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Multidisciplinary multi-physics (MDMP) 
simulation & analysis tool 

•  The need, in support fusion materials science research 
•  Clarify benefit-cost-risk among options of internals, configuration, 

mission, performance 

•  Inform research choices based on leverage 

•  Can become tool needed to integrate research, FNSF designs, and 
eventually operation scenarios 

•  Help introduce a “fighting chance” for this research in ITER era 
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ITER, 500 MW 

Examples: 
A) Hot divertor surface with H2O-cooled steel 
wall components (ITER) 
1. W surface divertors  
2. Be first wall 
3. Water-cooled steel shield-blocks 
4. Several TBM’s each of ~1m2 area 
B) All-W PFC’s (EU) 
1. Surface T = 750C – 1000C 
2. High pressure He cooling 
3. Solid or Li-Pb liquid breeder blankets 
4. High power conversion efficiency 
C) Large flowing liquid Li PFC’s (US) 
1. Surface T = 450C+, inlet T ~ 200C 
2. He cooled internals  
3. Avoid solid surface material damages 
4. Need to remove Li-LiT on solid surfaces 
D) Water-cooled solid breeder blankets (JN) 
1. Super critical steam ~300C, He-cooled solid 
breeder 
2. Extend LWR materials and technologies 
3. Standard power conversion efficiency 

Fusion internals interact strongly 
and form option sets due to 

compatibility and safety 

These options drive differing requisite research and FNSF 



4    Managed by UT-Battelle for the Department of Energy  

JT-60SA 

ITER R&D 

Toroidal & 
Burning Plasma 

Material 
Irradiation 
& Damage 

Tritium 
Cycle 

Power 
Extraction 

Plasma 
Enabler & 

Control 

Measurement 
Science 

Modeling , 
Computation 
& Validation 

Plasma 
Material 

Interaction 

PMTF-1200 

Surface Analysis 

PISCES 

New Test Stand 

MTOR 

Liquid Metal 
Breeder Blanket 

Burning 
Plasma 

Nuclear 
Instrumentation 

H&CD 

Fueling 
Pumping 

Control 
Systems 

Burning Plasma 

Neutron Transport 

Material Irradiation 

HFIR 

Plasma 
Material 

Processing 

Production 

Plasma Material 

Control & Safety 

SNS 

IFMIF 

In Asia 

Integrated-Effects Fusion Materials Science Research 
 

Using  A Normal                    or Small                Aspect Ratio Plasma 
 

Liquid Metal MHD 

Fusion Materials Science underpins fusion 
nuclear science research and FNSF 
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Fusion internals option further determines the support 
systems of the entire facility – ITER example 

Need to estimate relative benefit-cost-risk of different internals 
options and the associated requisite research  
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MDMP simulation & analysis methodology has been 
successfully applied in aerospace & started for LWR’s 
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This methodology applies to fusion systems and the 
associated R&D 

Strongly interacting internals 
Plasma core & edge, PFC’s, 

actuators & controls, blankets, 
shields, neutron & T transport, 

materials responses 

Other systems 
Fusion externals, 
remote handling, 
site power, waste 

management, 
safety, 

environment, 
infrastructure, etc. 

Figures of merit 
Performance vs. cost, risk from 

uncertainties (data base, 
TRL’s), R&D leverage, B-C-R 

ratios 

Mission space, 
non-technical 

constraints, etc. 

Interfaces, 
constraints 

Interfaces, 
constraints 
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How does this tool support fusion materials science 
research? 

•  Goal: help quantify uncertain benefit-cost-risk for differing internals option 
sets and the associated research  

-  Cover options of mission, configuration, performance, cost, research 
choices, impact due to uncertainties (risks) 

-  Inform critical decisions 

-  A vehicle to develop in-kind collaboration with SC, NE, NNSA 

•  Start soon to benefit early, from simple to complex, point model to detailed 
modeling, and link to available advanced simulation codes 

•  Work with practitioners of plasma dynamics & control and materials 
science research, and also other interested within DOE 

How could this possibly be realized within the constraints of 
Charge 3? 
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To introduce a “fighting chance” while addressing Charge 3 

•  Assume readiness to start FNSF (integrated research) in mid-2020’s 
•  Multiple internals options drive FNSF modularization and research 

flexibility (measure, discover, understand, improve, re-measure). 
•  Constrained fund likely leads to “adjacent possible” FNSF options 
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Multidisciplinary multi-physics (MDMP) 
simulation & analysis tool has high leverage 

•  Supports fusion materials science research 
•  Clarifies benefit-cost-risk among options of internals, configuration, 

mission, performance 

•  Informs research choices based leverage 

•  Can become tool needed to integrate research, FNSF designs, and 
eventually operation scenarios 

•  Helps introduce a “fighting chance” for this research in ITER era 
•  Has broader potential applications 

•  Can retool for other fusion energy systems / facilities 

•  With early progress, can inform ITER operation and upgrade choices 
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Backup 
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“Multiphysics Integrator” simulates reactor core  
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Nuclear materials science underpins LWR performance 
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Example of FNSF internals modularity & flexibility to 
address options, with low support-structure lifetime-dpa 


