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Tokamak and Stellarator Experience
• Capillary porous systems (CPS) have been tested in linear devices:

• T.W. Morgan, et al., Nucl. Mater. Energy 12 (2017) 210–215.
• A.B. Martin-Rojo, et al., Fusion Eng. Des. 117 (2017) 222–225
• L. Han, et al., Fusion Eng. Des. 121 (2017) 308–312.

• … and in toroidal confinement devices:
• S.V. Mirnov, et al., Plasma Phys. Control. Fusion 48 (2006) 821–837.
• H.W. Kugel, et al., Fusion Eng. Design 87 (2012) 1724 – 1731.
• G. Mazzitelli, et al., J. Nucl. Mater. 463 (2015) 1152–1155. 
• F.L. Tabares, et al., Nucl. Mater. Energy 12 (2017) 1368–1373.
• J.P.S. Loureiro, et al., Fusion Eng. Des. 117 (2017) 208–211
• R. Dejarnac et al., Nucl. Mater. Energy 25 (2020) 100801

• Heat fluxes up to 20 MW/m2 have been tolerated without damage.
• But meshes can lift off thermal substrates. 3-D printed CPS more robust.
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Surface Vapor Shielding of 3-D Printed CPS at Magnum PSI
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Table 1. Overview of relevant steady state discharges in deuterium. The gas !ow through the
source is given in standard liters per minute (SLM), and the source current Is is given. The power
density deposited on the target was estimated based on calorimetry measurements, and the shape
of the beam pro"le determined from TS. The power density depends on the magnetic "eld and
plasma source settings. The power density pro"le was Gaussian, the maxima of which are given.

Shot no. Target type B-"eld (T) Gas !ow (SLM) Is (A) Pcalorimetry (MW m−2)

9 3D-blank 0.8 10 150 3.0 ± 0.3
11 3D-blank 1.2 14 150 5.3 ± 0.5
13 3D-blank 1.2 14 170 8.1 ± 0.8
27 3D-blank 1.5 14 150 12 ± 1.2
30 3D-blank 1.5 14 180 16 ± 1.6
46 Li-1 0.6 10 150 1.5 ± 0.2
50 Li-2 0.8 10 150 3.0 ± 0.3
54 Li-1 1.2 14 150 5.3 ± 0.5
55 Li-2 1.2 14 170 8.1 ± 0.8
56 Li-2 1.2 14 170 8.1 ± 0.8
57 3D-blank 1.5 14 150 12 ± 1.2
59 Li-2 1.5 14 150 12 ± 1.2
62 Li-1 1.5 14 180 16 ± 1.6

Figure 3. Overview of temperature measurements during steady state deuterium loading. IR measurements are matched to pyrometer
measurements when available. Shot 30, 54 and 62 use emissivity and transmission coef"cients from shot 27, 55 and 59 respectively.
Temperatures on blank targets increase with the deposited power, while temperatures on the lithium targets do not. A steep drop is observed
on the Li targets (at ∼ 9 s for shot 56 and 55). It is suspected that at this point the LiD layer dissociates, and consequently the emissivity is
reduced. The temperature on all targets is calculated with a constant emissivity.

the heat !ux density above ∼ 5 MW m−2. Generally though,
the TS and calorimetry measurement are in the same range.
The shape of the Te and ne pro"le is considered suf"ciently
reliable for use.

To determine the heat !ux density during millisecond
pulses, however, Thomson scattering is the only option. Using
a stroboscopic operating mode, a time resolved measurement
could be obtained, see "gure 2. The duration of 1 ms, and
power !ux density of ∼ 0.5 GW m−2 are in the range of a mit-
igated ELM in ITER [3]. The measured pulse shape was found
to be quite irregular, more so than in [26]. This is likely due to
the fact that the stroboscopic measurement combines data from
different pulses created by different capacitors, which did not
all respond identically during their discharging.

Surface temperatures were monitored using a FLIR
SC7500MB IR-camera and a FAR SpectroPyrometer FMPI.
The IR-camera is viewing wavelengths between 3.97 and
4.01 µm. Transmission and emissivity coef"cients for the IR-
camera were determined by matching the results from the IR-
camera to the pyrometer measurements, and were always taken
to be constant in a given recording. When pyrometer measure-
ments were not available, coef"cients were used from similar
discharges taken at times close to the shot in question. The
detection limit of the pyrometer lies around 500 to 600 ◦C for
low emissivity surfaces such as W or Li.

For estimation of the maximum target temperature there
were multiple sources of error: "rst and foremost is that the
range of the IR-camera and Pyrometer is limited. This is the
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Up to 16 MW/m2
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Lithium Vapor Box at PPPL (J. Schwartz, PSI 2020)
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Control of lithium efflux from linked
“Vapor Boxes” well predicted by 
SPARTA DSMC code.

Similar configuration can be used to 
demonstrate volumetric vapor 
shielding on Magnum PSI



Volumetric Detachment Experiment Planned at Magnum
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Victor Tanke, Fabio Romano, Tom Morgan, DIFFER
Design is progressing well. Expect initial experimental results by Spring 2022.

Lithium 
Vapor Box

Condenser

Condenser



SOLPS-ITER Modeling at PPPL

6

Eric Emdee
Vapor box configuration appears favorable for limiting upstream lithium.



• Continuous Surface Vapor Shielding
• Operate for long pulses – say 5 depletion times – and demonstrate continuous external 

feed of lithium during the pulse, from a feed ring around the target.
• 5 cm diameter target, 3 mm deep = 1.5 g lithium. X 5 ~ 7.5 g ~ 1 Mole.

• Real-Time Lithium Recirculation
• Surround target area with warm CPS and demonstrate lithium condensation.
• Recirculate lithium by capillary pressure, like a heat pipe.

• Continuous Volumetric Detachment
• Form a vapor box around the MPEX beam.
• Operate continuously with volumetric detachment.

• Put it All Together
• Continuous volumetric detachment with lithium recirculation.

Possible Lithium CPS Experiments at MPEX
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Key issue is presence of H species and impurities.



Requirements for MPEX
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• Demonstrate Continuous Surface Vapor Shielding
• Lithium reservoir in contact with feed ring around target.
• ~ 7.5 g of lithium evaporated into vessel. 
• Pulse-length minutes to an hour (?) based on Magnum experience.

• Demonstrate Real-Time Lithium Recirculation
• Condenser cylinder at ~ 300o C, ~10 cm long x 7 cm diameter x 2 mm deep = 11 g lithium.
• Less lithium evaporated into vessel than without condenser!

• Demonstrate Continuous Volumetric Detachment
• Form a hot vapor box ~ 650o C, around the MPEX beam.
• Operate continuously with volumetric detachment – requires cold condenser.

• Put it All Together
• Requires a longer system, with evaporator, hot condenser, cold condenser.

Plasma and surface diagnostics!


