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General Information
• M.Sc. In Electrical Engineering – Universitá degli Studi di Napoli 

Federico II
- Erasmus at AAU, DK (project on Series Resonant Converters for DC 

Offshore Wind Power Plants)
- Master Thesis on Statistical Analysis of 3D effects of conducting 

structures on axisymmetric evolution of Fusion Plasmas
- Post-graduate internship at IPP Prague in support of COMPASS-U 

design (June-July 2018)
• Athenaeum Fellowship
• Research Group: 

• Some Collaborations:
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Framework: Fusion Energy
A candidate for future base-load energy

• Large Availability of Deuterium
and Lithium on earth

• Low envorinmental impact

• Intrinsic Safety
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Fuel MJ/kg

D-D 78   106

D-T 338 106

CH4 40
H2 H3 He4 n

17.6

MeV

Engineering Open Problems:

• Electromagnetic Forces

• Heat Loads

• Plasma-Wall Interface

Example: JET M18-33 Experiments

𝐼𝑝 2 MA

𝐵𝑡𝑜𝑟 2 T

𝐹𝑧 100 𝑡𝑜𝑛𝑠

𝑇𝑒 17 ⋅ 106 𝐾
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𝜕𝑡
+ ∇ ⋅ 𝑛𝛼 Ԧ𝑣𝛼 = 𝑆𝛼

𝑚𝛼𝑛𝛼

𝐷

𝐷𝑡
Ԧ𝑣𝛼 + 𝑆𝛼 Ԧ𝑣𝛼 =

= 𝑞𝛼𝑛𝛼 𝐸 + Ԧ𝑣𝛼 × 𝐵 − ∇ ⋅ Π𝛼 − 

𝛽≠𝛼

𝑅𝛼𝛽

[…]

Plasma-Conductors Interaction
Framework
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Magneto Hydro
Dynamic Models

(Plasma)

MQS Models
(Conductors)

∇ × 𝐸 = −
𝜕𝐵

𝜕𝑡
∇ ⋅ Ԧ𝑗 = 0

Ԧ𝑗 = 𝜎𝐸

𝐵𝑒𝑥𝑡

𝐵𝑝𝑙𝑎𝑠𝑚𝑎
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Plasma-Conductors Interaction
Our Problem
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Magneto Hydro
Dynamic Models

(Plasma)

MQS Models
(Conductors)

∇ × 𝐸 = −
𝜕𝐵

𝜕𝑡
∇ ⋅ Ԧ𝑗 = 0

Ԧ𝑗 = 𝜎𝐸

𝐵𝑒𝑥𝑡

𝐵𝑝𝑙𝑎𝑠𝑚𝑎

Debye Shielding

No Ioniziation nor
Recombination

Compensation of 
Collisions between

different species



Plasma-Conductors Interaction
Our Problem
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• «Any bounded equilibrium plasma configuration with a 
magnetic field can exist only in presence of fixed current-
carrying conductors»1

1V.D. Shafranov – Chapter 2 in Reviews of Plasma Physics Edited
by M.A. Leontovich 1966

Magneto Hydro
Dynamic Models

(Plasma)

MQS Models
(Conductors)

∇ × 𝐸 = −
𝜕𝐵

𝜕𝑡
∇ ⋅ Ԧ𝑗 = 0

Ԧ𝑗 = 𝜎𝐸

∇ × 𝐵 = 𝜇0 Ԧ𝑗

∇ ⋅ 𝐵 = 0

Ԧ𝑗 × 𝐵 − ∇𝑝 = 0

𝐵𝑒𝑥𝑡

𝐵𝑝𝑙𝑎𝑠𝑚𝑎



Poloidal Plane

𝐵𝑝

Coupling Surface

Plasma-Conductors Interaction
Methodology
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Disruption Forces
Cross-Validation of Analytical and Numerical Models

Nicola Isernia9

2N. Isernia, et al, Plasma Physics and Controlled Fusion, Volume 61, Number 11, 2019.

Thermal Quench 25% drop of kinetic pressure



Overall Energy Balance
First principle estimation of Plasma Losses
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• Compensation of Toroidal Magnetic Energy variation and 𝑬𝒕𝒐𝒓 × 𝑩𝒑𝒐𝒍

contribution to Poynting Flux for high 𝑩𝝋

• Development of simplified analytical model for plasma losses

3N. Isernia, et al, 46th Plasma Physics Conference of the European Physical Society, Milan, 2019.



Comparison of Experiment and 
Simulation for JET
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Actual step:
• Modelling JET Magnetic

diagnostics in CarMa0NL
• Modelling of plasma 

equilibrium configuration 
fitting magnetic 
measurements

Next steps:
• Comparison of magnetic 

measurements for a whole 
simulated experiment

• Comparison of 
measurements at different 
toroidal locations
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[…]

What’s next? Interface!
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Magneto Hydro
Dynamic Models

(Plasma)

Space Charge
Layer?

Recombination?

Gas-Solid Potential
Force?

?

𝑗𝑛,𝑝𝑙 − 𝑗𝑛,𝑠𝑜𝑙𝑖𝑑 = ?
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[…]

What’s next? Interface!
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Magneto Hydro
Dynamic Models

(Plasma)

Recombination and Emission of particles?

Gas-solid force?

Isotropic at the 
interface?

MQS Models
(Conductors)𝐵𝑒𝑥𝑡 , Ԧ𝑗𝑒𝑥𝑡

𝐵𝑝𝑙 , Ԧ𝑗𝑝𝑙

𝑗𝑛,𝑝𝑙 − 𝑗𝑛,𝑠𝑜𝑙𝑖𝑑 = ?
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I Year Credits
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Thank you for your attention!

Contact:
nicola.Isernia@unina.it – room 2.04 – building 3/a – Via Claudio, 21

mailto:nicola.Isernia@unina.it


Backup Slides
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Plasma Conductors – Interaction
CarMa0NL Numerical Coupling Scheme

Coupling Strategy of Numerical Models

 +  
 

 𝒕
 +  𝒕𝒐𝒓

 

 𝒕
 𝒕𝒐𝒓 +  

 

 𝒕
   =  

   =   −           −      𝑒

 𝑡𝑜𝑟 =      𝑆

 

𝐼𝑒 =      

 𝑒𝑖 =     𝒍, ⋅ ∇ ×  𝑒  

  

 𝑡𝑜𝑟,𝑒 =   𝒑𝒍
𝒑𝒐𝒍

⋅ ∇ ×  𝑒  

  

3D, linear, dynamic

 𝑖𝑒 =
1

2 
     

𝑒
  

    , 

Toroidal average!

2D, non-linear, static

Conductors

• Integral  −  formulation
 = ∇ ×  in   

• Galerkin FEM with Edge Element basis functions:

• 2-component gauge ↔ tree-cotree decomposition
• Additional d.o.f. due to multiple connected domain

Physical idea of the degrees of freedom:

  ⋅     𝑆 =   ⋅ 𝒕 

   

  =  𝐼𝑒
𝑒       

 =  𝐼𝑒   

     

𝑒  

Plasma

• Grad-Shafranov Equation  𝜕 𝜕 = 0 

− ∇ ⋅
∇ 

𝜇0  
= 𝑗  ,  =  

  𝑝

  
+

2

𝜇0

    

  

where:
 =        =  𝐵    𝑝 = pressure 

• Toroidal Current Parametrization

𝑗  ,  ,  =   0

 

𝑅0
+ 1 −  0

𝑅0

 
1 −  𝛼 𝛼 

• Galerkin FEM, 2𝑛𝑑order nodal basis function Implicit Euler
Scheme  𝑒 =   𝑎 𝑡 +    

 𝑖 =  
∇ 𝑖 ⋅ ∇  

 
 𝑆     𝑖 =  𝜇0𝑗  ,  ,   𝑖 𝑆

  

The   𝑡 indicates boundary nodes of  .

Newton-Raphson
Method
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∇ × 𝐵 = 𝜇0 Ԧ𝑗

∇ ⋅ 𝐵 = 0

Ԧ𝑗 × 𝐵 − ∇𝑝 = 0

Grad-Shafranov Equation
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 = 2    

𝐼 =
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𝜇0  
∇ 
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𝐼 = 𝐼  
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