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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

"Dry" model for LITER. Pipe atten-
uates the Li ux by 10 times
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Evaporation rate vs view angle
(inner side walls + a membrane across the hole
are evaporating)
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L

"Wet" model for LITER. Uniform Wet snout inner walls/cold end
temperature.

(predictably) failed in L245
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“Wet” wall regime deliver s 8 times more Li than “dry”
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1 Capacities of LITER evaporator (cont.)

The Knudsen gas model was adopted for the 2dry® case

Vapor density as a function of Li surface

temperature: 5 5
pumor = 1% TERY. (1:1) §3
T o>
: I q/ ¢ S
Mean free path of Li vapor atoms ”Cldent Li g Z S
0 o
1 134 a1 i
= P= = cmj;
"2 d2n ny d2[A?]
D _ sticking-re-evaporation as Li-
du * 4L1LAL .» LITER wall interaction
(1:2)
The Knudsen model is valid when
> L; (1:3)

where L represents the characteristic distances inside evaporator.

At T > 650° C the model is not long er applicab le inside the canister
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1 Capacities of LITER evaporator (cont.)

Numerical model shown an excellent reproduction of deposi-

tion prole 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

Numerical model of NSTX PFC Shadow of central pole Intensity of Li deposition
LITER-1 was capable of delivering
0:16 f [mg/mln], f s00oc = 1; f gooec = 50 (1 4)

of Li to the inner low divertor tiles.

Cbebm code is quantitativel y consistent with C.Skinner deposition monitor
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1 Capacities of LITER evaporator (cont.)

Optimization Is possib le using doub le barrel LITER

Double barrel LITER would be capable of delivering
0:05 f 10 [1/sec]= 0:05 f [mono-layer/sec];

(1:5)
f eoooc = 1; fegogoc = 50
of Li to the inner low divertor tiles. It is necessary to absorb
dN 1 mono-layer
—— = (400 1000) 10¥ -~ = (400 1000) Y (1:6)
dt sec sec

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

Molten Li is necessar y to provide 10000 active monola yers or

' 3k of LI

Li/SS/Cu (0.5mm/1Imm/10mm)  Gaussian (8 cm wide) heat depo-

Li coated plate in low inner divertor sandwich with a trenched surface sition pro le

S' 0:75[m?]; V' 0:35[L]; My " 175]ql;
(0:4 1) 10 3 . - o
h2

N 0:1 | SoL:M A
Vi - (1 5 B Li;mm !
Li:cm=sec ( ) tor 0:01 wsoL lion

pasec = 4:2 10 4; lionm A =

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

Plate can have diff erent thermal inertia regimes

800 _T"o C after 0.1 sec EbmHeat 700 _T™ , heating by SOL
Li surface
600 ,,/\\\ SS-surface
400 // '
//\ Copper .
200 L R\ - 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
Surface temperature pro®le  Temperature pro®le 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 transpor t into the plate body
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2 Reference LiWall regime on NSTX

ASTRA-ESC simulations of TFTR, B=5 T, I=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 il
s0 150 MW _~ 142 MWNBI 40 MW |

Even with no -particle heating:

Pner < 5 [MW]
e = 4.9 6:5 [sec]
Qpr =9 12

within TFTR stability limits, and with
small PFC load (< 5 MW)

PNBI n T P DT QDT tauE nend TiO  TeO b %
a
=== ASTRA 6.0 === 29-10-06 13:39 === Model: zmod === Data file: tftr === g E

165 03 10 154 9.34 654 042 18.7 148 1.64
c) 330 03 10 355 10.6 4.04 055 176 13.6 1.96
d) 416 03 10 489 116 358 059 175 134 1.96

The “brute force” approach (Pyg; = 40 MW ) did not work on TFTR for getting
Qpt = 1. With Ppt = 10:5 MW only Qpt = 0:25 was achieved.

In the LiWall regime, using less power, TFTR could easily challeng e

even the Q = 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

Hot-ion mode:

T; = 5:5 [keV];

Te = 2:5 [keV];
ne(0) = 0:12 10%;
e = 0:33[sec];

Pner = 0:61 [MW]

NBI energy should

be consistent with
the plasma

temperature:
Engir = 2:5(T; + Te)

Good con nement is a key for solving the power extraction problem 1
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2.2 Boundary conditions and con nement

Plasma edge temperature is determined by the particle ux

S. Krasheninnikov's boundary conditions (not of the “experts” in transport)

5 5
E \évall-l-:dge — ZV PedV; E ;Nall-l-iedge — ZV PidV
Recycling R determines the relation between plasma particle ux es to the edge
. iandtothe wall Wwal. wall

e ! e
1
_ 1. _ 1. I _
e — (1 R) \éva J I~ (1 R) }Na J \év;ia - 1 R e

Low recycling lead to elimination of the thermo-conduction in energy transport
5 o I Zy ! : edge
— e 1"°dS + | CIi;ZdS} = 0 Pie(V)dV ; | qi;ZdS} 0; Tie Tie (0)
| {z— Y ther mo P ower ‘ ther mo

conv ection conduction sour ce conduction

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

The LIWF intr oduces in fusion the best possib le con nement regime

Independence of T°©99¢ on the RMF is a direct indication that the boundar y

condition, rather than “transpor t barrier’, determines T ©d9¢

12
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2.2 Boundary conditions and con®nement (cont.)

The reference transpor t model for LiWwall regime

Heat ux:
. — heo _ .
di = i r Tj neo-classical ions, plays no role,

— heo . : :
e = | I Te “anomalous” electrons, plays no role;
Particle ux:

= heo, o inch | q
e — (Ware pinch neglected)

The LIWF does not assume anything regarding con nement of electrons

MMF relies exclusivel y on the “science” of scalings. At the same time,

it has no representative database for its “hot-electr on” mode

13
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2.2 Stability properties. (cont.)

In LIWF there is no tendenc y of the current peaking

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

oppor tunity for sawteeth and IRE

PPPPPPPPPPPPPPP
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2.2 Stability properties. (cont.)

DIlI-D disco very of the quiescent H-mode in 1999 was a shoc k

for MHD theory

In a wide rang e, the ®nite current density at separatrix is stabilizing for ELMs. Pressure
is destabilizing. (MMF's stability 2experts® are still talking about 2peeling°®modes)

Jedge =1.0,w=1e2,2e2,4e2(J _ =J)
Unstable 15 9 0 9
o)
o EET T TP TBD
} TR /" Ny _-bootstrap
A Stable 9 <0.0 e, S /
\Y% rY %:?_/—/‘/— Ro—\\. )
2 (Liwall regime) o’ | s o
: e B
Way to high RS .
performance .* )
o* \ . —ballooning
Ballooning -
Unstable 0.5 Idea"y
| | Stable o
_ELtM ing glasmaés Z _-———peeling
entrapped in mode
,rl‘,mad(i‘ H LM I mixianzone one
0.0/ a® - ,
0.0 Tk dp 0 05 1 25 3
TBD 97 (17
nde( m)
“Heuristic diagram” (Zakharov, 2005) Keldysh Institute calculation, (Medvedev, 2003)

on stability diagram
MMF is pushing operational point directl y into the mess of ELMs
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3 Two approaches to fusion.

Mainstream Magnetic Fusion (MMF) relies on plasma heating

by -particles

electrons

/\

+ +
D16 keV + T16 keV

Fusion plasma

A a(++)

/ 3.5 MeV

PFC: Plasma
Facing

Components

\Wall surface \

N14 Mev

&80 % of energy)

First Wall,
FW (15 cm)

Tritium
breeding

Shield

Flow pattern of fusion energy (since the 50s)

Ignition criterion:
hpi e=1
[MPa sec]

Peaking factor f py:

h16pp pri
hpi °

Plasma pressure P:

P= Pe *Pp + Pr
TP T P

MMF never approached the nuclear issues of a reactor

PPPPPPPPPPPPPPP
SSSSSSSSSSSSSSSS

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

16




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

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

Fusion plasma \L

electrons

N4 Mev

YSO % of energy)

First Wall,
FW (15 cm)

Tritium

breeding

ITER targets the -heating dom-

Even in the foreseeable future of MMF  'nated regime

The sizes are too big, the neutron ux is too low for addressing 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 -particles are free to go
\‘ 7< Components out of plasma
++ NBI controls both the tem-
. N > ag S)MeV—WWaII surface | perature and the density
16 keV 16 keV Pner = 5
Fusion plasma E
NN ey dN B -
(80 % of energy) 77 = '(?O”rsel edge
dt S
First Wall, Super-Critical Ignition (SCI)
FW (15 cm) con®nement is necessary to
Tritium make NBI work this way
breeding 5S
Shield E E

Clean ow pattern of fusion energy in Liwall concept

Plasma physics issues, unhandab le by MMF, disappear in LIWF

LIWF is suitab le for reactor design issues
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3.1 The key idea of the 2Liwall® Fusion (LIWF)

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

MMF requires a low temperature plasma edge

o—Peaked Flat

S —  —JAs a “gift” from plasma
thermo conduction T physics MMF gets ITG/ETG
eneray '0sses o > turbulent transport.
convective o D
energy losses c c 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 (ITG/ETG, sawteeth,
I 2 B ELMs) are expected or
G g > accepted.
o G Reliance only on external
& o= control.
) v :
Pumping wall [ O The entire plasma volume
O radius 2 0 radius @& produces fusion

Pumping walls simplify the entire picture of plasma wall interactions
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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 pr T < 0:5 ot > 0:5

Anomalous electrons YES NO

Transport data base not scalable scalable from small de-
vices

Sawteeth unpredictable absent

ELMs unpredictable absent

Fueling unresolvable existing NBI technology

Fusion power control unpredictable existing NBI technology

Edge pressure control reduced performance |RMF, NBI technology

Power extraction unresolvable conventional technology

Tritium control tritium in all channels | pumping by Li

As a reactor concept, the Mainstream fusion is full of junk ideas

valuable only for endless “scientic” studies and for
science histor y 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 lit.

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

: i : LIWF  pressure prole (by
Transport  operational space Edge stability operational space :
(C.Bourdelle, JET) (LZ, S.Medvedev, Keldysh) %(é)erasmov from JET#JG03.35-

Even for ITER LIWF can propose real solutions of its hot problems (e.g., ELMSs,
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 modi cation 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 external supply and
extraction of lithium

4. The challenging (if any) issue might be the secondary electron emission from
the plate.

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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