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TECHNICAL MEMORANDUM 78129

PRELIMINARY ASSESSMENT OF THE VACUUM ENV IRONMENT
IN THE WAKE OF LARGE SPACE VEHICLES

I. INTRODUCTION

The era of spaceflight (beginning with the launch of the first satellite in
the late 1950' s) has yielded a rich harvest in terms of the resultant advances
in both sclence and technology. The long distance telephone communication sys-
tem utilizing satellite relay and the use of satellite weather photographs by
television meteorologists are but two of the befter known examples. Perhaps
one of the most heneficial and promising aspects of spacellight is the ability to
examine phenomena under conditions which cannot he duplicated in a cost-effective
manner utilizing Earth~based facilities. TFor example, the field of X-ray asiron-
omy, which needs to be conducted ''above' the Earth' s atmosphere, is a product
of the space age. The discovery of celestial X-ray events has resulted in a2
virtual explosion of theories/ideas of cosmological importance and may ultimately
result in a major revision of our present understanding of the laws of the
universe. '

In a similar vein, the capability to conduct long-duration experiments
under zero-gravity conditions has resulted in a betler understanding of a multi-
tude of formation and separation processes. In fact, the results of the precursor
investizations (conducted in the era of Apollo/ Skylah) are so promising that
follow-on experiments are being planned for the forthcoming era of the Shuttle/
Spacelab to see if various materials and biological processes can be commer-
cially undertaken in space [1]. '

Another unique in situ capability, which has only recently been reported,
1s the generation of the ultrahigh vacuum in the wake region of a space vehicle
[2]. Some calculations examining the environment in the area _
within an actively controlled, ultraclean hemisphere indicate that particle
densities £10%/cm® may be obtainable in this zone [3].
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This report will examine the contaminating fluxes from the ambient
atmospheric molecules ohserved in the wake region of presently planned space-
craft [e.g., Shuttle, Spacelab, Long Duration Exposure Faeility (LDEF}] in
order to help determine the vacuum levels that may be utilized by an experiment
mounted on the "lee" portion of the vehicle, It will also discuss in a general
manner seme precursor experimenis which could be conducted "relatively
inexpensively" on these craft and which could help establish the usefulness/ap-
plicability of using the uliravacuum in the wake of i spacecraft,

To help evaluate experimental conditions, simplified models will be
develeped which will depict the contribution of various sources to the flux density
in the wake. These contributions will be evaluated using typical spacecraft

- parameters. To help calculate the flux densities, a model spacecraft which

approximates large unmanned spacecraft such as LDEF will he used, If is an
approximately spherical body, with radius RO = 8 m, traversing the upper

atmosphere at velocity Vo ~ 7.8 km/s at a nominal altitude of ~ 550 km (Fig, 1),

An experiment utilizing the wake vacuum is mounted on the rear portion of the
satellite. At 550 km the nominal parameters of the neutral ambient atmosphere.
used in the calculations are: temperature, T ~ 1000 K; density of oxygen,
Q~8X 106/01113; density of helium, He ~2 X 10%/ cm3; and density of hydrogen,
H ~ 5 x 10'/cm? [4]. In addition, to assess in a semiquantitative fashion the
fluxes which can strike an experiment mounted in the wake, the experimental
area will be approximated by a flat plate.

/ EXPERIMENTAL AREA

—

B —

——

Vo=78km/s

Tigure 1. Diagram of a spherical model of a satellite traversing
‘the ionosphere and having an experiment mounted
: on the wake axis.



Il. AMBIENT PART{CLES WHICH DIRECTLY STRiKE
A SURFACE ORIENTED TOWARDS THE WAKE

The velocity shifted Maxwellian distribution f{v) can be used to evaluate
that portion of the ambient flux which has a velocity sufficient to overtake a
spacecrait where

%2
- m ) _ m 9 _ P
flv) = N (ZerT, exp [ S’ (ch & (Vr V_ cos 0)

+(V

. V2 . '
ot Vv, sin ¢) ):l v dv clvq5 (1)

0

and N = particle density.

The terms r, #, ¢ are polar angles as shown in Figure 2, and the
remaining symbols have a standard meaning. Based on intuition, one would
anticipate the flux of particles per unit solid angle (sin 0 df d¢)} to increase as
the angle increases from the wake to the ram direction. To help assess the

ability of conical/hemispherical shapes in reducing this contribution to tae
flux density in the wake, we will first calculate

flux density (8) = F(0) .

Figure 2. Simplification of the model of Figure 1 where
the experiment is replaced by a flat disc of radius RO.



(The angular relations are given in Figure 2.) The flux of ambient partmles
coming in for a given ¢ at solid angle (sin 0 d0 d¢) is then

= [av S av, [ oav v (v)
allowable allowable
v 0 VqJ

Only those particles whose V 5 and ng components of velocities dre in the range

_Vr tan (——-—‘”mzo d ) = V’@E Vr tan (____@.smg d )

and

iA

' do ' do
i —— - ——
Vr tgn ( 5 ) VO = Vr tan ( 5 )

can reach the surface from the specified solid angle (sin 0 d0 de¢) at angle 0, or

m .
m \72 ;
T = AY N ) x
(o) N(zwm) y P [ oxT (Vy Vo 008 0) :Idvr

V_tan (______Qsm 0d ) V_tan (EI-Q')
oo 2 : high \2

| - qu) _ f __dV(:J BRpP (_ 2;;;} [“;2
_V'r tan (ng_@) : —V tan (d;> ' '

+ (VO +AV; sin 8)2]) | o




Assuming that d0, d¢ << 1, we can utilize the approximations

. y
* - . 2
VI. tan (smzo dg) v sin 9 d¢ < (21@) v

. r 2
Yy
' 2
YV tan (-dﬁ) ~V d—0<<_ (——ZI{T\ .
: ™ 27 r 2 m
and

V.V sin g do << (gk—T)
r o m

Then

mv ¢ sin® 0'

Y
F(0) ~ N (—Ii—) sin 0 do d¢ exp

2gKT 2KT

f V e}.p|: 9KT (V -V cos 0) :| dVr

o'’ sin ¢ d¢ do 27KT 2KT

_ Ya mV 2 sin? @
F (0) =- T{g) NN( m ) exp | —2 .

@ : . _
3 o v 2
f V. ° exp [ KT (Vr \0 cos 0) ] dVr

(2)



Equation {2) can be explicitly solved and an analytic solution for Fo

found. However, it was more convenient to solve equation (2) using

a computer, The results of these calculations are shown in Table 1 for

three different atmospheric constituents (hydrogen, helium, and oxygen) under
standard atmospheric conditions at §50 km.

The results in Table 1 show that the flux I () does indeed increase by

orders of magnitude as g varies in the range 0 to 90 degrees. Therefore, some
kind of conical or quasi-spherical shape around the experimental area could be
used to reduce the divect flux of the ambient atmosphere. However, if is also
useful to find the flux impinging on a flat plate (Fig. 2) to help assess (in a
semiquantitative fashion) the influence this direct ambient flux has on the flux
density seen by a "flat" experiment. This is done utilizing the expression FO'(E)) =

FO( 0) cos , and the results are presented in Table 2. Similarly, it is of interest
to calculate the total flux impinging on a flat plate (Tig. 2). Utilizing the
expression
27 T _
{ = i I
I‘o Of dqﬁ(_]f. sing do 0(0)

and then numerically inte§1ating the resﬁlts of Table 2, {ve obtain;
FO(I—I) ~ 1,1% 10" /em? s
FO(I-Ie) ~ 10%em? s
FO(O) < 1/em?s

Ag a check upon the accuracy of some of the approximations mentioned
previously, we note that the results ol this numerical integration are in good
agreement with the results from the analylic expression
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KT \ % 2KT mm % _ Yo

= N 2mm e -\ == VvV {l-erf Y
-/ (2KT/m) 2

o

which describes the flux to a flat plate oriented toward the wake axis |3].

TABLE 1. FLUX OF AMBIENT PARTICLES PER UNIT SOLID ANGLE
AS A FUNCTION OF ANGLE TO THE WAKE AXIS Oa

Flux
Angle IS He 0
(degree) ~ {em? s) (cm? s) ~ {em? §)
0 1.0° 30 _ 4% 10710
10 108 30 4% 10719
20 _ 108 40 - 5% 1071
30 | 1.5 <108 S 60 6'x 1071
40 2 % 108 80 1078
50 3 % 108 1.5 % 10% 2 % 10718
GO 5 % 100 C 3% 102 5 % 10718
70 9 % 108 7.5% 108 2 % 107H
80 2 % 107 2.5 % 10° 10716
90 4% 107 1.3 x 10t 2 % 10748
100 10% 10° 2x 10713
110 3 x 108 10¢ 1.5 % 1019
120 _ 9 x 10° 2 x 107 1078
130 2,5 % 10° 4% 108 3% 107%
140 7 % 109 . 7% 10° 103
150 2 x 1010 0t 3% 107
160 3,5 x 101 1012 101
170 5.5 x 1010 4 % 1012 2 x 1048
180 Cogx a0t | 7x10% |10t

a. The model used asswmes an ambient temperature ~ 1000 K .and
following ambient densities: O ~.8X% 10%/em?, He ~ 2% 10%/cm?,
and I ~ 5% 10'/cm?. ' '
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[11. INDUCED BACKSCATTERING OF AMBIENT
PART!ICLES BY SPACECRAFT EM!SSIONS

To calculate this contribution to the flux density in the wake, we will
utilize the same geometrical orientation as used in Section II (see Fig, 2).
Let the flux density of molecules emitted by the spacecraft equal No/ 41rr2VT.

be NO( r), and be independent of §. The collision rate in volume element dv

hetween the ambient and emitted particles is equal tol

N No(r) /'VT - VO/O'A0 dv

where
N = ambient density
Vo = velocity of ambient particles in spacecrafl reference frame
~7.8km/s
VT = velocity of emitted particles
g = g¢ollision cross section
Ao :
dv = r* sin 0°d0 do
VO >> VT

N = spacecraft emission rate {molecules/s).

The number of ambient particles that scatter back to the surface is F]B' where

) s/c
' _ _ dg 2 . A cos. @
rm(r,o,ap) =N No(l) v, (dSZ) g ¥ S0 0 do dg =z ,

1. For this model a cold hvam flow is assumed, where all the ambient molecules
have initial velocities p. rallel to the wake axis.




A=qR? .
0
and
do s/ e
d /w0

is the differential cross section (o Ao times the probability the ambient particle

will be scattered into unit solid angle in direction 7 - 8). The foregoing equation
can be integrated over r to yield

N NOVO do s/c co. dl‘
. =20 (0 A si : ' I
I“]B(B,qb) pucr (dﬂ)q’r-ﬂ sin 0 cos 0 A0 d¢ f 2

T ry(0)

where r;(0) is the distance behind the body at which the ambient density again
becomes significant; i.e.,

ry(0) ~ ro/sin. 8

or

NNOVOA do s/c
Fr(0:8) ~ % R_ (EE)

sin 0 cos 0 de do
T =0 .

The term

do s/c
dQ / w0

10



can best be evaluated by transformation to the center of mass {c.m.) system.
Since Vo > VT’ we find

Vm
0 0
~ —_—

C.1m, m +m
0 a

0, C. M., o c.m,

where ma = mass of emitted particle, m0 = massg of ambient particle, and after

collision
2 9
mi{V -V +m (V¢ -2
0, C. M. m °
Iri" + P
m
a

where Q is the translaticnal energy loss in the collision. Also in the c.m.
system, assuming a hard sphere model for the collision,

The differential cross section in the c.m. is related to that in the spacecraft
reference frame by

(dcr) s/¢ (do) T gin g* do* g Ao sin 0% do*
_ 0*

aQ /0 " \ada sin0do  4r  sinodl

11
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1
1

S

where we are assuming an isotropic scattering in the ¢, m. system.

similarly shown using Figure 3 that

B cos

do* = do {1 -

8
- a1
'Jl—stin?‘G}

G(0) = sin 0 cos 0{1.-

12

It can be

and
sin * = gin 0{'\’1- A sin® 0 - B cos o} .
or
N NOVOU-AO :
FIB(O’¢-) = m sin 0 d0 d¢ G(q)
T o
where
- *
A= Vc.m. 0,C.1M.
1 m s
14— -
B=|7 )
Vo . ma } 2Q
m \'L
c.m, 0 C.1L
and
: ﬁ'cos 0

\j’_‘z_—z_;‘}{l"ﬁzsinz -pecos O - .
- N1-p8"sin“0 . o _



ch

Figure 3. Diagram of appropriate velocity vectors and
angles in a transformation from the c¢. m. to the
spacecraft reforence frames.

Trom the energetics of the collision it is obvious that scattered ambient particles
cannot reach the wake surface unless V* >V m. {i.e., f< 1) . For the

,C. . -

_case of elastic collisions, § is minimized (i.e., Q = 0) and hecomes

o
i
2|8

®

- Emissions from a spacecraft are usually IL0, N,, and 02, and we will assume a
meanm_ -~ 24 AMU, This yields

BH = 0,042 m. = 1 AMU

= 0. = 4 AM
'GHe | 16.7. mq | MU
B.= 075 m =16AMU
BO 0.75 111O

In a similar manner as Scetion If, we will calculate FIB(O) per unit solid angle;
i.e.,
FIB(O)' N NOVU‘TA

sinododp ~ (4m) V,R_

(o)

2. For the outgassing molecules B is always greater than 1; consequently, for
this model which assumes a cold partlcle flow, these molecules cannot be

scattered upstream. - : : : 13



where N is calculated for atmosphere at 550 km, ¢ Ao 3% 1071 cm?, and
H 3 +1
No = n47rR0 s Ro =3m. n=~10 2 molecules/ em? s which is estimated to

be the emissions of unmanned spacecraft after days in orbit [5]. The results
of these calculations are listed in Table 3.

It can be seen that unlike the flux densities calculated in Section I, the
oxygen contribution is significant., The oxygen flux densities also vary approxi-
mately a factor of 10 over range of angles compared to the factor 2-3 for
hydrogen and helium in Table 3.

The results in Table 3 can be integrated over the solid angle to yield
the total flux impingement on the flat plate. The results are:

FIB H ~ 10%/cm?® s

F_He ~ 3x10° 2
IBe 3% 10°/em* s

FL0~ 8x 108/ em?® s

It should be remembered that the estimates assume a worst case, i.e,,
completely elastic collisions (Q = 0). If the enexrgy loss for O colliding with
H,0 is movre than 11 percent (more than 43 percent for O colliding with Ny),

B = 1 and no backscatter is possible. Since the energies available are more
than sufficient to excite both rotational and vibrational states, some loss of
translational energy is sure to ocecur. How much is difficult to estimate. In
addition, this is a single collision model. Tor the parameter values discussed
in this report, the mean free path of a spacecraft-emitted particle is ~ 20 lan,
while less than 0, 01 percent of the ambient molecules will collide with a space-
craft emission. '

Since the backscattered lMux is roughly ~ 1/r, we could expect that only
those collisions which occur within 100 m of the body are significant. Given a
mean free path of ~20 km, it could be anticipated that multiple ecollisions would
not be a factor in caleulating the [lux of backscattered particles. However, at the
lower altitudes where the ambient density has greatly increased, the mean free-
path of the spacecraflt emissions can be reduced to tens of meters, and the results
of this model should be reevaluaied to account for multiple collisions.

3. This value for op o for oxygen interacting with the spacecraft emissions was
deteimined for a water molecule. The cross section for waler was calculated
using the density of water ~1 g;_m/cm3 and the number of molecules/gm.

14
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|V. SELF-SCATTERING OF SPACECRAFT EM1SSIONS

In this section we are interested in calculating the return flux of the
emissions to the spacecraft because of self-scattering of the emission cloud.
We will assume a stationary sphere uniformly outgassing via a Lambertian
pattern at rate  in a vacuum. The flux of molecules per unit solid angle leaving
the surface seen at a point r' and angle ¥ from the normal of dA is

qp . ndAcosy

T el
The density contribution from the circular element { Fig. 4) is

dF a’n cos v 27 sin o do

v

dN =

TV 2%

where

Tigure 4. Geometyy relating to self-scattering of
spacecraft emissions.

The total density at r is then

C 21 % 'co.s v siﬂ a.dn'
N(r) = 2 [
0

v (r'/a)?

16




where a, is determined from the solid angle of the sphere as seen at r, We

f
!
i

i know that
r' sineg _ sin(y-4) sinycosg
i a  sing sing sin ¢ cos Y :
ot Let
% r
% E= g
;‘5 then
* siny = £sing .
Q ' oY
§ 'Z:.gcosﬂ-cosv
\t

and
: cos y = (1 - ¢ sin® g) 2
i '
, and
o | A
. cos 0 T 0
% = -dg = —— -1jdo = | *
. R do d'y.__ do (3 cos y ) 0 ( a)cos Y
! _ Therefore, the integral becomes
ﬁ
" i T P!

_ o, &, €OS 'y(q—) sin 0 (;)do on 00 o _

i L N(r) = -{.—:L f D — = = f sin g dg
| . 0 . (—') cos ¥. 0
;.
{ .
i




where

or

. 1/
N(r) = B (1-cosq) = %’1(1-(1-512) 2) .

Note that as £ 1,

Hd®R,

o
" -3 () -3

which is the accep

ted equation to describe the density due to flux emission by a
distant body, ' :

To model the dynamics of the self-collision process, we will assume
identical particles emitted at identical velocities ¥ and that for every collision
occurring at r, the velocity v(r) of the center of mass of the collision is aver-
age velocity of the emitted particles alopg the radial direction.

Utilizing Figure 1, we find

Go 2 .
f (31-) Veos §sinddo

2
“x) = 0 ¥ sin” 0
‘r) - 00 N - 2 (l_cosoo)
f (—.’l) sing do
v
0
.
¥ ' ¥ : 1y "
=3 (1+cosoo) =3 (14 (1-‘52) ) .

Note thatas r —=, £ — = and Gr—- Ve

In modeling the .dynarnics of the collision in the c.m., it seems most
appropriate to consider the c.m, rms velocity of the particles; i.e.,

18
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The collision rate in an element of volume at r can hest be determined by utilizing
the rms velocity in the c.m. Each particle will make ~oN(x) v* collisions per
unit time, or the total number of scattering collisions is N*{x) o v* .

Assuming the scattering is isotropic in the c.m. system and utilizing the
same equations as developed in the previous section for the transformation from
the c,m, to the spacecraft reference frame, we find the incremental flux striking
the sphere at dA (0) '

!
A2/ * ; 2. ) /z
ar = das(o) EOV. TR sint g £ cos’ 0 ~ 2 feos 0
58S 4 . 9
N1 =g sint g

where in this instance

and dAS(¢) is the incremental solid angle subtended by dA as seen at r; therefore,
dAS(0) = 2w sin0 do

or
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0 .
0
Nzgrlav* ) gcosza .
dFf_ (r) = 27 1- 4 sin’ g+ -2 pcos 0 sing dg
55 4 2
N1- @ sin? g

2 * :
N—(M{l-ﬁsinzo -cos 0 N1-@sin®o } ,
0 0 o

Therefore, the total return flux from a solid shell dr at r from the sphere is

2 * ' |
dF = E—%)”—" H(o_,B) 4 7 ¢ dr

55

where

— - .2 - = : .2
H(DO,,B) = 1- fsin 0, - cos 00'\/1 # sin 0,

- or the total return flux to the sphere is

Transforming to 00 coordinates,

a
sin ¢
0

-—acosg dog
0 0

dr = —
. sint ¢
0

or
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where

p=to) .

The point at which 8= 1 is the coordinate beyond which no backscatter can occur,
or ’

(1+cos 0 )
O

[ (L+cosp)? 4
2\l - ———2—

n

B =

sinf 0 + (1+cos0 )?(1~-coso)®
o 0 0

- 7
(1~ cos 00)

TN

= 1

sivd ¢
0

T = 2
(1~ cos 00)

cos 0_0_ = N2-1 ~ 0,414

90° = 0 = ~0(5.5°

Therefore, the backscatter [lux per unit avea striking the sphere is (note that
R = a in our notation) '
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0 = = o~ K ’

Fls = 1 7 a* v :

%

. i . J
90° (1 + cos 0)2 & cos 0 do |

y = f (1 - cos p)? (l- y ) ('—-—T—) (H(p,8)) ~ 107 , ;
Utilizing the same values for the purameters as developed in the previous section, [
we find ,
|

FT  ~ 3x10%cm®s .

ss

This flux is sufficiently less than those calculated in the previous section that it ;
will be neglected in comparisons. _ _ i
te

i
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’
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V. FLUXES IN THE WAKE REGION DUE
TO OTHER PHENOMENA

The direct emission/outgassing of molecules info the experimental area
by the surrounding surfaces is one of the more important contributions to the
flux density. As mentioned previously, an outgassing rate of 10* molecules/
em® s is assumed typical of spacecralt surfaces. However, a flux of 1012/cm2 8
is most {ypical of the outgassing rale of cured spacecrafl paint or metals that
have just been placed in a high vacuum system. An oulgassing rate of from 0. 2
to 4 X 10" molecules/em? s appears to he obtainable with some metals that have
been vacuum oulgassed for 20 h at 100°C [ 6,7] (a temperature that can he
rcached on the spacecraft surface during the sunlight portions of the orhit)., In
addition, the process of vacuum degassing may substantially lower the "intrinsic"
outgassing rate of metals. TFor example, the outgassing rate of a sample of
stainless steel was lowered from ~3 X 10° molecules/cm? s to 3 x 108 molecules/
em? s by this technique [8]. Therefore, after an "in situ" bakeout, it may he
possible to obtain [luxes due lo metal outgassing of ~10"/cm® s striking crucial
components (e.g., substrates) of the experiment, This flux level may be addi-
Lionally lowered by designing the apparatus so that items such as substrates are
oriented toward the open aft end and only view a limited portion of the equip-
ment/shield, '

One of the areas about which very little is known is the influence of
charging phenomena attracting the ambient ions onto a surface oriented toward
the wake. A metal satellite Lody will typically charge up to approximately
-1V in an ionospheric orbit. This charging coupled with the generation of

v x Bforces as the spacecraft traverses e Earth's geomagnetic field could
result in potentials of approximately several volts on the satellite surface at
specilic portions of the orbit. Since the average energy of an ambient oxygen
ion (in the spacecraft rclerence frame) is approximately 5 eV, this surface

potential may be suflicient to deflect the ambient ions into the experimental area

in the wake [ 9]. Additional work will have to be done to quantitatively assess
the contributions to the [lux in the wake from this phenomenon,

Another area of potential flux involved the emission of relatively large
amounts of material during a melting distillation experiment. Depending upon
the experiment envisioned, one could expeck emission rates of from 10% to 1020
particles/s. Utilizing the results developed in Section I, this may result in
backscattering unacceptably large fluxes of ambient molecules into the experi-
mental area. However, it should he nated that il the experiment utilizes a
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source containing a low mass species such as boron, this backscattering fiux is
substantially reduced because an ambient oxygen cannot seatter directly info
the walke surface with only one collision with a low mass particle,

Finally, the heat load occurring during the performance of an experi-
ment will have to be distributed so as not to cause excessive outgassing of the
experimental componenfs. For the purpose of this report, we will assume that
this can be accomplished in a straightforward manner by using good design and
fabrication techniques., However, detailed measurements should be made to
assess the effects of the heat load of various eandidate experiments on the
vacuum levels of the shield.
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VI. DISCUSSION

Based on the preliminary modeling described in the previous sections,.
the following tentative conclusions ean be made regarding the contaminating
fluxes impinging upon an experimental area placed in the wake zone of a satellite:

a. The hydrogen {lux due to the direcl ambient, which has sufficient
velocity fo overtake the space vehicle from the baclk, appears to he orders of
maghitude greater than that backseattered. It would, therelore, appear that the
atomic hydrogen in the wake can be calculated from loecal geophysical conditions
and may bhe independent ol spacecraft emission characteristics,

b, The backsecattered ambient oxygen and helium fluxes, on the other
hand, are substantially greater than the respective direct ambient fluxes.
Therelore, it appears that the spacecraft emission characteristics and geome~
tries can be a significant factor in determining the flux to an experiment located
in the walke.

‘The fluxes to the experimental area of the direct ambient hydrogen and
ackseattered helium and oxygen were calculated to he ~ 107/em? s for the
conditions mentioned previously. In addition, Section V discusses the possi-
bility of conducting an experiment in the wake so that the critical compcnents of
the apparatus see a flux ~ 107/ em? s due to material outgassing., Therefore, it
appears that 107/cm2 s moy represent a lower limit to the flux level striking
eritical portions of the apparatus during a wake experiment.

Tt is interesting to compare the value of 107/cm? s to flux levels which
may be desired by potential experiments that have been suggested as benefitting
from theé wake errironment. A key operation of several of the experiments
(e.g., solar cell production and metal purification) is the physical vapor deposi-~
tion of source material onto a substrate. Under certain optimal conditions it
may he nossible to obtain rapid deposition rates of ~ 10um/min buildup of
full-density material on the substrate [10]. This rate is equivalent to a flux
of ~ 10® source atoms/em?® s on the substrate. Therefore, a contaminating
flux of 10"/cm? s would mean an impurity level of 1 part in 101 due to inter-
action of the experiment with the environment, o

'The modeling done in Sections II and IO is based on paramelers associ-
ated with large imnmanned spacecralt of the LDET class, We would also like to
caleulate he [luxes which may be obtainable in the wake region behind large
manned spaceeralt {(e.g., the Shuttle). Based upon the contamination require-
ment specification of the Shuttle, one could anticipate column densities of

- 25

P b R M



approxiviately 3 X 108 /cm? of Ny, Oy, and HyO above the Shuttle, This is
equival znt to leakage/outgassing rates of approximately 3 X 16%/em? s from
the cznin/surface. Utilizing the equations/model developed in Section II, this
Wlu result in backseatter oxygen and helium fluxes of approximately 3 X 1010/
em? s to the experimental area. A backscattered flux of 3 X 101/e¢m? s would
result in an impurity level of 30 ppb for the example experiment discussed pre-
viously. This value of 3 X 101%/em? s does not take into account factors such as
the following which may reduce the value:

a. The inelastic scattering contribution to O'Ao may be substantial given

the molecular nature of the spaceccralt em itted particles which are predominately
Nz, 02, and HZO.

. The experiments could be performed on a surface held in an appro-
priate orientation at the end of the Shuttle remote manipulator unit (RMU). “The
15 m length of the RMU would remove the disc from the immediate vicinity of
the Shuttle, reducing the number of molecules tlnt could backscalter onto the
experiment.

¢. Utilizing a portion of the Shuttle where the outgassing rate is not as
. severe. ' '

Therefore, meaningful experimenis utilizing the wake vacuum may be performed
from the Shuttle under appropriate operating conditions which may include having
the Shuttle in a gravity gradient stabilized mode to inhibit thruster firings during
the experiment. :

- It should be noted that the order of magnitude ( ~107) of the fluxes eal-
culated in this report for the wake region of unmanned spacecralt is roughly
equivalent to those caleulated to he present within a hemispherical shield, Ohb-
viously the geometrical shape of the wake shield does have the advantage of
‘blocking some of both the direct and backsenttered ambient particles from
striking the working area in the center of the hemisphere. This can be deduced
easily by observing the angular dependence of the fluxes presented in Tables 1.
~to 3. This may be an important consideration in utilizing the shield for certain
. classes of experiments, ITowever, any type ol quasi-spherieal or eonical shield
does have two inherent limitations: (a) the experimental arvea will be subject

to additional fluxes coming [rom the. outgassing of the sides of the shield, and
(b) the less than 27 angle seen by an experiment in the shield nnphos a reductlon
in the inherent pumping speed of the space vacuum,
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These limitations would be reduced when the experimental shield is
opened, tending to the ultimate limit of a "flat" plate, However, the fluxes of
direct and backseattered ambient particles are greater to a flat arrangement
than to a hemisphere. The calculations developed in Sections II and IIT show
that these fluxes can be of a sufficiently low level that meaningful experiments
may be conducted on clean spacecraft.

Therefore, it appears that demonstration/precursor experiments can be
initially conducted on presently planned space vehicles, In addition, it may be
optimum to conduct the experiments on unmanned satellites. The LDET series,
for example, allows months of baking/outgassing in orbit before conducting the

experiments which could be performed immediately before the LDEF is retrieved

by the Shuttle. In addition, in ils gravity gradient stabilized mode the LDEF
orientation is such that the same surface always points into the wake. However,
-it should be noted that these precursor experiments might also be performed on
manned space vehicles such as the Shuttle, aithough in this instance some
restrictions would have to be placed on the operating conditions during the con-
duct of the experiment to obtain a sulficiently clean environment around ihe
Shuttle.

27
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VI1. CONCLUSIONS

The mesdels derived in this report indicate that an experiment situated
in the wake region of an unmanned spacecrafi can see flux levels of ~ 107/cm? s
of H, He, and O due to the interaction between the spacecraft and the ambient
atmosphere. For comparison, a flux of 16'/em® s (0 at 300°K) striking a
surface corresponds to a pressure of ~2 X 107" torr on the ground., The flux
levels were obtained utilizing a model (3 m radius sphere) vehicle at an altitude
of 550 km and having an emission rate of ~ 10%/cm? s.

After a mild bake similar to that which is naturally achieved in orbit,
it may be possible to obtain fluxes ~ 10" /em? s which are due to material out-
gassing and which strike eritical experimental components. For components
such as substrates, an orientation toward the open end of the shield may serve
to reduce this flux, Therefore, it may be possible to obtain molecular fluxes
~10"/cm? s in an experimental area placed on the wake portion of a satellite.
(One of the prerequisites would be having the wake experiment exposed and de-
gassed in the space environment for a sufficiently long time that the fluxes from
the experime.tal apparatus do not significantly degrade the wake vacuum, )

Similar calculations were made for a model having a large amount of
surface emission (e, g., the Shuttle). Under this condition, the vacuum en-
vironment is seriously degraded with a calculated flux of ~ 3 X 101%/cm? s
striking a surface normal to the wake axis.

The possibility of achieving such a high vacuum in the wake of presently
available spacecraft would suggest an approach of doing simple investigative/
precursor experiments on these vehicles. The results of these experiments
would then be evaluated to assess the influence of various experimental param-
eters (such as the orbital altitude and the size/geometry of the shield) in
designing a more permanent vacuum facility from which to conduct complex,
ultrahigh vacuum experiments.
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