
Contents lists available at ScienceDirect

Fusion Engineering and Design

journal homepage: www.elsevier.com/locate/fusengdes

2-D moving mesh modeling of lithium dryout in open surface liquid metal
flow applications

M. Szott*, D.N. Ruzic
Department of Nuclear, Plasma and Radiological Engineering, University of Illinois, Urbana, IL 61801, United States

A R T I C L E I N F O

Keywords:
Liquid lithium
Dryout
Plasma facing component
Thermoelectric magnetohydrodynamics
COMSOL Multiphysics
Moving mesh

A B S T R A C T

Liquid lithium displays increasing promise as a replacement for solid plasma facing components (PFCs) in fusion
device applications. The Liquid Metal Infused Trench (LiMIT) system, developed at the University of Illinois
(UIUC), has demonstrated how thermoelectric magnetohydrodynamics (TEMHD) can be harnessed to drive li-
quid lithium flow in an open surface PFC. However, in the highest heat flux applications, large local acceleration
is created via TEMHD, and the sudden increase in velocity can cause the liquid level to expose the underlying
solid, eliminating the protective benefits of the lithium. In order to study potential mitigation strategies, a 2-D
COMSOL Multiphysics model was developed using the moving mesh module to capture free surface flow. The
model depicts the development of the dryout phenomenon for 2 test cases – slow (1 cm/s) and medium (10 cm/s)
flow in 5mm deep trenches – including the liquid level reduction under the high heat flux and the pileup of
slower flow both upstream and downstream of the heat stripe. The effectiveness of trench shaping dryout mi-
tigation strategies is examined. For the slow flow case, it is shown that a 1.8mm ledge placed under the heat
stripe will stop dryout, and for the medium flow case, a 2.7 mm ledge is required to mitigate the effect. This
model can be used to identify strategies for increasing the viable heat load for open surface liquid lithium PFCs.

1. Introduction

As the development of confined fusion systems progresses, plasma
facing components (PFCs) must withstand ever increasing heat and
particle fluxes and contend with disruptions. Wall materials must deal
with the high heat load and irradiation without failing. In these high
intensity conditions, solid materials struggle to cope, sustaining erosion
[1–3], thermal damage [4], and fuzz formation [5,6]. Since these solid
wall materials are generally of high atomic number (high-Z), damage to
the wall induces strong negative feedback to plasma parameters as well.
To combat these issues, increasing focus has been given to liquid metal
PFCs, specifically liquid lithium. Lithium is low-Z, and if it enters the
plasma through sputtering or evaporation it will cause minimal losses
on core plasma performance [7]. Significant benefits of the use of li-
thium have been seen in tokamaks and stellarators (TFTR, FTU, CDX-U,
NSTX, LTX, DIII-D, TJ-II, etc.), including low recycling of impurities
and exhaust products from the wall, increased confinement time, in-
creased and more stable density and temperature profiles, and even
disruption mitigation [8–18].

Flowing liquid lithium surfaces can alleviate the issues solid PFCs
face by presenting a constantly refreshing liquid surface that is immune
to damage and passivation, reduces erosion of high-Z materials, and

improves heat transfer while protecting the solid surfaces beneath. Two
of the main open surface liquid lithium flow technologies are the FLiLi
system, developed at PPPL, and the Liquid Metal Infused Trench
(LiMIT) system, developed at the University of Illinois (UIUC) [19]. The
FLiLi concept consists of a thin film of lithium that falls down a smooth
plate. Lithium is pumped to the top of the device and pushed through a
distributor nozzle, a series of small holes meant to disperse the flow into
a thin film. The plate is cooled from beneath, allowing the temperature
of the lithium to stay in a low evaporation regime. Designs of this
concept were developed for placement on the HT-7 and EAST tokamaks
[20–22]. LiMIT has demonstrated controlled open surface liquid li-
thium flow driven through solid trenches by harnessing the thermo-
electric magnetohydrodynamic (TEMHD) effect [23,24]. The concept
has been successfully tested at UIUC [25–27] and in systems around the
world, including the HT-7 tokamak [28,29], and the Magnum PSI linear
plasma device [30], at sustained heat fluxes up to 3MW/m2. During
sustained heat flux above this point, or transient heat loads> 10MW/
m2, the phenomenon of lithium dryout could occur.

The term dryout is commonly used to describe the phenomenon that
occurs as a liquid reaches its critical heat flux and begins to exhibit film
boiling [31]. The type of dryout investigated here, however, is rela-
tively limited in its relevance, and no free surface liquid lithium
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technology has progressed far enough to warrant further scrutiny into
this effect. As plasma flux impinges on the open surface of the lithium
flow, the lithium experiences a high local acceleration where the
plasma flux is greatest. This change in flow conditions leads to a de-
pression of the lithium surface and pileup of the lithium downstream.
This is depicted in the diagrams in Fig. 1. When the lithium surface
depresses to the point of exposing underlying solid material, lithium
dryout occurs.

Dryout in a liquid PFC system can be severely damaging, especially
in a LiMIT-type trench array. As the lithium level decreases, the tops of
the trenches may become exposed. If this occurs, the solid metal is now
directly impacted by the plasma, which could lead to overheating and
the exact damage a liquid metal system is built to avoid. Depending on
flow conditions, a negative feedback may develop, with the thinner
lithium surface moving faster but now absorbing the same heat flux as
with a fully filled trench, leading to higher heat flux passthrough to the
solid surfaces.

One prime example is in tests of the LiMIT apparatus at UIUC [32].
In this case, a homemade electron beam system provides the heat flux,
and a set of external electromagnetic coils provide the transverse
magnetic field. As the e-beam is activated, a strong heat flux impinges
on the lithium surface and begins driving flow.

In the beginning of the video from which the images in Fig. 2 are
pulled, lithium sits stationary slightly under the level of the trenches.
This is the static case shown in the left image. While this test begins in
an underfilled scenario (lithium level starts below the level of the
trenches), the characteristic behaviors of lithium dryout conditions are
seen. As the flow begins, lithium velocity increases in the e-beam stri-
kepoint region and lithium buildup occurs downstream. The right
image shows the LiMIT module shortly after flow begins and includes
the 2–3mm buildup from the high velocity lithium exiting the e-beam
region, small waves in the e-beam region from the accelerating flow,
and ∼1mm increase in upstream lithium height. As the video pro-
gresses, the pileup is drained out from the downstream region through
the return flow channels. The 1–1.5mm lithium depression formed in
the high heat flux region persists through the video and high velocity

flow continues downstream of the impingement area.
Another example of dryout observed in experimental testing oc-

curred in LiMIT tests under high heat loads at Magnum-PSI [30]. Due to
the larger heat flux spread from the linear plasma device, an apt
comparison is not as direct. However, lithium dryout and pileup are still
seen qualitatively in the image in Fig. 3. The infrared snapshot from a
video of one of the Magnum PSI tests of the LiMIT module shows
trenches becoming more visible as lithium thins above them and they
receive more heat from the plasma. The trenches become visible from
the top left to the bottom right of the ‘Progressing Dryout’ region as the

Fig. 1. A diagram of the lithium dryout phenomenon in a TEMHD-driven flowing liquid lithium system. When high local heat flux impacts a flowing lithium surface,
local acceleration causes a depression of the lithium surface and pileup both upstream and downstream.

Fig. 2. Experimental observation of lithium dryout in LiMIT testing at UIUC. The left frame shows the stationary case before the electron beam heat flux instigates
dryout and pileup, as seen in the right frame.

Fig. 3. Infrared camera image of dryout beginning during LiMIT testing at the
Magnum PSI linear plasma device. Trenches progressively become more visible
as they heat up due to the lithium level reduction. Note that there is still lithium
coverage throughout a majority of the device, though it is being reduced in the
indicated region. Though some trenches appear uncovered, this is due to the
differences in emissivity between lithium, stainless steel, and surface im-
purities.
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test progresses. Due to small recirculation channels in this version of the
LiMIT apparatus, pileup occurs downstream, but does not drain as in
the test in Fig. 2. This is indicated by the disappearance of the trenches
in the ‘Pileup’ region of the IR image.

There are several potential mitigation strategies for liquid lithium
dryout, including trench shaping, partial trench removal, and addition
of a constraining mesh. Trench shaping entails narrowing the height of
the trenches in regions of high plasma heat flux in order to compensate
for the increased velocity. Another option is allowing and planning for
the plasma depression of the lithium. In this case, the trench walls are
reduced in height to follow the depression level, keeping them sub-
merged in the liquid lithium. Since this depression will cause pileup
downstream, it would be wise to allow a larger outlet to accommodate
and alleviate the lithium pileup. Finally, a third option is the addition of
a thin mesh to the tops of the trenches. Lithium has a very high surface
tension, so this mesh could constrain the surface of the lithium without
impeding bulk flow. The mesh may not be well protected, however, as
only a thin film will cover the wiring (especially in the highest heat flux
regions), so the mesh may degrade over time and need replacement.
This is still a more desirable outcome than damage to the bulk solid first
wall components. Illustrations of these options are shown in Fig. 4.

Until this point, computational studies [26] of the flowing liquid
lithium in the LiMIT system have consistently constrained the lithium in
a rigid domain. While this may be fully accurate if the liquid is truly
constrained, such as in pipe flow, the solution lacks completeness when
an open surface exists. Fluids slosh around when forces act upon them,
and this behavior cannot be captured when a rigid domain is used. The
usual solution is to make the top surface a slip boundary condition,
which mimics an open surface by eliminating the frictional force from
the walls. This treatment is generally effective in describing flow con-
ditions, and has been used to model and predict flow velocities in LiMIT
trenches [26]. However, the shape of some velocity profiles in con-
strained surface flow models imply a dryout condition would occur.

To that end, COMSOL Multiphysics was used here to develop a 2-D
simulation of free surface lithium flow under high heat flux, with the
goal of replicating the dryout phenomenon and taking steps to alleviate
it.

2. Theory and domain setup

The simulation is performed in a 2-D simplified domain in COMSOL
v4.3. In order to reduce computational constraints, a 2-D slice of a 3-D
trench is modeled in the domain shown in Fig. 5. Previous modeling of
TEMHD flow in the LiMIT system relied on a fixed topside lithium
boundary that approximated an open surface by including a slip
boundary condition. In order to accurately capture the behavior of the
free surface, this model simplifies the system to 2-D and couples the
Laminar Flow (LF) module with the Moving Mesh (MM) module.

For the two test cases presented here, 1 cm/s and 10 cm/s flow, the
Reynolds number is 50 and 500, respectively, allowing the laminar flow
interface to be used. Assuming a steady state flow case with low 500 K/
m temperature gradient before a topside heat flux is introduced, this
corresponds to a magnetic field of 1 T and 0.05 T. The Single Phase
Flow, Laminar Flow physics interface solves the Navier-Stokes con-
tinuity and momentum equations to find the pressure and velocity field
of the liquid [33]. Assuming incompressibility, these equations become
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Where ρ is the density, u is the velocity vector, p is the pressure, I is
the identity matrix, μ is the dynamic viscosity, and F is the force vector.
The inlet and outlet are included using zero pressure boundary condi-
tions with suppressed backflow. An attempt was made to link the inlet
and outlet using a periodic flow condition, but the dryout deformation
passing from the outlet to the inlet side of the domain caused errors to
amass and the solution to diverge. The top surface is a free surface
modeled as an open boundary with 0 normal stresses on the surface.
The bottom surface is a no slip boundary condition.

The development of the thermoelectric current is dependent on the
junction between the lithium and a wall, and inherently 3-dimensional
(looping into and out of the page in the domain view), and therefore the
full coupling between heat transfer, magnetic field, and electric cur-
rents cannot be included via modules in this model. Instead, a Gaussian
volume force term is included in the LF module that takes the entirety
of the TEMHD effect into account. In a 3-D domain, a Gaussian heat flux
leads to a thermoelectric current, which in turn is used to calculate a
volume force. In COMSOL post-processing, the volume force data was
examined. The vertical volume force is a combination of the velocity
and fluid effects, as well as the errant thermal gradient effects. From 3-
D simulations, the volume force data was extracted and input into this
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The Fmax value for the slow 1 cm/s flow case is set at 10 N/m3,
mimicking a 1MW/m2 peak heat flux, while the Fmax for the medium
flow 10 cm/s case is set to 1000 N/m3, indicative of a 3MW/m2 peak
heat flux. These values are based on 3-D fixed surface models of a LiMIT
trench.

The important improvement in this work is the addition of the
moving mesh. The interface allows the free surface to deform in re-
sponse to the fluid flow on the top surface. This allows the mesh
movement to be coupled with the driving force provided by the TEMHD
effect. Typically, physical systems are set up and solved computation-
ally in one of two coordinate systems. The spatial coordinate system,
known as the Eulerian formulation, fixes the coordinate axes in space,
and the material coordinate system, known as the Lagrangian for-
mulation, fixes the coordinates to the reference material and follows the
material as it deforms. For fluid solutions, the Eulerian formulation
tends to be more convenient, since following the particles becomes
quite computationally intensive. However, since the grid points are
fixed to a spatial system, an Eulerian method cannot follow moving
domain boundaries, which are a staple in open surface flow. One way to
get around this problem is to use a convenient feature that is always
included in COMSOL – the mesh. The mesh points created in COMSOL
have a direct mapping to material domain points. Therefore, if the mesh
were to deform and follow the mobile domain, it is possible to use an
Eulerian mapping to solve for a deforming Lagrangian-type system. This
is known as an arbitrary Lagrangian-Eulerian process, and it is included
as the solver in the MM module [33]. As the domain deforms, the mesh
is stretched and compressed along with the domain motion. While this

Fig. 4. Initial concepts for dryout mitigation. a) ‘Trench shaping’ increases the lithium level by adjusting the bottom of the trench. b) ‘Trench removal’ plans for
dryout and removes portions of the trench walls in the highest heat flux areas, while increasing the outlet size for improved drainage. c) ‘Mesh inclusion’ is meant to
constrain the free surface while allowing underlying flow, utilizing the high surface tension of lithium.
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deformation can cause degradation of the mesh quality that can lead to
a buildup of solver error, small disturbances can be effectively solved
with a fine enough mesh.

Implementation of the MM module requires choosing what bound-
aries and domains are allowed to deform, and in what way. For this
system, there is only one domain, which is allowed free deformation. In
order to constrain that deformation, and hold it in its trench shape,
prescribed displacements are used on the edges. The bottom surface is a
no slip surface that has a prescribed displacement of 0m in both the
horizontal and vertical directions. This keeps the bottom fixed at all
times. The inlet and outlet edges on the sides of the domain have a
prescribed displacement of 0m in the horizontal direction, and no
constraint vertically. This allows the edges to follow any vertical mo-
tion in the domain, such as dryout or pileup, while still acting as a fixed
inlet or outlet. The free surface on the top, meanwhile, is modeled using
a prescribed mesh velocity. Velocities solved by the laminar flow
module are coupled with this step, and the mesh deforms to match the
true behavior of the fluid in the horizontal and vertical directions.

Using the arbitrary Lagrangian-Eulerian system to solve for a vari-
able v, COMSOL defines a frame time derivative on the spatial frame,
and a mesh time derivative on the fixed mesh points
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Where x y( , )TIME TIME is the mesh velocity. Within deforming domains, a
mesh displacement equation is solved to determine how the region
deforms. A Winslow smoothing algorithm is chosen to deform the mesh,
which leads the software to solve
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Here X and Y are the material frame coordinates, and x and y are the
coordinates of the spatial frame [33]. Solutions in 2-D require less
memory, so a MUMPS direct solver is used to solve the fully coupled
system.

3. Model results

The model was run for up to 3 s after heat flux impingement begins.
Two separate cases were examined, a slow flow case with 1 cm/s ve-
locity, and a fast flow case where the velocity is 10 cm/s. These can be
thought of as low heat flux and high heat flux cases, as the volume force
is adjusted accordingly based on the amount of flux the flow speed can
handle. The system is initialized with aforementioned velocities, as
though lithium flow was established using an alternative heat flux, such
as heaters on the bottom of the trench. The impingement heat flux is
centered at 0 cm in the domain and starts at t= 0 s.

The slow flow case is shown in the series of images in Fig. 6. Again,
the color map represents lithium velocity. As the simulation begins, the
dryout begins to form in the center, directly under the highest heat flux.
This is due to the preferential heating of the lithium in the depressed
region, which is then accelerated by the large thermal gradient re-
sulting from passing through the heat stripe. The dryout is then

Fig. 5. 2-D COMSOL domain used to simulate the dryout phenomenon. The top surface is modeled as a free surface and the Moving Mesh module allows deformation
to follow liquid motion.

Fig. 6. Frame-by-frame (every 0.5 s) results of slow flow dryout development. Initial velocity is 1 cm/s. The color map shows flow velocity, and the dotted line marks
the trench level/nominal lithium level.
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propelled down the trench by the flow. Lithium pileup occurs down-
stream of the high heat flux region, as high velocity lithium accelerates
into slower downstream flow. As this reaches the end of the trench,
spillover could occur, damaging other components that are not ne-
cessarily compatible with the hot liquid lithium. It is also interesting
that as the dryout forms, there is upstream buildup that occurs during
its transient development. This is due to lithium building up against the
reduced cross-sectional area of the flow before accelerating through the
high heat flux region. Additionally, as the initial heat flux impact de-
presses the lithium surface, the pressure from that quick acceleration
actually extends in both directions. This causes upwelling on either side
of the depression like when a rock impacts shallow water and the entire
area around it wells up before splashing. This effect starts the upwel-
ling, and the continuation of flow into these regions helps maintain the
pileup.

The fast flow case exhibits the same behavior, albeit faster than the
slow flow tests. The set of images describing this case is given in Fig. 7.
Dryout forms under the heat flux region and extends downstream. The
pileup quickly moves toward the end of the trench, and eventually
leaves the domain, meaning half of the length of the trenches are po-
tentially exposed. Note any lithium level below the initialized 5mm
will expose trench material.

These models directly mimic what has been observed in experi-
mental testing. While the tests shown above were not originally set up
to measure dryout, so the video quality is not conducive to quantifying
the exact height, the 1–3mm buildup in the model is very similar to
what is seen in experiment. Lithium depression on the order of 1–2mm
also matches the experimental cases. The domain setup in this case
more closely mirrors the LiMIT setup at UIUC, where there is ample
drainage for the initial downstream pileup and the dryout propagates
downstream from the high heat flux region with some rippling effects
due to the initial impulse. The model also shows the upstream upwel-
ling seen in the LiMIT testing.

4. Model extension

While an exact experimental comparison may not be possible due to
the 2D nature of the model and the simplifications it requires, the be-
havior captured in this model provides a starting point for engineering
decisions regarding a solution to the dryout problem. Of the potential
mitigation strategies described above, perhaps the most straightforward
is shaping the bottom of the trenches, either by machining or inserting
additional material into the bottoms of the trenches. This method is also
testable in the COMSOL model. The effect of trench insert shapes can be
investigated before real world application. This allows for quick itera-
tion through possible designs. Several different strategies were tested,
and while they may have provided a solution to the dryout, in most

cases the eventual return to original trench depth caused a small wa-
terfall-like depression in the lithium surface. This may be acceptable
since the depression occurs outside of the high heat flux area, but for
now that effect was avoided.

It seems as though what may be one of the simplest ideas could
actually become one of the best solutions to the dryout effect. A simple
step increase in the height of the bottom of the trench provided multiple
benefits in both the slow and fast flow cases. First, the extended region
of the narrowed trench height directly combated the extended region of
the dryout by compensating for the depression caused by the high ve-
locity flow. Second, the slight offset from center allowed the buildup
that generally occurs in front of underwater flow obstructions to be
placed directly underneath the area of strongest heat flux. The initial
strong depression of the surface is directly opposed by this upwelling
from the trench step. This can actually provide additional thermal
protection of the underlying solid trenches. Third, the height of the
pileup above the dryout is diminished. In other words, deviations from
an average flow height are decreased. Instead the bulk flow from the
center of the trench continuing downstream is raised slightly, which
will not severely impact flow velocity and will also provide more pro-
tection for the trenches.

The strength of the above effects varies based on the magnitude of
the trench-bottom height increase. This was investigated with the
COMSOL model by running a parametric sweep over the height of the
step increase. The height was varied from 0.3mm to 3mm (initial depth
is 5mm) with a step of 0.3 mm, and various metrics of the flow prop-
erties were extracted for each parametric solution. These parameters of
the flow are diagramed in Fig. 8 for clarity.

The results of the parametric analysis are presented in Fig. 9 for the
slow flow and the fast flow scenarios. First, it is worth noting that the
trends plotted above for the slow flow case terminate at a step size of
2.1 mm. At heights greater than 2.1 mm, the dryout minimum fully
disappears, and the upwelling caused by the trench step just pushes
downstream into the small initial downstream pileup. At this point, the
ledge effect causes lithium to rise several millimeters above the initial
level, so these heights are discounted. As expected, increasing the ledge
in the bottom of the trench helps to decrease the minimum lithium
level. By a height of 1.5 mm, the minimum is above the level of the
5mm trench, meaning dryout would be avoided. One can also see that
while the pileup slightly increases, the difference between the max-
imum and minimum lithium level continues to drop as ledge height
increases. While the ledge effect pileup keeps increasing, for a 2.1mm
ledge the lithium height is still within 3mm of the trench, which should
provide good protection for the trenches in the high heat flux region
without causing too much turbulence. After consideration of the trends,
1.8 mm seems to be an ideal height for the trench ledge. At this height,
there is a very small difference between the maximum and minimum

Fig. 7. Frame-by-frame results (every 0.05 s) of fast flow dryout development. Initial velocity is 10 cm/s. The color map shows flow velocity, and the dotted line
marks the trench level/nominal lithium level.
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lithium levels at both time of minimum and time of maximum. The
ledge and downstream pileups are limited, while ensuring the dryout
minimum stays above the level of the trenches. In all of the cases, the
recirculation zone or drain area should be expanded to account for
inevitable lithium pileup. However, instead of being a single wave, the
lithium level will be relatively sustained. To further illustrate the ledge
effects, the series in Fig. 10 shows the comparison between step sizes
using the same time step for each of the tested ledge heights, up to
2.1 mm, and Fig. 11 gives an example of how the flow develops in time
for one of those ledge heights (1.8 mm).

For the fast flow case, the high velocity makes for a more turbulent

scenario. High ledge effect lithium levels are unavoidable, but again,
this helps to protect the trenches facing the largest heat fluxes. It takes
at least a 2.4 mm step increase in the height of the bottom of the trench
to fully counteract the effect of dryout. This is expected, since the
higher heat flux and faster velocity should combine to create a stronger
dryout scenario. In this fast flow case, the maximum pileup actually
tends to decrease slightly as ledge height is increased. While the ledge
effect lithium level keeps increasing, it does not adversely affect the
drainage like the downstream pileup would, so it is decided that a ledge
height of 2.7–3.0mm would work for a high heat flux, high velocity
case. These heights maximize dryout alleviation and minimize

Fig. 8. Diagram of different flow metrics measured during testing of trench shaping dryout mitigation techniques in the COMSOL model.

Fig. 9. Change of various dryout-relevant metrics measured from the parametric COMSOL study of increasing ledge height bottom in the bottom of the trench. Refer
to Fig. 8 for a diagram of the metrics plotted. Minimum lithium level is the most important measure of dryout, as the lithium must stay above the solid trench
material. The maximum lithium level indicates the highest levels of pileup – this should be kept low to minimize risk of droplet ejection. The remaining values
represent the peak to peak differences in lithium level when dryout is most severe (min Li level) and when pileup is most pronounced (max Li level).
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downstream pileup.

5. Discussion and application

Maintaining a steady flowing liquid surface in the face of extreme
heat fluxes is imperative for continued application of flowing liquid
lithium PFCs. Testing in high heat flux environments such as the e-beam
at UIUC, the divertor region in HT-7, or the linear plasma in Magnum-
PSI has led to trench exposure as the lithium surface is depressed.
Downstream pileup due the dryout formation and inadequate drainage
for recirculation has also been observed. The model presented here
accurately depicts these experimental observations using the Moving
Mesh module in COMSOL Multiphysics to model true free surface flow.
The mesh can deform in response to the volume forces present, instead
of staying locked in a rigid domain. While currently limited to a 2-D
slice of a trench system, the model still provides a valid engineering
basis for further development of dryout mitigation strategies. Trench
shaping can be directly implemented, as seen in the model extension
above. Trench removal ideas can also be incorporated by adapting the
rigid 3-D models and importing volume force profiles to investigate
how the free surface will react.

There are several phenomena the model does not take into account,
which can have varying relevance depending on system conditions. As

mentioned, the full physics coupling of heat transfer and electric cur-
rents is not included due to inherent 3-D effects. Surface tension is not
included in the motion of the free surface, as the single-phase moving
mesh coupling does not utilize a true interface between a liquid and a
gas/vacuum. This also means evaporation or surface transport is not
included. However, in standard LiMIT experimental conditions, the
temperature of the lithium is designed to stay below a high evaporation
regime. It is also assumed this 2-D slice is positioned at the center of the
trench, where TEMHD volume forces are lower than the trench
boundaries. Inclusion of the high surface tension of liquid lithium plays
a key role in maintaining a stable surface and is expected to help bal-
ance the increased volume forces near the trench edges. Inclusion of
stronger TEMHD drive near the trench boundaries is expected to drive
quicker flow than is demonstrated here and improve reliability under
high heat fluxes. These physics and their effects will be investigated in
future work extending this modeling into full 3-D free surface fluid
dynamics.

While the trench shaping shown here may have the ability to reduce
the risk of dryout, experimentally the solution is limited in scope due to
the precision required in the design. The ledge placement must be ac-
curate to within 1−3 cm, or the liquid response from the step height
will not be impacted by the highest heat flux and dryout could occur. In
large scale devices, any shift in plasma configuration would lessen the

Fig. 10. The same time step (1.5 s) presented
for differing trench ledge heights, showing the
mitigating effect trench shaping has on devel-
opment of dryout. The color map shows flow
velocity (initial 1 cm/s velocity), and the dotted
line marks the trench level/nominal lithium
level. Refer to Fig. 6 for a reference dryout case
with no trench shaping.

Fig. 11. Frame-by-frame (every 0.5 s) of the best case for slow flow dryout mitigation using trench shaping (1.8 mm insert). The color map shows flow velocity (1 cm/
s initial velocity), and the dotted line marks the trench level/nominal lithium level.
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effectiveness of this trench shaping, and transient events elsewhere on
the wall cannot be predicted and therefore cannot be protected against.
Thus, geometries with a more inherent resistance to dryout must be
explored. Future work will examine advanced geometries to find a more
general solution.

The 2-D dryout model does provide insight into potential mitigation
strategies, and future work will attempt to extend the model to full 3-
dimensional implementation. To accomplish this goal, issues with the
solid-liquid interface conditions must be addressed. Better diagnostic
preparation coupled with further testing of dryout solutions will also
allow stronger quantitative analyses of dryout parameters for refine-
ment of the models. Information from these tests will be used to update
future versions of dryout models, which will be able to predict more
than the transient conditions, and instead provide information on
steady state flow based on the geometries tested. In this way, faster
iteration of design proposals can be achieved, and the solutions im-
plemented will bring LiMIT closer to demonstrating full viability in
fusion-relevant conditions.
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