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Abstract. Now a days it is universally recognized that building huge fusion
reactors, everywhere in the world is far from economical view poiahex the
advanced countries, because the outcome of the research projestamm
pletely clear. In IR-T1 experimental Tokamak also some practicalrtaiogy
and experimental limitations are found out. In order to achieve traneptatia

we simulated this phenomenon through magnetohydrodynamic (MHDgimod
by using Vlasov equation taking into account plasma resistivity.

PACS number: 52.55.Fa

1 System Modelling

In IR-T1 Tokamak the particle density is about- 102° m—2 and the magnetic
field consists of a toroidal field produced from external @dund the cham-
ber with a current about 6-7 kA and a poloidal magnetic fietohfrthe plasma
current. The resistive plasma is collisional and this tgitetended as Ohm law,
partially thermalized the plasma mode.

In this paper the pressure transport in the Tokamak has b&en tnto account
in the central cross-section of the toroidal chamber.

The system equations used are as following:
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Equation (1) is conservation law of mass, Eq. (2) — of motiod Bg. (3) — ther-
modynamics of Tokamak, the first equation in (5) is convectidferentiation
and in the second one,is the conductivity of the plasma [1] and for simplicity
we have assumed that the plasma is not compressible, then

D (& _ - 1

V-d=0. (6)

From this Eg. (1) would lead to

Dp

Di 0. (7

This means that ideally the plasma is densified aiglconstant.
With the neutrality assumption of the plasma, we have
(ne =n; =~ ng

and o
V- -E=0.

It is assumed that the plasma is homogenous and the eleetidcidi locally
cancelled.

The total magnetic field in the reactor is
(BTotaI = B<p + BO)- (8)

IR-T1 is a low3 Tokamak and high aspect ratio one, with toroidal circulassr
section, that is,

B, =B (G4 062).

whereO denotes higher order of 2,

a
== 9
TR ©
is the inverse of the aspect ratio and
Bg ~ EB(). (10)

Herea is the minor radiusR is the major radiusBs is the toroidal magnetic
field, By is the poloidal magnetic field [2].
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In the central cross-section of chamldee= R, in the first approximation in the
central cross section of toroidal chamber

0B
ot
For evolution of the magnetic field, we have:

0.

B = Byt + By (11)

B, is the poloidal field and) is the unit vector in this directionB,, is the
toroidal field with — the unit vector in this direction.

The simulation is done in toroidal system and translatidr@astesian axis into
toroidal system are

P = siny(— cos T — sin y) + cos Pz (12)

p = cos o + sin g . (13)
In the central cross-section of toroidal chamber

2 / 22
iny =2 =4/1—sin?¢yp=4/1-=. 14
sin ;. cos 1 sin” 1) 2 (14)

In the limit z < a and replacing it into the above equation, we have

/ 2
~ —Z z
a a

Then for magnetic field we have:

/ 2
= ~ R —Z N AN ~

In the first approximation

N>

(15)

BLP = By, (17)
B, =B - %8, (18)

Here B, is the toroidal magnetic field in the major radius of Tokamhéraber.
From the above results, we would get

L, —Bjz | . Bijva?—2z2
B= al p—l—Bocp—&—lfz (29)

with the values

R—a<p<R+a
z<a
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For achieving the pressure evolution we have assumed tligstaf = 0) the
pressure of Tokamak is constant about the 0.5 torr. Thenréaspre we have

Dp . (V x B)?
D = PV i+ (p—1) oz (20)
Dp 0Op Op 0 0

Dr :a-k(wV)p:E—F(upa—p—kuZ@)p

= —Fu,=— +u.—. (21)
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For calculating the right side of Eq. (20), we proceed a®fod.

- 10 1 0uy, | Ou,
== = -2 22
Because of azimuthal symmetry in Tokamak [3], we have
Quyp _
o 0. (23)
Then
G .= ey Qe Ous
Vu—p—i—ap 5 (24)
2
(V x B)? = [_fl¢+ %z] . (25)

Inserting the above achievements into Eq. (20) would legutdesure evolution
equation in a reactor

dp op dp [up ou, 8uz} (p—1) [—Bl . By .12

ot “”ap %252 ppp_‘_[“)p_‘_az opud a<p+pz'
(26)

INIR-T1 R = 45 cma = 12.5 cm, By = 0.6-0.9 T,n, = 0.86 x 107% Om,

~v=1.41[4].

Simulations for the pressure transport in IR-T1 refer to &4) and are shown

in Figures 1-5.
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Figure 1. Initial constant pressure of Figure 2. Evolutionary pressure in the
0.5 Torr in central cross section of IR-T1. next steps of time ané values.

presure

PRESURE

Figure 4. Evolution of pressure in IR-T1
Figure 3. Evolutionary pressure in the refers to the time steps and evolutionary
next steps of timeB and plasma velocity. values ofB and plasma velocities.

PRESURE
=

Figure 5. Evolutionary pressure in the last steps of time proceeding wit iatkies of
magnetic fieldB and plasma velocities.

2 Conclusion Remarks
From all these Figures it is clear that:
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=

. Although the pressure started at about 0.6-0.9 torr ictoggafter its evo-
lution during special time range the plasma shows a tendemard sta-
bility at the end of the process at about the beginning values

2. The integral value of iteration of the simulation to re#ud stability is an
indication of the self consistency of the method used fomaukation of
the pressure transport in the reactor.

3. The inversion of the pressure around the wall of the reastoecause of
the scattering of the plasma particles around the walls.

4. The above mentioned consideration is the reason for atoeedert di-
verter in the reactor.

5. The pressure profile in this research started from a unifmimary value
of the plasmay inside the IR-T1 at the beginning of the plasma shot.

For fitting this pressure to our simulation code it scalesvahtly as shown
in Figures 1-5.

6. The transport mechanism of the plasma under such conditithe pres-
sure profile is introduced in another paper.

7. Obviously in this approach the evolutionary transitidrihe pressure in
the cross section of the IR-T1 Tokamak simulated after 10Q@id0e steps
repetition of the equation as seen in Figures 1-5.
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