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• Analysis was performed for Li film flows under NSTX magnetic field
with β=10% including central stack, inboard and outboard divertor;

• The multi-component B-field, multi-component velocity field
computer code was used;

• Other schemes, such as jet or droplet flows, have not been considered.
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Central stack: L=2 m, α=90°

No x y Brad Btor Bvert

- m m T T T
2 0.1851 1.008 0.0141 -1.378 0.152
1 0.1851 0.000 0.0026 -1.378 0.437

44 0.1851 -1.008 -0.0256 -1.378 0.162

Inboard divertor: L=20 cm, α=60°

No x y Brad Btor Bvert

- m m T T T
44 0.1851 -1.008 -0.0256 -1.378 0.162
43 0.2794 -1.171 -0.0192 -0.913 0.092

Outboard divertor: L=47 cm, α=25°

No x y Brad Btor Bvert

- m m T T T
29 1.043 -1.43 -0.0298 -0.244 -0.141
31 0.617 -1.628 0.0396 -0.413 0.011

NSTX MAGNETIC FIELD DISTRIBUTION OVER LM AREA
(PPPL: D.Darrow)

Bvert

Brad

Btor

31



Magnetohydrodynamic issues for NSTX liquid walls

1. The opposing force is caused by the gradient of the spanwise field component
(toroidal field) or by the wall-normal field component. Strong opposing force may
lock the flow.

2. The direction of the normal force shows if a liquid layer is adhered to the
structural wall or separated from it. The magnitude and the direction of the normal
force depends on many factors, such as the interaction of the longitudinal current
(induced or applied) with the spanwise field component (toroidal field); rotating
motion; interaction of the toroidal current with the streamwise field component etc.

3. The surface instability effects are affected by many factors among which the
magnetic field configuration is of primary importance. In the present study, only
the centrifugal effect associated with the rotating motion has been studied.

It should be noted that the degree to which MHD effects manifest themselves depends
on the structural wall electrical conductivity. For example, the opposing force caused
by the toroidal field gradient will be higher if the structural wall is conducting.



Flow over central stack + inboard divertor area

                  Hin=2-4 mm; Uin= 2 m/s

MHD drag caused by the combined effect of the wall-normal field component and the toroidal
field gradient in the inboard divertor area leads to a flow thickening by several times.
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Flow over outboard divertor area

• The wall-normal field creates most of the MHD drag. It is so high that the flow is locked.
• An applied longitudinal current was used as a stabilization parameter in the calculations. No

steady-state solution was achieved without the current. Both the inertia and the gravitation
are not enough to overcome the MHD opposing force.

• In this area, the magnetic propulsion is not applicable since it leads to a strong normal force
directed outward. Further schemes will be considered such as flow sectioning.
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Summary of Magnetohydrodynamic issues for NSTX liquid walls

Flow MHD drag Normal force Instability Further
considerations

Central
column

Results from Brad.
Does not lead to
significant changes in
the layer thickness.

Small effect Small effect
(centrifugal)

Inboard
divertor

Results from the wall-
normal field (most)
and the gradient of
Btor. Leads to the flow
thickenning by several
times.

Small effect N/a until new
flow schemes
are developed

Different geometry
with a near vertical
orientation will be
considered.
Effect of the
magnetic
propulsion will be
analyzed.

Outboard
divertor

Results from the wall-
normal field. Leads to
the flow lock.

Using applied
longitudinal
current in order
to accelerate the
flow leads to a
strong wall-out
normal force.

N/a until new
flow schemes
are developed

Flow sectioning
will be considered
to cut the toroidal
current and to
reduce the MHD
drag.



Surface temperature rise over the central stack

Assuming the inlet velocity of 2 m/s and the inlet temperature of 220 C, the minimum
inlet film thickness, which provides Tsurface<400 C, is 4 mm. The corresponding
volumetric flow rate is 11 l/s.

0.0 0.4 0.8 1.2 1.6 2.0
Distance, m

0

100

200

300

400
T

em
pe

ra
tu

re
 r

is
e,

 K

Hin=2 mm

Hin=3 mm

Hin=4 mm

0.0 1.0 2.0
Distance, m

0E+0

2E+6

4E+6

S
ur

fa
ce

 h
ea

t f
lu

x,
 W

/m
2 ORNL: R.Maingi



Conclusions

1. Central column. Present hydrodynamic and heat transfer calculations have not
revealed any fundamental restrictions on the application of liquid Li as a coolant in
the NSTX central column area. The centrifugal instability effect is negligible but
other surface instabilities are possible that require further studies.

2. Inboard divertor. In the inboard divertor area the MHD drag is significant that
results in the flow thickening by several times. As means against excessive flow
thickening and heat transfer degradation, either different central column geometry
or the magnetic propulsion effect could be used.

3. Outboard divertor. The film flow over the inboard divertor is locked because of
MHD interaction between the toroidal current and the wall-normal magnetic field
component. The magnetic propulsion effect is not applicable since it causes a
strong normal force directed outward. As a mean of reducing MHD drag,
sectioning the flow in the toroidal direction will be analyzed.


