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Motivation for using a fluid model
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• Computer simulation of magnetrons has usually been accomplished with PIC
• Has seen good success in quantitatively reproducing experimental features [1]

• Theoretical work has largely been accomplished by analysis of cold fluid equations
• Hull cutoff and Buneman-Hartree threshold [2]
• Nonlinear diffusion of the electron density [2,3]
• Nonlinear diffusion of electrons (nominally magnetically confined) has also been described kinetically [4]

• Linear instabilities of the electron beam e.g. magnetron instability and diocotron instability.

• It therefore seems natural to consider numerical solutions to a fully non-
linear fluid model for studying magnetron operation
• This has not been previously attempted as far as we know
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Relativistic fluid model
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Fluid SCL Boundary condition to account for cathode electron emission
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2D diode benchmark problem for the fluid SCL boundary condition
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Problem specification: Two-dimensional A6 magnetron with an 
output port

6



Hull cutoff and Buneman-Hartree threshold
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Magnetron simulation result (grid resolution dx=0.125 mm)
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Spectrogram (6.4 ns window) Output RF power

Electron density (arrows indicate electric current)



Numerical parameters
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Spatial convergence
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Summary and Conclusions
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• A fully non-linear, relativistic fluid model was used to model a 2D A6 magnetron
• Most magnetron theory has made use of fluid models
• Results indicate that this approach, or a similar approach, could be a useful
• A much higher spatial resolution is required compared to a PIC simulation to obtain a converged 

result

• An  SCL emission boundary condition for the fluid model was developed
• Benchmarking results indicate similar behavior compared to PIC SCL boundary conditions
• The methods used also enable a fluid thermal desorption boundary condition for study of 

electrode impurities, to be presented in future works
• Many other applications besides magnetrons should be possible



1D diode benchmark problem for the fluid SCL boundary condition

12

On the left, a comparison between the fluid SCL electric field result is plotted against 
relativistic and non-relativistic theory. On the right, the transient evolution of the 
electric field at the cathode and the gap voltage is plotted.


