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Transport Processes

Why don’t we have a single fusion reactor as yet?
Why? Why? Why? Why? ......

Transport of both energy and particle across the magnetic flux surfaces:

1- Classical transport -  Purely collisional They tell you how big
2- Neo-classical transport -  Magnetic topology (trapped particles) your reactor should be

3- Turbulent transport >  Fluctuation in the plasma parameters, in order to get a self

l density and temperature for example. | | sustained fusion energy
0.0 us
3 1.0
sl s Microinstabilities are the main derives of turbulent transport.
= ' - Due to gradient in plasma profiles,
S o 1 (o0 temperature and density for example
=1 i—o.s They are characterised by:
' . : , 10 M>>Ai-p, > They elongate parallel to the magnetic field lines with
6 8 10 12 relatively very short wavelengths perpendicular to it.
R—RA (cm)
— . 0 <<, > Very small frequency compare to the
ensity fluctuation .
TIK - Torsatron ion cyclotron frequency
By Dr. M Ramisch . :
1P/ Stuttaart /Gevman > Examples are: Drift waves, Ion temperature

gradient instabilities and many others......
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Why don’t we have a single fusion reactor as yet?
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2- Neo-classical transport -  Magnetic topology (trapped particles) your reactor should be
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Microinstabilities are the main derives of turbulent transport.
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=y Plasma Models

- To describe the electromagnetic fields and plasma motion we need:

> Maxwell’s equations for the E&M fields:

0B
'V-E=@ mV-B=0 "WXE=—— .VXB=H0(/+EO
€o ot
> Vlasov equation - hot plasmas - Collisionis neglected. To Obtain
po and J required in Maxwell’s equations.

., 4 9f _ =
e +v-—+(E+vxB)>-=0, and f=f(xvt)

OE
ot

P0=qu]'ffjd3v and ﬁ=Z,-q,-ff,-vd3v

{

Self-consistent
problem —

The problem is nonlinear. Solving these set of
equations is impossible for most problems
- We need to make approximations
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Plasma Models
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Plasma Models
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Global 2D model:

Simplified 2D gyrokinetic ITG model for large aspect ratio
and circular magnetic flux surfaces

> ITG derive given by 77, where 77, =L,/ L;

k. ~
k22+ 262 - L%' (a +mq$)2—2—Ln<COS(9)+M£)+ M](]&(.’B 9)_0 \ _
0Ps Ps ax2 ﬁ2q2k3p392 00 J ﬁﬂ kg oz /, Q+’I’h‘ )

Rational surfaces 2D Simulation domain

F.LR. Ton sound terms Coupling term Eigenvalue 5 la~1/ n)
aw | 5= o)
. . = . im0
Applying Ballooning #= 2 um(@)exp(imd)  palGGHRGEE /
Transformation n — 00 = U (€) = uo (¢ — m/ng’) exp (imP)
. Local (1D) model: w@ =0 [ voew(-inden)d | ﬁ \/\/\/\ \
2 2 _ g T
Ln d 2L (C()S[’r’— P]+37’Sln['r’— P]) QO 1:|y(77):0

22 T
= R2q2k5p2Q3 dn? " Ry Qo + 7
» g Is the local complex mode frequency which gives real frequency w and
growthrate y. Relation to actual frequency Q undetermined at this order
» Xand P are free parameters at this order, but there choice
can be restricted at higher orders

Radial variatinn and thair affarte ara nanlartad By Dr. Colin Roach/ CCFE
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Ballooning transformation: An example

Rational surfaces 2D Simulation domain

and circuiar magnetc 1iux surraces

> |ITG derive given by 77, where 17, = L, / L;

92 L2 ) 2 oF isin(6) B—1
it A (2 inds) - 22 (e + SO0, L) g T
0Ps p36x2 ﬁ2q2k3p392 o0 q RO (©) kg Ox Q+n; ¢(.6)

_ - o~

F.L.R. Ton sound terms Coupling term Eigenvalue (5 la~1/ n)
qen 1 & = 1(nq’)
. . —_ - im0 R
Applying Ballooning 0= un@ep(imf)  golGRRGEGE /
Transformation n — 00 = Um (¢) = up (¢ —m/ng) exp (impP) | —T | ™
> Local (1D) model: to () = (2™ j_ v (n) exp (~ing'an)dn ,ﬁ }/ \/ \/ \/ \ \
2 & 2L, ' Q — 1 e g s
pin? + Rk 208 df + R (cos[n— P|+spsin[n— P])+ % ¥ m] v(n) =

» Q) is the local complex mode frequency which gives real frequency w and
growthrate y. Relation to actual frequency Q undetermined at this order

» Xand P are free parameters at this order, but there choice
can be restricted at higher orders

n Radial variatinn and thair affarte ara nanlartad

By Dr. Colin Roach/ CCFE
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THE UN‘VEff‘TYW Ballooning transformation: An example

Rational surfaces 2D Simulation domain

and circular magnetic flux surfaces
> |ITG derive given by 77, where 17, = L, / L;
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z y 0 9y, =Tl
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By Dr. Colin Roach/ CCFE
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Global Results From Local GK Codes

Complex Mode Frequency (Q)

The procedure: <\

Quadratic; profile Linear 7, profile

» The Local code, GS2, is scanned over a
range of radial (x) and ballooning angle (P)
coordinates, to map out the complex mode
frequency Qy(x, P).

» Two different types of 77; profiles have been
investigated:
1) A quadratic 7, profile
- Q,(x, P) has a stationary point.
2) Alinear 7, profile
- Q,(x, P) dose not have a stationary point. 2

quadratic

[o]
-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15

(x—0.2)

[1] J.B. Taylor, H.R. Wilson and J.W. Connor PPCF 38, 243-250 (1996)
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Global Results From Local GK Codes

Fourier-Ballooning Transformation: Complex Mode Frequency (Q)

T PR

o(x,0) = / £(p. Q)G—inQOHG—inqr1?(!9—‘]3)A(p)dp 1] Quadraticr; profile Linear 7, profile

Global Mode Local Mode Toroidal Mode Can be Obtained

number From the
Structure Structure From Complex Mode
GS2 Code , Frequency

Q,(x,p)=a+b *xd+c*cos(p)

d=1 ——> Linear profile d=2 —> Quadratic profile

T = (=) (g5 (452

?jnq’ (p) dp )
2 —1 1 d”A(p)
v (”"2(‘3’!)2)(‘4(1)))( dp* ) ' REAL PART
1 Doy — @y — C,C
d=1 dAQ(p) + an ( Og (g CQCOS(p))AQ(p) — 0
dp b
*Alp) | n*(¢)?
d=2 e + b Qor —ay —creos(p)|A, =0

[1] J.B. Taylor, H.R. Wilson and J.W. Connor PPCF 38, 243-250 (1996)
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Global Results From Local GK Codes

0.15

Results:
» S-alpha equilibrium model:

0.10

0.05

» Circular magnetic flux surfaces S | | |

~ Large aspect ratio (/R = 0) <| I ﬂ‘ﬁ'

» Only linear electrostatic ITG modes % A A
has been studied -0.10

-0.15

» Two Types of modes are recognized:
» Quadratic n, profile - |solated Modes

!

d*A(p) . n?(q )?
dp* br

Onr —ar — cre A = (| Simulation
{ or — a1 (jCOSQﬂ} b domain

(2)/ei [/

-~ .y
(T)(CE' 9) _ / é(p 9)6—1?1(]096—'5‘1’1(} 1(9—[))A(p)dp (D(Z‘ 9)

o+ — OO0

» Isolated Modes usually peak at outboard
mid plane at =0 _

FuseNet 3 York Plasma Institute




THE UNIVERSITY 0F /07K

Global Results From Local GK Codes

\ Qy(x.6)
Linear 7, profile

Results:

» S-alpha equilibrium model:
» Circular magnetic flux surfaces
» Large aspect ratio (/R - 0)

» Only linear electrostatic ITG modes |
has been studied -0.10,

» Two Types of modes are recognized:
» Linear n, profile > General Modes

d4, (1) 1+ Z.an(Qog — g — €4C05(p) JA,(p) = 0| Simulation
dp b, domain "~
- g
ow.0) = [ ot 0D Xp)p| o, 0)

» General Modes peak elsewhere (6+0)
For the model considered here 9 =7/2 _

(R—=Ry)/p;
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Summary & Outlook

Summary:

> Global mode structures have been obtained from only solutions of the
local gyrokinetic code, GS2.

> Only linear electrostatic ITG modes has been investigated for a
so-called s-alpha equilibrium model in which large aspect ratio
and circular magnetic flux surfaces have been assumed

Future plans:

> Experimentally relevant simulations will be performed, which, along with
the procedure outlined here, can be used to predict the global mode
structures.

> EXxplore mode structures as plasma evolves toward L-H transition.

> Finally, the influence of flow shear on the mode structures will be also
studied
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