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Optimisation of conventional or alternative 
divertors is crucial to tackle power exhaust

A POSSIBLE SOLUTION: ALTERNATIVE DIVERTOR CONFIGURATIONS

M. Carpita | AAPPS-DPP 2025 | 23 September 20255

Alternative divertor configurations (ADCs) introduce a more complex divertor (often, outer leg)
magnetic topology under the premise that this will promote detachment access

Additional coils for divertor shaping and / or a larger divertor volume → trade off with costs & complexity

ADCs are then studied as a risk mitigation option for future devices (e.g. EU DEMO) or, 
in some cases, as a necessary solution (e.g. ARC)

@ H. Reimerdes et al., Nucl. Fusion, 60 066030
Different ADC designs for EU-DEMO

H. Reimerdes et al., Nucl. Fusion, 60 066030

Different ADC designs for EU-DEMO

THE STANDARD LOWER SINGLE NULL: NOT ENOUGH?

M. Carpita | AAPPS-DPP 2025 | 23 September 20254

@ R. Pitts et al., [1, 2]
Divertor design for ITER

[1] R. Pitts et al., Nucl. Mater. Energy, 20 100696           
[2] R. Pitts et al., Nucl. Mater. Energy, 42 101854

Current tokamaks → diverted configuration, focusing plasma fluxes in the divertor region

ITER → Lower Single-Null (LSN) as the divertor solution

“Can this solution be extrapolated also to future devices?” 

R. Pitts et al., Nucl. Mater. Energy, 20 100696 
R. Pitts et al., Nucl. Mater. Energy, 42 101854

ITER conventional divertor designPower exhaust remains a critical 
challenge in the design of a fusion 
reactor

2 4 6
1019

0

0.2

0.4

0.6

0.8

1

SISO

SILO

NINO

LILO

1 - fmom1 - fpwr

upstream (u)

target (t)

 needs to be 
effectively dissipated
pSOL



E. Tonello, Swiss Plasma Center - EPFL  | 30th Fusion Energy Conference - IAEA, Chengdu, China  |  15th October 2025 

Quantifying performance and assessing 
integration of PEX approached in fusion 
reactor design 
requires numerical simulations

2

Optimisation of conventional or alternative 
divertors is crucial to tackle power exhaust
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TCV: an exceptionally versatile testbed for 
exhaust solutions

C. Theiler, “Progress and innovations in the TCV tokamak research programme” - TUE, 17:25, this conference

160 cm

290 cm

Tokamak à Configuration Variable (TCV) - Lausanne, Switzerland
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TCV: an exceptionally versatile testbed for 
exhaust solutions

C. Theiler, “Progress and innovations in the TCV tokamak research programme” - TUE, 17:25, this conference

(Power EXhaust) PEX 
upgrade: 2019 - 2021 
Four sets of dismountable baffles 
allow the study different degrees 
of divertor closure

H. Reimerdes et al 2021 Nucl. Fusion 61 024002
O. Février et al 2021 Nucl. Mater. Energy 27, 100977
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TCV diagnostics as a tool that allows direct comparison 
between models and experiments

D. De Oliveira et al. 2021 Rev. Sci. Instrum. 92 043547 
L. Martinelli et al. 2022 Rev. Sci. Instrum. 93 123505  
R. Ducker et al, paper submitted to RSI

TS

TDSS

DSS

RDPA

TCV can simultaneously probe many different plasma parameters, with 
extensive coverage of the plasma volume.

• Electron density and temperature 
(Interferometry, Thomson Scattering, Langmuir 
probes…) 

• Ion temperature (Divertor Spectroscopy, 
CXRS…) 

• SOL flows and fluctuations (Reciprocating 
Probe Array, tangential spectroscopy, Gas 
puff Imaging…) 

• Radiation (Foil bolometry, AXUV, X-ray, 
Spectroscopy…) 

• Target heat fluxes (IR cameras, 
thermocouples…)

A. Perek et al. 2019 Rev. of Sci. Instrum., 90 123514 
P. Blanchard et al 2019 JINST 14 C10038 
U.A. Sheikh et al. 2022 Rev. Sci. Instrum. 93 113513
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Outline of the presentation

5

• Introduction 

• In-depth experimental validation and 
optimisation in a LSN TCV scenario 

• Divertor closure scan: the role of neutral 
compression 

• Alternative Divertor Configuration scan: 
the role of magnetic divertor geometry 

• Predictive analysis: the Tightly Baffled 
Long-Legged Divertor (TBLLD)
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SOLPS-ITER: state of the art tool for boundary plasma 
modelling and divertor reactor design
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B2.5: finite volume (FV) plasma fluid solver
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B2.5 plasma mesh 
(field-aligned)

• Particle, momentum and energy equations for 
multi-ion plasma and electrons: , , , , na va Ta Te j

Φf
Φt

+ ∂ ∇ (⋅f) = Sf

• Multi-ion (main ion + impurities)
• Sources due interactions with neutrals

EIRENE: Monte Carlo (MC)  
kinetic neutral transport solver

• Solve kinetic equation for neutrals
• Neutral trajectory (e.g. recycled neutrals) are 
followed until ionization/dissociation or 
absorption by the wall/pumps

• Plasma particle, momentum and energy 
source are estimated 

The SOLPS-ITER code package
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kinetic neutral transport solver

• Solve kinetic equation for neutrals
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SOLPS-ITER: state of the art tool for boundary plasma 
modelling and divertor reactor design
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Capable of simulating reactor conditions: 
• physical size, magnetic field strength, mixed plasma 

species, wall geometry…

Simplifying hypotheses on plasma transport 
• fluid plasma transport model, cross-field transport mean-field 

+ drifts, toroidal symmetry…
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SOLPS-ITER: state of the art tool for boundary plasma 
modelling and divertor reactor design
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Low values of ion heat flux limiters significantly cool 
down the outer divertor

κlim
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κSH
∥ = f(cFL)κSH
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Conducted heat flux along the SOL: q∥ = − κlim
∥
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Optimisation of Carbon sources: chemical sputtering 
only effective at the targets

CI
II 

em
iss

ivi
ty

 (p
h/

s 
m

3 )

SPTchem everywhere

Chemical sputtering SPTchem target+main 
chamber 
• Qualitative difference: CIII emissivity peaked in the 

far-SOL   
• CIII-front is further away from the target than in 

experiments

CIII front position as an indicator of 
divertor conditions

8

Experiment Synthetic SOLPS



E. Tonello, Swiss Plasma Center - EPFL  | 30th Fusion Energy Conference - IAEA, Chengdu, China  |  15th October 2025 8

Optimisation of Carbon sources: chemical sputtering 
only effective at the targets

CI
II 

em
iss

ivi
ty

 (p
h/

s 
m

3 )

SPTchem everywhere

Chemical sputtering SPTchem target+main 
chamber 
• Qualitative difference: CIII emissivity peaked in the 

far-SOL   
• CIII-front is further away from the target than in 

experiments

CIII front position as an indicator of 
divertor conditions

…but chemical erosion by neutrals is induced by 
ion flux and high wall T (only at the target)

J. Roth and C. Garcia-Rosales 1996 Nucl. Fusion 36 1647

8

Experiment Synthetic SOLPS



E. Tonello, Swiss Plasma Center - EPFL  | 30th Fusion Energy Conference - IAEA, Chengdu, China  |  15th October 2025 

Synthetic SOLPS

8

Optimisation of Carbon sources: chemical sputtering 
only effective at the targets

CI
II 

em
iss

ivi
ty

 (p
h/

s 
m

3 )

SPTchem everywhere SPTchem target

Chemical sputtering SPTchem target+main 
chamber 
• Qualitative difference: CIII emissivity peaked in the 

far-SOL   
• CIII-front is further away from the target than in 

experiments

CIII front position as an indicator of 
divertor conditions

Chemical sputtering SPTchem target only 
• Recovers qualitative experimental emissivity pattern   
• Recovers CIII front location 
• However, underestimates emissivity ~factor 2

…but chemical erosion by neutrals is induced by 
ion flux and high wall T (only at the target)

J. Roth and C. Garcia-Rosales 1996 Nucl. Fusion 36 1647

8

Experiment Synthetic SOLPS



E. Tonello, Swiss Plasma Center - EPFL  | 30th Fusion Energy Conference - IAEA, Chengdu, China  |  15th October 2025 

ne (m-3)ne (m-3)

9

Multi-parameter, multi-location comparison of 
experiments and simulations



E. Tonello, Swiss Plasma Center - EPFL  | 30th Fusion Energy Conference - IAEA, Chengdu, China  |  15th October 2025 

ne (m-3)

9

Multi-parameter, multi-location comparison of 
experiments and simulations

ρpol ρpol

Upstream profiles

Including  estimated by JINTRAC improves 
accuracy of upstream profiles

⃗vpinch

t

0.8 0.9 1 1.1
0

2

4

6 1019

0.8 0.9 1 1.1
0

100

200

300Inward pinch

No pinch

ne (m
-3) Te (eV)

TS data
JINTRAC

 ~ - 1.0 m/s⃗vρpol=0.95
pinch



E. Tonello, Swiss Plasma Center - EPFL  | 30th Fusion Energy Conference - IAEA, Chengdu, China  |  15th October 2025 

ne (m-3)

9

Multi-parameter, multi-location comparison of 
experiments and simulations

Outer leg profiles

Optimisation of flux limiters improves accuracy on 
divertor conditions

5

10

15

1

2

3 1019 ne (m-3) Te (eV) Ti (eV)

ρpol

0.95 1 1.05 1.1
0

5

10

15

20

ρpol

0.95 1 1.05 1.1
0

ρpol

0.95 1 1.05 1.1
0

TS data TDSS dataTS data

ρpol ρpol

Upstream profiles

Including  estimated by JINTRAC improves 
accuracy of upstream profiles

⃗vpinch

t

0.8 0.9 1 1.1
0

2

4

6 1019

0.8 0.9 1 1.1
0

100

200

300Inward pinch

No pinch

ne (m
-3) Te (eV)

TS data
JINTRAC

 ~ - 1.0 m/s⃗vρpol=0.95
pinch



E. Tonello, Swiss Plasma Center - EPFL  | 30th Fusion Energy Conference - IAEA, Chengdu, China  |  15th October 2025 

ne (m-3)

9

Multi-parameter, multi-location comparison of 
experiments and simulations

R. Ducker et al, paper submitted to RSI

Outer leg profiles

Optimisation of flux limiters improves accuracy on 
divertor conditions

5

10

15

1

2

3 1019 ne (m-3) Te (eV) Ti (eV)

ρpol

0.95 1 1.05 1.1
0

5

10

15

20

ρpol

0.95 1 1.05 1.1
0

ρpol

0.95 1 1.05 1.1
0

TS data TDSS dataTS data

ρpol ρpol

Upstream profiles

Including  estimated by JINTRAC improves 
accuracy of upstream profiles

⃗vpinch

t

0.8 0.9 1 1.1
0

2

4

6 1019

0.8 0.9 1 1.1
0

100

200

300Inward pinch

No pinch

ne (m
-3) Te (eV)

TS data
JINTRAC

 ~ - 1.0 m/s⃗vρpol=0.95
pinch

Plasma flow profiles

0.98 1 1.02 1.04
-25

-20

-15

-10

-5

0

5

0.98 1 1.02 1.04

Unfavourable Favourable 

low density

high density

C
III 

pa
ra

lle
l v

el
oc

ity
 (k

m
/s

)

ne
SOLPS TDSS

ρpol ρpol

Simulations recover main trends of flow profiles: 
• SOL profile features in forward (favourable 

) and reversed field (unfavourable ) 

• Trends with upstream plasma density

∇B ∇B

∇B− ∇B−



E. Tonello, Swiss Plasma Center - EPFL  | 30th Fusion Energy Conference - IAEA, Chengdu, China  |  15th October 2025 

Divertor closure scan: SOLPS-ITER quantitatively 
reproduces the beneficial effect of divertor baffling 
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Increasing baffling increases divertor neutral 
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SOLPS-ITER simulation database used to inform 
reduced models

Two-point model estimates main divertor target quantities given 
upstream plasma pressure and input power:

2 2PM EXTENSION ACCOUNTING FOR PARALLEL FLOWS 3

(OMP), etc. It is usually taken as a stagnant location,
i.e. where v→ = 0. In the following, when needed, this
location will be specified.

2.1. 2PM predictions for target quantities and their
dependence on Rt

The most general 2PM expressions for target
quantities are reported by Stangeby in (15)-(17) of [10].
These are equivalent to expressions obtained by Kotov
and Reiter in [19] that were derived from the steady-
state version of the equations solved by the 2D multi-
species plasma fluid code B2.

These expressions are reported here, assuming
a simplifying hypotheses: (S-I) only hydrogenic ion
species (i.e. n = ne = ni) and no current (i.e.
v→ = ve,→ = vi,→); (S-II) thermal equilibration is
achieved along the flux tube (i.e. T = Te = Ti); (S-III)
the plasma flow at the target is sonic (i.e. Mt = 1,
where M = v→/cs is the isothermal Mach number

and cs =
√

(Te + Ti)/mi =
√

2T/mi the isothermal
sound speed). Hypothesis (S-III) and its link to the
total flux expansion e!ects are discussed in section
4.1. These assumptions, introduced for simplicity, can
be easily relaxed and they do not limit the following
discussion. The additional assumption, required for
the 2PM to derive the following expressions, is: (A-
I) the target corresponds to the sheath entrance (i.e.
q→,t = q→,se = ωntTtcs,t). Further details are provided
in appendix A. The expressions are

T
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where mi is the ion mass, e the electron charge, ω ↑ 8.5
the sheath heat transmission coe#cient [18] and Ru/t

are the upstream and target major radii respectively.
The power and momentum loss factors, fcooling and
fmom↑loss, are defined by

q→,t

q→,u
· Rt

Ru
= 1→ fcooling (5)

ptot,t

ptot,u
= 1→ fmom↑loss (6)

and the total plasma pressure is

ptot = 2nT +mnv
2
→ = 2(1 +M

2)nT (7)

The (Ru/Rt)X terms in (2)-(4) explicitly relate
target quantities to total flux expansion. However,
experiments [7, 12] and simulations [14] have shown
that such specific explicit dependencies of target
quantities on Rt are not always recovered.

2.2. Explicit dependence of fmom↑loss on Rt and the
e!ective Mach number Meff

The loss factors fcooling and fmom↑loss will in
general also depend on Rt, as they are lumped
parameters accounting for a variety of complex physical
processes [12, 14, 15, 16]. These processes can be
separated into two main groups: (1) volumetric sources
and cross-field transport e!ects; (2) geometrical e!ects,
related to flux tube cross-sections. This distinction is
important, as the latter can be explicitly linked to total
flux expansion e!ects, as shown in the following.

While fcooling relates only to processes pertaining
to group (1), fmom↑loss accounts also for geometrical
e!ects. To show this, the total power and parallel
momentum steady-state balances in a flux tube
element are taken
1

A↓
εs(A↓q→) = Spwr (8)

1

A↓
εs(A↓mnv

2
→) = →εs(2nT ) + Smom (9)

where s is a length coordinate along the flux tube and
Spwr,mom are e!ective sources/sinks within the flux
tube, respectively for power and momentum, related
to processes pertaining to group (1). As in a flux tube
A↓ ↓ B

↑1
tot

↓↔ R, rearranging (8)-(9) gives
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R
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2) is the local
ratio of dynamic and total pressure in the flux tube.
Integrating (10)-(11) from upstream to target and
rearranging gives
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From comparison with (5)-(6), it is possible to identify
(1→ fcooling) and (1→ fmom↑loss) with the exponential
terms appearing in these two equations. It thus
becomes apparent that fmom↑loss includes geometrical
e!ects, whereas fcooling does not. The influence of
geometrical e!ects on the fmom↑loss was recognized
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From comparison with (5)-(6), it is possible to identify
(1→ fcooling) and (1→ fmom↑loss) with the exponential
terms appearing in these two equations. It thus
becomes apparent that fmom↑loss includes geometrical
e!ects, whereas fcooling does not. The influence of
geometrical e!ects on the fmom↑loss was recognized
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(OMP), etc. It is usually taken as a stagnant location,
i.e. where v→ = 0. In the following, when needed, this
location will be specified.

2.1. 2PM predictions for target quantities and their
dependence on Rt

The most general 2PM expressions for target
quantities are reported by Stangeby in (15)-(17) of [10].
These are equivalent to expressions obtained by Kotov
and Reiter in [19] that were derived from the steady-
state version of the equations solved by the 2D multi-
species plasma fluid code B2.

These expressions are reported here, assuming
a simplifying hypotheses: (S-I) only hydrogenic ion
species (i.e. n = ne = ni) and no current (i.e.
v→ = ve,→ = vi,→); (S-II) thermal equilibration is
achieved along the flux tube (i.e. T = Te = Ti); (S-III)
the plasma flow at the target is sonic (i.e. Mt = 1,
where M = v→/cs is the isothermal Mach number

and cs =
√

(Te + Ti)/mi =
√

2T/mi the isothermal
sound speed). Hypothesis (S-III) and its link to the
total flux expansion e!ects are discussed in section
4.1. These assumptions, introduced for simplicity, can
be easily relaxed and they do not limit the following
discussion. The additional assumption, required for
the 2PM to derive the following expressions, is: (A-
I) the target corresponds to the sheath entrance (i.e.
q→,t = q→,se = ωntTtcs,t). Further details are provided
in appendix A. The expressions are
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The (Ru/Rt)X terms in (2)-(4) explicitly relate
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experiments [7, 12] and simulations [14] have shown
that such specific explicit dependencies of target
quantities on Rt are not always recovered.

2.2. Explicit dependence of fmom↑loss on Rt and the
e!ective Mach number Meff

The loss factors fcooling and fmom↑loss will in
general also depend on Rt, as they are lumped
parameters accounting for a variety of complex physical
processes [12, 14, 15, 16]. These processes can be
separated into two main groups: (1) volumetric sources
and cross-field transport e!ects; (2) geometrical e!ects,
related to flux tube cross-sections. This distinction is
important, as the latter can be explicitly linked to total
flux expansion e!ects, as shown in the following.

While fcooling relates only to processes pertaining
to group (1), fmom↑loss accounts also for geometrical
e!ects. To show this, the total power and parallel
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From comparison with (5)-(6), it is possible to identify
(1→ fcooling) and (1→ fmom↑loss) with the exponential
terms appearing in these two equations. It thus
becomes apparent that fmom↑loss includes geometrical
e!ects, whereas fcooling does not. The influence of
geometrical e!ects on the fmom↑loss was recognized

2 2PM EXTENSION ACCOUNTING FOR PARALLEL FLOWS 3

(OMP), etc. It is usually taken as a stagnant location,
i.e. where v→ = 0. In the following, when needed, this
location will be specified.

2.1. 2PM predictions for target quantities and their
dependence on Rt

The most general 2PM expressions for target
quantities are reported by Stangeby in (15)-(17) of [10].
These are equivalent to expressions obtained by Kotov
and Reiter in [19] that were derived from the steady-
state version of the equations solved by the 2D multi-
species plasma fluid code B2.

These expressions are reported here, assuming
a simplifying hypotheses: (S-I) only hydrogenic ion
species (i.e. n = ne = ni) and no current (i.e.
v→ = ve,→ = vi,→); (S-II) thermal equilibration is
achieved along the flux tube (i.e. T = Te = Ti); (S-III)
the plasma flow at the target is sonic (i.e. Mt = 1,
where M = v→/cs is the isothermal Mach number

and cs =
√

(Te + Ti)/mi =
√

2T/mi the isothermal
sound speed). Hypothesis (S-III) and its link to the
total flux expansion e!ects are discussed in section
4.1. These assumptions, introduced for simplicity, can
be easily relaxed and they do not limit the following
discussion. The additional assumption, required for
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parameters accounting for a variety of complex physical
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related to flux tube cross-sections. This distinction is
important, as the latter can be explicitly linked to total
flux expansion e!ects, as shown in the following.

While fcooling relates only to processes pertaining
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From comparison with (5)-(6), it is possible to identify
(1→ fcooling) and (1→ fmom↑loss) with the exponential
terms appearing in these two equations. It thus
becomes apparent that fmom↑loss includes geometrical
e!ects, whereas fcooling does not. The influence of
geometrical e!ects on the fmom↑loss was recognized
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The most general 2PM expressions for target
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These are equivalent to expressions obtained by Kotov
and Reiter in [19] that were derived from the steady-
state version of the equations solved by the 2D multi-
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sound speed). Hypothesis (S-III) and its link to the
total flux expansion e!ects are discussed in section
4.1. These assumptions, introduced for simplicity, can
be easily relaxed and they do not limit the following
discussion. The additional assumption, required for
the 2PM to derive the following expressions, is: (A-
I) the target corresponds to the sheath entrance (i.e.
q→,t = q→,se = ωntTtcs,t). Further details are provided
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where mi is the ion mass, e the electron charge, ω ↑ 8.5
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The (Ru/Rt)X terms in (2)-(4) explicitly relate
target quantities to total flux expansion. However,
experiments [7, 12] and simulations [14] have shown
that such specific explicit dependencies of target
quantities on Rt are not always recovered.

2.2. Explicit dependence of fmom↑loss on Rt and the
e!ective Mach number Meff

The loss factors fcooling and fmom↑loss will in
general also depend on Rt, as they are lumped
parameters accounting for a variety of complex physical
processes [12, 14, 15, 16]. These processes can be
separated into two main groups: (1) volumetric sources
and cross-field transport e!ects; (2) geometrical e!ects,
related to flux tube cross-sections. This distinction is
important, as the latter can be explicitly linked to total
flux expansion e!ects, as shown in the following.

While fcooling relates only to processes pertaining
to group (1), fmom↑loss accounts also for geometrical
e!ects. To show this, the total power and parallel
momentum steady-state balances in a flux tube
element are taken
1

A↓
εs(A↓q→) = Spwr (8)

1

A↓
εs(A↓mnv

2
→) = →εs(2nT ) + Smom (9)

where s is a length coordinate along the flux tube and
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From comparison with (5)-(6), it is possible to identify
(1→ fcooling) and (1→ fmom↑loss) with the exponential
terms appearing in these two equations. It thus
becomes apparent that fmom↑loss includes geometrical
e!ects, whereas fcooling does not. The influence of
geometrical e!ects on the fmom↑loss was recognized
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(OMP), etc. It is usually taken as a stagnant location,
i.e. where v→ = 0. In the following, when needed, this
location will be specified.

2.1. 2PM predictions for target quantities and their
dependence on Rt

The most general 2PM expressions for target
quantities are reported by Stangeby in (15)-(17) of [10].
These are equivalent to expressions obtained by Kotov
and Reiter in [19] that were derived from the steady-
state version of the equations solved by the 2D multi-
species plasma fluid code B2.

These expressions are reported here, assuming
a simplifying hypotheses: (S-I) only hydrogenic ion
species (i.e. n = ne = ni) and no current (i.e.
v→ = ve,→ = vi,→); (S-II) thermal equilibration is
achieved along the flux tube (i.e. T = Te = Ti); (S-III)
the plasma flow at the target is sonic (i.e. Mt = 1,
where M = v→/cs is the isothermal Mach number

and cs =
√

(Te + Ti)/mi =
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2T/mi the isothermal
sound speed). Hypothesis (S-III) and its link to the
total flux expansion e!ects are discussed in section
4.1. These assumptions, introduced for simplicity, can
be easily relaxed and they do not limit the following
discussion. The additional assumption, required for
the 2PM to derive the following expressions, is: (A-
I) the target corresponds to the sheath entrance (i.e.
q→,t = q→,se = ωntTtcs,t). Further details are provided
in appendix A. The expressions are
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where mi is the ion mass, e the electron charge, ω ↑ 8.5
the sheath heat transmission coe#cient [18] and Ru/t
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The (Ru/Rt)X terms in (2)-(4) explicitly relate
target quantities to total flux expansion. However,
experiments [7, 12] and simulations [14] have shown
that such specific explicit dependencies of target
quantities on Rt are not always recovered.

2.2. Explicit dependence of fmom↑loss on Rt and the
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separated into two main groups: (1) volumetric sources
and cross-field transport e!ects; (2) geometrical e!ects,
related to flux tube cross-sections. This distinction is
important, as the latter can be explicitly linked to total
flux expansion e!ects, as shown in the following.
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where mi is the ion mass, e the electron charge, ω ↑ 8.5
the sheath heat transmission coe#cient [18] and Ru/t
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The (Ru/Rt)X terms in (2)-(4) explicitly relate
target quantities to total flux expansion. However,
experiments [7, 12] and simulations [14] have shown
that such specific explicit dependencies of target
quantities on Rt are not always recovered.

2.2. Explicit dependence of fmom↑loss on Rt and the
e!ective Mach number Meff

The loss factors fcooling and fmom↑loss will in
general also depend on Rt, as they are lumped
parameters accounting for a variety of complex physical
processes [12, 14, 15, 16]. These processes can be
separated into two main groups: (1) volumetric sources
and cross-field transport e!ects; (2) geometrical e!ects,
related to flux tube cross-sections. This distinction is
important, as the latter can be explicitly linked to total
flux expansion e!ects, as shown in the following.

While fcooling relates only to processes pertaining
to group (1), fmom↑loss accounts also for geometrical
e!ects. To show this, the total power and parallel
momentum steady-state balances in a flux tube
element are taken
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From comparison with (5)-(6), it is possible to identify
(1→ fcooling) and (1→ fmom↑loss) with the exponential
terms appearing in these two equations. It thus
becomes apparent that fmom↑loss includes geometrical
e!ects, whereas fcooling does not. The influence of
geometrical e!ects on the fmom↑loss was recognized
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o Plasma drifts can play a significant role in other configurations 
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The TBLLD upgrade: predictive studies show significant 
improvements in the power exhaust performance  

H. Reimerdes, “Implementation of a Tightly Baffled Long-Legged Divertor in 
TCV” - WED, 14:00, this conference

First SOLPS-ITER simulations of the finalised TBLLD geometry. 

• Outer target temperature x10 lower compared to unbaffled 
TCV at the same input power. 

• TBLLD geometry has same outer target conditions as 
unbaffled geometry, injecting x4 power

G. Sun et al 2023 Nucl. Fusion 63 096011
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Significant step forward on edge-code validation and 
optimisation using TCV controlled experiments 

• Controlled experimental databases are crucial for code 
validation: highlight the role of mid-size tokamaks in producing 
these databases  

• Large databases of reliable and validated simulations allow us to 
assess when reduced models are sufficient and when higher-
order effects should be included
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• Move to wide-grid to include far-SOL dynamics and main-chamber 
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Conclusions and perspectives

15

Significant step forward on edge-code validation and 
optimisation using TCV controlled experiments 

• Controlled experimental databases are crucial for code 
validation: highlight the role of mid-size tokamaks in producing 
these databases  

• Large databases of reliable and validated simulations allow us to 
assess when reduced models are sufficient and when higher-
order effects should be included

Thank you!

Next…
• Extend the validation to H-mode scenarios in TCV 

• Move to wide-grid to include far-SOL dynamics and main-chamber 
plasma-wall n



This work has been carried out within the framework of the EUROfusion Consortium, partially funded by the European Union via the 
Euratom Research and Training Programme (Grant Agreement No 101052200 — EUROfusion). The Swiss contribution to this work has been 
funded by the Swiss State Secretariat for Education, Research and Innovation (SERI). Views and opinions expressed are however those of the 
author(s) only and do not necessarily reflect those of the European Union, the European Commission or SERI. Neither the European Union 
nor the European Commission nor SERI can be held responsible for them.

Thanks to: 
H. REIMERDES, M. CARPITA, O. FÉVRIER, C. THEILER, R. DUCKER, G. DURR-LEGOUPIL-NICOUD, B. P. DUVAL, 

D. HAMM, K. LEE, M. MARIN, D. MYKYTCHUK, A. PEREK, M. ZURITA,  
Ecole Polytechnique Fédérale de Lausanne (EPFL), Swiss Plasma Center (SPC), Lausanne, Switzerland 

S. DONZELLA 
Politecnico di Torino, Torino, Italy 

M. BERNERT 
Max Planck Institute for Plasma Physics, Garching bei München, Germany 

N. FEDORCZAK, E. TSITRONE 
IRFM-CEA Centre de Cadarache, Sant-Paul-lez-Durance, France 

S. HENDERSON,  
United Kingdom Atomic Energy Authority (UKAEA), Culham Science Center, Abingdon, United Kingdom 

N. VIANELLO, 
Consorzio RFX, Padova, Italy 

  
THE TCV TEAM AND THE EUROFUSION TOKAMAK EXPLOITATION TEAM 

  


