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Developing predictive models for the advanced divertors that are needed to handle the 
large power and particle loads of next step fusion devices is essential for the development 
of fusion power. The divertor functions to control particle densities in the core and to 
reduce the peak heat flux on material surfaces by generating radiative power losses as 
charged particles excite neutral atoms while recycling in the scrape-off layer (SOL). 
Historically, plasma and neutral physics models have evolved into separate numerical 
codes that interface for an integrated divertor model. However, the charged plasma and 
neutral gas species interact through charge exchange and ionization processes which can 
be as fast as Alfvén timescales in the divertor region where both neutral and plasma 
densities are large. This implies that generating a stable coupling of the two physics 
models together is extremely computational intensive if the coupling is explicit in time. 
This “code-coupling” problem is ubiquitous in many fields and requires the solution of an 
extremely nonlinear equation set with a large number of degrees of freedom. 

In this work, new methodologies are explored for coupling the UEDGE plasma 
fluid model [1] and the DEGAS2 Monte-Carlo kinetic neutral model [2]. Kinetic neutral 
models are required over regions where the spatial scales of interest become much shorter 
than the neutral mean free path. The initial guess for the solution is typically too far from 
the basin of attraction to use methods such as functional iteration from the outset.  In this 
case, the latter difficulty can be dealt with by solving for the time-dependent problem, so 
that taking a short time step makes the system diagonally dominant. As the short time 
scales equilibrate, larger and larger time steps can be taken. An implicit solution for each 
time step can be based on Newton’s method, which repeatedly solves for the step x 
needed to reduce the residual r, by solving the equation J.x=-r. Calculation of the 
Jacobian J on each step leads to an efficient quadratic evolution toward a root, but is 
expensive for such a large number of degrees of freedom. Quasi-Newton methods, like 
generalized Broyden’s methods and Anderson mixing [3], are good candidate algorithms 
for developing an efficient coupling strategy. Quasi-Newton methods are multi-
dimensional secant methods, which build up successive low-rank approximations to the 
inverse Jacobian J-1 of the nonlinear equation set based on the previous function 
evaluations. Although secant methods do not converge as quickly in one dimension, the 
advantage of these methods is that it is not necessary to evaluate the Jacobian and 
perform a large matrix inversion on each step. Progress on development of the algorithms 
and applications to modeling of divertor solutions will be presented. 
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