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PURGING OF A MULTILAYER INSULATION WITH DACRON 

TUFT SPACER BY GAS DIFFUSION 

by Irving E. Sumner and William J. Fisk 

Lewis Research Center 

SUMMARY 

An experimental investigation was conducted to determine the time and purge gas 
usage required to purge a multilayer insulation (MLI) panel with gaseous helium by 
means of gas diffusion to obtain a condensable gas (nitrogen) concentration of less than 
1 percent within the panel. Two different, flat, rectangular MLI panels, both con- 
structed of 11 double-aluminized Mylar (DAM) radiation shields separated by Dacron 
tuft spacers, were each mounted in a purge box and tested. The DAM/Dacron tuft con- 
cept is known commercially as Superfloc. The first (or basic) MLI panel configuration 
was purged by exposing the panel edges on two sides to helium purge gas. The second 
MLI panel configuration incorporated a butt joint through which all of the helium purge 
gas was forced to flow. 

The purge technique relied on the flow of helium purge gas to reduce the condens- 
able gas concentration at the edge or butt joint of the MLI panel and then on the diffusion 
of the helium purge gas into the panel to displace the condensable gas therein. 

The test results for the basic MLI panel indicated that the nitrogen gas concentra- 
tion as a function of time within the MLI panel could be adequately predicted by using a 
simple, one-dimensional gas diffusion model in which the boundary conditions at the edge 
of the MLI panel were time dependent. The analytically calculated value of the diffusion 
coefficient (4. 12X10m3 m2/min (4. 43X10-2 ft2/min)) was used for this basic MLI panel. 
The same value had been used previously for a DAM/silk net MLI panel with equally good 
results. 

the nitrogen gas concentration at the butt joint was reduced was a significant factor in 
the total time required to reduce the condensable gas concentration within the panel. 
The time and purge gas usage required to achieve 1 percent nitrogen gas concentration 
within the MLI panel varied from 208 to 86 minutes and 34.1 to 56.5 MLI panel purge 
volumes, respectively, for gaseous helium purge rates from 10 to 40 MLI panel volumes 
per hour. Values of the corrected diffusion coefficient from 4. 6 5 ~ 1 0 - ~  to 9.  80X10-3 
square meter per minute (5.00X10-2 to 1 . 0 5 ~ 1 0  f t  /min) were used to obtain good 
agreement between experimental and predicted nitrogen gas concentration within the MLI 
panel. 

The test results for the MLI panel with the butt joint indicated that the rate at which 
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INTRODUCTION 

Multilayer insulation (MLI) systems continue to be used extensively for the thermal 
protection of cryogenic propellants in space vehicles. The space-hold thermal perform- 
ance of MLI systems depends, to a large extent, on the ability to purge the insulation 
of condensable gases on the ground prior to filling the cryogenic propellant tanks. Any 
freezing of condensable gases within the MLI system degrades its thermal performance 
by increasing the time required to achieve the low interstitial pressure between the ra- 
diation shields necessary for good space-hold thermal performance. Also, the presence 
of condensed gases may reduce the emissivity of the highly reflective surfaces of the 
radiation shields. The capability of suitably purging the insulation to remove condens- 
able gases is even more critical for a reusable insulation system which may be exposed 
to many cycles of atmospheric and space-vacuum thermal conditions. 

a re  reported in references 1 to 3 .  Reference 1 presents the results of gaseous helium 
purge tests conducted with a double aluminized mylar (DAM) silk net insulation system. 
In these tests, the condensable gas (nitrogen) contained within flat, rectangular insula- 
tion panels was displaced by the helium purge gas by means of gas diffusion. The test 
program of reference 1 was conducted in  a similar manner using the same experiment 
test apparatus and technique as the program described herein. 

References 2 and 3 describe a more rapid purge process in which the helium purge 
gas was injected directly into the insulation panel between each radiation shield by 
means of purge pins penetrating the insulation. The insulation system investigated was 
DAM/Dacron tufts (more commonly known as Superfloc) which is a proprietary insula- 
tion system manufactured by the Convair Aerospace Division of General Dynamics 
Corporation. This purge technique has  the advantage of being able to purge the eondens- 
able gases from within the insulation panel very quickly (approximately 5 min to reach a 
1 percent condensable gas concentration). The disadvantage is the requirement of having 
purge pins penetrating the insulation which would degrade the thermal performance of 
the insulation. 

It was, therefore, of interest to determine the purge characteristics of the DAM/ 
Dacron tuft insulation system using the gas diffusion process. The gas diffusion process 
was again chosen for this investigation because (1) no maximum time requirement for 
purging the insulation on a reusable space vehicle has yet been specified, and (2) no 
penetrations (purge pins) through the insulation panel were required to distribute the 
purge gas. In addition, the gas diffusion process could be compared directly for MLI 
systems having relatively closely spaced radiation shields (such as DAM/silk net MLI 
of ref. 1) as opposed to those having relatively open spaced radiation shields (such as 
DAM/Dacron tuft MLI) . In this investigation, two different MLI panels, one basic panel 
and one panel incorporating a butt joint, were tested to determine the time and purge 
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gas usage required to achieve less than 1 percent condensable gas (nitrogen) concentra- 
tion within an MLI panel. Various gaseous helium purge flow rates were used. The ex- 
perimental data obtained were compared with analytical predictions based on standard 
equations for one-dimensional gas diffusion. The analytical model is described in the 
appendix of reference 1. 

Although many test measurements were made using U.S. Customary Units, the 
International System of Units (SI) is used as the primary system for reporting purposes. 

EXPERIMENTAL APPARATUS 

Multilayer Insula tion Pane Is 

Two multilayer insulation panels, shown in figures 1 and 2, were fabricated for 
purge testing. Each MLI panel consisted of 11 double-aluminized Mylar (DAM) radia- 
tion shields with Dacron tufts adhesively bonded to one side of each shield. A laminated 
aluminized Mylar/Dacron scrim cover sheet was applied to each side of the panel. The 
Dacron tuft spacers contacted only one of the cover sheets. The other cover sheet was 
in direct contact with the surface of one of the radiation shields. The assembly of cover 
sheets and radiation shields was held together by nylon button-pin studs in rows spaced 
approximately 20.3 centimeters (8.0 in.) apart. Also incorporated into each panel were 
six nylon grommets, which were used in conjunction with nylon positioning pins to posi- 
tion and hold each MLI panel in the purge box during testing. 

The first (or basic) MLI panel fabricated and tested for this investigation is shown 
in figure l(a). The dimensions of the flat, rectangular panel were 81.3 by 239 by 0.95 
centimeter (32.0 by 94.0 by 3/8 in.) thick, The edges of the basic insulation panel in 
the lengthwise direction were left open so that the helium purge gas could diffuse between 
the individual radiation shields. The edges of the insulation panel at each end were 
sealed by placing a 2.5-centimeter- (1-in. -) wide strip of double-backed tape, 0.076 
centimeter (0.030 in.) thick, between adjacent aluminized Mylar radiation shields and 
cover sheets. After final trimming, the sealed edges of the completed MLI panel as- 
sembly were covered with aluminized Mylar tape. The fabrication technique provided 
an insulation panel that was to be purged from the edges along each side of the panel with 
a no-flow boundary existing along the centerline of the panel lengthwise. The nominal 
purge volume of this MLI panel was calculated to be 1. 85x10-2 cubic meter (0.653 ft3). 

The second MLI panel incorporated a butt joint as shown in  figures l(b) and 2. The 
dimensions of this panel were 82.5 by 239 by 0.95 centimeter (32.5 by 94.0 by 3/8 in.) 
thick. All four outside edges of the panel were sealed with double-backed tape between 
adjacent radiation shields and cover sheets and were covered with aluminimized Mylar 
tape. The panel was  then cut lengthwise to create a butt joint 62.9 centimeters (24.8 in. ) 
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from one edge. The butt joint was  overlapped with the aluminized Mylar/Dacron scrim 
cover sheet on both sides of the MLI panel; the overlapping cover sheets were secured 
with a hook and pile (Velcro) fastener as shown in figures 2 and 3. The nominal purge 
volume of this MLI panel was  calculated to be 1 . 8 8 ~ 1 0 - ~  cubic meter (0.663 f t  ). 3 -  

Purge G a s  System 

Each of the two MLI panels was installed and tested in a purge box, which is shown 
in figure 4. The inside of the purge box was 2.39 meters (7.83 ft) long, 0.826 meter 
(2.71 ft) wide and 3.89 centimeters (1.53 in.) deep. The total volume of the purge box 
was  7.66X10-’ cubic meter (2.71 ft3). 

The basic MLI panel was simply laid in the horizontally oriented purge box and held 
in  place with the six nylon positioning pins which were adhesively bonded to the bottom 
of the purge box. The sealed ends of the MLI panel fitted snugly against the ends of the 
purge box. A gap of approximately 0.6 centimeter (1/4 in.) was left between each side 
of the purge box and the edges of the MLI panel. 

sealed edges of the panel and the inside of the purge box was bridged (and sealed) with 
aluminized Mylar tape. This ensured that all the purge gas introduced underneath the 
insulation panel would flow through the butt joint before being vented out of the purge 
box. The nylon grommet MLI penetrations were also sealed to prevent the flow of purge 
gas through these openings. 

The purge gas system employed in the test program is shown in figure 5. Helium 
purge gas was introduced underneath the insulation panel through two 0.63-centimeter - 
(0.25-in. -) diameter purge tubes located 60 centimeters (24 in.) from each inside end 
of the purge box. Each purge tube contained 12 holes 0,033 centimeter (0.013 in.) in 
diameter to distribute the purge gas underneath the insulation panel. The free volume 
between the MLI panel and the cover of the purge box could also be purged separately 
with a single 0.63-centimeter- (0,25-in. -) diameter purge tube. The purge gas flow 
rate underneath the MLI panel (MLI panel purge) and the rate into the free volume of the 
purge box (purge-box purge) were measured separately by means of two rotameters. 
A separate nitrogen purge gas supply was provided to purge the insulation panel and 
purge box prior to each gaseous helium purge test. All purge gases were vented from 
the purge box at both ends. 

the purge box through both the MLI panel purge tubes as well as the purge-box purge 
tube as shown in figure 6. The helium purge gas introduced underneath the insulation 
panel had to flow past the open edges of the panel from where the helium could diffuse 
between the radiation shields. 

The MLI panel with the butt joint was laid in the purge box, and the joint between the 

For the purge test with the basic MLI panel, a helium purge gas was introduced into 
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For the purge tests with the MLI panel incorporating the butt joint, the helium 
purge gas was introduced into the purge box underneath the insulation panel only through 
the two MLI panel purge tubes as shown in figure 7. All  of the helium pur 
had to flow through the butt joint into the free volume of the purge box before being 
vented. The helium could therefore diffuse into the insulation panel between the radia- 
tion shields from the butt joint. 

Gas Sampling System 

Six gas sampling tubes were provided to withdraw samples of purge gas as shown in 
figures 6 to 8. One tube was used to obtain samples of purge gas at the edge of an MLI 
panel to determine the time-dependent boundary conditions needed as an input in order 
to obtain a solution of the analytical model. These purge gas samples were obtained 
exactly at the edge of the basic MLI panel and exactly at the butt joint of the second MLI 
panel. The other five gas sampling tubes were used to obtain samples of purge gas from 
within the MLI panel (between the radiation shields) at various locations. The portion 
of the sampling tubes located within an MLI panel was fabricated of 0.102-centimeter- 
(0.040-in. -) diameter stainless steel tubing to minimize any disturbance to the MLI 
panel. 

The gaseous helium-nitrogen concentration from each individual gas sampling tube 
was sensed by a commercial thermal conductivity cell normally used for chromatography 
and process gas analysis. The thermal conductivity cell used in this program utilized 
two glass bead thermistors to sense the difference in thermal conductivity of the sample 
gas flow as compared to a reference helium gas flow. The thermal conductivity cell was 
immersed in an ice-water bath to provide a relatively constant temperature environment. 
The thermal conductivity cell was connected to the six MLI gas sampling tubes as shown 
in the flow schematic shown in figure 8. Figure 9 is a photograph of the flow-control 
panel. The gas sample from each sampling tube was drawn through the sample side of 
the thermal conductivity cell by manipulating the hand toggle valves. Small diameter 
tubing (0.069 -cm (0.027-in.) inside diameter) and valves having a small internal volume 
were utilized throughout the gas sampling system up to the needle valves to minimize the 
time response of the flow system. This made it possible to withdraw only a small volume 
of purge gas from within the MLI panel so that the experimentally measured gas concen- 
tration within the panel would not be significantly affected by previous samples of gas 
withdrawn. Also, small diameter tubing of approximately equal lengths was used for the 
gas sampling tubes to provide for equal gas flow rates through all six tubes for a given 
gas concentration. The gaseous helium for the reference side of the thermal conductivity 
cell, as well as known mixtures of gaseous helium/nitrogen for calibration purposes, 
were supplied from standard "K" bottles shown as a part of the gas calibration system 
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(fig. 8). These gases were supplied to the gas sampling system at pressures just slightly 
greater than 1.01X10 newtons per square meter (1 atm) to duplicate the pressure in the 
purge box during a purge test. The low cracking-pressure check valves acted as 
pressure-relief valves to vent gas flow from the tqKqq bottles that was in excess of the 
flow through the thermal conductivity cell. The flow through the cell was initially set at 
the desired value by adjusting the downstream needle valve. The check valves had a 
nominal cracking pressure of 0 . 1  newton per square centimeter (0.15 lb/in ) and pro- 
vided a relatively constant upstream pressure of 0.09*0,01 newton per square centime- 
ter (0.13~1~0.015 lb/in2) gage. The 3.66-meter- (lZ.O-ft-) long small-diameter tubing 
provided a pressure drop in the gas calibration flow system that was approximately the 
same as that provided by the tubing in the MLI gas sampling system. 

a digital voltmeter and was also recorded on a strip chart. 
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The electrical output signal from the thermal conductivity cell was visually read on 

Instrumentation 

The thermal conductivity cell was the primary instrumentation for this investigation. 
Periodic calibrations of the cell were made throughout the test program utilizing known 
mixtures of gaseous helium and nitrogen as determined by an analytical mass spectrom- 
eter.  The calibration curve for the instrument reading is shown in figure 7 of refer- 
ence 1. The instrument provided relatively poor sensitivity to variations in gaseous ni- 
trogen concentration above 40 percent. But it did provide good sensitivity as well as a 
nearly linear calibration for gaseous nitrogen concentrations below 20 percent, which 
was the range of primary interest. 

steady-state conditions a re  noted in figure 8 of reference 1. The data points shown in- 
dicate the e r ro r s  resulting from the maximum deviation from the nominal calibration 
curve noted during several steady-state calibrations. Although some drift of the zero 
and full-scale outputs of the instrument was noted during the steady-state calibrations 
and transient data taking, this effect was minimized by zeroing and spanning the output 
frequently while flowing helium and nitrogen, respectively, through the sample side of 
the thermal conductivity cell. In general, the anticipated e r ror  due to drift while con- 
ducting the purge tests was less  than 3 percent while measuring gaseous nitrogen con- 
centration near 100 percent; it was approximately 0.3 percent or less while measuring 
concentrations near 0 percent. 

The overall time response of the thermal conductivity cell under transient gas con- 
centration conditions necessarily includes the time response of the flow system. The 
overall time response for a step change in gas concentration was investigated during the 
"in-placeq1 calibration of the instrument. It was noted that the overall time response in- 
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cluded an initial dead time td of approximately 0.23 minute, which represented the time 
required to purge the volume of the flow system upstream of the thermal conductivity 
cell. This was followed by a change in the instrument reading 6 to a new value in a 
manner typical of a critically damped second-order system. The response of the instru- 
ment reading for two different initial and final gaseous nitrogen concentrations is com- . 

pared with the theoretical response in figure 9 of reference 1. The experimental cali- 
bration data compare favorably with the theoretical curve for the assumed time constant 
T of 0.0855 minute. 

The total lag time t2 of the response of the instrument to a linear change in the gas 
concentration, such as would be present in the insulation panel during a purge test, would 
be t2 = td + 27, or approximately 0.40 minute for the assumed time constant of 0.0855 
minute. The dynamic e r ror  Ktd + 2K7 occurring during a linear change K in  the 
gaseous nitrogen concentration of 0.05 percent per minute, for example, would be ap- 
proximately 0.02 percent. The change in gaseous nitrogen concentration of 0.05 percent 
per minute is of interest as this was  the approximate rate of change within the MLI panel 
as the concentration was approaching 1 percent gaseous nitrogen. Since the gas flow 
through the thermal conductivity cell was continued for at least 1 minute for each gas 
sampling tube while taking experimental data, and since the dynamic e r ror  was small 
compared to the anticipated error  due to drift,  no corrections for instrument e r ror  due 
to dynamic response were applied to the experimental data. 

Other instrumentation included pressure and temperature transducers which were 
used in conjunction with four rotameters (figs. 5 and 8) to determine gaseous helium flow 
rates through both the sample and reference sides of the thermal conductivity cell as 
well as through the purge system for the MLI panel and purge box. 

TEST PROCEDURE 

Prior to the start of each gaseous helium purge test, the MLI panel and purge box 
were oriented in a vertical position and thoroughly purged with gaseous nitrogen for 
several hours. The MLI panel and purge box were then reoriented to a horizontal posi- 
tion for the purge test. 

The gaseous helium flow rate through both the sample and reference sides of the 
thermal conductivity cell were set at 13.81tO. 2 standard cubic centimeters per minute 
(0.842*0.012 standard in3/min). Gas  samples were then taken from within the MLI panel 
to confirm the presence of nearly 100 percent nitrogen. The helium purge rates for the 
MLI panel and purge box were set at the desired value at the start  of each purge test and 
monitored intermittently thereafter. Purge gas samples were withdrawn for 1 minute 
through each of the six gas sampling tubes at regular intervals during the purge test. 
For the five tubes located within the MLI panels, the sample intervals were generally 
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1/2 hour. However, the intervals were extended to 1 hour in some cases to determine if 
the volume of purge gas withdrawn from the insulation panel affected subsequent data. 
Samples from the tube at the edge or at the butt joint of the MLI panels (which repre- . 

sented the boundary condition) were obtained more frequently. The purge test was con- 
tinued until it was determined that the nitrogen concentration within the MLI panel had 
been reduced to less than 1 percent. Because of the time involved and limited quantities 
of gaseous helium available, no attempt was made to experimentally determine the mini- 
mum nitrogen concentration that might be obtained within the MLI panel. The specific 
conditions for each test are listed in table I. 

RESULTS AND DISCUSSION 

Basic Multilayer Insulation Panel 

The purpose of the two (essentially identical) helium purge tests conducted with the 
basic MLI panel was to experimentally determine the purge characteristics of a simple, 
one-dimensional, gas-diffusion purge technique for direct comparison with the analytical 
model noted in reference 1. A helium purge rate of 20 MLI panel and purge-box free 
volumes per hour (as noted in table I) was selected for these two tests to duplicate the 
test conditions for the DAM/silk net basic MLI panel tested previously (ref. 1). Depend- 
ing on the test, MLI panel gas sampling intervals of every 30 or 60 minutes were used. 

The results of the two purge tests for this investigation are shown in  figure 10. 
The gaseous nitrogen concentration at the edge of the MLI panel (the boundary condition) 
decreased to 1 percent 78 minutes after the start of the test. Approximately 119 minutes 
were required for the purge gas concentration within the MLI panel to reach a nitrogen 
concentration of 1 percent. These times for  the DAM/silk net MLI panel (ref. 1) were 
77 and 115 minutes, respectively, which compare very closely with the results obtained 
for the DAM/Dacron tuft MLI panel in this investigation. At no time during the purge 
tests did there appear to be a significant dependency of the purge gas concentration on 
(1) the distance from the edge of the MLI panel for the two distances examined, or (2) the 
gas sampling interval at which gas samples were withdrawn from the MLI panel. 

The dashed curve for the boundary condition shown in figure 10 represents the 
curve f i t  of the experimentally measured boundary conditions @.e., data from sample 
tube 1). The equation of the curve f i t  is given in table 11. Using this equation and the 
one-dimensional gas diffusion model (ref. 1) enabled the analytical prediction of the gas 
concentration within the MLI panel along the centerline (the no-flow boundary). The solid 
curve in figure 10 is the resulting analytical prediction. The diffusion coefficient 
(DAB = 4 . 1 2 ~ l O - ~  m2/min (4. 43x10-2 ft2/min)) was the value obtained from the recom- 
mended standard equation (noted in ref. 1) for the binary diffusion of two gases (in this 
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case, helium and nitrogen). The analytical model, using this value of the diffusion coef- 
ficient, provided a very good correlation with the experimental data, just as it had for 
the DAM/silk net basic MLI panel (ref. 1). The analytical model itself, therefore, ap- 
pears to be adequate in predicting purge gas concentrations in MLI panels over a range 
of layer densities of at least 12 to 17 layers per centimeter (30 to 43 layers/in.) where 
the basic gas diffusion process can be assumed to occur because of the low purge gas 
flow velocity past the open edge of the insulation panel. 

Multilayer Insulation Panel with Butt Joint 

A second series of helium purge tests was conducted to experimentally determine 
(1) how rapidly a DAM/Dacron tuft MLI panel incorporating a butt joint could be purged 
to less than 1 percent gaseous nitrogen concentration and (2) the effect of purge gas flow 
rate on the resulting purge time and gaseous helium required such that the results could 
be compared with the previously tested DAM/silk net MLI panel of reference 1. The 
helium purge gas was introduced only underneath the MLI panel since previous tests with 
the DAM/silk net panel (ref. 1) had indicated that the MLI panel was not purged any more 
rapidly by simultaneously purging the free volume of the purge box. Al l  of the helium 
gas introduced underneath the MLI panel had to flow through the butt joint (located 
62.9 cm (24.8 in.) from the farthest sealed edge of the panel, fig. l(b) before flowing into 
the free volume in the purge box and then venting from the purge box entirely. The he- 
lium purge rates for this series of tests (tests 3 to 6) varied from 10 to 40 MLI panel 
volumes per hour as noted in table I. Gas sampling intervals of 30 and 60 minutes were 
used for gas samples withdrawn from within the MLI panel. 

The results for tests 3 to 6 are  shown in figures l l (a) ,  (b), and (c). Increasing 
the purge rate reduced the times required to reach 1 percent gaseous nitrogen concen- 
tration a t  both the butt joint (the boundary condition) and within the MLI panel itself; 
these times a re  summarized in table III. The data for four of the five gas sampling 
tubes withdrawing gas samples from within the MLI panel appeared to be consistent with 
no significant dependency on the tube location noted. The fifth sampling tube (tube 2) 
gave lower nitrogen gas concentrations than the others, particularly as the purge rate 
was increased. It was noted during several preliminary checkout purge tests, that the 
nitrogen gas concentration within the MLI panel could vary from place to place depending 
on the evenness and uniformity of gap in the butt joint. The butt joint was subsequently 
retrimmed to improve the evenness and uniformity which resulted in more consistent 
data (except for that from tube 2). 

Again, the dashed curve for the tests in each of figures ll(a), (b), and (c) repre- 
sents the curve fit of the experimentally measured boundary conditions used to predict 
the nitrogen gas concentration within the MLI panel. The equations for these curve fits 
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are given in table II. The predicted gaseous nitrogen concentrations at the farthest lo- 
cation (i.e., the no-flow boundary) within the MLI panel from the butt joint (a distance 
of 59.7 cm (23.5 in.)) is shown as the solid curve. It was found that the analytical value 
of the diffusion coefficient Dm had to be multiplied by a correction factor fc for each 
test condition to provide good agreement with the experimental test results. These val- 
ues of the corrected diffusion coefficient f D 
square meter per minute ( 5 . 0 0 ~ 1 0 - ~  to 1.05~10’ f t  /min), a re  noted on each of the fig- 
ures and are summarized in table N. 

The total volume of helium purge gas required to achieve 1 percent gaseous nitrogen 
concentration within the M U  panel ranged from 34.1 to 56.5 MLI panel volumes are 
noted in table III. The time required varied from 208 to 86 minutes. 

ranging from 4 . 6 5 ~ 1 0 - ~  to 9 . 8 0 ~ 1 0 - ~  
AB1 2 

Comparison of Results with Previous Tests 

A comparison of the values of the diffusion coefficient DAB used in this investiga- 
tion and reference 1 to provide good agreement between the measured and predicted 
gaseous nitrogen concentrations within the MLI panels is shown in figure 12. The calcu- 
lated value for a binary mixture of helium and nitrogen of 4. 12x10m3 square meter per 
minute (4. 43X1Ow2 ft2/min) was used for the basic MLI panel configuration for both the 
silk net and Dacron tuft spacers. In both of these cases, the purge gas flow velocity 
past the open edges of the panel was relatively low, and a pure gas diffusion process 
could be assumed. 

A slightly higher value of the corrected diffusion coefficient ( 5 . 3 0 ~ 1 0 - ~  m2/min 
( 5 . 7 0 ~ 1 0 - ~  ft2/min)), which provided a good correlation between analytically predicted 
and experimentally measured gaseous nitrogen concentrations within the MLI panel, was 
used for the DAM/silk net MLI panel with the butt joint (ref. 1). For this M U  panel, a 
constant value that was not a function of the purge gas flow rate appeared to be adequate 
in all cases. In the present investigation with the DAMPacron tuft MLI panel, it ap- 
peared that the value of the corrected diffusion coefficient which provided a good corre- 
lation between predicted and experimental results was a function of the purge gas flow 
rate. This relation may be due to the increased purge gas flow from test to test provid- 
ing some sort  of a pumping action or perhaps deflecting (or fluttering) individual radia- 
tion shields at the butt joint which influenced the basic gas diffusion process and in- 
creased the corrected diffusion coefficient from the calculated value. 

A comparison of the time required to achieve a 1 percent gaseous nitrogen concen- 
tration within the M U  panels with the butt joint is shown in figure 13. The required time 
is presented as a function of both a dimensionalized and normalized form of the gaseous 
helium purge rate. The MLI panel with the Dacron tuft spacer required less  time than 
the panel with the silk net spacer in all cases, particularly at the higher purge rates. 
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This was due partly to the shorter period of time required for the gaseous nitrogen con- 
centration at the butt joint to reach 1 percent as shown in figure 14. The reason for the 
faster rate of reduction of the gaseous nitrogen concentration at the butt joint of the 
DAM/Dacron tuft MLI panel is not known at the present time. 

A comparison of the resulting volume of helium purge gas required to achieve a 
gaseous nitrogen concentration of 1 percent within the MLI panels with the butt joint for 
both the silk net and Dacron tuft spacers is shown in figure 15. The data are  again pre- 
sented in both a dimensionalized and a normalized form. The MLI panels with the Dacron 
tuft spacer required a smaller volume of helium purge gas in all cases, particularly at 
the higher purge rates. 

SUMMARY OF RESULTS 

Two double -aluminized Mylar/Dacron tuft (Superfloc) multilayer insulation panels 
were tested to determine the time and purge gas usage required to achieve less than 
1 percent condensable gas (nitrogen) concentration within the panels which were purged 
with helium by means of gas diffusion. Two different MLI panels were tested.  The first 
(or basic) MLI panel was purged by exposing the edges of the panel to gaseous helium. 
The second MLI panel incorporated a butt joint through which all of the helium purge gas 
introduced underneath the insulation panel was  forced to flow. The experimental data ob- 
tained were compared with analytical predictions based on standard equations for one - 
dimensional gas diffusion. 

The results of this investigation may be summarized as follows: 
1. For the basic MLI panel tested, the analytical prediction agreed very well with 

the experimentally measured reductions of nitrogen concentration within the MLI panel 
as a function of time. The diffusion coefficient used was calculated from standard equa- 
tions for a binary mixture of helium and nitrogen. The calculated value of the diffusion 
coefficient DAB was 4. 12X10m3 square meter per minute (4. 43XlOm2 ft2/min). This 
value had also been shown previously to be applicable to a MLI panel using silk netting 
a s  the spacer material (ref. 1). Therefore, the analytical model itself appeared to be 
adequate in predicting purge gas concentration in MLI panels over a range of layer den- 
sities of at least 12 to 17 layers per centimeter (30 to 43 layers/in.) where the basic gas 
diffusion process can be assumed to occur. 

2.  For the MLI panel with the butt joint, the analytical predictions agreed very well 
with the experimentally measured reduction in nitrogen concentration as a function of 
time for a range of the corrected diffusion coefficient fcDAB from 4 . 6 5 ~ 1 0 - ~  to 

corrected diffusion coefficient used increased as  the purge rate was increased from 10 to 

9 . 8 0 ~ 1 0 - ~  square meter per minute ( 5 . 0 0 ~ 1 0 - ~  to 1 .05~10  -1 f t  2 /min). The value of the 
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40 MLI panel volumes per hour. This range of values noted previously is compared to a 
constant value of 5 . 3 0 ~ 1 0 - ~  square meter per minute (5. 7OX1Om2 ft2/min) used previously 
for the DAM/silk net panel which also incorporated a butt joint. 

3. The time and purge gas usage required to achieve 1 percent nitrogen concentra- 
tion within the M U  panel with the butt joint varied from 208 to 86 minutes and 34.1 to 
56.5 MLI panel volumes, respectively, for helium purge rates from 10 to 40 M U  panel 
volumes per hour. These values were less than those measured for the DAM/silk net 
MLI panel. 

Lewis Research Center? 
National Aeronautics and Space Administration, 

Cleveland, Ohio, August 19, 1976, 
506 -2 1. 
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TABLE I. - SUMMARY OF GASEOUS HELIUM 

Gaseous helium purge rates 

Multilayer in- Purge box, Total 
sulation panel, vol/hr standard, 

vol/hr m3/hr 

20 20 1.53 
20 20 1.53 
10 0 .185 
20 .370 
20 
40 

Test 

1 and 2 
3 

4 and 5 
6 

Sample 
' interval, 

min 

(4 
30 
60 
30 
30 
60 
30 

Test 

1 
2 
3 
4 
5 
6 

PURGE TEST CONDITIONS 

Panel type 

Basic 
Basic 
Butt joint 

aTime interval between withdrawal of gas samples from within mul- 
tilayer insulation panels. 

TABLE 11. - EQUATIONS FOR PURGE TEST BOUNDARY CONDITIONS 

Equation 

-0.07688 t + 0 .  57380 ,-O.20482 t) 100 %GN2 = (0.01750 
%GN2 = (0.02563 e-0'00859 + 0.49568 + 0.46536 5100 
%GN2 = (0.00954 e-0'00541 i 0.32649 + 0.66886 t ) lOO 

+ 0.42196 e 

%GN2 = (0.00657 + 0.20766 e -0.12712 t + o.84039 .-0.31536 
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Test 

al and 2 
3 

a4 and 5 
6 

3 Standard m 

3.03 
.641 
.925 

1.06 

TABLE III. - SUMMARY OF GASEOUS HELIUM 

PURGE TEST RESULTS 

Multilayer panel 
volumes 

164 
34 .1  
49.2 
56.5 

Time required to reach 
1 percent gaseous nitro- 
gen concentration, min 

layer insula- 
tion 

Test 

1 and 2 
3 

4 and 5 
6 

Total gaseous helium purge 
gas required to reach 1 per- 
cent gaseous nitrogen concen- 

tration within multilayer 
insulation 

Corrected diffusion coefficient nec- 
essary to fit experimental data, 

f c D ~ ~ ’  
2 m /min 

4.12x10- (analytical value, ref. 1) 
4.65 
5.75 
9.80 

3 

aData from indicated tests combined to yield single curve. 

TABLE IV. - CORRECTED DIFFUSION 
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Velcro pile , .- Cover sheet - Butt jo int  

Figure 2 - Detail of butt joint All dimensions in centimeters. 
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Figure 4. - Purge box (vertical orientation). 
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Vent 
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c MLI panel purge 
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L 
I 

c Purge-box purge 

Gas sampling tubes c 
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/ analytical model were determined 
I 

p-=-- \’I Gas sampling tubes - - -  - - + I  
0 0 0 0 0 0 c MLI panel purge 

I 

Locations from edge of MU panel 
40.6 i-”’=j1 at which gas samples were obtained 

End view 
Figure 6. - Schematic of gaseous helium purge flow path and gas sampling locations for basic multilayer insultation (MLI) panel. 

All dimensions in centimeters. 

20 



Vent - 
I 

3 4 

T 
iI_ 

Gas sampling tubes 

I 
I 
I 
I 
I 

r = = .  
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c MLI panel purge 
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Gas sampling tubes - 
I-- Vent c ,- Gap between edge of 
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Edge of MLI panel (butt joint) 
where boundary condition Top view 

Vent 

Gas sampling tubes 

MLI panel purge 

Location from butt joint of MLI  panel I:".'.,jij at which gas sample was obtained 

End view 
Figure 7. - Schematic of gaseous helium purge f l w  path and gas sampling locations for multilayer insulation (MLI) panel with butt jo in t  

All  dimensions in centimeters. 
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Figure 9. - Flow panel for gas concentration measurement. 
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Gas Gas sampling tube location 
sampling MLI Distance from e a e  

tube panel of MLI panel, 

0 1 --- 0 (boundary condition1 
0 2 5 40.6 (panel centerlinel 
0 3 6 20.3 
A 4 9 40.6 lpanel centerlinel 
v 5 7 20.3 
b 6 2 40.6 (panel centerlinel 

layer cm 

open symbols denote test 1 
Solid symbols denote test 2 

10-1 

I I I I 
80 120 160 m 

Time. rnin 

Figure la - Comparison of analytically and experimentally determined gaseous nitrcgen concentration lor basic 
MLI panel. Gaseous helium purge rate. 20 volumes per hour. 

I I I I 1 I 

Gas Gas sampling tube location 
sampling MLI Distance from butt joint 

tube panel i n  MLI panel, 
layer cm 

0 1 6 0 lboundarycondition) 
0 2 7 59.7 
0 3 5 4 1 9  
A 4 8 59.7 
V 5 7 41.9 
b 6 3 59.7 

t 

24 



l o 2 h  Gas Gas sampling tube location 

layer cm 

MLI Distance from butt joint 
tube oanel in MLI Dane1 

0 1 6 0 (boundarycondition) 
0 2 7 59.7 
0 3 5 41.9 
a 4 8 5 9 7  
V 5 j 41.9 
b 6 3 59.7 -\ 

. I- . -  \ a  

o% 

At nutt ~oint of MLI ,,'-> panel (boundary condition)-' \ o  
- 1 0  

e ~ - , O  
e @--- 

t 
I I I I I 

Ib>Tests 4 and 5; gaseous helium purge rate, 20ML1 volumes per hour. 

I I I I I 
Ib>Tests 4 and 5; gaseous helium purge rate, 20ML1 volumes per hour. 

At butt joint of MLI ,' 0 
panel (boundary conditionlJ 

Time, min 

(c) Test 6; gaseous helium purge rate, 40 MLI volumes per hour. 

Figure 11. -Concluded. 
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Figure 12. - Comparison of values of corrected 
diffusion coefficient (fcDAB) used in analyt- 
ical predictions. 
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(a) Dimensionalized data. (b) Normalized data. 

Figure 13. - Comparison of t ime required to achieve gaseous nitrogen concentration of 1 percent wi th in 
multi layer insulation panel with butt joint. 
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(a) Dimensionalized data, 

Purge rate, MLIpanel  v o l l h r  

(b) Normalized data. 

Figure 14. -Comparison of t ime required to achieve gaseous nitrogen of 1 percent at butt  jo int  (boundary 
condition). 
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