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Use ARIES-AT Brayton Cycle as Exampleto lllustrate Effect on
Overall Cycle Efficiency of Running a Low Temperature
Chamber Wall and a High Temperature Blanket

Min. He Temp. in cycle (heat : First wall
sink) = 35°C
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Chamber Wall He Temperature Dictated by Maximum

Cycle He Temperature and Compression Ratio
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SIC/LiPb chamber
NRL target: 161 MJyield, 6 Hz
4 m FW radius, G~ 3.4 MW/m?

Peak heating is 15 W/cm?3 and varies as
(4/R)?with FW radius

~800 MW total nuclear heating in
FW/B/S

Fraction of output energy:
— X-rays+ ions+ gamma= 29%
— Neutrons = 71%
Assume:
— multiplication factor of 1.1
— ~4% nuclear heating in FW

30% of total power in FW
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ARIES-ST Powe Parameters

Blanket
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Awverage Temperature of FW He Coolant ("0

The Chamber Wall Temperature can be Maintained <900 K to
Reduce Radiation to the Target while Maintaining an
Acceptable Cycle Efficiency
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Pressure Ratio

A. R. Raffray, et a., Assessment of Dry Wall Material Configuration

Example Case:

e For a AT, of ~100-150°C
and compression ratio of
4.5, theavg. surface T,
at target injection can be
lower ed to ~600°C while
maintaining a cycle
efficiency of 50%

A



Dry Chamber Wall Engineering Assessment

« Material Option (C, SIC, W...) (M. Billone)
« Material Configuration to Help Accommodate Energy Deposition
e Protective Chamber Gas

- e.g. Xe

- Effect on target injection

- Effect on laser

- UW has performed detailed compar ative studiesfor different
material and gas pressure (R. Peterson/D. Haynes)

e |deal Solution

- Dry wall material configuration which can accommodate
ener gy deposition without any protective gasin chamber

o Initial assessment of this possibility
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Approach Relieson More Precise Energy
Deposition Analysis and Engineered Surface

wall
Configuration

Energy Deposition:

Photons
Fast lons
Debrislons

Choice of Material
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Can chamber
wall
Engineered Surface: accommodate
Flat Wall [ High eff. surface area energy
Short time constant deposition
with no
protective
gas?
Spatial Temporal
InStanteneous | I pyigrinytion of | | Distribution of
Surface Energy Energy Energy
Deposition Deposition Deposition
=
UCSD
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Consider Total Energy Deposited | nstantaneously on
Flat Wall Surface As Upper Bound Initial Case

* Energy Accounting from NRL AN
Direct-Drive Target Calculations:

— X-rays=214MJ
— Fastlons=18.1 MJ
— Deébrislons=24.9 MJ
e Assume chamber radius=6.5m

e Apply resulting energy density

on chamber wall over smallest ¢ i',.-f;-_:;hﬁ__: HERER
computational time increment B o s —— — S .
Heat 400°C
| —
Energy
Front Temperature subscript refersto distance
| 3-mm thick Carbon from surface (microns)
Chamber Wall " Kearpon = 400W/m-K
=
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Photon Spectrum and Attenuation in Chamber Wall

Energy Deposition from Photon

_ | Interaction in C for Given Spectrum
X-ray Spectrum for NRL Direct-Drive Target with:
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Fast |ons Spectrum and Attenuation in Chamber Wall

Fast lon Energy Deposition in C
(Bethe Formula) for Given

Fast lons Spectrum for NRL Direct-Drive Target Spectrum with:
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Debrislons Spectrum and Attenuation in Chamber

Debrislons Spectrum for NRL Direct-Drive Target

ke)

i S

" %
L g
15 Ba i
10 T FR R
S-S B TR :
L

-“]19 SRR Tt £ R T LG 25

Wall

Example Debrislons Energy Deposition

in C for Given Spectrum with:

No gas
O05Torr Xe

Dedus Py Cegeting

MNo. ions per unit energy (#

1013, - ,.| f
10 0T L : L2

iy 10

100 1000

lon kinetic energy (keV)

NRL Laser-Driven, Direct-Drive Target

From J. Perkins, LLNL

December 6, 2000

EEuT SR, L
-l
=

10

1wt

Zero Pressure

A. R. Raffray, et a., Assessment of Dry Wall Material Configuration ucsb



Consider Total Energy Spatially Deposited
| nstantaneoudly in Flat Wall

* Energy Deposition Estimated from
NRL Direct-Drive Target Spectrafor

— X-rays ™
— Fast lons
— Debrislons
e Assume chamber radius=6.5m
e Apply resulting spatial energy s
deposition per unit volume in JETT
chamber wall over smallest e TN
computational time increment AP s = v i D R
He at 400°C " ”” ——=
| — e
Energy
F .
ront 3-mm thick Carbon . .
— Chamber Wall Temperature subscript refersto distance
from surface (microns) —
Kearpon = 400 W/m-K =
UcCsD
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Photons and lons Also Have a Temporal
Distribution

Temporal Distribution for lons Based on

Example Photon Temporal Distribution _
Given Spectrum and 6.5 m Chamber
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Consider Total Energy Spatially Deposited over
Timein Flat Wall
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Casewith Total Energy Spatially Deposited over
Timein Flat Wall with Different K, on

AN
Maximum Surface e e ] ]
Temperature= 1383 °C for y i N
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Introduce Engineered Surface Configuration

Substrate
- Fiber diameter ~ diffusion
characteristic length for 1 ns

- Increase incident surface area

per unit cell seeing energy
deposition

2088 kY 3 Mag= 39

JAAum —| Phaoto i 224 Datector= 3
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Modeling Porous Fiber Configuration

Probability for energy front to contact fiber:
over first unitcell, Py = d/y
over second unit cell, P, = (1-P ) d/(y-d)
over third unit cell, P3 = (1-P-P, ) d/(y-2d), etc...
up to P,=(1-P1-P5-...P,.1) d/(y-(n-1)d)
where n=y/d

Yeff =YP11t2yP 7 +3yP3...+nyP

@ 0 e : e
E R AP
Ye 1 e @ ' e
Energy
Front
A
L

High Porosity
Carbon
Fiber Surface
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Fiber Density, (1-¢) = nd2/4y2
For €=0.9 and d=10um, y=28um, Y ¢ = 54um
For £¢=0.8 and d=10um, y=19.8um, Yq¢s =29.6um
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Energy Deposition
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X-ray danosdied oecngy (Jm’)
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Example Spatial Energy Deposition in Fiber
Based on Photon and Fast | ons Attenuation

Photon Energy deposition
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X = distance from side of fiber; y= distance from base of fiber
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Work in Progress

Example preliminary resultsfor fiber with
instantaneous ener gy deposition

FutureWork:

o Ascertain effect of spatial+temporal energy
deposition distributions

e  Optimize configuration

B  Determineif fiber wall configuration provides
- better performance than flat surface —
He at 400°C -
December 6, 2000 A. R. Réffray, et al., Assessment of Dry Wall Material Configuration ucsb



Sputtering in Fiber Configuration

i

o Simple mono-energetic
analysis has been performed
by Marvin Douglas for
ESLI fibers(Xe, 1.4 keV) ‘/

fibers

THREE POSSIBLE EROSION SITES:
1. TIPS low erosion here if
tips sharp or charged

2. SHAFTS low erosiom because
of grazing incidence

3. BASFE low erosion here because

e Initial meeting and exchange
Sflock traps redep

of information

base "Of: ; redep
e Futureeffort based on need \ _RE .‘
and schedule

A
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M. Douglas’ AnalysisIndicatesthat Sputtering Yield Decreases
as Fiber Length Increasesand Showsa Minima with Car pet
Density Fraction

Integrated Yield vs Fiber Length
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Integrated Yield vs Carpet Density
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Summary

« TheChamber Wall Temperature can be Maintained < 900 K to Reduce

Radiation to the Target while Maintaining an Acceptable Brayton
Cycle Efficiency

* Possibility of Accommodating Energy Deposition with No Gas

— More precise accounting of spatial and tempor al distributions of ener gy
deposition from photons and ions

* E.g. Max. temperaturein C slab decreases from 16,000°C (equivalent instantaneous

surface heat flux) to 6000°C (spatial distribution) to 1400°C (spatial + temporal
distributions)

— Engineered porous surface
* Need detailed analysis to assess attractiveness and to optimize geometry
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