PREDICTIVE STUDY OF NON-AXISYMMETRIC NBI LOSS ON THE UPGRADED KSTAR PLASMA-FACING COMPONENTS
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ABSTRACT PARAMETER-DRIVEN CHANGES IN ION-LOSS DISTRIBUTION
CAD geometry supports engineering-level fidelity in NBl-induced ion-loss analysis Beam energy and source (Figs. 3-5)
Using a KSTAR PFC CAD geometry and an efficient 3D collision-detection routine, we found (Fig. 1): ¢100 - 60 keV: poloidal wetting narrows; peak heat flux |, =®75-80%;
e Diagonal, band-like, and non-axisymmetric ion loss distribution by the combined poloidal turn and toroidal deposited power fraction J, ®90-95%.
drift of fast ions. *NB1-C: highest losses; NB1-A: 3—4 times lower than NB1-C; NB1-B: no measurable losses.
e Localized heat flux peaks at protrusions and leading edges of the tungsten divertor. Plasma current and poloidal beta
Parameter scan over NB source (beam path), energy, and magnetic equilibrium [, - higher safety factor (q) and stronger radial drift - broader distribution along poloidal-turn (Fig. 6-ii-d).
e Observed results can suggest ion loss mitigation guidance (limited to scanned range). B, (Shafranov shift) - increased divertor and PL deposition (Fig. 3).
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FIG. 3. Maximum heat flux and percentage of power deposition for varying beam energies, sources, I,,, 5, and
Monte Carlo orbit-following NuBDeC code for NBI simulation. outer strike point position of the magnetic separatrix on the divertor. The three PFC regions in the legend are

illustrated in Fig. 2-iii.

e Bi-Gaussian NB source is used. lonization is sampled via the random-threshold method [14, 15].
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FIG. 4. (i) NuBDeC beam-source variants: (i-a) reference; (i-b) single-parameter change to NB1-A; NB1-B shows no

recorded to its PFC region (divertor, PL, other; shown in Fig. 2-iii). ion loss. (ii) Heat-flux maps from ion loss on the unfolded divertor: (ii-a) reference; (ii-b) 60 keV; (ii-c) NB1-A; (ii-d) I,,

* Forabeam pulse of duration At, the NBI-induced ion-loss heat flux on element j is: = 0.50 MA; (ii-e) B,, = 2.0. The white arrow (orange outline) marks the start of the plasma-wetted area.
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e For beam deposition calculations, electron density and temperature profiles are in Fig. 3-ii # #2 #3 Direction of plasma current
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Each setup tracks 2.4 X 10” Monte Carlo sample ion particles. FIG. 5. (i) Unfolded-PL heat-flux maps from NuBDeC NBI-induced ion loss: (i-a) reference; single-parameter

* Summary of the results: lon-loss heat flux and power fraction ranges (42 setups; 1 MW NBI; Fig. 3) variants—(i-b) NB1-A source, (i-c) I,, = 0.50 MA, (i-d) (5, = 2.0, (i-e) outer separatrix strike on the central divertor. PL
e Divertor: heat flux max. < ®30 kW m~?; power fraction < 0.5% heat flux vanishes for 60 keV NB1-C. (ii) Unfolded-divertor map for the outer strike on the central divertor
e PL: heat flux max. < =40 kW m~2; power fraction < 0.3% (cf. Fig. 4-ii); the wetted area reaches the inner limiter. The white arrow (orange outline) marks the start of the
e Other PFCs: heat flux max. < =15 kW m~2; power fraction < 0.35% plasma-wetted area.
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FIG. 2. (i) Toroidal cross section of magnetic separatrices for seven magnetic equilibria in the NuBDeC simulation

parameter scan. Equilibrium case | is the reference setup (I, = 1.00 MA, B,, = 1.0). (ii) One-dimensional profiles of

electron temperature (T,) and density (N,) over p = \/¥n =/ (W — Yaxis )/ Wicrs — Waxis )-
(iii) Toroidal cross section of KSTAR PFC surfaces illustrating the poloidal turn, poloidal midplane, and the following

PFC regions. Categorization of the simulation results: divertor, *PL, and others.

loss distribution and raising divertor loading.
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