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ABSTRACT 

Use of static molten salt nuclear fuel in simple tubes was discarded in 1949 without considering 

how convection could affect its utility. This poster describes CFD studies showing that such tubes 

are practical as fuel elements in essentially conventional fuel assemblies. They can achieve power 

densities above 250kW per liter of fuel salt (higher than PWR’s) and do so without causing the 

tube wall to heat to dangerous levels. This discovery enables the achievement of the many benefits 

of molten salt fuel while utilizing the highly developed technology, regulatory, non proliferation 

and safety benefits of current fuel assembly technology. 
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INTRODUCTION  

The concept of using a molten halide salt as fuel in a nuclear fission reactor originated in the USA 

in the late 1940’s as a concept for a nuclear reactor to power an airplane. The initial concept was to 

place the molten uranium salt in tubes that were rather similar to those used for uranium oxide or 

uranium metal fuel. That concept was abandoned because simple calculations showed that the low 

thermal conductivity of the molten salt (<1W.m-2.K-1) would result in the salt boiling at the centre 

of the tube if its diameter was greater than 2mm. 

 

The US scientists deliberately ignored the contribution of convection to heat flow in such a system 

even though it is well known that convection dominates heat transfer in liquids. They presumably 

did so because convection would be an unreliable heat transfer mechanism in an airplane where g 

forces could vary suddenly and dramatically. Accordingly, the US scientists developed a system 

where the molten salt was rapidly pumped around a circuit creating turbulent flow conditions and 

greatly improving heat transfer. This was the basis of the Aircraft Reactor Experiment and the 

subsequent Molten Salt Reactor Experiment. It has also been the basis of every molten salt reactor 

concept created since that time. The original decision to abandon the un-pumped fuel concept has 

never been revisited, even though the reason for that decision – unreliable convection in an aircraft 

– has become irrelevant. 

 

The engineering and safety case complexity resulting from this critical decision to focus on 

pumped molten salt systems is a significant factor explaining why no molten salt reactor has been 

built in the 50 years since those early experimental reactors.  

 

We therefore set out to establish whether the concept of un-pumped, static, molten salt fuel was 

viable for a non aircraft application. The science of computational fluid dynamics has advanced 

dramatically since the 1950’s and convective heat flows in simple systems such as tubes containing 

molten salt can be readily modelled. 

METHODS 

All CFD work was undertaken using ANSYS CFD tools (V15.0): Design Modeller for geometry 

preparation; ANSYS Meshing; and ANSYS Fluent for pre-processing and solving.  Some 
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quantitative results were obtained directly from Fluent; others from expressions calculated in 

ANSYS CFD-Post (the post-processing tool), which was also employed to generate all contour and 

streamline plots.  

 

The fuel salt modelled was a eutectic mixture of 60% NaCl/40% actinide trichloride. Table 1 

shows the parameters used in the model. 

 

Composition of fuel salt NaCl/UCl3/PuCl3 60/20/20 mol% 

Melting point of fuel salt 730K [1] 

Boiling point of fuel salt 1837K 

Density of fuel salt 4.1690-9.014x10
-4 

g.ml
-1

.K
-1 

[2] 

Viscosity of the fuel salt [2] 
     (     )          

    

    
 

Thermal conductivity of fuel salt 0.5 W.m
-1

.K
-1 

Specific heat capacity of fuel salt Rises from 520 J.kg
-1

.K
-1

 at M.Pt. to 670 at B.Pt 
 

Composition of coolant salt KF/ZrF4/NaF 48/42/10 mol% 

Density of coolant salt [3] 2770 kg.m
-3 

Specific heat capacity of coolant salt [3] 1050 J.kg
-1

.K
-1 

Kinematic viscosity of coolant salt [3] 1.7 x 10
-6 

m
2
.s

-1 

Thermal conductivity of coolant salt 0.7 W.m
-1

.K
-1 

Coolant velocity between fuel tubes 4 m.s
-1 

Coolant inlet temperature 450-460°C 

Table 1 Parameters used in the CFD model 

 

The physical system modelled 

was a straight sided tube of 

1.5m height and varying 

diameter. 

 

Fission heat generation was 

expressed as a function of 

height in the tube based on 

neutronic calculation of fission 

rates and is shown in figure 1. 

 

 

 

 

RESULTS 

 

Figures 2 and 3 show the 

maximum temperature reached 

by the coolant salt and by the 

material of the fuel tube walls 

for fuel tubes of different 

diameters run at increasing 

power levels. Because the 20mm 

tube simulation showed that 

flows were on the margin 

between turbulent and laminar, 

simulations were run assuming 

both behaviors but this had only 

Figure 1 Vertical variation in fission rate in fuel tube 

Figure 2 Maximum coolant salt temperature 
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minor impact on the results as can be 

seen in the figures 

 

Figure 4 shows the maximum 

temperature in the fuel salt itself 

under the same conditions of varying 

tube diameter and power level. The 

dotted line shows the boiling point of 

the fuel salt. 

 

This shows that for 10mm tubes a 

power density of 250kW/l can be 

achieved while still remaining 200°C 

below the salt boiling point. Still higher power densities can be achieved with tube at 8mm 

diameter but at diameters below that steady state conditions failed to be established. This fits the 

intuitive conclusion that at very small diameters convection will fail due to drag on the walls 

leading to local overheating and sudden movements. 10mm tube diameter allows more than 

adequate power levels while leaving a good safety margin against convection failure. 

 

CONCLUSIONS 

The high heat transfer achieved from tubes containing molten salt fuel allow power densities to be 

achieved in reactors which are midway between those achieved in PWR’s and in sodium cooled 

fast reactors.  

Critically, the heat transfer coefficient from the fuel salt to the tube is almost 2 orders of magnitude 

lower than the heat transfer coefficients across the tube wall and from the tube wall to the coolant 

salt. As a result, the tube wall only heats to a few 10’s of degrees above the temperature of the 

coolant salt, even though the fuel salt may be almost a thousand degrees hotter. This is a key 

finding because it allows the fuel tubes to be manufactured from the same nuclear grade steels used 

for fast reactor fuel cladding without even approaching their approved temperature limits. 

 

Figure 3 Maximum tube wall temperature 

Figure 4 Maximum fuel salt temperature 
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NOMENCLATURE 

CFD  Computation fluid dynamics 

PWR Pressurised water reactor 
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