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1)A=R/a=2.0, 2.5, 3.0, 4.0

aggressive physics and aggressive tech

Fixed

A=7?7?
ar=0.8
a,=0.3
0 =07
li=0.5
Necp = 0.27
drat=0
trat=0

fimo = 0.002 (Ar)

Scanned

n/ng, = 0.5-1.1
Q = 15-40

Constraints

B max < 18 TLTSC

P

elec

THe*/TE = 5'10

A=3.0

R =4.0-8.0
B;=3.065T
By =4.0-6.0
Qgs = 3.2-5.4
Kk =1.9-2.3

Hyg < 1.8
n/ng, <1

=970-1030 MW

qdivpeak < 5'1 5 MW/m2

SiC blanket build

fq

>
I

2.5

R =2.5-7.0
Br=15-45T
B\ =4.0-7.0
Qgs = 4.5-7.0
K =21-2.5

ivrad —

A=2.0
R=25-7.0
B;=15-45T
By=4.0-7.0
Qgs = 4.5-7.0
K =2.2-2.7
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Qg1 "2 Vs R <N,> Vvs R

B max < 18 TLTSC
P, = 970-1030 MW
SiC blanket build

i ag = 0.9
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Hgs VS N/Ng, KVS R

H98, global energy confinement scaling
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betaN

betaN vs qgs

B max < 18 TLTSC
P, = 970-1030 MW
SiC blanket build

i ag = 0.9

B.,Bm vs R

r~~
Y
Vs '\ (‘\\ 4-0
' {\\ Seo
A ~
N S N
(YRS AN
\'\ : Kose No
<~
N SN TS oS
RS N SS
NN RN ]
1 So \ So
[} \ ~ ~
\\ \ i \§~ \ S
! =
AANEN b
QN D )
N\
\\\\ \\ )
N ———— 1
S e S
RSy
L
@
S~————

q95

iv,rad
.090 : . . 24.0
22. 01
. 080
20 . 21
.07
18. 0
. 060 FZ 16 .04
o
L 14.0
. 050 =
o 12.0
\ o
. 040 =
O 10.¢
S
o
. 030 + 8.3
A=20 6.0
. 020 25
: 4.0
010 4:0 5 o
.000 : : . : . 0.0
2.00 3.00 4.00 5.00 6.00 7.00 8.00 1

major radius, m

.00 2.90 3.00 4.00 5.00 6.09 7.00 8.00 9.00 10

.00



<jTF>,ave current density over TF coil, MA/m2
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plasma elongation
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A =3, SiC, Ty, raa = 0.9,q4;,P%% < 15 MW/m2, H98 < 1.8,
n/nGr < 1, lowest R solutions

n/ <Nw <jte>
nGr

14.0 0.76

5.0 3.5 14.0 5.5 3.8 0.9 25 1.6 71 0.78 23 2.4 7.8 33
5.0 4.0 14.0 4.5 4.6 1.0 25 1.5 73 0.77 23 2.5 8.9 33
5.0 4.0 14.0 5.0 4.6 1.0 30 1.7 59 086 23 2.5 8.9 33
5.0 4.5 13.0 4.0 5.2 1.0 25 1.5 72 0.77 23 2.5 10.0 33
5.0 4.5 14.0 4.5 5.0 0.9 25 1.8 71 084 23 2.4 10.0 33
5.0 5.0 14.0 4.0 5.4 0.9 30 1.7 60 0.80 23 2.5 11.0 32

5.0 5.0 13.0 4.5 5.0 1.0 30 1.8 58 0.85 21 2.6 11.0 32



A= 3,

SiC,

faivraa = 0.9,

qqi,"%% < 15 MW/m2,
H98 < 1.8,

n/nGr < 1

Original scan, A= 3
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Leave other constraints/filters the same, now drop q,,P%3 <
10 MW/m2, lowest radius pointsare at R = 6.0 m

By n/ <NW B.™ <.|TF
nGr

16.0 0.74
60 30 150 55 38 10 25 17 71 078 23 17 641 27
60 35 140 45 46 10 25 16 71 077 23 17 72 27
60 35 140 50 46 10 25 18 70 08 23 17 72 27
60 40 160 45 48 10 25 17 73 080 23 17 82 27
60 45 160 40 54 10 25 17 71 080 23 17 92 27

Then increase, fy, .4 < 0.95, we recover wide range of R = 5.0 m

solutions.....so what values of f;, .4 are credible? ITER assumes 0.7
for partial detachment based on B2/Eirene simulations

Dropping q;,”*2 < 7.5 MW/m2, with fy, .4 < 0.95, leads to minimum
radius solutions at R = 5.5 m. This may be reasonable if our max
allowed heat load is 15 MW/m2 and we must accommodate ELMs



Systems analysis R/a scan

Using LTSC coils, and SiC aggressive blanket design, fy;, .4 = 0.9,
A = 2-4 have been examined

— Basic filters:
Rmin(A=2) = 3.5 m,
Rmin(A=2.5) = 3.5 m,
Rmin(A=3) = 4.0 m,
* Ryn(A=4)=4.5m
— Hgg / ning, / qq;, P82 < 15 MW/m? filters:
Ruin(A=2)=3.5m
Ruin(A=2.5) = 4.0 m
Ruin(A=3) =5.0m
Rmin(A=4) =5.5m
— Lowering q4,P%% leads to increased R, increased f4 4, allows smaller R

min(

min(

Input files for varying R/a are established, maybe some tweaking
— Need to do SiC and DCLL (aggr and cons tech)
— Need to do betaN = 4-6+ and betaN = 2.5-3.5 (aggr and cons phys)
— Include new updates to power distribution and so forth from UCSD

— Are we interested in doing other characteristics to distinguish aggr from
cons....<jTF>/ By, elongation, f, .4, Or Others?



Systems analysis R/a scan, cont’'d

Several parameters need specification from more detailed analysis
— i, trat, nrat - plasma module, profile matching to 1.5D equilibrium/transport

— f4ivraq» radiation dist along divertor, flux expansion, etc - engr module, LLNL
modeling

Need to fix a bug in physics module

Updates to engineering module, divertor heat flux and some
hardwired numbers.....showing on next few VGs



2) Algorithm for calculation of FW and
divertor heat loads

Determine plasma power and radiated power from core/
mantle:
I:)plas = I:)alpha + F)aux

P..a= Poom * Poyy + P

brem cycl line

Calculate average and peak heat flux on FW:
1:peak,FW =1.25
QpeakFW = Prad X fpeak,FW / AFW
QaveFW = I:)rad/ AFW
Aryy = 27R x 2ma x \(1+12)/2

Calculate power to divertor:
f,r2d = 0.9
f,;m = 0.65 (DN) and 1.0 (SN)
1:outboard =038 (DN)’ 0.67 (SN)
f . =0.2 (DN), 0.33 (SN)
I:)div = I:)plas B I:)rad
Py = Py X f,"
I:)outboardcond = (Pdiv - I:)divrad) X foutboard X 1:sym

cond = rad
Pinboara™™ = (Paiv = Paiv™®) X finpoara X fsym



Algorithm for calculation of FW and divertor
heat loads, cont'd

P
P

rad = rad
outboard - I:)div X foutboard X fsym

rad = rad
inboard I:)div X 1cinboard X fsym

Mpow = 0.029 x 2.5 X qg5°"° x N 015/ (Py;,°* X By)
Ne,=0.35xng

ne,. = (ng,) x (Io/ T @2)

f out = fexpin — 10

exp

Qpeakdiv’OUt = Poutboardcond / [ZW(R'a/ 2) X 1:expOUt X )\‘pow]
Qpeakdiv’in = |:)inboardcond / [ZW(R'a) X 1:expin X >“pow]

rad / [27(R-a/2) x 2 x (a/2)]

div,rad,out =
Qpeak I:)outboard

Qpeakdiv’rad’in = I:)inboardrad/ [ZE(R'a) X2 X (8/4)]

out — div,out div,rad,out
Qpeak - Qpeak + Qpeak

in = div,in div,rad,in
Qpeak - Qpeak + Qpeak



R = major radius
a = minor radius

Outboard divertor location = R-a/2
Inboard divertor location = R—a

Area for conducted heat divertor
outboard = 27 (R-a/2) x A o, X feyy

Area for conducted heat divertor
outboard = 27 (R-a) X A j,,, X feyy

Area for radiation heat flux in outboard
divertor = 2 [(R-a/2) x 2 x a/2]

Area for radiation heat flux in inboard
divertor = 2 [(R-a) x 2 x a/4]




3) Beginning of specification for heat loads
In power plants

FW/heat nominal nominal transient off-normal transient
P..q.COre ELMs disruption
CX neutrals runaway electrons
stationary core MARFE fast confinement loss
stationary X-pt MARFE fast alpha particles
FW/particle nominal nominal transient off-normal transient
DT flux ELMs disruption
CX flux runaway electrons

fast confinement loss
fast alpha particles



Beginning of specification for heat loads in
power plants

divertor/heat nominal nominal transient off-normal transient
PsoL(rad+cond) ELMs disruption
divertor/particle nominal nominal transient off-normal transient

DT,He,Ar ELMs disruption



divertor surface heat load, nominal and
ELMs

Nominal heat load to the divertor
Conducted and radiated powers in divertor (P, = P,pnatPaux-Porem=PoycrPline)
Conducted power within A o,

Radiation distributed along divertor “slot” (uniform or other?), ITER assumes
70% radiated

Nominal transient heat load (ELMs) to divertor
AWegy X fegm ~ constant = 0.2-0.4 X (P,ipnatPauc-Porem™PeyerPline)
(assumption, AWfg, /W .4 function of plasma collisionality)
feom (ITER, worst) = 1-2 Hz & AWg,, (ITER, worst) = 20 MJ
AWg, to divertor 100% for small ELMs and ~ 50% for largest ELMs
T eLMrise ~ 2 X 2TTRQgs/Cq oy fOr ~40% of AW, to arrive
T eLmdrop ~ 4-6 X 2T RQgs/Cq og  fOr remaining ~ 40-50% of AWy, to arrive
Toroidally symmetric, except in farthest SOL
A power Ff€Mains same during ELM and between ELMs

~ITER is looking for fz \, ~ 30-70 Hz and AW, ~ 0.6 MJ
—ITER limited by erosion (carbon) or melting (tungsten) of divertor target



FW heat load, nominal and ELMs

Nominal heat load to FW
Core plasma radiation to FW (P
Peaking of 1.5-2

+P_ . +P; )

brem cyc line

Nominal transient loads (ELMs) to FW
5-20% of AW¢g,,, (lower for small ELMs and larger for large ELMs)
all power to outboard
T ELmrise.fw ~ 27T RQgs/Cs peq
T ELM drop,Fw ~ 2-3 X 27T RQgs/C peg
peaking 2-4x, associated with filaments expanding off the plasma
They do not land in the same place all the time, random



