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• The study of the liquid metal MHD flows is here applied to

the breeding blankets (BB), specially to the Dual Coolant

Lead-Lithium (DCLL) design.



Introduction

• 2D fully-developed flow

vs

• 3D unstable flow

vs

• Q2D unstable flow
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Prototypical Shercliff Case (insulated walls MHD flow)



Computation Resources

• Computationally very expensive

(unsteady, 3D, turbulent or Q2D)

~107 cells

(and needs to solve each time step!)

vs

• Computationally cheap

(2D fully developed)

~105 cells

(and steady!)
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The potential of 2D model

• The combination of HPC with 2D 

models allow to run hundreds of 

cases and retrieve correlations!
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The 2D model in buoyant flows

• We have the regime map shown in Smolentsev

works for insulated walls and non-buoyant 

cases.

• How is buoyancy going to affect the regime 

map?

inertia 

Lorentz buoyant

• Some items to analyze it are:
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1. The Lykoudis number = 𝐿𝑦 = 𝐻𝑎2/𝐺𝑟0,5

(LyDCLL = 200 > 1)

DCLL STABLE!

But this does not consider inertia forces ...

2.  The transition from force to mixed hydro-convection 

𝐺𝑟/𝑅𝑒2>0,3 (aiding flows)

DCLL MIXED CONVECTION!

But this does not consider Lorentz forces...

3.  The transition from laminar to Q2D MHD flow regime 

depends on 𝑅𝑒 > 65𝐻𝑎0,5

DCLL UNSTABLE!

But this does not consider buoyant forces...



The 2D model in buoyant flows

• Vetcha et. al. developed a solution for the 

regime map problem using the linear stability 

analysis for the range of 106 < Gr < 109

• The extrapolation of the solution suggests 

that the DCLL conditions are in the stable 

region.
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The potential of Q2D model

• Initially developed by Sommeria and Moreau 

in 1982, named SM82.

• Only valid for insulated walls

• Solves the plane perpendicular to the 

magnetic field

• Ideal for current DCLL design with ceramic 

walls (not applicable in sandwich FCI 

channels)
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• The large number of cases to be run needs a 

method to automatically detect instabilities.

• The selected method has been FFT2

Smolentsev, S., Vetcha, N., & Abdou, M. (2013). Effect of a magnetic field on stability and 

transitions in liquid breeder flows in a blanket. Fusion Engineering and Design, 88(6–8), 

607–610. https://doi.org/10.1016/j.fusengdes.2013.04.001



Fast Fourier Transform 2 (FFT2): 
instability detection method

• Validation of the FFT2 method:

9



Q2D and FFT2 validation 
cases:
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• Poiseuille



Q2D and FFT2 validation 
cases:
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• Shercliff



Q2D and FFT2 validation 
cases:
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• Tagawa



Q2D and FFT2 validation 
cases:
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• Mixed convection



Q2D and FFT2 application 
to 3D (Q2D) case:
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• Mück

• Starts hydrodynamic, continues MHD

Muck, B., Gunther, C., Muller, U., & Buhler, L. (2000). Three-dimensional MHD flows in 

rectangular ducts with internal obstacles. Journal of Fluid Mechanics, 418, 265–295.

3D solver MHD midplane results

Our results



Q2D and FFT2 application 
to 3D (Q2D) case:
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• Mück

• Starts hydrodynamic, continues MHD

3D solver MHD midplane FFT2 results

Q2D (2D) solver MHD midplane FFT2 results



Final remarks
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• The Q2D model is very promising to be used in 

parametric studies where many simulations are 

needed.

• The implemented Q2D model shows accurate 

results, specially for high magnetic fields.

• Our research group is on a quest to retrieve the 

flow regime map, a work for next year.

• The use of the FFT2 method may allow for an 

automatic detection of instabilities and the 

eventual construction of the regime map.

• Once the stability boundaries are known, the 

cross sectional 2D model may be applied on 

solid grounds.

Implementation of a Q2D turbulence model 

and detection of flow instabilities in liquid 

metal MHD flows

Q2D turbulence MHD model FFT2 method



That was all

Thank you
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