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Introduction and Basics 
Requirements 
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Major elements of an IFE power plant  
are illustrated here 

Target Factory  
and Injector 

Fusion  
Chamber Driver 

Power Conversion System 

This talk focuses on the 
fusion chamber and 
interfaces with the driver 
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Tritium Processing 



The top level chamber requirements include aspects of basic 
concept feasibility and overall system attractiveness  

Requirements related to feasibility: 

•  Establish (and repeatedly reestablish) chamber conditions to allow target 
injection (or placement in the case of Z-IFE), beam propagation and 
engagement (or energy delivery) to the specifications needed for ignition and 
high gain (IFE unique). 

•  Protect the first wall from pulsed, short-ranged target emissions (x-rays, 
ion and debris), e.g., from intense thermal spikes and ion damage, or design 
the FW to accommodate these threats (IFE unique). 

•  Capture and transfer power to power conversion system (all fusion). 

•  Breed, recover and recycle tritium to provide a self-sustained fuel cycle (all 
fusion). 
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The top level chamber requirements … (cont.) 

Requirements related to attractiveness and acceptability (all fusion): 

•  Operate at temperatures that are high-enough for efficient power 
conversion 

•  Configure the system for ease of maintenance to allow high availability 

•  Design for safe operation and minimal environmental impact (system 
configuration and selection of materials). 

All these must be met in a self-consistent, 
integrated manner.  
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Example Chamber Designs 
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We typically classify IFE chamber designs  
in three categories 

•  Dry-wall 
–  Gas protected 
–  Magnetically protected 
–  Engineered surface 

•  Wetted-wall 
•  Thick-liquid-wall 
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Example driver/target/chamber combinations 
illustrate the range of IFE design options 

Name Driver Target  Type 
Sombrero Laser (KrF) DD Dry-wall / gas protected 
HAPL Laser (DPSSL 

and KrF) 
DD Dry-wall / magnetic deflection 

or engineered W surface 
LIFE Laser (DPSSL) ID Dry-wall / gas protected 
Osiris Heavy ion ID Wetted-wall 
Koyo-F Laser (DPSSL) DD FI Wetted-wall 
HYLIFE-II Heavy ion ID Thick-liquid-wall 
Z-IFE Pulsed power ID Thick-liquid-wall 
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DD = Direct-drive 
ID = Indirect-drive 
FI = Fast ignition 



Three dry-wall chamber examples  

•  Sombrero (1990-92) 
•  High Average Power Laser (HAPL) program design (2002-08) 
•  Laser Inertial Fusion Energy (LIFE) design (2007 – present) 

Sombrero HAPL LIFE 

Not shown to Scale! 
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Two examples of wetted-wall chambers  

Koyo-F Osiris 

Not shown to scale 
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Osiris was a wetted-wall design for  
heavy ion fusion (HIF) 

•  Indirect drive targets 
•  Molten salt (flibe) breeder/coolant 

contained within a flexible C fabric 
blanket (Tmax = 650C) 

•  Thin liquid layer covers inner surface  
•  Liquid sprays to enhance post-shot 

condensation 
•  Fabric FW/blanket easily replaceable 

for ease of maintenance 
•  Liquid Pb intermediate loop for tritium 

control (Tmax 600C) 
•  Supercritical pressure, double reheat 

steam cycle gave 45% conversion 
efficiency 

•  Compact power core building 
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      Cross section of Osiris chamber 
         FW (fabric) radius = 3.5 m 



Thick liquid wall designs proposed for HIF 
and Z-IFE 

HYLIFE-II 
(used in Robust Point Design) 

Z-IFE 
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RTL 

10 m 

Driver TL 



General features and potential advantages of TLW 
chamber designs 

•  A neutronically thick region (~50-100 cm) of liquid protect structures 
from x-rays, ions, debris and neutrons 
–  Early concepts proposed Li; HYLIFE and Z-IFE propose molten 

salt 
•  Reduces neutron damage rate by ~10x 

–  No need for a high intensity 14-MeV neutron test facility to 
develop first wall materials 

–  Estimated chamber lifetime of 30-40 years improves availability 
•  Spaced jets absorb shock from fusion blast 

–  Compatible with high yield targets in compact chambers 
•  Flowing jets can be designed to clear the chamber 
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Where we left off with HIF power plant studies – the 
Robust Point Design (RPD) 

•  Based on indirect-drive targets and multi-beam induction linac 
driver 

•  Thick-liquid-wall chamber to protect steel walls from x-rays, ions 
and neutrons 

•  Oscillating jet motion used to clear chamber center for 
subsequent target 

•  Allowed compact chamber, short beam propagation distance 
•  High temperature molten salt coolant gave good thermal 

efficiency 



HYLIFE-II is a thick liquid wall chamber design  
for heavy ion fusion (HIF) 

•  Indirect drive targets, multi-beam 
induction linac driver 

•  Liquid is molten salt – flibe or flinabe 
•  Effective shielding thickness is 56 cm 
•  Chamber is lifetime component 
•  Oscillating jets dynamically clear 

droplets near target (clear path for next 
pulse). 

•  Allowed compact chamber, short beam 
propagation distance 

•  High temperature molten salt coolant 
gave good thermal efficiency (44%) 

•  Final focus magnets shielded from 
neutrons and predicted to be lifetime 
components 

Ref. -  S.S Yu et al., Fusion Science and Technology, 44, 
No.2, 266 (2003). 
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      Cross section of HYLIFE-II chamber 
            FW radius = 3 m 



Key design parameters for the  
Robust Point Design (RPD) 

RPD was an self-consistent, 
integrated power plant design 
for HIF based on the HYLIFE-II 
thick-liquid wall chamber. 
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Post RPD: UC Berkeley worked on modeling and experiments in 
support of vortex chamber concept (no moving parts) 

Per  F. Peterson,  Philippe M. Bardet, Christophe S. Debonnel, 
Grant T. Fukuda, Justin Freeman, Boris F. Supiot 
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Vortex chamber exp 
Dia. = 20 cm? 



Liquid jets and a vortex chamber protect solid 
structures for the life of the plant  
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Ralph Moir  Dec. 6, 2010 



Historical note wrt vortex chamber: Burke proposed 
a spinning liquid apparatus for flowing liquid (1978) 
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R. Burke, “The Argonne heavy-ion-beam reactor using a centrifugal blanket,” in Heavy Ion Fusion 
(Proc. Workshop Argonne, 1978, Rep. ANL-79-41, Argonne National Laboratory, Il. (1979) 5. 



HIF Specific Considerations 
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Driver/chamber interface considerations 

Chamber environment must recover to a condition that allows efficient 
beam propagation and energy delivery to the target 

•  What is the allowable vapor density? 
-  Depends on driver ion type, choice of liquid and liquid operating 

temperature 
-  Past studies indicated that Flibe at ~650C was OK for beam 

propagation with RPD parameters (3E13/cm3 BeF2) 
-  Must minimize vapor in the accelerator beam lines 

•  Can we assure that the beam path will be clear of droplets? 
-  RPD used oscillating jets to actively clear beam path 
-  Time helps – lower rep-rates should be easier 

•  Short focal length helps since it reduces beam propagation length 
-  TLW allows compact chamber 
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The accelerator final focus array with the HYLIFE-II 
chamber is illustrated here 
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Robust Point Design (RPD-2002) 



Exploded view of the final focusing magnets 
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Details of the final focus magnet assembly 
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•   Dipole magnets for 
steering and stopping 
charged particles from 
entering the focal 
system. 

•   Vortex with low 
temperature molten salt 
to lower vapor pressure 

•   Focusing magnet set 



Chamber recovery will limit maximum pulse 
repetition rate 

•  Past studies found that oscillating jet design was OK to ~6 Hz, but 
10 Hz would be tough. 

•  Pumping power increases rapidly with higher rep-rates 
•  Vortex chamber design would allow higher rep-rate if droplet 

creation is controlled (e.g., from vortex turbulence and response to 
neutron/x-ray blast of previous shot) 
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The final focus magnet configuration for beam 
delivery is an important interface consideration 

Beam bunch angle 
•  Crossing jets protect beam ports. Large beam bundle half-angle 

requires longer flow path, high velocity, more pumping, surface 
turbulence issues 

•  Goal is less than 20 degree half angle for FF array 
•  Much larger angles makes thick liquid wall chambers more difficult 

One sided versus two-sided illumination 
•  One-sided would somewhat simplify chamber 
•   A bigger advantage may be in final beam transport arrangement 

e.g., eliminating the need for rerouting beams 

AHIF Workshop 5/23/11 27 



How does the TLW chamber size scale? 

•  Oscillating jet design 
–  TLW is relatively insensitive to target yield (MJ) 
–  A minimum radius is needed to establish the thick liquid 

protection and allow spaces between jets for mixing and shock 
absorption 

–  Very high yields may require larger radius to deal with pulse 
loading from expanding vapor 

•  Vortex design  
–  Must be large enough to prevent excessive liquid layer disruption 

due to neutron isochoric heating 
–  Layer thickness and thus ability to provide lifetime neutron 

protection may also be limited.  
–  These trades need further modeling and experimental work 

AHIF Workshop 5/23/11 28 



Questions? 

Thank you! 
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