I ] ] ] ] ]
mpact of radiation distribution on
d ] ] ]
etachment onset and implications for
STEP di i
ivertor design
"United Kingdom Atomic Energy Authority, Culham Campus, Abingdon, United Kingdom

M_ Kryjak1,2, C. Cowley?), D. Moulton'l, S. S. Henderson'l, R. T_ Osawa'l, O. Myatra'l, B. D. Dudson4, P. Hi"2, iYorkPlasma /nStI.tL.Ite, DgpartmentofPhysics, University of York, York, UnitedKingdom
digiLab, Exeter, United Kingdom

U? Atomic

Energy
Authority

L. Pattinsonz. C. Ridqer52 4L awrence Livermore National Laboratory, Livermore, USA
Equations Inputs and outputs
— Context | |
Capabilities B d (ﬂ) =2 £.1,(T) — Power balance — assume impurity [
- - — lte Ja*ta P :
Calculates detachment front Evolu.t!oln of Detachment Loca’gon ds; \B radiation dominates Any two of n,, .. Pepy,
movement based on changes in Se_”s_'t'l\/'ty L(DLS [1I ,5,3])3-2[) first- dT _qy 1 Temperature equation — assume Parallel B profile
Ny, o, Psor p”nC'P es Lengyel-based [4] . dsy B k.T>/? conduction dominates X-point location
Calculates conditions required for analytical model padiation . Impurity cooling curve
 Now able to predict 1D profiles _ Pressure equation — assume Detachment front location
detachment access 4 include radiat dth Ty =16l L Onserved
ConI_S|ders mag?fetlf geometry and effects Detachment - Limitations: no neutrals, pressure loss or cross- One of ny, fy, Psor
GOSN SIS « Computational cost: 1-2s front field transport! 1D profiles of Ty, q;, Qraa
Two-point model scalings for The scalings change with broadening radiation! Effect breakdown
detachment access [2,6,7] . . . | Integral form of DLS-Extended
Original DLS model Total flux expansion scaling Connection length scaling S
2PM fanu . fo q||QTaddS||
n f 1.00 ] e 1.00 _- lenﬁ f:fquIQrad/BzdS” \/2 f:u KeOTl/ZLa(T)dT
u5/7a o [Ly] ™ B[ fr] ¥/ X o 0.75 F t o f
Foor LL) : - e 2PM total flux
threshold = =050 = 0.50 Bl serger expansion effect
> X ' - i 2PV Hou / + novel effect: radiation
. @ 0.25 0.25 R I I 2l O “averages out”
fR Total flux expansion 000 ' . 000 ‘ o . variations in B field
fi = BB o . T : b
2PM Thin Argon  Argon Neon Thin Argon  Argon Neon M
KfR ~ 1 (coronal) (coronal) M
Btat
Lower B increases flux tube area Total flux expansion scaling Connection length scaling
reducing q, increasing radiating 100 fpresecarrnvnrsnsnrannrnnsnranns wang 1,00 [ 7 .
volume ' ' : .
Y 0.75 0.75 F t E-»I A Qraa Lengyel integral: If
LLJ ' - | radiation can extend
= s 030 v 0.50 = B . | past T,,, lengthening L,
L" Parallel connection length =z 0.95 ' 05 .. ... ... . .. . . ’ | increases cooling curve
— | . | ——— integrgl (more
KEIIPM — 2/7 = 0.29 0.00 —=== 0.00 . le ] radiation)
- - 1 P anx
| | | 1 | | | 1
Greater length implies steeper VT Thin ~ Argon Argon  Neon Thin ~ Argon  Argon  Neon
for same conduction, so increases (coronal) (coronal} N
T, and n, DLS-Extended was used to run the inner and outer legs of an initial STEP design [8] to
test impact of doubling fz and L for cooling curves of increasing width ; -

Divertor design implications Comparing DLS-Extended to

Detachment threshold improvement SOLPS_ITE R
a) | T <. l ;_lg ( e) '}2
| I'3 113 Radiation distribution Outer divertor  Inner divertor
117 113 predictions compared 1.00f
109 159 to existing STEP 5 0o
07 {07 SOLPS-ITER i
y ) Iois Iois simulations [8] on ~ 0.50
: vy 0.4 0 | - 0.4 . . S
single SOL ring 2025}
Detachment window value o
_sF 77 7 )3 SE I SOLPS shows broad SRS I U I S P I Y R
s ¥ radiation, DLS- 0 10 2030 0 15 30 45
2 = 1S 113 Extended matches well >1tm! >1Im]
€ 5] 13 1173 -X Anielgel (e C_ =5 WS —— SOLPS DLS-Extended
N ! 09 E ég (If no sources/sinks — = DLS-Extended: match tem(perature)
| . 1 0. tune K,
~7r | 03 108 nearby) e e
1 ?011 ID.E
| -0.3 0.5
_g -0.5 I I 1 0.4 -
. 12 3 4 s Conclusions
R [m] R[m]
Thin curve Argon curve Argon / thin ratio
. : Detach t window:
DLS-Extended was used to evaluate 150 alternative STEP inner and outer §i§eagf g]aerra]\mvgtnerosvgace o o _ o
strike point locations for thin and realistic radiation curves, capturing impact on [ ¢hosenacaior » Guiding equilibrium design * Novel radiation effects
detachment access (threshold) and detachment stability (density window) zns ﬁm/ntmm or high-fidelity simulations impacting magnetic
" Implications * Highly interpretable, first- geometry benefits
icati s : : Ce
1 Potential to reduce machine height without impacting detachment prlnC|pIes phySICS studies gOUteS FO opt|m|3|ng the
2 Potential to reposition outer leg to better meet engineering constraints TEP divertor deSIQn
3 Potential to substantially improve inner divertor detachment performance with longer leg Need experiments and high-fidelity simulations to confirm!
This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratory under contract DE-AC52-07NA27344.
This project was funded by EPSRC CDT in the Science and Technology of Fusion Energy, Grants EP/L01663X/1, EP/S022430/1. [1]  Lipschultz, B., et al. (2016). Sensitivity of detachment extent to magnetic configuration and external parameters. Nuclear Fusion, 56(5), 056007.

[2] Cowley, C., et al. (2022). Optimizing detachment control using the magnetic configuration of divertors. Nuclear Fusion, 62(8),

[3]
[4] Lengyel, L. L. (1981). Analysis of radiating plasma boundary layers.

Myatra, O., et al. (2023). Predictive SOLPS-ITER simulations to study the role of divertor magnetic geometry in detachment control in the MAST-U Super-
X configuration.

(5] Rognlien, T. D., et al. (1992). A fully implicit, time dependent 2-D fluid code for modeling tokamak edge plasmas. Journal of Nuclear Materials, 196—198,
347-351.

[6] Stangeby, P. C. (2000). The Plasma Boundary of Magnetic Fusion Devices. The Plasma Boundary of Magnetic Fusion Devices.

[7] Petrie, T. W, et al. (2013). Effect of changes in separatrix magnetic geometry on divertor behaviour in DIlI-D. Nuclear Fusion, 563(11).

(8] Osawa, R. T., et al. (2024). Assessment of the impact of fuelling puff location on divertor impurity compression and enrichment in STEP. Nuclear Fusion,
64(10).

GitHub

The UK Atomic Energy Authority’s mission is to lead the delivery of Find out more
sustainable fusion energy and maximise scientific and economic benefit WWW.gOV.Uk/U kaea



	Slide 1: Impact of radiation distribution on detachment onset and implications for STEP divertor design

