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Abstract 
To cool the breeding blanket of a fusion reactor, liquid-metal coolants can be used. 
These coolants can be pumped around the reactor by making use of Lorentz forces 
that result from thermal-electric effects in the magnetic field of the reactor.  
Using Comsol Multiphysics, the two-dimensional flow of liquid lithium in a stainless 
steel tray, resulting from these Lorentz forces,  was investigated numerically.  
Quantitative results were produced by varying the magnetic field strength and the 
temperature gradient of the system. The results show that the flow velocity field of 
the fluid in the tray is strongly affected by the strength of the magnetic field. In 
particular, the flow speed and magnetic field strength appear to be inversely related 
and additionally, the system always reaches a steady state where, from then on, the 
fluid velocity remains constant. Comparing the flow velocity field in a vertical 
magnetic field to that for a horizontal field, the latter would be  more favorable in 
using it as a coolant in a fusion reactor.  
 
 

  



 

1. Introduction 
The breeding blanket in a fusion reactor is a multifunctional layer  entirely 

covering the interior of the reactor vessel. It functions mainly to breed tritium out of 
the neutron irradiation on the lithium containing layers of the blanket . (R. Andreani 
et al, 2006) But it is also crucial in protecting the steel structure and the magnets of 
the reactor. Because it absorbs all the energy from the neutrons, the blanket should 
be capable of dealing with very high temperatures. This heat energy is extracted 
from the fusion reactor for electrical power generation  by actively cooling the 
blanket. (ITER, 2018) This is difficult because the fusion reactor is in a plasma state 
during operation. Moving the coolant around in very strong magneti c fields by using 
pressure differences could put too much stress on the structure of the reactor. 
Letting a liquid metal pump itself in the reactor u sing the thermal and magnetic 
fields in the reactor could be a solution to this problem.  (Shercliff, 1979) 

The issue of cooling the blanket in a fusion reactor has been investigated for 
over 40 years. (Shercliff, 1979) (DeVan, 1979) The focus has mainly been on using 
water, helium or liquid metals as coolants. (EUROFusion, 2017) When using liquid 
metals, the idea is to exploit the thermoelectric effects that  naturally occur in this 
situation. The Seebeck, Peltier- and Thomson effect, are three manifestations of the 
same physical process.  Heat is converted into an electromotive force (emf), due to a 
temperature gradient between the interface where two different metals join. The 
magnitude of the generated emf in response to the temperature difference  is defined 
as a material’s thermoelectric sensitivity and expressed by the Seebeck coefficient. 
The larger the difference between the Seebeck coefficients in the two materials, the 
larger the electric currents that are generated.  A pair of well-matched metals is key 
in using liquid metal coolants in a fusion reactor. (Shercliff, 1979) 

Lithium has a remarkably high and positive Seebeck coefficient which implies a 
great potential for being used as a liquid coolant. (Shercliff, 1979) When liquid 
lithium is contained in a metal tray with a negative Seebeck coefficient and a 
temperature difference between the two different metals at the interface, the 
Seebeck effect will generate an emf. This emf manifests itself by forming a current 
loop at the interface of the two materials. Should the tray with the fluid  (at rest) also 
be placed in an external magnetic field, Lorentz forces will then cause the fluid to 
start flowing. This indeed suggests that the possibility is there to let the coolant 
pump itself. (Shercliff, 1979) 

In this research, the aim was to characterize the flow of the liquid lithium in a 
tray made of stainless steel and investigate how the magnetic field and temperature 
gradient relate to the flow velocity and distribution  of the fluid in the tray.  

 
 
 
 

 

 

 

 

 

 



2. Theory 
The theory with which one can describe the dynamics at play in the tray under 

influence of the thermal and magnetic fields  can be summarized by the term 
thermoelectric magneto hydrodynamics (TEMHD).  
In our case, liquid lithium is contained in a stainless steel tray. A temperature 
gradient T is present at the interface where the two metals join. The Seebeck effect 
will convert this heat into an electromotive force (emf) due to the temperature 
gradient grad T.  The conduction current J that results from the emf  in the fluid can 
also be caused by two other factors. It can be caused by an electric field E and, in 
case the lithium is moving with velocity v in a magnetic field B,  by the Lorentz force 
𝒗 × 𝑩. These factors combine into the following Ohm’s law:  

 
 𝐽 = 𝜎(�⃗⃗� + �⃗� × �⃗⃗� − 𝑆∇𝑇) 𝑒𝑦 (1) 

in which σ and S are respectively, the electric conductivity and the Seebeck 
coefficient, both properties of the conducting medium.  

The heat flow that is caused by the electric current flow is described by t he heat 
flux q. This expression consists of a term describing the heat flow due to the electric 
current and an additional term which is the Peltier heat flux. This is simply the 
reverse of the Seebeck effect, where heat is now generated as a consequence of the 
flow of current through a junction between two conductors. The  heat flux or altered 
Fourier’s law is given by: 

 
 �⃗� = −𝑘∇𝑇 + 𝑆𝑇𝐽, (2) 

where k is the thermal conductivity of the medium.  From here, the heat equation can 

be derived; the conservation of energy in differential form:  

 𝜌𝑐𝑝
𝜕𝑇

𝜕𝑡
= −∇�⃗� + 𝐽�⃗⃗�, (3) 

where ρ is the mass density and cρ the specific heat of the medium. The low 

frequency approach of the current density is used:  

∇𝐽 = 0 

Putting the definition for q  into (3) gives: 

 𝜌𝑐𝑝
𝜕𝑇

𝜕𝑡
= −∇ ∙ (𝑘∇𝑇) +

1

𝜎
 𝐽 ∙ 𝐽 − 𝐽 ∙ (�⃗� × �⃗⃗�) − 𝐾𝐽 ∙ ∇𝑇. (4) 

In this equation, the last term describes the third and last of the interrelated 
thermoelectric phenomena: the Thomson effect. This effect occurs when there is a 
gradient in the Seebeck coefficient due to a spatial gradient in temperature. Because 
of the Seebeck emf, a continuous generation of heat will then occur.  Parameter K 

equals 𝑇
𝑑𝑆

𝑑𝑇
  and is the Thomson coefficient.  

 To be able to describe the flow of a viscous fluid like liquid lithium, the Navier-

Stokes equation is essential. Including the Lorentz force term 𝐽 × �⃗⃗� the equation 
takes the following form: 

 
Here, the fluid pressure is expressed by p and the kinematic viscosity by 𝜈.  

 
𝜕�⃗⃗�

𝜕𝑡
+ �⃗�(�⃗� ∙ ∇) = −

1

𝜌
∇𝑝 +

1

𝜌
𝐽 × �⃗⃗� + 𝜈∇2�⃗�. (5) 



The other relevant equations in standard magneto hydrodynamic theory remain 
valid in thermoelectric circumstances:  

 
 ∇ × �⃗⃗� = 𝜇0𝐽, (6) 

 
 ∇ × �⃗⃗� = −

𝜕�⃗⃗�

𝜕𝑡
≅ 0, (7) 

 
 ∇ ∙ �⃗⃗� = 0, (8) 

 
 

respectively Ampère’s law, Faraday’s  law, Gauss’s law for magnetism and the 
assumption of an incompressible fluid.  The magnetic constant is expressed by 𝜇0. 

The thermoelectric effects are generated only via the boundary conditions at the 
interfaces of the two homogeneous media with different absolute thermoelectric 
power or Seebeck coefficients.  

 

Figure 1: depiction of a conducting wall/fluid interface. (Shercliff, 1979)  

Figure 1 shows vector s tangential to a point on the interface, while vector n being 

the perpendicular component. So Ohm’s law now becomes:  

 1

𝜎𝑤
(𝐽𝑤 ∙ 𝑠) −

1

𝜎𝑓
(𝐽𝑓 ∙ 𝑠) = (𝑆𝑓 − 𝑆𝑤)(∇𝑇 ∙ 𝑠), (10) 

Where 𝑆𝑓 − 𝑆𝑤 is the thermoelectric power  P of the pair of metals. The electric 

conductivity is now split in wall constant 𝜎𝑤 and fluid constant 𝜎𝑓. The same goes for 

the conduction current: 𝐽𝑤 and 𝐽𝑓 for the wall and fluid.  

 The second boundary condition is Fourier’s law which alters equation ( 3) into 
 
 

𝑘𝑤

𝜕𝑇𝑤

𝜕𝑛
− 𝑘𝑓

𝜕𝑇𝑓

𝜕𝑛
= (𝑆𝑤 − 𝑆𝑓)𝑇(𝐽 ∙ �⃗⃗�) = −𝑃𝑇((𝐽 ∙ �⃗⃗�) 

(11) 

Where 𝑆𝑤 − 𝑆𝑓 is -P and the temperature is split in 𝑇𝑤  for the wall and 𝑇𝑓 for the fluid. 

The remaining boundary conditions found in ordinary MHD and heat -transfer 
problems stay the same. 
 

 ∇ ∙ �⃗� = 0, (9) 



The following theory is an application of the general theory mentioned above on 
the specific case of liquid lithium in a stainless steel tray.  The external magnetic 

field B is taken to be uniform and in the y-direction: �⃗⃗� = 𝐵0𝑒𝑦, and the problem is 

assumed to be two-dimensional, 
𝜕

𝜕𝑧
= 0. The magnetic field in the y-direction means 

that the 𝐽 × �⃗⃗� term from the Navier Stokes equation (8) is in the z-direction, for J in 
(1) has no component in the z-direction. The fluid will experience a Lorentz force in 
the z-direction and therefore the fluid will  flow in that direction with velocity: 
 
 �⃗� = 𝑤𝑒𝑧⃗⃗ ⃗⃗ , (12) 

with w the z-component of the velocity. The problem being independent of z-
coordinate means 𝑤 = 𝑤(𝑥, 𝑦, 𝑡), 𝑇 = 𝑇(𝑥, 𝑦, 𝑡), 𝑱 = 𝐽𝒙(𝑥, 𝑦, 𝑡) + 𝐽𝑦(𝑥, 𝑦, 𝑡). From equation 

(2) follows that, 
 
  �⃗⃗� = −∇𝑉 where 𝑉 = (𝑥, 𝑦, 𝑡) (13) 

If the Seebeck coefficient S only depends on T , so S=S(T), we can write: 
 
 

𝑆∇𝑇 = ∇𝐺, 𝐺 = 𝐺(𝑇) = ∫ 𝑆(𝑇)𝑑𝑇 
(14) 

With the help of last three equations, Ohm’s law (1) can be reduced to:  

Now, consider the vorticity:  

Finally, the Navier-Stokes equation can be rewritten in an equation for the vorticity:  

where the last term indicates the vorticity driven in the x-y-plane. 

 𝐽 = 𝜎(−∇𝑉 + 𝑤𝐵0𝑒𝑥 − ∇𝐺) (105) 

 �⃗⃗⃗� = ∇ × �⃗� =
𝜕𝑤

𝜕𝑦
𝑒𝑥 −

𝜕𝑤

𝜕𝑥
𝑒𝑦 (116) 

 
𝜕�⃗⃗⃗�

𝜕𝑡
+ �⃗� ∙ ∇�⃗⃗⃗� = 𝜈∇2�⃗⃗⃗� +

1

𝜌
∇ × (𝐽 × 𝐵0𝑒𝑧) = 𝜈∇2�⃗⃗⃗� +

𝐵0

𝜌
[
𝜕𝐽𝑥

𝜕𝑦
𝑒𝑥 −

𝜕𝐽𝑦

𝜕𝑥
𝑒𝑦], (127) 



4. Numerical setup 
To simulate the effect a magnetic field has on liquid lithium in a tray of stainless 
steel with a temperature gradient, the software Comsol Multiphysics was used. 
Comsol is simulation software that uses a finite element method to analyze and solve 
engineering problems.  

Geometry 

The tray of stainless steel in which the liquid lithium is kept, was built in Comsol as 
displayed in figure 2. 
 

 

Figure 2: image of the geometry of the tray. Width: 0.5m, height: 0.2m, length: infinite  in z-direction, 
wall thickness: 0.01m. 

 
The boundary walls of the tray, highlighted in blue, is the stainless steel material. 
The liquid lithium, grey in figure 2, fills up the tray. The tray is infinite in the z-
direction. 

Assumptions and boundary conditions 

The other relevant properties of the two materials  were put in Comsol as parameters 
and the temperature differences were assigned as follows: the bottom of the tray, at 
y=0, has temperature T0, while the top surface of the liquid lithium has temperature 

T=T0+dT (shown in figure 2)  and 
𝜕𝑇

𝜕𝑡
= 0 at 𝑡 = 0. These temperature distributions are 

chosen such that they resemble the heat produced by the irradiation of the liquid 
lithium by neutrons and the temperature difference this creates between the top and 
bottom of the system. 
 The system is taken to be completely at rest at t = 0, which means the flow in the 
z-direction w equals zero. The liquid lithium is assumed to be incompressible as well 
as the viscous and ohmic dissipation and the walls have a no-slip boundary 
condition. In addition, the problem is simplified to two dimensions by making every 

variable independent of the z-coordinate: 
𝜕

𝜕𝑧
= 0, as described in the theory section. 

   



Numerical computations 

Two partial differential equations were used in Comsol to numerically solve the 
problem; the heat equation for the thermoelectric current in the tray and the Navier-
Stokes equation for the liquid lithium flow in the z-direction.  

The mesh settings in Comsol determine the resolution of the finite element mesh 
used to discretize the model. The mesh used near the interface is finer than the rest 
of the tray because of the tendency of the thermoelectric effects to appear near the 
interface. The general element size of the model has a maximum element size of 
0.0052m and minimum of 1.04E-5m, calibrated for general physics . The element size 
of the interface boundary of the system, highlighted by the blue rectangle in figure 2, 
is calibrated for fluid dynamics with a maximum eleme nt size of 0.001m. The upper 
and lower corners of the interface of the system, marked by the blue circles in figure 
2, have a maximum mesh element size of 0.0003m. 

 
Figure 3: The mesh used in the Comsol model. The interface of the tray, highlighted by the blue 

rectangle and the corners marked by the blue circles have a small er mesh than the rest of the tray.  

In the study section of Comsol, the time that is simulated can be adjusted , as well 
as the  output that every computation gives. The output of every computation of a 
study done in Comsol, consisted of three plots:  

1. A two-dimensional plot containing a surface plot, for the magnitude and 

distribution of the flow speed in the z-direction; streamlines, to indicate the 

electric current density distribution; and contour lines, to indicate the 

temperature distribution in the tray.  

2. A one-dimensional plot showing the RMS-speed of w against time. This plot 

uses data from the whole time range.  

3. A one-dimensional plot showing the flow speed w against the x-coordinate 

with the y-coordinate fixed at H/2 and time t fixed at the last time interval.  

The strength of the magnetic field in the y-direction By and the temperature 
difference dT  were varied while keeping the other parameters constant. This has 
resulted in data that enables to find correlations between the magnetic field and 
temperature difference and the generation of the flow velocity field in the tray. In 
addition, the evolution of the RMS-speed of w against time shows at which time 
interval the system reaches a steady state, the point where the time derivative of w 
is approximately zero.   



 
 
  



5. Results 
The main goal of the research was to investigate the behavior of the liquid 

lithium in the tray under the influence of a magnetic field in the y-direction. A few 
simulations have been made to look what a magnetic field in other dire ctions than -
the y-direction would do. Graphs of the flow velocity field of the system under a 
horizontal and magnetic field in the z-direction can be found in the appendix.  

 

Figure 4: Snapshot of the 2D plot containing the flow  velocity surface plot, the electric current 
density (white streamlines) and the contour lines of the temperature distribution. At t=500s for 

By=0.001T, T=dT=300K and time interval [0,1,500] in seconds.  

1. Flow distribution in the tray 

In the snapshot displayed in figure 4, the distribution of the flow velocity, 
isotherm lines and electric current density is visible. The electric current density, 
indicated by the curved white streamlines, shows the path the current travels. 
Because thermoelectric effects are generated at the interface of the two materials, 
the interaction at the interface can clearly be seen as the lines form a closed loop  
with the interface.  
 

 

Figure 5: image of the tray with the color range of w  [-0.1,0.1]m/s and data range [-0.2,0.2]m/s. 



Figure 5 shows how the flow speed w drastically decreases when x approaches the 

center of the tray. It is also visible that the tray consists of more symmetrical area’s 

that have opposing flow directions than visible in figure 4. 

2. Relation between the RMS flow speed and the magnetic field  

Ten simulations have been performed in which the temperature T0 at the bottom 
was kept at 300K and the temperature difference at the top dT at 300K as well. The 
temperature T at the upper surface of the lithium then equals T0+dT. The magnetic 
field in the y-direction By was varied between a minimum of 8E-4 T and maximum 
 

 
Figure 6: Comsol plot of the evolution of wRMS  in time. By=0.008T, T=dT=300K. 

of 0.2 T. In figure 6, a plot of the evolution in time of the RMS speed of w, wRMS , is 
displayed. At about 1600 seconds it is clear that wRMS from then on remains constant 
in time: it has reached a steady state. For every plot  and simulation, the steady state 
flow speed wRMS,  SS is defined as this constant value, with tSS being the value at which 
wRMS reaches 98% of wRMS,  SS .  

 
Figure 7: plot of the RMS speed of w  against the magnetic field in the y-direction By .  

It was found that for every By, ranging from 8E-4 T to 0.2T, the flow of the liquid 
lithium in the tray eventually reaches a steady state. The corresponding constant 
flow speed wRMS,  SS   was plot against By,  resulting in the plot displayed in figure 7.  



 

 
Figure 8: plot of the steady state time tSS against By .   

 
The steady state time tSS,  the time at which wRMS  reaches 98% of the steady state 

value wRMS,  SS is plot against By in figure 8. It is clearly visible that for small values of 
By, tSS is relatively large. In regime I (blue), the steady state time rapidly decreases 
for increasing By until the turning point at 0.01T. The behavior after this first 
turning point in regime II (green) shows opposite behavior to that of regime I. The 
steady state time now increases slightly with increasing By values. It shows a small 
peak again at 0.03T and enters regime III in which the steady state time shows to be 
less susceptible to an increasing magnetic field, only slightly increasing between 
0.08T and 0.2T. 

3. The cross-sectional center distribution of the steady state flow speed in 

the tray 

One of the plots in the output of every computation in Comsol was made to 
display the flow speed w against the x-coordinate with the y-coordinate fixed at H/2 
and time t fixed at the last time interval . This plot shows the flow velocity along a 
center cross-section of the tray. Every simulation of the evolution of the system was 
carried on long enough for the system to reach a steady state so  the plot in figure 9 
shows the steady state flow distribution in the tray along the center cross-section. 
The plot very clearly displays how the lithium flows in the opposite direction with 
respect to each side of the tray. With this data, plot 10 was made. This plot is similar 
to the plot in figure 7, now using the absolute values of the two largest peaks  of the 
data in figure 6. In addition, it can be seen from figure 7 as well as figure 10 that 
smaller values of By result in larger values of wSS and that the flow of the liquid 
lithium decreases for larger values of the magnetic field.  
 As mentioned earlier and also visible in figure 4 and 9, the flow manifests itself 
predominantly at the vicinity of the lithium-stainless steel interface where the 
electric current density is highest . .  From figure 11 and 12, which respectively show 
how the lithium flow maximum tends to concentrate more closely to the interface in 
a larger magnetic field and how the amount of lithium that is set in motion by the 
Lorentz force reduces drastically in a larger magnetic field, it is obvious that smaller 



magnetic field values generate a larger Lorentz force. This becomes even more clear 
by the two-dimensional plots displayed in figure 13 and 14. 

 

Figure 9: Comsol plot of the flow speed w against the x-coordinate at the last time interval  of the 
computation with  y=H/2 . The plot shows how the flow is distr ibuted in the tray with two peaks at 

each side.  

 

 

Figure 10: plot of the steady state flow speed wS S against By .  

 



 

Figure 11: plot of the position of wS S value peak in the tray. It shows how the flow is concentrated 
closer to the interface for larger magnetic field values.  

 
Figure 12:  plot of the peak width of wSS against By .  This shows that for lower values of By , the 

amount of flowing lithium in the tray increases.  



 

 
Figure 13: image of the tray at t=3600s. B=0.0008T in positive y-direction,  T=dT=300K and time 

interval [0,1,3600]. 

 

Figure 14: image of the tray at t=1500s after simulating 1500 seconds with B=0.0008T in positive y-
direction,  T=dT=300K and time interval [0,1,1500]. 

In figure 13 it is visible that the electric current streamlines have the tendency to 
spread in the tray in a small magnetic field. Figure 14 shows that in a large magnetic 
field, the electric current density exhibits the opposite behavior.  
 

4. Influence of temperature difference dT at the top of the tray on the fluid 

flow  

The role of the temperature difference at the  top of the tray dT was investigated 

by keeping By constant and varying dT. For three magnetic field values, the behavior 

of the flow of the liquid lithium was examined by varying dT from 100K to 500K 

made visible in figure 15. 



 

Figure 15: plot displaying the influence of dT  on the RMS flow speed for three values of By  after the 
system has reached a steady state.   



6. Discussion 

Flow distribution in the tray 

Starting with the flow direction and distribution in the tray  displayed in figure 4 
and 5, the direction of the flow at the left side appears to be opposite to the flow 
direction at the right side. This can be explained by the fact that the direction of the 
current loop in one side of the tray is  opposite to the current loop in the other side 
of the tray. One being clockwise and the other anti -clockwise. This causes the cross 
product of J and B to reverse sign, resulting in a 180 degrees change in direction of 
the Lorentz force on the liquid lithium.  

Remarkable is that the stream lines of the electric current are not only present 
at the vicinity of the lithium-stainless steel interface, as expected, but also in the 
middle of the tray. Two current loops are present, mirroring each other, but having 
very little influence on the flow of the liquid lithium in that specific location in the 
tray; the flow speed becomes really small when x approaches the center of the tray. 
Where w has values of 15 m/s near the interface, w is smaller than 0.1 m/s in the 
center. 

Relation between the RMS flow speed and the magnetic f ield 

Figure 6 shows how the liquid lithium flow develops in time. The RMS flow speed 
develops rather quickly in the first 200 seconds of the simulation  and reaches a 
steady state slowly thereafter. The system is at rest when the simulation starts. 
Because of the temperature difference between the two different metals at the 
interface, the Seebeck effect will generate an emf, which manifests itself by forming 
a current loop J at the vicinity of the interface. Subsequently, the magnetic field in 
the y-direction By will cause the liquid lithium to flow under the influence of the 
Lorentz force in direction and magnitude 𝑱 × 𝑩. The flow of the fluid in this situation, 
with liquid lithium being a conductor,  can be seen as the equivalent of a moving wire 
in a magnetic field. This also generates an emf equal to 𝒗 × 𝑩 and in the opposite 
direction to the Seebeck emf, reducing J and the total emf in the current loop.  
 In the period of the first 200 seconds, the Seebeck emf will be generated, while 
the Lorentz force will take some time to get the fluid moving. Eventually after this 
period, the fluid will have reached a sufficient speed such that the second emf, 
generated by the Lorentz force, will reduce the total emf in the current loop and 
thereby reducing the force on the fluid. This process  slowly continues until the net 
force on the fluid is zero; the Lorentz force is totally cancelled by the friction forces 
on the fluid. This results in a steady state flow. 

For every value of By , the flow of the liquid lithium in the tray reaches a 
steady state. This means that the total force on the liquid becomes zero after a 
period of time which is caused by the Lorentz force in the tray equaling the friction 
forces. The graph of Figure 7 shows how wRMS,  SS and By are related to each other.  
Stronger magnetic field values cause very small values of wRMS,  SS.  It is unclear why 
this is the case. A stronger magnetic field will be able to put the fluid in motion much 
quicker but this process is coupled with the reduction of the total emf which stops 
the acceleration of the fluid. Apparently, the electrical current  density decreases 
much faster and sooner with higher By values before the fluid has reached a 
substantial speed. Figure 8 supports this by showing that the system quickly reaches 
a steady state for larger By  values.  

Figure 8 shows how the steady state time decreases rapidly in the 0.00T to 
0.01T region of By,  and then increases again at 0.01T. It is unclear from the theory 
why there is such a shift in the steady state time from region 0.00T to 0.01T and the 
region By>0.01T. It could be that for By<0.01T the Lorentz force on the fluid is so 
small that the decrease of the total emf takes a long time because the Lorentz emf 
generation is very slow.  



Relation between the cross-sectional center distribution of the steady state 

flow speed in the tray and the magnetic field 

The plot in figure 9 again shows how the flow develops predominantly in the vicinity 
of the tray’s interface. This is probably caused by the electric current loops being 
stronger near the tray’s interface  than elsewhere in the tray. The larger electric 
current density means a higher Lorentz force in that area.  Figure 10 supports the 
data in figure 7 by showing a similar relation between wSS and By .  
 Figure 11 and 12 show how a larger magnetic field forces the flow w maximum 
closer to the interface and reduces the amount of lithium set in motion. Figure 13 
and 14 make it easier to understand the data in figure 11 and 12. They show how the 
electric current stream lines of J tend to spread in the tray for small By  and 
concentrate at the interface for large By.  Why are the electric current stream lines J  
concentrated at the interface for large values of By? Apparently, the large magnetic 
field prevents the current loops from spreading to the center of the tray.  This also 
causes the limited amount of fluid motion. In a small magnetic field, J is much more 
spread to the center of the tray amount of fluid in motion is also larger.   
 

Influence of temperature difference dT at the top of the tray on flow behavior.  

Figure 15 makes clear that for small values of By,  wRMS,  SS , the RMS flow speed in 
steady state, is much more susceptible to changes in dT than in a stronger magnetic 
field.  The steady state flow speed at dT=500K in By=0.01T more than doubles the flow 
speed in By=0.05T. This can be caused by the Seebeck effect being stronger with 
higher temperature gradients. It is also  developed much sooner and resulting in 
stronger electric current densities which cause the Lorentz to be considerably large 
before the fluid has even reached a decent speed. Only when the fluid has a speed 
sufficient to reduce the total emf, the system will enter a steady state. This will take 
longer with smaller dT values. 
 

 

  

  



7. Conclusion 
The results show some very interesting aspects of the magneto -hydrodynamic 

flow of liquid lithium in a stainless steel tray. With respect to its potential use in a 
fusion reactor, applying a magnetic field to the system in the y-direction results in 
some positive characteristics as well as some less wanted aspects. The system 
always reaching a steady state is obviously an important characteristic for 
consistently and reliably abducting heat from the reactor. The possibilities of 
controlling the fluid flow in the tray are also promising when looking at the relation 
between the magnetic field, temperature gradient and  the flow distribution. Larger 
amounts of the fluid can be set in motion by decreasing the magnetic field near the 
blanket. Nevertheless the development of opposite flow directions at the side walls 
is unintended for the uniform and effective abduction of heat.   

The complex problem of letting liquid lithium pump itself across a fusion 
reactor to cool the breeding blanket has been greatly simplified in this research. 
There are still essential issues remaining to be tackled like applying the 
axisymmetric geometry of a real breeding blanket in the model, the non-linear 
incoming heat flux on the blanket and of course the much more complex magnetic 
vector field. However,  starting from the most basic level of moving the fluid around 
in thermal and magnetic fields, the results  in this report certainly hint towards 
possibilities. Extensive research is important in this sector and a further look at the 
application of a horizontal magnetic field can yield more beneficial information on 
this topic. 
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9. Appendix 
 

2D plots of flow distribution for  B in directions other than B=By  

 

 

Figure 16: 2D plot of the system under influence of a magnetic field in the z-direction. No fluid flow 
is observed.  

 

Figure 17: 2D plot of the system under influence of a horizontal magnetic field; x-direction. Velocity 
of the flow is symmetrical in the tray and has one direction only. Flow speed again largest in vicinity 

of the fluid-steel interface.  



RMS speed in tray vs time 

 

Figure 18: Plot of the evolution of the RMS speed in time for the system under a horizontal magnetic 
field, B=Bx .  No steady state is reached.  

 

 

Figure 19: Plot of the cross-sectional center distribution of the system under a horizontal magnetic 
field. 


