of changes in barometric pressure
since the resultant minor changes in the fluid temperature have an insignifi-
cant effect., Under new steady state conditions, the flow rate will be essen-—
tially the same as the initial flow rate since the heat of wvaporization and
vapor density changes are insignificant for small pressure changes.

Due to the high thermodynamic inertia of the stored fluid, response of the GSS
pressure to a change in receiver pressure is extremely slow., The net result

of a change is a transient flow condition not truly representative of the heat
leak of the C5S, since the transient flow rate is a function of the differen—
tial pressure between the (S5 and the receiver. This effect is more proncunced
as the ratio of fluid mass to heat lesk increases. In fubure tests, this
problem may be avoided by the use of a constant pressure receiver for the ex-
pelied gas.

Figure 17 illustrates the relationship of heat leak and outer shell temperature,
The data scatter is probably due to the difficulty in accurately establishing
the average USS5 shell temperature due to the thermal gradients from the vent
port to the support points. As is evident, it is extremely important to mini-
mize the outer shell temperature, particularly in systems where radiative heat
transfer is the prime mode of heat leak.

Detailed performance data for each segquence are included in the appendix. A
temperature plot indicates all recorded temperatures at the end of each se-
quence. A curve of (0SS temperatures and evaporatlion rate versus ET indicates
performance throughout each of the test sequences.

Decompression Test

Two decompression tests were conducted: one with 100 layers of insulation (se-
quence 1), and one with 25 layers of insulation (sequence 2), The rate of de-

compression for sequences 1 and 2 is illustrated in figure 18, TFor each decom-
pression sequence, motion pictures of the CSS were taken from three views. TFor
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both the 100-layer and 25-layer sequences, slight flexing of the insulation
was noted during the first 5 seconds of decompression. No motion was noted
during the remainder of the decompression.

The altitude chamber pressure and the pressure below the first layer of exter-
nal insulation (next to the CSS outer shell) were recorded on an analog re-
corder during the decompression tests, No measurable pressure differential
across the insulation was noted. The rate of decompression does not meet the
Saturn V launch profile but was the maximum obtainable with existing facility
equipment. No attempt was made to provide gas flow passages through the insu-
lation. As described in the procedure, a rectangular sheet of insulation was
cut to conform to the spherical configuration, the loose ends taped hogether
and to the lower layer of insulation, The joints were not heat sealed or con-
tinously taped. This insulation technique apparently provided an adequate gas
escape path to prevent gas entrapment and subsequent insulation rupture. Tt is
recommended that additional effort be expended to investigate the behavior of
external insulation under vibration amd acceleration. No attempt was made to
determine thermal performance after rapid decompression during this test pro-
gram, This is also an area where additional testing is recommended.

General Comments

The most difficult problem faced durdng this program was that of defining and
recognizing steady state flow conditions in order to terminate a test seguence.
Some of the problems have been mentioned previously but are worth reiterating.
In general, the conditions and/or problems associated with obtaining and recog-
nizing stable flow are as follows:

a. Thermal stability of the outer shell must be established. Obviously, this
carmot be accomplished unless sbable envirommental conditions are main-
tained for a significant time period, The definition of thermal stability
must also be tempered by the location and accuracy of temperature measure-
ment instrumentation.

b. During vented weight loss tests, the differential pressure (CSS to atmos-
pheric) through the vent system is extremely small (0.4 to 2.4 psig). 4s a
result, barometric pressure changes will significantly affect flow until a

- compensated €SS pressure can be egtablished, Baromeiric pressure changes up
to 0.0245 psi/hour were noted during these tests. In order to eliminate the
effects of ambient pressure fluctuations on recorded flows, the system
should be vented to a constant pressure receiver system. The CSS pressure
should be measured with an absolute pressure transducer, rather than a
psig transducer, so that the CSS pressure measurements are uneffected by
atmospheric pressure changes,
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Flow meter accuracies and stability are also extremely important in the
low flow regimes experienced. Redundant flow measurement is definitely
recomended, and flowmeter full scale ranges should be as close to the
confemplated flow as is practical. 4s is the case with thermal stability,
the definition of steady state flow must take into consideration the flow
measurement eguipment.

With proper instrumentation and calibration techniques, temperature data

within ¥ 1° F and flow data that is T 1 percent full scale are reasonably
attainable. With these assumptions, continued effort should be expended

to establish firm procedures and/or criteria for conducting vented weight
loss heat leak evaluations.
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CONCLUSIONS AND RECOMMENDATIONS

a. The use of the external laminar insulation in a vacuum enviromment resulted
in a significant improvement in CSS thermal performance. A 51 percent re-
duction in heat leak was indicated with 100 layers of insulation; an appre-
ciable reduction in heat leak (28 percent) was achieved with 5 layers of
external insulation.

b. The CSS thermal performance improvement with external insulation is signi-
ficant since the insulation may be applied to existing G35 designs, is
inexpensive, and installation technigues do not appear to be a significant
problem,

c¢. For maximum effectiveness of the external insulation, the CSS5 mounting
structure should thermaliy isolate the CSS oubter shell from the spacecraft
structure. The test sebup used in this program was designed to minimize
conduction paths from the surroundings.

d. For maximim system performance, an adequate time period must be allowed for
the externally insunlated CSS to reach thermal equilibrium after beling ex-
posed to the vacuum enviromment.

e. The successful use of external insulation in a high-vacuum environment indi-
cates that some of the complexities of previous CSS may be deleted (internal]
laminar insulation, radiation shields, internal vapor cooling, ‘et cetera).
The performance requirements of the vacuum annulus portion of CSS would be
based on prelaunch hold requirements. Supplemental external insulation,
which is effective only under vacuum conditions, would be used to meet
mission minimm flow rate requirements.

f. The performance of external insulation under conditions of rapid decompres-
sion, vibration, and acceleration should be further investigated. -

g. Vapor cooling does appear to be a further means of heat leak reduction,
based on the limited comparative data obtained. More conclusive work should
be done to establish the absclute value of this technique.

h. ©Sbabilization requirements are a subject oﬁen to debate, More analyses and
tests should be conducted to establish standardized stabilization criteria,
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Figure 1.- Bendix "Phase-B" cryogenic storage system.

MSC FORM 360B (JAN 67)




(L9 NVIr) 809 WHO4 OSW

4.1/16" DIA x b1.4" 1G
5.5. Cable

4.1/16" DIA x 20" LG
5.S. Cable

-
o

1/2" DIA x 0.060" Wall x 4" LG
8.8.

D

48w

SEE DETAIL A—

Vent Line S.5. 1/2% 0.D.
x 0.030" Wall

VENT PORT
1/8" Pipe, Sch 40 x 4" LG

29.0" DIA

1"DIA S.S5. EYE

i» DIA Cross Section

S5 outer shell

1 3/8» 0.D. x 2" 1g
Teflon

1" 0.D, x 0,065" Wall
5,5. Tube

Scale-FullSize

DETAIL A

== \1 Support Erame

- S

Fill Line S./s.

ud

Figure 2.~ Test support fixture.

tapor Cooling Line
1/8" 0.D. x 0,030" Wall Coppe

1/2" 0.D. x 8,830" Wall

SCALE: 1/10 in, = 1 in,

21.0" DTAwgi-

Y34y L1S31 TVIINIHIOKYIHL —

Qo
B e
ok
i

=
2 B
=
g
O~
g
._.I
\n

20

m

-

w
o
g‘%
o
-

IT 39vd




—— THERMOCHEMICAL TEST AREA BoC. NO.

MSC-EP-R-67-15

REVISION

New

PAGE __ 17
OF o e ol

installation.

Figure 3.- Overall view of non-insulated CSS showing vapor cooling line
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Figure 4.- Initial wrap of rectangular sheet of laminar insulation.
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tigure 7.- Test fixture and CSS located in thermal vacuum chamber.
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Digital data acquisition system.
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Figure 11.- Location of temperature sensors.
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SEQ.
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Figure 13.- Heat leak versus envirommental temperature for 0, 5, 25, 50, and
100 layers of external insulation.
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Figure 14.- Heat leak versus insulation thickness for 0° F, 70° F, and 140° F.
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Figure 16.- CSS outer shell temperature versus insulation thickness.
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7 100 YES | ooF vacuum| o0.0419 3.5 195205 o3 110 102.0 b Z
. il
8 100 YES |70°F vacuum 0.0580 0.70 4.95 160 15¢-160 0590 85 o
S 0570 -62.2 !
o
' T
9 25 ND | 709F VACLUM 0.0828 0.57 7.08 72 60-70 %g%g 50 -18.9 H
. An
- )
B m
10 25 ¥ES | oeF vacuum 2.0573 a.72 4.86 o0 80-90 f%%%% 75 -68.8 . =
¥ . z w
M i ® o
1.07 6.13 75 70-75 0720 : = 2
11 25 YES | 7D°F vACUUM 0. 0719 . . - T8 60 21,4
- . 1050
12 25 YES |1400F vacuoud®  0.1085 1.84 8.917 96 85-55 10 55 26.5
5 YES o 0. 0844 4 7.19 86 0837 o o
173 TO°F VACUUM f L.42 70-80 NTED) 55 11,5 N o=
. (23
m
W
\h




——— THERMOCHEMICAL TEST AREA

DOC. NO,
M5C-67-R-EP-15

REV IS ION
New

PAGE e j

OF Aid

APPENDITX

PERFORMANCE DATA

MSC FORM 3608 (JAN 67)




Section

Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Seguence
Sequence
Sequence
Sequence

—— THERMOCHENICAL TEST AREA

DOC. NO. REVISION pace Aid
MSC-67-R-EP-15 New oF A1
TABLE QF CONTENTS

Page
1 final temperature plot . . .. . . . . . . . . . Al
1 C55 temperature and evaporation rate wersus ET o e e e A2
2 final temperature plot . . ., . . . . +« .+ .+ .+ . .« . A3
2 CSS temperature and evaporation rate versus ET . .« . A4
3 final temperature plot . . . . . . . . . e s s s s o .. A5
3 CSS temperature and evaporation rate versus ET P 1
4 final temperature plot . . . . . . . . . . e o o o» . o« A7
4 G55 temperature and evaporation rate wversus ET .« o+ e . . A8
5 final temperature plob o v v & & ¢ v o 4 44 s e 4 v w4 . A9
5 035 temperature and evaporation rate versus ET . . - AlQ
6 final temperature plot . . . . . D e
6 CSS temperature and evaporation rate versus ET e e s e . . Al2
7 final temperature plot . . e s e e e e e .. . e . 433
7 G55 temperature and evaporation rate versus ET . . . . . ., Al4
8 final temperature plot . . . . . . R N
8 C3S temperature and evaporation rate versus ET . . ., . . A16
9 final temperature plob o & + v v 4 4 w4 4 4 4 PN ALY
9 €SS temperature and evaporation rate wversus ET . . . . . A18
10 final temperature plot . &+ 4+ o 4+ 4 4 ¢+ ¢+ ¢+ 4 ¢ « « o« « ALY
10 C3S temperature and evaporation rate versus ET . . s A20
1T final temperature plot e s e e e e s e E e e s s A2]1
11 CSS temperature and evaporation rate versus ET o s .. AZ2
12 final temperature plot . . . . . . . “ v e A23
12 0SS temperature and evaporation rate versus ET « .« . . AZ24
13 final temperature PIob . . v v v v 4 . . 4 . . . .« . A25
13 G55 temperature and evaporation rate versus ET e« . A26

MSC FORM 360B (JAN 67)




—— THERMOCHEMICAL TEST AREA TR TTVTSTOR
- PAGE E]
MSG-67-R-EP~15 New oF 426
: {zero)
SEQUENCE : 1 EXTERNAL INSULATION: _O _ LAYERS
ELAPSED TIME: hours . ENVIRONMENTAL TEMR: 72,4 °F

—
72 _°F R i N\ CH 019 _72_°F

n1 oF \} . CH 023 73 °F
CH 024 _73_°F

72 °F

TEFLON SUPPORT PAD
73 _°F
73 °F

72 °F

SUPPORT ROD {4)

CH 020 _72_°F
CH 016 _72_°F
CH 025 "3 °F

CH 003-CS5
OUTER SHELL,
NEAR VENT PORT 46.1 °F

CH DD4 - €S%
OUTER SHELL,
GIRTH 71.0°F

CH 805 - CSS OUTER
SHELL, NEAR FIXTURE
SUPPDRT PAD 70.1 °F

SUPRORT CABLES &
RODS (FYPICAL)
(4 PLACES)

SECTION A-A AR £H qns - £S5 OUTER SHELL,
NEAR END OF VAPOR COOLING
LINE T7L.6°F

.|

Average Temperature of Outer Shell (Channels 003, 004, 005, and 006) 64.7°F.

- -

Sequence 1 final temperature plot.

MSC FORM 360B {JAN 67)



r— THERMOCHEMICAL TEST AREA 50C. MO, REVISION
MSC—67-R-EP-15{  New

PAGE
OF

A2
A2

Q NITROGEN EVAPORATION RATE

0O CSS OUTER SHELL TEMPERATURE, GIRTH
O €SS OUTER SHELL TEMPERATURE, NEAR VENT PORT

CSS OUTER SHELL TEMPERATURE, NEAR FIXTURE SUPPORT PAD

1 HE
B
o
= -
B
o
— Lo
o
™ i -
s 2% T
Lt
b=t LJ
< e et o= H
o= H
-
= er HH
o o= = vy o -
= Ld s
— (=18
x =
x H L H
O o = [
(=
<
= : H
o -
H &
o™~
= ?;I:'
!

......

TrErTT
T
Tt

Sequence 1 CSS temperature and evaporation rate versus ET.

MSC FORM 360B (JAN 67)




[ THERMOCHEMICAL TEST AREA DoC, NO.

‘ s *‘\\\\
78 °F-EH 02

70 °F CH D18

70 °F CH 27

70 °F CH 026

71 °F CH 021

71_°F CH 017

CH 004 - CS5 ey =t

OUTER SHELL,

GIRTH 74.7°F

REVISION PAGE
= & S
MSC-67-R-EP-15 New oOF  ADb
SEQUENCE : < EXTERNAL INSULATION: _O _ LAYERS
ELAPSED TIME: _38 hours ENVIRONMENTAL TEMP: 76,1 °F

EH 013710
CH 023 71 °F

cH 024 70 °f

TEFLON SUPPORT PAD

SUPPORT ROD (4)

CHozo 71 °f
CH 016 __ 71 °F
CH 025 _T0_°F

CH 003-CSsS
ODUTER SHELL,
NEAR VENT PORT 48.0°F

i

CH 005 - CSS OUTER
SHELL, NEAR FIXTURE
SUPPORT PAD -74.0 °F

'
SECTION A-A

Average Temperature of Outer Shell (Channels 003, 004, 005, and

Sequence 2 final temperature plot.

SUPPORT CABLES &
RODS (T¥PICAL)
(4 PLACES)

EH 0p6 - C55 OUTER SHELL,
NEAR END DF VAPOR COOLING
LINE 76.0 °F

006) 68,2°F.

MSC FORM 360B (JAN 67)




REVISION

MSC—é?—R—EP—lS New OF E gé

NITROGEN EVAPORATION RATE
CSS OUTER SHELL TEMPERATURE, NEAR FIXTURE SUPPORT PAD

0 CcSS OUTER SHELL TEMPERATURE, GIRTH

O CSS OUTER SHELL TEMPERATURE, NEAR VENT PORT

o
Tt

:: 243
o
I E
m H =
—t H _:__‘ s
Lk
HH o
LJ
B
T
o a:
H = HeEgh
H O
H o
qd -
H <
H OC
HO
o
[
=
L

TEm_gERATURg:_”'

I
1T

1
ihd W

. ELAPSED TIME ~—— HOURS

Sequence 2 CSS temperature and evaporation rate versus ET.

MSC FORM 3608 (JAN 67)




—— THERMOCHEMICAL TEST AREA TR o
PAGE _AS5
MSC-67-R-EP-15 New OF A26
SEQUENCE : - EXTERNAL INSULATION: _ O LAYERS
ELAPSED TIME: ours ENVTRONMENTAL TEMP: 71.8 °F
e
72 °F CH 02 5 CH 019 72 °F

72 °F CH D18

T& TFEH a2y
TEFLON SUPPORT PAD

72 °F CH 026

73 "F CH 021

SUPPORY ROD (4)

CH 020 _ 75 °F
CH 016 _75_°F

CH. 025 “75 °F

73- °F CH @17

CH 003-CSS
VGUTEH SHELL,
% NEAR VENT PORT _43.7°F

CH 004 - CS5
OUTER SHELL,

GIRTH 70,5 °F

SIUPPORT CABLES &
RODS (TYPICAL)
(4 PLACES)

CH DDO5 - CSS OUTER
SHELL, NEAR FIXTURE
SUPPORT PAD 70.1°F

SECTION A-A “ EH 006 - CSS OUTER SHELL,
NEAR END OF VAPOR COOLING
LINE 71.9°F

Average Temperature of Outer Shell (Channels 003, 004, 005, and 006) 64.0°F.

Sequence 3 final temperature plot.

MSC FORM 360B (JAN 67)
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THERMOCHEMICAL TEST AREA A— —
PAGE éz
MSC-67-R-EP-15 New oF A26
SEQUENCE : 4 EXTERNAL INSULATION: 20 LAYERS
ELAPSED TIME: _127 hours ENVIRONMENTAL TEMP: 0.3 °F

=76 °F CH D2 \\\\\\ CH 019 __55 °F
CH 023, 72 °F
CH 024 76 °F

=34 °F CH D18 -

TEFLON SUPPORT PAD

SUPPORT ROD (4)

=61 *ECH 823

CH 003-CSS
OUTER SHELL,
: NEAR VENT PORT -97,7°F

CH 004 - CS: E - i i i

OUTER SHELL,

GIRTH -86,9°F

-

AV

SUPPORT CABLES &
RODS (TYPICAL)
(4 PLACES)

CH 005 - CSS OUTER
SHELL, NEAR FIXTURE
SUPPORT PAD 77,6 °F

SECTION A-A ; EH 006 - CSS OUTER SHELL,

NEAR END OF VAPOR COOLING
LINE =78,6°F

INSULATION - TEMPERATURE GRADIENT
Average Temperature of Outer Shell (Channels 003, 004, 005, and 006) = éiipijﬁi

Channel Layer ; Description Temperature
008 2/, External Insulation, Girth 36.6 °F
009 36 External Insulation, Girth 20.0°F

Average Temperature of Exterior of External Insulation (Channels 010 and 012) = -1.1%

Sequence 4 final temperature plot.

MSC FORM 360B (JAN 67)
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l i i O  EXTERNAL INSULATION, 24th LAYER - GIRTH
5 P O N TEf O £S5 OUTER SHELL NEAR FIXTURE SUPPORT PAD
: O (£S5 DUTER SHELL, GIRTH
= 1~ O €55 OUTER SHELL, NEAR VENT PORT
i !
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Sequence 4 CSS temperature and evaporation rate versus ET.
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—— THERMOCHEMICAL TEST AREA e e
PAGE
MSC-67-R-EP-15 New s —AQ—A%
SEQUENCE : A EXTERNAL INSULATION: _ 50 LAYER,
ELAPSED TIME: _130 hours ENVIRONMENTAL TEMP: 69,9 °F

o

CH 219 7 F
CH U23 =20 =F

CH 0234 =26 0 °F

=22 °F
28 °F
=% °F
TEFLON SUPPORT PAD
=
;ﬁl__fr
"

SUPPORT ROD (4)

CH 020 =13 °F
EH D167 521V °F
CH 025 S18 T OF

CH 003-CSS
OUTER SHELL,
NEAR VENT PORT =55,2°F

TICH DO - 058 i e =

OUTER SHELL,
GIRTH —42.0°F

SUPPORT CABLES &
RODS (TYPICAL)
(4 PLACES)

CH 005 - CSS OUTER
SHELL, NEAR FIXTURE

SUPPORT PAD 28 2°F '

SECTION A-A

£€H 006 - CSS OUTER SHELL,
NEAR END OF VAPOR COOLING

LINE —29,2°F
INSULATION TEMPERATURE GRADIENT
Average Temperature of Outer Shell (Channels 003, 004, 005, and 006) = -38 7 F

Channel Layer Description Temperature
008 2 External Insulation, Girth 2.,2%
009 36 External Insulation, Girth 43.4°F

Average Temperature of Exterior of External Insulation (Channels 010 and 012) =:§§,ZEE

Sequence 5 final temperature plot.

MSC FORM 360B (JAN 67)
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Sequence 5 CSS temperature and evaporation rate versus ET.
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r—— THERMOCHEMICAL TEST AREA T CEVISTON
PAGE E]]
MSC-67-R-EP-15 New ob - KDk
SEQUENCE : 6 _ EXTERNAL INSULATION: 50  LAYERS
ELAPSED TIME: _ 7100 hours ENUIRONMENTAL TEMP: 341,71 °F
23 *F CH % x| P E
CH 023 _33 °F
95 °F
oF CH D24 24 °F
TEFLON SUPPORT PAD
30 °F
45 _°F SUPPORT ROD (&)
o CH D20 A1 °F
S CH 016 _g9 °F
CH 025 34 °F
o ]
CH D03-CSS

; OUTER SHELL,
- : NEAR VENT PORT 14.L°F

OUTER SHELL,
GIRTH _ 4.4 °F

i
CH 004 - €S53 o I e, i

!

SUPPORT CABLES &
RODS (TYPICAL)
(4 PLACES)

‘ £H 006 - CSS OUTER SHELL,
NEAR END OF VAPOR COOLING
LINE _22.0°F

CH 005 - CSS OUTER
SHELL, NEAR FIXTURE

SUPPORT PAD 23,8 °F !

SECTION A-A

INSULATION TEMPERATURE GRADIENT
Average Temperature of Outer Shell (Channels 003, 004, 005, and 006) = g &°F

Channel’ Layer Description Temperature
008 2, External Insulation, Girth 80.0°F
009 36 External Insulation, Girth 109,8°F

Average Temperature of Exterior of External Insulation (Channels 010 and 012) = m

C—

Sequence 6 final temperature plot.

MSC FORM 360B (JAN 67)
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Sequence 6 CSS temperature and evaporation rate versus ET.
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r— THERMOCHEMICAL TEST AREA 5oC. NO. REVISTON
. PAGE _ 473
MSC-67-R-EP-15 New OF A26
SEQUENCE : e : ; EXTERNAL INSULATION: _10Q LAYERS
ELAPSED TIME: ._206 ho ENUIRONMENTAL TEMP: 1 %
.. /—--'
-95 °F CH 02 ‘\\‘\\ CH 919 80 °F ’
Y St tM 018 CH 023 .92 °F
CH 024 g4 °F

=85 . °F CH 0uy

TEFLON SUPPORT PAD

=81 °F CH 026
=77 °F CH 021
=56 _°F CH 017

SUPPORT ROD (4)
CH 020 °F
CH 016 -66 °F
CH 025 __g86 °F

|

CH 003-CSS

DUTER SHELL,

NEAR VENT PORT-111,2°F
|

SUPPORT CABLES &
RODS (FYPICAL)
(4 PLACES)

SECTION A-A € £H 006 - €SS OUTER SHELL,
NEAR END OF UAPOR COOLING

LINE m"r

CH 004 - CS:
OUTER SHELL,

GIRTH-103.8°F

CH 005 - C5S OUTER
SHELL, NEAR FIXTURE

SUPPORT PAD -95,9°F '

INSULATION TEMPERATURE GRADIENT
Average Temperature of Outer Shell (Channels 003, 004, 005 and 006) = =102,0°F

Channel laver - Degeription Zemperature
007 12 External Insulation, Girth -70.0°F
008 24 External Insulation, Girth -52.9°°F
009 36 External Insulation, Girth -45.2°F
010 75 Bxterior of External Insulation, Girth -18.0°F

Average Temperature of Exterior of Externsl Insulation (Channels 011 and 012) = 4,6°F

Sequence 7 final temperature plot.

MSC FORM 360B (JAN 6€7)
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http:NITROG.EN

— THERMOCHEMICAL TEST AREA 5OC. WO, REVIS|ON roE
—_—t e
MSC-67-R-EP-15 New oF a2
SEQUENCE : : ) . EXTERNAL INSULATION: 100 LAVERS
ELAPSED TIM: 160 hours ENVIRONMENTAL TEMP: g7 1 °F
=54 IF cﬁ 019 _-29 or
S Ch 023 _o4g of
_ oF CH 024 _=53 °F
TEFLON SUPPORT PAD
47 °F
=33 °F SUPPORT ROD (4)
o CH 020 _43.°F
b £H 016 15 °F

, CH 003-CSS
DUTER SHELL,
NEAR VENT PORT _g5,3°F

TH oD& - c55 W I - -
OUTER SHELL,

GIRTH _§5IQ°F

N——

SUPRORT CABLES 2
RODS (FYypICAL)
(4-PLACES}

CH BOS5 - CS5 OUTER
SHELL, NEAR FIXTURE
SUPPORT PAD -53.7°F

SEETION A-A v £H 006 - C5S QUTER SHELL,
NEAR END OF VAPOR COOLING

) LINE =54,6°F
INSULATION TEMFERATURE GRADIENT
. Average Temperature of Outer Shell (Channels 003, 004, 005, and 006) = ~62,2°F

Charnel Layer ‘ Degoription Temperature
007 1=’ External Ingulation, Girth  -2b,5F
008 % Externsl Ingulstion, Girth -3:6°F
009 36 - External Ineulation, Girth 6.5°F
o 95  Exterior of External Ineulation, Girth  40,5°F

Average Temperature of Exterfor of Externsl Tnsulation {(Charmels 011 and 012) = 67,5F

Sequence 8 final temperature plot.

MSC FORM 360B {JAN 67)




MSC-6/7-R-EP-15

——— THERMOCHEMICAL TEST AREA DOC. NO. REVISION
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Sequence & CS35 temperature and evaporation rate versus ET.
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TEFLON SUPPORT PAD

r— THERMOCHEMICAL TEST AREA
DOC. NO. REVISION PAGE
MSC-67-R-EP-15 New oF A26
SEQUENCE 9 EXTERNAL INSULATE N: _ 25 LA-bw
ELAPSED TIME: _ 72 honrs ENVIRONMENTAL 1EMS: _op 3 °F
-5 _°F CH 02 ' \' Yo / CH 1y 34 “f
38_°F CH 018 &« bz _g
L _°F Cch 9zv . cH 024 7 °F

L. °F CcH 026

SUPPORT ROL (4)

CHO20 _3 ¢
CHO16 _31 °F
CH D28 _~p °F

CH 003-CSS
OUTER SHELL, =
NEAR VENT PORT =4de2 r

CH 004 - L5y - —+ T -

OUTER SHELL,
© GIRTH 1g.4°F

7 °F tH D21

42 °r cH 017

CH 005 - €SS OUTER
SHELL, NEAR FIXTURE
SUPPDRT PAD -_77,2°F

SUPPORT CABLES &
Robs (FYPICAL)
(4 PLACES)

SECTION A-A £H 006 - £SS QUIER SHELL,

NEAR END OF VAPOR COOLING
LINE _-4,9°F

INSULATION TEMFERATURE GRADIENT
Average Temperaturs of Outer Shell (Channels 003, 004, 005, and 006) = _18,9°F

Channel Layer Degeription Temperature
007 6 External Insulation, Girth 11.5°F
008 12 . External Insulation, Girth 38.5°F
009 18 External Imsulation, Girth 50,5°F

Average Temperature of Exterior of External Ingulation (Chammels 010, 011,
and 012) = 74, 6°F )

Sequence 9 final temperature plot.

MSC FORM: 360B (JAN 67)
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Sequence 9 CSS temperature and evaporation rate versus ET.
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—— THERMOCHEMICAL TEST AREA 50, NO REVISTON . Y
MSC-67-R-EP-15 New oF A26
SEQUENCE : 10 EXTERNAL INSULATION: _p5  LAYERS
ELAPSED TIME: _g] haprs ENVIRONMENTAL TEMP: o 8 °F
PNy
—58 °F CH CH 019 _3« i
28 °F CH EHI D23 _BL F
=51 °F CH 927 CH 024 _59 °F
TEFLON SUPPORT PAD
=54 °F CH
=47 °F CH SUPPORT RAD (4)
2 °F CH CH 020 =52 °F
e CH 016 =32 °F
CH 025 <54 °F
CH D03-CSS
DUTER SHELL,
NEAR VENT PORT _82.0°F
CH 004 - CSb %
OUTER SHELL,
GIRTH —69,0°F
N e
CH 005 - CSS OUTER SUPPORT CABLES &
RODS (FYPICAL)

SHELL, NEAR FIXTURE

SUPPORT PAD -£1,9°F

'
SECTION A-A

(4 PLACES)

LINE =62,1°F

INSULATION TEMPERATURE GRADIENT
Average Temperature of Outer Shell (Channels 003, 004, 005, and 006) = —68,7°F

Channel Layer Description Temperature
007 6 External Insulation, Girth -45 . 4°F
008 12 External Insulation, Girth -25,3°F
009 18 External Insulation, Girth -16,5°F
Avera.?e Temperature of Exterior of External Insulation (Channels 010, 011, and
012) = 3,2 F

Sequence 10 final temperature plot.

£H 006 - CSS OUTER SHELL,
NEAR END OF VAPOR COOLING

MSC FORM 360B (JAN 67)
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Sequence 10 CSS temperature and evaporation rate versus ET. {;{F




—— THERHOCHEMICAL

TEST AREA

DOC. NO. REVISION

MSC-67-R-EP-15

PAGE

New OF

A21

11

SEQUENCE :

EXTERNAL INSULATIUN: _25 LAYER

ELAPSED TIME: _75 hours B et ENVIRONMENTAL TEMO: 72 .9 °F
=9 °F CH 02 \ ' =EH 019 S 9F
__39 °F CH 018 \/‘ CH 023 =3 °F
__2 °F Cy 022 CH 024 =10 °F

TEFLON SUPPORT PAD
=k °F.CH 02
__ 4. °F CH 021 SUPPORT ROD (4)
ARF CHio1? cH 018 T2

CH 025 *— 3 °F

CH 003-CSS
OUTER SHELL,

CH 004 - Cs:
OUTER SHELL,

GIRTH =23,6°F

SUPPORT CABLES &
RODS - (TYPICAL)
(4 PLACES)

CH 00S - CSS OUTER
SHELL, NEAR FIXTURE

SUPPORT PAD =11,4°F '

SECTION A-A

NEAR END OF VAPOR

LINE -11,8°F
INSULATION TEMPERATURE GRADIENT

Average Temperature of Outer Shell (Channels 003, 004, 005, and 006) = —21,5°F

Channel Layer Degcription Temperature
© 007 6 External Insulation, Girth 8.4°F
008 12 External Insulation, Girth 36.0°F
009 18 External Insulation, Girth 48.3F
Ave Temperature of Exterior of External Insulation (Channels 010, 011, and

012) =

1.8F

Sequence 11 final temperature plot.

NEAR VENT PORT -39,0°F

H Q06 - CSS OUTER SHELL,

COOLING

MSC FORM 3608 (JAN 67)




-

CSS OUTER SHELL, GIRTH
CSS OUTER SHELL, NEAR VENT PORT

1HL

ogosp

CSS OUTER SHELL TEMPERATURE, NEAR FIXTURE SUPPORT PAD —i-

— THERMOCHEMICAL TEST AREA
DOC. NO. REVISION PAGE A
MSC-67-R-EP-15 New oF A26
o It 1 il . R B O
AR NITROGEN EVAPORATION RATE s
L EXTERIOR TEMPERATURE OF EXTERNAL INSULATION - GIRTH |
seriE EXTERNAL INSULATION TEMPERATURE, 12% LAYER - GIRTH |
| EXTERNAL INSULATION TEMPERATURE, 6% LAYER - GIRTH |

g?$;;_

Rl b

i
i1
1

EVAPORATION RATE ,~—  LB/HR

' TEMPERATURE‘,Q%;;)“of i

T
:::::

i

223 a1

it

Sequence 11 CSS temperature and evaporation rate versus ET.
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SUPPORT ROD (4)

CH 020 _57 °F
CH 016 _99 °F
CH 025 g2 °F

62 °F CH 021

110 °fF CcH 017

CH 003-CSS
OUTER SHELL,

CH D04 - C5¢
OUTER SHELL,
GIRTH _ 2! gr

'AV —g=
SUPPORT CABLES &

RODS (FYPICAL)
(4 PLACES)

CH 005 - CSS OUTER
SHELL, NEAR FIXTURE

SUPPORT PAD _1g:7 F '

LINE 4o o iz

INSULATION TEMPERATURE GRADIENT
Average Temperature of Outer Shell (Channels 003, 004, 005, and 006) = 26,2°F

Channel Layer Description Temperature
007 6 External Insulation, Girth 61.6°F
008 12 External Insulation, Girth 97,25
009 18 External Insulation, Girth 113,&F

Average Temperature of Exterior of External Insulation (Channels 010, 011, and
012) = 244, 2°F

Sequence 12 final temperature plot.

[ THERMOCHEMICAL TEST AREA ~—TRevision
DOC. NO. PAGE A23
MSC-67-R-EP-15 New oF
SEQUENCE : 12 EXTERNAL INSULATION: _25  LAYEK
ELAPSED TIME: _ 96 hours ENVIRONMENTAL TEMP: 147 2F
A i o] T CH 0405 Sigl= Ef
106 9F CH 018 CH-023% "84 . °F
57 _°F ‘CH Az, CH 024 L4 °F
TEFLON SUPPORT PAD
50 °F CH 026

NEAR VENT PDHI..Ol"}Lr °F

SECTION A-A 5 £LH 006 - CSS OUTER SHELL,
NEAR END OF VAPOR COOLING

MSC FORM 360B (JAN 67)
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e THERHOGHE“ICAL TEST AREA DOC. NO. REVISION
PAGE _ A25
MSC-67-R-EP-15 oF A26
New —————
SEQUENCE : 13 EXTERNAL INSULATION: 5 _ LAYERS
ELAPSED TIME: _ 26 hours ENVIRONMENTAL TEMP: =m3 5 °F
16°F EHIOTS. T AR 2F
oF cg B35 an 59 9F
£H, D24, HgF

24 o

TEFLON SUPPORT PAD
M { T 2
25 °F

42 oF

SUPPORT ROD (4)

CH 083-CSS
OUTER SHELL,
NEAR VENT PORT __6,6°F

CH 004 - C53%
OUTER SHELL,

GIRTH 12,8 °F

CH 005 - CSS OUTER
SHELL, NEAR FIXTURE
SUPPORT PAD _20 2°F

* SUPPORT CABLES &
RODS. (TYPICAL)
(4 PLACES)

SECTION A-A ., «H 006 - CSS OUTER SHELL,
; NEAR END OF VAPOR COOLING

LINE _20,4°F
INSULATION TEMPERATURE GRADIENT
Average Temperature of Outer Shell (Channels 003, 004, 005, and 006) = 11,7°F

Channel Layer Description Temperature
007 2 External Insulation, Girth b1, Fr
008 3 External Insulation, Girth 48,0°F
009 4 External Insulation, Girth 55.1F

Ave Tqmpegntuzn of Exterior of External Insulation (Channels 010, 011, and
012) = 72,2°F

Sequence 13 final temperature plot.

MSC FORM 360B (JAN 67)




— THERMOCHEMICAL TEST AREA DOC. NO REVISION
2 PAGE  AR6
MSC-67-R-EP-15 New of A%6

; TR CHIEEREERETE TR AN FISLLIE IIEES TN [RRCH SRERS 35 ROV TR NEES DRASHERRER FR00VENCY 1RSSR
| i }
NITROGEN EVAPODRATION RATE
EXTERIOR TEMPERATURE OF EXTERNAL INSULATION - GIRTH
8 EXTERNAL INSULATION TEMPERATURE, 3rd LAYER - GIRTH
EXTERNAL INSULATION TEMPERATURE, 2nd LAYER - GIRTH
i D £S5 OUTER SHELL TEMPERATURE, NEAR FIXTURE SUPPORT PAD
0O ¢S5 OUTER SHELL, GIRTH

QO €SS DUTER SHELL, NEAR VENT PORT T

| R : afedi gl i £
R s s et
= 7- 7‘7<!f*g ‘::‘_
g it BT
i B
: " ":\.‘ = "é- R o |

!

&

1

t

_TEMPERATURE —__~ of

1

N2 EVAPORATION RATE —~__ LB/HR

e

i L
~—— HOUR
i

Sequence 13 CSS temperature and evaporation rate versus ET.
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