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The deuterium-tritium (D-T) burning plasma characteristic in an aspect ratio A=2 tokamak reactor is studied

based on a simple equilibrium configuration, the Soloviev-type configuration. Operation limits for the Troyon beta value

and for the Greenwald density value as well as for the ITER H-mode confinement scaling are used as the benchmark.

It is found that in addition to suitable elongation, large triangularity has advantage for arriving at high beta value and

obtaining high fusion power output. Compared to the present ITER design, the A=2 system can have very good merit

for the avoidance of disruptions by setting rather high edge g value while keeping relatively large total toroidal current.

The main disadvantage of decreasing the aspect ratio is due to the loss of more useful space in the inward region that

leads to the decrease of toroidal magnetic field in the plasma region, then worsening the fusion merit. Our analysis

and calculation also present a trade-off in this respect. Due to simple equilibrium configuration assumed, some other

important issues such as the bootstrap current alignment cannot be optimized. However, the present analysis can offer

an insight into the advantages of the medium aspect ratio reactor system that is a blank in present-day tokamak study.
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1. Introduction

It can be said that achievements of the world-
wide magnetic fusion research over the past 50 years
have been condensed into a great fruit: the ITER
design.l'! The acceptance of China and South Korea
into its construction phase and the return of the US to
ITER obviously indicate the common recognition that
tokamak has the greatest opportunity for establishing
the first commercial fusion power station. It is also
commonly recognized that there are still many issues
both in physics and in technology to be solved or im-
proved. For symmetric toroidal confinement systems,
the ITER-FEAT is an experimental reactor system
with aspect ratio A =~ 3 and the spherical approach
has aspect ratio near 1.4 (the ST system) and such a
system allows for much higher stable beta value but
the engineering aspects are rather formidable. Re-
cently, some studies/?~® have shown that for a toka-
mak system with aspect ratio A near 2, which is al-
most a blank in present experimental tokamak devices

and in theoretical studies,!4! there are interesting mer-

its, e.g., the much safer disruption-free operation, the
higher fraction of bootstrap current, the competing
cost even for a reactor system using normal magnets,m
etc. Compared to the spherical tokamaks,®/ though
some physical properties are less competitive, the en-
gineering aspects are much more feasible. At any rate,
it is interesting and meaningful to do somewhat deeper

research in this respect.

In this paper, we use a simple tokamak
equilibrium configuration, the well-known Solov’ev
configuration,[”~9 which has been widely used in

tokamak stability studies, to analyse the deuterium—
tritium (D—T) burning characteristics of an A=2 toka-
mak reactor. The assumption of such sort of equi-
librium configuration that corresponds to a quasi-
uniform current profile will certainly restrict ourselves
to clarifying the burning plasma quantities under spe-
cial pressure profile and toroidal current profile, how-
ever, we still have room to identify some interesting
merits of the D-T burning physics. In this way, anal-
yses can be easily conducted. For burning condition

analysis, we still use the general procedure used in
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tokamak reactor design. We set a certain limit for the
Troyon beta factor fy and the allowable Greenwald
density factor gn according to reasonable extrapola-
It will be

shown that besides the suitable elongation effect which

tion of the present-day tokamak scaling.

is thought to be beneficial for improving fusion reac-
tor merit, the triangularity effect is very sensitive for
improving burning characteristics. Several important
features can be exploited in this relatively simple anal-

ysis.

2.Equilibrium property

2.1. Geometric relations

As usual, we assume the magnetic field in toka-

mak plasma to be
B = Vi x V( + F($)VC, (1)

where 1 is the poloidal magnetic flux function and
F = RB; the poloidal current function, { the toroidal
angle. For quasi-uniform toroidal current distribution,
i.e. by assuming p’(v) and F'?(¢)) both to be con-
stants, the Grad—Shafranov equation has a solution
which corresponds to a special choice of a more gen-

eral version:[7—9

b= lf’b{%[uu—my];—;w?}, (2)

Yi
where
R2

= 53 ]-: (3)
Rj

Y

Ry is the major radius of the magnetic axis, parameter
FE is related to the elongation and D to the triangular-
ity. If defining the inverse aspect ratio € as the ratio of
the half width of plasma cross section to the major ra-
dius of the geometric centre R, we have the following

relationships:

R
00270[\/1-1-%—\/1—%],

RPZ%[\/l‘*’yb‘F\/l_yb]: (4)

VI —VIT—w
€= ’
Vit +v1T—w

(5)
with 0

€
- 1 + 62' (6)

We define the elongation and the triangularity as k =

R,—R
—P (Sp is the area of cross-section ) and § = —2——
mag ag

Yb

(R, is the position where the cross section has its max-
imum z-value) respectively. These definitions give the

following relationships:

Ey2I(y, D
K= bl D) (7)
m(vVT+ys — vVI—9p)
_VTFw+ V- -2+

Vi+tye—vVI—wp

)

(8)

In Eq.(7),

/2
dt

= /2 V(14 yp)sint(1 + (1 — D)y sint)

- (9)

In Eq.(8),

2
1 1
2
e ——) —r - ——. 1
y <1—D) % 1D (10)

We indicate that while the elongation only slowly
varies with D, the triangularity rather sensitively de-
pends on the parameter D. For a fixed aspect ratio,
a negative D value makes the cross section rapidly
change inboard. A typical example of equilibrium con-
figurations for different choice of D is shown in Fig.1.
Dependence of elongation and triangularity on D is

shown in Fig.2.

Fig.1. Magnetic surface contours for E=2.0, D=-0.2,
£=0.5 and Rg=5m.
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Fig.2. Curves of x (upper), § (lower) versus D for
e=0.5, E=2.0.

2.2. Safety factor profile

For the above-mentioned equilibrium, the safety

factor g can be expressed as

o) = () (228w,

2 4,
where
' du
Ly, D) = / (1+yyu)y/[L+ (1 - Dyypu (1 — u?)’
(12)
and

i L
Yyp = yb\/;- (13)

The total toroidal current can be expressed as

4 Ey, 1-D D
I, = 1 L+ —1I 14
° uoRo[< e ) 2+7E23}’ (4
where the two integrals I and I3 are defined as fol-
lows:

1 . .

—u
I , D)= [ duy/| —————, 15

21

1

du 1—u?
I D) = . (16
3w, D) /1+ybu\/1+(1—D)ybu (16)

-1

Then the edge g value g.q can be related to the total

toroidal current I, by

Geal, E2%? 1-D D
=—brl(1+ —=2\L+=15|. @17
F e |\ T B )2t e (17)

In the large aspect ratio case, the g-profile is
rather flat. In the small aspect ratio case, however,
the edge ¢ value can be much higher than the central

value. Besides, the shear value can be very large in

the edge region as well.[”] This merit usually shows a
good stability margin for ballooning modes. For dif-
ferent D, g-profiles are shown in Fig.3. To this end, we
can recall an expression for the same quantity appear-
ing in the left-hand side of Eq.(17) from a well-known
fitting formula,-% i.e.

9o5lo _ g 521 4 w2(1 4 26° — 12269 f(e), (18)
where
1.17—0.65
o) = (1_752)25 (19)

When we compare this quantity from the exact for-
mula (17) with that from the fitting formulae (18)
and (19), we find that the dependence of this quantity
upon the inverse aspect ratio is consistent while the
dependence upon the elongation and the triangularity
diverges if these parameters are relatively large. Usu-

ally, the former is greater than the latter (see Fig.4).
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Fig.8. The g-profiles for different D, from the upper
to the lower: D=-0.2, 0, 0.2.
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Fig.4. Comparison of the two values of (geqlp/F)
from the accurate formula (17) and the fitting formula

(18) for e=0.5, E= 2.0.



No.1

D-T burning plasma characteristics ... 175

2.3. Pressure profile

The Solov’ev configuration expressed in Eq.(2)
determines the pressure profile (that is a relatively
flat one compared to some other equilibrium cases)

and the F' function as follows:

Py)=Fh (1 - %) (20)
" 1/2
ro={r+r(1-2)1 @
with

_ s (. 1-D

P ()
_ 16Dy}

LR @

We assume that both the density and temperatures of
the electron and the ion are flux functions and neglect
the contribution of the fusion alpha particle pressure
at the moment (noting that this part of pressure pro-
file cannot fit the form expressed in Eq.(20)). Then

we write the density and the temperature profile as

Tle = Teo <1 - %)a: (24)
b

1—a
T, =711 = TeO (1 - %) 3 (25)

and the temperature ratio 7. is taken to be constant

for simplicity.
2.4. Relationship with operation limit

As is well known, the tokamak suffers from some
operation limits, such as the density limit and the beta
limit. For the former, the so-called Greenwald limit!1]
refers to

I

< Me >= kc;—p2 (26)
Tag

For the beta limit, the Troyon factor!!! is described

as

a(]Bt
I, -

In what follows, we select goq as a basic parameter that

Pn = 1008

(27)

restricts the total toroidal current, then we obtain the

central beta value as

_ (Ewh\® 1-D
/80 - <M> <]. + F) (28)

By combining Eqs.(14) and (25) and using the defini-
tion of ag, the Troyon factor can be written as
20cgel;

Pn= geallz + DI3/(E? +1— D)]’

(29)

where cg =< 3 > /. Now we see that fy is propor-
tional to (£/geq) and depends sensitively on parameter
D through I; which, for a configuration with relatively
large é and By, can be very high. For a given By, the

Greenwald limit gives the central electron density as

kG,BNBtE2yg 1-D
16m3cncgeag E2

Tle0

D 2

In turn, using By = 2poneo(Teo + To)/BZ, the cen-
tral ion temperature is then obtained according to
Eqs.(28)-(30). It is noted that all the above quan-
tities are functions of the equilibrium parameters F,
D and € (or yp). In particular, they depend on the

triangularity parameter D very sensitively.
2.5. Some remarks on the equilibrium

The Solov’ev equilibrium is peculiar in some re-
We can find that the Shafranov shift does

not depend on the pressure gradient. This is because

spects.

in this equilibrium, a change in the pressure gradient
would simultaneously cause a change of the toroidal
current, and then the poloidal beta value keeps con-
stant. In turn, the central toroidal beta exhibits a re-
lationship with the total current appearing in Eq.(28).
(In general, the pressure gradient and the toroidal cur-
rent can be selected as independent input parameters.)
This peculiarity makes it impossible to compare the
results with other burning characteristics carried out
below, e.g. the ITER-FEAT parameters. However, we
still can compare the results obtained from cases of
different aspect ratios if they have the same equilib-

rium configuration.
3.D-T burning characteristic

The thermal energy density of the D—T burning
plasma is

3
wp, = Ene(Te +T). (31)

The fusion-produced alpha particle power density is

1
Pa = _n?ef]%T < 0ov >pT Eoe; (32)

where fpt is the D-T ion dilution factor due to im-
purity contents. We use the Hively formulal'?! as the

D-T fusion reaction rate function:

ai

T'Y -|-G,2 +G,3T+(14T2 —I—a5T3 +(16T4 } ,

(33)

<ov>pr= exp{
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with v = 0.2935, a; = -—21.377692, ay =
—25.204254, a3=-0.071013427, a,=1.9374541x104,
a5=4.9246592x107°, ag=-3.9836572x 1078,

The unit of the ion temperature in this formula is
keV, and that of the reaction rate is cm3.s71.

For the radiation loss, we only consider the

bremsstrahlung, and use the following formula:
Porem = 1.68 x 107202 Zeg T/ %, (34)

where T, is in unit of 10keV while p in MW-m—3

We use zero-dimensional energy balance analysis
so that the above quantities in Eqgs.(30)—(33) should
be integrated over the total plasma volume. This inte-

gration can be carried out according to the following

regulation:
1
myt ER}
///dTU ¥, R) = yb /dt_/ldu
U(¢ut, R) .
VA= @)1+ (1- D)ptu)

(35)

In particular, for U =1, we obtain the plasma volume.
Usually, these volume integrations are proportional to
ER} while not sensitively depending on the choice of
D.

For the confinement scaling, the IPB98(y, 2)
ELMy H-mode scaling in the ITER design!!! is also

used here:

TE :0.144HhPt70.69_B?.15IS.93K/0.78
<n >0.41 00'58R1'39M0'19. (36)

In what follows, we are faced with a multi-parameter
optimization. Anyway, we should fix some parame-
ters first according to physical considerations. In the
present investigation, we set the aspect ratio A = 2
or y,=0.8. For the elongation which is very beneficial
for improving the confinement and for better reactor

merit, we use a scaling as in Refs.[2,3]:
K = 1.082 + 2.747/A. (37)

This gives kK = 2.46 for A = 2. In the following we
set E=2.0 (k ~ 2.2).

ratio, the largest choice of triangularity is given by

In the case with this aspect

setting D = —0.25 and § — 1.0. Conservatively, we
set D = —0.2 and § =~

sis but results to be compared will also be given for

0.58 in the following analy-

another choice of D.

3.1. Case I: ITER-FEAT-like size

We first consider a case that the major radius
of the reactor equals that of the ITER-FEAT, i.e.
R,=6.2m, corresponding to Ry=6.93m and a,=3.1m.
Of course, this choice makes the plasma volume in
this reactor larger than that of the ITER-FEAT. For
the Troyon beta factor, in Refs.[2,3] the DIII-D high
equivalent DT yield result(!3:14] refers to

(3.09 4 3.35/A + 3.87/+/A) (;) 0'5. (38)

peak factor0-5

P =

It is noted that the equilibrium configuration dis-
cussed here is quite different from the DIII-D case;
however, the D-T burning characteristic does not
sensitively depend on the equilibrium profile for
zero-dimensional analysis. The above formula gives
an uppermost value of the allowable fn=4.6; here
we set On=4.0 (we note that in the recent NSTX
experiments'¥ with A=1.4, k=2.0, §=0.8, high beta
plasmas with On = 6 were already routinely achieved
while Eq.(38) predicts By ~ 5.0 for a peak-factor =2).

3.2. Commercial reactor case

This case basically corresponds to a D-T power
station with output of 1IGW(e) (with the fusion power
around 3GW) so that the size should be rather large.

Obviously, the reactor design study needs a sys-
tem code such as that used in the ITER design.!*®!
Here we can only use some fundamental scientific con-
sideration to estimate relevant issues instead. One
important issue is the allowable toroidal magnetic
strength that is basically determined by the available
super-conducting magnet technology on the one hand
and the toroidal geometry of the reactor on the other.
If the maximum allowable magnetic strength of the
super-conducting magnet is B,,, the magnetic field at

the reactor centre will be

a,+ L
B =Bn|1-2—7), 39
) e
with Ly being the thickness of the blanket plus the
shielding material layer. In the following we take

Ly=1.2—1.4m depending on how large the reactor scale
is. For the case 3.1, i.e. the ITER-FEAT size case,
we assume Bp=11T, and Ly=1.2m. For R;=6.2m,
we have B;=3.37T.

4. Typical results

4.1. For the case 3.1



No.1

D-T burning plasma characteristics ...

177

The reduction of the aspect ratio from 3.1 to
nearly 2 makes the edge g value much larger for similar
or even larger total toroidal current compared to the
ITER-FEAT value g.q=3 and I;=15MA, this means
a much safer disruption-less operation. Other relevant
quantities are listed in Table 1 for H,=1.0.

Because the decrease in aspect ratio makes the
inboard space much tighter, the deceased magnetic
field is predicted if equivalent technology of the mag-
net system is foreseen. We choose lower By than that
in the present ITER-FEAT. Three cases are shown
in Table 1. Self-sustaining burning cannot be realized
The last row in this table shows that

to arrive at a self-sustaining burning, how large the

in this case.

value of H}, the enhancement factor over the ITER
H-mode scaling should be. We find that the increase in
magnetic field is beneficial for improving fusion merit.
(The fusion alpha power and the fusion performance
Qs = 5P, /P, versus By are shown in Fig.5.) Gen-
erally, reactors in this parameter range does not show
much better benefits than the present ITER-FEAT
case (A=6.2/2) except for the much larger edge ¢ that

makes disruption-free operation much more practical.

450
400 /
350
£ 3004 —Fe
> 250 T Qe X0 /
g - o
S 2001 = oo®
~ " e
N 150+ e
100+ et
s0] oasEtt
04— . . . ; . .
30 35 40 45 50 55 6.0
B:/T

Fig.5. The alpha power and Qg versus B for the
ITER-FEAT size case.

4.2. In the commercial reactor case of 3.2

We mainly consider the self-sustaining burning
condition if the H-mode enhancement factor can be
We keep €=0.5, k=2.2, §=0.5 as in

the case of 3.1, the major radius increases to about or

larger than 1.

larger than R,=9.0m. Other parameters are shown in
Table 2.

It can be seen that in this case, the reactor should
operate at a rather high ion temperature while the
density is still relatively low. This is basically due to
the Greenwald density limit that strongly restricts the
corresponding averaged density. In this case, rather

high ion temperature is required. This is certainly not

beneficial for obtaining high fusion gain; on the other
hand, the high temperature operation would lead to
formidable edge conditions. To alleviate this disad-
vantage, it is anticipated to operate at high Greenwald
value. The possibility to do so has been verified in
experiments.['®] In Figs.6 and 7 are shown the depen-
dences of the fusion alpha power, the central density
and the ion temperature on the Greenwald index kg,

respectively.

Table 1. The parameters in the ITER-FEAT size

reactor case.

Rp-apt/m 6.2 /3.1 K/8 2.2 /0.58

ded/d0 8.8 /2 BN/ Te 4.0/ 1.1

o /o 0.5/0.5 T/ Ze 0.85 /1.7
By/T 3.37 I,/MA 21.5
kg 0.85 1.0 1.15
Ne0/1020m—3 0.95 1.12 1.29
Tig/10keV 2.48 2.11 1.84
Py /MW 101 107 109
P, /MW 55.1 48.3 43.5

Qfus 9.2 11.1 12.5
TR /s 9.23 9.49 9.94

H; 1.61 1.52 1.48

Table 2. Commercial reactor case.

K/8 2.2 / 0.58 € 0.5
ded/q0 10.0 / 2.48 BN /Te 4.0 /11
an/aT 0.5/0.5 for/Zeg  0.85 /1.7
Rp/a 8.9 /4.5 9.8 /4.9 10.8 /5.4
By/T 3.9 4.05 4.1
I,/MA 36.0 41.1 45.4

kg 1.15 1.0 0.85

Te0/1020m—3 1.03 0.84 0.67
Tio/10keV 3.08 4.04 5.34
Po /MW 483 569 571
P, /MW 51.9 98.8 180

Qfus 46.6 28.8 15.8
TR /s 11.1 12.6 15.2

H; 1.12 1.19 1.34
650

-
600 ‘,l".
‘,I
e

550 - -
= e
2 5001
S

450

400

350+ : : . . T

08 09 1.0 11 12 13 14
kg

Fig.6. The fusion alpha power versus kg for the case

of 3.2; other parameters corresponds to the second col-

umn of Table 2.
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There will be other questions for high ion temper-
ature operation in tokamak systems; e.g., the raised
electron synchrotron radiation might increase the ra-
diation loss that we did not take into account in
the above calculation. We hope to seek relatively
lower temperature regime through the increase in the

plasma density. This will be discussed in the next

section.
45
| .“.\.‘. —B— Ne0
4.0__ ~o.k.\.\. e
..
o See L 2%
2 .
& 3.01 ..
s o
? 95 i}
S .
2.0
Lo P L
.’l-......-...-...
104 pupawsse®
0'8 0'9 1;0 1f1 1.2 - |3 J,
kg

Fig.7. For the case of 3.2, the central density and the
ion temperature versus kg. Other parameters are the

same as in Fig.6.

5. Advanced shaping operation

To increase the density, it is necessary to increase
the toroidal current. The direct way is to raise the
elongation. This needs an advanced shaping tech-
nique to stabilize the vertical instability. From the
scaling formula (37) it is anticipated that for an A=2
reactor, the elongation can be as high as k=2.46. In
the above calculation we only take k=2.2. In the fol-
lowing, we assume that the advanced stabilizing tech-
nique can realize k < 2.7. The benefit is remarkable.
We still discuss the self-sustaining burning case for
Hy < 1. The By value is still kept at 4.0. The mag-
netic field is determined by Eq.(39) where By, =11T
and Ly=1.3m are fixed as the basic technical require-
ment. The total toroidal current (and the edge ¢
value) are almost the same for the three examples.
A combination of somewhat higher Greenwald coeffi-
cient (kg > 1.0) and higher elongation (x > 2.3) can
make the self-sustaining burning feasible. Typical ex-
amples are listed in Table 3. We find that for k > 2.4
self-sustaining burning is reached and the general fea-
ture for the requirement of enhancement factor versus
FE is shown in Fig.8. The total fusion alpha power
versus the elongation parameter F is also remarkable.

(Fig.9).

2.4+

2.0

1.6

1.2] N
. .\-
0.8 .

Hy

0.4+

14 16 1.8 20 22 24 26 28 30 3.2
E

Fig.8. Self-sustaining condition for the enhancement
factor Hy versus E for an advanced shaping case.
Other parameters can be found in Table 3 (ii).

2500

2000 -

1500 +

Po /MW

1000 -
500 P

0_

14 16 18 20 22 24 26 28 3.0

Fig.9. The output fusion alpha power versus E (the

advanced shaping case).

In Table 3 are shown three combinations of the
major radius and the elongation: (i) E =2.4 (k=2.65),
R,=8.05m; (ii) £ =2.3 (k=2.57) R,=8.5m; (iii)
E=2.2 (k=2.43), R,=8.94m and other fixed or almost
fixed parameters are: D = —0.2(6 = 0.5), A=2, On=
4.0, a=0.5, kg=1.0, 7, = 1.1, geg ~ 6.7, I, ~0.43MA.

Table 3. Self-sustaining burning case of a commercial

reactor.

@) (ii) (iii)

Ry /m 8.05 8.5 8.94

K 2.65 2.57 2.43

Ged 8.64 8.67 8.7
1¢0/1020m~3 1.31 1.18 1.06
Tio/10keV 3.04 3.29 3.54
I, /MA 42.7 42.8 42.5
Vp/m3 2658 3126 3646
Wp/GJI 6.2 6.6 7.1
P, /MJ 675 675 655

TR /s 12.3 12.3 12.4

Hy 0.80 0.87 0.96

Finally, we consider how the variation of Gy would
change the fusion characteristic. We choose a little

higher magnetic field B;=4.5T for this case. Results
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are shown in Figs.10-12 for the toroidal current, the
alpha power, and the central density and the ion tem-
perature as functions of Oy respectively. Other pa-
rameters are R,=8.05m, B;=4.5T, E =2.2.

be seen that 3GW fusion power can be obtained for

It can

On > 3.5: that is, the basic choice of our calculations

above.

45 P |
40 1 -

35 A

I,/MA
N
m

30- A

25 M

20 T T T T T T
2.0 2.5 3.0 3.5 4.0

Fig.10. I versus (BN for a reactor with parameters:

Rp=8.05m, By=4.5T, E=2.2.
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Fig.11. The alpha power versus (B, parameters are
the same as in Fig.10.
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Fig.12. neo and Tjg versus (N, parameters are the
same as in Fig.10.

6. Bootstrap current fraction

It is well known that the bootstrap current profile

has a hollow form so that our assumption of quasi-

uniformity is not well aligned with it. However, the
total bootstrap current does not sensitively depend
upon the equilibrium detail so we can calculate the
bootstrap fraction by our simple equilibrium model,
which has the merit of being able to change the as-
pect ratio, the elongation and the triangularity easily.

Now we write the toroidal current density as/'®

dp F?
je=—RD 1= s
d¢  R2<B2>
<jB>F
R< B2>' (40)

Then the fraction of the bootstrap toroidal current

density is given by

<jB >y F
J b (41)

R< B? >

The symbol <> denotes the surface average; in our

jbs =

terminology, it reads

/\/l (1—D)yycosu

<U>=

(42)

/ du
J V/1+ (1 = D)yy cosu

In the following, as is usually the case, we assume that
F > |V, then we have < B2 >~ F? < 1/R? >, and

the total bootstrap current becomes

b
< jB > 1 dlp
Iy :/d’(/) < = > —
J R2 B,

™

1
_ERwp [, <jB>u
2 F

0 0
du

\/1 D)y, /T cosu

For the expression of the parallel component of the

(43)

bootstrap current, here we select the single ion, colli-

sionless model [16:17] ag

) A1 dpe dpi dT;

B >ps= — Fpe i1~
Ay dT,
‘id¢} (#4)

with
Ay =[z(0.754 + 2.21Z + Z?)
+ 2%(0.347 + 1.24Z + Z?)]/D..,
Ay =2(0.885 4 2.087) /D,
D. =1.41Z + Z? 4+ (0.775 + 2.65Z + 2.0Z?)
+ 2%(0.347 + 1.247 + Z?),

o; =1.17/(1.0 + 0.46z). (45)
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and

x = (1.461/c + 2.4¢) /(1 — €)%/2. (46)

Now all quantities appearing in the above can be ob-
tained for any set of equilibrium parameters and burn-
ing plasma parameters. After conducting some rela-
tively simple integrations, we can obtain the bootstrap
current fraction as a function of €, E, D, Ry, by using
Eqgs.(20)—(25) and (15); the bootstrap fraction fps can

be expressed in terms of relevant integrals as

Ibs
fbs —I
1—a,
:{BSl + BS2
1 + Ti
(I—oan)m 2
— ————BS3;/[2I+ 2DI3/(1 + E* — D)),
1 —|— Ti
(47)
where
1
BS1 = [ dtA;1,
0
1
BS2 = [ dtAsly,
0
1
BS3 = /dtaiAlIo, (48)
0
and
Iy = (49)

] du
9 \/1 + (1 - D)ypvtcosu

Now we find that though the total bootstrap current
is proportional to the pressure of the D-T burning
plasma, i.e. Is o< Py, the fraction is only a function

of the geometric parameters. It seems that the large

triangularity has some benefit for the increase of the
bootstrap fraction. In Fig.13 is shown the dependence

of fps on D.

0.84 1
0.82 1

0.80- =,

0.78 - \

Jos

.76 - .
° o

0.74 T T T T T

Fig.13. Dependence of the bootstrap current fraction

on D for an A=2 Solov’ev configuration.

7. Discussion

In both the ITER-FEAT size case and the com-
mercial reactor case with an aspect ratio A=2, one of
the unique points is the edge ¢ being much larger than
the conventional tokamak with A > 3. This makes the
burning plasma much more stable against the disrup-
tions. However, this is obtained at the cost of lowering
the magnetic field in the plasma centre. The second
important point is the higher obtainable Oy, due to
the Greenwald density limit; however, this leads to
higher temperature operation that is not hopeful in
the present technology. If higher Greenwald value can
be realized, or if advanced shaping is available, the
A=2 tokamak reactor might be very competitive. It
is worth studying in the future. Finally, some recent
studies!'®19] should be noted that are to some extent

related to this paper.
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