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What do people mean when they say technology?

Terms:  fusion nuclear core, materials, fusion technology

 Components and functions in fusion (introduction)

 Examples in our R&D where we have to gain 
understanding of phenomena (science) to progress.

Examples include work at these institutions
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DEMO Fusion Reactor 

PFCs 
“plasma facing” 

components

 first wall + 
blanket 
modules

 diverter

large superconducting magnets     

D-shaped toroidal field (TF) coils

vacuum containment 

(vacuum vessel)

fusion nuclear 
core components

The feasibility and attractiveness of fusion depends mostly on 
progress in Fusion Nuclear Science and Technology (our term). 
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Our 1st large fusion nuclear system is ITER.

Water-cooled SS shield but no 
tritium breeding blanket*

Be tiles on first wall

Divertor has C and W armor

Pulsed, low duty (3dpa life), 150C water cooling,

several plasma facing materials C, Be, W.

*Test Blanket Modules can provide some experience with 
tritium breeding systems.  These are still being evaluated.

R&D examples for 

ITER and beyond

 Steady-state, lifetime (50-100 dpa)

 Hot coolant (~600 C)

 Refractory materials

 Tritium self sufficiency

DEMO  presents additional challenges.
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Fusion functions: 
produce and harvest power
produce and recycle tritium

Plasma
Core Edge

Neutrons 

TD  +
First

Wall

Pumping 
(D/T, He, impurities)

Heating &  
Fueling Systems

Pumping 
System

Fuel & Power (heating for plasma control)

Power 
Conversion 
System

circulating 
power

harvest
power

Blanket 
& Shield

harvest
power

Divertor
harvest
power

Energy & 

Particles

He

transmutations (He, 3H) 
and damage (dpa)C

The FW-blanket structure is unified.  Divertor coolant is integrated. 

Removing heat is a critical and complicated process. 
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Let’s Track the Tritium

Tritium       
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Tritium, with a half life of ~13 y, must be meticulously controlled as 
valuable fuel and to insure safety against any accidental release.

Fusion functions: 
produce and harvest power, 
produce and recycle tritium

transmutations (He, 3H) 
and damage (dpa)C
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R&D examples for ITER and beyond
State-of-the art work in engineering and materials sciences

Heat transfer & Fluid Flow

 2-phase flow (water) in hypervapotrons (ITER)

 Liquid metal MHD modeling  (ITER test blanket, DEMO)

 He flow and heat transfer in porous media  (DEMO)

Evolving Surfaces and Materials

 Growth of tungsten fuzz (ITER, DEMO)

 Hydrogen (tritium) sites on a W surface (ITER, DEMO)

 Role of nano-dispersoids in ferritic alloys (DEMO)
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R&D examples for ITER and beyond
State-of-the art work in engineering and materials sciences

Heat transfer & Fluid Flow

 2-phase flow (water) in hypervapotrons (ITER)

 Liquid metal MHD modeling  (ITER test blanket, DEMO)

 He flow and heat transfer in porous media  (DEMO)

Hyper- what?   Some kind of new inhaler?

primary water flow

HEAT LOAD

HV: heat sink with grooves

Water flows across grooves.

When boiling occurs, 

1)Bubbles form at base of grooves.

2)Bubbles eject into main flow and collapse.

Very efficient heat transfer.
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HTC’s are 3-D depend on the temperature at liquid/vapor interface.  
The classic dependence on Twall only occurs in the subcooled regime.

Youchison (Sandia), Ulrickson, Bullock, Predictions of Critical Heat Flux in Plasma Facing Components 
using Computational Fluid Dynamics,19thTechnology of Fusion Energy, Nov. 2010, Las Vegas

4.0 MW/m2, 115 
o
C, 2 MPa water, 1.0 m/s

All flow regimes can          
occur simultaneously.

a) sub-cooled c) film boiling
b) nucleate to d) sub-cooled 

transition boiling 

Two-phase flow in a hypervaportron

“Hot spot” is load used in tests performed in 
Sandia’s Plasma Materials Test Facility.

t=6.3 s

b)

Previous attempts to develop engineering correlations failed. 
This is a first-of-a-kind CFD model for hypervaportrons.       

Model was benchmarked against test data from the US and Russia.
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• HIMAG is a basic MHD/Heat Transfer solver.  
Implementation of “wall functions” allows for 
code acceleration (major objective) by 5-20X!  

• CATRIS is a new mass transfer solver coupled 
with HIMAG. Various models from “dilution 
approximation” to “multi-fluid models”

• New Phenomenological Models are being 
developed for tritium transport, interfacial 
phenomena and corrosion
and deposition.. 

Liquid Metal MHD (Magnetohydrodynamics)

In the last decade, UCLA researchers   
and collaborators have made 

impressive progress advancing the 
state-of-the art in LMMHD with 

applications in magnetic fusion.

3.1.1 Neil Morley (UCLA) Fusion Nuclear Science Research… 

10:30AM Wed
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• HIMAG is a basic MHD/Heat Transfer solver.  
Implementation of “wall functions” allows for 
code acceleration (major objective) by 5-20X!  

• CATRIS is a new mass transfer solver coupled 
with HIMAG. Various models from “dilution 
approximation” to “multi-fluid models”

• New Phenomenological Models are being 
developed for tritium transport, interfacial 
phenomena and corrosion
and deposition.. 

flow jets in side layers.

Liquid Metal MHD (Magnetohydrodynamics)

UCLA researchers 
and US and foreign 
collaborators have 
made impressive 

progress advancing 
the state-of-the art 

in LMMHD with 
applications in 

magnetic fusion.

At high magnetic fields (high Hartmann 
numbers), MHD effects dominate flow.

Classic solutions in simple channels 
have been available, but complications 
such as gradients, bends, constriction 
and manifolds make the computational 
problem difficult.

 Insights into the nature of the flow, as 
in the examples shown, have aided our 
understanding.

 In some cases 3-D solutions are now possible. 
Computational advances, e.g., approaches with fast 
solvers and adaptive grids, represent significant progress 
and the current state-of-the-art in engineering sciences
for LMMHD.

B=1.7T, Cw=0.78, 
U=25 mm/s

B=0, U=25 mm/s
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• All liquid metal blankets are below Re/Ha~200, 
where MHD turbulence exists in a very specific 
quasi-two-dimensional (Q2D) form.

• The Q2D turbulent structures appear as large 
columnar-like vortices aligned with the field 
direction, and in long poloidal ducts results in a 
strongly modified heat and mass transfer. 

• Until now, there have been few attempts to 
develop a turbulence model for relevant flow 
parameters. A recent one-equation model
can be now used for flow in the blankets of 
magnetic fusion reactors.

Sergey Smolentsev (UCLA) & US MHD/Thermofluid Team, 
Integrated Modeling of MHD Flows, Corrosion/Deposition           
and Tritium Transport in Liquid-Metal Blankets,
Int.  Workshop on LM Breeder Blankets, Sept. 2010 CIEMAT, Madrid www.fusion.ucla.edu

Liquid Metal MHD (Magnetohydrodynamics)

BIG EFFECT ON 

MAXIMUM 

TEMPERATURE
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627 C

Analysis reveals turbulent mixing 

and fin effect created by foam.

2x2 mm volume from model
65 ppi, 10% dense Mo foam

Use computerized        

X-ray microtomography

to image foam* and  

then translate data to 

format for solid models. 

Dennis Youchison
DMTS at Sandia

Tuesday 10:30 AM 
2.2 Improving Performance

2.2.6 Evaluation of Heat Transfer in 
High-Temp. Refractory Foam HXs 

using CFD

27 C He

1 mm  Mo wall

*carbon foam made 
by Ultramet, Inc. 
(Pacoima CA)

ñBreakthrough analysisò 
of flow in porous media 
for fusion applications

Early work for helium-cooled fusion heat sinks 
used correlations (Ergun equation) to predict 
heat transfer  in porous media.

New approach combines accurate and 
irregular geometry and full fluid physics           
of boundary layers and turbulence                    
to model fluid flow and heat transfer.
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R&D examples for ITER and beyond
Plasma-materials interactions and radiation effects

Evolving Surfaces and Materials

 Growth of tungsten fuzz (ITER, DEMO)

 Hydrogen (tritium) sites on a W surface (ITER, DEMO)

 Role of nano-dispersoids in ferritic alloys (DEMO)
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PISCES-B: pure He plasma

Ts = 1200 K, Dt = 4290 s, 

Fluence = 2x1026 He+/m2, Ei = 25 eV

Transmission electron microscope (TEM)

done at Kyushu Univ.
Scanning electron microscope (SEM)

NAGDIS-II: pure He plasma

Ts = 1250 K, Dt = 36,000 s, 

Fluence = 3.5x1027 He+/m2, Ei = 11 eV

N. Ohno et al., in IAEA -TM, Vienna, 2006

PMI Processes ïOh fuzz and blisters! (in W)
What’s happening?

Baldwin, Nishijima, Doerner, et. al, courtesy of 

Center for  Energy Research, UCSD, La Jolla, CA

2.25 Michael Rieth Refractory Materials..

10:30AM Tues  
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Work by Wirth, Faney, Xu, Juslin, Sefta, Hammond (U. Tenn.) 
and Baldwin, Nishijima, Doerner et al (UCSD) 
Symp. on Plasma Facing Materials & Components
Rosenheim, Germany May 2011

Goals
Hint at mechanisms of fuzz formation 
Determine time scale of fuzz formation

Mechanisms of interest
Surface atom formation/sputtering 
Bubble formation/expansion/rupture

Tools
Molecular dynamics simulations     
Kinetic Monte Carlo simulations (planned)

Results
Our simulations suggest that ad-atoms 
can form even at relatively low ion 
energies. However, we speculate that 
helium bubbles rupturing the surface 
form an important part of the mechanism 
of tungsten surface defect formation.

PMI Processes ïOh fuzz and blisters! (in W)
What’s happening?

Researchers at U Tennessee and UCSD are figuring this out.
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Where does H hide on a W surface? 

[100] face

ARIES spectroscopy 

D on W surface

Rob Kolasinski (Sandia) knows.

ARIES 
surface probes

Angle-Resolved 

Ion Energy 

Spectrometer 
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In metals, collisions from MeV neutrons produce the following: 
1. vacancies - sites in the atomic lattice where atoms are missing 

2. interstitials - atoms between atoms in “normal” positions

3. helium –as a transmutation product, e.g., n + Fe ­ Cr + He
Defects (vacancies or interstitials) will group and 

form lines of discontinuity called dislocations.

Trapping at nanofeatures (NF) is a key strategy to manage He. 

NF

dislocation

climb-glide
Odette, Alinger, Wirth

Recent Developments in Irradiation Resistant Steels

Annual Reviews of Materials Research 38 (2008) 371-403

voids

dislocation
loops

bubbles

grain 
boundary 

Evolution of neutron-damaged ferritics

2.01 Rick Kurtz Fusion Materials .. 9:00 Tues  

2.2.1 Bob Odette Materials for … 10:30 Tues 
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Conclusions

 Our 1st large fusion nuclear system is ITER and our 
opportunity to implement fusion nuclear systems.

 DEMO  and any other future devices that required 
tritium breeding will present additional challenges.

 The feasibility and attractiveness of fusion depend 
mostly on progress in what I have called here 
Fusion Nuclear Science and Technology.

Fusion technology is the components 
and subsystems that enable fusion.  

Advances in our basic understanding 
must accompany and often precede the 

development of this technology.

The needed R&D has very 
strong underpinnings in science.  
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