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Abstract

A numerical investigation of plasma parameters in COMPASS tokamak is presented.

The plasma parameters in the device are analyzed in the frameof the self-consistent model

of central plasma and edge region. The possibility of achieving high recycling and detached

regimes in COMPASS divertor is discussed.

1. Introduction

Presently, the transfer of the COMPASS tokamak from UKAEA toIPP Prague is in progress.

During reinstallation auxiliary systems will be developed, basic diagnostics will be installed

and the COMPASS tokamak will be put in routine operation in the Ohmic regime with toroidal

magnetic field up to 1.2 T. In the second step the installationof the NBI system (2 x 300 kW)

will be done together with the re-deployment of the existingLH system (400 kW) and the

toroidal magnetic field will be increased up to 2.1 T [1].

In order to analyze plasma parameters in the COMPASS device under different operating

scenarios a modelling activity has been undertaken. The plasma performance in the COM-

PASS tokamak has been analyzed in the frame of self-consistent treatment of the core and edge

plasma. The issue of such global simulations is to assess theexpected range of plasma parame-

ters in the device as well as to determine plasma conditions when the high recycling or detached

regimes would develop in the divertor of the COMPASS tokamak.

2. Description of the model

The self-consistent description of the core and edge plasmais based on 0D model of the

plasma transport in the centre and 1D model of plasma dynamics in the scrape-off layer. De-

tailed description of the physical model is given in [2]. A similar model was applied to the FTU

tokamak poloidal limiter configuration and it was verified bycomparison with experiment [3].

Core region. The plasma parameters in the core (plasma temperatureT , ion density and

plasma current) are assumed to have profiles in the form of generalized parabolas [2] with

exponents consistent with the old COMPASS experimental profiles [1]. The profile of impurities

is prescribed asnz = (ne/nes)
αznzs with αz = 0.5 corresponding to a flat profile of effective

chargeZe f f . The plasma parameters at separatrix (indexs), which result from the SOL model,
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are required as input data to this part of the model. The plasma temperature in the centre is

calculated from the energy balance equation 3〈neT 〉/τE = Paux +POH − fradPlin ≡ Pcore, where

Pcore is the total power in the core composed of auxiliary heating power Paux, ohmic power

POH and line radiation powerPlin. The energy confinement timeτE corresponds to ITER98(y2)-

ELMy H mode scaling law [4]. The coefficientfrad is the ratio between power radiated in the

core and the total radiated power. Power flowing to the SOL is defined asPinp ≡ Paux +POH −

Plin.

Boundary region. Simulation of plasma behavior in the scrape-off layer is based on standard

two-point model [5]. The energy balance in the SOL defines theequation for the temperature

at the target plate (indexp) Pplate(Tp) = Pinp(Tp)−PSOL
rad (Tp), wherePSOL

rad is the line radiation

in the SOL and the power flowing to the SOLPinp is calculated in the core part of the model.

Plasma density at the plate and plasma temperature and density at the separatrix are evaluated

according to expressions corresponding to the two-point model [2, 5]. Impurity model includes

both sputtered and additional impurities and it is described in [2] in more detail. The radiation

losses in the core and the SOL regions are calculated assuming corona equilibrium [6].

3. Results
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Figure 1:Total energy lossesPloss, energy confinement timeτE , average plasma temperatureTcore,

plasma temperature at the LCMSTes, plasma temperature at the plateTep and normalized parameter

βn as functions of normalized volume average density〈ne〉/nG for different configurations. Scaling (B).

We use following device parameters in simulation: toroidalradiusRT = 0.56 m, poloidal

radiusRp = 0.21 m, elongationκ = 1.8, auxiliary heating powerPaux = 0.7 MW. We assume

that the anomalous radial diffusion is of the order of Bohm diffusion (D⊥ = 1
3DBohm) and we

takeR = 0.975 as the recycling coefficient in the SOL. In the model we have assumed car-

bon as the sputtered impurity, taking into account the physical as well as the chemical sput-

tering. In some simulations neon has been considered as an additional (injected) impurity. We
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have investigated operation regimes with toroidal magnetic field BT = 1.2 T as well as higher

magnetic fieldBT = 2 T which is predicted for the future upgrade of the COMPASS device

[1]. For every magnetic field two plasma currentsIp are considered: case 1:BT = 1.2 T, Ip

= 100 kA, case 2:BT = 1.2 T, Ip = 200 kA, case 3:BT = 2 T, Ip = 200 kA, case 4:BT =

2 T, Ip = 350 kA. Greenwald densitiesnG corresponding to cases specified above are: 0.72,

1.44, 1.44 and 2.53 (in[1020m−3]), respectively. First, we analyze the global plasma parame-

ters in the COMPASS by changing the average plasma density〈ne〉 in the device in the range

0.1nG ≤ 〈ne〉 ≤ 0.85nG. Since the scaling for the edge plasma densitynes for COMPASS toka-

mak is not available, we have considered three different expressions in our simulations:nes/〈ne〉

= 1
2 (A), 1

3 (B) and 1
4 (C). The results of simulations for medium scaling of the edge density

(B) and four cases specified above are shown in Fig. 1. It can beseen that with increasing

plasma density the confinement time increases (according tothe energy scaling law) and the
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Figure 2:Total energy lossesPloss and plasma temperature at the

plate Tep a) versus normalized volume average density〈ne〉/nG

for different configurations and for scaling (A). b) versus normal-

ized plasma density at the LCMSnes/〈ne〉 for different concen-

trations of additional impurities.

plasma temperature in the core

decreases, however the normal-

ized beta βn increases. Since

the Ohmic heating is small the

changes to the heating power are

weak and the same refers to the

power transmitted to the diver-

tor plates. It should be noted that

plasma radiation losses are rel-

atively small even for the high-

est plasma densities. In fact, the

edge plasma parameters corre-

spond to the simple SOL picture

[5] with weak temperature and

density gradients. For the highest

edge densities the plate tempera-

ture is well above the 5 eV level,

at which we can expect the devel-

opment of detached regimes in the divertor. Very similar picture is obtained for scaling (C) with

lower edge plasma densities. In the case of high edge densities (scaling (A)) a new regime could

develop in the SOL if the plasma density was large enough (cases 2 and 4) as it can be seen

in Fig. 2 a). If the plasma density exceeds some threshold density then the temperature at the

plate drops below 5 eV, the high density plasma is formed in the divertor and energy losses due
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to impurity radiation are significant. We note that the core parameters are almost not affected

by the transition to the detached mode. It should be remarkedthat such desirable strongly ra-

diating regime develops only at high plasma densities. In real device it could be very difficult

to operate with so large separatrix densitynes. However, it appears that the access threshold to

the detached regime could be lowered by introducing additional impurities. It comes out from

the simulations that the achievement of detached regime depends strongly on plasma density

and impurity concentration. The results show that for lowerplasma density (〈ne〉 . 0.5nG) it is

impossible to achieve the detached regime independently ofthe edge plasma density as well as

the impurity concentration, however the transition appears for higher density (〈ne〉 & 0.5nG) for

relatively large range of edge plasma densities. In order toinvestigate the effect of additional

impurities we show the results of simulations for the same case (case 4,〈ne〉 = 0.7nG), but for

different concentrations of neon (Fig. 2 b)). Two branches of solution corresponding to attached

and detached plasma are clearly seen in the Fig. 2 b). It is interesting to point out that in the

detached regime, the plasma parameters are almost independent on the edge density and impu-

rity concentration. The threshold density is reduced when the concentration of neon increases.

It should be mentioned that in the detached regime, there is asignificant production of carbon

due to the chemical sputtering while for attached regimes, physical sputtering is responsible for

the carbon release.

4. Conclusions

We have investigated plasma parameters in the COMPASS tokamak by means of self-consis-

tent core-edge model. Different operating scenarios of theCOMPASS device have been ana-

lyzed in order to estimate conditions for developing the high recycling and detached regimes. It

has been found that the operational space of the tokamak is relatively broad in terms of available

plasma densities, plasma currents and magnetic fields. It appears that the detached conditions

in the divertor can be created only if the plasma density is high enough and/or if additional

(injected) impurity is present.
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