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For the  lenses of the eye, t h e  r e l a t i v e  biological  effectiveness (or 
qual i ty  fac tor )  f o r  neutrons i s  twice t h a t  f o r  other  body organs. Applying 
t h i s  fac tor ,  IHCOS contributes l e s s  than 5 percent of the t o t a l  mission a l -  
lowa3l.e c u n t i n u u u s  eye dose. The t o t a l  allowable dose r a t e s ,  based on the  
current  LMSC recommended values fo r  a 18O-day continuous exposure a re  43 
mrem/hr f o r  the  lens  of the eye, and 139 mrem/hr f o r  skin.  

In considering possible maintenance requirements f o r  IHCOS, the 
recommended m a f t i m u m  acute dosage may become the dominant c r i t e r ion .  
posure period of 5 days a t  the  sur face  o f  IHCOS would r e s u l t  i n  l e s s  than 
10 percent of the  recommended maximum acute hands-and-feet dose, o r  l e s s  
than 25 percent of the maximum acute eye dose. 

An ex- 

The c loses t  possible approach t o  the  radioisotope heat  source i s  a t  
the  wal l  of the  hea t  source capsule, and t h i s  point  can only be reached by 
disassembling IHCOS. A t  t h i s  location, an exposure time of 50 hours would 
r e s u l t  i n  l e s s  than 100 percent of the t o t a l  acute dose t o  the  hands and f ee t ;  
while an exposure time of 10 hours t o  the  eyes would result i n  l e s s  than 100 
percent of the  t o t a l  acute eye dose. 

Based on the foregoing data,  the rad ia t ion  f i e l d  from the unshielded 
IHCOS cons t i tu tes  only a minimal perturbation i n  the operational rad ia t ion  
safe ty  s i t ua t ion .  If maintenance operations a r e  approached with the  knowledge 
t h a t  the  heat source i s  radioactive,  there should be no s igni f icant  e f f e c t  on 
the  crew accumulated radiat ion dose s ta tus .  

The ac tua l  curve fo r  dose leve l  as a function of distance from the  
u n i t  i s  c lass i fed .  I f  there  i s  a requirement f o r  t h i s  information, r e fe r  t o  
NAS CR-66347. 
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STUDY AND PRELIMINARY DESIGN OF AN 

ISOTOPE-HEATED CATALYTIC OXIDIZER SYSTEM 

ADDENDUM I 

By Richard A. Lamparter 
Biotechnology 

Lockheed Missiles & Space Company 

SUMMARY 

A study w a s  performed t o  develop data on an isotope-heated ca t a ly t i c  
oxidizer system (IHCOS) including pre  and postsorbent beds fo r  3 ,  6 and 9-man 
crew s izes .  This work has been used t o  support a NASA-MSC contract f o r  a 
Basic Subsystem Module (BSM) Study. 
NASA-LRC/Lockheed study on the  Preliminary Design of a 9-man Isotope-Heated 
Catalyt ic  Oxidizer System (NASA CR-66346). 

The basis f o r  t he  work was furnished by a 

-__ - ' ' \  

The basic  study assumed the  i n l e t  gas stream t o  be f r e e  of compounds which 
might poison t h e  ca ta lys t .  
nant load w a s  evaluated t o  define potent ia l  ca t a lys t  poisons and compounds which 
might y ie ld  tox ic  products of combustion and sorbents were evaluated which might 
be used t o  remove these compounds. Activated charcoal and l i thium hydroxide 
were found t o  comprise the  optimum presorbent bed and l i thium hydroxide, the  
optimum postsorbent bed. 

I n  an i n i t i a l  task f o r  t he  BSM Study, t he  contami- 

The c a t a l y t i c  oxidizer designed i n  the previous work was scaled t o  provide 
designs f o r  3- and 6-man uni t s .  
savings f o r  t h e  smaller crew s izes  due t o  the geometry requirements of t he  i so-  
tope reentry a ids .  

Results showed l i t t l e  weight and volume 

The BSM Study considered the  use of isotope and e l e c t r i c  heat sources f o r  
l i f e  support systems. 
configuration i s  near optimum f o r  an e l e c t r i c a l l y  heated version with t h e  
exception of the  provisions made f o r  in tac t  reentry.  

Evaluation of the  isotope-heated design shows t h a t  i t s  

The 9-man pre and postsorbent bed and ca t a ly t i c  oxidizer designs were 
combined in to  an integrated system, and potent ia l  i n s t a l l a t ions  i n  the  BSM l i f e  
support system investigated.  The favored i n s t a l l a t i o n  f o r  t he  system i s  down- 
stream of t h e  main act ivated charcoal bed in  t h e  BSM l i f e  support system, p r i -  
marily t o  u t i l i z e  this charcoal as a pre-sorber. 
oxidizer requires  nothing i n  the  way of active controls.  
t i o n  t o  monitor system operation consis ts  of system temperatures and flow ra te .  

The passive nature of the 
Basic readout informa- 
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A r e l i a b i l i t y  assessment showed t h a t  the  basic  goal of 0.99965 could be 
met with careful design and no spares. 
approached only by sparing the  l i thium hydroxide pre and postsorbent units. 
System maintenance requirements were evaluated and procedures defined. The 
high temperature of the  uni t  and rad ia t ion  hazard renders maintenance undesire- 
able  except i n  t h e  event of an emergency. 

The higher goal of 0.9999 could be 

The or iginal  development plan f o r  t he  9-man oxidizer system with pre and 
postsorbent beds was modified t o  include a f i n a l  phase of f l i g h t  qual i f icat ion.  
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I NTR ODUC TI0 N 

Lockheed Missiles & Space Company (LMSC) has been involved i n  the  develop- 
ment of an isotope heated ca t a ly t i c  oxidizer system (IHCOS) under contract  
(NAS 1-6256) t o  t h e  NASA-Langley Research Center. During t h i s  program an IHCOS 
design was developed for  a 9-man vehicle.  
66346 and CR-66347, included a study o f  a l l  c r i t i c a l  aspects of an isotope fue l  
element with se lec t ion  of a preferred isotope, ca ta lys t  screening t e s t s  with 
se lec t ion  of a preferred ca ta lys t ,  and a 180-day t e s t  of t h i s  ca ta lys t  under 
expected operating conditions t o  determine i f  performance degradation occurs. 
Additional tasks  included design of the isotope heating element and an analysis 
and optimization t o  determine the  system configuration having the  minimum weight 
penalty. 
development plan was a l so  prepared describing the s teps  leading t o  f l i g h t  quali-  
f iab le  hardware. 

This e f fo r t ,  described i n  NASA CR- 

The f i n a l  9-man IHCOS design was documented with layout drawings. A 

Subsequent t o  the  completion of  the  design of  t he  9-man IHCOS, documented 
i n  NASA CR-66346 and CR-66347, the NASA-Langley Research Center directed LMSC 
t o  i n i t i a t e  work t o  include 3 and 6-man versions of IHCOS and t o  accomplish the  
preliminary design of pre and postsorbent canis te rs  f o r  the 3, 6 and 9 - m a n  
ca t a ly t i c  oxidizers. 
t he  following tasks.  

The r e s u l t s  of t h i s  e f f o r t  a r e  reported herein and include 

Define t h e  contaminant load f o r  t h e  3 and 6-man c a t a l y t i c  oxidizer and 
f o r  t he  pre  and postsorbent beds. 

Develop the design of t h e  3 and 6-man ca t a ly t i c  oxidizers. 

Perform a preliminary design o f  pre and postsorbent beds f o r  the  3, 6 
and 9-man systems. 

Prepare i n s t a l l a t i o n  drawings and define requirements f o r  expendables 
and controls and displays. 

Perform a r e l i a b i l i t y  analysis t o  es tab l i sh  the required spares. 

Prepare a development plan t o  carry the  development of an isotope heated 
ca t a ly t i c  oxidizer system through f l i g h t  qua l i f ica t ion .  

The work performed under t h i s  design study has shown t h a t  use of an isotope 
heat  source i n  l i e u  of e l e c t r i c a l  pawer can reduce the  t o t a l  equivalent weight 
of a ca t a ly t i c  oxidizer system considerably. However, the  design developzd i n  
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this study i s  compatible with r e s i s t i v e  heating, and would represent a reason- 
ably e f f i c i en t  design f o r  an e l e c t r i c a l l y  heated unit. Provisions have been 
made i n  t h e  design t o  incorporate a r e s i s t i v e l y  heated simulated isotope f o r  
evaluation purposes. 

LOCKHEED MISSILES & SPACE COMPANY 
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CONTAMINANT LOAD DEFINITION 

The contaminant types and production r a t e s  f o r  the  IHCOS design study a re  
based on data  obtained from recent manned space f l i g h t s ,  ground t e s t  data,  and 
space s t a t i o n  s tudies .  The allowable concentration data  a re  based on values 
es tabl ished by tox ico logis t s  working i n  the f i e l d  of spacef l ight  toxicology. 
These concentrations a r e  considered t o  be appropriate f o r  continuous exposure 
up t o  180 days. The 
appendix includes ( 1  ) t he  contaminants considered t o  be appropriate f o r  the  
mission se lec ted  f o r  t he  IHCOS study; ( 2 )  t he  biological ,  nonbiological, and 
t o t a l  contaminant production r a t e s ;  ( 3  ) the allowable contaminant concentra- 
t ions ;  (4) t he  da ta  source on both production r a t e  and allowable concentration; 
(5)  whether or  no t  t he  contaminant i s  primarily removed by oxidation; and (6)  
the c a t a l y t i c  oxidizer flow r a t e  required f o r  removal of t he  contaminant. 

The contaminant load data i s  presented i n  4-ppendix A. 

Selected Contaminants 

A s tudy w a s  made t o  es tab l i sh  what contaminants might be expected t o  ex i s t  
i n  t h e  model spacecraft  selected f o r  t h e  IHCOS Program. 
se lec ted  are presented i n  Appendix A, and were obtained from the following 
sources: 
f i e d  mater ia ls  as measured by Lockheed Missiles & Space Company ( r e f .  1 ), North 
American Aviation (ref.  2 ) ,  and Minneapolis Honeywell ( r e f .  3 ) ;  ( 2 )  contami- 
nants detected i n  Mercury and Gemini (through GT7) charcoal beds ( r e f .  4); ( 3 )  
contaminants detected i n  t h e  AF Biosa te l l i t e  30-day t e s t  ( r e f .  5); (4) contami- 
nants reported by Toliver and Morris i n  the manned 30-day t e s t  a t  the  AF Aero- 
space Medical Research Laboratory ( r e f .  6) ;  ( 5 )  contaminants detected i n  a 
27-day manned t e s t  a t  t he  AF School of Aerospace Medicine ( r e f .  7 ) ;  (6) conta- 
minants detected during Apollo breadboard t e s t i n g  ( r e f .  8) ;  and, ( 7 )  candidates 
l i k e l y  t o  r e s u l t  from experiments onboard space s t a t i o n s  such as MORL and AES 
( r e f .  9 ) .  

The contaminants 

(1  ) outgassing products f r o m  materials t e s t ing  of space cabin qual i -  

Contaminant P r  oduc ti on Rates 

The major source of quant i ta t ive information on nonbiological (equipment 
and mater ia l s )  contaminant production ra tes  w a s  t he  contaminant i den t i f i ca t ion  
program conducted by NAA f o r  t h e  Apollo Program. I n  t h i s  e f f o r t ,  t he  out- 
gassing rate of materials within the  Apollo was determined experimentally and 
indicated t h a t  t h e  t o t a l  quant i ty  of contaminants produced by equipment i n  
Apolio i s  2 .5  grams/day. This work was accomplished by placing spacecraft  
mater ia ls  i n  a 5 ps i a  oxygen environment fo r  14 days. 

I 
I 
I 
I 
I 
~ 

I 

The mater ia l  was kept 
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at  i t s  expected operating temperature f o r  t he  e n t i r e  period. 
the  14 days, the  atmosphere within t h e  closed tes t  chamber w a s  analyzed t o  
determine t h e  type and quant i ty  of contaminants evolved. This data  w a s  then 
used, based upon the  t o t a l  quant i ty  of the  mater ia l  t e s t ed  within the  space- 
c r a f t ,  t o  estimate contaminant production r a t e s .  
mately 25% of t h e  mater ia ls  within the  Apollo spacecraft  have been tes ted.  
2 . 5  gram/day estimate i s  four times the  production r a t e  determined f o r  25% of 
the  materials i n  the  Apollo CM. 

A t  t he  end of 

A t  the  present time, approxi- 
The 

A s  a preliminary design estimate it can be assumed t h a t  the  mass of i n t e r -  
na lma te r i a l s  and equipment within a spacecraf t  i s  proportional t o  t he  t o t a l  
gross weight o f  t he  spacecraft .  
equipment contaminant production f o r  t h e  model spacecraft  can be made by multi- 
plying the 2.5 grams/day by the  r a t i o  of t he  model spacecraft  weight t o  the  
Apollo Command Module weight. 
Saturn C 5  booster i s .  expected t o  weigh approximately 220,000 pounds. 
Apollo Command Module weighs 11,000 pounds, t h e  model spacecraft  would be 2 0  
times the  weight of an Apollo Command Module. 
equipment contaminant production r a t e  of 50 grams per day i s  estimated fo r  t he  
model spacecraft. 

Based on t h i s  assumption, an estimate of t he  

A space s t a t i o n  placed i n  a 300 m i l e  o r b i t  by a 
Since the  

Based on this r a t i o ,  a t o t a l  

To determine t h e  individual equipment contaminant production ra tes ,  t h e  
contaminant d i s t r ibu t ion  ( i .e . ,  percentage of t o t a l )  from t h e  NAA Program w a s  
u t i l i z e d  with t h e  exception t h a t  no primary contaminant w a s  considered t o  be 
produced a t  a r a t e  l e s s  than 5 percent of the  t o t a l  and no secondary contami- 
nant w a s  considered t o  be produced a t  a r a t e  l e s s  than 0.5 percent of t h e  t o t a l .  
Primary contaminants a re  those where a known la rge  source ex i s t s  o r  where the  
contaminant has been iden t i f i ed  i n  several  systems. 
a re  defined as secondary contaminants. 

The remaining contaminants 

The majority of production r a t e s  f o r  contaminants indicated as metabolic 
products were based on reported quant i ta t ive production r a t e s  f o r  humans. 
Where no quant i ta t ive data was avai lable ,  a m i n i m u m  removal capab i l i t y  of 0.25 
grams/day was assumed, 

Allowable Concentration 

Contaminant allowable concentration estimates a re  needed t o  es tab l i sh  t h e  
required performance charac te r i s t ics  of IHCOS. The footnotes l i s t e d  a t  t he  end 
of Appendix A ind ica te  the  bas i s  of estimation fo r  each contaminant. 
instances these are based on gross approximations. 
allowable concentrations, l i s t e d  i n  t h e  order of preference are: 

I n  some 
The major data  sources f o r  

(1 ) Submarine Habi tab i l i ty  Handbook Values. - These concentrations f o r  
90-day exposure i n  a normal atmosphere a re  based on long-term exposure s tudies  
of  animals a t  760 mmHg pressure and are believed t o  be the  most applicable data 
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avai lable  a s  a bas i s  f o r  conversion t o  extended space s ta t ion atmosphere 
piiri t,y specifica.t,ions. 

( 2 )  1965 Threshold L i m i t  Values (TLV) of t h e  American Conference of 
Governmental Indus t r i a l  Hygienists. - These values "represent concentrations 
under which it i s  believed tha t  nearly a l l  workers may be repeatedly exposed, 
day a f t e r  day, without adverse e f fec t , "  on t h e  basis  of an 8-hour work-day f o r  
f i v e  working days per week. For application t o  space s ta t ion atmosphere puri-  
t y  specif icat ion,  LMSC recommends 0.1 of the TLV as t h e  maximum allowable space 
cabin atmosphere contaminant concentration (Space - MAC). 
an attempt t o  account for  the added s t resses  of continuous exposure and other 
f ac to r s ,  such as zero or  low-g, unusual atmosphere, radiation, and mixtures of 
contaminants t h a t  would be encountered onboard a spacecraft .  
value of 0.1 i s  somewhat a rb i t ra ry .  Others have proposed values from 0.3 t o  
0.02 fo r  individual  contaminants. 
t h e  TLVs i s  about 0.06. 

This reduction i s  

The numerical 

The average r a t i o  of t he  submarine limits t o  

(3 )  Analogy t o  Chemical Compounds with Established TLV. - Util iz ing 
homolog analogies, which a re  va l id  f o r  chmica l  react ion s tudies ,  i s  probably 
a va l id  approximation method. It has been used where necessary. 

(4) Vapor Pressure Limitation. - For substances f o r  which no indus t r i a l  
TLV has been determined, or  no other toxicological data  ex i s t s ,  it seems des i r -  
able t o  s e t  a l i m i t  on the  vapor pressure of t h e  compound. For t h i s  work, a 
low vapor pressure of 0.02 Torr was used. 
NAS 9-3415 ( r e f .  10). 

This a rb i t r a ry  l i m i t  was used i n  

The estimates presented i n  Appendix A f o r  m a x i m u m  allowable concentra- 
t i ons  have been reviewed by Lockheed Missiles & Space Company toxicologis ts  
and a re  considered appropriate f o r  the  design of a t race contaminant removal 
system f o r  t he  selected mission. 

Contaminants t o  be Removed by Oxidation 

In  determining t h e  contaminants t o  be removed by oxidation, consideration 
w a s  given t o  the  following fac tors :  

o Ease of oxidation 

o Sorbents required f o r  control  of po ten t ia l  ca t a lys t  poisons o r  con- 
taminants whose oxidation produces noxious o r  toxic  products. 

o Removal of contaninants by other components of t h e  l i f e  support 
systems. 
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Since t h e  ca t a ly t i c  oxidizer w i l l  be operating a t  a temperature high 
enough t o  oxidize methane, it i s  estimated t h a t  it w i l l  oxidize a l l  of the  
remaining contaminants l i s t e d  i n  Appendix A. 
nants l i s t e d  w i l l  be removed by other processes ex is t ing  within t h e  l i f e  sup- 
por t  system, such as water condensation, within t h e  humidity control  system, 

However, many of the  contami- 

sorpt ion i n  the  C02 removal system, vehicle leakage, or by t h e  presorbent pro- 
vided t o  remove those contaminants t h a t  produce undesirable products or poison 

I 

I 

I 
1 
I 

I 

I 
t h e  catalyst .  

I 
Thus the  process used i n  es tabl ishing the  contaminants t o  be removed by 

oxidation was as follows: 
support systems was estimated t o  determine what contaminants they would control.  
This removal capabi l i ty  was then compared with t h e  t o t a l  load indicated i n  
Appendix A, t o  determine what f rac t ion  of t h e  t o t a l  load can be handled by re- 

The contaminants not control led t o  suit- 
able levels  by these methods were then considered t o  be removed by oxidation. 

The contaminant removal capab i l i t y  of t h e  other l i f e  

moval systms other than oxidation. 

I 
I 

Catalyt ic  Oxidizer Flow 

The IHCOS flow r a t e  required f o r  removal of t h e  contaminants indicated t o  
be removed by oxidation i s  presented i n  Appendix A. This flow rate estimate 
was based on an MCOS removal eff ic iency per  pass of 80 percent f o r  a l l  con- 
taminants considered except methane, 

I n l e t  Concentration-Outlet Concentration , oo 
In le t  Concentration Removal Efficiency ($) - 

The 80 percent removal e f f ic iency  i s  based on oxidation e f f ic iency  t e s t s  per- 

IHCOS flow rate, from Appendix A i s  3 CFM f o r  a 9-man unit. 
ciency required f o r  methane i s  30 percent. 
t he  e f f ec t  of  t h e  2.9 pounds per day of vehicle  leakage. 

I formed a t  LMSC with multiple contaminants ( r e f .  11 ). The m a x i m u m  required 
The removal eff i -  

The flow r a t e  estimates include 
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CATALYTIC OXIDIZER 

Two versions of the IHCOS (conventional insu la t ion  and vacuum insulat ion)  
have been examined f o r  the 3,  6 and 9-manvehicle configurations. 
done f o r  a dry feed gas stream with a dew point below -40°F, which might occur 
a t  the  ou t l e t  of aMolecular Sieve unit f o r  carbon dioxide removal, and a wet 
gas feed stream such as cabin a i r  wi th  typical  dew points of about Ss°F. The 
folloh%ng sect ion describes the major design fea tures  of each of the  insula- 
t i o n  concepts and the e f f ec t  of the feed stream moisture content. 

This was 

Conventional Insulation Design 

The conventionally insulated version of the IHCOS i s  shown i n  f i g .  1 .  The 
overa l l  package dimensions including the  weight f o r  3, 6 and 9-man units are  
shown i n  Table 1 .  The units consis t  of an outer shield,  molded insulat ion,  and 
an inner body. The inner body i s  made up of a regenerative heat exchanger, 
ca t a lys t  can is te r ,  and radioisotope heat source. 

The regenerative heat exchanger i s  a 5-pass cross-counter flow, s t a in l e s s  
s t e e l  p l a t e  f i n  heat exchanger. The cold end i s  bolted t o  one end of the  
cy l indr ica l  aluminum shield.  The hot end of the heat exchanger terminates i n  
a machined f lange t h a t  mates w i t h  t he  ca ta lys t  can is te r .  The gas p o r t s  a re  
sealed with Parker metal l ic  face seals .  

The ca t a lys t  can is te r  i s  a cyl indrical  unit t h a t  contains the  .S% pal la -  
dium ca ta lys t  and the radioisotope heat source. 
and e n t i r e l y  constructed of nickel.  The radioisotope is  mounted i n  the center 
of the  ca t a lys t  can is te r  where it i s  supported by posts projecting from e i the r  
end of the  isotope source. One p o s t  i s  tapered and held i n  place, i n  a tapered 
socket, with a p in  t o  prevent rotationalmovement of the isotope heat source. 
The other post  i s  cy l indr ica l ,  and f i t s  into a socket located on the  end of the 
ca t a lys t  can is te r  away from the heat exchanger. Axial movement i s  l imited wi th  
a Be l l ev i l l e  spring placed i n  t h i s  socket. This spring a l so  allows for thermal 
expansion of the isotope . 

This uni t  i s  furnace-brazed 

The ca t a lys t  mater ia l  i s  located i n  8 compartments located between the 
f i n s  of the isotope heat source. 
i n t o  one end of t he  ca t a lys t  compartment and a screen i s  located a t  the  other 
end t o  prevent t h e  ca t a lys t  mater ia l  from enter ing the  heat exchanger. 
machined f lange i s  located a t  the end of  the ca t a lys t  can is te r  away from the 
heat exchanger t o  provide access t o  the isotope heat source and ca ta lys t  mater- 
i a l .  This flange i s  held i n  place wi.th b o l t s  and sealed with a Parker metal 
face  sea l .  

A perforated s t e e l  p l a t e  and screen i s  brazed 

A 
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S C R E E N  - 

SECTION A-A SECTION B-B 

MOULDED INSULATION 
(JOHNS-MANVILLE) 

F E E D T H R U F O R  
INSTRUMENTATION 8. 
OPTIONAL ELECTRICALLY 
HEATED UNIT 

MS 33656-12 
FITTING E N 0  ( 2  PLACES) 

END P L A T E  

SPOKE 

Fig. 1 - IHCOS Conventional Insulat ion Design 
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The ca ta lys t  canis ter  i s  supported from t h e  aluminum sh ie ld  assembly by 
One end of t h e  spokes i s  threaded i n t o  t h e  

The cyl indr ica l  

36 steel  wire spokes i n  tension. 
cy l indr ica l  wall o f  the  ca t a lys t  can is te r ,  while t he  other end i s  supported 
i n  a cyl indrical  channel sect ion with small threaded disks.  
channel section i s  used t o  support t he  two portions of the aluminum shield.  

The en t i re  area between t h e  inner body and t h e  sh ie ld  i s  f i l l e d  with 
molded insulat ion ( Johns-Manville Min-K 1301 ) . 
four pieces, mating a t  the  wire spokes and center- l ine of t h e  unit. 

The insu la t ion  i s  molded i n  

The aluminum outer sh ie ld  separates a t  t h e  spoked supports t o  a l l o w  ac- 
cess t o  the insu la t ion  and inner body of the  uni t .  The aluminum outer sh ie ld  
i s  a l s o  attached t o  the cold end of the regenerative heat exchanger. 
sh i e ld  i s  painted white t o  provide a high-emittance, and thus reduce i t s  sur- 
f ace temperature. 

The 

F i t t i ng  ends on t h e  cold end of t he  regenerative heat exchanger a re  per 
Ms33656-12, f o r  f l a r ed  tube connections. 
located a t  t he  cold end of t h e  heat  exchanger f o r  instrumentation leads and 
f o r  the e l ec t r i ca l  leads of t he  optional e lectr ical ly-heated simulated isotope. 
The instrumentation and e l e c t r i c a l  leads pass through the  i n l e t  gas passage of 
t he  regenerative heat exchanger. 
temperatures a t  t h e  i n l e t  and ou t l e t  of the  ca t a lys t  bed. 

An e l e c t r i c a l  f eed-thru i s  a l so  

Instrumentation consis ts  of recording gas 

Vacuum Insula t ion  Design 

Figure 2 and Table 1 show t h e  configuration and overa l l  package dimensions 
of t h e  vacuum insulated IHCOS designs. 
the conventionally insulated units with t h e  only differences being the  type of 
thermal insulation. 

These units a re  s imi la r  i n  design t o  

The insu la t ion  technique fo r  t h i s  u n i t  consis ts  of a vacuum jacket sur- 

The vessel  
rounding the ca t a lys t  canister and insulated regenerative heat exchanger. 
vacuum jacket i s  a vacuum furnace-brazed s t a in l e s s  s t e e l  vessel .  
when assembled i s  evacuated and sealed t o  maintain vacuum in t eg r i ty .  
and outer w a l l s  of the  vacuum vessel a re  joined a t  a machined r ing  on t h e  open 
end of the vessel .  
between t h e  inner and outer well, a t  t h e  closed end of t h e  vacuum vessel .  The 
i n t e r i o r  walls of t h e  vacuum vesse l  have special  coatings t o  achieve the de- 
s i r e d  thermal charac te r i s t ics .  
emittance of 0.07. 

The 

The inner 

Thirty-six r a d i a l  spokes are brazed under l i g h t  pre-load, 

The inner walls a r e  gold-plated t o  provide an 

The surface of t h e  vacuum vesse l  facing the ca ta lys t  can is te r ,  as well  as 
t h e  surface of t he  ca ta lys t  canis ter ,  are oxidized t o  provide an emittance of 
0.0. 

1 2  
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Fig. 2 - IHCOS Vacuum Insulation Design 
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The catalyst  canis ter  containing t h e  ca t a lys t  mater ia l  and isotope heat 
source i s  attached t o  t h e  vacuum vesse l  a t  a point adjacent t o  the  wire spokes. 
The cold end of  t he  regenerative heat exchanger i s  attached t o  an aluminum 
pla te ,  which, i n  turn,  i s  fastened t o  the  machined r ing  i n  t h e  open end of the 
vacuum vessel,  
wall  of the vacuum vessel  i s  f i l l e d  with molded insu la t ion  (Min K 1301 ). 

The volume between the  regenerative heat exchange and the  inner 

Structural  analyses were performed on the  c r i t i c a l  areas of the IHCOS de- 
s ign t o  investigate the  a b i l i t y  of the  un i t  t o  withstand t h e  s t a t i c  and dyna- 
mic loads tha t  a r e  ant ic ipated t o  be present.  The designs indicated i n  f i g s .  
1 and 2 were found adequate t o  withstand these loads. 

System Operation 

The MCOS u n i t  has ,two modes of operation, these a re  normal operation i n  
t h e  vehicle when flow i s  c i rcu la t ing  through t h e  unit and the  contaminants a re  
being removed. During a l l  other conditions where there  i s  f l o w  through the  
u n i t  the internal temperature w i l l  r i s e  during the  flow shutdown s i tua t ion .  

Normal operation. - During operation, f low from the  presorbent beds 
w i l l  enter t he  IHCOS and pass through t h e  regenerative heat exchanger (See f i g .  
3 )  where the a i r  i s  heated t o  within a few degrees of the  required ca t a lys t  
operating temperature. 
passes over the  isotope heat source t o  t he  far end of the unit. Heat t ransfer  
from t h e  isotope source t o  t he  gas stream brings the  gas up t o  t h e  required 
c a t a l y s t  temperature. 
turns around i n  a header and returns through t h e  ca ta lys t  which i s  located i n  
channels around the  isotope heat source. 
temperature by t h e  isotope surface and ca t a lys t  bed providing t h e  necessary 
tenperature difference f o r  operation of t h e  regenerative heat exchanger. During 
the  pass over t h e  ca ta lys t  bed, the  contaminants entering the  bed a re  oxidized. 
The gas leaves t h e  ca t a lys t  beds and i s  col lected i n  an annular chamber adjacent 
t o  t he  heat exchanger. 
header of t h e  heat exchanger. The cooled gas leaving the  heat exchanger then 
passes through a post sorbent bed where any toxic  products of combustion a re  
removed before being returned t o  t h e  cabin. The post sorbent bed i s  not in- 
cluded i n  t h e  IHCOS uni t .  

The flow leaving the  regenerative heat exchanger then 

After passing over the  isotope heat source, t h e  a i r  

The gas stream is  heated t o  operating 

The hot gas flows from this chamber i n t o  t h e  i n l e t  

Flow shutdown. - During conditions where there  i s  no flow through t h e  
uni t ,  t h e  operating temperature of t he  IHCOS un i t  must be maintained within 
acceptable levels . -  He& which i s  normally l o s t  t o  t he  flowing gas stream i s  
dissipated by an increase i n  uni t  temperature from the  normal operating tempera- 
tu res  t o  an upper l i m i t  of 1000°F. This heat i s  conducted down the core of t h e  
heat  exchanger and from the heat source t o  t he  surface of t h e  ca t a lys t  can is te r  
by the heat conducting webs which also contain the  ca ta lys t .  
s ized t o  meet heat t r ans fe r  requirements under t h e  no-flow condition. 

These webs were 
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Operating Character is t ics  

The IHCOS was  optimized f o r  a 9-man unit operating a t  10.0 ps i a  and pro- 
cessing 3.0 CFM of flow. This basic  optimized design was scaled t o  provide 
the  data  presented i n  Table 2. 

~ 

I The pr inciple  scal ing procedure was t o  sca le  
the length of t he  isotope heat source with power leve1,and t h e  heat exchanger 
face area with f l o w  r a t e .  The scal ing procedures are va l id  and will y ie ld  new 
optimum designs f o r  power l eve l s  from 80 t o  I40 watts. However, f o r  the  3-man 
uni t s ,  the unit's weight may be reduced somewhat by a t o t a l  reoptimization. 
The projected weight savings of the  3-man unit reoptimization i s  only a few 
pounds and w a s  not performed i n  t h i s  study. 

i 
1 

I 
I 

The IHCOS i s  designed f o r  operation i n  a 75OF environment with a 75OF 
supply temperature. 
performance of t he  unit. 
t o  115'F above the  feed ,temperature f o r  t he  moist gas designs and from 90 t o  
100°F above feed temperature f o r  t he  dry process gas designs. 

Any increase i n  these temperatures w i l l  y ie ld  improved 
The gas leaving the IHCOS un i t  w i l l  vary from 105 

An evaluation of the e f f e c t  of unit operation a t  system pressures d i f f e r -  
ent than 10.0 ps i a  was made. Changes i n  un i t  pressure drop and regenerative 
heat exchanger performance will r e su l t .  
unit i s  off-loaded 20% by the  addition of  i n e r t  mater ia l  t o  provide f o r  such 
contingencies. 
of  t he  isotope heat source by reducing the  off-loading. 
10.0 ps ia  w i l l  r e s u l t  i n  higher than required temperatures and ca t a lys t  per- 
formance w i l l  be improved, o r  off-loading can be increased thereby maintaining 
design operating temperatures. 
design power l eve l s  f o r  14.7 ps ia  and 5.0 ps ia  operation. 
case i s  taken as the bas i s .  

The isotope heat source f o r  t he  design 

Operation a t  14.7 p s i  i s  possible by increasing the power l eve l  
Pressures lower than 

Table 2 shows t h e  expected deviation from t h e  
The 10.0 ps i a  design 

TABLE 2 

ISOTOPE POWER CHANGES FOR DIFFERENT OPERATING PRESSURES 

14.7 ps ia  5 ps i a  

+ 15 watts 

+ 13 watts 

- 16 watts 9-man moist gas designs 

9-man dry process gas designs - I 4  watts 
6-man moist gas designs + 11 w a t t s  - 11 watts 

6-man dry process gas designs - 10 w a t t s  
3 -man m o i s t  gas designs + 5 w a t t s  - 6 w a t t s  

3-man dry process gas designs + 4 watts - 4 watts 

+ 10 watts 
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If off-loading i s  used t o  increase or decrease power level ,  there  w i l l  be 
-*" nn rhanges --*--- in t h e  1;Lt F7ei-ht.s b'---. 

l e v e l  r e s u l t  from changes i n  heat exchanger performance, the  data i n  Table 2 
i s  independent of t he  insu la t ion  type selected. 

Fiirthermgrej hecaij-ap t.hp changer: in power 

The pressure l o s s  of each of t he  uni ts  presented i n  Table 1 w i l l  a l so  
vary. 
s iderat ions of pressure var ia t ion,  the  volume f l o w  through the  uni t  must be 
held constant t o  provide constant contaminant removal. 

These losses  w i l l  vary as pressure t o  t h e  0.5 power. During a l l  con- 

With the  unit operating i n  a 75OF environment, t he  surface temperature 
w i l l  be l l s°F  during normal operation. 
i s  no flow through the uni t ,  t h i s  surface temperature w i l l  r i s e  t o  215'F. 
other operating conditions w i l l  f a l l  between these two limits. 

If t h e  cabin i s  depressurized and there  
All 

Isotope Heat Source 

A comparison of several  isotope heat  sources f o r  use i n  IHCOS showed a 
c l ea r  advantage f o r  Pu-238. This was  t h e  selected isotope used i n  a l l  of  t he  
units. Other sources which were evaluated and rejected f o r  reasons of exces- 
s ive  weight, inappropriate h a l f - l i f e  and excessive sh ie ld  requirements, in-  
clude Sr-90, Pm-147, Cm-244, Po-210 and Th-lb1 . 

Aerospace nuclear safety.  - The isotope heat source must meet t h e  
following aerospace nuclear sa fe ty  c r i t e r i a .  

o Complete containment of the  isotope during ground handling and launch 
pad operations. 

o Encapsulation materials chemically compatible with poten t ia l  launch 
and space abort environments. 

o I n t a c t  reent ry  capabi l i ty .  

o Capsule survival  i n  the event of Earth-impact. 

The use of radioisotopes requires consideration of sa fe ty  i n  a l l  phases of 
operation, from i n i t i a l  encapsulation of the isotope through mission completion. 
Concurrent with t h e  heat source design, it i s  necessary t o  determine t h e  acci-  
dental  environments t o  which the  heat source might be subjected and t o  evaluate 
the  e f f ec t s  of these environments on capsule in t eg r i ty .  Safety c r i t e r i a  a r e  
then establ ished and adhered t o  i n  order t o  assure a f i n a l  design capable of 
hazard-free operation. 
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Traditionally, t he  AEC has required the  demonstration of safe containment 
of a l l  radioisotopes during source fabricat ion,  handling, and use. The deve- 
lopment and use of radioisotope heat sources f o r  applications i n  t h e  nat ional  
space program have resu l ted  i n  the  evolution of a new s e r i e s  of hos t i l e  environ- 
ments associated with reentry in to  the  Earth 's  atmosphere, followed by Earth- 
impact at terminal velocity.  Presently, demonstration of complete isotope 
containment i n  these environments appears t o  be t h e  most widely accepted safe- 
t y  c r i t e r i a .  

The poten t ia l  abort  environments associated with each of t h e  following 
phases of a t yp ica l  mission were considered. 

o Ground t ransportat ion 

o Launch pad operations 

o Suborbital f l i g h t  

o Orbital f l i g h t  

The analysis of each of the mission phases resu l ted  i n  t h e  generation of design 
requirements f o r  the radioisotope capsule. 

Selected heat  source. - Consideration of t h e  safe ty  requirements resul- 
t e d  i n  the heat source design shown i n  f ig s .  1 and 2. 
posed of a cen t r a l  cylinder which contains t h e  Pu-238. 
s t ressed  t o  assure no re lease  of t h e  isotope material upon impact after reentry. 
The f o u r  f i n s  rad ia t ing  from t h i s  cen t r a l  cylinder with t h e  tube around t h e  
edge diss ipate  t h e  reent ry  heat and reduce the  impact ve loc i t ies .  
unit  i s  coated with a mater ia l  which pro tec ts  t h e  main s t r u c t u r a l  mater ia l  from 
oxidation and has a high emissivity f o r  heat diss ipat ion.  The analysis  of t h i s  
heat  source showed a m i n i m u m  f i n  height of about one inch w a s  required from 
about 80 watts up t o  170 watts. 
and package considerations of t he  IHCOS unit. 

This heat source i s  com- 
This cylinder i s  

The e n t i r e  

Use of this m i n i m u m  height was chosen f o r  weight 

Radiation dose levels .  - The rad ia t ion  dose' l e v e l  was evaluated f o r  t he  
9-man moist gas uni t .  
l e v e l  f o r  each of t h e  other designs using t h e  125 watt power of t h e  9-man 
moist gas u n i t  as t h e  basis. 
for  t h i s  baseline un i t .  

This data  can be scaled d i r e c t l y  with isotope powered 

The following i s  a descr ipt ion of t h e  dose l eve l s  

A t  1.5 meters from a l l  versions of IHCOS, the  accumulated dose over t he  
180-day mission amounts t o  l e s s  than 1 percent of the  recommended m a x i m u m  dos- 
age t o  the skin. 
able  dose i s  lower than the skin dose; however, the  rad ia t ion  from IHCOS 
(predominantly neutrons) i s  attenuated i n  reaching these dose points,  and thus 
I H C O S  radiat ion i s  responsible f o r  l e s s  than 4 percent of the recommended m a x i -  
mum continuous dosage a t  1.5 meters. 

For t h e  blood-forming organs, or  abdominal viscera,  t he  allow- 
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For t h e  lenses of the eye, the  r e l a t ive  biological  effectiveness ( o r  
q u a l i t y  f a c t o r )  f o r  neutrons i s  t . ~ c . e  t.hat. f o r  other body n r g z ~ s ,  
t h i s  fac tor ,  IHCOS contributes l e s s  than 5 percent of t he  t o t a l  mission allow- 
able  continuous eye dose. 
LMSC recommended values derived i n  consultation with C. A. Tobias, University 
of California,  Donnor Laboratory, f o r  a 180-day continuous exposure a re  43 
mrem/hr f o r  t he  lens  of the  eye, and 139 mrem/hr fo r  skin. 

~ p p l y i ~ g  

The t o t a l  allowable dose r a t e s ,  based on the current 

I n  considering possible maintenance requirements f o r  IHCOS, the recommen- 
ded m a x i m u m  acute dosage may become the dominant c r i t e r ion .  A n  exposure per- 
iod of 5 days a t  the  surface of IHCOS would r e s u l t  i n  l e s s  than 10 percent of 
t h e  recommended maximum acute hands-and-feet dose, o r  l e s s  than 25  percent of 
the  maximum acute eye dose. 

The c loses t  possible approach t o  t h e  radioisotope heat source i s  a t  t h e  
w a l l  of the  heat source capsule, and t h i s  point can only be reached by dis- 
assembling IHCOS. A t  this location, a n  exposure time of 50 hours would r e s u l t  
i n  l e s s  than 100 percent 02 the  t o t a l  acute dose t o  the  hands and f ee t ;  while 
an exposure time of 10 hours t o  t h e  eyes would r e s u l t  i n  less than 100 percent 
of t h e  t o t a l  acute eye dose. 

Based on the  foregoing data,  t he  rad ia t ion  f i e l d  from the unshielded IHCOS 
cons t i tu tes  only a minimal per turbat ion i n  t h e  operational radiat ion sa fe ty  
s i tua t ion .  If maintenance operations a r e  approached with t h e  knowledge t h a t  
t h e  heat source i s  radioactive,  there  should be no s igni f icant  e f f ec t  on the  
crew accumulated rad ia t ion  dose s ta tus .  

The ac tua l  curve for  dose l e v e l  as  a function of distance from t h e  unit i s  
c lass i f ied .  If there  i s  a requirement f o r  t h i s  information, r e fe r  t o  NASA 
CR -663 47. 
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PRE AND POSTSORBENT BEDS 

The design of t h e  pre  and postsorbent beds f o r  t h e  IHCOS unit  includes 
These are evaluated an evaluation of the  expected spacecraft  contaminants. 

t o  determine poten t ia l  ca t a lys t  poisons and harmful producLs. Then, sorbent 
mater ia ls  must be evaluated f o r  removing each of the undesirable mater ia ls  en- 
t e r ing  the  ca t a ly t i c  burner. This information on poisons and harmful products 
i s  then combined with sorbent data t o  yield the  f i n a l  design. 

Pot  e n t i  a1 Catalyst Poisons 

The IHCOS l i s t  of po ten t ia l  contaminants i n  manned space vehicles was 
evaluated t o  determine which spec i f ic  compounds a re  po ten t i a l  ca t a lys t  poisons, 
and which compounds produce toxic  combustion by-products. 

The c r i t e r i a  used i n  determining what a re  poten t ia l  ca ta lys t  poisons were 
based on previous experimental data  u t i l i z ing  0.5% Pd on alumina p e l l e t s  and 
on exhaustive l i terature search. Studies a t  LMSC with H2S show deactivation 
of t he  unprotected ca t a lys t  after 18 days of exposure a t  room temperature. 
Additional tests during t h i s  same program a t  elevated temperature indicated 
t h a t  with Freon-12, v inyl  chloride and methylmercaptan present i n  the  gas 
stream, the  ca ta lys t  bed temperature had t o  be increased 70°F t o  maintain the  
desired oxidation efficiency. Experiments a t  Atlant ic  Research have a l s o  in -  
dicated p a r t i a l  ca t a lys t  deactivation resul t ing from exposure t o  Freon-12. 
More recently,  during t h e  180-day IHCOS long term ca ta lys t  t e s t ,  it w a s  ob- 
served t h a t  water vapor i n  t h e  gas stream caused the  ca t a lys t  bed temperature 
t o  be increased 140°F t o  maintain t h e  desired oxidation efficiency. 
l i s ts  t h e  poten t ia l  ca ta lys t  poisons found i n  the  IHCOS l is t .  

Table 3 

Undesirable Products of Oxidation 

Catalyt ic  oxidation of compounds containing nitrogen, sulfur ,  or t he  
halogens may lead  t o  t h e  formation of new compounds of greater  t o x i c i t y  o r  of 
acids t h a t  could de te r iora te  equipment. 
catalyzed oxidation of Freon-I 1 , -1 2 ,  and  -1 14 have indicated halogen and acid 
products, and t h e  formation of vinylidene chloride and t r ichloroethylene from 
methyl chloroform. LMSC tests have detected SO2 and NO2 i n  the  o u t l e t  stream 
of an oxidizer f e d  Freon-114, H2S, and monomethyl hydraxine; t h e  absence of 
H C 1  and W was a t t r i bu ted  t o  react ion with the  monomethyl hydrazine. 

For example, NFtL s tudies  of Hopcalite- 
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TABLE 3 

POTENTIAL POISONOVS CONTAMINANTS ( I H C O S )  

Sulfur-containing compounds - 
Carbon Disulfide 
Carbonyl Sulfide 
Dimethyl Sulfide 
Ethyl Sulfide 
Ethyl Mercaptan 
Hydrogen Sulfide 
Methyl Mercaptan 
Propyl Mercaptan 
suim moxide 

Halogen-containing compounds - 
Carbon tetrachloride 
Chlorine 
Chlor oac etone 
Chlorolenzene 
Chlorofluoromethane 
Chloroform 
Chloropropane 
1,  1 Dichloroethane 
Ethylene Dichloride 
Freon-1 1 
Freon-1 2 
Freon-21 
Freon-22 
Freon-23 
Freon-1 13 
Freon-I 14 
Freon-I 14 (usym) 
Freon-1 25 
Hydrogen Chloride 
Hydrogen Fluoride 
Methylene Chloride 
Methyl Chloride 
Methyl Chloroform 
iso-Propyl Chloride 
Tetrachloroethylene 
Tetrafluoroethylene 
Trichloroethylene 
Vinyl Chloride 
Vinylidene Chloride 

Others - 
Water 
Hexamethylcyclotrisiloxane 

GENERATION RATE 
(gm/9-man day) 

0.25 
0.25 
0.25 
0.25 
0.25 

0.25 
0.25 
0.25 

0.0007 

0.25 
0.25 
0.25 
0.25 
0.25 
2.50 
0.25 
2.50 
0.25 
2.50 
2.50 
0.25 
0.25 
0.25 
0.25 
2.50 
0.25 
0.25 
0.25 
0.25 
2.50 
0.25 
2.50 
0.25 
0.25 
0.25 
2.50 
2.50 
0.25 

-- 
0.25 

MAXIMUM ALLOWABLE 
GONCENTR TION 

( mg/M 4) 

6.0 
25.0 
15.0 
97.0 
2.5 
1.5 
2.0 

82.0 
0.8 

6.5 
1 .5 

100.0 
35.0 
24.0 
24.0 
84.0 
40.0 
40.0 

560.0 
500.0 
420.0 
350. 0 

12.0 
700.0 
700.0 
700.0 
25.0 

21 .o 
21 .o 

190.0 
260.0 
67.0 

52.0 
130.0 
20.0 

0.15 
0.08 

205.0 

-- 
240.0 

I 
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Table 4 shows the  m a x i m u m  possible stoichiometric number o f  inorganic 
ccxb~siim prcdxt.! frrvm S G L ~ E - ~  halogen- a.nd nitrogen-containing compounds. 

Sorbent Selection 

A review of sorbent materials f o r  the pre and postsorbent beds was based 
on the  following c r i t e r i a :  ( 1  ) adsorption capacity; ( 2 )  s e l ec t iv i ty ;  (3)  
weight requirements; (4) chemical s t ab i l i t y ;  ( 5 )  avai lab i l i ty ;  and (6 )  regener- 
a b i l i t y .  
candidates: 
l i thium hydroxide. I 

On t h i s  basis ,  three sorbent materials were selected as poten t ia l  
acid-impregnated act ivated charcoal, Molecular Sieve ( 1  3x) , and 

Acid-impregnated act ivated charcoal has the  general capabi l i ty  of adsor- 
bing most organic compounds with good removal eff ic iency plus t h e  a b i l i t y  t o  
remove ammonia (NH3) from the  gas stream. 
above requirements f o r  a desirable sorbent, i t s  only short-coming being i t s  
l imited capacity f o r  inorganic compounds, espec ia l ly  the  acid gases. 

Activated charcoal meets a l l  of t h e  

Molecular Sieve i s  a good sorbent f o r  a l l  compounds having an e f fec t ive  
I t  has good ther -  molecular s i z e  grea te r  than methane ( C H 4 )  and hydrogen (H2). 

mal and chemical s t a b i l i t y  and has a larger adsorption capacity than act ivated 
charcoal with a la rger  range, especial ly  f o r  inorganic compounds such as  H2S, 
NH3, S 0 2 ,  H C 1  and HI?. The biggest disadvantage of Molecular Sieve, however, 
i s  i t s  spec ia l  a f f i n i t y  f o r  water. In other words, Molecular Sieve w i l l  selec- 
t i v e l y  adsorb water over other compounds. m e  estimated adsorption capacity 
of Molecular Sieve i n  a gas stream with a ss°F dew point i s  0.5 t o  1.0%, as  
contrasted t o  i t s  20 t o  30% adsorption capacity i n  a gas stream with a -.%OF 
dew point. 

Lithium hydroxide, i n  contrast  t o  activated charcoal and Molecular Sieve, 
s e l ec t ive ly  adsorbs compounds by a reaction o r  chemisorption mechanism. The 
generally accepted mechanism i s  the  neutral izat ion reaction between a base and 
an acid,  although the  complexing and oxidation-reduction reac t ion  of  L i O H  and 
other strong bases have been studied. 
two sorbents i s  i t s  greater  adsorption capacity; i . e . ,  50 t o  80% by weight, 
hence a smaller weight requirement. 
t e d  adsorption range; i . e . ,  approximately 50% of those poten t ia l  ca ta lys t  
poisons and 20% of the  t o t a l  contaminants i n  the  IHCOS l i s t .  
vantage i s  t h a t  LiOH i s  not regenerable, i n  contrast  t o  charcoal and Molecular 
Sieve which can be regenerated with t h e  application of heat and vacuum. 
ever, t h e  small weight requirements o f  LiOH makes it an easy task  j u s t  t o  dis- 
card the  spent LiOH and replace it with a f r e sh  charge. 

The main advantage of L i O H  over the other 

The main disadvantage of LiGH i s  i t s  l i m i -  

A minor disad- 

How- 

The f i n a l  se lec t ion  of L i O H  a s  t h e  sorbent mater ia l  for both the  pre  and  
postsorbent beds was based on two primary considerations; weight requirements 
and general adsorption capabili ty.  Activated charcoal was eliminated as  a 
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TABLE 4 
MAXIMUM P O S S I B L E  INORGANIC COMBUSTION PRODUCTS 

CONTAMINANT FORMlTLA €IF' H C 1  NO2 SO2 Si02 HCN C 0 C l 2  C 1 2  COF2 1 
Ammonia 
Carbon Disulfide 
Chlorine 

Chlor oacetone 
Chlorobenzene 

Chloropropane 
Cyanamide 

Dimethylhydrazine 
Ethylene Dichloride 

Ethyl Sulfide 

Ethyl Mercaptan 
Freon-1 1 
Freon-1 2 
Freon-22 
Freon-23 

Freon-1 1 h 
Freon-1 1 h (uneym) 
Freon-1 25 
Hydrogen Chloride 

Hydrogen Fluoride 
Hexamethylcyclotri- 

Hydrogen Sulfide 
Methylene Chloride 

Methyl Chlor of o m  
Monomethyl Hydrazine 
Methyl Mercaptan 
Nitr ic  Oxide 
Nitrogen Tetroxide 
Propyl Mercaptan 
Sulfur Dioxide 
Trichloroethylene 
Tetrachloroethylene 
Tetrafluoroethylene 
Freon-21 
Vinyl Chloride 
Vinylidene Chloride 

siloxane 

m3 
cs2 
c12 
C3H5C10 

C6H5C1 

C3H7C1 

( CH3 l2N2H2 
cH2N2 

C2H2C12 
(C2H5I2S 

CFCl3 

CHF2Cl 

c2H6s 

CF2C12 

m3 
C2F&C12 
C2FiC12 

c2F5H 
HC1 
HF 

(CH3 )6(Si03 13 

H2S 
CH2C12 

C2H3C13 
cH6N2 
CH3SH 
NO 

N204 

so2 

C2Clh 

C2Fh 

C2H2C12 

'JH8' 

C2HC13 

CHC12F 
C2H3C1 

h 
1 

2 

1 

1 

2 

3 
2 
1 

2 
2 

1 

1 1 
2 

1 

0.5 
0.5 

0.5 
2 2 

2 2 
1 

1 

1 

1 .5 
1 

0.5 

0.5 

1 

2 

3 
2 

1 

1 

2 

1 

1 

3 
h 

3 

1 

0.5 
0.5 
0.5 

1 

1.5 

0.5 
1 

1 

1 

0.5 

0.5 
1 

1 
1 e 5  

2 
2 

2.5 

1.5 1 1.5 1 

2 

1.5 1.5 
2 2 

2 
1 0.5 1 

0.5 0.5 
1 1 
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presorbent material as  it was calculated that  the charcoal i n  the  main sorbent 
>:suld effectively remove those contaminants adsorpable by charcoal. Moreover , 
since t h e  tox ic  and undesirable combustion products a r e  mainly inorganic com- 
pounds, ac t iva ted  charcoal i s  a n  unsuitable postsorbent. Molecular Sieve i s  
eliminated because of i t s  high weight requirements. 
i n  weight between LiOH and Molecular Sieve i s  calculated on t h e  bas i s  of a 
m o i s t  gas stream passing through the contaminant removal system. 

A hundred-fold difference 

LiOH w a s  chosen both f o r  i t s  low weight requirements and i t s  adsorption 
capaci ty  f o r  spec i f ic  ca ta lys t  poisons and toxic  contaminants not removed by 
t h e  charcoal main sorbent bed; e.g., S 0 2 ,  H2S, HC1, and HF. 
it will e f fec t ive ly  remove those acidic  inorganic combustion products. 

A s  a postsorbent, 

Sorbent Bed Design 

The pre  and postsorbent beds a re  similar i n  design t o  the  l i thium hydroxide 
carbon dioxide removal can5sters which have been designed fo r  a number of space 
vehicles.  
man. The minimum bed s i z e  w i l l  r e su l t  i n  a space ve loc i ty  which w i l l  y ie ld  the  
desired removal efficiency. 
day mission. A s  mission length i s  measured, this bed will get l a rge r  a t  a r a t e  
of 0.003 pounds per m a n  day. 

They w i l l  be packaged i n  a car t r idge of no l e s s  than 1 . 1 pounds per 

This minimum bed s i z e  w i l l  correspond t o  a 180- 

The postsorbent bed has been designed with complete f a i l u r e  of presorbent 
assumed. This w i l l  result i n  a maximum possible quant i t ies  of toxic  mater ia l  
generated. 
presorbent w i l l  be required. This w i l l  r e su l t  i n  a bed which i s  1.1 pounds per 
man f o r  180 days. This uni t  will increase i n  s i z e  a t  a r a t e  of .002 pounds per 
man day. 

If t h i s  worst case i s  assumed a postsorbent bed iden t i ca l  t o  t h e  
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SYSTEM INTEGRATION 

The in tegra t ion  of IHCOS and pre  and postsorbent beds i n t o  a space vehicle  
can be accomplished i n  three pr inc ip le  ways: 

o Completely independent of t h e  ECS. 

o Integrated with the main contaminant control  uni t .  

o Integrated with the  Molecular Sieve unit. 

Independent i n s t a l l a t i o n  of IHCOS w i l l  r e s u l t  i n  a requirement f o r  la rge  
quant i t ies  of act ivated charcoal t o  prevent ca t a lys t  poisoning. These w i l l  be 
i n  addi t ion  t o  t h e  main charcoal beds. 
penalty, it i s  recommended t h a t  IHCOS be integrated with the  main sorbent beds 
i n  a l l  cases. 

As a r e s u l t  of this excessive weight 

Integrat ion of IHCOS with the Molecular Sieve units offers  t h e  weight 
advantage of t he  dry process gas uni t s ,  with i n l e t  dew point  temperatures below 
-4OoF, and a possible reduction i n  the  lithium hydroxide quant i t ies .  A t  pre- 
sent ,  l i t t l e  i s  known about t he  capabi l i ty  of t h e  regenerable Molecular Sieve 
beds t o  remove some of t he  poisons and taking advantage of i t s  capab i l i t y  i s  
not recommended i n  view of t he  low weights of L i O H  required. Further, the  
savings o f  l e s s  than 5 pounds offered by the d r y  process gas design w i l l  most 
l i k e l y  not  compensate f o r  the weight and design penal t ies  t o  the  Molecular 
Sieve system. 

A s  a r e s u l t  of these considerations,  the  recommended approach i s  f o r  the  
in tegra t ion  of a moist gas, with i n l e t  dew points  near cabin leve ls ,  designed 
with the  main contaminant removal system. 
flow loop around the contaminant cont ro l  fans t o  minimize the  pressure l o s s  pen- 
a l t y  and u t i l i z e  the  presorbent value of the main act ivated charcoal beds. 

This un i t  would be placed i n  a back 

Ins t a l l a t ion  

The elements of t h e  ca t a ly t i c  oxidizer system including the pre  and post- 
sorbent can i s t e r s  may be in s t a l l ed  i n  a package such as shown i n  f i g .  4. This 
drawing shows an oxidizer and sorbent beds designed for a 9-man vehicle with a 
2-year mission l i f e  and 10.0 ps i a  cabin atmosphere. The three  major subassem- 
b l i e s  a r e  shown mounted i n  a unit with t h e  sorbent beds connected t o  the oxidi-  
zer  a t  one end and with f i t t i n g s  a t  t h e  other end f o r  connecting t o  t he  vehicle  
contaminant removal system. Provision i s  made for removal o f  the  i n l e t  face 
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of t h e  presorbent bed and ou t l e t  face of the postsorbent bed f o r  change of the 
l i t h imi  hydroxide chzrgz. 
disconnecting the  ox id ize r  u n i t  for maintenance. 
packaging requirements do not allow such an in s t a l l a t ion ,  t h e  components may 
be mounted remotely as long as  the order  i n  t he  f l o w  stream i s  maintained. 

F.en?cval IEC! chinge n f  the cat.a.lyst, w i l l  require  
I n  the  event t h a t  vehicle 

Modularization Concept 

I 

I 

Examination of t h e  weight and isotope power summary presented i n  Table 1 
shows a considerable weight advantage t o  using a s ingle  unit deslgned f o r  the 
t o t a l  crew s i z e  ra ther  than a number of smaller units.  These advantages a l so  
extend t o  t h e  poten t ia l  rad ia t ion  dose as the  larger  units w i l l  require  much 
l e s s  isotope power than combining t h e  smaller uni ts .  If a s ing le  oxidizer unit 
i s  chosen f o r  t he  f i n a l  configuration, there appears t o  be no advantage i n  
using mult iple  pre  and postsorbent beds. 

The weight penalty of a s ingle  9-man uni t  over t ha t  of a s ingle  3-man 

The rad ia t ion  
unit i s  s m a l l .  Thus, t h e  design and fabricat ion of a 9-man un i t  will s a t i s f y  
t h e  requirements of smaller crew s izes  with l i t t l e  penalty. 
hazard can be minimized by adjusting t h e  flow through the  oxidizer t o  match the  
crew size.  This w i l l  r esu l t  i n  a reduction i n  required isotope power l eve l  a t  
a given operation temperature. The reduced power and resu l tan t  reduced radia- 
t i o n  dose can be accomplished by off-loading the isotope source a t  t h e  time of 
fabr ica t ion  immediately before f l i g h t .  

The pre  and postborbent beds, which are the la rges t  components i n  the  t r ace  
contaminant control system, will vary i n  s i ze  and weight d i r e c t l y  with crew s i z e .  
A s  a re su l t ,  there  i s  a s igni f icant  advantage i n  developing un i t s  f o r  each crew 
s i z e .  
w i l l  reduce the  cost  and development penalties of these components. Considera- 
t i o n  of space ve loc i ty  required t o  achieve desired bed performance will l i m i t  
t he  minimum bed s i z e  t o  one corresponding t o  a 180-day mission. Extension of 
missions beyond 180 days can be achieved by resupply of a basic 180-day canis ter .  
An a l t e rna t ive  approach t o  var iable  mission durations f o r  the  pre and post- 
sorbent beds i s  off-loading long duration bed designs t o  shorter  missions. 
approach has a m i n i m a l  weight penalty but a volume penalty near ly  proportional 
t o  t h e  mission duration. 

The la rge  backlog of work already done on l i t h i u m  hydroxide canis te rs  

This 

The loca t ion  of a l l  elements of t he  t r ace  contarninant control  system must 

This loca t ion  r e -  
be such t h a t  the  chemical and ca ta lys t  charges can be changed i n  case some 
vehicle f a i l u r e  r e s u l t s  i n  an unexpected contaminant pulse. 
s t r i c t i o n  w i l l  not have a first p r i o r i t y  as an emergency i s  assumed t o  cause 
f a i l u r e  and no rout ine maintenance w i l l  be necessary based on a r e l i a b i l i t y  
analysis. 
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Controls and Displays 

The ca ta ly t ic  oxidizer system has a high inherent r e l i a b i l i t y ,  making 
r epa i r  or maintenance unlikely. A s  a r e s u l t ,  a m i n i m u m  of controls  and dis- 
plays will be required t o  monitor t h e  operation of t h i s  unit. 
t h e  unit  i s  fixed, t h e  operating temperature w i l l  vary with t h e  system flow. 
This flow must be monitored and maintained a t  t h e  proper l e v e l  f o r  t he  par t icu-  
lar crew size. I n  addition, t h e  operating temperature should be measured and 
displayed. If temperature drops below t h e  m i n i m u m  allowable leve l ,  a warning 
l i g h t  will operate. 

A s  t he  power of 

I n  the event t h a t  there  i s  a complete on-board gas monitoring system, gas 
pickup points a t  the ou t l e t s  of t he  major system components can be in s t a l l ed .  
The select ion o f  the pickup point can be manually operated, as this w i l l  serve 
only as a system diagnostic too l .  

In  summary, the-cont ro ls  on the  unit w i l l  include f l o w  and gas monitoring 
select ion.  The displays w i l l  include flow, temperature, and low temperature 
warning l igh t .  
monitoring system. 

Displays f o r  t h e  gas composition w i l l  be t h e  ones f o r  t h e  gas 

Expendable Requirements 

The lithium hydroxide i s  the  only t r u e  expendable i n  the  ca t a ly t i c  oxidi- 
zer system. 
contain adequate act ivated charcoal t o  p ro tec t  t h e  oxidizer system i f  t h e  proper 
loca t ion  i s  chosen. 
contaminant load a re  1.1 pounds per man and .003 pounds per man day i n  excess 
of 180 days f o r  t he  presorbent bed. 
man and .002 pounds per man day i n  excess of 180 days. 
spared t o  achieve the  r e l i a b i l i t y  goal unless the  m a x i m u m  goal i s  chosen. 
t h a t  case, both beds must be spared. 
vehicle fa i lure ,  it may be necessary t o  car ry  backup li thium hydroxide and 
ca ta lys t .  

Analysis has shown t h a t  t h e  main contaminant control  system will 

The li thium hydroxide requirements fo r  t h e  assumed vehicle 

The postsorbent bed w i l l  be 1.1 pounds per 
These beds need not be 

I n  
I n  the  event of some undefined postulated 
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MAINTAINABILITY AND RELIABILITY 

The isotope-heated ca t a ly t i c  oxidizer system, including the pre and post- 
sorbent beds, has a high inherent r e l i a b i l i t y  as there  a re  no moving par t s  and 
key components have a considerable bas i s  of experience i n  similar configurations. 
The c a t a l y t i c  oxidizer i s  composed of several  major components. These are: 

o Regenerative heat exchange 

o Isotope heat source 

o Catalyst  can is te r  

o Catalyst  

I 

o Insu la t ion  

The r e l i a b i l i t y  of s t a in l e s s  s t e e l  heat exchangers i s  well  known and no 
problem with t h i s  unit i s  expected. The ca ta lys t  can is te r  and main s t ruc ture  
a r e  s ized pr imari ly  f o r  heat d i ss ipa t ion  during the  no flow condition which 
r e s u l t s  i n  s t r e s s  l eve l s  far below normal design values. 
have the  highest  r e l i a b i l i t y .  The isotope source being designed f o r  an i n t a c t  
re-entry requirement and having an 89 year h a l f - l i f e  w i l l  require  no mainte- 
nance o r  sparing. The only portion of t h i s  system t h a t  seems prone t o  f a i l u r e  
i s  t h e  c a t a l y s t  bed which can be poisoned. 

These components will 

The design of IHCOS i s  such t h a t  insulat ion on the  ca ta lys t  can is te r  end 

Removal of the  bo l t s  holding t h i s  l i d  i n  place w i l l  then allow replace- 
of the  uni t  can e a s i l y  be removed thus exposing the  l i d  of t he  ca t a lys t  canis- 
t e r .  
ment of t he  ca t a lys t .  
of the  channels f o r  ease of handling and pa r t i c l e  contaminant. 
re-assembled f o r  reuse. 

The ca t a lys t  i s  held i n  containers contoured i n  the  shape 
The u n i t  i s  then 

For some types of poisoning, ca ta lys t  regeneration may be possible  by i n -  
creasing the  operating temperature. 
as a r e s u l t  the  heat exchanger losses .  

This i s  done by reducing t h e  un i t  flow and 

During maintenance operations, a condition of no flow will e x i s t  and t h e  
temperature of a l l  components w i l l  be very high, even with the in su la t ion  re -  
moved. 
treme requirement. 
weight and rad ia t ion  dose penal t ies  incurred i n  sparing t h i s  unit. 

This will make maintenance a n  undesireable task  except i n  cases of ex- 
However, this task s t i l l  seems desireable because of the  
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Rel i ab i l i t y  goals have been s e t  f o r  the  oxidizer system and sorbent beds. 
These are: 

2 year mission - no resupply 0 999650 
2 year mission with resupply 0 999900 

A s  a necessary s tep  i n  the determination of the  r e l i a b i l i t y  of the  system i n  
both modes it i s  e s sen t i a l  t h a t  a l l  elements have ascribed t o  them some r e l i a -  
b i l i t y  value. 
b a b i l i t y  tha t  t h e  device w i l l  operate f a i l u r e  f r e e  f o r  a period of one year, 
and a re  based upon amixed s e t  of data from both ac tua l  space f l i g h t s  o r  space 
simulation t e s t s .  

These numerics a re  a l l  given as  f igures  of merit ;  i .e . ,  t h e  pro- 

I n  each case, the  data  a re  iden t i f i ed  as  t o  source: 

1 .  F’resorbent Canister (LiOH) 

2 .  Catalyst  Canister 

3. Isotope Heat Source 

3a. Heat Exchanger (Plate  Fin)  

4. Catalyst  A1203 -- 1 .O% P t .  
5. Insulation. M I N  ( K )  

6. Outer Canister 

7. Postsorbent Canister (LiOH) 

0.99996. 

0.99990.’+ 

0 99999 
0.99990 

0.99999+ 

0.99999 

0.9999+ 

0.99996 

AiRe s earc h . JPL . 
If adequate safety f ac to r  
i s  used i n  design. 

Atomics In te rna t iona l  

Coors Ceramics, Inc.  

Johns-Manville Company 

If adequate S/F i s  used 
with proof t e s t ing .  

The r e l i a b i l i t y  values f o r  t he  ca t a lys t  can is te r  and outer canis te r  a r e  conser- 
va t ive  and can possibly be ra i sed  t o  0.99999 with extensive development i f  t h i s  
proves necessary. 

From the r e l i a b i l i t y  viewpoint a l l  of the elements a re  i n  s e r i e s ,  s ince 

The worst case r e l i a b i l i t y  model would thus be: 
a l l  must function properly f o r  t h e  device t o  operate for  two years i n  space with 
no resupply. 

R1 .R2 .R3 .R3a.Rb.RS .R6.R7 = 
Rsub s ys t em 

For the super condition it i s  assumed t h a t  the  LiOH canis te rs  a r e  space 

Under this condition it may be assumed t h a t  each canis te r  has a 
maintainable i n  t h a t  they can be replaced by a new un i t  carr ied,  o r  resupplied 
as a spare. 
spare i n  stand-by redundancy, the switching function being affected by the  in-  
s t a l l a t i o n  of t he  spare. The model thus becomes: 

R1 R7  
switch 

R1 a 
R2.  R3 .R3a. R4. R5. R6 Rsubsys tern switch = 

R7a 
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Assessment thus becomes merely a m a t t e r  of solving the  two equations. How- 
ever, s ince no nardwaze of this k h d  has Seen spice qual i f ied f o r  a period of 
e i the r  one o r  two years t o  date, t he  conditional r e l i a b i l i t y  numerics evolved 
a re  pred ic t ive  i n  nature; t h a t  i s  t o  say, tha t  t h e  confidence l eve l  associated 
with them is  a t  best  SO%, and the  numbers have equally as much chance of being 
incor rec t  as  val id .  

If the  r e l i a b i l i t y  values are assumed t o  be ra t iona l ,  solving f o r  t h e  two 
year case with no resupply gives: 

Rl.......R7 as: 0.99959 f o r  one year on o rb i t .  

For the  two years on o r b i t  no ra t iona l  attempt can be made t o  extrapolate 
t h e  value. However, it i s  reasonable t o  assume t h a t  s ince t h e  l i f e  of t he  heat 
source i s  almost infinite,  and there are no pa r t s  subject t o  wearout f a i l u r e  i n  
the  subsystem, t h a t  if the  device survives i n  operable condition f o r  one year, 
t h e  chances of it surviving f o r  a fu r the r  consecutive year a re  almost 100%. It 
must be noted t h a t  t he  device does not achieve t h e  approximate goal with the  
conservative canis te r  r e l i a b i l i t y  f igures .  Increasing t h e  r e l i a b i l i t y  of t h e  
ca ta lys t  can is te r  and outer canis te r  t o  the maximum achievable of 0.99999 re-  
s u l t s  i n  a value of 0.99977 which exceeds the goal. 

Solving the  equation f o r  t h e  second case gives a be t t e r  r e s u l t  as t h e  sub- 
system i s  re-suppliable, a t  one year intervals ,  o r  be t te r ,  a t  any time t h a t  
f a i l u r e  i s  encountered. 
a weak l i n k  i n  t h e  r e l i a b i l i t y  chain. 
it must be understood t h a t  no expression e x i s t s  t o  solve the  cases R1 switch 
R l a ,  R 7  switch R7a, s ince these devices will not obey the exponential r u l e  fo r  
f a l l i b i l i t y .  However, i f  it i s  assumed t h a t  t he  exponential expression fo r  units 
obeying t h e  rule when i n  stand-by redundancy i s  a reasonable approximation, a 
so lu t ion  is  possible. Assume t h a t  t he  subsystem has two spares o r  standbys 
which can be  applied i n  case of failure t o  e i t h e r  one unit two times, t h e  other 
un i t  two times, or  one spare t o  both units t h e  exponential expression f o r  this 
condition becomes: 

This a l l o w s  replacement of t he  L i O H  canis te rs  which are 
For purposes of so lu t ion  of  t he  equation 

A2t2  
2 !  

R = E - ” ~  ( 1 + A t  + 

where h = unit f a i l u r e  r a t e  

and t = time ( I  year) 

Since no published failure r a t e  ex i s t s  f o r  t he  i O H  device, it i s  necessary t o  
synthesize one from t h e  solut ion of: R = E-2‘ using t h e  R value of 0.99996, 
t as 1 year i n  hours, 8760, as  t he  Naperian base and solving f o r  lambda, i .e.,  
0.045 f a i l u r e s  per  mil l ion hours. 
we have: 0.9999999999.....9 f o r  t h e  f i r s t  and last  terms and t h e  product rule 
supplied f o r  the  r e s t  of t he  terms. 

Using t h i s  value t o  solve the  f i rs t  equation 

This results i n  a r e l i a b i l i t y  of 0.99967 
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which i s  l e s s  than t h e  super goal but  can be upgraded t o  0.99985 with addi t ional  
work on t h e  can is te r  units. 
the  heat exchanger component which i s  questionable. 

Achieving t h e  super goal would requi re  upgrading 

The r e l i a b i l i t y  goal of .99965 can be m e t  by e i the r  sparing the LiOH units 
o r  expending spec ia l  e f f o r t  t o  upgrade t h e  r e l i a b i l i t y  of t h e  ca t a lys t  can is te r  
and outer case. 
through increasing component r e l i a b i l i t y  with ex t ra  development and tes t ing .  
The super g o d  f o r  r e l i a b i l i t y  of .9999 cannot be achieved without sparing of 
the complete uni t .  
hydroxide beds and extensive component developments. 
rad ia t ion  hazard of sparing the t o t a l  un i t ,  Lockheed recommends lowering the 
super goal f o r  t h i s  unit  t o  the achievable .99985 level .  

Lockheed recommends t h a t  t h i s  goal be m e t  without spares 

However, .99985 i s  possible  through sparing of t he  l i thium 
I n  view of the  added 
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DEVELOPMENT PLAN 

This study of t h e  appl icat ion of an isotope-heated ca t a ly t i c  oxidizer with 
pre and postsorbent canis te rs  has shown tha t  t h e  most desireable approach i s  t o  
design the  oxidizer un i t  f o r  the m a x i m u m  expected crew s ize  and t a i l o r  t h e  sor- 
bent beds t o  the  selected mission. This study has resul ted i n  t h e  def in i t ion  
of t h e  mission requirements, selected configuration, ca t a lys t  and sorbent re-  
quirements and generation of a layout drawing of t he  system. 

The generation of hardware f o r  the  BSM based on the requirements and i n i -  
t i a l  layout drawings f o r  the  un i t  w i l l  require a development program which i s  
described herein.  

The objective of this development plan i s  t o  furnish a planning document 
f o r  implementing the  detai led design, fabr icat ion and evaluation of a space 
f l i g h t  qua l i f ied  isotope-heated ca t a ly t i c  oxidizer system. T h i s  objective can 
b e s t  be achieved i n  a f i v e  phase program as follows: 

I Concept def in i t ion  and preliminary engineering layout drawings. 

I1 Concept evaluation. 

I11 Isotope heat source fabricat ion and evaluation. 

IV Complete IHCOS design evaluation. 

V F l igh t  qual i f icat ion.  

The phase one e f f o r t  t o  develop an isotope-heated ca t a ly t i c  oxidizer system re- 
su l ted  i n  de f in i t i on  of a system and preliminary layout drawings. 
i s  described i n  t h i s  report .  

This phase 

The e f f o r t  required i n  Phase I1 includes the  f ina l i za t ion  of t h e  pre  and 
postsorbent bed designs including model testing. 
isotope heat source w i l l  be b u i l t  and tes ted t o  a id  i n  a de ta i led  design of the  
f inal  isotope heat source. 
about 6875 man hours over a 14-month period. 

A r e s i s t i v e l y  heated simulated 

This program which i s  presented below w i l l  consume 
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I Pre and Postsorbent Bed Development 

o Final  contaminant load de f in i t i on  f o r  t he  pre  and postsorbent beds. 

o Design and fabr ica t ion  of model pre  and postsorbent beds. 

o Long term sorbent bed evaluations. 

o Model sorbent bed design and fabricat ion.  

o Fu l l  sca le  pre and postsorbent bed design. 

I1 Detailed Engineering, Resistive Prototype 

o Material  specif icat ion.  

o Joining and fabr ica t ion  t e s t s .  

o Heater fabr ica t ion  and evaluation. 

o Detailed design engineering. 

Upon completion of Phase 11, t h e  f ab r i ca t ion  and evaluation of a r e s i s t i v e  
prototype heater can be s ta r ted .  
heated prototype. I n  addition, a completely integrated system including the  
simulated isotope heat source w i l l  be fabr icated,  tes ted,  and evaluation. This 
phase w i l l  require  7315 manhours over a 16-month period. 
phase are shown below: 

This unit w i l l  be used i n  the  r e s i s t i v e l y  

The s teps  i n  t h i s  

I Fabrication and Evaluation, Resis t ive Prototype 

o Fabrication and evaluation, heat source. 

o Fabrication of complete unit. 

o Evaluation of complete un i t .  

I1 AEC Coordination and Commitment. 

Phase I11 w i l l  ve r i fy  the  predicted performance of IHCOS. This data  w i l l  

The s teps  i n  this phase 
then be evaluated and an i so top ica l ly  heated demonstration uni t  b u i l t .  
unit w i l l  ul t imately be f l i g h t  qual i f ied fo r  t he  BSM. 
of the program a r e  shown below. 
manhours Over a 20-month period. 

This 

Completion of t h i s  work will requi re  12,050 
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I 

I IHCOS Design Evaluation 

I1 Heat Source Design 

o Post demonstration tes t  evaluation. 

o Re-entry a id  evaluation. 

o Detailed thermal analysis.  

o S t ress  analysis.  

o Evaluation and drawings. 

I11 Chemical Compatibility Tests 

o Capsule component compatibility t e s t s .  

o Coating chemical compatibility tests. 

IV 

V 

Fabrication and Assembly Isotope Test U n i t  

Isotope Mechanical and Safety Evaluation Tests 

o Shock and vibrat ion loading. 

o Hypersonic Re-entry simulation tests. 

o Impact t e s t s .  

o Post impact creep t e s t s .  

V I  Final  Radioisotope Heat Source Design 

V I 1  Fabrication, Assembly, and Qual i f ica t ion  Test of Radioisotope 
Demonstration Units. 

o Isotope component fabr icat ion.  

o Isotope shipping container fabrication. 

o Encapsulation of radioisotope. 

Demonstration Testing of Integrated IHCOS V I 1 1  

o System performance t e s t .  

o Post demonstration t e s t  evaluation. 
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The f i n a l  phase of a program t o  produce a f l i g h t  qual i f ied IHCOS fo r  t he  I 
I BSM i s  the f l i g h t  qua l i f ica t ion  program as shown below: 

I 
I 

l 

I Flight Qual i f ica t ion  

o Fabricate 6 units f o r  del ivery and qua l i f ica t ion  program. 

o Run  environmental t e s t s .  

! o Establ ish and run a r e l i a b i l i t y  and qua l i ty  control  program. 

I1 Coordinate i n s t a l l a t i o n  of IHCOS i n  vehicle.  

Accomplishment of t h i s  t a s k  w i l l  consume about 18,000 manhours over a one-year 
period. 

I n  summary, the-de l ivery  of a f l i g h t  qual i f ied IHCOS f o r  t h e  BSM can bes t  
be accomplished i n  a 5 phase program covering a period of 62 months and 44,240 
manhours of labor. 
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CONCLUSIONS 

This study has shown t h a t  a ca t a ly t i c  oxidizer system based upon the 
design concepted i n  NASA CR-66346 can effect ively control  a major portion of 
t he  expected contaminant load fo r  advanced vehicles with mission durations i n  
excess of 180 days. 
range of crew sizes of 3 t o  9 men. 

The basic oxidizer design configuration i s  val id  over t he  

The oxidizer weight, with a moist feed gas and conventional insulat ion,  
w i l l  vary from 20 pounds f o r  the 3-man uni t  t o  26 pounds f o r  the  9-man uni t .  
This low weight var ia t ion  with crew s i ze  makes it desireable t o  produce only 
the  9-man unit and off-load the  i s o t o p e  f o r  the  lower crew s i zes  ra ther  than 
using multiple units -of the 3-man s ize .  

Evaluation of t he  expected contaminants has shown t h a t  mater ia ls  which 
poison the  ca t a lys t  and produce undesireable products of combustion can be 
effectively control led by both act ivated charcoal and l i t h i u m  hydroxide. 
t i o n  of t he  system downstream of t h e  main act ivated charcoal contaminant removal 
bed represents t h e  optimum use of charcoal. The pre and postsorbent beds of 
l i thium hydroxide require  a m i n i m u m  charge of 1 .1  pounds per man t o  achieve the  
desired removal efficiency. 
excess of 180 days, a t  a r a t e  of .003 and  .002 pounds per m a n  day respectively. 

Loca- 

These beds w i l l  increase i n  s i z e  f o r  missions i n  

A n  inves t iga t ion  of t h e  r e l i a b i l i t y  and maintainabi l i ty  of the uni t  has 
shown t h a t  .99965 i s  achievable f o r  a two-year mission and a goal of .9999 can 
c lose ly  be approached i f  the l i thium hydroxide pre  and postsorbents a r e  spared. 
The high operation temperature makes maintenence of t h i s  unit undesireable. 
The highly r e l i a b l e  and passive nature of the  system makes instrumentation and 
controls  unnecessary except f o r  minimal readouts t o  monitor operations. 

Evaluation of other ca t a ly t i c  oxidizer designs has shown tha t  t he  config- 
urat ion f o r  the  i so top ica l ly  heated u n i t  provides a most e f fec t ive  design f o r  
an e l e c t r i c a l l y  heated unit with the  subs t i tu t ion  of an e l e c t r i c  heater f o r  t h e  
isotope heat source. 
a tu re  cont ro l  t o  conserve on e l e c t r i c a l  power during some operating conditions. 

The major difference will l i e  i n  the  use of a unit temper- 
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NOTES FOR APPENDIX A 
I 

1 .  

2. 

3 .  

4. 

5. 
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7. 

8. 

9. 

10. 

1 1 .  

12 .  

13. 

14* 
15. 

16. 
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Metabolic production rate based on 9 men, production per  man from Bio- 

have been reported, but without rate estimate. 

I astronautics Data Book, NASA sP-3006. Contaminants noted by check mark 
1 

L i m i t  taken as 0.1 of t h e  Threshold L i m i t  Value (TLV) f o r  1965, American 
Conference of Governmental Indus t r i a l  Hygienists, May 1965. 

L i m i t  derived by analogy t o  1965 TLV f o r  propane, butadiene, and LPG 
( l iquefied petroleum gas ) . 
Limit taken as t h a t  estimated by R. H. Edgerly, North American Aviation, 
October 7, 1964. 

L i m i t  taken as concentration t h a t  r e s u l t s  i n  a vapor pressure of 0.02 t o r r ,  
except f o r  hydrogen and methane f o r  which vapor pressure of 2.0 t o r r  i s  
used. 

L i m i t  taken as t h e  allowable 90-day continuous exposure l imi t  f o r  submar- 
ines  as  published i n  Submarine Habi tab i l i ty  Handbook, Navships 250-649-1 , 
and from personal communication, Capt. J. Siegel, Naval Toxicology Unit. 

L i m i t  derived by analogy t o  1965 TLV f o r  cyclohexane. 

L i m i t  derived by analogy t o  1965 TLV f o r  methyl propyl ketone (pentanane-2). 

L i m i t  taken as 0.1 of TLV suggested by H. B. Elkins, Chemistry of Indus- 
t r i a l  Toxicology, 1 959. 

Limit taken as  adverse l e v e l  l i m i t  set  by S ta te  of California.  

L i m i t  derived by analogy t o  1965 TLV f o r  chloroform. 

L i m i t  derived by analogy t o  1965 TLV f o r  e thyl  bu ty l  ketone. 

Limit derived by analogy t o  1965 TLV f o r  naphthalene. 

Limit derived by analogy t o  1965 TLV f o r  Freon-114. 

L i m i t  taken as 0.1 of Sax's suggested value f o r  furan. 

L i m i t  derived by analogy t o  1965 TLV f o r  lower esters .  

I 

I 

I 
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17.  

18. 

19. 

L i m i t  derived by analogy t o  1965 TLV f o r  e thyl  benzene. 

L i m i t  derived by analogy t o  1965 TLV f o r  acetaldehyde. 

L i m i t  derived by analogy t o  1965 TLV f o r  e thyl  ether,  plus divinyl  e ther  
data. 

Limit derived by analogy t o  1965 TLV f o r  e thyl  chloride. 

L i m i t  derived by analogy t o  1965 TLV f o r  formic acid. 

The renoval eff ic iency required fo r  methane with a flow of 3 CFM i s  27%. 

Listed contaminants have been reported i n  connection with materials 
screening o r  atmospheric analysis as follows: 
a double trXn means found i n  large amounts). 

20. 

21. 

22. 

23. 
(an IrXtl ind ica tes  reported, 

A. = 

B. = 

c. = 

D. = 

E. = 

F. = 

G. = 

Outgassing products of space cabin qual i f ied materials as determined 
by LMSC studies ,  as reported by Apollo C/M contaminant control 
s tudies ,  and as c i t ed  i n  Honeywell report  A63 777A 22(2). 

Detected as contaminants i n  charcoal desorption tests of samples 
from Mercury and Gemini (up t o  GT-7) ECS. 
Research Lab. ). 

(R.  Saunders, Naval 

Detected by LMSC as contaminants i n  Air Force B iosa t e l l i t e  30-day 
ground t e s t  (chimpanzee subject)  (AMD TR-66-1, April, 1966). 

Reported i n  30-day manned experiment conducted by Aerospace Medical 
Research Lab. 
37, 3, 233, March 1966). 

(W, H. Toliver and M. L. Morris,  Aerospace Medicine, 

Reported i n  56-day manned experiment conducted by School of Aero- 
space Medicine (J, D. Adams,- e t . a l .  , Aerospace Medicine, 37, 6, 
555, June 1 966) 

Reported as present i n  Apollo C/M ECS breadboard tes t ing .  

Contaminants l i k e l y  t o  r e s u l t  from experiments conducted onboard 
space s ta t ions .  
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PERTINENT CHEMICAL SYNONYMS FOR APPENDIX A 

2-Butanone = Methyl ethyl ketone 

Chlorodifluoromethane = Freon 22 

Crotonaldehyde = Propylene aldehyde 

Decahydronaphthalene = Decalin 

1, 2 Dichloroethane = Ethylene chloride = Ethylene dichloride 

Dichlorodifluoromethane = Freon 12 

Dichlorofluoromethane = Freon 21 

Dichlorotetrafluoromethane = Freon 1 1  4 
p-Dioxane = 1, 4 Dioxane 
2-Methyl butanone-3 = 3-Methyl 2-Butanone = Methyl isopropyl ketone 

Methoxyethane = Vinyl methyl ether 

Propene = Propylene 

Propyne = Propine + Methyl acetylene 

Pentafluoroethane = Freon 125 

Perchloroethylene = Tetrachloroethylene 

Trichlorofluoromethane = Freon 1 1  

Trichlor otrif luoroethane = Freon 1 13 

Trifluoromethane = Fluoroform = Freon 23 

1, 3 5 Trimethyl benzene = mesitylene 
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kppeiiGh B-1 

CATALYTIC OXIDIZER ASSEMBLY 

Purpose 

The c a t a l y t i c  oxidizer must maintain oxidizable t r ace  contaminants which 
a re  not removed i n  t h e  contaminant removal sorbent beds below t h e  spacecraft  
m a x i m u m  allowable concentration. 

Description 

The c a t a l y t i c  oxidizer assembly consis ts  of a regenerative heat exchanger 
These components a re  ca t a lys t  bed and e i ther  an e l e c t r i c a l  o r  isotope heater. 

enclosed i n  a blanket of insu la t ion  t o  minimize t h e  power consumption of t h e  
unit. The assembly i s  i n s t a l l e d  between t h e  pre  and postsorbent beds i n  the  
t r a c e  contaminant removal system. Cabin air enters t he  unit  f rom the  presorbent 
bed and passes through the  regenerative heat exchanger where it i s  heated t o  
near t h e  operating temperature. This air then passes over the heater and then 
over t h e  ca t a lys t  bed. The a i r  then passes back through the  regenerative heat 
exchanger and t o  the  postsorbent bed. 
ca t a lys t  bed, t r ace  contaminants a re  oxidized i n t o  harmless products. 
i s  a drawing of t h i s  uni t .  

A t  t h e  elevated temperature i n  the  
Figure 1 

Performance and Design Data 

Operating pres sure 

Temperature (with flow) 

Temperature (no f l o w )  

Methane Removal eff ic iency 

I n l e t  Gas temperature 

Outlet  Gas temperature 

Pressure l o s s  

Weight 

Envelope 

10.0 ps ia  

68OoF 

1 OOOOF 

.30 
75OF 
185OF 

h.5 i n .  H20 
27 lbs.  

7.6 in .  Dia. x 14 in .  
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Appendix B-2 

PRESORBENT CANISTER 

Purpose 

The chemical i n  the  presorbent canis te r  removes those contaminants i n  t h e  
i n l e t  stream t o  t he  ca t a ly t i c  oxidizer which might poison the  ca ta lys t .  
allows t h e  continual high performance of t he  ca t a lys t  material .  

This 

I 
Description I 

d 
The presorbent canis te r  i s  located downstream of t h e  main contaminant 

removal act ivated charcoal adsorbent bed. 
through the  bed which i s  charged with l i thium hydroxide. 
t h e  poisons a re  reduced by an order of magnitude when passed over the  bed. 
out l ine of t h i s  u n i t  i s  shown i n  f i g .  4. 

Air with ca t a lys t  poisons passes 
The concentration of 

The 

Performance and Design Data 

Operating pressure 10.0 ps ia  

Operating temperature 75OF 
Contaminant removal l e s s  than .10 i n l e t  

Pressure l o s s  .22 in .  H20 

Weight 31 lbs .  t o t a l  

Weight - Lithium Hydroxide 

Volume 10.8 in .  Dia. x 26.3 in .  

2 5  lbs .  
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Appendix B-3 
POSTSORBENT CANISTER 

Purpose 

The undesireable gases generated by combustion of contaminants i n  the  
ca t a ly t i c  oxidizer must be removed i n  the  postsorbent canis ter .  
w i l l  include mater ia ls  such as HF, HC1, C 1 2 ,  e tc .  
gases leaving t h e  u n i t  must be held below the  spacecraft  m a x i m u m  allowable 
leve l .  

These gases 
The contaminant l e v e l  of t h e  

Description 

The postsorbent canis te r  i s  located downstream of the c a t a l y t i c  oxidizer. 
A i r  from t h e  c a t a l y t i c  oxidizer containing undesireable products of combustion 
passes i n t o  the  unit from t h e  oxidizer and through a bed of l i thium hydroxide. 
The l i t h i u m  hydroxide, combined with t h e  poisonous gases, prevents t h e i r  re turn  
t o  t h e  cabin. 

Performance and Design Data 

Operating pres sur e 

Ope r a t  ing temper a t  UT e 

Contaminant removal ou t l e t  less than SMAC 

Pressure loss . I8  i n .  H20 

Weight 25  lbs .  
Weight - Lithium Hydroxide 20 lbs.  

Volume 10.8 in .  Dia. x 22.h i n .  

10.0 ps ia  

185OF 
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PRECECING PAGE BLANK NOT FiLMES. 

LIBRARY CARD ABSTRACT 

Catalv A study was  performed t o  develop data on an Iso,Jpe-Heatec 
Y LC 

Oxidizer System (IHCOS) including pre and postsorbent beds fo r  3, 6 and 9-man 
crew s i zes  f o r  a Basic Subsystem Module Study being carr ied out by Convair f o r  
the MSC. 
Isotope-Heated Catalyt ic  Oxidizer System" conducted f o r  Langley Research Center 
by Lockheed. 

This was an extension of a "Study and Preliminary Design of an 

Poten t ia l  ca t a lys t  poisons and substances which might yield dangerous 
products of combustion were ident i f ied .  Sorbents were evaluated f o r  t he  pur- 
pose of protect ing the ca ta lys t  and t o  control undesireable substances i n  the 
c a t a l y t i c  oxidizer system. Activated charcoal and l i thium hydroxide were 
selected f o r  the  presorbent, bed, and l i t h i u m  hydroxide was  selected f o r  t h e  
post  sorbent bed. 

The oxidizer unit was  o r ig ina l ly  conceived f o r  a 9-man crew and space 
s t a t i o n  mission application. The 9-man oxidizer unit was scaled t o  provide 
data  f o r  3-  and 6-man crew sizes .  
shown f o r  t h e  smaller crew sizes. 

O n l y  s l igh t  weight and volume savings were 

A r e l i a b i l i t y  evaluation of t he  system was made and it revealed tha t  a 
The goal bas ic  goal of .99965 could be met with careful design and no spares. 

of .9999 could be approached only by providing spare l i thium hydroxide units. 
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