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Some plasma parameters are determined by physics goals (e.g., 3, v*), but
how do other plasma parameters vary as R, and B, are changed.

What part of the parameter space is placed off limits by neoclassical transport?

= Want low v* for reactor relevance (collisionless bootstrap and neoclassical X).
At fixed (3, v*, Py, Where is H g o Mminimized?
At fixed B, v*, P, Where is H1grg0p Minimized?

= Disadvantage of low v* is that it requires H, s o = 2.

* T 15595 IS Maximized at high density, so
Where is H,s s minimized if n,=ng 4, is used instead of fixing v* ?
eDisadvantage of H,ss o ~ 1 is very high v*.



Methodology

Assume fixed density and temperature profile shapes.

Plasma parameters are then related by simple expressions:
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Hissos (B By Ry (T 1ss.05Phear)
= Add constraints (e.g., fixed (3, v*(a/2), P,..), Solve for independent variables.
Spot check the fixed profile assumption:

Predict new temperature profiles at selected locations in the (R,,B,) plane.
Look for boundary of the neoclassically accessible region



H Scalings

For fixed v*, density O (v* B? B,2YR,)**?
Hssos OB B2 R “3HNV*O (P, .. 0% Hiss.os IS held constant if B,O R, 2%

H reraoe OB 29 B8 R 2BN*OB(P, )00 H - .0 iS held constant if B,OJ R, 2%
H rerosy OB 922 B2%° R L2 *0%8(P, )30 H1er0sy IS held constant if B, R, >
For density = Sudo limit O (P, .., B/R,)?

Hissos OB B2 R/ (Pyea) % Hiss s is held constant if B,O R, °%°

Hirergop OB B> R%%/ (Ppean)®>"; Hitersop IS held constant if B,O R,™%°

Hirerosy OB By * R/ (Preat)’ %% Hiteroosy iS held constant if B,O R, ~7°



2.5

Electron density (10~19 /m~3)

P,..=5 MW, f=4%

W3

2.5

Average temperature (keV)




HISS*95
T T T T

=
15
=
17
-1
©
1d

RAH[TN T T ]
i \?heat5 W, 3=4%, v+=0.25

N B

300
R2 1.50 1
1.00 ——
| | | | | | | | | | | | O?ﬁ* | | ‘ | | | |
1.0 1.5 2.0 2.5 3.0 3.5

Ro (m)



Fraction of Sudo density limit

-raction of »uco ¢
PMté@w,ﬁ4o

HITER*QSH
T T

2.5

2.0

P,.\=5 MW, f=4%, v+=0.25

B2




Bo (Tesla)

2.5

2.0

1.0

0.5

Electron density (10~19 /m~3)

o

7

) He:HSU o) h

o

/ R |
[ . -
1“0 ‘1.‘5‘ ‘2.‘0‘ ‘2.‘5‘ ‘S‘O‘ - ‘8.5

Ro (m)

Average temperature (keV)







ITER-93H
T T T T




Temperature (keV)

Temperature profile shapes preserved in size scan
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Temperature profile shapes change in B_ scan

<B>=4%, P, =5 MW, v{a/2)=0.25
Neoclassical x limits [3to < 4% at B =2T
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Summary

= For fixed v*, density O (v* B? B,%/R,)*?
Hssos OB B2 R “3HNV*O (P, .. 0% Hiss.os IS held constant if B,O R, 2%
H reraoe OB 22 B8 R 2BN*0S3(P, )220 H 1zre0p IS held constant if B,O R,

e With P, ... = 5 MW, reaching 3 = 4% and v* = 0.25 requires H,s5 o5 = 2.
Maximum H,ss4s in LHD and W7-AS is ~2.0-2.4.

= Raising density and lowering R, to reduce H,ss 4 to ~ 1 raises v* >> 1.

= Neoclassical X limits 3 to < 4% at B,=2T, R,=1.73 m, P,.,,=5 MW.

Helical neoclassical transport becomes significant in the outer third of the
minor radius because helical ripple transport has stronger temperature
dependence than symmetric neoclassical transport.

Temperature profile flattenned in core by symmetric neoclassical transport.

Next Steps
= Include temperature predictions in scans over the (R,,B,) plane.
= Vary the density profile shape.
e Use other tokamak transport models (add Culham and Mixed Shear).



