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Tokamak(ITER)  
TOKAMAK  :  To roidal -kamera -ma gnet -kotushka  

ITER  :   International Thermonuclear Experimental Reactor  
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to initiate, confine, shape and control 
the ITER plasma.  
      

      Blankets      

For energy  conversion    

controls  the  exhaust  of  waste  gas 
and  impurities  from  the  reactor . 

      Divertor   

WHERE?   Cadarache, Provence 
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The world program is focused on the D-T Cycle 

Magnetic Confinement Fusion Reactor  



What can we do with MHD? 

Liquid Lead Lithium Blanket:  
heat transfer, MHD, complicated 

geometry, thermal-stress coupling 

between fluids and ducts,  tritium 

permeation̆ corrosion 

 

 

Liquid Divertor:  
plasma effect, MHD, Marangoni 

effect, Seebeck effect, phase 

change , interfacial flows, large 

heat flux, corrosion 

 

Complex   
boundary  

Droplet   
splash 

Thin film MHD 
flow  
ɚ 

Bubbly  
Flows 
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Self- Introduction  

Working with Gerris   (2009-2017) 

  2009-2014   PhD study 
      University of Chinese Academy of Sciences 

      2010.08   touch the first line of Gerrisé 

       ~2012.08  implement the MHD module into Gerris 

       ~2014.08  the single bubble motion in MHD flows 

 

   2015-     Assistant professor 
       Xiõan Jiaotong University   

       ~2016.08  the droplet splashing with MHD effect 

        ~2017.10   implement the phase change module 

  

    2016-2017   Visiting scholar 

       IMFT, Toulouse, France 

      working with J.Magnaudet, stratified flows 
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What I did ? ññNumerics  
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Incompressible Navier-Stokes Equation EMF 

Charge Conservation Law 

Electrical Potential Poisson Equation 
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Single phase MHD flows  

Numerical Methods (J. ZHANG, MJ. NI,   J. Comp. Physics, 2014) 

   1.  MHD flows with complex electrically insulated boundaries 

   2. Fluid-Solid coupling problems with electrically conducting boundaries  

1. The interpolation for current density j  in mixed cells  

Normally:   

Based on the face area average 

Improvement:  

d f   is the distance from 
the cell center to the 
face center  

( )J u Bs j= -Ð + ³

( ) ( )u Bs j sÐÖ Ð =ÐÖ ³
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S1 Iox{ˀ3 

S2 Iox{ˀ3 

Liquid metal 

solid 

Fluid -solid coupling problems 
when the solid is electrically 
conducting  

2. Fluid-Solid Coupling 

Single phase MHD flows  

If the solids are electrically conducting, the 

current density also exists in the solids.  

Navier-Stokes equations :  Fluids 

EMHD equations: Fluids+ Solids 

Solving Electromagnetic Equations 

Recover Solids 

Solving NS Equations 

Destroy solids 
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Results for MHD channel flows: 

1. Hydrodynamics flow 2. MHD flows in insulated duct 3. MHD flows in conducted duct 

Single phase MHD flows  

Current streamlines Conductive solid wall 

B 



Multiphase phase MHD flows  

Numerical Methods ( J. ZHANG, MJ. NI,   J. Comp. Physics, 2014) 

   1.  MHD module with free surface flows 

   2. Marangoni effects are included 

If Marangoni effect is considered 

and 


