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1 Lithium based PFC.

Litium retain Hydrogen in a limited window of tempertures

; “lon Burial in the divertor of a fusion reactor” by
Sk G.M.McCracken (B.N.E.S. Nuclear Fusion Reactor Con-
ference at Culham Laboratory, Sept. 1969) and S.K. Er-
ol ents (Sept. 1969 Nucl.Fus. Reactor Conf., Culham, UK)
© 7 wle 7 F 71 A remarkable property of lithium to
pump hydrogen in a very limited
. range of temperatures was spelled
; out explicitly
| Probably short lasting retention
. allows temperatures above 350 °C
" (R.Majeski)
) z(oo) 360 + 0 700 b
With temperature at a constant dose of 2 x 1047 tong/enb. r & oo
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1 Lithium based PFC. (cont.)

Molten Li Is necessary to provide 10000 active monolayers or

~ 3uk Of Li. Li loaded plate is an interim step toward LLD

EEERY

S ~0.75 [m?],
Lsor= 2.5 [m],
Vi ~0.35 [L],
My,; ~ 175 |[g]

(1.1)

Li/SS/Cu (0.5mm/1mm/10mm)
sandwich with a trenched surface

Velocity of the viscous motion of a thin Li film by electromagnetic forces
(0.4—1)-1073

1.6
0.1 ISoL,MA cm

Li coated plate in low inner divertor

—4
VpPa-sec — 4.2 - 10 ’ Iion,MA — ’

h2

Li,mm

0.01 wsor Iz’on,MA sSecC

(1.2)

VLi,|| — (2 — 5) » Bior

Electromagnetic forces have small effect on thin films of Li
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1 Lithium based PFC. (cont.)

The design of LLD is restrained by low Li thermo-conductivit

: - : : Li/SS/Cu  (0.5mm/Imm/10mm)  Gaussian (8 cm wide) heat depo-
Li coated plate in low inner divertor sandwich with & trenched surface sition profile

Thermal conductivity IT\IA{(

Li  Lithium 47.6 | Lithium conducts ~ 5 MW/m?

Cu Copper 379 | at temperature drop 100°C

W  Tungsten 137 | through 1 mm lithium layer.

SS Stainless Steel 20 [ ub-mm layers of Lithium are consistent
Mo Moly 126 | with reactor requirements

Li-SS-Cu sandwitch is a ready to go material for NSTX Li diver tor plate
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1.1 Thermal capabilities of a metal plate

Cbebm code was created to simulte the thermal regime in

sandwich-like material, including liquid Li

800 _T"o C after 0.1 sec EbmHeat

P=500.00 [kW]
Evap dN/dt=3.26e+35 [1/sec]
t=1l. sec

Li surface

28 x 50 [cm x cm]
.5 [mm] LiLi /\
1 [mm] S 600
cu

400

200

0

0 1 X

-1 .
Surface temperature profile after 0.1 sec Temperature profile inside the plate

Three cases with 2.5, 1.25, 0.5 MW from the SOL to the plate are presented

SS layer limits the heat transport into the plate body
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1.1 Thermal capabilities of a metal plate (cont.)

Plate can have different thermal inertia regimes

800 _T"o C after 0.1 sec EbmHeat 700 _T*0C . heating by SOL
Li surface
600 / ,/ \\ \ SSsurface
500 [ e
400 I,"
/ .8 MW/mA2
300 -
Copper
200 8 cm Gaussian SOL
0.5/1/20 mm Li/SS/Cu
—— 0.5/1/10 mm Li/SS/Cu
-=0.5/10 mm Li/Mo
— 0.5/1/10 mm Li/Mo/Cu
0 100 - ‘ ‘ ‘ ‘
-1 0 1 X 0 2 4 .6 .8 t,secl0
Temperature profile inside the plate Waveforms of the surface temperature

Li, SS, Cu, Mo cases with 2.5, 1.25, 0.5 MW from the SOL to the plate

Power deposition from the plasma controls the Li surface tem perature
Lithium loaded plate in NSTX can provide crucial data on

thermal regime for LLD
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2 Motion of liquid Li due to j x B force

Co-planar motion is restricted by viscosity and Harman forc es

Thickness of the Hartmann layer
v  1.3-107%

2 2 ?
oB? B? (2.1)

oc=233-10° v=4.2.10"% =

1/v 1.13-1072
BH = —|— = .
h\o hLi,mm

The stationary lithium velocity is given by

I”BJ_h VE BJ_ .
= = == B, < By viscous flow
ZLSOLV 2 BH

V= i B ’
[ — vp—2. B, > By Hartman flow (2.2)
LSOLhO'Bz B,
cm I Lo [A
e =27 "4 7
sec Lgoi/vo Lsorm |m

Lithium loaded plate will specify the Li flow regime
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