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Dual Fluid Reactor
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MHD Pump



▪ Electromagnetic pumps
– Conduction pumps

• DC
• AC

– Induction pumps
• FLIP
• ALIP

– Thermoelectric pumps

Electromagnetic (MHD) pumps
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Magnetohydrodynamics pump scheme



▪ For the analysis, a DC conduction pump was chosen because it is the simplest                     
to analyze and the flow of liquid metal is continuous.

▪ There are no industrial pumps for temperatures above 800-900 oC

▪ The disadvantage of these pumps is their power supply (high current and low 
voltage)

▪ Therefore, it was decided to perform pump geometry optimization to achieve                
the lowest possible current value.

▪ This information is needed for design (power supply construction) and economic 
purposes (lower power supply cost).

Purpose of the work
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Design methods for MHD pumps
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Analytical methods Numeric methods
(CFD)

Metaheuristics 
methods

● Shercliff’s equations

● Hunt’s equations

● Equivalent electrical 
circuit

● Element differential 
method

● Finite elements 
method

● Finite volume 
method

● Simulated annealing

● Particle Swarm 
Optimization

● Hybrid method



▪ I - current
▪ V - voltage
▪ E - electromotive
▪ Rp - liquid metal resistance
▪ Rb - resistance of the bypass
▪ Rw - resistance of the wall
▪ Ro - outer resistance

Equivalent circuit for DC conduction pump
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Electric equivalent scheme of DC MHD pump



Total pressure generated by the DC pump (ECM)
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1. ECM implementation and validation

2. Simulated Annealing implemented and 
integrated with ECM code.

3. Optimization of three pump models with 
simulated annealing and approximation.

4. Development of more general models for 
pump design (Multivariate regression)

Stages of work performed
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Multivariate 
regression

Simulated 
annealing

ECM

+
approximation



▪

Input data for calculations
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Filled data
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Lee and Kim (2017) Borges et al. (2010)



▪ Fuel mixture: Cr = 4.78%,  235U = 12.80%, 238U = 82.42%.
▪ The lowest melting point temperature
▪ No density, dynamic viscosity and resistivity data were found in the literature for the 

mixture Cr = 4.78%

▪ Approximated density 
–

▪ Approximated dynamic viscosity
–

▪ Resistivity (Cr = 4.97%)
–

Uranium - Chromium eutectic
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Validation
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Result from the 
article

Result of the 
calculation

Lee and Kim (2017) 116 116.15

Borges et al. (2010) 800 805

Sierchuła et al. 
(2019)

- 64700

ECM

Input 
(Wd,Hd,L, th, e, v, B, T, dP)

Output
(I)



Simulated annealing

It was decided to use simulation annealing method to 
optimize the pump geometry.

1. New point draw for analysis.
2. Check if the new point achieves a better score than the 

previous one.
3. If true: record the result, reduce the probability, start 

the loop again.
If not: there is some probability of accepting the result, 
otherwise - the loop will be repeated without saving the 
result.
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Results from simulated annealing
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▪

Results from simulated annealing
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Pressures and currents for optimized pump 
length

Correlation of total minimum current to optimized 
length



Polynomial approximation

▪ From the first equation, determine the value of the pump channel length for 
which the current reaches its lowest value, and from the second equation, 
determine the current flux, and from the third minimum current.

▪ From the fourth equation for current flow, the height of the pump channel                                   
is determined, and from the equation for area, the width of the pump channel 
is determined.
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Results from polynomial approximation
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▪ Simulated annealing achieves results for some parameters (T, dP, A, v, B)

▪ If one of them changes, the whole simulation annealing has to be done 
over again

▪ It was decided to derive a global equation by which the optimized 
geometry could be determined without using simulated annealing 

▪ Applied multivariate regression

Simplified equations for MHD pump design
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▪ Using results obtained by simulated annealing (for Borges and Lee), and from polynomial 
optimization (Sierchula), multivariate regression was used.

▪ The general equations of the linear multivariate models for the three pumps                          
are presented below.

Multivariate regression
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Multivariate 
regression

Input:
T, dP, A, v, B

Wd,Hd,L

ECM

I



1. Create a five-dimensional 
coordinate grid consisting of 1024 
points.

2. Calculate the minimum current 
value and optimal geometry for 
each point.

3. A multivariate regression model 
was created from the results.

4. Comparison of results from both 
methods 

Working steps in multivariate regression

21/29



Range 1 - arbitrary

Range 2 - ±20%

Range 3 - T ±20%, all -20% +50% 

Scope of application
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Range 1 - arbitrary

Violin plots of relative error of minimum current 
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Range 2 - ±20%

Violin plots of relative error of minimum current 
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Range 3 - T ±20%, 
  all -20% +50% 

Violin plots of relative error of minimum current 
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▪ Validation of calculations using the Equivalent Circuit Method were 
performed

▪ Metaheuristic optimization of pump channel geometry using simulated 
annealing were performed

▪ After applying approximation and regression, formulas for pump design 
were proposed.

▪ The ECM is a simplified model and needs to be developed

Summary and conclusions
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