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SUMMARY 

W. A. Oran 

It is possible to obtain very high vacuum levels in 
the wake region of orbiting spacecraft. Of the upper atmos- 
pheric particles, atomic hydrogen is the only species which 
has a sufficiently high thermal velocity that a significant 
fraction of the population can overtake a spacecraft. Cal- 
culations show that the flux of H to a wake-facing surface 
can be 5 107/cm2 sec (equivalent to 
pressure. 

torr 

This ultra-high vacuum level could be maintained under 
a large outgassing load and/or high heat dissipation. Both 
of the preceding experimental conditions can seriously de- 
grade a vacuum obtained in either conventionally pumped or 
cry0 pumped systems. However, the vacuum levels actually 
obtained in an orbiting facility will depend upon several 
parameters. Perhaps chief among these are: (1) the outgass- 
ing of the facility itself and (2) the collision kinematics 
between these particles and the atmospheric particles 
whereby additional atoms/molecules can be scattered into the 
wake region. Designing a facility which can minimize the 
effect of these two conditions at a low cost will be one of 
the major engineering system tasks. 

A series of workshops was held at the Marshall Space 
Flight Center (MSFC) during 1978 to determine the state of 
art/technology in these (and related) areas and to help 
define the engineering requirements of a space vacuum re- 
search facility. Dr. S. T. Wu of the University of Alabama 
in Huntsville coordinateq and moderated workshops to inves- 
tigate models depicting the collision dynamics in the near 
vicinity of a body orbiting the upper atmosphere; Dr. R. W. 
Hoffman of Case Western Reserve University was responsible 
for organizing a workshop to investigate degassing tech- 
niques for a vacuum facility. 

The specific details regarding various technical 
questions can be found in the text; however, the following 
is a brief summation of the pertinent conclusions: 
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(1) A Monte-Carlo model of the collision-induced phe- 
nomena around an orbiting vehicle has been developed by 
NASA/Langley Research Center (LaRC). While a Monte-Carlo 
method is intrinsically an accurate technique, some of the 
assumptions of the LaHC model may not be valid. Preliminary 
results of a deterministic model developed by MSFC indicate 
discrepancies in the vacuum levels calculated around the 
Shuttle. Therefore, it appears desirable to develop several 
.models using various approaches to describe this upper at- 
mospheric spacecraft interaction and to compare the results 
of the different models together with any experimental data 
that are available. 

(2) One of the inaccuracies in any model is the 
uncertainty in collision cross sections, and additional 
experiments should be performed to more accurately determine 
these values. 

( 3 )  Potential contamination created by ionospheric 
ions attracted to the wake zone by the plasma-induced charg- 
ing of a facility should be determined. 

(4) With the caveat that measurements generally give 
the net and not the true outgassing rate, a number of 
metals, alloys, and ceramics appear to satisfy the outgass- 
ing requirements of a vacuum facility (i.e., <, 1.07/~~2 
sec). 

(5) If the system were thoroughly degassed on the 
ground, a secondary, low-temperature thermal outgassing 
could be accomplished in orbit, resulting in an outgassing 
rate comparable to that obtained in an ultra-high vacuum 
system. This would eliminate the need for transporting the 
facility to orbit in an ultra-high vacuum chamber. 
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NASA WORKSHOP ON OUTGASSING 

Space Sciences Laboratory 

Marshall Space Flight Center 

HunQville, Alabama 

June 12-13, 1978 
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NASA WORKSHOP ON OUTGASSING 

Fourteen persons participated in a NASA Workshop on 
Outgassing held at MSFC on June 12-13, 1978. The purpose of 
the workshop was to consider the materials and processing 
constraints that would be involved in construction of a 
molecular wake shield (MWS) for the Shuttle Orbiter. The 
vacuum goal was to reach particle densities of lo3 parti- 
cles cm-3 in the region behind the shield with ground or 
in-orbit treatments (or some combination thereof) at contem- 
plated power levels. Excluding contamination from the ex- 
periments themselves, it is the conclusion of the workshop 
that such goals may be reached with known techniques. 

SUMMARY 

The attendees of the workshop, together with their 
affiliations, are given in Appendix I of this-section, 
including the scheduled paper titles. The first part of the 
program was concerned with the Orbiter environment and con- 
tamination fluxes. The concept of a space vacuum research 
facility with the advantages of adequate power and less con- 
tamination was presented by Don Perkinson (MSFC). M. Sinha 
( JPL)  discussed an assembly which would allow the separate 
outgassing of the wake shield and electronics portions as 
well as the container and deployment. Although our consid- 
eration was only with the shield, it is recognized that the 
presence of the experiment may indeed be much more signifi- 
cant to the ultimate vacuum environment. The NASA/Langley 
Research Center representatives, F. Brock, L, Melfi, and J. 
Heuser, did not make formal presentations ,but provided 
valuable information from their vast pool of experience. 

The visual material presented by all speakers, as well 
as the extended abstracts and references, are given in 
Appendix I1 of this section. It was concluded that the t 

Orbiter was itself a major source of contamination. Fur- 
thermore, for those experiments requiring significant power , 

or freedom from contamination bursts, a free-flying system 
might be required. 

K, Mauersberger (U, Minnesota) reviewed the present 
status of species detection by mass spectrometry. Existing 
magnetic or quadrupole spectrometers with open source geome- 
try now possess a lower detection limit of approximately 
2 x l o3  cm-3. 
creased by several techniques, such as multiple collectors 
or extended integration times, to provide useful measure- 
ments in the l o 2  cm-3 sensitivity range. 

It was felt the sensitivity could be in- 
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The workshop then considered four presentations on 
outgassing of various materials. Pete Hobson (NRC Canada) 
pointed out that many materials having outgassing rates less 
than the required Torr-liters sec-l are avail- 
able, Both transportation into orbit under UHV and second- 
ary thermal outgassing at temperatures of 150' C are tech- 
nically feasible. G. Lewin, (Princeton Plasma Laboratory) 
discussed the importance of the hydrogen in stainless steels, 
and F. Brock pointed out its presence in aluminum alloys as 
well. Wall thicknesses should be as small as possible, and 
high-temperature, long-time ground treatments are necessary 
to reduce the hydrogen dissolved. Limitations for thick 
sections were discussed. 

Y. Strausser ( H P )  presented a great deal of data on 
outgassing rates correlated with different heat treatments, 
surface finishes, and processing. He confirmed that hydro- 
gen is the major gas of concern in the MWS application and 
presented data indicating that the rates of all other con- 
stituents can be made less than Torr Bcm'2 sec-l, 
After H 2 ,  CO and N2 generally are the most common 
constituents. L. Beavis (Sandia Laboratories) discussed 
thermal desorption measurements and presented data for Mo, 
CuBe, and some ceramics. Surface species bound with ener- 
gies of 25 to 35 kcal mol-l would be the most trouble- 
some. 

CONCLUSIONS AND RECOMMENDATIONS 

Outgassing Rates 

Total equilibrium outgassing rates of less than 
Torr Bern-=! sec-l should be readily attainable 

by a combination of ground and in-orbit treathents, The 
outgassing rate of common gaseous constituents except H2 
may be reduced to less than Torr lcm-2 sec-l. 
Hydrogen present in the volume of the material used to fab- 
ricate the shield is expected to be the most troublesome 
'constituent. For the case of stainless steel a treatment of 
vacuum firing at 1000' C for approximately 8 hours followed . 
by an argon ion scrubbing at temperatures of approximately 
350' C is suggested prior to launch. Further heating in 
orbit to approximately 150' C for a period of approximately 
20 hours would be necessary to reduce the outgassing to the 
required levels. Although it is believed that packing the 
shield in UHV during the flight into orbit would not be 
required from the point of view of the shield, it is recom- 
mended in order to decrease the outgassing time in orbit and 
may, in fact, be required by the experiment. 
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Materials 

Stainless steels, such as 304L, are suggested primar- 
ily because there are more experience and data available on 
their cleaning and outgassing rates. Because weight is not 
a major factor, their use would not be prevented. Aluminum 
alloys, such as 6061, should receive serious consideration. 
However, the dissolved hydrogen may form bubbles during heat 
treatment, and there is not as much data available on dif- 
ferent processing treatments. For Al, it is believed that 
the oxide layer which forms would not necessarily be bad and 
would give rise to less water absorption. Ceramics are to 
be avoided because of outgassing and electrical charging 
considerations, in addition to the low thermal and mechani- 
cal shock resistance. Glass-to-metal seals may be needed; 
long-term corrosion from the H20 may exist with Kovar. 
MoMn seals are recommended because there is little hydrogen 
and no water problem. 

Surface Barriers 

The high temperature firing of stainless steel en- 
riches the surfade in iron which then oxidizes. It is pos- 
sible to enhance the CrO2 on the surface and provide a 
diffusion barrier against hydrogen and oxygen with a wet 
hydrogen firing at 700' C for  2 to 3 hours. This places a 
barrier approximately 1000' thick on the surface which is 
structurally sound. 

The surface of the wake shield facing the experiment 
may also be coated with a getter material. In particular, 
this would be useful f o r  certain experiments which might 
have a heavier gas load or to provide a backup. If such a 
treatment were used, several elements, such as Ti, Z r ,  E r ,  
o r  Y, should be considered. The Ti or Z r  would serve well 
for oxygen, whereas the Y would tie up hyd'rogen in the form 
of stable hydrides. Thus, specific pumping materials may be 
used, but interferences are possible. F o r  instance, the 
oxides on E r  give a diffusion barrier which limits the 
oxygen uptake to about a monolayer and would stop the getter 
action. The use of coatings applied in space may reduce 
pretreatment requirements. 

Reliability of Recommendations 

Essentially all the outgassing data presented are 
defined as a net outgassing rate. That is, the equilibrium 
pressure of the various constituent gasses is measured as a 
function of treatment or time. These measurements effec- 
tively neglect the fact that the surface may adsorb species 
and hence act like a pump. Hence, it is possible that the 
actual outgassing flux may be much larger than one would 

11- 3 



conclude from these equilibrium experiments. More properly 
stated, the outgassing rates quoted in the literature repre- 
sent a net rather than a gross rate. Some of the desorption 
experiments may give results that are closer to total, but 
even here the measurements are difficult if an outgassing 
rate is desired. A s  pointed out by Hobson and Earnshaw, J. 
Vac. Sci. Technol. 4 ,  257 (19671, the true outgassing rate 
may be measured only if one evaluates the pumping speed of 
the surface. In actual systems the reabsorption of a par- 
ticular species may affect the ejection of a second gas, 
making the problem more complicated. From the point of view 
of the outgassing of the wake shield it is important to 
establish whether the equilibrium numbers quoted in the 
literature may be used in practice even though they are 
wrong in principle. A s  seen in Appendix I11 of this sec- 
tion, arguments were presented that because of the geometry 
of the wake shield and the assumed infinite pump seen by the 
surface, the actual pressures achieved should not exceed . 

those based on conventional outgassing data. 

It should be pointed out that thermal absorption mea- 
surements with a specially constructed system using mass 
spectrometric sensing would be well suited for a good direct 
measurement of the outgassing flux rather than the net 
rates. 

There is an apparent inconsistency in the data re- 
ported by Calder, et al., in Vienna using argon scrubbing 
and the experience of surface composition observed with AES. 
The former experiments determine the coefficient of q, which 
is the number of molecules per incident ion that are re- 
leased under high energy bombardment. It appears as though 
the equivalent of perhaps 70 or 80 monolayers in total are 
released before q is reduced to 0.01. In contrast, the 
Auger data suggest that o n l y  a few monolayers of gas may be 
adsorbed at the surface. This inconsistency was not re- 
solved and is perhaps related to the depth distribution of 
the gas. 

Orbital and Environmental Effects 

Limitations must be placed on the environment seen by 
the shield while in orbit. 

Pressure bursts at the experimental site will be seen 
when water is dumped from the Shuttle or gasses from the 
stabilizing thrusters are used. From the point of view of 
the M W S ,  this contamination could be removed from the sur- 
face by the 150' C outgassing, although it might take hours. 
However, if the contamination is so severe that it would 
affect the experiment, it may be necessary to place the wake 
shield and experiment into a vacuum shell to avoid 
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contamination during the period of extreme contamination. 
Alternatively, the wake shield may fly from a power module 
which would provide not only sufficient power for outgassing 
purposes but also eliminate a great deal of contamination. 

A second environmental consideration is the tempera- 
ture fluctuation. From outgassing considerations alone it 
might be desirable to run the shield continuously at 150° C 
until just prior to experimentation. Power would have to be 
supplied in the neighborhood of 2 kW on the dark side, but 
two advantages would result. The shield would remain con- 
tinuously outgassed. The oxygen migration around the edge 
of the shield may be significant and could be eliminated by 
keeping the edge hot. It is also necessary to avoid severe 
temperature fluctuations so that gasses would not be 
absorbed during a cold period and readmitted later. Atomic 
oxygen is expected to be the worst offender since it is 
readily absorbed at temperatures less than 300 K. In gen- 
eral, ions also stick and would not be reflected. 

In-orbit measurements will be required to determine 
the contamination effects and give reliable data for the 
density fluctuations. 

Additional Observations 

It should be pointed out that although equivalent 
pressures may be obtained in earth laboratories, generally 
the production of Torr vacuum levels requires cryo- 
genic pumping and hence is difficult to achieve with experi- 
ments with high thermal loads. The wake shield does not 
have this restriction and might have an advantage. 

Many of the experiments described imply that complete 
surface analysis instrumentation must be carried aboard the 
Orbiter. We suggest that ultra-high vacuum transfer devices 
exist and should be suitable to transport specimens from 
earth to orbit and, perhaps more importantly, return. Com- 
parison experiments would be needed for the demonstration, 
but the use of such a device might make it possible to re- 
duce the orbiting analysis equipment and hence increase the 
useful payload in the future. 
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In O r b i t  Measurements K. Mauersberger 

In order t o  verify the very low gas concentration behind the molecular shield, 
an analysis of the constituents appears t o  be highly desirable. 
suitable instrument for such an application is  a mass spectrometer. I t  is 
capable of prov id ing ,  when properly calibrated, a quantitative analysis o f  
the environment near the molecular shield. 
o f  gases expected, a highly sensit ive instrument is required. 

The only 

Due t o  the very low concentration 

Over the pas t  decad'e a number of laboratories have developed and flown 
instruments on rockets, s a t e l l i t e s  and planetary probes (Table 1 ) .  With some 
modifications i t  will be possible t o  use some o f  the mass spectrometers a s  gas 

analyzers behind the molecular shield. T h u s ,  basically the instrumentation 
and associated technology i s  available, however, a number o f  special features 
are required which are l i s ted  below (see also Table 2 ) :  

1 )  
t o  obtain true ambient densities. 
source geometry w i t h  a small heated filament, and a vacuum sealed electronics,  

The instruments must  have an extremely low (self}-outgassing rate i n  order 
This can be accomplished by using an open 

2 )  In order t o  detect extremely low ambient densit ies a multiplier w i t h  
very low background counts i s  required. Recently 'Spiral t r o n '  multipliers 
have shown a long term gain s tab i l i ty  w i t h  low background count  rates.  

3 )  
about  50 amu (e .g . ,  H20, CO, C02). T h i s  i s  the range where most o f  the existing 
mass spectrometers operate. 
possible w i t h o u t  extensive developments. 

Nost of the gases t o  be measured k I i 1 1  be within the mass range 1 through 

4n extension t o  higher mass nuinbers shculd be 
Mass peak stepping rather than  scanning 

-, is required. 

4 )  
i n  order t o  minimize i t s  influence on the operation of the experiments behind 
the mol ecul a r  shield. 

kleight, power and surface area of the mass spectrometer should be small 

5) 
order t o  t e s t  the s t ab i l i t y  and sensi t ivi ty  of the instrument under  low density 
conditions. 

Laboratory calibrations should be performed a t  comparable pressures in 

6 )  
molecular shield. 
turnable-mount \r;ou7d perinit the determination o f  the background when the mass 
spectrometer faces into the wake, away from the shield. 

In  the normal mode o f  operation the mass spectrometer will point toward the  

Since the instrument i t se l f  will produce background gases, a 
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Figure 1 shows a magnetic mass spectrometer developed for a h i g h  al t i tude 
sa te l l i t e  mission (Dual Air Density satel l i tes ,  Langley Research Center/Univ. 
o f  Minnesota). The weight o f  the instrument was about 11 l b ,  i t s  power con- 
sumptinn nearly 3 watts. Particle densities below 10 cm were detected i n  
the laboratory. Similar instruments operating under low pressure conditions 
were b u i l t  a t  the University o f  Dallas and carried d u r i n g  the Apollo-mission 
t o  the surface o f  the moon. 

4 -3 
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In O r b i t  Heasurements 

Task: Ident i f icat ion o f  const i tuents  w i t h  abundances o f  . 
lo5 to lo3 cm-3 

Constituents: atmospheric: H, (H2), 0, (02) 
shield:  H20, GO, C02, hydrocarbon, others 

Instrument: Mass Spectrometer: 
Magnetic ( s ing le  o r  double focussing) 
Quadrupole 
Monopol e 

Laboratories; 
(with Space 
F l i g h t  
Experience) 

University o f  Dallas (J ,  Hoffman) 
University o f  Michigan ( G ,  Carignan) 
University o f  Minnesota (A, 0, Nier/ K ,  Mauersberger) 
Goddard Space Flight Center (N, Spencer/ H ,  Niemann) 

University o f  Bonn, Bonn 
MPI Heidel berg Germany 

Instrument Development : Mass spectroneters have bcen f 1 cwn on : 

Rockets 

Planerary Probes: Pioneer Venus mission 
. S a t e l l i t e s :  A E 4 ,  D and E, DADS 

Table 1 
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Instrument Performance Summary 

(Measurements behind mol ecul ar  shi el d ) 

Type: f4agnetic or  quadrupole mass spectrometer 

Ion Source: Open source geometry, electron impact ionization, 
variable electron energies, h i g h  emission current, 
low outgassing material for construction 

Collector: Counting mu1 t i p l i e r  (Spiraltron) 

Sensit ivity:  

Count Rate: 

3 x A/torr ( N p )  - typical sensi t ivi ty  o f  present instruments 

Assume lo5 
Current a t  collector =: A 

or  3 x lo"* torr 

or  z SO0 C/sec 

Background counts o f  m u 7  t i p 7  i e r :  Few counts/min 

Lower detection l imit:  ' 700 C / l O  sec or = 2 x Io3 cm" ' 

Increase of sensit ivity:  mu1 t i p l e  collector system (magnetic instrument) 
extended integration time 
increased emission current 

" 

Reduction o f  mass spectrometer contamination: 
Electronics outside molecular shield 
Electronics i n  vacuum sealed container 
U'1 tra-clean ion source (vacuum cap, source, heater, 
small f i 1 ament) 

Table 2 
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ON MINIMISING OUTGASSING OF THE MAKE SHIELD 

J.P. Hobson . 

Division of Electrical Engineering 

National Research Council of Canada 

Ottawa, Canada K l A  OR8 

1. INTRODUCTION 

The Wake Shield will be assumed t o  be a hemispherical shell 3 

metres i n  diameter of material 3mm thick.  When i n  o r b i t  i t  is  t o  produce 
3 a density of less  t h a n  10 particles ~ r n ' ~  o r  3 x Torr a t  the centre 

of the hemisphere (assuming room temperature). I t s  a l t i tude  w i l l  be 
1 500 Km. 

of 10"" Torr-litres crn sec 

Thus  nominally t o  achieve 3 x 

1.5 x 10-12Torr-litres cm sec i s  tolerable. I t  should be possible t o  

According t o  the calculations of Melfi e t  a1 an outgassing rate 
-2 -1 leads t o  a pressure o f  2 x Torr. 

Torr an outgassing ra te  o f  
-2  -1 

achieve outgassing rates of this order. 

One of the unknowns a t  this stage are the solar flux conditions 

These could have a major effect  on t o  be experienced by the wake shield. 

the outgassing properties o f  the shield i n  orbit .  

f o r  additional outgassing o r  might  cause unwanted increases i n  density a t  

times. 

could create temperatures well below 300°K and major reductions i n  gas 

density. 

temperature on earth).  

Heating could b 2  used 

Conversely operation outside direct  sun1 i g h t  for  pro'7onged periods 

Here we will assume a temperature i n  o r b i t  of 300°K ( i  .e. normal 

11. CHOICE OF PlATERIAL 

Many materials a f t e r  bake-out under vacuum reach outgassing 
-2 -1 2 rates below Torr-litres cm sec . Yoshikawa e t  a1 gives the 
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the following values a f t e r  bake-out a t  500°C for 50 hours. 

Mat e r i  a 1 

Stainless Steel SS-304L 

Stainless Steel YUS 170 

Inconel 625 

Hastelloy - X 

Mol ybdmum 

Pyrolytic Graphite 

Sic coated on t o  graphite 

Outgassing a t  Room Temperature 
Torr 1 i t r e s  cm-2sec-1 

HZ 

HZ 

5 x 

6.6 x 
- 

5.5 x (mainly tiz) 

2.7 x 10 -13 H2 

HZ 1 x 

low b u t  not given 

3 -2 :9 
Nuvolone reports 5 x l o e f 4  Torr l i t r e s  cm sec for 316L type s ta inless  

steel a f t e r  outgassing a t  80OOC for 2 hours. However baking i n  various 

atmospheres of oxygen a t  400°C for  2 hours gave values i n  the range 

3 x - 3 x Torr l i t r e s  .cm sec e Halama and Herrera report 

< 1 x 

-2 -1 4 

Torr l i t r e s  cm-*sec-’ for Aluminum 6061 a f t e r  discharge 

cleaning i n  Ar and 02; ou tgass ing  was almost entirely H2. 

The conclusion is  tha t  a number of metals and alloys can be 
., found which sat isfy the outgassing requirements for  the wake shield a f t e r  

sui tab1 e treatments which can be performed on earth. Much supporting 

evidence exists for  this concl usion. Polymers and rubbers show higher 

outgassing rates  than metals by several orders of  magnitude and un7ess 

other compelling considerations intervene these materials can b e  

rejected for the wake shield. 

b u t  would seem t o  o f f e r  no obvious advantages over metals o r  alloys. 

5 

Ceramics and glasses are  a possibi l i ty  
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H is the most prevalent gas.in the residual outgassing from 2 
metal s. 

From the vacuum viewpoint perhaps aluminum offers the best 

prospects f o r  the wake shield a t  present. Outgassing a t  say 500°C under 

vacuum fo r  several hours should remove most o f  the hydrogen from 

a1 umi num ., 

111 THE EARTH TO ORBIT VOYAGE 

The residual outgassing rates quoted i n  Section I1 were 

measured a f t e r  substantial processing on earth usually i n  the same vacuum 

chambers i n  which the main outgassing was done, I t  would i n  principle 

be possible to duplicate these chambers on the space shut t le ,  b u t  since 

these are  re la t ively elaborate and a t  times require substantial power 

t h i s  would seem to be unwise unless otherwise dictated. 

possibility o f  performing the main b u l k  of the outgassing on earth 

f o i l  o w d  by the voyage from earth t o  o r b i t  and the subsequent deployment 

o f  the wake shield needs t o  be examined. 

' Certainly the 

lit is  well known t o  a l l  vacuum workers tha t  a f t e r  a vacuum 

system which  has been pumped down i s  re-exposed t o  a i r  and repumped i t  

takes some time (hours o r  perhaps days) t o  reach the original pressure 

levelss, Yoshikawa e t  a1 report that they outgassed their sample 

o f  molybdenum a t  500°C for 200 hours i n  vacuum before subjecting it  t o  

their  standard measurements of 20 hours pump-down, 50 hour vacuum bake a t  ~ o o " c ,  . 

followed by 20 hours pumping. 

as samples o f  other materials which had received no pre-processing. 

Muvolone 

2 

The molybdenum sample behaved essentially 

3 found t h a t  samples o f  stainless  steel which were exposed t o  
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atmosphere for 5 months following thorough outgassing required a vacuum 

bake at 150°C fo r  20 hours before the original residual outgassing rates 

were reestablished. The processes involved are  probably a combination 

o f  physical adsorption, chemical adsorption and solution of gas i n  the 

outgassed material upon reexposure t o  the atmosphere. Nuvolone 3 

measured an increased concentration of oxides i n  the residual gas 

(H20, GO, C o i l ) .  

the same way a f t e r  reexposure t o  the a i r .  

I t  seems likely t h a t  most materials wil? behave i n  much 

The impor tan t  conclusion from the viewpoint of the wake 

shield is  that  i f  i t  is thoroughly outgassed on ear th ,  and exposed t o  

the atmosphere dur ing  the voyage from earth t o  o r b i t  i t  will acquire a 

gaseous layer which will have t o  be removed i n  some way i f  the original 

outgassing ra tes  a re  t o  be reestablished. There would appear t o  be two 

general solutions t o  t h i  s problem: 

(1) To transport the outgassed wake shield under vacuum d u r i n g  the 

voyage from earth t o  orbi t .  

(2 )  To t ranspor t  the wake shield under some type of atmosphere during 

the voyage from earth t o  orbi t ,  and t o  remove the surface layer 

acquired by the wake shield during the voyage. 
.. 

These o p t i o n s  will now be discussed further. 
e 

IV OPTIONS FOR FINAL REDUCTION OF OUTGASSING OF WAKE SHIELD IN ORBIT 

(a) Transport o f  Wake Shield under Ultrahigh Vacuum i n t o  O r b i t  

There i s  no doabt tha t  the transfer of the outgassed wake 

shield in the container in which i t  was outgassed on earth under ultra- 

h i g h  vacuum i f  need be, is  technically feasible. A relatively simple > I 
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6 extrapolation o f  the resul ts  of Hobson and Kornelsen permit this state- 

ment t o  be made w i t h  some confidence. 

be sui tab1 e enlarged transfer vessels, gate valves and portable pumps. 

A sketch o f  the principle i s  shown i n  Fig.  1 and Fig. 2. 

A l l  that  would be required would 

During ou t -  

gassing on earth the wake shield would be pumped th rough  an UHV 6" gate 

valve (whi  ch are avai '1 ab1 e commerci a1 1 y) whi 1 e baking of  the transfer 

vessel and internal heating of the wake shield took place. 

., 

Following . 

completion o f  these t e s t s  the 6" gate valve would be  closed and the 

transfer vessel disconnected a t  the mating flange. The uhv i n  the 

transfer vessel would be maintained by a small ion pump w i t h  an 

evaporable getter.  

.Q 

In this condition the wake shield would make the 

voyage from earth to  o r b i t .  Once i n  o rb i t  the t ransfer  vessel s t i l l  

under uhv would be deployed i n t o  pos i t ion  by the remote manipulator 

arm or  other suitable mechanism. Once i n ' p o s i t i o n  hinged flange B would 

be unlocked and deployed t o  the position of Fig. 2. 

would now be ready for use. 

l ea s t  a s  low as  Torr. 

was needed flange A could be s l id  aside t o  permit entry of the Seam -to 

The wake shield 

The pressure a t  the target  should be a t  

In the event t h a t  the oxy'gen beam in space 

the target-  Upon completion o f  experiments flanges A and B could be 

resealed and the transfer vessel returned t o  ear th  under uhv. 

be suitable mechanical d e s i g n  would ensure transfer o f  targets used i n  

the wake shield t o  a network of earth-bound surface analytic stations 

as  visual ised by Hobson and Kornelsen6 main ta in ing  the targets under  

uhv  a t  a l l  times. 

If need ~ 

Some uncertainties remain i n  this conceptual design. The 

outgassing from the outside o f  the transfer vessel will cause an 
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effective increase i n  local pressure i n  the vicinity o f  the wake sh ie ld  

adding t o  the normal pressure i n  space a t  this p o i n t .  To enter the wake 

shield molecules from this source mus t  be scattered a t  l ea s t  once from gas 

molecules i n  the wake of the shield. T h i s  source of additional pressure 

i n  the wake shield will decline w i t h  time (probably a t  t-’) since i t  is 

being pumped away by the space pump o f  i n f in i t e  capacity. 
I 

Further the 

transfer vessel can remain closed d u r i n g  this time, However mild heating 

of the transfer vessel o r  judicious use of solar  heating and heat transfer 

design m i g h t  a i d  the process. Conversely a t  some p o i n t s  i n  o r b i t  solar 

heating may make the problem worse. While the repeated use of the uhv 

sea ls  on a flange as b i g  as flange B may not  have been tested i n  

practice there seems no reason i n  principle why a suitable des ign  cannot 

be developed. 

closures. Close posi t ioning tolerances are,however,important. 

UHV gold seal valves operate reliably a f t e r  repeated 

{ b )  Secondary thermal outgass ing  i n orbi t 

T h i s  op t ion  assumes transfer of the wake shield i n t o  o r b i t  

w i t h  no vacuum protection fo7 lowing primary outgassing. 

outgassing is then performed i n  the deployed pos i t ion  i n  o r b i t .  

i n g  Nuvolone we may estimate tha t  the requirement is f o r  20 hours a t  

150°C. 

b u t  an additional source o f  power o f  order 1.5 KIJ will be required d u r i n g  

this period. 

Titanium over the whole ir,terior surface of the wake shield migh t  be 

effective. 

Secondary thermal 

Follow- 
3 

A significant fraction of this may be supplied by so la r  heating 

After this step evaporation o f  a clean getter film such as 
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(c) Ion S p u t t e r i n g  of Surface Layers 

Since ion guns  may be part  of the surface analytic equipment 

associated w i t h  experiments i n  the wake shield and hence may make the 

voyage into orb i t  independently of any vacuum considerations,i t is 

perhaps worth examining the i r  possible use i n  removing any surface 

layers acquired by the wake shield during the voyage. 

I t  is important t o  have some idea of the thickness of  such a 

layer. I f  the dominant mechanism of surface contamination is  either 

physical o r  chemical adsorption then only a few (say 3) atomic layers will  

be formed. The total material t o  be sputtered away will be  about 

3 x 10 atorns/cm e On the other hand if the dominant mechanism is  15 2 

solution of gas i n  the so l id  then the dep th  of penetration may be much 

more than a few layers. 

Taking the d i f f u s i o n  coefficient of H2 i n  stainless steel a t  room 

temperature as 10-13cm2/sec and pos ing  the question of the depth o f  

penetration o f  dissolved H2 in to  s ta inless  steel i n  24 hours we find f r om 

2 R = D t  
4 "  R = = i o  A . 

Thus  i n  th is  case we must eliminate H2 from several thousand atom layers of 

material and i t  i s  quite l ike ly  tha t  dissolved gas contributes i n  a 

major way t o  the re-outgassing always found af te r  exposure o f  outgassed 

material t o  the atmosphere. Several thousand layers of material 

represents some 10 atoms/cm . 
2.8 x 10 crn giving a total  o f  2.8 x 

18 2 Area of inside surface o f  wake shield i s  
5 2  atoms to be sputtered. Assuming 

r 
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V 

c 

an ion  beam of 1 IRA {Le. 6.2 x 1015 ions/sec) and a sputtering 
7 coefficient o f  uni ty  i t  would take some 3 x 10 secs f 1 year t o  sputter 

clean the surface. Following this step some annealing would b e  required 

t o  remove the sputtering gas. The l a t t e r  operation would be comparable 

t o  the secondary thermal outgassing i n  orbi  t considered br ief ly  under  

(b) above, Thus we conclude that  sputtering of the contaminated layer 

does not show. promise. 

CONCLUS IOiI 
3 I t  i s  concluded t h a t  a density o f  10 particles ~ m ’ ~  i n  the 

wake shield i s  practical by vigorous outgassing o f  t h s  shield on earth 

under vacuum,by s h i p p i n g  the wake shield i n t o  o r b i t  under ultrahigh 

vacuum, and i f  necessary performing minor thermal treatments i n  situ i n  

the deployed p o s i t i o n .  

material on the inside surface o f  the shield m i g h t  be effective.  

Aluminum would be a promising material ,for the wake shield its,elf. 

Evaporation of  a t h i n  layer of  clean get ter  

Return of the wake shield t o  earth under ultrahigh vacuum 

together w i t h  samples from i t s  experiments t o  be examined i n  earth 

based uhv  surface analytic systems i s  w i t h i n  the current s t a t e  of 

the a r t .  
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A TARGET TRANSFER SYSTM AT ULTRAHIGH VACUUX 

J.P. Hobson and E.V. Kornelsen 

Nat iona l  Research Council of Canada, O t t a w a ,  Canada K1A OR8 

Abstract: 
u l t r a h i g h  vacutg  (uhv) system to ' ano the r  while maintaining the  t a r g e t  
at  a p res su re  
s y s t e n s  have base  p re s su res  
Torr  are of s h o r t  dura t ion ,  be ing  caused c a i n l y  by mechanical no- ' 
t i o n s ,  and c o n s f s t  p r i m r i l y  of nethana. T ra r~s fc r s  c u r r e n t l y  csko 
about 3 - G hours.  
mit  s u r f a c e  a n a l y s i s  by a m u l t i p l i c i t y  o f  techniques on the  same 
t a r g e t  wi th  n i n i n s l  change i n  t a r g e t  su r f ace  conditions.  The con- 
ven t iona l  a?proach t o  t h i s  problen s u i t a b l e  f o r  a s i n g l e  experi-  
menter, is  t o  b u i l d  s e v e r a l  techniques i n  the  sa5e uhv system ( the  
m l t i p o r t  concept). Howaver as the  number of techniques and experi-  
menters i nc reases  a t r a n s f e r  system provides many advantages, which . 
w i l l  be  descr ibed  i n  t h e  paper. The s y s t e n  as developed, i s  n o t  
U t e d  t o  t r a n s f e r s  between s y s t e m  in the  same l abora to ry ,  b u t  
permi ts  t r a n s f e r s  bemeen systems i n  remote l a b o r a t o r i e s  anywhere on 
earth and even, i n  p r i n c i p l e ,  between e a r t h  and space. 

A system pe rmi t t i ng  the t r a n s f e r  o f  a t a r g e t  from one 

Torr  a t  a l l  times has  been developed. Both uhv 
Torr  whi le  t he  excursions to 10-9 

Tie ob jec t ive  of t h e  t r a n s f e r  system is t o  pez- 

INTRODUCTION 

The t y p i c a l  modern u l t r ah igh  vacuum (uhv) 
s u r f a c e  a n a l y t i c  syscecl is a mul t ipo r t  
charher  each p o r t  in t roducing  a d i f f e r e n t  
f a c i l i t y  f o r  t h e  a n a l y s i s  o r  treatment of  
a small saq le  o r  t a r g e t  w.der inves t iga-  
eion'. 
v e s t i g a t o r s  each t ecds  t o  demand such a 
mul t ipo r t  system con ta in ing  as nany p o r t s  
as p o s s i b l e  i n  o r d e r  to have as many 
op t ions  as poss ib le .  
p r i n c i p l e  an  a l c e r n a t i v e  t o  t h i s  s i t ua -  
tion, s u i t a b l e  f o r  s e v e r a l  experimenters,  
which to d a t e  h a s  rece ived  l i t t l e d e v e l o p -  
m e r i t .  This a l t e r n a t i v e  is t o  t r a n s f e r  the  
t a r g e t  from one uhv s u r f a c e  a n a l y t i c  
system t o  ano the r  keeping t h e  t a r g e t  tmder 
uhv a t  a l l  t i m e s .  Th i s  concept has  
s e v e r a l  powerful advantages: 

1) The nurber  of techniques t h a t  can be  
brought t o  b e a r  on the sample  is i n  prin- 
c i p l e  ve ry  l a r g e ,  exceeding the capa- 
b i l i e y  of any mul t ipo r t  system o r . even  
s e v e r a l  such systems. 

in a n a l y s i s  o r  t rea tment  i s  necessary i n  
t h e  l abora to ry  thus reducing expense. . 

3) All  s y s t e m  can be used simultane- 
ous ly  improvLng t h e  e f f i c i e n c y  of u s e  of 
nanpower and apparntus.  

bu i ld ing  oE a new system can be done 
independently of  t h e  o the r s .  

' 

I n  a l abora to ry  wi th  s e v e r a l  in- 

There e x i s t s  in 

2). Only one appara tus  of  each type used 

4 )  Repair of  an e x i s t i n g  system or the  

5 )  The systems are no t  cons t ra ined  eo 
be c l o s e  together,  pe rmi t t i ng  examination 
of a sample wi th  minimal contamination by 
l a b o r a t o r i e s  a n p h e r e  i n  the  world equip- 
ped t o  accept a t r ans fe r .  This f e a t u r e  
could be of importance in s t anda rd iz ing  
su r f  ace measurements. 

fer  sysee3  i n  l o c a l  a p p l i c a t i o n s  the re  
are s e v e r a l  r e l a t e d  a p p l i c a t i o n s  to which 
t h e  system might b e  r e a d i l y  adapted. 
These include: The p reba ra t ion  of  a suc- 
f a c e  i n  a l a r g e  f a c i l i t y  (e.g. an  
a c c e l e r a t o r  or a neut ron  genera tor )  and 
its subsequent t r a n s f e r  to  a s u r f a c e  
a n a l y t i c  f a c i l i t y ,  t h e  t r a n s f e r  o f  a 
sanp le  from a small l abo ra to ry  (e.g. a 
un ive r s i ty  p ro fes so r ' s  l abora tory)  to  a 
su r face  a n a l y t i c  f a c i l i t y ,  t h e  t r a n s f e r  of 
a sample from e a r t h  t o  a space s h u t t l e a n d  
vice-versa,  t h e  t r a n s f e r  of a sample from 
one manufacturing chamber to another.  

7) There are also p o t e n t i s 1  poss ib i l -  
ities of us ing  the  sys tem as a v e r s a t i l e  
t o o l  undej u l t r ah igh  vacuum (e.& as a 
screwdriver or as a welding e l ec t rode ) .  

There are a l s o  s e r i o u s  disadvantages:  

t echn ica l  complexity and r i s k .  

design and a c c e s s i b i l i t y  of sanp le  mounts 
i n  the  use r s  system. 

3) It is no t  known whether the  neces- 
sary degree of coopera t ion  to make the 

6) I n  add i t ion  to  the use  o f  t h e  trans- 

1) The t r a n s f e r  system i n t roduces  

2) Const ra in ts  are imposed on tha  
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t r a n s f e r  system e f f e c t i v e  w i l l  be found 
amongst any t y p i c a l  group of experimental  
researchers .  

while i n  a c t u a l  p r a c t i c e  are no t  known. 

Afte r  weighing the  advantages a g a i n s t  t he  
disadvantages t h e  au tho r s  decided t o  
attempt to b u i l d  such a t a r g e t  t r a n s f e r  
system a t  u l t r a h i g h  v a c u a .  This  paper 
r e p o r t s  t he  results achieved to  da te .  

A TARGET TRANSFER SYSTM AT UHV 
Three new s u r f a c e  a n a l y t i c  systems were 
designed to  be  coapa t ib l e  with the  trazzs- 
fer devlce,  They were an i o n  bombardnent 
appara tus ,  an advanced vers ion  of  an appa- 
r a t u s  developed over  s e v e r a l  yea r s  by 
Kornelsen2, a Ref lec t ion  High Energy 
Elec t ron  D i f f r a c t i o n  (PaED) appara tus  
combined w i t h  Auger Elec t ron  a n a l y s i s  ( U S )  
of t he  type developed by Amstrong3 and 
an U l t r a v i o l e t  Photoelectron Spectroscopy 
(UPS) apparatusC, a new research  area f o r  
t h e  l abora to ry  be ing  developed by Moore. 
In o u r  l abora to ry  the  concept is visua l -  
i zed  i n  Fig. 1. To d a t e  the i o n  bonbard- 
ment appara tus  is conple te ,  the  W E D -  
AUGER and UPS a p p a r a t i  are perhaps 80% 
completeo whi le  t h e  f i r s t  =orking proto- 
type of  t h e  vacuum t r a n s f e r  device is 
cocp le t e  znd has  been used t o  t r a n s f e r  
t a r g e t s  betr-een t h e  i o n  barbardmentappa- 
r a t u s  and the  genera l  purpose test  appa- 
r a t u s  adapted t o  acceyt  t r ans fe r s .  The 

4) Criteria f o r  Inaking the  system worth 

Fig. I. F u t u r i s t i c  concept of W,V 
f a c i l i t y  a c  t1.R.C. showicg su r face  
a n a l y t i c  systems ada?ted to  accept 
vacuum eransEer device. 

II- 

Y-transfer sys ten ' shovn i n  Fig. 1 
represents  a f u t u r e  development of  t he  
system no t  y e t  designed i n  d e t a i l  inwhich  
a t a r g e t  is t r a n s f e r r e d  i n  a r e l a t i v e l y  
s h o r t  t i m e  (?. 5 min) between two s y s t e m  
sha r ing  t h e  same u l t r a h i g h  vacuum environ- 
ment. The t r a n s f e r  system i tself  is shown 
s c h e m t i c a l l y  i n  Fig. 2. Suppose t h a t  the  
g a t e  va lves  are c losed  and the  vacuum 
t r a n s f e r  device,  t h e  in te rmedia te  chamber 
and t h e  a n a l y t i c  appara tus  (a t  t h e  r i g h t  
i n  the  diagram) are a l l  a t  uhv. The 

Fig. 2. Simpl i f i ed  schematic of 
Vacuum Transfer  Device coupled t o  
an Ultrahigh Vacuum System typic- 
a l l y  conta in ing  s u r f a c e  a n a l y t i c  
equipmen t. 

problem is t o  e x t r a c c  a t a r g t t  i n  t he  uhv 
apparatus and put  i t  i n t o  another  uhv 
apparatus.  The first s t e p  is to open the  
ga t e  valves which y i e l d s  a phys ica l  open- 
i n 8  of 1.4" diameter  (3.5 cm) .The tweeters 
a t tached  to  the l ong  bell.ows then inow 
from the  V.T.D. to t h e  t a rge t ,  s u i t a b l y  
mounted on a r ing ,  p i c k  up t h e  t a r g e t  and 
retract i t  back i n t o  the  V.T.D. The ga te  
va lves  are then  c losed ,  the i n t e rmed ia t e  ~ ' 
chamber i s o l a t e d  from i ts  pump and t h e  
system broken phys ica l ly  a t  the  mating 
f langes ,  a l lowing  t h e  atmosphere t o  e n t e r  
t h e  in te rmedia te  chamber. A t  t h i s  moment 
the  pressure  ratio across the g a t e  valves 
is some 10l3 and they must have a l e a k a g e  
conductance f o r  helium of  less than  10 l 3  
Utres sec-l. 
conductance has been one of the  major 
problems of the  development to  d a t e  bu t  
the  three  va lves  cons t ruc ted  have been 
achieving t h e s e  conductances most of t h e  
t i n e  s i n c e  June 1976. Hith the  system 
broken a t  t h e  mating f langes  t h e  V.T.D. 
can be t ranspor ted  to a remote l o c a t i o n  
where i t  is coiipled wi th  a gold O-ring 
to  an uhv system equipped wi th  J. ra tch-  
i n s  mating flange. The intcrrcediate 
chanber m u s t  now be  pumped from 

The achievement of t h i s  
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atnosphere t o  uhv before  the ga te  valves 
can be opened and the t a r g e t  t r ans fe r r ed  
from the V.T.D. t o  t h e  new system. T h i s  
pmpdoh-n is done wi th  a s e r i e s  of pumps 
of i nc reas ing  low-pressure c a p a b i l i t y  
ope ra t ing  sequen t i a l ly  while the  i n t e r -  
mediate c h a d e r  is heated to 2OO0C for 
s e v e r a l  minutes. During hea t ing  i t  is  
necessary  to cool  t h e  downstream s i d e s  of 
t h e  g a t e  va lves  t o  prevent the  pressure  
r i s i n g  too  h igh  i n  the uhv systems. The 
pwzp-dobn of the in te rmedia te  chamber from 
atmosphere t o  Torr has been achieved 
i n  one hour bu t  a more t y p i c a l  t i m e  is  
I1/2 hours. Automation of t he  pump-down 
should  reduce t h i s  t i m e  and make it re- 
producible.  The r e s u l t s  of a t y p i c a l  run 
i c c l t d i n g  th=  s t e p s  described above is 
shoxx i n  Fig. 3. Note t h a t  t hep res su res  
i n  t h e  V.T.D. and t h e  apparatus a t  a l l  
t i o e s  s t ayed  below lamg Torr  and t h a t  
excurs ions  nea r  t h i s  valua occurred i n  
pu l ses  ch ich  puxped avay in a fevseconds.  
These pu l ses  arise from nschanic;rlmotions 

. 

0 1 2 3 4 5  
TIME IN H3URS 

Fig. 3. Pressure  va r i a t ions  i n  the  
s e c t i o n s  of Fig.2 during a t ransfer :  
o Vacuum Trans fe r  Device: x In te r -  
n e d i a t e  Chamber: A Ultrahigh Vacuum 
System A: V Ultrahigh Vacuum System 3. 

and the  gas contained in them i s  95X 
methane vhich  i s  n o t  readi ly  chemisorbed 
on n e t a l  su r f aces .  Note also t ha t  
exposure of the  in te rmedia te  chamber t o  
a tzosphere  produced no appa ren t . e f f ec t  on 
t h e  p re s su res  i n  e i t h e r  t h e  V.T.D. or the 
uhv s y s t e n  ind ica t ing  t h a t  the ga te  valve 

conductances when cIosed were adequately 
low. The procedures have been re f ined  so 
t h a t  an exchange of t a r g e t s  becueen t w o  
s epa ra t e  systems is being achieved i n  a 
f u l l  working day with pressure condi t ions  
comparable to those shown i n  Fig. 3. h 
exchange involves tvo pick-ups, two 
depos i t s  and two punp-downs, roughly 
twice the  nuizber of operations shown in 
Fig. 3. 
While the  t o t a l  p ressure  is a u s e f u l  in- 
d i c a t i o n  of the perfomance of t h e  t a r g e t  
system, the  state of the t a r g e t  su r f ace  
is in genera l  more important. This was 
checked i n  the e x p e r h e n t  i n  F i 3 .  3 by 
f l a s h  desorption. While the t a r g e t  was 
in the  uhv apparatus a standard series of 
flash pulse  k i g h t s  as a r 'caction of the  
t a r g e t  co ld  tiae, w e r e  taken allowing the 
smooth curve of Fig. 4 t o  be p lo t ted .The  
desorbing gas vas fomd  t o  be a l c o s t  a l lH2-  
The t a r g e t  was f lashed  clean just before 
the  t r a n s f e r  and then flashed again  aPter 
i ts  r e t u r n  to  the  s y s t e n  7 hours later, 
The r e s u l t  i s  p l o t t e d  a s  a circle i n F i g .  ' 

4. This  c i r c l e  l i e s  belov the  s r o o t h  
curve ind ica t ing  t h a t  the t a r g e t  adsorbed 

0 .  

Y 

w .I' 
a 
ai0 I 1 

AosORPTION TIME IN M I N U T E S  
I 10 100 1000 

Fig. 4. 
in Ultrahigh Vacuum Sys tem - 
x Target remaining continuously i n  
system: o a f t e r  complete t r a n s f e r  

Flash Desorption of Target 

l e s s  dur ing  a l l  t he  s t e p s  of t h e  t r ans fe r  
than i t  vould have adsorbed if i t  had 
s tayed  i n  the sane uhv a p p a r a t u s  f o r  ? 
hours. This r e s u l t  has  not always been 
obta ined ,  but i t  can be sa id  in genarnl 
t h a t  no more than a monolayer of Ht is 
curren:ly being adsorbed on a tarzet dur- 
i ng  a transEer from one s t a i n l e s s  s t e e l  
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syssteo t o  another. For experiments in 
which t h i s  degree of  contan ina t ion  is 
i p p o r t a n t  socle means must be  p re sen t  t o  
reGove t h i s  monolayer. Normally a f l a s h  
t o  5Oodc is s u f f i c i e n t .  

PHYSLCAL CHARACTEUSTICS OF THE 
TUSiFER SYSTEM 

The s tandard  i ten phys ica l ly  t r a n s f e r r e d  
from one system t o  another  is a d i s c  2.3 
cut i n  d iameter  and 1 ra th ick .  Every uhv 
syseen  capable of be ing  p a r t  of t h e  trans- 
f e r  network must be a b l e  to accep t  e i t h e r  
t h i s  d i s c  o r  an i t e m  geometr ica l ly  similar 
to it. The d i s c  is gripped and r e l e a s e d  
by tweezers a s  shown i n  Fig. 5. In our  
s y s t e n  t h e  t a r g e t  is mounted on t h e  d i s c  
as a l s o  shown in Fig. 5 .  However t h e  
exact method of  mounting the t a r g e t  on 
t h e  d i s c  is aoe  d i c t a t e d  by the t r a n s f e r  
sys ten .  IC i s  l i k e l y  t o  depend on each 

Fig, 9. Target Ring and Tweezers 

s p e c i f i c  ipparaeus and the  opera t ions  t o  
be performed an  the t a r g e t  i n  t h a t  appa- 
ra tus .  While she t r a n s f e r  tweezers have 
severs1 degrees oZ m i i o n  f o r  deposition 
(o r  renoval) of t h e  t a r g e t  d i s c  f r o s  a 
plesEom In the  syszes  i t  is not intend- 
ed, i n  genera l ,  that experiments b e  p e r -  
f o r a d  tPLth the  t a r g e t  s t i l l  i n  the  

electrical supp l i e s  are t o  be b u i l t  i n t o  
each s p e c i f i c  a22aratus as they are a t  
present ,  
by the  t a r g e t  t r a n s f e r  sysrern is t h e  
c a p a b i l i t y  o f  acceptlng a t r t n s f e r .  This  
r e q u i r e s  a pore along the  l i n e  of t he  
t r a n s f e r  ax is ,genera l ly  (but no t  
necessa r i ly )  horizonta The s y s t e a  is 
+signed fox a 7 c m  (2$) s tandard  con- 
Plat p o r t  allowing a "throw" from the  f ace  
of the  1Flange of 10 cm ( 4 " ) -  A s p e c i a l  
but q u i t c  s i m p l e  po r t  allows t h i s  throw 
eo be increased  EO 15 cm ( 6 " ) .  

To the  P e E t  of ehe Eating f lange  in Fig.2 
is the t r u e  vacuum t r a n s f e r  device.  I t  is 
89 cn (35") long. 38 cm (15") wide and 
30 cn (12") high.  

. . tweezers. Complex t a r g e t  no t ions  and 

. 
The only new f e a t u r e  in t roduced  

The evacuated volume 

is * 0.52.  It is a por t ab le  uhv system 
pumped by a snail battery-operated ion  
pump and a ti tanium ge tcer .  
is 23 Kg (50 l b s )  and i t  can be c a r r i e d  
by one person. 
an automobile or a i r c r a f t  for t r a n s p o r t  to 
a remote loca t ion .  
low loero Torr have been maintained f o r  
weeks. There are two s t o r a g e  p o s i t i o n s  
for t a r g e t s  in t he  V.T.D. For t r a n s f e r s  
i n t e r n a l  t o  our  l abora to ry  the  V.T.D. 
rests on top of a pumping s t a t i o n  on . 
wheels which r o l l s  between rooms. The 
t r a n s f e r  a x i s  is  112 c m  (44") from t h e  
floorCI although once aga in  t h i s  is not 
a r i g i d  cons t ra in t :  ou r  test  system has  
a t r a n s f e r  axis 53" from t h e  f l o o r ,  and 
g ives  no d i f f i c u l t y .  The pumping s t a t i o n  
which has eo be a t t ached  t o  Valve V 3  i n  
Fig. 2 must have uhv c a p a b i l i t y  f o r  pump- 
i n g  the in te rmedia te  chamber. 
des ign  of t h i s  pumping s t a t i o n  is  not 
d i c t a t e d  by t he  t r a n s f e r  system and i t  is 
an t i c ipa t ed  t h a t  users  might ve l1  have 
l o c a l  pumping equipment which could be  
adapted t o  the  tauk. 

SuMTtARy 

The f i r s t  uorlcing pro to type  of a t a r g e t  
t r ans fe r  system a t  u l t r ah igh  vacuum has 
been demonstrated. 
modification is an t i c ipa t ed ,  it is clear 
t h a t  a technological base has  been es tab-  
l i shed  which could even tua l ly  l e a d  t o  a 
worldwide (and even space-wide) network of 
u l t r ah igh  vacum s y s t e m .  Within t h i s  
network, samples could be t r a n s f e r r e d  wl th  
a minimum of contan ina t ion  t o  undergo a 
l ~ r g e  va r i e ty  of procedrtres of i n t e r e s r  
in the  study and u t i l i z a t i o n  of s u r f a c e  
phenomena. 
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Desorption of Absorbed and Adsorbed Gas 

Gerhard Lewin 

Experience shows that hydrogen diffusion into vacuum is not affected 

by adsorbed gas. 

In UHV in ferrous metals hydrogen diffusion from the bulk is main gas source. 

Hence we assume linear superposition of these gas sources. 

- 
St. St. contains about 30 to 40% H2 (STP) by volume, accumulated during 

manufacture, esp. high temperature annealing in H At room temperature 

diffusion of other gases in st. st. and diffusion of all gases in non- 

ferrous metals is very small. 

2' .. 

For a quantitative appraisal Fick's law of transient gas flow (Fig. 

1) has to be solved for a large slab of thickness d exposed to vacuum 

on both sides. 

shown on F i g .  2 where D is the diffusion coefficient and Dt/d 

The concentration is initially uniforn throughout. This is 
2 the dimen- 

sionless time. As long as the concentration in center remains large enough, 

the gassing rate is the same as the one of a semi-infinite slab, which is 

proportional to the square root of time. 

s o l i d  curve is t h e  gassing rate of a f i n i t e  s l a b .  It begias to deviate fron 

On the log-log plot of Fig. 3 the 

2 the 45' line when Dt/d becomes larger than 0.05. For larger values the 

approximation of the semin-infinite slab is not valid. 

exponentially with temperature, a slab can be depleted much faster by a 

high temperature degassing in a vacuum furnace. 

Since D increases 

After cooling the gassing 

rate is virtually constant and reduced in proportion to the ratio of the 

diffusion coefficients at room and furnace temperature. 

pronounced in the finite slab where the gas supply is finite too. 

The effect is more 

Examples 

are given in the tables oEFigs. 4 and 5. 

in Fig. 4 is 0.3 torr literlcm . 
The initial uniform concentration 

3 Another approach is to use a surface 
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b a r r i e r ,  e.g. t o  ox id ize  t h e  st. st. o r  t o  coat  wi th  s o f t  so lder ,  but 

t h e r e  may be cracks i n  t h e  b a r r i e r .  

G a s  molecules are adsorbed a t  t h e  sur face  of a s o l i d .  The maximum 

binding energy is about 1 0  eV.  

rate is propor t iona l  t o  t h e  coverage, and inverse ly  propor t iona l  t o  the  sojourn 

t i m e  ts. 

energy of desorpt ion.  

t o  be sec, t h e  per iod of o s c i l l a t i o n  of a molecule normal t o  the  sur-  

face, bu t  i ts va lue  i s  now i n  doubt. Eovever t h i s  va lue  i s  assumed f o r  t he  

graph of Fig.  6. 1 eV = 23 kcal/mol. The sojourn t i m e  v a r i e s  over many 

o rde r  of magnitude depending on E 1 How t h i s  a f f e c t s  t h e  gassing rate i n  D' 
conjunct ion wi th  a bake is shown i n  t h e  Fig. 7, A t  any given temperature 

molecules with low and high binding energies, are removed r ap id ly  o r  not  a t  

For less than a monolayer, the  desorpt ion 

The sojourn t i m e  i s  propor t iona l  t o  exp (ED/RT) where ED is t h e  
.+ 

The cons tan t  of p ropor t iona l i t y  w a s  o r i g i n a l l y  assumed 

a l l .  

moderate gassing. As t h e  temperature i s  ra i sed ,  'moderate energy' becomes 

Only molecules of in te rmedia te  desorption energy cause pro t rac ted  

'low energy' and these  d i s t u r b i n g  molecules are rap id ly  removed. Certain 

gases such a s  water vapor form many monolayers, however t h e  vapor pressure 

remains s t i l l  lower than t h e  t r u e  vapor pressure of water vapor a t  t h i s  

temperature. 

* 
Even after a bake a l a r g e  amount of gas remains adsorbed bound with 

h igher  energies .  If t h e  s u r f a c e  is exposed t o  a h igh  energy f l u x  e,g., ions,  
6 

t h i s  gas is removed. 

r i n g s  and fus ion  devices .  

and e spec ia l ly  GO are thereby removed from st. st .  

c l u e  why CO is always found. 

Therefore gas discharge cleaning is a must f o r  s torage  

Tens of add i t iona l  monolayers of €I2, CH4, C02 

Perhaps t h i s  g ives  a 

Subsequent exposure t o  the  atmosphere does not  

populate  these  states again.  

Gassing can be e f f e c t i v e l y  avoided by evaporation of T i  on to  t h e  sur face  

i n  s i t u  i n  vacuum. 
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Pick's LAWS of Diffusion 

D diffusion cocfficient, c COncCntration 
Q flow rate 

I Stationary flow 

Transient flow 1 

Figure 1 
- .  Relative coacentration?n a finite slab of thicknes d for various ( h e n -  

sionless) t i nes  Df/@ as parameter. 

Figure 2 

- .  : . Plot of the infinite series of Eq. (12) and of it3 3 ~ -  
proximations for rage (>OD%) and smnII (<0.03) valces of 
Dt/&. 

Oakcod Timer o f 2  min Thick bhcct at Yariouo 

frnapcmturci for iR= 10"' torr 1ilcr/cm' 8;; 

.-__ - 

C 

3.5 x 10-8 300 

=E*nZjsEC Tc 

R. 6 f 10' (24 Iaouri) 3.8 x lo-' 4ii 
1.1 2 10 4 (3 houis) 
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6 1.0 i 10 (It daysf  

-. - . 570 
'6 3.0 x 10- 

9. o 6;; . 
3 , 3.6 .i10 (1 hour) 
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Figure 4 

Figure 3 
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Figure 5 

SURFACE EFFECTS 

Desorption energy, eY 

Desorption en%gy ED. k d / m o l  

Dependence of sojourn time on desorption energy 
(From E. Apgar, P h n n  Pliysics at various temperatures. 

Summer Institute, 1962, Princeton Uliiversity.) 

Figure 6 

I1 - 

I 

.i 

Tim? t,rnin 

. Evacuation OF system; Y = 1 liter, 
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IV. S U M M A R Y  A N D  C O N C L U S I O N S  

Outgassing rate measurements oil copper, aluminum, and stainless steel 

samples have been summarized and reviewed including a criticaI discussion of the 

experimental procedures used to make the measurements. Table 10 is a summary of 

values which are believed by the author to be representative of relatively good 

surfaces under typical conditions. In addition, the comparison of the many existing 

measurements of outgassing rates of these metals leads to the conclusion that 

variations in outgassing rate of a particular base material a r e  due, to a significant 

degree, to variations in the estent of the oxide layer present on the surface. Further- 

more, this effect is primarily a result of the ratio of the true surface area of the 

sarnple to  the geometric area. The significance of the various cleaning treatments 

that have been used is simply to reduce this ratio. Thus, the most desirable treatment 

would be that which minimizes the true surface area by producing a smooth, flat 

surface. 

Other properties which this optimum surface treatment should possess are 

that it should seriously impede o r  completely stop the diffusion of hydrogen from the 

bulk of the material and that the surface should be left free of carbon to inhibit the 

production of CO and CO from adsorbed 02. 2 

L 

From:  Review of Outgassing Results b y  Yale Srrausser 
Varian A s s o c i a t e s  Report' VR-51 
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THERI44L OESORPTION FROM f~1OLY8OENUM, COPPER 
BERYLLIUI.1 AND SOME CERAMICS* 

L. C. Beavis 
Sandi a Laboratories 

A7 buquerque , N .M. 871 85 

Thermal desorption measurements have been made f o r  about 20 years.' 

h i  t i a l  ly ,  these were primarily concerned w i t h  the re lat ionship between the 

temperature a t  which the thermal desorption r a t e  was maximum and the binding 

energy. 

Figure l fo r  f i r s t  order r a t e  controlled desorption under the rapidly pumped 

condition. 

was outgassed by passing a current t h r o u g h  i t .  

q 

Redhead2 i n  his rather  def in i t ive  paper gave the relat ionship i n  

The typical ear ly  experiment consisted of mounting a f o i l  which 

A doping gas was then bled 

i n t o  the system and the f o i l  once again heated i n  e i t he r  a closed or pumped 

system while an ionization gauge and the temperature were observed. 

temperature was then related t o  the b i n d i n g  energy o f  the r a t e  l i m i t i n g  s tep 

The peak 

(e.g., Figure 7 ) .  

Nore recently the significance o f  the en t i re  peak shape has been studied 

(e.g.% Ref. 3 ) .  In this fashion, i t  i s  possible by proper analysis  of the 

desorption r a t e  versus temperature data to  determine r a t e  1 i m i t i n g  mechanism( s )  

i n  addjtion to  the activation energy fo r  such steps.  d 

Figure 2 shows the apparatus we use for  thermal desorption measurements. A 

gas analyzer i s  d i rec t ly  over the sample so as to  measure the gas a s  i t  leaves. ' 

The time constant for  the vacuum system i s  0.01 second. Ramp ra t e s  of l k/s t o  

100 k/s are  achievable. Data a re  sampled and the analyzer scanned under computer 

*This  wrk was supported by the U,S,  Department of Energy. 
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control (Digital PDP-11/40). 

approximately once every 1-2 seconds. Typically, 6-10 mass peaks a r e  monitored 

throughout a run .  

l iquid nitrogen. 

gases (CO, CH4, COz, H p )  and the water values used are those noted for  methane. 

A given mass peak and the temperature are measured 

.- 
The UHV chamber is capable o f  being cooled w i t h  water o r  

The gas analyzer i s  calibrated us ing  cal ibrated leaks f o r  varied 

. Experiments have been run  u s i n g  f o i l s  r e s i s t i ve ly  heated as well a s  t h i n  metal 

and insulator samples which a re  indirect ly  heated i n  a long cyl indrical  heater 

with radiation shields.  
* 

. Figure 3 gives a p ic tor ia l  representation of the r a t e  l i m i t i n g  mechanisms 

we will be discussing fur ther  below. 

breaking of a bond of a molecule (CO)  i n  order for i t  t o  be desorbed, from 

I f  the r a t e  l imit ing s tep  only requires the 

e i t h e r  b u l k  o r  stirface, then the r a t e  is  said t o  be f i r s t  order--top p a n e l ,  

the molecules formation i s  the precess which limits the r a t e  of desorption, 

If 

assuming equal and random concentration of both spieces,  then the process would 

be second order limited. Finally, if the r a t e  i s  l imited by the diffusion of a 

species, then the process can be t h o u g h t  of a s  that  portrayed i n  the t h i r d  panel. 

The desorption r a t e  equation for f i r s t  and second order a r e  g i v e n  i n  the f i r s t  

l i n e  o f  Figure 4 ,  where f o r  i a (1) or (2)  must  be substituted. The second l i n e  

gives the diffusion eqilation (Fi'ctf's latt) which m i s t  be rclved i f  the desorption 

process i s  diffusion limited. 

These equations give solutions for the desorption r a t e  as a function o f  

temperature (time) as seen i n  Figure 5. On occasion, i t  is useful to  confirm 

the r a t e  ' l i m i t i n g  mechanism by heating a sample rapidly t o  the point there i t  

i s  outgassing a t  a s ign i f icant  r a t e  and then holding the temperature and 

observing the outgas r a t e  decay. 

Figure 6 depending upon the rate l i m i t i n g  s tep.  

. 

The rate of decay will behave a s  seen i n  

Again, i t  shou ld  be noted that  
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this technique d i f fe ren t ia tes  ra ther  nicely between the various r a t e  1 imi t i n g  

mechanism. 

The temperature a t  which the peak r a t e  occurs is  the same i n  a l l  three instances. 

The narrowest peak i s  t h a t  due t o  f i rs t  order desorption kinet ies , the next 

widest from second order kinetics,and the widest peak typical of diffusion limited 

In Figure 7 ( t o p ) ,  i s  a schematic of typical desorption spectra. 

kinet ics .  The middle panel cross hatching, Figure 7 ,  shows the par t  o f  the peak 

from which we normally analyze data dur ing  a desorption ramp and the bottom 

panel cross hatching shows the portion over which we analyze data when we r a i s e  

the temperature and hold i t  dur ing  desorption. 
q 

Figure 8 is spectra of CO desorption from molybdenum; the coverage i s  about 

molecules/cm i n  the two peaks 5% o f  the gas occurs i n  the low temperature 16 2 10 

peak ., 

igure SI shows the desorption of CO from CU 2% Be a l loy  a f t e r  various t r ea t -  

ments. The maximum amount of CQ seen i s  6 x molecules/cm*. Approximately 

10% o f  this amount o f  C02 is seen and 1% of O2 is a l s o  seen d u r i n g  a desorption 

run .II 

igures 10, 11, and 12 a r e  of water, hydrogen, and nethane desorption from 

~ o ~ ~ b ~ ~ ~ ~ r n  sealing glass ceramic bevore and af ter  s i l i c a  ‘blasting. Coverages a r e  

2 x 2 x IOi6, and 1014 cm2, respectively, 

Figures 33 and 14 are from 94% alumina ceramic. The hydrogen coverage is  
15 2 /ern2 while the methane i s  1 x 10 /cm e 

Figure 95 is the f i r s t  order predicted outgass ing  rates from the various 

materials upon which we have run thermodesorption measurements. 

predicted values f o r  water desorption from i t s e l f  and glass.  

Along with 

I t  i s  e lear  tha t  well-bound species will not desorb very quickly from these 

materials whereas gases bound w i t h  l e s s  than 20 kcal/mol energy will desorb i n  

a vacuuin i n  a day or l e s s  a t  rooin temperature. Only those species found w i t h  
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about  25-35 kcal/mol are l ikely t o  be o f  concern in terms o f  l ong  time low- 

'level desorption. 
bake shall remove i t ,  however. _ _  

Water (b inds  with th i s  energy t o  several oxides.  A mild vacuum 

References: 

I .  Journal o f  Physical Chemistry 1958, Smith and Aranoff. 

2. Vacuum 12, 203-211 (1962), P. A. Redhead. 

3. Interuational Journal of Heat and Mass Transfer, 13, 1559-1570 (1970)', 

W. if. Brandt. 
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AT CONSTANT TEMPERATURE i 

2nd. Order 

. 

Where ‘Y = i exp (-E/RT) 
1 

Figure 6 
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Appendix 111 

The paper below w a s  taken frpm t h e  1975 I s a b e l l e  Suminer Study at Brook- 

P e t e  Hobson po in t s  o u t  t h a t  t he  important f e a t u r e  is the  readsorp- 
1 

haven. 

t i o n  of gas  on t h e  w a l l s  of t h e  system, and only when t h e  s t i c k i n g  coeffic- 

i e n t s  t r u l y  zero are t h e  a c t u a l  q's  equal t o  t he  measured (net) G. 
paper  follows. 

His 

. 
ALTERNATIVE INTERPRETATION OF THE MEASUREMEXl3 OF 

SPSCIFIC OUTGASSIKG RATES OF MATERIALS 

J. P. Hobson 
Nstional  Research Council 

Ottava,  Canada , 

r. Introduct ion . 

Ln vacuua design it is  o f t en  important t o  design f o r  a p a r t i -  

c u l a r  va lue  of t h e  background pressure.  

i t s e l f  in t he  f o r a  that i t  is  found in ISABELLE, namely: I f  rate- 
r i a l  X is used i n  a c e r t a i n  geometry what pumps are needed t o  g i v e  

an upper l i m i t  of Q,, a t  a c e r t a i n  point  i n  the  s t r u c t u r e ?  The 

ansuer  depends upon the  proper t ies  of material  X, i n  par t icu lar ,  

upon a q a n t i t y  ca l l ed  t h e  specific outgassing rate q (Torr l i t ezs  
-2 -1 

em sec 

sur face .  

rate of readsorpt ion of gas onto the  sur face  is zero.  When t h i s  

assumption is made t he  measured outgassing rate tends t o  be t h e  cet 

outgassing ca:e of t he  s u r f a t e  which is ' invariably rower than t h e  

t r u e  outgassing rate, and czn lead to  design er rors .  

problem is i l l u s t r a t e d  i n  a s i a p l e  e x a q l e  i n  which t he  ca lcu la-  

t i o n s  can a l l  te mGe e x p l i c i t l y .  

Th= problem o f t en  presents  I 

. 

), which is t h e  rste of desorption of gas per cm2 of 
Often assuned, a s  i n  t h e  ISABELLE tests,' is thst t h e  

- 

This genera l  
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XI. S i m o l e  Sxample of Outgsssino-~~easure--3ra", 

Consider a vessel of spherical Eorn with surface area A mde 

of the material X vhose outga$,sing is  to b e  measured so t ha t  a 

pump may later  be  cdded to the vessel to  achieve p 

The test set-up contains a valve leading to a pump of known s p e d  

C l i ters  sec  , s c a b l  compared to the valve conductance and 

at  its center. 
IMX 

-1. 
0 

1. H.J. Halam and J.C. Herrera, "Thermal Desorption of Gases 
from Aluminum Alloy Al 6061, Their Rates and Activation 
Energies," these Proc. p. 640. 

MEASURING TEST 

SURFACE AREA A 

Y 
Fig. 1. Test chzzber for measuring rate of gas f l o w  f r m  wall. 
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associated piping. A pressure  gauge a e a s u r e s  t h e  p r e s s u r e  p as c l o s e  

ts 8.L- -..~ .-..---l IS pijssi51a. Tus e q u i i i t r i u n  measurements are &de: 

pl w i t h  t h e  va lve  open and p2 v i t h  t h e  va lve  closed.  
L 

a 
p2 =qTorr 

where QM is t h e  ne t  outgassing load i n  t h e  neasuring chamber i n  

T o r r  liters sec-' 

T o r r  Q14 QT 

co p 1  = 

Q 
t h e  measuring chamber and coming from t h e  WALLS of t h e  test chamber1 

is t h e  gas pass ing  from t h e  test chanber through t h e  va lve  t o  T 

E l i m i n a t i o n  of Q from (1) and (2) y i e l d s  H 

(3) 
-1 Q, - co (pl - p,) T o r r  Liters sec 

1 Equat ion  (3) is used t o  o b t a i n  t h e  ra ts  oE gas f low coming 

from t h e  w a l l s  of t h e  t es t  cha&er and should be a v a l i d  measure. 

With t h e  v a l v e  open t h e  pressure  i n  the  t e s t  chaaber  i s  p1 s i n c e  

i t  is measured. Thus t h e r e  is  a n?olecular flux s t r i k i n g  t h e  w a l l s  

-1 -2 f = Molecular FLUX - - Torr liters sec cm (4) 

where 3f is t h e  Eolecular  weight of t h e  gas (2 f o r  ISABELLE s i n c e  

gas is H 
Asscne t h i s  f lux has  a s t i c k i n g  c o e f f i c i e n t  on t h e  wall OB s. 
nusber  d isappear ing  from t h e  gas phase by t h i s  mechanism is 

atid T = temperature  i n  test chanber = 300 K for ISABELLE). 

Total 
2 

( 5 )  
-1 a t e  of Jumping = €As T o r r  liters sec 

A t  e q u i l i b r i u a  

(+= qA - fAs Torr  l i ters  sec -1 

Q, f fAs -1 -2 Torr  l i ters  sec cm 

sp Torr l i ters  sec cm 

9 "  A 

9"-+- -1 -2 ' Qr lo3 
A A z l  
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L T -  T h i s  is t h e  e q u a t i o n  needed t o  c a l c u l a t e  q from Q 
1 

Consider v a r i o u s  v a l u e s  of s. 

(a) s = o  

q = QT T o r r  l i ters  sec -1 CP -2 

T h i s  is t h e  assumption =de in R e f .  1 and t h e  values of q so obta ined  

(for a d i f f e r e n t  geometry t o  be s u r e ;  discussed belov)  are quoted  

i n  Tables  I and 11 of Ref. 1. 

The v a l u e s  of q depend on s u r f a c e  treatment: and €211 as low 

as 3 x 10-l~ T o r r  l i t e r s  s e c - l  cm-' (for t r u e  H2 q u a n t i t i e s ) .  The 
v a l u e s  of p 

Eq. (9). However they  become of importance i n  Eq. (8) i f  s B 0. 

Actua l ly  p f 3  X 

measured are n o t  quoted because they a r e  not: used i n  

T o r r  (H2).2 Let us  now look at this case 

1 

1 

-14 + lo3 x 3 x 10- l~  
24.5 q = 3 x 1 0  

= 3 X lomL4 +'1.2 x lo-' T o r r  liters sec-' CCI-~ 

E 1.2 x loo9 

Note t h a t  t h e  second t e r m  completely dominates and raises t h e  

s p e c i f i c  ou tgass ing  ra te  by 5 o r d e r s  o f  magnitude. 

(4 = 

-14 + x 3 x 10"" 
24.5 q = - 3 x 1 0  

-1 -2 * =  4.2 X Torr l i ters sec c m  

-5  Hence t h e  s t i c k i n g  p r o b a b i l i t y  must be  as low as 10 

t h e  e r r o r  i n  t h e  s p e c i f i c  ou tgass ing  r a t e  t o  309,. 

2. P r i v a t e  c o m u n i c a t i o n .  

t o  reduce 



Complete neglect  of t h i s  tern i n  Eq. (8) can therefore  be a 
* .1. __. r i s k y  assumption. 

111. Sumesced Methods for 'Pleasuring s 

It is clear t h a t  what is needed is  a method for a s s e s s i n g  t h e  . 
approximate magnitude of 5 .  

by i n s t a L f i n g  a gauge in t h e  test chamber and record ing  its read- 
In Fig.  1 t h i s  is f a i r l y  easy t o  do 

ing when t h e  v a l v e  is open (it should be p ) and when closed. I f  
when the valve is c losed  t h e  p r e s s u r e  does not change a t  a l l  t h e n  

1 
. .  

(11) . 3 -1 
SA/&% l i t e rs  s e c  

t h e  total 
I n t e r n a l  Punping Speed = 10 

completely dominates C acd a lover bound can  be placed on s. 
0 . .  

Note t h z t  t o  lower t h e  pressure  s i g n i f i c a n t l y  in the  test 
chanber  it needs an external pump l a r g e  compared t o  Eq. (11). 

F o r  s = L and A 

t o t a l l y  imprac t ica l .  

2 6000 CP a t h i s  is 250 000 liters sec-' and is . 

If vhea t h e  va lve  is c losed  the pressure  rises quickly t o  

a new e q u i l i b r i u m  vzlue p one can w r i t e  from Eq. ( 8 )  
eq* 

lo3 Pa- m 
Zquat ions (8) and (11) t h e n  p t c v i d e  t w 3  simultzueous l i n e a r  

equations fion which both q and s can  be obtained. 

I n  p r a c t i c e  such a measurement does not  u s u a l l y  lead t o  a 
clear e q u i l i b r i u a  va lue  p b u t  a q u a s i e q u i l i b r i u n  value d r i f t -  Y 

ing up slowly w i t h  t i m e .  
el4 
It i! not  known how t o  analyze t h i s  curve 

3 q u a n t i t a t i v e l y .  

s u f f i c i e n t l y  c l e a r l y  def ined t o  be i d e n t i f i a b l e .  F u r t h e r  a quick 
drop  of t h e  same type should b e  seen  when the v a l v e  i s  opened 

q u i c k l y  and should b e  c o r r e l a t e d  i n  magnitude w i t h  t h e  quick rise. 

One can only hope t h a t  t h e  quick i n i t i a l  r i se  is 

3 .  J.P. fiobson and J.W. Earnshau, J. Vac. Sci. Technol. 257, 
1967. 
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Perhaps a more c e r t a i n  method is  t o  add another  puap of 

known speed quickly t o  t.he test  chamber perhaps through another  - 
valve.  

which can be used t o  y i e l d  va lues  of s. 

3 In t h i s  case sharp pressure drops have been observed 

IV. The ISABELLE Geometry 

The ISABELLE geometry-is complicated by being a long p i p e  

r a t h e r  than t h e  sphere of Fig, 1, 
g3us.e~ a t  both ends oe t ha  pipe’ and ts p2rforz1 the  t e s t s  suggestei! 

i n  Sec t ion  111 above. The r e s u l t s  should ind ica t e  whether s 0 

Hovevor it is possible  t o  p lace  

has t o  be considered. 

coaputer  ana lys i s  with outgassing and readsorpt ion the  full length 

of t h e  pjpe is advised, coupled with pressure  neas’ureaents down rhe 

p ipe  t o  test  the  analysis .  

In t he  event t h a t  t h i s  is sa, then a compiete . 

. 

Conc lus ion  

It i s  poss ib le  t o  i n t e r p r e t  t h e  measurements on t h e  s p e c i f i c  

outgassing r a t e  of A 1  i n  terms of a s t i c k i n g  coefeicient of Hz on 
t h e  w a l l s .  Sesliquantitative tests are suggested t o  e s t a b l i s h  

whether t h i s  is true o r  not. Xf it is t rue ,  then the  ca l cu la t ion  

Q€ prcssures  achtcvable i n  the  bore are a l t e r e d  in .a way whfch vi11 
;equire f u r t h e r  de ta i led  ana lys i s .  

is s a t i s f a c t o r y  €or  ISABELLE is not necessar i ly  v i t i a t e d  in t h i s  

event.  

or worse. 

fzom t h i s  ‘change of Lnterpretat ion.  

The conclusion t h a t  A 1  tubing 

The p r z c t i c a l  s i t u a t i o n  could conceivably be e i t h e r  b e t t e r  

Nor are  the  ISR r e s u l t s  on outgassing completely4 f r e e  

4. R. Calder and G. Leuin, B r .  J. App!.. Phys. 18, l459,(1967). 
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Accepting that the actual outgassing rate may be several orders of mag- 

nitude greater than the net values as given in the pages of Appendix 11, we 

must consider the effect of the ggonetry of the wake shield. Consider a 

semi-infinite plane, with an actual outgassing flux q. 
I 

Unlike the spherical 

geometry of the test chamber treated in the 

previous paper, the flux striking.the walls is 

determined by collisions from space craft con- 

tamination as well as the outgassing flux q. 

However, all molecules not involved in mole- 

cular collisions (except those hitting an 'I 
experiment) will be removed from the wake 

shield site, and it is reasonable to assme 

that the flux f is proportional to q with 

a numerically small coefftent Ct, lo-'. The 

differential equation for the number of molecules hitting the surface per 

unit area per unit tine for a single species is: 

or 

EB v - -  1 e kT 
0 

g(1- as) = n 

In a closed system at sready state q is a constant and hence determines 

the equilibrium surface concentration n . 
"ncw" gas coning from the body of the wall and part f r o m  the 

f. 

Part of no can be thought of as 
0 

I1  returning" flux 

It is easy to see if the portion of f that is retained on the surface, 
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1 fs, as in equation 8 of the previous paper, 

are the measured "net" values. 

equals 0, then q and n 
0 

Under the conditions that s < 0, q may in reality be several orders of 
net magnetude larger than the measured q implying that no > no . Unlike net 

the previous case2 the return flux is small even if the sticking coefficient 

is close to unity as a result of the infinite pump of space. net Thus no % n 
0 

)e end the measured- rates will approximately apply. Even if U is not as small 

as an increase in n would imply a longer tim would be needed to reduce 

the surface contaminants. 
0 

Only if the time constants were long would a problem result for the 

3,4 wake shield application, and meager data suggests a time constant of minutes. 

References. 
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THE IMPLICATIONS OF "TRUE" and "NET" OUTGASSING 

RATES FOR THE WAKE SHIELD EXPERIMENT 

-- 
J..P. Hobson 

Ottawa, Canada 
. .  

. National Research Council, 

Here the specific question i s  posed: Given the experimental 
1 measurements o f  Halama and Herrera on the outgassing o f  Aluminum Alloy 

A1 6061 i n  which they measure the "net" outgassing t o  be Q, = 3x10''~ Torr 

l i t r e s  sec'l 

fo r  the wake shield? The selection o f  this  particular data rather than a 

of H2 would we conclude that this material is suitable 

mul t i t ude  o f  other possibil i t ies occurs only because o f  the author's 

familiarity w i t h  the data .  

have been drawn from many other sources. 

I t  i s  believed t h a t  similar conclusions would , 

1 The fact  tha t  Halama and Herrera 

made measurements on a p i p e  rather. than a sphere a l t e r s  detailed numbers 

b u t  no t  the main qualitative point o f  our argument. 

e shield is  just the sphere of the t e s t  

Hence half the source o f  gas is removed 

and the pumping speed of the h a l f  removed is replaced by the pumping speed 

o f  space which will be the maximum allowable. We will assume that no 

molecules are  scattered back i n t o  the wake shie7d from space since t h i s  

i s  a consideration which although important, is  additional t o  the present 

question. 

w i t h  the following properties: 

(1) Source o f  gas 

The wake shield then becomes a hemispherical shell (radius r )  

qx2nr2 torr l i t r e s  sec" 

1 o3 
(2) H ~ I  7 pumping 2nr2 s p torr I i tres sec-l 

c 
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For simp1 i ci t y  the pressure 

i s  not a correct assumption 

p has been assumed uniform th roughou t .  

but w i l l  not detract  from our major conclusions. 

This 

p will reach a steady value such t h a t  

q i s  the "true" outgassing rate of the wall 

o f  the wall. Me take M = 2 for  H2 and T = 300"K, i .e .  &R = 24.5. 

s .  i s  the s t i c k i n g  coefficient 

In the  previous paper we deduced pairs o f  va'lues o f  s and q cbnsistent w i t h  
the measured "net" outgassing value o f  3 x 1 0 " ~  Torr I i t res  sec -1 crn -2 by 

assuming various values o f  s. \.le add t o  these below and work out the 

resulting values o f  p from equation ( I ) ,  

Assurr.cd 
Sticking 
Coefficent 

True out- 
gassing 

ti 

Pressure a t  
centre o f  
wake shield 

-Torr 

s .  0  IO-^ . lon3 lo-* . 10-l 1 

Thus  i t  can be seen tha t  i f  the density a t  the centre o f  the wake shield must 

be held t o  lo3 molecules/cm 

sticking probaCbility for H2 on A1 6061 was less than abou t  

3 ( p  = 3x10'~~ Torr) i t  i s  impor t an t  tha t  the 

i n  t h e  
. 

neasureimts o f  Halama and Herrera. ' 
A1 6061 i s  sui table  f o r  the wake shield and i f  i t  was not  t h e n  

I f  this c o n d i t i o n  was sa t i s f ied  then 

6061 i s  not suitable f o r  the wake shie'ld. There i s  
. II-ll.5 



no way from the published paper alone t o  establish t h e  magnitude o f  s i n  

the measurement, i .e.  t o  t e l l  the difference between t h e  "true" and the 

"net" outgassing rates. 

However i n  a paper concerned largely w i t h  measurements of 

residual pumping effects in a uhv system Hobson and Earnshaw' found a H2 

purnpi:ng speed o f  a few litres sec'l where pumping speeds based on s = 1 

could easily have been several thousand l i  tres sec" or more. Thus values 

of s < 

- 

i n  typical systems have been measured and may be fa i r ly  

general, although t o  date they have not  been the subject  of extensive 

study. 
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O n  January 23,  1978, an  ad hoc committee of the  Un ive r s i t i e s  Space 

Research Association (USRA) n e t  a t  Space Sciences Taboratory. The general  

o b j e c t i v e  of t h i s  committee "as t o  eva lua te  t h e  assumptions and t h e o r i e s  

of models d e p i c t i n g , t h e  p o t e n t i a l  environment seen  around a wake s h i e l d  

environment. 

working session: 

p o s s i b l e  u t i l i z a t i o n  of t h e  IECM (Induced Environmental Contamination 

Monitor), p resent  state-of-the-knowledge of t h e  parameters used t o  desc r ibe  

t h e  intermolecular c o l l i s i o n s ,  t h e  p o s s i b i l i t y  of using simple podels  to  

desc r ibe  t h e  wake s h i e l d  environment, poss ib l e  e r r o r s  assoc ia ted  wi th  

using k i n e t i c  theory t o  c a l c u l a t e  t h a t  p a r t  of t h e  atmosphere overtaking 

t h e  s h i e l d ,  and a general  ascessment of t h e  Monte Carlo techniques used 

t o  c a l c u l a t e  t h e  s h i e l d  environment. A b r i e f  summary of t hese  s u b j e c t s  is 

as follows: 

I. MODELS OF THE SHIELD ENVIRONMENT 

There w e r e  s i x  sub jec t  areas discussed i n  t h i s  one day 

poss ib l e  changing e f f e c t s  on t h e  wake.shield environment, 

,, 

-~ 

A .  The LaRC g r o u p u s e s k i n e t i c  theory t o  c a l c u l a t e  t h a t  f r a c t i o n  

of t h e  ambient atmosphere which can overtake t h e  sh ie ld .  In  t h e  

region where t h e  mean f r e e  pa th  (mfp) is an  appreciable f r a c t i o n  

of t h e  scale he ight  (possibly 2 400 km), t h e  p a r t i c l e  t r a j e c t o r i e s  

are b a l l i s t i c  i n  na tu re  which can l ead  t o  a s i g n i f i c a n t  d i s t o r t i o n  

of t h e  Maxwellian d i s t r i b u t i o n .  However, t h e  d i s t o r t i o n  would appear 

t o  be such as t o  reduce the  number of p a r t i c l e s ' i n  t h e  high energy 

t a i l  and consequently reduce t h e  f l u x  of p a r t i c l e s  t o  t h e  sh i e ld .  

8 3  dens i ty  varies from l o l o  t o  10 /cm . 
seccion of -. 3 x IO 

I n  t h e  a l t i t u d e  a t  which t h e  s h i e l d  ope ra t e s , t he  atmospheric 

Assuming a c o l l i s i o n  c r o s s  
-15 2 cm and a v e l o c i t y  of - 400 m/sec,a rough ' 

t a b l e  of t h e  mfp versus  a l t i t u d e  i s  given below: i 

A 1  t: i t ude Atmospheric Density mfp 
- 16 meter 200 km 10 / c m  

300 h i  107/,,3 - 160 meter 

400 km 1 o8 / 0 3  - 1600 meter 

10  3 

S i n c e  eVpi1  at 300 km the  a f p  is g r e a t e r  than t h e  c h a r a c t e r i s t i c  

clinension of the spacecraf t  and boom assembly, t he  group f e e l s  
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t h a t  a s i r p l e  l i n e a r  (one) co l l i s i .on  model appears s u i t a b l e  t o  

calculatr :  the f l u x  s c a t t e r e d  !,rick t o  t h e  open end of the  s h t e l d .  

T h i s  ccria i d y  s e e m  true i o r  a l t i t u d e s  grcatm: t I ~ n n  300 km and 

may well b e  t r u e  f o r  a l t i t u d e s  less than 300 b ,depend ing  upon 

the  l eng th  of t h e  spacec ra f t  and boom. 

B. Combining a one c o l l i s i o n  model w i th  a program dep ic t ing  the  

emit ted molecular dens i ty  around t h e  spacec ra f t  would be useable  

t o  g ive  prel iminary estimates f o r  the backsca t te red  f lux .  Such 

an  outgassing program has apparent ly  been developed by Mart in  

Marietta Corporation f o r  t h e  s h u t t l e  and seems useable  fn descr ib ing  

th,e flux s c a t t e r e d  t o  the  s h i e l d  f o r  c e r t a i n  s h u t t l e  o r e i n t a t i o n s .  

One of t h e  d i f f i c u l t i e s  i n  any modeling e f f o r t  is c rea t ed  by 

t h e  l a c k  of d a t a  on the  parameters of t h e  in te rmolecular  c o l l i s i o n  

process. 

The bulk  of t he  i n t e r p a r t i c l e  c o l l i s i o n ,  which w e  are i n t e r e s t e d  

i n  Eor t h e  meantime, i n  genera l  involves  atomic oxygen s t r i k i n g  a 

r e l a t i v e l y  s t a t i o n a r y  emit ted molecule with a speed of - 8 km/sec. 

This c o l l i s i o n  process can s t rong ly  excite r o t a t i o n a l  and/or v i b r a t i o n a l  

l e v e l s  i n  t h e  molecule. Under t h e s e  condi t ions  t h e r e  i s  no d a t a  

a v a i l a b l e  t o  spec i fy  c o l l i s i o n  c h a r a c t e r i s t i c s  ( i . e . ,  c o l l i s i o n  

cross-sect ion,  e f f e c t i v e  masses and t h e  degree of i n e l a s t i c i t y  oE 

t h e  c o l l i s i o n ) .  Because of t h e  l a c k  of a c c u r a t e  numerical va lues  

and probable inaccurac ies  i n  outgassing r a t e s , o f  a spacec ra f t ,  the 

ca l cu la t ed  backsca t te red  values  are probably inaccura te  t o  a f a c t o r  

of 5 no mater what model is used. 

C. From the  t h e o r e t i c a l  po in t  of view, i t  i s  n a t u r a l  t h a t  the Monte 

C < ~ r l o  nethad i s  KeneralLy the iwst proper  method to dea l  w i t h  t h i s  

kind of problem. 

p a r t i c l e s  which can be used i n  s imula t ion  because of t h e  c o n s t r a i n t s  

of t h e  computing time and memory of t h e  computer, t h e  Monte Carlo 

merhod becomes imprac t i ca l  f o r  t h e  problem we encounter. The  group 

questioned w h e t h e r  t he  r e s u l t s  obtained from any cu r ren t  Monte Carlo 

m o c k 1  was worth t h e  e x t r a  expense incurred in t he  long run t imes.  

However, due t o  t h e  u r n i t a t i o n  of t h e  number of 
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D. Concerning the  LaRC (Langely Research Center) Monte Carlo 

model, t h e  group be l i eves  t h a t  t he  complexities of t h e  cell  con- 

f i g u r a t i o n  which make t h e  computation extremely d i f f i c u l t  and t i m e -  

consuming is not necessa r i ly  enhancing t h e  accuracy of t h e  r e s u l t s  

because of  t h e  l i m i t a t i o n s  w e  have mentioned before. 

t h e  group f e l t  t h a t  i t  would be poss ib l e  to  reduce t h e  i n t r i n s i c  

run t i m e  of t h e  LaRC model i n  p a r t  by s impl i fy ing  geometry and 

ce l l  configuration. However, i t  is worth i t  t o  perform a Monte . 

Carlo c a l c u l a t i o n  w i t h  simple geometry to  compare t h e  one-col l i s ion  

model. 

s i t u a t i o n  more r e a l i s t i c a l l y .  

Therefore, . 

From these  r e s u l t s ,  w e  should be able t o  assess t h e  

Because of t i m e  l i m i t a t i o n s ,  th is  problem could n o t  b e  discussed 

i n  d e t a i l ,  however, t h i s  group w i l l  i n v e s t i g a t e  t h i s  problem fu r the r .  

I n  p a r t i c u l a r ,  D r .  Yen w i l l  make a s p e c i a l  e f f o r t  i n  t h i s  area. 

11. ASSESSMENT OF CHARGING EFFECTS ON SPACECRAFT 

It is  recognized t h a t  t h e  s u r f a c e  of t h e  spacec ra f t  can b e  charged 

up t o  - 100 v o l t s ,  t he re fo re ,  t h e  p o s s i b i l i t y  t h a t  t h i s  p o t e n t i a l  can 

a t t ract  ions  must be inves t iga ted .  The group f e l t  t h a t  i t  would b e  w i s e  

t o  make a preliminary computation based on t h e  models of D r .  Whipple and 

L e e  Parker es t imat ing  t h e  importance of t h e  charging e f f e c t s  an t i c ipa t ed .  

111. ASSESSMENT AT THE POTENTIAL APPLICABILITY OF THE IECM MEASUREMENTS 

Some of t h e  d e t a i l s  of t h e  IECM measurements o f , t h e  s h u t t l e  . 

environment w e r e  presented. 

IECM t o  measure s h u t t l e  outgassing c h a r a c t e r i s t i c s  would b e n e f i t  calcu- 

l a t i o n s  of s h i e l d  environment s i n c e  i t  would he lp  reduce some of t h e  

unce r t a in ty  i n  knowing spacec ra f t  emission l eve l s .  The IECM w i l l  also 

be involved i n  a ($Izz H r) ) gas release t o  he lp  determine t h e  i n t e r -  

a c t i o n  of spacec ra f t  emitJed molecules wi th  t h e  atmosphere whereby t h e  

emitted molecules are s c a t t e r e d  back t o  the spacec ra f t .  

a l ack  of da t a  on t h e  s c a t t e r i n g  of O/molecules a t  8 lcm/sec, these  r e s u l t s  

can be used t o  improve the  accuracy of t h e  modeling ca l cu la t ions .  However, 

models of s h i e l d  vacuum levels are r e a l l y  concerned wi th  t h e  backsca t te r ing  

of atom-ic oxygen and i t  appears t h a t  some modification of t h e  apparatus 

It seemed t h a t  t he  gene ra l  ob jec t ive  of t h e  

18 
e ’  2 

Since t h e r e  is 
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could give datx of a more p e r t i n e n t  use Ear model calcutatic\;ir;. One of 

t h e  c ! i  Ff i c c l t i c k s  i n  usi.ng the ILCY apparatus t o  measure vacuum environment 

i n  spnca, r e l a t e d  t o  the s h i e l d ,  i s  the  closed soI.irce collimated na tu re  

of t h e  lIX2-1 mass spectrometer. T h i s  instrument is  probably i n s e n s i t i v e  

f o r  measuring t r a c e  q u a n t i t i e s  of atomic oxygen. 

In summary, some of the  committee e f f o r t s  i n  t h e  near f u t u r e  involve - 
having D r .  Yen look i n  more d e t a i l  a t  t h e  LaRC Program and D r .  Wu look 

i n t o  t h e  p o s s i b i l i t y  of genera t ing  d a t a  on wake environment charging e f f e c t s  

w i th  a code developed by L. Parker. 

- 

It would a l s o  appear d e s i r a b l e  f o r  t h i s  group t o  m e e t  w i th  o t h e r  

people, such as s c i e n t i s t s  and engineers from LaRC and MSFC, t o  f u r t h e r  

d i scuss  t h e  assumptions i n  t h e  modeling e f f o r t .  W e  have t e n t a t i v e l y  

scheduled a workshop f o r  Apr i l  3 and 4 .  Please review t h e  d a t e  and when 

I ca l l  you t o  d i scuss  t h i s  r e p o r t ,  w e  can determine i f  i t  is s u i t a b l e .  
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On April 3 and 4, 1978, the Ad Hoc Cornittee on the Wake Shield 

Environments met at the SSL-MSFC conference room. This meeting was 

attended by Dr. W. A. Oran fr& NASA/MSFC, Drs. L. T. Melfi, Frank J. 

Brock and J. E. Hueser of the LRClNASA group, as well as all of the 

committee members with the exception of Dr. Sherman DeForest. The 

agenda of this two-day meeting and the attendance list are included 

as Appendices I and 11, respecttvely, of'this sectfon. 

A detailed account of the meeting is given in the following 

sections. 

Carlo method and its potential. 

Code for the prediction of the Space Shuttle flow field under orbital 

Section I will discuss the general principles of the Monte 

Section 11 will discuss the Langley 

conditions. Section 111 will discuss the estimation of back scattering 

flux. Section IV will discuss the collisional processes and other 

related problems being discussed during the meeting. 

discuss the problem of the electric potential of the shuttle (i.e., 

charging effects). The final one, Section VI, includes specific 

recommendat ions. 

Section V will 

ii 
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I. General Pr inciples  of the  Monte Carlo Method f o r  Molecular Flow 

Simulation 

I n  general, there  are four  Monte Carlo simulation techniques; 

they are (i) trace technique, (ii) f i e l d  technique, (iil) t racer - f ie ld  

technique, and (iv) f u l l  technique. 

uses a s m a l l  number of simulated p a r t i c l e s  representing t h e  f i e l d  molecules, 

t o  complete the  flow f i e l d .  On the  other  hand, the f u l l  technique uses  

a l l  the  molecules i n  the  f i e l d  t o  simulate the flow f i e ld .  The other two 

techniques f a l l  between these. 

the nature  of the problem. The t racer-f ie ld  i s  found t o  be useful  i n  

dealing with mixtures of gases of d i f f e ren t  molecular  weights. 

computational method f o r  molecular flows, i t  is necessary t o  incorporate  

the  real is t ic  co l l i s ion  l a w s  and gas surface in te rac t ion  l a w s  as w e l l  as 

geometric-requirements of the  problem. In  order t o  deal  with the complex 

geometry of flow (such as Shut t le ) ,  one requires the  accommodation of 

surface geometry and the  carefu l  d i sc re t i za t ion  of computational domain. 

The basic  s t eps  i n  d i r e c t  simulation of the  co l l i s ion  processes are t h e  

same fo r  a l l  the techniques. One selects the  co l l i s ions  and moves the 

tracer pa r t i c l e s .  The difference between various techniques lies i n  t h e  

resolut ion i n  updating the d i s t r ibu t ion  functions of the c o l l i s i o n  

par tners .  Further, w e  should r e a l i z e  tha t  a l l  Monte Carlo methods have 

s ta t is t ical  s c a t t e r s  which need t o  be controlled.  

The tracer technique is t h a t  which 

Choosing the  technique merely depends on 

I n  any 

I n  the following, w e  s h a l l  discuss some spec i f i c s  concerning t h e  

molecular sh ie ld  problem. 

( i )  Formulation of the Molecular Shield Problem - The molecular 

shield problem determines the f lux  of upstream-moving molecules at  f a r  

f i e l d  locations.  The molecular in te rac t ions  t h a t  produce these  molecules 
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involve gases of l a r g e  differences i n  density as w e l l  as i n  mass. Small 

amounts of molecules of la rge  m a s s  could play an important r o l e  i n  the  

interact ions.  Molecules scat tered fromand emitted by the  s h u t t l e  surface 

may undergo several  co l l i s ions  before reaching t h e  f a r  f i e l d .  

( i i )  Computational Requirements 

(a) It is important t o  have a su f f i c i en t ly  l a rge  sample 

of the  simulated p a r t i c l e s  i n  the cells in t he  f a r  f i e l d  i n  order  

t o  minimize the  statist ical  scatters. 

(b) I n  order t o  evaluate accurately the  e f f e c t  of co l l i s ions  

on the d i s t r ibu t ion  function of t he  sca t te red  molecules t h a t  reach 

the f a r  f i e l d ,  the  e n t i r e  computational domain should be discret ized 

according t o  the  l o c a l  gradient o f thep rope r t i e s .  

(c) It is necessary t o  treat accurately the  in te rac t ions  

between gases of l a rge  differences i n  densi ty  and i n  m a s s .  

(d) The realist ic co l l i s ion  cross  sect ions should be selected 

i n  calculat ing the col l is ions.  

(e) The accuracy of calculations degrades near t he  boundaries; 

therefore,  it is necessary t o  set out boundaries a t  r e l a t ive ly  l a rge  

distances from the  shield so t ha t  the boundary e r r o r  is minimized. 

2 
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11. Langley Code-A Monte Carlo Direct Simulation Program For the Space 

Shu t t l e  Flow Field Under Orbi ta l  Conditions 

The bas ic  procedures f o r  the  Langley code i n  the ca lcu la t ion  of t he  

s h u t t l e  environment presented by D r .  Brock a-pear t o  be sa t i s f ac to ry ;  This 

is a numerical code of a FORTRAN program f o r  t h e  computation of the  three- 

dimensional t r a n s i t i o n  regime flow pas t  t h e  Space Shu t t l e  Orb i t a l  Vehicle. 

It employs the  d i r e c t  simulation Monte Carlo method which models t h e  

flow by some thousands of simulated molecules. These are followed through 

representat ive co l l i s ions  and boundary in te rac t ions  i n  simulated physical 

space. The geometry of the o r b i t a l  vehicle  has been approximated by a 

number of quadric surface elements. I n  pr inciple ,  t h i s  code is  based on 

the  tracer technique. The r e s u l t s  obtained f o r  t he  s h u t t l e  problem 

using t h i s  code are of grea t  i n t e re s t .  However, i t  would be d i f f i c u l t  t o  

apply the  present res-lts t o  the molecular sh i e ld  problem f o r  t he  following 

reasons : 

(i) The d i sc re t i za t ion  of computational domain is a r b i t r a r y  

and crude, 

(ii) Weighting f ac to r s  are used t o  bui ld 'up sample s i z e  i n  the  

f a r  f i e l d ,  

(Si) The accuracy of the calculat ion degrades near t he  boundaries, 

and 

( iv)  The molecular in te rac t ion  model used in  the  code is not: 

accurate;  f o r  example, the in t e rac t ion  between the  gases i n  l a r g e  d i f fe rences  

i n  mass have not been taken i n t o  account. 

Because of these reasons, w e  believe the  following methods may 

deserve some a t t en t ion  f o r  the molecular sh i e ld  problem: 

(a) Langley Code - This code can be used f o r  solving the  molecul-ar 

sh i e ld  with severa l  revis ions,  as was commented above. 
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(b) To develop a new code based on a t racer - f ie ld  technique - 
I n  t h i s  technique, a s u f f i c i e n t  sample of tracer p a r t i c l e s  w i l l  be used t o  

follow the  motion of molecules of each gas i n  order t o  dea l  with a mixture 

of la rge  differences i n  mass and i n  density,  

selected from t h e  f i e l d  molecules i n  order t o  increase  t h e  f i d e l i t y  of 

calculat ing the  col l is ions.  This technique w i l l  a l s o  f a c i l i t a t e  the 

d i sc re t i za t ion  of the  computational domain and t h e  control  of the boundary 

errors .  

Col l i s ion  par tners  w i l l  b e  

(c) Linear methods - Linear methods requi re  no l a rge  computational- 

e f f o r t  andneedsto s a t i s f y  fewer requirements (accurate treatment of a l l  

possible co l l i s ions  and in te rac t ions  and use of realistic co l l i s ion  cross- 

sections).  

(d) Hybrid method - I n  the  hybrid method, t h e  calculat ions are 

decoupled and made i n  two e x p l i c i t  s t e p s :  (1) t o  determine t h e  far f i e l d  

molecular d i s t r ibu t ions  from a Monte Carlo code and (2) t o  determine the  

upstream moving f lux  using a l inea r  model. 

on accurate Monte Carlo solutions.  

This method, therefore,  depends 

(e) A semi-analytic method f o r  approximating the  up-streaming 

f lux  - The Langley Monte-Carlo calculat ions appear t o  show t h a t  the dominant 

source of oxygen atoms behind the  wake shield are due t o  streaming ambient 

atoms which scatter off out-gassing molecules which have come from the  

shut t le .  

t o  estimate accurately because of t he  long computer runs necessary to 

ge t  adequate s t a t i s t i c s .  

from the  s h u t t l e  appear t o  be re l iab le .  

However, the f lux  of these scat tered oxygen atoms is d i f f i c u l t  

However, the  density of t h e  out-gassed molecules 

This suggests an approximate 

N 

procedure f o r  estimating the scat tered f l u x  of oxygen atoms, based on 
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s ingle ,  o r  perhaps double ( i f  necessary) sca t te r ing .  I n  t h i s  method the 

sca t te red  oxygen atoms are t r ea t ed  as the  unknown, with ve loc i ty  

d i s t r i b u t i o n  f (v ,  r), whereas the outgassing molecules are t r ea t ed  as 
+ 3  

a known quant i ty ,  wi th  a known ve loc i ty  d i s t r i b u t i o n  as a funct ion of 

pos i t ion  F(V, r). 
+ +  

Thus the Boltzmann equation becomes a l i n e a r  equation 

f o r  t h e  unknown f .  

form: 

The Boltzmann equation may be w r i t t e n  i n  the  following 

-+ 
I K (:, 5 ' )  f(;') d3 - N(v) f (v) .  D f  

D t  
- -  

Here, the  left-hand-side of t he  equation is t h e  streaming operator ,  

describing the  rate of change of the  d i s t r ibu t ion  function f caused by 

co l l i s ions  along the  t ra jec tory .  I n  our  problem of the  wake sh ie ld ,  t h e  

appropriate 

large-scale forces  present. The right-hand-side descr ibes  t h e  sca t t e r ing  

t r a j ec to ry  i s  a s t r a i g h t  l i n e  s ince  t h e r e  are no important 

terms. 

on the  sca t t e r ing  l a w s  and on t h e  (known) d i s t r i b u t i o n  funct ion of t he  

The sca t t e r ing  kernel K and the  c o l l i s i o n  frequency depend only 

outgassed molecules. 

Whipple, " U s e  of t h e  Scat ter ing Kernel Approach i n  Certain Gas Kinetic 

(For a reference on t h e  sca t t e r ing  kernel ,  see E. 

r Problems," Phys. Fluids ,  15, 988, 1972.) Consequently t h e  s c a t t e r i n g  

kernel  and the  c o l l i s i o n  frequency may be  evaluated once and f o r  a l l ,  i n  

t h i s  approximation. 

The equation may then be solved f o r  f by successive approximation. 

L e t  f = fo  + f 

co l l i s ions  tha t  an oxygen atom has had a f t e r  enter ing the  region of interest. 

4- f p +  ...... . The subscr ip ts  refer t o  t h e  number of 1 
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Thus t r a j e c t o r i e s  may be assumed t o  start a t  t he  surface of t h i s  volume, 

where the  i n i t i a l  f is given by the ambient conditions, As the  t r a j ec to ry  

is followed inward, f is  changed by co l l i s ions .  

0 

Subs t i tu t ion  of the  

expanded series fo r  f gives 

- x -  
0 

Nf 0 

D t  

a set of recursion equations f o r  f 
j' 

Dfl= 111 K f o d v  3+, -Nfl 
D t  

3+ K f d v8- Nf2 Df 2 - =  
D t  1 

It should be f a i r l y  straightforward t o  obtain terms up through fl, which 

should give the dominant back-streaming f lux  i n  t h e  region behind the  

shield. 

f o r  each sucessive term increases. 

tha t  t he  in t eg ra l  t e r m  containing the contributions t o  f from sca t te r ing  

in to  the  t ra jec tory  depends completely on known quant i t ies .  

It is possible t o  ge t  f 2 ,  although t h e  amount of work necessary 

The advantage of t h i s  method is 
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111. E s t i z a t i o n  of Back Sca t t e r ing  F 1 . u ~ -  

A s i n g l e  c o l l i s i o n  code w a s  developed t o  he lp  determine t h e  upstream 

flowing f l u x  around t h e  Shut t le .  The model assumes a cold n e u t r a l  flow t o  

s imula te  t h e  atmosphere sweeping by t h e  S h u t t l e  and c o l l i s i o n  cen te r s  are 

provided by spacec ra f t  outgassed molecules. The d e n s i t y  of outgassed 

spec ies  w a s  p reca lcu la ted  using t h e  SPACE (Shuttle/Payload Contamination 

Evaluation) program produced by MMC (Martin Marietta Corp.). The 

c o l l i s i o n  i t s e l f  is assumed t o  be hard sphere,  i s o t r o p i c  i n  t h e  cen te r  of 

mass (COM), and has a s i n g l e  a lgeb ra i c  formula re la t j -ng  t h e  s c a t t e r e d  f l u x  

i n  t h e  COM t o  t h e  spacec ra f t  r e f e rence  frame. 

spec ies  dens i ty  t h e  conditions of high average temperature and t h e  10 hour 

To o b t a i n  t h e  outgassed 

po in t  from t h e  mission start were chosen. 

a l a r g e r  than  average amount of heavy long chain molecule (i.e., - 100 AMIT) 

outgassing from the  non-metallic sur faces .  The second condi t ion  produces 

a g r e a t  d e a l  of l i g h t  molecules and desorp t ion  from t h e  suraces.  

desorption rate supposedly decays quickly wi th  a c h a r a c t e r i s t i c  cons tan t  

of - 18 h r s ,  The SPACE code is a phenomenological program, and i n  o rde r  

The f i r s t  condi t ion  in t roduces  

This  

t o  compare its r e s u l t s  t o  t h a t  of o t h e r  codes, w e  have p l o t t e d  i n  

Figure 1 t h e  column d e n s i t i e s  above t h e  S h u t t l e  bay f o r  t h e  long chain  

5 (100 AMU) molecules and H 0 and N ( t h e  predominant molecules of e a r l y  2 2 

desorption).  

due t o  material outgassing which i s  probably v a l i d  f o r  t h e  h igher  a l t i t u d e s  

The MMC code dep ic t s  only t h e  unperturbed column d e n s i t i e s  

and f o r  t h e  s h u t t l e  o r i e n t a t i o n  shown i n  Figure 1. 

* 
Contribution from D r .  IJ. Oran 
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The s ing le  c o l l i s i o n  code then u s e s  t h i s  densi ty  pa t te rn  f o r  t h e  

sca t t e r ing  centers  t o  ca lcu la te  the upstream flowing f l u x  due t o  the  inter- 

ac t ion  of t he  atmospheric molecules with these centers .  I n  Figure 2 we 

have p lo t ted  t h e  f l u x  of atmospheric atomic oxygen which is sca t t e red  

back upstream as a function of d i s tance  above the  Shu t t l e  bay for the  

Shut t le  o r i en ta t ion  shown i n  Figure 1. 

t o  the  qioescemt f l u x  nU/4 where (73 - 10 cm/sec f o r  0 a t  1000°K). 

This upstream f l u x  is normalized 

5 

Other parameters used i n  calculat ions are: 

I n t e r  act ion Cross Section Effect ive Mass of 

0 -+ 100 AMU 9 

0 -+ N2 4.5 10-l~ 

0 -+ H20 3 10-15 

The r e s u l t s  of Figure 2 have 

slow decrease of upstream f lux  with 

Scat t er er 

100 AMU 

28 AMU 

18 AMU 

2 

2 

2 

c m  

c m  

c m  

some important implications.  The 

dis tance from t h e  s h u t t l e  would s e e m  

t o  ind ica te  t h a t  t h i s  d i s t a n c e i s n o t  /that important i n  determining t h e  

po ten t i a l  environment t o  the  shield.  

appear t o  be the  emissive cha rac t e r i s t i c s  of the body i t s e l f .  For example, 

i n  Figure 2 w e  see t h a t  the l a rge  f l u x  of ear ly  desorbed l i g h t  molecules 

w i l l  dominate i n  the  backscattering processes. However, wi th in  a couple 

of days i n t o  the  mission these f luxes w i l l  be decreased substant ia l ly .  

The f luxes due t o  cabin leakage, f l a s h  evaporators, etc., have not been 

included i n  t h i s  output of the  SPACE code. 

cabin leakage alone is - 3 kgm/day, which is  on the  order of to ta l  ea r ly  

desorption f lux  from the  upper surfaces of t h e  Shut t le .  

The most c r g t i c a l  parameter would 

The engineering l i m i t  for 

One wonders 
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whether there i s  any hope of even remotely achieving the 

vacuum leve l s  targeted for the shield if the Shuttle i s  used as a carrier 

at  lower altitudes.  

Torr 
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I V ,  Collisional Processes i n  the Model f o r  the Prediction of Molecular 

Shield Environment 

In order t o  improve the  accuracy of the  models t o  predict  the  s h u t t l e  

and molecular shield environment, some procedures concerning the  co l l i s ion  

physics need t o  be noted. 

(i) Inclusion of proper masses f o r  the co l l i s ion  partners. 

(a) Atomic 0 free-stream pa r t i c l e s  re f lec ted  from the 

s h u t t l e  surface probably are converted t o  0 during accommodation. 2 

(b) Small amounts of C02, NOx, etc., i n  the "outgassing" 

may have a pronounced ef fec t  on backscattering free-stream 0 

atoms i n t o  the  shield.  

(ii) For large r e l a t i v e  ve loc i t ies  of co l l i s ion  (- 8 km/sec) a 

more r e a l i s t i c  center-of-mass sca t te r ing  pat tern should be used. (Available 

data  suggests tha t  the  d i f f e r e n t i a l  cross section, U(0), ( in  un i t s  of A 2 / s r )  

may decrease sharply with angle; -. 10 

- 10 at 16' and continue t o  f a l l  as 8 increases.) This forward peaking 

may have implications f o r  the  multiple-collision contribution t o  the back- 

scat tered flux. The t o t a l  co l l i s ion  cross section, defined by 

. o  

4 3 2 a t  Oo, - 10 a t  3", - 10 at 8 O ;  

1 

O2 2 271 I a ( 0 ) s i n e  d 0,  for  the above example is - 80 A 5 however, the  
OT 

momentum transfer  cross section, CI which gives a measure of the a b i l i t y  m' 

of the co l l i s ion  t o  turn the  co l l i s ion  partners through la rge  angles (for 

s ingle  co l l i s ion  e f fec ts )  weights the in t eg ra l  by a (1-cos e) factor  and 

would have a much smaller value, 

section i n  the sca t te r ing  model fo r  t he  f a s t  co l l i s ions ,  it should probably 

not exceed 1OA . 

I f  one uses a "hard-sphere'' cross 

O 2  
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(iii) For binary co l l i s ions  among the  possible  permutations between 

outgassed molecules and spacecraft  def lected ( accommodated) free-stream 

molecules, a value of 

these are slow p a r t i c l e s ,  T-3000-400 K (more information on t h i s  can be 

obtained i f  neut ra l  molecule d i f fus ion  coef f ic ien ts  are available).  Here 

0 -  

= 30A [a E (NA)-'] i s  probably appropriate, since 
Om m 

the  angular s ca t t e r ing  pa t te rn  may be more i so t rop ic  (e.g., for permanent 

dipole-permanent dipole  long range forces).  

15 I f  the  outgassing rates are r e a l l y  as high t o  4 x10 

-2 c m  

moving (relative t o  the  sh ie ld /shut t le )  "accommodated" molecules - H20, 
02, C02, NO w i l l  probably provide the  major s ca t t e r ing  centers  f o r  

def lect ing f r e e  stream 0 and spacecraf t  re f lec ted  0 

sec-l) as assumed i n  the model calculat ions presented, t he  slowly 

X 

molecules in to  the 2 

shield.  If the  outgassing r a t e s  are much smaller, then spacecraf t  

re f lec ted  (and accommodated) slow-moving 0 may be  the important source 

of t he  sca t t e r ing  centers.  

2 
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V. Electric Charging Effects  on Molecular Shield 

To analyze t h i s  problem, we should understand t h e  e l e c t r i c  charging 

problem around the shut t le .  

s h u t t l e  can be c l a s s i f i ed  i n  two categories. 

The e l e c t r i c  charging problem around the  

1. The Electric Poten t ia l  of the Shut t le  

This problem has been addressed i n  some d 4 t a i l  i n  a repor t  3 

by Harold Liemohn when he w a s  at  the Battelle I n s t i t u t e  (P. 0. Box 999, 

Richland, WA 99352). H e  w a s  especial ly  concerned with occasions when 

the ion-electron beam experiments on the  payload would be activated.  

Under these conditions la rge  poten t ia l s  (approaching the beam potent ia l )  

could develop on the  surface of the shut t le .  The l a rge  amount of surface 

areas covered with d i e l e c t r i c  material made i t  d i f f i c u l t  t o  a r r ive  at 

quant i ta t ive  r e s u l t s  however. 

In  general, the  surface charge on a satell i te is determined 

by current balance; the po ten t i a l  w i l l  change u n t i l  the  ne t  current 

vanishes. For a conducting port ion of the surface,  the  n e t  current t o  t h a t  

port ion must vanish; f o r  a d i e l e c t r i c  (i.e., insulat ing)  surface,  the 

current density a t  each point must vanish f o r  equilibrium conditions. 

The important currents a t  ionospheric a l t i t u d e s  are the plasma electron 

and ion currents.  
* 

Because of t he  higher e lec t ron  thermal ve loc i t ies ,  t h e  

electron current density is l a rge r  than the ion  current  density due t o  

the r a m  motion of the  vehicle  moving through the  ionospheric plasma. The 

r e s u l t  is t h a t  a spacecraft  tends t o  be driven negative u n t i l  the  reduced 

electron current is equal t o  the ion current.  

For example, the ion current is approximately neVA 

the l o c a l  plasma density,  e the  uni t  ion charge, V t he  spacecraft  

where n is 
PY 
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veloc i ty ,  and A 

t he  d i r ec t ion  of motion. 
ZIT 

exp ($e/kT) where % is t h e  t o t a l  area of t he  spacecraft ,  c is t h e  

the  cross-sectional area of t he  spacecraf t  projected i n  
P 

neATC The e lec t ron  current  is approximately - 
1/2 

e lec t ron  thermal veloci ty ,  and $J is t h e  spacecraft po ten t i a l ,  and T the 

e lec t ron  temperature. Therefore, f o r  a conducting spacecraf t ,  t h e  p o t e n t i a l  

may be estimated by equating the  currents ,  with the  r e s u l t  t h a t  

4 = (kT/e) 1n(2x1/* ApV/%c) . 

Thus the  poten t ia l  of a conducting body i s  usually negative on the  order  

of the  equivalent e lec t ron  temperature, mult ipl ied by a weakly varying 

function of t he  spacecraf t  shape and ve loc i ty  r a t i o .  

For a spacecraf t  with l a rge  areas of insu la t ing  material 

the  s i t u a t i o n  can he qu i t e  d i f fe ren t .  For example, on surfaces  a t  t h e  

rear of the vehicle  where the streaming ions cannot readi ly  b e  incident  

a t  s m a l l  po ten t ia l s ,  t he  po ten t i a l  may become q u i t e  negative due to t h e  

incident  e lectrons which are coming i n  roughly i so t ropica l ly .  Hence 

t h e  po ten t i a l  on such surfaces  may go qu i t e  negative i n  order  t o  reduce 

the  e lec t ron  current  and a l s o  t o  br ing i n  some ions by def lec t ing  t h e i r  

t r a j ec to r i e s .  

of the  shu t t l e .  

i ts  material is not conducting. 

I would expect t h i s  t o  be t rue  f o r  surfaces  a t  t h e  rear 

It may a l s o  occur on the  rear of t h e  wake sh ie ld  i f  

2. The E l e c t r i c a l  Wake Behind the  Shu t t l e  

There is a f i n i t e ,  roughly cone-shaped region behind t h e  

spacecraf t  which is  depleted of ambient ionospheric ions because of 

t he  r e l a t i v e  motion of the  spacecraf t  with respect  t o  the  ionospherfc 

plasma. However, ionospheric e lectrons can penetrate  t h i s  region -- 
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usually denoted as an e l e c t r i c a l  wake -- and w i l l  acquire a negative 

space charge. This induced electric poten t ia l  d i s t r ibu t ion  w i l l  act 

t o  def lec t  ambient ions i n t o  the wake region. The po ten t i a l  i n  t h i s  

region can be roughly estimated by first ca lcu la t ing  the  densi ty  of 

the  free-streaming ions assuming s t r a igh t  l i n e  t r a j ec to r i e s .  This 

density n ( r )  can then be set equal t o  the  reduced e lec t ron  densi ty  

one would obtain by assuming the Boltzmann factor :  

If the poten t ia l  one obtained by t h i s  calculat ion i s  l a rge  enough ( i n  

the  negative direct ion)  t o  a f f e c t  the t r a j e c t o r i e s  of the  streaming ions,  

-+ 

n = n exp 
0 

then one has a way of estimating how many ions could penetrate  t o  t h i s  

wake region, by computing the  def lect ions i n  the  ion  t ra jec tor ies .  

Prom these two reasons, w e  r ea l i ze  tha t  t h e  changing e f f e c t s  are 

important t o  the  predict ion of the s h u t t l e  environment. Consequently, i ts 

e f f ec t s  w i l l  become roughly important t o  the molecular sh ie ld  problem. 
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V I .  Re  commendat ions 

A f t e r  lengthy discussions the  committee reaches the  following 

conclusions : 

1. The Langley code is a very useful  code; it can accurately 

predict  t he  s h u t t l e  environment. However, w e  f e e l  t h a t  i t  is  not accurate  

u enough f o r  t h e  molecular sh i e ld  problem. The reasons are s t a t e d  i n  the  

previous sect ions e 

2. Electric charging e f f e c t  i s  an important problem i n  the 

predict ion of molecular sh ie ld  environment. 

de ta i led  invest igat ion.  

It ce r t a in ly  deserves a 

Therefore, w e  recammend the follQwing: 

Development of an analytical-numerical l i n e a r  model, a. 

including the  proper s teps  i z i  accordance wi th  realist ic c o l l l s i o n a l  

physics (see Section III), as a supplementary model f o r  the  

Langley code. The.essentia1 reason such a model is  needed can 

be s t a t ed  as follows: (i) the upstream sca t t e red  f lux  a f t  of t h e  

o r b i t e r  is s m a l l  and can be accurately calculated by analyt ical-  

numerical techniques, (ii) the scal ing wi th  ,ambient density,  gas 

outf lux rate, assumed cross  sect ions,  and assumed masses of 

p a r t i c l e s  can be obtained, and ( W ) t h e  accuracy of the  ca lcu la t ion  

can be compared with the  calculat ions performed by the  Monte Carlo 

technique i n  o ther  regions. 

b. Attention should be given t o  the  charging problem based 

on t he  reasons outlined i n  Section IV, However, before attempting 

to  apply a complicated numerical code (such as Lee Parker's code), 

we f e e l  t ha t  it would be more important t o  spend some t i m e  defining 

the  problem with the  next s tep  being t o  evaluate  the  e f f e c t s  t h a t  

may be produced. 
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3. Since the physical collision parameters are not well 

known in terms of cross.sections and effective masses for the present 

problem, we therefore recommend that some laboratory experiments be 

undertaken to measure these parameters under conditions expected. 
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Appendix I 

2nd Meeting of 
the 

Ad Hoc Committee on the Assessment 
of Models of a Wake Shield Environment Around Various Spacecraft 

Universities Space Research Association 
April 3 and 4 ,  1978 
Space Sciences Lab/MSFC 
Huntsville, Alabama 

AGENDA 

Monday, April 3, 1978 

9:00 a,m. Welcome 
W. A. Oran, NASA/MSFC 

Summary of Last Meeting's Discussion 
S. T. Wu, The University of Alabama in Huntsville 

9:30 a.m. Discussion of Monte Carlo Methods 
S. M. Yen, University of Illinois, Urbana-Champaign 

10:30 a.m. Discussion on Langley Code on Simulation Program for the 
Space Shuttle Flowfield under Orbital Conditions 
Leonard T. Melfi, Jr., NASA/Langley Research Center 
Frank J. 

1:OO p.m. Lunch 

2:OO p.m. Discussion 

6:OO p.m. Adjourn 

a- 

Tuesday, April 4 ,  1978 

1 8:30 a.m. Summary of 
/ 

Brock, Old Dominion University 

of Langley Code 

the Discussion of Langley Code 

9:OO a.m, An Analytic Model of Back Scattering Flux 
W. A. Oran, NASA/MSFC 

9:30 a.m. Charging Effects on Shield Environment and a Semi-Analytic 
Method for Approximating the Up-Streaming Flux Due to 
Scattering 
Elden C. Whipple, University of California, San Diego 

10:30 a.m. Collisional Process 
M. A. Biondi, University of Pittsburgh 
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11:30 a.m. Release of Cloub from Spacecraft 
Lewis  Linson, Science Applications, Inc. 

12:OO N Lunch 

1:00 p.m. Discuss ions (Comi t t e e Members ) 

2:30 p.m. Adjourn 

- 
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