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1. Introduction 

The poloidal divertor configuration is considered the most promising solution to 

the partide and energy exhaust problem for a tokamak reactor. The scrape-off layer 

plasma surrounding the core and the high-recycling plasma near the divertor plates 

can be modelled by fluid equations for particle, momentum and energy transport. A 

numerical code (B2) based on a two-dimensional multi-fluid model has been developed 

for the study of edge plasmas in tokamalts [1]. In this report we identify some key 

features of this model as applied to the DIII-D tokamak. 

2. Physical Domain 

For the single-null poloidal divertor configuration of DIII-D the physical domain 

of interest is indicated by the shaded region in Figure 1. Plasma flows to the inboard 

and outboard legs of the divertor are generally not symmetrical, but there does exist 

a stagnation point in the scrape-off layer which allows one to approximately model 

each leg independently. We explore the consequences of this artificial separation by 

comparing results from simulations that include both legs with simulations of the 

outboard leg only. We also note the existence of the "private flux" region below the 

x-point. Plasma flowing along the separatrix toward the divertor plates can diffuse 

radially across flux surfaces, partially rilling the private flux region and broadening 

the power profile on the divertor plates. Simulations with and without the private 

* Work supported by U.S. DOE Contract W-7405-Eng-48 by LLNL. 



flux region clearly show the effect, yielding factor of two changes in the peak heat flux 

at the divertor plate. 

3. Poloidal Magnetic Field Variation 

The variation in the cross-sectional area of the scrape-off layer as one moves 

from the top of the device past the midplane and x-point down to the divertor plate 

is a consequence of the changing poloidal magnetic field strength. A more subtle effect 

is associated with the variation of the poloidal magnetic field as one moves radially 

across the scrape-off layer, especially near the x-point where the poloidal magnetic 

field vanishes identically. Effectively, plasma cannot flow past the x-point on the 

separatrix flux surface because the connection length becomes infinite. This has the 

effect of broadening the radial profiles in the scrape-off layer and at the divertor plates. 

4. Neutrals 

Some fraction, Rp , of the ions striking the divertor plate are neutralized and 

reflected back into the plasma. The remaining fraction is assumed to be absorbed by 

the plate or pumped out of the system by external means. A simple one-dimensional 

model describes neutral atoms originating at the divertor plate. The neutrals stream 

away from the plate along poloidal flux surfaces, attenuated only by ionization. A 

two-dimensional diffusion model for neutrals is under development. 

Multiple solutions for fixed input parameters have been observed in several 

scrape-off layer plasma models [2]. Usually, a high-recycling and a low-recycling 

solution are found. The degree of recycling is measured by the flux amplification, F, 

which is the ratio of the ion current at the divertor plate to the ion current crossing 

the core/scrape-off boundary. Multiple solutions do not seem to be possible with our 

simple neutrals model becauoe the flux amplification, F, is given by F = 1/(1 - Rf) 

where if, is a fixed input parameter. 



5. Radial Transport 

The radial fluxes in our model contain both diffusive and convective contribu

tions, e.g., the particle flux is given by T± = —D± • Vn + n • V e < m , where Dx is 

a spatially uniform diffusion coefficient and V c m t is a spatially uniform convective 

velocity. Radial profiles in the scrape-off layer are sensitive to the choice of these 

transport coefficients as well as the thermal diffusivities associated with radial heat 

flow for electrons and ions. We compare results for several sets of transport coeffi

cients, including those recommended for use in modelling the proposed ITER reactor. 

Generally, a strong inward convective velocity is necessary for simulating the narrow 

scrape-off layers observed in DIH-D , especially in H-mode. 

6. Boundary Conditions 

The scrape-off layer plasma is ultimately supported by the outflow of particles 

and energy from the core plasma. The particle outflow can be specified directly as 

a uniform radial flux at the interface between the core and scrape-off layer or by 

specifying a uniform density at the interface. Similarly, the energy outflows can be 

specified directly or by means of uniform temperatures at the interface. The B2 code 

seems to converge equally well for fixed fluxes or for fixed plasma parameters at this 

boundary. 

[ 1 ] B. J. Braams, "A Multi-Fluid Code for Simulation of the Edge Plasma in Toka-

maks", NET Report Nr. 68, January 1987. 

I 2 ] D. E. Post, W. D. Langer and M. Petravic, 3. Nucl. Mater. 121 (1984) 171-177, 

and M. Sugihara, S. Saito, S. Hitoki and N. Fujisawa, 3. Nucl. Mater. 128 & 129 

(1984) 114-117. 
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