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Figure 1: The setup for the SOLPS simu-

lations presented. The wall highlighted with

blue represents the D gas puff location, green

represents the lithium evaporation location,

and the orange walls are entrances to the outer

vacuum vessel. Lithium is assumed not to re-

cycle off of any surfaces.

Overview: The lithium vapor box is a divertor de-

sign for controlled plasma detachment [1]. By creat-

ing a lithium evaporation zone close to the target and

condensing walls farther away, there can be a strong

differential pumping effect. The lithium would be re-

circulated from the condensing walls to the evaporat-

ing walls via capillary pressure in poloidal tubes [2].

This would then tie the impurity ionization rate, and

thus radiation, to the poloidal distance from the detach-

ment front to the divertor target. Such a configuration

would thus preclude the ionization front from reach-

ing the X-point, since significantly less lithium would

be available to such a plasma, making the detachment

front resilient against running up to form an X-point

MARFE.

Significant modeling has already been done of a

lithium vapor divertor, using both the fluid code

UEDGE and the Monte-Carlo neutrals code SPARTA

[2, 3, 4]. These codes confirmed that the lithium vapor box could have the desirable quali-

ties of detachment front resilience while maintaining a low heat flux to the divertor. However,

the UEDGE code also predicted, under some circumstances, a large upstream lithium frac-

tion, potentially leading to significant fuel dilution. Furthermore, the SPARTA calculations used

UEDGE results to inform the boundary conditions for those simulations, since SPARTA does

not perform plasma simulation. In order to explore a lithium vapor box design using a self-

consistent lithium vapor and plasma model, this paper presents initial predictions for lithium

vapor box operation using the coupled fluid-Monte Carlo code SOLPS-ITER [5].

Using the SOLPS simulations, it is determined that the upstream lithium fraction can be

almost entirely suppressed with the addition of a deuterium puff. This is similar to the ’puff and

pump’ effect reported with other impurities [6]. Furthermore, the SOLPS simulations presented

here confirm that a vapor box configuration can localize the radiation between the divertor target

and the X-point, with the help of the deuterium puff. A plasma pressure decrease by a factor of

∼3 has been achieved using lithium, however complete detachment was not obtained. In no case

did the plasma fall below ∼1 eV, while UEDGE simulations of FNSF [4] found solutions with
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a large region below ∼1 eV with lithium injection. Indeed lithium recombination was found at

Te = 0.2 eV.

Simulation Input Parameters: SOLPS-ITER couples the fluid code B2.5 with the Monte-

Carlo neutrals code EIRENE. B2.5 solves continuity, parallel momentum and energy equations

for each of the ion species. The parallel momentum balance equation is solved using the full

Braginski form which includes thermal and friction forces from the main and impurity ions.

The form of these forces used in the 3.0.6 version of SOLPS-ITER is described in [7].

A section of the Experimental Advanced Superconducting Tokamak (EAST) PFCs and equi-

librium used in the simulations presented is shown in Figure 1. The blue highlighted wall repre-

sents the D gas puff location while the green highlighted wall represents the lithium evaporation

area. The lithium injected from the green highlighted wall was given a Maxwellian distribution

of velocities corresponding to a given evaporation rate. The outer wall was chosen for lithium

injection since any evaporation apparatus would likely require the space afforded by this loca-

tion. The orange highlighted walls acted as entrances to the outer vacuum vessel by having a

completely absorbing boundary condition. The recycling coefficients were chosen as an initial

approximation for steady-state operation with low wall temperature, with deuterium ions being

100% recycling and lithium atoms completely non-recycling, as they are assumed to condense

on any surface they interact with. A unity recycling coefficient at the divertor strike point will be

tried in the future, since direct plasma impingement would likely prevent lithium accumulation.

Figure 2: (a) The combined cooling power due to line ra-

diation, bremsstrahlung, neutral radiation, ionization, re-

combination and charge exchange for a variety of puff

intensity combinations. The results denoted by triangles

had significantly reduced upstream temperatures. (b) The

lithium ion fraction (nLiion/ne) as a function of the dis-

tance along the separatrix for a lithium evaporation of

3×1023 Li/s.

4 MW of input power across the core

boundary was chosen for all simulations pre-

sented, with the power equally split between

ions and electrons. A constant density bound-

ary condition on the core boundary of 3 ·1019

m−3 was chosen. The domain of the B2.5

grid extended roughly 2 cm into the SOL and

1.5 cm into the core from the separatrix OMP.

Extending the domain further was limited by

the expansion of the grid in the divertor re-

gion, which extended 4 cm from the separa-

trix at the target. A timestep of dt=10−6 −
10−8 seconds was required in order to achieve

a sufficiently accurate energy balance and

its convergence, with lower timesteps corre-

sponding to higher neutral injection cases.

Results: Figure 2 shows a promising initial result. The value of nLi/ne remains below 0.01

even while the cooling power is nearly 90% the input power of 4 MW. This is attractive for the
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Figure 3: The distribution of the radiation in the outer divertor for different D puff intensities. Notice that the

radiation becomes more localized into the divertor region as the intensity of the D puff increases. In the cases with

no D puff, much of the radiation occurs within the separatrix.

implementation of a simplified vapor box, without material baffles, since the fuel dilution factor

was a key open question [4].

Some features of Figure 2b should be addressed. First, the curves are not complete as the

injection of too many neutrals or too high of a lithium fraction would cause SOLPS to crash or

not internally balance energy correctly. These cases were omitted from the plot. Secondly, the

points denoted with triangles had significant radiation within the separatrix. Thus, even though

a non-D puffing case might appear to be a better radiator, the location of the radiation is not

desirable. This is also true of the highest magnitude lithium puffs (5×1023 Li / s).

The radiation distribution is illustrated in Figure 3, which shows the radiation density in the

outer divertor for different D gas puff intensities. This plot demonstrates the ability of the deu-

terium to push the radiation further into the divertor region. The resulting radiation distribution

is favorable for high upstream pressures, as shown in Figure 4. In Figure 4 we see that the up-

stream pressure is very low without the D puff since much of the radiation is produced within

the separatrix. As the D puff is turned on, the upstream pressures rise since the lithium and its

associated radiation is kept to the outer divertor.

Also noticeable in Figure 4 is that the pressure, while dropping significantly, never drops to

near zero as would be expected of complete detachment. At this time, no case has been found

where lithium puffing causes complete detachment while maintaining high upstream pressures.

This may be related to the inability of the simulations to go below 1 eV at the target, despite

UEDGE being able to go significantly below 0.2 eV with lithium injection [4]. This will be the

subject of further research.
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Figure 4: The electron temperature (a) and plasma pres-

sure (b) plotted against the poloidal connection length

along the separatrix. The upstream pressure and tempera-

ture rises with higher D puffing due to the radiation being

kept closer to the target.

Interestingly, the radiation from neutral

deuterium was significantly enhanced with

higher lithium evaporation. In the higher

lithium evaporation cases, the deuterium ra-

diation made up as much as 80% of the over-

all radiation. Without the lithium, the deu-

terium did not radiate nearly the same amount

of power. This beneficial emergent property

of a dual-puff geometry seems to be due to

increased neutral radiation from the increase

in electron density at the divertor target. The

lack of radiation due to lithium may be the

result of complete absorption at the target. Changing the target boundary condition to reflect

lithium could change the fraction of total radiation due to lithium. Exploration of this effect will

be the subject of further research.

Conclusion: This paper presents the first coupled fluid-Monte Carlo modeling of a lithium

vapor box divertor. The modeling demonstrated that the lithium fraction can be greatly reduced

via a deuterium puff. The deuterium puff is also shown to confine the radiation to the divertor

region. This confinement of radiation leads to greater upstream temperatures and pressures.

Using this technique, a large fraction of the input power was shown to be radiated away while

keeping the lithium fraction to below 1% at the separatrix outer midplane. The lack of radiation

due to lithium may be the result of its complete absorption at the target. Future research will

include changing the boundary condition at the target.
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