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Introduction 

The field of nuclear fusion research represents a bright future for clean and sustainable energy production. Fusion 

produces more energy per amount of fuel than any other method of energy production (including coal, oil, natural gas, 

nuclear fission, etc.), and is an inherently safer method than nuclear fission power plants. Fusion produces no long-

term radioactive waste and is unable to cause safety issues with runaway chain reactions, since it requires a 

continuous source of fuel in order to continue producing energy. One method for nuclear fusion energy production 

which thus far has produced the greatest output of power to energy input is the method of inertial confinement nuclear 

fusion. The flagship United States institution working on this is the Lawrence Livermore National Laboratory’s 

National Ignition Facility. There they first produced a net gain of ‘lab frame’ energy from a nucelar fusion reaction. 

This has been continually developed there and other places around the world including many labs and universities. 

This research contributes to this area of fusion energy, because the reactions at the National Ignition Facility are of 

sufficient energy and density that it is governed by the laws of high energy density physics known as radiation 

hydrodynamics.  Specifically, we seek to develop a spherical formulation of one of the traditionally used models of 

radiation hydrodynamical systems known as the Hammer and Rosen model. The spherical formulation will allow for 

increased computational accuracy and efficiency when compared to current methodologies being used in national 

laboratories as well as private companies. 

Our Work 

Over the last year, thanks to the support of The Vincent P. Slatt Fellowship for Undergraduate Research in Energy 

Systems and Processes, we have built out a more robust version of the planar case of the Hammer and Rosen model. 

By filling in derivations and working on simulations based off their initial paper, we have been able to successfully 

reproduce their results and apply it to problems relevant to inertial confinement fusion energy production. Next, we 

took the robust planar Hammer and Rosen model and worked on a spherical formulation of the model in order to 

simulate with greater speed and accuracy complex spherical inertial confinement fusion energy experimental 



conditions. While this work is still in progress, we have made great strides in this development and are close to fully 

validated spherical formulation of the Hammer and Rosen radiation hydrodynamic model. Some of our initial 

validations are seen in Figure 1 below. It displays a comparison of the analytical, spherical, Hammer and Rosen 

model with a Sigmoid Analytical approximation and a numerical method approximation. The figure also shows that 

the model produces more accurate results for a decreasing value of epsilon, which is a physically derivable quantity 

equal to beta divided by the quantity four plus alpha. Epsilon is inherent to every material used for the experiment. 

This knowledge of proportional accuracy to epsilon informs experimental design of the materials used in the inertial 

confinement fusion energy experiments. 

 

Figure 1: A variety of plots generated of the spherical simulation of the 1-dimensional formulation we derived from the planar Hammer and 

Rosen radiation hydrodynamics model. 

Conclusion 

This past year, thanks to the Slatt Family, we have produced a more robust planar Hammer and Rosen radiation 

hydrodynamics model which is the necessary basis for the formulation of a spherical version. Then, we worked off of 

the planar case to contrast a novel spherical radiation hydrodynamics model which can be used to model inertial 

confinement nuclear fusion energy experiments. Going forward, further work will be done to finish validation of the 

spherical model and we hope to publish the results. Then, experimental work can be done to validate the accuracy of 

the model and determine the relative strengths and weaknesses that it provides researchers when compared with 

alternative formulations or methodologies used in the field of radiation hydrodynamics simulations. 


