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1. Introduction 

COMPASS Upgrade (COMPASS-U) is a medium-size, high-magnetic-field and high-

density tokamak project with a flexible set of the poloidal field coils for generation of the 

single-null, double-null and snowflake divertor configurations. With its high plasma and 

neutral density, closed divertor and strong ITER-like target shaping, COMPASS-U is of 

particular interest for ITER in terms of similar divertor plasma and neutral parameters, as 

well as predicted power decay length and peak power loads to the divertor targets [1].  

This paper presents the first simulations of the COMPASS-U divertor plasma by 

SOLPS4.3 code package [2]. The edge plasma solver in SOLPS4.3 consists of a coupling 

between a multi-fluid model for ions and electrons (B2) and the kinetic 3D Monte-Carlo 

neutral transport model (Eirene). SOLPS4.3 has been the workhorse for the ITER divertor 

design [2] and features the most sophisticated EIRENE version including neutral viscosity 

and neutral-neutral collisions [3].  

2. Modelling setup 

For the SOLPS4.3 modelling the computational mesh is created based on the first wall 

geometry and the magnetic equilibrium, provided by the FIESTA code [4], corresponding 

to the asymmetric double-null magnetic configuration of the COMPASS-U baseline 

scenario with plasma current Ip=2 MA, toroidal magnetic field Bt = 5T and q95 = 2.47. All 

the plasma facing materials (PFC) are assumed to be covered with tungsten. Recycling 

coefficient is set to unity everywhere except for the pumping panels with prescribed albedo 

of 0.01. The first COMPASS-U simulations were performed for pure D plasma with fixed 

anomalous cross-field particle (D⊥= 0.3 m
2
s

-1
)
 
and electron and ion heat (χe,i = 0.55 m

2
s

-1
) 

diffusivities, which are within the range of the coefficients used in the SOLPS-ITER 

Alcator C-Mod simulations [5]. The drifts are not included in these simulations. The 

simulations of the steady state plasma are carried out at the fixed value of power coming 

from the core to the SOL across the last closed magnetic surface (PSOL), which is divided 

equally between ions and electrons. The edge plasma density is characterised by the total 

number of the deuterium particles residing in the computational domain outside the 
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separatrix (ND
edge

) [6]. The density scan is performed by obtaining series of steady state 

solutions corresponding to different values of ND
edge

.  

Figure 1 presents the 2D distributions of plasma density and electron temperature at 

upper and low divertor targets for the PSOL = 4MW and plasma density at the outer 

midplane ne_omp = 9.7∙10
19

m
-3

. It is found that the upper divertor is cooler and less dense 

than the lower one. Comparison of the divertor target heat loads reveals significant 

asymmetry in power fluxes to the inner and outer targets, high power fluxes to the lower 

divertor targets which are comparable with the predicted values for COMPASS-U [1] and 

the relatively small power fluxes to the upper divertor targets (figure 2). The resulting 

power flux decay length mapped to the outboard midplane is ~0.9 mm for outer lower 

target which is roughly consistent with the estimates based on the multi-machine empirical 

scaling for attached conditions [7].  

  

Figure 1. 2D distributions of Te and ne in the upper 

and low divertor of COMPASS-U 

Figure 2. Power flux profiles along divertor 

targets for baseline COMPASS-U scenario (ne_omp 

= 9.7∙10
19

m
-3

, PSOL=4MW) 

3. Density and input power scans 

The outer midplane and target Te and ne profiles, particle and power target fluxes are 

compared for various midplane plasma densities and input powers from 1 to 4 MW. Similar 

radial transport coefficients and boundary conditions are used for all cases. The simulated 

particle flux profiles corresponding to PSOL = 4MW case are shown in figure 3 for three 

outer midplane electron densities, 4.4∙10
19

m
-3

, 6.5∙10
19

m
-3 

and 9.7∙10
19

m
-3

. During the 

density increase the particle flux roll-over is not observed; therefore, one can conclude that 

it will be difficult to reach detachment without impurity seeding. The input power scan in 

figure 4 demonstrates almost 10 times increase of the peak power flux to the lower outer 

divertor targets with 4 times PSOL increase eventually exceeding the tolerable level of power 

target loads ~20MW/m
2
 for bulk W without mitigation methods. 
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Figure 3. Outer target profiles of ion flux during 

density scans at PSOL=4MW 

Figure 4. Outer target power flux during input 

power scan PSOL at ne_omp = 4.4∙10
19

m
-3

4. Effect of the pumping slot position 

In COMPASS-U design the pumping position is not fixed yet, therefore numerical study 

of the pumping position effect could be useful from the design perspective. The SOLPS 

simulations are carried out for two pumping positions: i) at bottom of the private flux 

region (PFR) and ii) just above the outer divertor target (figure 5a). Figure 5b shows the 

comparison between the electron and ion temperatures and power flux profiles along the 

outer target for different pumping slot positions. The simulation demonstrates a weak 

dependence of plasma parameter profiles on the position of the pumping slot.  

 

Figure 5. a) Computational grid with two alternative pumping slot positions; b) the electron and ion 

temperature and power flux profiles along the outer target obtained for cases with different pumping slot 

positions 

5. Effect of neon seeding  

The impurity seeding (Ne, Ar, N) will be used to ensure the necessary level of divertor 

radiation providing sufficient reduction of the power loads to the divertor target is reached. 

The fully recycling (lack of surface chemistry) nature of neon (Ne) makes it attractive as 

the divertor radiator in ITER [7]. Therefore, Ne seeded cases are considered in the SOLPS 

simulations as well. The impurity inventory at the edge is used as the control parameter in 

the impurity-seeded plasma simulations corresponding to Ne concentration at the separatrix 

normalized to the separatrix electron density CNe = 0.5%. Figure 6 shows the distribution of 

Ne radiation losses in the divertor for the case with PSOL=4MW and nomp = 9.7∙10
19

m
-3

. 

Figure 6 shows the distribution of Ne radiation losses in the divertor for the case with 
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Pin=4MW, nomp = 9.7∙10
19

m
-3

. One can see that Ne predominantly radiates within the 

divertor volume. The Ne seeding increases the radiative fraction by a factor of 2 relative to 

the pure D case up to 30% of PSOL, with the impurity radiation contributing 50% of the total 

radiation losses. Figure 6b compares distribution of the outer target power flux in the Ne-

seeded and pure D plasmas. One can conclude that Ne seeding at CNe=0.5% reduces the 

power loads at the divertor targets by ~ 20% only, remaining them still above the 

acceptable level. The next steps will be studying the effect of the Ne inventory increase and 

making comparison with the nitrogen seeding. 

   

Figure 6. a) 2D distribution of Ne radiation losses in the divertor for the case with PSOL=4MW and nomp = 

9.7∙10
19

m
-3 

b) Outer target power flux profiles in Ne-seeded and pure D plasmas 

6. Conclusion 

In this paper the first results of SOLPS4.3 simulations of COMPASS-U tokamak are 

presented and discussed. Comparison of the divertor target heat loads in COMPASS-U 

scenario at Ip=2 MA, Bt = 5T demonstrates the divertor asymmetry, high power fluxes to 

the lower divertor targets and the relatively small power fluxes to the upper divertor targets. 

The density and input power scans are carried out for the fixed radial transport coefficients 

and boundary conditions. Detachment is not reached at the high density case. Simulations 

with different pumping slot position indicate the weak dependence on this parameter. The 

Ne impurity seeding corresponding to the CNe_sep = 0.5% results in an increase of the 

radiative fraction by a factor of  2 and approximately 20% reduction of the power loads 

onto the divertor targets. The goal of the further simulations will be finding the conditions 

required to reach the detached divertor plasma regime and reduce the power loads to the 

divertor targets to the tolerable level. 
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