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I NTRODUCTI ON 

The cryogenic insulation required for a reusable space shuttle 
vehicle falls into two general categories. These are ( 1 )  the insulation 
required for the ascent LH2 tanks on both the booster and orbiter 
and (2) the insulation required for the on-orbit propellant tanks within 
the orbiter. 
tanks in a typical orbiter. 
ascent propellant and the smaller tanks contain the on-orbit propellant. 
This paper provides a brief description of the technology available 
for the insulation systems required for the LH2 ascent tanks and the 
LHZ and LO2 on-orbit tanks. 
technology necessary to achieve acceptable insulations the space 
shuttle, that are already in progress or planned for the immediate 
future, are identified. 

This figure shows one possible arrangement of propellant 
The larger LH2 and LO2 tanks contain the 

In addition, programs to provide the 
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Environment and Design Considerat ions 

The environment to which the shuttle will be exposed is, in 
several respects, similar to that of the Saturn vehicle. The ground 
hold and ascent portions of the flight for both the shuttle booster 
and shuttle orbiter are similar to those of the Saturn I I  and Saturn 
I V - B  vehicles. Where the environment for the shuttle differs from that 
of the Saturn is in the requirements for stay time in orbit and the 
need to withstand the stresses of re-entry in a reuseable condition. 
The shuttle environment is summarized in this figure. The 25OoF external 
temperature in orbit is considered to be a maximum temperature and would 
result from using currently available exterior thermal control coatings. 
If coatings with lower solar absorptivity to emissivity ratios that 
can withstand rigors of flight in the earth's atmosphere without degradation 
become available, this temperature could approach IOOOF. 

The design considerations that must be included in the selection 
of a cryogenic insulation are minimum weight, ability to withstand the 
rigors of 100 flights while maintaining adequate thermal performance 
and structural re1 iabil ity, be easily inspected, require minimum repair 
effort, and assure satisfactory performance on the next flight. 

A s  might be expected, the problem of providing a reuseable insulation 
system is going to be a primary concern of the technology efforts directed 
toward developing a cryogenic insulation for the shuttle. It is this 
phase of the flight profile which to date has had the least effort 
expended and is therefor the least understood. 
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CRYOGENIC INSULATION 

S HUTr LE ENVIRONMENT 
GROUND HOLD 
ASCENT 

- 1 ATM MOIST AIR; z70' F EXTERNAL TEMP 
- RAPIDLY DECAYING EXTERNAL PRESS; >7OO F 

- VACUUM EXTERNAL; 250' F EXTERNAL; 7-30 DAYS 
- RAPIDLY INCREASING EXTERNAL PRESS- 1 ATM 

EXTERNAL 
ORBIT 
REENTRY 

MOIST AIR >> 70' F EXTERNAL 
DESIGN CONSIDERATIONS 

WEIGHT 
PERFORMANCE 
REUSE 

REFURBISHMENT - 2 WEEK TURN-AROUND; REQUIRE EASILY 

- BOILOFF WT + TANK WT + INSULATION WI 
- INFLUENCES WT; FUNCTION OF PROP SUBSYSTEM 
- 100 FLIGHTS (TEMP CYCLES; DAMAGE FROM 

MOISTURE OR AIR CONDENSATION) 

INSPECTED SYSTEM; EASILY CHECKED-OUT 
(OR PREDICTABLE) SYSTEM CS-53043 
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Ascent Tanks - In te rna l  I nsu la t i on  

A considerable amount of experience has been gained on a re in forced 
foam insu la t i on  system i n s t a l l e d  i n t e r n a l l y  on the LHZ tank o f  the 
Saturn S - I V B  stage. 
system. Dearing' repor ts  tha t  the thermal conduc t i v i t y  increases w i th  
t ime due t o  the i n t rus ion  o f  hydrogen gas i n t o  the pores o f  the foam. 
The seal p resent ly  being used i s  adequate f o r  Saturn f l i g h t s  but i n  
order  t o  be su i tab le  f o r  the shut t le ,  improvements must be made. NASA 
has recent ly  contracted f o r  work t o  be done t o  make t h i s  i n te rna l  foam 
system ava i lab le  t o  the shut t le .  I n  add i t i on  t o  improving the seal, 
the i nsu la t i on  system w i l l  be evaluated f o r  e f f e c t s  o f  varying thickness 
and increased hot side temperature. Temperature as h igh as 3OOOF may be 
encountered dur ing  re -en t r y  and an evaluat ion o f  mater ia l  c a p a b i l i t i e s  
t o  tha t  temperature i s  required. As long as hydrogen gas permeates 
the  in te rna l  seal, the chance f o r  rap id expansion o f  t h i s  gas w i t h  
attendant damage t o  the i nsu la t i on  can occur dur ing  re-entry. The 
importance o f  t h i s  fac to r  w i l l  be more f u l l y  determined. 
invest igated are (a) adhesives t h a t  have adequate s t rength a t  both h igh 
and low temperature and (b) inspect ion and repa i r  techniques t o  be employed 
between f l  ights. 

Another i nsu la t i on  system under considerat ion f o r  use ins ide LH2 

The accompanying f i g u r e  shows a schematic o f  tha t  

A lso t o  be 

tanks i s  one tha t  i s  cu r ren t l y  under i nves t i ga t i on  by Lewis Research Center 
a t  the Mar t i n  Company under Contract NAS3-12425. This program i s  i n -  
ves t iga t ing  the p r i n c i p l e  o f  the in te rna l  gas layer  b a r r i e r  f o r  the 
methane tanks o f  the SST. By bonding a ser ies o f  ce l l s ,  i n  t h i s  case 
p l a s t i c  honeycomb, t o  the tank wa l l  and covering-4-t w i t h  a fac ing  sheet 
which has one small pore f o r  each c e l l ,  a surface tension b a r r i e r  i s  set 
up a t  each pore and each c e l l  f i l l s  w i t h  gas. 
c e l l  w i t h  a mater ia l  t o  reduce convection and rad ia t ion ,  a thermal 
conduc t i v i t y  equiva lent  t o  s t a t i c  gas can be achieved. This system 
i s  a t t r a c t i v e  f o r  the space s h u t t l e  LH2 tanks because h igh  temperature 
res i s tan t  mater ia ls  are p resent ly  avai lab le,  and venting dur ing reentry  
should be no problem due t o  the open pore nature o f  the system. As 
w i t h  the foam system, work t o  provide thermal data on varying thicknesses, 
h igh  temperature e f fec ts ,  e f f e c t  o f  many operational cycles, and inspect ion 
and repa i r  techniques i s  requi red and NASA has recent ly  awarded a 
contract  t o  s t a r t  t h i s  work. 

By f u r t h e r  f i l l i n g  each 

'Dearing, D.L. Paper 8-8, 
and S - I V B  L iqu id  Hydrogen 
i n  Cryogenic Engineering, 

"Development o f  the Saturn 
Tank In te rna l  Insulat ion", 
VOl .  1 1  

s-l v 
Advance s 
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A s c e n t  T a n k s  - E x t e r n a l  l n s u l a t i o n  

I n  a d d i t i o n  to  t h e  e x p e r i e n c e  a v a i l a b l e  o n  t h e  i n t e r n a l  foam s y s t e m  
u s e d  on  t h e  S - I V B ,  t h e r e  i s  a s i g n i f i  an t  amount  of experience o n  t h e  
e x t e r n a l  foam s y s t e m  u s e d  on t h e  S-11 . A1 t h o u g h  t h e r e  were s e v e r a l  i n -  
s u l a t i o n s  d e v e l o p e d  f o r  t h e  S - 1 1 ,  t h i s  is t h e  most r e c e n t  one  a n d  is 
c u r r e n t l y  u s e d  on  t h e  A p o l l o  l a u n c h e s .  
S-11,  a g r e a t  d e a l  of w o r k  was  d o n e  on  t e m p e r a t u r e  c y c l i n g  effects and  
e v a l u a t i n g  t h e  exter ior  s e a l  for  t e m p e r a t u r e  effects d u r i n g  l a u n c h .  A 
p e a k  t e m p e r a t u r e  of 525OF is e x p e r i e n c e d  d u r i n g  a S a t u r n  l a u n c h  a n d  
t h i s  c o u p l e d  w i t h  e x p o s u r e  t o  t h e  a t m o s p h e r e  h a s  r e s u l t e d  i n  e r o s i o n  
of t h e  i n s u l a t i o n  s u r f a c e .  S i n c e  t h e  t a n k s  of t h e  s h u t t l e  w i l l  be  
p r o t e c t e d  by  t h e  v e h i c l e  s t r u c t u r e ,  e r o s i o n  is n o t  e x p e c t e d  t o  b e  a p r o b l e m ,  
b u t  r e s i s t a n c e  t o  h i g h  t e m p e r a t u r e  for  b o t h  l a u n c h  a n d  r e - e n t r y  must  b e  
e v a l u a t e d .  I n  a d d i t i o n ,  work  w i l l  b e  needed  t o  d e t e r m i n e  t h e  effect  on  
p e r f o r m a n c e  o f  many o p e r a t i o n a l  c y c l e s ,  a n d  t o  d e v e l o p  t h e  n e c e s s a r y  
i n s p e c t i o n  a n d  r e p a i r  t e c h n i q u e s .  T o  a v o i d  a i r  a n d  m o i s t u r e  c o n d e n s a t i o n  
d u r i n g  o p e r a t i o n  i n  t h e  a t m o s p h e r e ,  a d r y  gas p u r g e  s y s t e m  may b e  
r e q u i r e d .  The e x t r e m e l y  low t h e r m a l  c o n d u c t i v i t y  and 1 i g h t  w e i g h t  
a c h i e v e d  f o r  t h i s  s y s t e m  makes i t  v e r y  a t t r a c t i v e  for t h e  s h u t t l e  and  
NASA p r e s e n t l y  h a s  p l a n s  t o  c o n t r a c t  for. t h i s  e f for t  d u r i n g  FY '71. 

5 

I n  d e v e l o p i n g  t h i s  s y s t e m  for  t h e  

2Smith ,  M.E. a n d  Mack, F.E. "High-Performance S p r a y  Foam l n s u l a t i o n  
f o r  Appl i c a t i o n  on  S a t u r n  S - l  I Stage" ,  S p a c e  D i v i s i o n ,  N o r t h  
Amer ican  Rockwell  C o r p o r a t i o n .  
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POLY U RITHANE 

-EXTERIOR SEAL 
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ADVANTAGES - EASILY INSPECTED & REPAIRED 
WORK REQUIRED 

1. PURGE SYSTEM DNELOPMENT 
2. TEMP CYCLING EFFECTS 
3. HIGH TEMP MATERIALS DNELOPMENT 
4. APPLICATION, INSPECTION, & REPAIR ON LARGE COMPLEX TANKS 

CS-54831 
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Multilayer Insulation (MLI) 

The on-orbit tanks hold the LH2 and LO2 propellants for the Orbital 
Maneuvering System and the Altitude Control System, and the LH2 fuel 
for the Air Breathing Propulsion System. These tanks require an insulation 

discussed for the ascent tanks. 
. system with a performance level many times better than those previously 

Multilayer insulations which consist of alternating radiation 
shields and low c nductivity spacers have been studied by several 
i nve s t i gat o r s . 3 
in this figure taken from ref. 5. 
mylar sheets 1/4 mil thick. Doubly aluminized mylar (DAM) is mylar 
aluminized on both sides and singly aluminized mylar (SAM) is mylar 
aluminized on one side only. 
because each has 20 reflecting surfaces. As can be seen there is 
not a significant difference between any of the systems at low 
compressive loads. However, as the contact pressure between the layers 
increases causing more direct thermal shorting, each system reacts 
differently. The goal of most of the investigations t o  date has been 
t o  try t o  understand the heat transfer process through multilayer 
insulations and at the same time minimize the effects of variations in 
performance caused by differing appl ication techniques which result in 
more or less thermal contact between layers of NLI. 

5 Typical results of laboratory data are shown 
The radiation shields are aluminized 

These systems were chosen for comparison 

3 I'Advanced Studies on Multi-Layer Insulation Systems", Final 
Report Contract NAS3-6283, NASA CR-54929, Arthur D. Little, tnc. 

I'I nvest igat ion of High Performance lnsulat ion Appl icat ion Problems", 
Fourth Quarter1 y Report Contract NAS8-21400, MDC 60274, McDonnel1 
Douglas Astronautics Company - Western Division. 
Cunnington, G.R., Keller C.W. and Bell, G.A. 'Thermal Performance 
of Multilayer Insulations," lnterim Report Contract NAS3-12025, 
NASA CR 72605, -Lockheed Mi.ssi les and Space Ccmpany. 

154 



HEAT FLUX V S  COMPRESSIVE LOAD FOR M L I  

HEAT FLUX, 
BTUIHR-FT~ 

lo1 

loo 

10 LAYERS DAM & TlSSUGlAS 
10 LAYERS DAM & SILK NET ---- 

E ---- 20 LAYERS SAM-CRINKLED 

10- 1 I I I I I l l l l  I I I I I 1 1 1 1  I I I I I I l l  

10-4 10-3 10-2 10-1 
COMPRESSIVE PRESSURE, PSI  cs-54806 
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Heat Flux Vs. Layer Densi ty f o r  MLI 

Performance o f  m u l t i l a y e r  i n s u l a t i o n  expressed as a 
compaction pressure i s  no t  p a r t i c u l a r l y  useful .  An insu 

f unct 
a t  ion 

on of 
system 

i n s t a l l e d  on a tank can n o t . r e a d i l y  be- inspected t o  determine he 
compressive load between layers. Thus an e f f o r t  was made6 t o  r e l a t e  
compaction pressure o f  m u l t i l a y e r  insu la t ions  t o  layer  spacing o r  density. 
An example o f  the r e s u l t s  i s  shown i n  t h i s  f igure .  Several i n s u l a t i o n  
systems (of  which on ly  one example i s  shown) were tested i n  a f l a t  
p lace calor imeter.  I n s u l a t i o n  systems w i t h  varying numbers o f  r a d i a t i o n  
sh ie lds were tested a t  four  d i f f e r e n t  combinations o f  hot  and c o l d  
boundary temperatures and a t  a minimum o f  four  layer  densi t ies.  
expression shown was obtained by using a leas t  squares f i t t i n g  technique. 

The 

With an expression o f  t h i s  type ava i lab le  for a p a r t i c u l a r  tank 
mounted i n s u l a t i o n  and having made a determinat ion o f  layer  dens i ty  by 
inspect ion a b e t t e r  est imate o f  thermal performance can be made. 

' I b i d  
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HEAT FLUX VS LAYER DENSITY FOR M L I  
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Tank Tests vs F l a t  P la te  

The a b i l i t y  t o  p red ic t  tank i n s t a l l e d  MLI performance from f l a t  
p l a t e  ca lor imeter  data i s  i l l u s t r a t e d  i n  t h i s  f igure.  A f o u r  f o o t  
diameter tank was insulated w i t h  gold coated mylar r a d i a t i o n  sh ie lds 
and s i l k  net spacers 7. 
c a r e f u l l y  appl ied  such t h a t  there was no d i r e c t  contact between 
ind iv idua l  sh ie lds as determined by e l e c t r i c a l  resistance measurements. 
The tank was inspected by X-ray photographs t o  determine layer  densi ty.  
Fol lowing inspection, i t  was i n s t a l l e d  i n  a vacuum chamber. A f t e r  
attainment o f  minimum chamber pressure, the tank was f i l l e d  w i t h  cryogen. 
As i n  the ca lor imeter  tests ,  two hot boundary temperatures and two 
co ld  boundary temperatures were used t o  ob ta in  four  d i f f e r e n t  boundary 
temperatures. B o i l o f f  t e s t s  were performed a t  each set o f  boundary 
temperatures. The vacuum chamber pressure was then returned t o  one 
atmosphere completing the t e s t  o f  the 20 layer  system. Ten layers 
o f  insu la t ion  were removed and the X-ray process was repeated. Four 
b o i l - o f f  t e s t s  were run as i n  the twenty layer  tes ts .  S i m i l a r l y  four  
b o i l - o f f  t e s t s  were run w i t h  f i v e  layers o f  i n s u l a t i o n  on the tank. 
As can be seen from the f igure ,  the f i v e  layer  and twenty layer  t e s t s  
were close t o  the pred ic t ion  based on the f l a t  p l a t e  Calorimeter resul ts .  
The ten layer  system performed about 50% higher than predicted. 
a d d i t i o n  i t  should be noted t h a t  there was an apparent change i n  layer  
dens i ty  between tests.  Th is  should not be surpr is ing  as the i n s u l a t i o n  
system was f i r s t  exposed t o  decreasing pressure and then increasing pressure 
between X-ray measurements. Further, i t  should be noted t h a t  no knowledge 
could be obtained of the actual  layer  densi ty  dur ing tes t .  Thus, although 
X-ray measurements were made p r i o r  t o  each tes t ,  the insu la t ion  system 
was exposed t o  a pressure decay a f t e r  i t  was measured and before i t  was 
tested. A lso i t  was exposed t o  a pressure increase a f t e r  t e s t  and before 
i t  could be measured again. 
were as severe, e i t h e r  as t o  r a t e  o r  temperature o f  a s h u t t l e  f l  ight  
p r o f i l e ,  the concern f o r  an exposed m u l t i l a y e r  insu la t ion  on the s h u t t l e  
tanks should be obvious. 

A t o t a l  o f  twenty r a d i a t i o n  sh ie lds were 

I n  

Although n e i t h e r  o f  these pressure excursions 

7 "Thermal Performance of M u l t i l a y e r  l n s u l a t i o n  Systems" 
20th Month1 y Report Contract NAS3-12025 LMSC/6955581 
Lockheed Miss i les  and Space Company. 
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Environmental E f fec ts  on MLI 

M u l t i l a y e r  i n s u l a t i o n  mounted on the e x t e r i o r  o f  a cryogenic tank 
w i l l  be exposed t o  a number o f  environmental contaminates both p r i o r  
t o  launch and dur ing re-entry.  The e f f e c t s  o f  these contaminates has 
not been f u l l y  evaluated but an i n d i c t i o n  o f  the e f f e c t s  o f  h igh  humidi ty 
on meta l l i zed  polyester  i s  shown i n  t h i s  f igure.  * 
i s  p o t e n t i a l l y  present a t  any time the vehic le  i s  i n  the launch area. 
I n  addi t ion,  a f t e r  the propel lants  have been loaded, the i n s u l a t i o n  
system could be exposed t o  format ion o f  f r o s t ,  purge gases t o  prevent 
water vapor from enter ing  the insu lat ion,  and leaking Propel lants.  
The work being performed under contract  NAS3-14342, recent ly  awarded 
t o  Lockheed M i s s i l e s  and Space Co. by Lewis Research Center, w i l l  
examine the e f f e c t s  o f  these environments on several mater ia ls  used f o r  
f a b r i c a t i o n  o f  m u l t i l a y e r  insu la t ion  systems. I n  a d d i t i o n  t o  exposure 
dur ing ground operat ions, leak ing propel lants  can be present dur ing 
space operations, and dur ing r e - e n t r y  both leak ing propel lants  and 
high humidi ty can be expected. 

High humid i ty  

8 "Advanced Studies on Mult i -Layer I n s u l a t i o n  Systems," F i n a l  Report 
Contract NAS3-6283, NASA CR54929, Ar thur  D. L i t t l e ,  Inc. 
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High Performance Cryogenic I nsu la t  ion-Purged MLI 

One candidate i nsu la t i on  system f o r  the  on-orb i t  p rope l lan t  tanks 
i s  shown i n  t h i s  f igure. 
f o r  the LH2 tanks. The system f o r  the LO2 tanks would be s i m i l a r  but 
would not requi re  the i n te rna l  insu lat ion.  The in te rna l  i nsu la t i on  
could be one o f  those prev ious ly  considered f o r  use on the ascent 
tanks. I t s  purpose i n  t h i s  system i s  t o  provide a tank wa l l  temperature, 
dur ing  ground hold, above the l i q u i f a c t i o n  po in t  o f  n i t rogen o r  a i r .  
and a l low the use of gaseous n i t rogen as a purge gas dur ing ground hold. 
The a l t e r n a t i v e  would requi re gaseous he1 ium and the cost both i n  
d o l l a r  amount and loss o f  c r i t i c a l  mater ia l  (helium gas) would be 
high. During space f l i g h t ,  the h i g h l y  e f f i c i e n t  MLI on the outs ide o f  
the tank provides the m a j o r i t y  o f  thermal resistance t o  heat f l ow  t o  the 
propel lant .  Th is  means tha t  the tank wa l l  temperature approaches tha t  o f  
LH2. For re -en t r y  the purge system on the LH2 tank must be helium. 
Some considerat ion can be given t o  use of a nonpurged system dur ing  
re-ent ry ,  p rov id ing  the condensation of  a i r ,  f reez ing  o f  water vapor, and 
leak ing prope l lan ts  are con t ro l l ed  so as not t o  cons t i t u te  a hazard 
t o  the vehic le  and crew, and acceptable leve ls  o f  performance can 
be a t ta ined by the i nsu la t i on  system on subsequent f l i g h t s .  An i n -  
f l  igh t  purge system w i l l  be a weight penal ty  charged t o  t h i s  p a r t i c u l a r  
i nsu la t i on  system and w i l l  be q u i t e  complex i n  operation. K l i ne  and 
Mendelsohn suggest a poss ib le  purge system f o r  re-ent ry  and o f f e r  
the opin ion t h a t  i t  w i l l  be a chal lenging and expensive task. 

S p e c i f i c a l l y  t h i s  system i s  under considerat ion 

I n  add i t i on  t o  the requirement o f  a purge system, mater ia ls  develop- 
ment work i s  requi red t o  provide mu l t i l aye r  i nsu la t i on  systems tha t  can 
withstand temperatures above 300OF. A-lso t o  be evaluated i s  consistency 
of performance over many thermal and pressure change cycles and the 
establishment o f  post f l  igh t  inspect ion and repa i r  techniques. 

This work i s  present ly  being pursued under a contract  recent ly  
awarded by NASA. 

9 K1 ine, R.L. and Mendelsohn, A.R. - "Thermal In tegra t ion  Considerations 
f o r  the Space Shuttle." Contributed f o r  presentation a t  The 
American Society o f  Mechanical Engineers' Space Technology 
and Heat Transfer Conference, Los Angeles, Cal i f o rn ia ,  21 -24 June, 
1970. Grumman Aerospace Corporation. 
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HIGH PERFORMANCE CRYOGENIC INSULATION 
PURGED M L I  
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High Performance Cryogenic Insulation-Evacuated Mu l t i l aye rs  

An a l t e r n a t e  t o  exposing the mu l t i l aye r  i nsu la t i on  t o  the environment 
i s  t o  encapsulate it. 
f l ex ib le .  

separated by load bearing spacers encapsulated i n  f l e x i b l e  bags o f  l o w  
permeabil i t y .  The bags are f i l l e d  w i t h  Cop. When the tanks are  empty 
the C02 gas prevents a i r  and moisture from contaminating the insu la t ion .  
When the tanks are loaded w i t h  cryogen the C02 cryopumps t o  a low 
pressure and thermal performance dur ing ground ho ld  i s  very good. 
When the ex terna l  atmospheric pressure i s  reduced s imulat ing launch 
into space, the  contact res is tance between l a  e r s  o f  i nsu la t i on  i s  
increased and thermal performance improves. 12; 11  
t h i s  concept f o r  the shut t le ,  the e f f e c t  o f  many thermal and pressure 
change cycles must be determined. A lso needed are mater ia ls  t h a t  can 
withstand exposure t o  h igh temperature. Since re -en t r y  temperatures 
w i l l  i n  a l l  p r o b a b i l i t y  exceed the  temperature a t  which the C02 was loaded, 
a pressure r e l i e f  system t o  prevent pressure b u i l d  up i n  the panels 
may be required. The establishment o f  inspect ion and repa i r  techniques 
i s  a l s o  necessary. This i nsu la t i on  system has the advantages o f  good 
ground ho ld  performance, adequate space ho ld  performance, and does not 
requi re  an i n - f l i g h t  purge system. I t s  disadvantages are tha t  the 
f l e x i b l e  bags may be susceptable t o  leakage which w i l l  requi re  recharging 
the COP dur ing ground operations. 
us8 on the space shut t le ,  NASA p resent ly  plans t o  fund an e f f o r t  dur ing  
FY 71 t o  provide the technology necessary f o r  a more complete evaluation. 

By completely enclosing an i nsu la t i on  system i n  a r i g i d  vacuum 
jacket  a l l  of the disadvantages o f  changing environments, purge systems, 
and varying performance are e l  iminated. Vacuum jackets  as present ly  designed 
o f  monocoque cons t ruc t ion  are heavy. The use o f  l i g h t w e i g h t  sandwich 
const ruct ion could be considered and the po ten t i a l  f o r  designing a t o t a l  
system whose weight and performanc approach t h a t  o f  a purged MLI appears 
possible. The advantages o f  t h i s  system are constant performance i n  
a i l  phases o f  the f l i g h t  and no degradation caused by environmental exposure. 
The problems posed by t h i s  system are leakage o f  propel lants  i n t o  the 
vacuum annulus and d i f f i c u l t y  o f  f ab r i ca t i on  o f  a leak t i g h t  vacuum 
she l l  out o f  t h in ,  l igh t -we igh t  mater ia ls .  NASA p resent ly  plans t o  
fund an e f f o r t  dur ing FY '71 t o  provide the technology necessary f o r  
a more complete eva lua t ion  o f  t h i s  system. 

10 Neindorf, L.R. and Nies, G.E. - " Inves t iga t ion  o f  a L igh t  Weight 

The encapsulat ion system can be e i t h e r  r i g i d  o r  
Shown i n  t h i s  f i g u r e  are examples o f  each o f  these concepts. 

The Self Evacuating MLI (SEMI) system cons is ts  o f  rad ia t i on  sh ie lds 

I n  order t o  evaluate 

Since t h i s  system i s  a t t r a c t i v e  f o r  

Self-Evacuating Prefabr icated Mul t i -Layer  Insu la t i on  System f o r  
Cryogenic Space Propulsion Stages" F ina l  Report Contract NAS3-6289, 
NASA CR 72017, Linde Div is ion,  Union Carbide Corporation. 

System" F ina l  Report Contract NAS3-7953, NASA CR72363, Linde 
D iv is ion ,  Union Carbide Corporation. 

l1 Lindquis t ,  C.R. and Nies, G.E. - "Rightweight M u l t i l a y e r  Insu la t i on  
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HIGH PERFORMANCE CRYOGENIC INSULATION 

SELF EVACUATING M L I  VAC UUM JACKET 

-SHINGLED BAGS ’LIGHTWEIGHT SANDWICH 
CONTAINING CONSTRUCTION VACUUM 
RADIATION JACKET 
SHIELDS, SPACERS 

TANK WALL-’ & CO2 GAS 

TANK WALL-’ I 

WORK REQUIRED: 
1. DITERMINE EFFECT ON PERFORMANCE 

OF MANY THERMAL & PRESSURE 
CHANGE CYCLES 

FOR REENTRY 

TEC HN IQUES 

TEMP EXPOSURE 

2. DRIELOP PRESSURE RELIEF SYSTEM 

3. ESTABLISH INSPECTION & REPAIR 

4, EVALUATE MATERIALS FOR HIGH 

MLI-’ 

1. DEVELOP FA6 TECHNIQUE FOR 
LIGHTWEIGHT SHELLS 

2. DEVELOP LOW OUTGASSING 
INS U LATlO N 

3. ESTABLISH INSPECTION 
CRITERIA 

4. NALUATE MATERIALS FOR 
HIGH TEMP EXPOSURE 

cs- 548 0 5 
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Summary 

S e v e r a l  i n s u l a t i o n  s y s t e m s  p o t e n t i a l  l y  u s e f u l  for t h e  s p a c e  s h u t t l e  
h a v e  been d i s c u s s e d .  
c u r r e n t l y  underway for t h r e e  s u c h  sys t ems .  

S u p p o r t i n g  r e s e a r c h  and  t e c h n o l o g y  e f f o r t s  are 
T h e s e  are: 

l n s u l a t  i on  System Con t rac t or S p o n s o r i n q  Agency 

I nte r n a  1 Foam McDonne 1 1 -Doug 1 as NASA -MSFC 
NAS8 -25973 

I n t e r n a l  Gas Barrier M a r t i n  Company NASA-MSFC 
NAS8 -25 974 

E x t e r n a l  MLI McDonne 1 1 -Doug 1 as  NASA -M SFC 
NAS8 -26006 

P r e s e n t  p l a n s  are  to  i n i t i a t e  e f for t s  d u r i n g  FY '71 on t h r e e  a d d i t i o n a l  
s y s t e m s .  T h e s e  are: 

E x t e r n a l  Foam I n s u l a t i o n  - NASA-MSFC 
S e l f  E v a c u a t i n g  MLI - NASA-LeRC 
Light-Weight  Vacuum J a c k e t  - NASA-LeRC 

ASCENT TANKS 

INTERNAL INSULATION - TWO PROGRAMS (FY 70) 

EXTERNAL INSULATION - ONE PROGRAM (FY 71) 

ON-ORBIT TANKS 

PURGED M L I  - ONE PROGRAM (FY 70) 

SELF-EVACUATING M L I  - ONE PROGRAM (FY 71) 

LIGHTWEIGHT VACUUM JACKET - ONE PROGRAM (FY 71) 

CS- 54832 
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