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1 Capacities of LITER evaporator

Two models for "wet" and "dry" inner walls regime are imple-

mented into Cbebm code for calculating evaporation diagram

Evaporation rate vs view angle
(inner side walls + a membrane across the hole
are evaporating)

Ve
L

"Dry" model for LITER. Pipe atten- "Wet" model for LITER. Uniform Wet snout inner walls/cold end

uates the Li flux by 10 times temperature. (predictably) failed in L245
T 1/sec g/sec mg/min | 1/sec g/sec mg/min f
4.500e+02 8.810e+16 1.015e-06 6.093e-02 7.994e+17 9.213e-06 5.528e-01 0.01
5.000e+02 4.543e+17 5.236e-06 3.142e-01 4.122e+18 4.751e-05 2.850e+00 0.07
5.500e+02 1.923e+18 2.216e-05 1.330e+00 1.745e+19 2.011e-04 1.207e+01 0.28
6.000e+02 6.912e+18 7.966e-05 4.780e+00 6.271e+19 7.228e-04 4.337e+01 1.00
6.500e+02 2.166e+19 2.497e-04 1.498e+01 1.965e+20 2.265e-03 1.359e+02 3.13
7.000e+02 6.045e+19 6.967e-04 4.180e+01 5.485e+20 6.322e-03 3.793e+02 8.74
7.500e+02 1.528e+20 1.761e-03 1.057e+02 1.386e+21 1.598e-02 9.587e+02 22.1
8.000e+02 3.546e+20 4.087e-03 2.452e+02 3.217e+21 3.708e-02 2.225e+03 51.3

“Wet” wall regime delivers 8 times more Li than “dry”
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1 Capacities of LITER evaporator (cont.)

The Knudsen gas model was adopted for the “dry” case

Vapor density as a function of Li surface

temperature: S
1000 @ E
nvapor — 109'6_7'8W. (11) S 5
20 o
S ©
. I 8/ P&
Mean free path of Li vapor atoms ”Cldent Li g Z 3
0) s 1
\ 1 134 4 m
—= = . cm
\/§7Td2’n N9y d? [Az] ’ =
do ~ 4.1 sticking-re-evaporation as Li-
ri = 4.11AL LITER wall interaction
(1.2)
The Knudsen model is valid when
A> L, (1.3)

where L represents the characteristic distances inside evaporator.

At T > 650° C the model is not longer applicable inside the canister
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1 Capacities of LITER evaporator (cont.)

Numerical model shown an excellent reproduction of deposi-

tion profile in L245 test vessel

y log10(Kmonolayers/min) L245

16.51 x 4 [cm x cn

.8 [mm] S8
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1 Capacities of LITER evaporator (cont.)

3D model of NSTX tiles has been created

DU~HOKVDEOSO0E— 5
bbb BEEREERES

—a

ElfNElnblh

Numerical model of NSTX PFC Shadow of central pole Intensity of Li deposition
LITER-1 was capable of delivering
0.16 X f [mg/mln], fGOOOC — ]_, fSOOOC' = 50 (1.4)

of Li to the inner low divertor tiles.

Cbebm code is quantitatively consistent with C.Skinner dep osition monitor
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1 Capacities of LITER evaporator (cont.)

Optimization is possible using double barrel LITER

T Li= 600 [ Ao Clgf=12.0%0 P
Rate=.06912 [10720/sec]
Rate=797e-7

Li= 600 [ gf=16.0% gq=17.0%
e=.06912 [10420/sec:
Rate=797e. g/sec:

H
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Double barrel LITER would be capable of delivering
0.05 x f - 10'? [1/sec] = 0.05 x f [mono-layer/sec],

(1.5)
Jeoocc = 1, fsooec = 50
of Li to the inner low divertor tiles. It is necessary to absorb
dIN 1 mono-layer
—— = (400 — 1000) x 10" — = (400 — 1000) Y (1.6)
dt sec sec

Even at full capacity, LITER will not be adequate for the prob lem
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1 Capacities of a metal plate (cont.)

Molten Li Is necessary to provide 10000 active monolayers or
~ 3puk Of LI.

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

S ~0.75[m?, Vi; ~0.35][L], M; ~ 175]q],
(0.4 —1)-1073

Vpa-sec — 4.2 - 10_47 Iion,MA — 1.6 ’ LSOL,m - 2.5’ (1‘7)

0.1 Isor,ma

2
Li,mm

0.01 WSOL Iion

VLi,cm/sec — (]- - 5) * Btor

Li/SS/Cu plate is an important interim step toward Li PFC
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1 Capacities of a metal plate (cont.)

Plate can have different thermal inertia regimes

800 _T"o C after 0.1 sec EbmHeat 700 _TP0C , heating by SOL

Li surface

2l f
SHfface

.
500 - [/,

1]
// \ _
Copper
7 N

8 cm Gaussian SOL

400

200

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
Surface temperature profile Temperature profile in- Waveform of the surfac
after 0.1 sec side the plate temperature

Three cases with 2.5, 1.25, 0.5 MW from the SOL to the plate
Power deposition can be used potentially for maintenance of the Li surface.

SS layer limits the heat transport inside the plate

SSSSSSSSSSSSSSSS Leonid E. Zakharov, NSTX Physics Meeting, PPPL, Princeton, December 11, 2006 9




2 Reference LiwWall regime on NSTX
ASTRA-ESC simulations of TFTR, B=5 T, 1=3 MA, 80 keV NBI

TFTR R=2.43a=1 B=5 [=3 =4.58n=3.44 Time=20.02 dt=10.00 3
PDT l
s0 150 MW _~ 142 MWNBI 40 MW |

[ P_DT_ % 1| Even with no ax-particle heating:

Pnpr < 5 [MW],

T = 4.9 — 6.5 [sec],
Ppr = 10 — 48 [MW],
Qpr =9 — 12

. 1l within TFTR stability limits, and with
0.000 4.000 8.000 12.00 16.00 20.00 Sma” PFC |Oad (< 5 MW)

P DT Q DT tauE nend Ti 0 TeO %b %

9.34 6.54 0.42 18.7 14.8 1.64
10.6 4.04 0.55 17.6 13.6 1.96
11.6 3.58 0.59 17.5 13.4 1.96

a
=== ASTRA 6.0 === 29-10-06 13:39 === Model: zmod === Data file: tftr === g c
d

The “brute force” approach (Pngr = 40 MW) did not work on TFTR for getting
Qpr = 1. With Ppr = 10.5 MW only Q pr = 0.25 was achieved.

In the LiWall regime, using less power, TFTR could easily cha llenge

even the ) = 10 goal of ITER
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2.1 ASTRA-ESC transport evolution

ASTRA-ESC simulations of NSTX, B=0.4 T, 1=0.7 MA, 20 keV

NBI, 0.6 MW

IST E=0,85 a=,664 B=0,4 I=0,7 g=1& fi=, 96d Time=, 6020 dt:.EOOE)

oF Wfefe B B-s 155 e L6 The 155 @ 5 Thoi 50 G- S 30 G_F1 24 Pliac

Hot-ion mode;

.| T, = 5.5 [keV],
T, = 2.5 [keV],
L I ] 1 ' n.(0) =0.12 - 10%,
-1.5 Wi%r 1.5 0.1 1 Ftot 3 &n ;LO T e 10 T.1 2 he 2  ni e RS e = TE = 0.33 [SeC]’

Ted <Te> Teb nel Ti0 <Ti» Tik <ne> Ipl qo HbmfA SrtA betj li tsuE FelE e e

2,37 2,30 2,25 1,20 5,48 5,52 5,58 ,8Fe ,Fo0 953 000 000 874 (305 337 ,181 R0 R
tauE PNEI Ti Tel BSE. ) 0o s ok PNBI p— 0.61 [MW]

FOT @
012,021 337,610 5,48 2,37

=== ASTRA 6.0 === 11-12-0b 8:26 === Hodel: znstx === Data file: nskx ===
Graphic node Presentation Control In/0ut Status NBI energy ShOUld
[I6*Fiay || B*Fia) |[Refresh ] [ Scales |[Wariables || Tupe data |[Fort_FP5 R .
[Z*Fia.t} |J[ B*F it} |[Uzer graph|] [Windows |[Constants |[Save tuning][Cand_F5) [Gtep be ConSIStent Wlth
[EFFiR.ty |[Fhase space|[ Hext ] [ Select [ Grids |[rite data |[0-files| [Quit]
[B*Fip=sir J[Eqilibrium |[ Backward | [ Stule  |[Tupe model|lhat X-axis|[Y-shift] the plasma

’“ temperature:
Enpr = 2.5(T; + T,)

g loalldrdall iz k = &

=2
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aj|:>|:|:>|_ Good confinement is a key for solving the power extraction pro blem
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2.2 Boundary conditions and confinement

Plasma edge temperature is determined by the particle flux

S. Krasheninnikov’s boundary conditions (not of the “experts” in transport)
5 5
5IvévallCl-veedge — /V PedV, Erzvalli-;edge — /V Pde

Recycling R determines the relation between plasma particle fluxes to the edge
I'.,T'; and to the wall Twalt, pwall

1
.= (1—- R)T¥, L= (1- Ry, Lo = 1-R

Low recycling lead to elimination of the thermo-conduction in energy transport

e,

5 |
“IT; T7%dS + § g;.odS = [V P (V)dV, gi..dS ~ 0, Ted9e ~ T, (0
2 ’ ’ 0 ’ ’ 1,€ ’

- thermo— Power thermo—
convection conduction source conduction

The energy losses from the plasma are exclusively convective and, thus, deter-
mined by the best confined component (ions).

The LIWF introduces in fusion the best possible confinement r egime

Independence of T°99¢ on the RMF is a direct indication that the boundary

condition, rather than “transport barrier”, determines Tedge

12
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2.2 Boundary conditions and confinement (cont.)

The reference transport model for Liwall regime

Heat flux:
q; = X; °°VT; neo-classical ions, plays no role,

=x; VT lous” elect | |
de = X; = "anomalous” electrons, plays no role,

Particle flux:
e =x;°°Vn (Ware pinch neglected)

The LIWF does not assume anything regarding confinement of el ectrons

MMF relies exclusively on the “science” of scalings. At the s ame time,

it has no representative database for its “hot-electron” mo de

13
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2.2 Stability properties. (cont.)

In LIWF there is no tendency of the current peaking
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o
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— _4 1 1 1 — _4 1 1 1
0.21 0.215 0.22 0.225 0.23 0.21 0.215 0.22 0.225 0.23

Time (s) Time (s)

Treasurous (for endless MHD  “Meaningless” for theory MHD-
studies) pre-Li CDX-U regimes free Li regimes

Together with the g = 1 surface, the LiWall regime wipes out the very

opportunity for sawteeth and IRE
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2.2 Stability properties. (cont.)

DIlI-D discovery of the quiescent H-mode in 1999 was a shock

for MHD theory

In a wide range, the finite current density at separatrix is st abilizing for ELMs. Pressure
Is destabilizing. (MMF’s stability “experts” are still tal king about “peeling’modes)

0:1.0, w=1le-2, 2e-2, 4e-2 (%dge;J)
Unstable
@)
O Feemennenua,, TBD
" TR /'- e __bootstrap
L] -
A | Stable Y <0.0 e, o
% o" I
2 (Liwall regime) .° :\ - ‘
S ) ‘¢” = —— 1’;{X \‘49/—,21?53\.
Way to high ** e \«’_ans
performance, . \ P
. < . __—ballooning
Ballooning e-2n=
Unstable 0.5 Idea"y /
| | Stable \ ik
_ELM—ng).Iasma is Wei2n=20  \_ .-~ "Peeing
& entrappéd in mode Zone R
Las®" o L M- mixing zone
0.0/ =* . .
~
0.0 TBD " dP (Tim) 0 05 1 15 ’ 2 25 3
Oy p

“Heuristic diagram” (Zakharov, 2005)
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Keldysh Institute calculation, (Medvedev, 2003)
High temperature of LIWF is consistent with the high perform

on stability diagram

MMF is pushing operational point directly into the mess of EL
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3 Two approaches to fusion.

Mainstream Magnetic Fusion (MMF) relies on plasma heating

by a-particles

PFC: Plasma
Facing

electrons

/\

+ +
D16 keV + T16 keV

Fusion plasma

A u(++)

/ 3.5 MeV

Components

\Wall surface \

N14 Mev

&80 % of energy)

First Wall,
FW (15 cm)

Tritium
breeding

Shield

Flow pattern of fusion energy (since the 50s)

MMF never approached the nuclear issues of a reactor

PPPPPPPPPPPPPPP
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Ignition criterion:

fpkz * <p>

T =1
[MPa . sec]

Peaking factor fpg:

_ <16prT>
Ton =y

Plasma pressure p:

P = Pe +PD + Pr
_l_pa +pI
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3 Introduction. Two approaches to fusion. (cont.)

Its next step is still dealing with the plasma physics issues

ITER subject PFC: Plasma
Facing —
V Components

— a(++)
+ / 3.5 MeV —> | Wall surface
D16 keV + T16 keV

Fusion plasma \

electrons

N4 Mev

&80 % of energy)

First Wall,
FW (15 cm)
Tritium
breeding

ITER targets the a-heating dom-

Even in the foreseeable future of MMF ~ 'Nated regime

The sizes are too big, the neutron flux is too low for addressin g the

nuclear technology issues
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3 Two approaches to fusion. (cont.)

The Liwall Fusion (LIWF) relies on NBI and Li pumping walls

{Neutr_al Beam} PFC: Plasma
Injection, NBI Facing o-particles are free to go
\‘ 7< Components out of plasma
++ NBI controls both the tem-
. N > Gg 5)Mev—ﬂWa|I surface | perature and the density
D + T | 3(p) Vp
16 keV 16 keV Pnpr = 9 oo
Fusion plasma ~ TE
n
J 14(%%X0f energy) % — Ivions
dt core— edge
First Wall, Super-Critical Ignition (SCI)
FW (15 cm) confinement is necessary to
Tritium make NBI work this way
breeding =
Shield TE >> Tg

Clean flow pattern of fusion energy in LiwWall concept

Plasma physics issues, unhandable by MMF, disappear in LIWF

LIWF is suitable for reactor design issues
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3.1 The key idea of the “Liwall” Fusion (LIWF)

The right plasma-wall contact is the key to magnetic fusion

MMF requires a low temperature plasma edge

Peaked Flat

)

= —  —J As a “gift” from plasma
thermo- conduction © physics MMF gets ITG/ETG
energy losses ) 2 turbulent transport.
convective (@] (7)
energy losses = = Most of the plasma volume

[} @ does not produce fusion

[ Q

0 radius a 0 radius a

High recycling W,C walls

Molten Li pumps the plasma out. High edge T is OK

External heating

No “gifts” from plasma
PI : _
asme Core fueling o| Flat Reaked | ysics (ITGIETG, sawteeth,
I % B ELMs) are expected or
4 ggg\r/gey?ﬁlt\)/gses E > accepted.
Q ) Reliance only on external
& o= control.
) o .
Pumping wall [ O The entire plasma volume
O radius 2 O radius @& produces fusion

Pumping walls simplify the entire picture of plasma wall int eractions
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3.2 Comparison of LIWF and MMF

As a fusion concept, LIWF development in short time accom-

plished much more than MMF for 40 years

Issue MMF LiF

Use of plasma volume 25-0.30 % 100 %

Fusion producing Bpr Bpr < 0.53 Bpr > 0.508

Anomalous electrons YES NO

Transport data base not scalable scalable from small de-

Sawteeth

ELMs

Fueling

Fusion power control
Edge pressure control
Power extraction
Tritium control

unpredictable
unpredictable
unresolvable
unpredictable
reduced performance
unresolvable
tritium in all channels

vices

absent

absent

existing NBI technology
existing NBI technology
RMF, NBI technology
conventional technology
pumping by Li

As a reactor concept, the Mainstream fusion is a collection o

fjunk ideas

valuable only for endless “scientific” studies and for

science history museums
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4 Summary. Lithium on ST

Recent NSTX forum clearly indicated that the NSTX program

IS already exhausted. It's time to change it.

LIWF suggests a new area of research relevant to the reactor development

; 15 4 .
= ‘ A g Experimental Proposal
A
E A% Current driven Edge @ B*(orSun) - mode
n'd - Kink Instability @ ELM- free
T 40+ Unstable B a3t High confinement
1.0 ©
TG TEM e g Advanced
ooooooo p Sl perating viodes
/ Unstabl @ el Operating Mod
5 nstabie. | Edge Ideal 2T e
. Stability Region L-mode
v
Stable 05+ Pressure Internal
. driven 1 Bransport
0 Ballooning
' Instabilities Sawtesth ELMs
4 ‘\ Eg%esport
! \ Pedestal 3\ Barrier
' ] )
0 10 _RVn/n 0 05 toplp. o ' r/a

. . , LIWF  pressure profile (by
Transport  operational space Edge stability operational space S.7Gerasimov from JET#JG03 35
c

(C.Bourdelle, JET) (LZ, S.Medvedeyv, Keldysh)

Even for ITER LiIWF can propose real solutions of its hot problems (e.g., ELMs,
sawteeth, ignition, power extraction).

LIWF plasma regimes are consistent with the power extraction by Li PFC
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4 Summary. Lithium on ST (cont.)

Several hardware modification should be performed on the

device

1. Transition to the molten lithium. Testing (at the end of the campaign) of a Li
preloaded Li/SS/Cu plate.

2. Transition to the low energy NBI injection.

3. Transition to the capillary system in the low divertor with

In this new capacity the device can serve as a motivational STepO for

3 step program for the Reactor Development Facility
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