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The Response of Stainless Steel to the Pellet Debris

in a Laser Fusion Reactor

1. Introduction

A method has been recently developed to calculate the time and spacial
variations of the temperature and displacement-transients associated with
a radiation spect}a on laser reactor first wall mater1a1s§]’2’3). It was
found that laser fusion pellet debris could promote very large temperature
excursions in copper, molybdenum and carbon and that displacement rates
could approach several hundred dpa/s in the near surface region. The
object of the present study is to extend the previous investigations to a
possible first wé]l construction material, stainless steel, which has a
particularly low thermal conductivity. The main objectives of this analysis
are:
1. To study the displacement, thermal response, and surface evaporation
of stainless steel as a first wall material.
2. To study the effect of an inert buffer gas to protect stainless
steel from X-rays and ions. |
In this analysis the response models were applied to radiation spectra
from the same structured pellet used in previous'studies.(B)

2. Calculation Descriptions

The code used for this work, T*DAMEN,(4) .calculates spacial and
temporal energy deposition from a given pellet spectra, and uses the
result as a heat source from which the spacial and temporal temperature
response can be calculated. The displacement damage from each component
of the spectra is also ca1¢u1ated. The consequences of significant

energy deposition into the first wall, outlined in Figure 1, can lead
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to enhanced sputtering, evaboration, and other effects detrimental to
first wall life,

~The notation outside of the block diagrams in Figure 1 indicates
that given a photon and ion spectra originating at the point of micro-
explosion, a gas layer can be used to modify the spectra during trahsport,
resulting in reduced energy deposition and surface effects at the first
wall. The model used to consider the effects of the buffering gas and
calculate the modified spectrum into the first wall is based on a dif-

(3) Such approxi-

fusion approximation to the transport theory solution.
mations are useful for parameter studies where the effects of variations
in gas types and pressures are investigated.

The results of two separate sets of calculations will be presented
here. Both have assumed a spherical reactor geometry and a bare first wall
having the thermal broperties of stainless steel but the stopping ﬁower of
nickel. At the present time these calculations do not 1ncorporateichanges
in thermal constants with temperature and no latent heat melting is
included. Therefore, temperatures above the me]ting point have little
meaning and wé report only the temperature increase above ambient, leaving
it to the reader to determine where the validity of the results end.

The first set of data.presented is the result of T*DAMEN calculatibns
that consider a Eomplete pellet spectrum consisting of 1ight and héavy
jons, reflected laser light, and X-rays. These calculations illustrate
the effect that 0.5 torr of neon gas can have on the fota1 damage and
temperature excursions at the first wall. A description of the pellet
spectrum, before modification by the gas, is given in Table I. The energy
dependence of the spectra at the first wall and slowing down effects of

gas are illustrated in Figure 2, with the exception of reflected laser
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Table 1

REFERENCE SPECTRA (100 MJ)

Energy :
(MJ) Spectrum
Laser ’ .2 10.6 ¢
X-ray 2 1.0 keV - BB
D 4.6 160 keV - M
T 6.9 240 keV - M
He (Slow) 1.2 320 keV - M
He (Fast) 5.4 2+ ,5MeV -G
Silicon 2.7 800 keV - M
Neutrons 77. 14 + 1 MeV - G~

= Blackbody M = Maxwellian G = Gaussian

light, which is monenergetic and assumed to be unaffected by the gas.
Although the neutrons possessmost of the energy released by the m1cro-
explosion, little of it is deposited at the first wall and for this reason
~ temperature excursions from neutrons can be neglected for this study.

The time of arrival,and the effect that 0.5 torr of Ne gas has on
that time,is represented in Figure 3. X-rays arrive at the first wall
. picoseconds after the burn (not shown in Figure 3), whereas ions arrive
at times orders of magnitude larger. Hence the time of arrival for the
pellet debris will be measured from the time of arrival of the first

X-rays.
The Secbnd set of results presented is a parameter study showing

the relative effectiveness of Xe, Ne, and He as a buffer gas at different
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Table II

X-RAY ANALYSIS PARAMETERS
Source

Spectrum - (Blackbody Temperature, keV)
0.1 0.2 0.3 0.4 0.5 0.75 1 2 5 10

Duration (Seconds)

mpulse 10712 10711 10710 4979 g8 o7
Gas

Type

He, Ne, Xe

Pressure (at 273°K, torr)

0.1 0.5 1 5 10
Material

Stalnless Stee1 o

pressures 0n1y X rays are 1nc1uded 1n this study ‘ If.the;e is no gas,
the X-ray spectrum into the first wall is assumed to be that of a black-
body, and the energy deposition totals 1 MJ/mz. The energy dependent
absorption cross-sections of the gases used for the calculation are shown
in Figure 4. Table II is a listing of the variat10ns made in X-ray source
and gas parameters for this study.

3. Energy Deposition

The total energy deposition of X-rays and ions is shown as a function
of distance into the material in Figure 5. A1l the laser 1ight is assumed
- to be absorbed in an isotropic, homogeneous, conducting media as described
in reference 1. The exponential X-ray attenuation is attributed to uhotOi
electric absorption and incoherent scattering, assuming in the calculation
that no spectrum of second photons is created. Figure 6 repeats thevsame
information with the effects of 0.5 torr Ne gas. The gas reduces the total
energy deposited within the first micron by almost a factor of two, with

the largest reduction coming from the heavy ion component.
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The stopping power data needed by T*DAMEN to generate energy depo--
sition profiles were the result of a semi-empirical so1ution(5) to ioh
energy loss models formulated by Brice.(s) For Z < 2, the electronic
energy loss dominates, and nuclear energy loss is negligible down to ion
energies of a few keV. For such ions, T*DAMEN avoids the difficulty of
obtaining spacial energy distributions from the Brice formulation by
methods described -in the 1iterature.(2) For the heavier silicon ion,
the inclusion of nuclear energy loss with electronic requires direct
use of output from the Brice code.

The energy deposition rate and total energy deposition into the
front surface (X=0) of the first wall for each ion as a function of
time are given in Figures 7 and 8. There is a substantial sTowing down
Aof the ions (with the exception of fast He) due to electronic interactions
in the gas, and (in fhe case of the heavy ions) nuclear energy deposition,
which increases with jon charge and mass. Although D and T deposit the
same total energy into the first wall without gas, the gas slows down the
D ions more efficiently than the T ions, so their temporal depositions
into the first wall are no longer superimposed after the gas is introduced.

4. Temperature Response

The solution for the spacial and temporal temperature response of
an arbitrary spectrum is described in detail in references (1, 2). The
response for one microexplosion will be discussed here, although the code
can use LaPlace transform techniques to calculate the response after any

number of pulses.
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Figure 9 shows the temperature response at the front surface (X=0)
for each component of the spectrum if there is no gas. The large

temperature rise picoseconds after the pellet explosion is due to

X-rays (pu]sewidth=]0'gsec) and reflected laser light. Before the heat
from the photons is completely transferred away from the surface the ions
arrive and deposit all their energy within 5 microns. The temperature rise
from each component is not predictable by the magnitude of the total
energy déposition alone. Shorter deposition times tend to increase
the temperature rise and can play a more important role in the thermal
response than the total energy deposited, a fact illustrated by the
fast He. It is also noticed that although D and T deposit the same

~ total energy at the saMe time, their temperature responses at the front

*?fsurfaée are not identical because the enérgy Toss rates are different

at the front surface.
Figure 10 shows the temperature rise at the front surface from
each component if the chamber contains 0.5 torr Ne. The decrease in
magnithde of the temperature rise from each ion as compared to no gas
is due mainly from the decrease in the total energy left after transit
. through the gas, but it is also lowered by the slightly increased
" depositjon times.
The total temperature response at different times is plotted as a
_“functign of distance in Figure 11 for the case of nd gas. After thespacial

5 gggradient from the photons is established (10']osec), the heat is quickly

‘écohducted farther into the material. After .4 x 107/ seconds the

: ;?ﬁémpérature has reached its lowest yalue (see Figure 9). Soon after,

i ehe ibns givé»rise to another temperature pulse, shown in Figure 11 at
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-6 seconds after X-ray arrival, which again decays, but over a

2.3 x 10
-vfblonger time per1od By the time the next pellet pulse arrives, the
temperature rise should be only a few degrees above ambient.

Figure 12 illustrates the same information as Figure 11, but with
the effect of having 0.5 torr Ne in the chamber. The temperature curves
with and without the gas are quite similar except that the ordinates
differ.by a scale -factor of 1/2, as illustrated in Figure 13, the total
tempera%ure rise. The temperature response from this spectrum on

- ~stainless steel with 0.5 torr neon is approximately the same as the

j“A‘esponse observed for copper with no gas layer. (3) When 0.5 torr Ne was

Added to the chamber for the calculation with copper, a 50% reduction in

itenper%ture response was also observed, so apparently the different

%thé%ﬁaﬁ}properties of the two materials do not influence the relative

ﬁ 15éffect that 0.5 torr of neon gas has on temperature response.

5. Effects on Evaporatidn

Since stainless steel is a combination of different elements and
‘current evaporation models are not sophisticated enough to make accurate
| predictions éor such materials, the accuracy of the estimates presented
here should Shly be consideréd as order of magnitude indications. The

‘ model used 1n this analysis to estimate the evaporation rate from the

'_equi1ibr1um vapor pressure is that given by éehr1sh (7) The heat of
f?sub11mat1on ; of nickel, needed to relate the vgpor pressure exponentially
to temperature,vwas used since it is characteriétic of the major
;;compopents of stéin1ess steels. Recondensation of surface atoms is not
 §';§bnsiaered, ﬁTbe»ambient temperature chosen was 600°C for consistency

“ithﬁghe pre@%bﬁé calculations.
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The magnitude of the pressure rise is described in Figure 14 for
the’éhémber with and without .5 torr neon. The photons evaporate a
negligible number of atoms during the time that they are responsible
for heating and this is illustrated by the evaporation rate curves in
Figqreé]ﬁ. This means that the large X-ray cross sections of the Heavy
inert éaées would not be a major consideration in choosing a buffering
gas from the standpoint of evaporation. Although the models used here

- may break down for energy deposition times smaller than the time in which
:i large number of lattice vibrations can occur, as is the case for photons,
-the qualitative conclusions about evaporation from photons should hold
:true.

Figure 16 shows how the number of evaporated atoms per pulse can be

reduced by over four orders of magnitude with 0.5 torr neon. For the
: phrposés of reducing evaporation and surface temperature, it is desirable
to go to as high a gas pressure as possible; however, even 0.5 torr might
f‘beftqo large from the standpoint of laser breakdown or gas removal require-
hents. Then ﬁhe'heavier inert gases, in particular Xe, are the most
’prdmefng duévto théir larger ion stopping powers.

6., Displacement Response

: The displacement response of the spectrum used in this study has been
pe balcuiéted foé/copper by Hunfer.(3) His work showed that the displacement
Arates fn inertial confinement systems depart from the familiar radiation
environments in fission and magnetic fusion devices (::10'6 dpa/sec). To
?estimate the displacement response of stainless steel, stopping power

'iﬁpuﬁ”baramefers for nickel were used since they are well-known and inclusion

‘ ﬂfidﬁ;.Mn, GFQFe‘would haVé ;elatively small effects.

PR
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Various input parameters for the 1ight ions are used to provide the
local displacement cross sections at-any poiht in the material; Lindhard
theory at low energies and a modified Rutherford interaction incorporating
a screening function at higher energies.(s’g)v For. heavy ions, T*DAMEN com-
bines the IAEA standard defect production model with a nuclear energy
deposition function that is the output of an ijon implantation code(s) to
determine the displacement response.

The total displacement rate at the surface is plotted in Figures 17 and
18 (without and with 0.5 torr neon, respectively) to show the relationship
of the displacement spike from the ions with the temperature spike. The
superposition | of these spikes in time is known to affect the point cluster
defect behavior; It can be seen from the figures that although the
magnitudes of the damage rate and temperature response are both reduced by
50% with the presenée of 0.5 torr neon, the relationship of the peaks to each
other is not significantly altered. The time integrated surface dpa is
graphically illustrated in Figure 19, with and without the gas.

The 0.5 torr of neon has a larger affect on displacement response farther
into the first wall, as seen in Figure 20. Not only is the magnitude
significantly reduced everywhere in the'first wall, but the total dpa
peak position is shifted closer toward the surface. This is mainly due
to the heavy ions, which give rise to a large percentage of the displace-
ment peak. The silicon energy spectrum is reduced (see Figure 3) and the
end-of-range for the heavy ions, where the nuclear damage occurs, is
closer to the surface.

Figures 21 through 23 show the dpa rate contributions of each component

.‘at three different distances into the material as a function of arrival
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’ fimg (after X-rays), and illustrate the significant contributions of the

w-heavy’ibn component. At X=.4 microns the total dpa rate is néar its
maximum for the case of no gas. Figures 24 through 26 then illustrate
how each jon's contributionto the dpa rate is reduced by 0.5 torr of
neon. The fast helium ions are particularly unaffected, as indicated

by the small change in its energy spectrum (Figure 3).

7. Parametric Analysis of X-ray Response

The parameter study presented here examines the response of stainless
v;teel tp variations in X-ray spectra and gas parameters. The parameters
?nhosen:%or the analysis were given in Table II, and the results are

| "presenféd in tabular and graphical form.

A11 calculations for the temperature response were performed at the

’ IVf“fsurface of the firstwall using a spherical cavity of 2.82 meter radius

and 1 MJ of X—ray output. The results can be expressed as a temperature
. rise (AT in this}paper) per cm2 per Joule of X-r&y energy reaching the
first Wa11 in fhe absence of gas so that extrapolation to other geometries
can be made. Care must be used when considering a gas layer because the
‘fiﬁa] X-ray spectrum that appears at the first wall is different than that
“originally emitted (especially at the low energy end). The data for the
~’graphs are p;ESented in Tables III to V. Each table contains the variations
;_,in §a§'pressure,vsource time, and blackbody temperature for a particular
, ;;gas.' B fléﬁ '

The effect of gas pressure for the three different gases He, Ne, and

\Xe on the surface temperature response of stainless steel is shown in
Figures 27 through 29 for a source duration of 10~ -9 seconds. Figures 30

'u*itﬁroygh 32 illustrate the results of the same calculation for a longer

”i¢f§§0féé duratfdn 1077 seconds. The temperature response for helium at 6.1 torr
;js eSsentia]ly the same as for the response with no gas when the source

; durat'lon is 1!0'9* seconds.
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WITH HELIUM GAS PROTECTION

NORMALIZED THERMAL RESPONSE FROM X-RAYS IN STAINLESS STEEL

ELACKEODY TEMFERATURE (KEV)
logAt
(sec)| .1 .2 3 4 N 75 1. 24 "5, 10,
TORR=, 1
~12 [L 19345 13645 210945 B38+4 . 655+4 34044 L 215+4 L640+3 16443 42042
=11 | 17845 12945 L10545 81044 ,634+4 (33244 L 210+4 L63343 L163+3 L4194
~10 | 15345 J118+5 J97144 75644 59544 (31644 20144 L62043 16143 L4184
=9 [+11145 92944 79144 L630+4 (50244 (27744 17944 L5863 L157+3 L 41442
~8  |.62444 57544 J51244 42644 35044 (20944 13944 51743 L14943 40542
=7 | e27444 .270+4 25344 22344 19244 (12944 91943 L415+3 L135+3 38442
TORR= 45
~12 |.14445 12645 10645 821+4 64544 33744 21444 63943 16443 42042
~11 [W13545 12145 J10245 79544 J625+4 (32944 20944 L63343 L163+3 LA41942
10 [+12045 11145 .944+4 .743+4 58844 31444 20044 62043 16143 41842
-9 |.905+4 ,884+4 77344 621+4 LA9B+4 27644 (178+4 L586+3 15743 41442
-8 [.532+4 55344 50444 ,422+4 34844 20844 13944 51743 (14943 40542
=7 |+240+4 26144 24944 22144 19144 ,128+4 91743 LA15+3 L135+3 38442
TORR=1., :
=12 {v11745 11945 10345 .B09+4 .638+4 33444 21244 63843 16443 42042
11 [ 11145 11545 99544 78344 61944 32744 (20844 63243 L16343 41942
~10 |.999+4 ,106+5 .925+4 ,733+4 .582+4 31244 19944 61943 L161+3 .418+2
=9 [+774+4 (84944 75944 61444 49444 27544 (17844 58543 15743 41442
-8  |.468+4 53444 .496+4 .418+4 34544 20744 (13944 51643 L14943 40542
=7 [+21544 .254+4 24644 21944 19044 12844 91643 41543 13543 L 38442
TORR=5.,
~12 |.59144 10045 .946+4 .763+4 61044 32544 ,208+4 63343 L163+3 41942
~11 | 56544 .965+4 913+4 73944 59244 31744 20344 (62643 (16343 L41942
~10 |.521+4 89244 .851+4 69444 55844 30344 (19544 614+3 146143 41842
=9 |.425+4 ,724+4 ,702+4 58344 47444 26844 (17444 58143 15743 41442
~8 |+27644 46144 46244 39944 33444 (20344 (13744 51343 14943 L 405+2
~7 | 13444 22144 23044 21144 18544 (12644 90643 (41343 13543 38442
TORRE10,
~12 [,404+4 .903+4 89244 .731+4 58944 31744 (20344 62743 16343 41942
~11 [+3854+4 .869+4 86144 70844 57244 31044 19944 62143 (16243 41942
-10 |.355+4 .804+4 ,BO2+4 665+4 53944 (29644 19144 60943 L160+3 41842
-9 [+29144 L651+4 166244 56044 L A59+4 26244 17144 J57643 15643 L 41442
-8 |.19344 ,414+44 .4346+4 .384+44 32444 19944 13544 51143 (14843 L4054+
-7 _.963+3 ,199+4 .218+4 .203+4 ,180+4 12444 89643 41243  135+3 . 38447
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) TABLE IV: NORMALIZED THERMAL RESPONSE FROM X-RAYS IN STAINLESS STEEL
WITH NEON GAS PROTECTION

BLACKERODY TEMPERATURE (KEV)

log At
(sec) o1 o2 '3 .4 N e 75 1. 2. 5o 10,
TORR=.1
-12 | .946+4 +103+5 89244 707+4 56744 300+4 ,194+4 59843 16243 (41742
~11 | 89944 99144 +8460+4 ,684+4 55044 29444 19044 JE59243 16143 41742
~10 |.813+4 91344 79944 .641+4 .517+4 28044 18244 S82+43 L159+3 L41G+2
-9 VA36+4 273544 65744 53844 43944 24844 (16344 JG54+3 15543 L 41242
-8 +39044 .464+4 .431+4 . 368+4 30944 L 189+4 L 12844 (49443 L 14743 40342
-7 18144 22244 21644 19544 17244 11844 .861+3 403+3 13443 38342
TORF\'“ *
-12 | 30944 .584+4 52444 ,436+4 37244 ,207+4 14244 49343 L 15443 40942
~11 |+29744 56044 .505+4 42244 .361+4 .203+4 L139+4 49043 L 15443 40942
~10 | 27544 .S516+4 47044 .396+4 33944 .194+4 ,134+4 48443 15243 40842
-9 1,22744 .415+4 .384+4 33444 29044 17444 12144 44943 14943 L 40542
-8 15044 (26444 25644 23244 20844 13744 .988+3 L43343 14343 39742
-7 f7534F 12844 13144 12844 12044 90343 (69743 L3673 L13143 L 37842
TORR=1. ,
~12 |, 16844 38744 34044 .289+4 25644 149+4 J107+4 L427+3 L 14843 40242
~11 |+16044 37044 32744 27944 24844 14644 L105+4 L426+3 14743 (40142
-10 |+147+4 33944 .303+4 ,261+4 23344 14044 10244 42243 ,146+3 40042
-9 12044 26944 J246+4 21944 19944 12644 93243 41343 14443 L 39842
-8 78743 L167+4 16244 15344 (14444 10244 77743 38943 13843 39142
-7 +39943 .800+3 83443 85943 .856+3 L6993 57243 L3393 L 12943 37442
TORR=5.
-12 |.29943 .7946+3 .630+3 .550+3 .541+3 40143 36543 L285+3 L 12843 . 37842
—11 | 27043 75543 60043 52843 52343 39443 L 361+3 L285+3 L 12843 37842
~10 |.23143 67843 54443 ,486+3 .488+3 38143 J352+3 (28443 12843 (37742
-9 16743 JS1143 L 42043 39443 (41143 34943 L3I343 L28143 L127+3 37642
-8 |.93342 28643 (25143 26443 J298+3 J298+3 J299+3 27343 12443 (37142
-7 VA0642 12143 J12043 J15243 L19343 23443 J25143 25243 J11843 L 3E842
TORR=10, ,
~12 1.,10443 17543 13443 (13043 14943 158+3\,185+3 23543 12043 . 365+2
=11 |+B5342 16643 L127+3 J125+3 L144+3 L 15643 | 18443 (23543 12043 L 365+2
-10 | 64542 14943 11543 J115+43 (13643 J15243 S18243 L 23443 L 11943, 38442
-9 cA08+2 L11143 88042 94342 (11743 14443 (17643 L23343 11943 36342
-8 c 20442 61042 51442 (64842 90142 J130+3 L 16643 22743 L11743 35942
-7 B104+1 24942 24142 39942 64042 11043 14943 L 213+3 11143 . Z4742
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TABLE V: NORMALIZED THERMAL RESPONSE FROM X-RAYS IN STAINLESS STEEL

WITH XENON GAS PROTECTION

BLACKBODY TEMFERATURE (KEV)

log At
(sec) o1 2 '3 o4 o5 . 75 1. 2, g, 10.
TORR=,1
=12 1 .576+4 . 306+4 .24244 20944 18144 12544 89843 41843 13843 L3914
=11 | +541+4 .294+4 ,235+4 20444 17844 12344 B89+3 414643 13743 L 3PL4D
=~10 | +482+4 .273+4 22244 J195+4 17144 12044 87143 41243 13743 390+
- o 36744 22444 19144 J17244 J15444 11144 82243 L4014+3 J1354+3 38742
-8 ¢ 22044 14944 13644 12944 12144 93143 L 71443 J3I7E43 L 13243 L 38142
-7 +10144 75243 (74543 77043 (77243 L 65843 JHA0+3 L 32543 L 12343 L Z6542
TORR=,5 :
=12 | +148+3 ,836+2 93942 14343 (19043 23943 (24343 22043 10643 L Z3040
=11 | 414243 81442 .926+2 14243 18943 23843 24343 22243 10643 JIZO4D
=10 | 13143 77342 90042 13943 18743 23643 24143 (22143 10643 L 33140
- «10743 L 67242 83142 J132+43 18043 J230+3 23743 21943 L 10543 L ZX0+D
-8 ¢ 70342 48742 68242 11643 (16343 21543 22443 21043 10343 X442
-7 ¢ 34612 26742 445442 . BE7+2 J12943 L1BI+3 J19543 L 19643 JOBE4D L 316472
TORR=1, . :
=12 | «230+1 417441 79641 25942 .484+2 .860+42 10743 14343 (84940 L 28740
=11 | 422341 17141 79041 25842 L483+2 85842 10643 14243 (849D 08740
=10 | «21041 +144+1 78041 25542 L480+2 85442 J106+3 14243 BT+ D874
-9 o17941 (14741 (75141 24942 47142 84242 J10543 14143 84342 L DB64D
-8 ¢12441 11241 J67341 J23242 L 44542 JB07+2 10143 L1384 LGA24D L D8340
-7 +6494+0 L 6554+0 51541 J19242 (38142 71642 91642 L 12943 L7984 L 27647
TORR=5,
=12 | + 31412 ,187-9 .498~3 597-1 (44440 .143+1 30641 19942 LZLI2HD 15140
=11 | +310-12 ,185-9 497-3 .596~1 44640 14341 30541 (19942 31242 15142
=10 | +304-12 .182-9 .494-3 .594~1 ,44540 14241 L305+1 19942 LELLAD L 15142
-9 +284-12 +174-9 ,485-3 .588-1 .441+0 ,141+1 30241 19842 31142 J1S514+0
-8 v234-12 ,151-9 .459-3 (571-1 43240 L139+1 29641 19542 30942 15042
-7 ¢149+-12 .106~9 +391-3 ,522~1 40540 130+1 27841 18742 30242 14842
TORR=10., i
=~12 | +313~27 .383~20 ,263~7 .309-3 .119-1 .414~1 13240 51341 16242 98741
-11 | +310-27 .380-20 ,262-7 .308~3 ,119~1 .414-1 13240 .51: V1AE2E2 98641
~10 | +304~27 ,374-20 .261-7 .308-3 119-1 .413~1 .13140 241 16242 L9844 1
-9 ¢286-27 357-20 (256~7 +305-3 ,118-1 .411-1 (13140 LE51141 16240 L9854
-8 «241-27 J312-20 J244-7 ,297-3 ,116-1 .403-1 12840 50641 16142 98341
-7 2 158-27 2219-20 ,210-7 ,275-3 ,110~1 A83-1 12140 4931 L 1NO4D L9744




FIGURE 27

AT(°C) per JOULE/cm?
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AT(°C) per JOULE /cm?
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FIGURE 31

T(°C)per JOULE/cm?
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It can be seen from Figures 27 through 32 that increasing the source
duration time from 10~° seconds to 10'7 seconds reduces the temperature
rise by a factor of about 3. The irregularities in the xenon and neon
curves at higher gas densities are due to combinations of absorption edges
in the gas and stainless steel (see Figure 2). It is clear from these
curves that using a layer of high Z gas to protect the first wall results
in a substantial decrease in the temperature response from soft X-rays.

Figures 33 and 34 show the significant variation in temperature
response with the atomic number of gas used for protection. Greater
pressures for the lighter gases will be required to achieve the same
result as will xenon. Neon af a pressure of 1.0 torr reduces the temper-
ature pulse by a factor 2 to 5 for blackbody spectra up to 5 keV. Helium
provides only a small reduction in the thermal response (about 30%) for
blackbody spectra at 0.1 keV and almost no reduction for blackbody spectra
greater than 0.5 keV. On the other. hand, xenon almost eliminates the
X-ray temperature response for soft spectra, and provides some reduction
in response for the harder X-rays. It is clear that high atomic number
gases (xenon) offer more protection against temperatufe increases due to
‘X-rays, particularly for softer spectra.

The influence of source duration time is gest shown in Figure 35.
for a gés pressure of 0.1 torr and Figure 36 ¥or gas pressure of 1.0
torr. It is obvious that for hard X-ray spectra there is almost no
reduction from adiabatic response as the source duration time increases.
For soft X-ray spectra, the reduction is very small due to the poor thermal
conductivity of stainless steel. For materials with higher thermal
conductivity (1ike copper), | significant temperature reductions have

(3)

been predicted as the source duration increases.
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FIGURE 36

AT(°C) per JOULE /cm?
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To summarize the results of the X-ray parameter study, three-dimensiona1
Plots are presented for the stainless steel temperature response at four
pressures (0.1, 1.0, 5.0, 10.0 torr) in Figures 37 through 39. Each plot
shows the temperature response as a function of the source duration and
blackbody temperature. "It is clearly séen in these figures that increasing
the gas pressure of helium from 0.1 torr to 10 torr has 1ittle influence on
the temperature response. A more interesting case is that for neon at
10.0 torr, where the effect of the absorption edges can be seen (see Figure 2).
By comparing the case of 10.0 torr neon with that of 0.5 torr xenon, one
observes the two plots give almost the same temperature rise.

8. Conclusions

| These calculations have shown that the large temperature excursions in

mété]s from the rapid deposition of X-rays and ions are approximately
twice as large in stainless steel as in copper. In both materials, 0.5
torr of neon reduces the temperature pulse by a factor of 1/2 when com-
pared to the case of no gas, reiterating the role of a buffer gas as a
first wall protection scheme.

When comparing the three inert gases, He, Ne andOXe, one finds that
helium is relatively transparent to most of the thermonuclear X-ray
- radiation at gas pressures compatible with laser fusion (i.e., less than
10 torr). 'On the other hand, the use of Xe at pressures greater than a

few torr can effectively stop all the X-rays below 1 keV.
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FIGURE 38

TEMPERATURE RESPONSE FOR NEON BUFFER GAS AT X=0
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FIGURE 39

TEMPERATURE RESPONSE FOR_XENON BUFFER GAS AT X=0
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It was found that X-ray pulse duration of less than 10'7 seconds was
not important in determining the final temperature increase in steel.
This conclusion is slightly modified if higher thermal diffusivity metals
like Cu are used.

The use of as 1itf1evas 0.5 torr of Ne in a seven meter radius chamber
can redyce the displacement damage per pulse by a factor of 2. Not only
is the magnitude -of the damage reduced, but the spacial profile is
significantly modified. The peak damage region now occurs closer to the

surface.
The gas protection scheme described here shows stainless steel reactor
chambers of about 7 meters could be used if at least 10-torr meters of
high atomic number gas is used. Hydrodynamic calculations including gas
reradiations could be coupled to these results to give a more accurate

temperature history.
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