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Summary 

The main objectives of WP6 are to develop and assess critical components related with reactor 

passive safety. Task 6.1 focuses on the design and tests of electromagnetic pump and its 

systems based on thermal alimentation. 

Subtask 6.1.2 Design, production and testing of TESP deals with: 

Å Building of a mock-up of the TE system; 

Å Implementation of commissioning and performing tests. 

According to the defined tasks the report focuses on the design, production and tests of TE 

system mock-up. COMSOL simulations, experimental P-Q curves of EMP are presented and 

compared, power requirements are analysed in context of heat transfer from Na loop and EMP 

required power. 

Keywords 
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Abbreviations and acronyms 

Acronym Description 

BLDC Brush-Less DC 

EMP Electro-Magnetic Pump 

FEM Finite Element Method 

PM Permanent Magnets 

RANS Reynolds Averaged Navier-Stokes 

SFR Sodium Fast Reactor 

TE Thermoelectric 

TEG Thermoelectric Generator 

WP Work Package 
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Introduction 

The main concepts of the design and tests of electromagnetic pump and its systems based on 

thermal alimentation are presented in 1st technical report and PAMIR 2024 conference 

(Appendix 1 and 2).  

This report describes further work in development of TE driven EMP. In the first section TE  

test section design, production and experiments are described. In the second section BLDC 

EMP simulation results are presented. In the third section thermoelectric tests are related to 

the Na loop heat transfer and EMP power requirements and conclusions about the feasibility 

of TE driven system are formulated.   
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1 Thermoelectric  test section design, production 

and experiments 

This section describes test results of a TE power generating test section, its performance is 

investigated in wide range of temperatures using passive and active cooling. Several test 

sections can be combined to increase the necessary power.  

1.1 Design of test section 
TE system mock-up consists of heated aluminium cylinder with hexagonal prism (fig.1). On the 

side faces of prism six thermoelectric generators (TEG) of type GM250-127-14-10 (Appendix 

3) are located. Another (cold) side of TEG is connected to Noctuaôs passive cooler NH-P1, see 

specifications in https://noctua.at/en/nh-p1/specification. 

 

Figure 1 : Design of TEG section for natural convection experiments 

 

NH-P1 is high performance passive cooler, its cooling properties can be enhanced by adding 

fans in different directions, see fig.2. Fans can be attached at different faces of cooler, allowing 

different flow orientations and, consequently, cooling regimes.  

Aluminium cylinder is heated with temperature regulated heaters (fig.3 and 4) to ensure 

constant temperature of cylinder. This setup allows to model the heat transfer from Na loop 

and estimate TEG generated power at different cooling conditions.  

A number of thermocouples are located at different positions on the TEG section for 

temperature control. The most important temperatures are cold and hot temperatures of TEG 
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(Tc5, Tc6, Tc8, Tc9 in fig.4), which determine the power generated by single TEG. All six TEGs 

are connected in series (fig.3)  and connected to a load resistor with optimal value for maximum 

power.  

 
 

Figure 2 : Design of TEG section for forced convection experiments 

 

 
 

 

Figure 3 : Circuit diagrams for TEG section heater temperature control (left) and power 

measurement (right) 
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Figure 4 : Location of heaters and thermocouples in the TEG section 

 

1.2 Production of test section 
 

The process of test section production is presented in fig. 5-7. Hexagonal prism was heated 

up to 200°C and cylinder at room temperature inserted in prism and cooled down. This 

procedure ensures a good mechanical and thermal joint between cylinder and prism. Heaters 

are winded up on the cylinder and TEGs are located on prism faces with special spacers to 

protect fragile TEGs from damage while fixing coolers to the prism (fig.5). Good thermal contact 

is ensured by using high temperature thermal grease. 

Further the thermocouples are fastened in selected locations and whole setup thermally 

isolated (fig.6). The fully assembled test section is shown in fig.7. 
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Figure 5 : Heater (left) and radiator (right) assembling for TEG section  

  
Figure 6 : Thermocouple and heat insulation for TEG section (left) and fully assembled sectioon 

for natural convection experiments (right) 
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