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Comments and Addenda

The section Comments and Addenda is for short communications which are not dppropriate for regular articles. It includes only the
following types of communications: (1) Comments on papers previously published in The Physical Review or Physical Review Letters.
(2) Addenda to papers previously published in The Physical Review or Physical Reviews Letters, in which the additional information

proofs are sent to authors.

Comments on "Simulation of large magnetic islands: A possible mechanism
for a major tokamak disruption"

B. Carreras, B. V. Waddell, H. R. Hicks, and S. J. Lynch
Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830

(Received 23 January 1978)

In this Comment it is established that the numerical results for the nonlinear evolution of the m = 2
tearing mode are aA'ected by the density of the poloidal grid. A coarse grid gives results that are
quantitatively and qualitatively incorrect. The important qualitative error is that with a coarse grid the
growth of the width of the associated magnetic island is exponential rather than algebraic.

In Ref. 1, it was reported that for a certain
safety factor profile and sufficiently large values
of the resistivity, the m =2/n =1 magnetic island
grows exponentially until it saturates at a width
of 0.7g, where g is the minor radius; here m and

n are the poloidal and toroidal mode numbers,
respectively. It is the purpose of this Comment
to clarify this phenomenon and point out that the
results in Ref. 1 were severely affected by num-
erical error associated with the coarse poloidal
grid. Specifically, if a fine poloidal grid is em-
ployed, the island grows algebraically rather than
exponentially. It attains a maximum width of
0.48', relaxes, and eventually saturates at 0.37@

The issue of whether or not the growth is ex-
ponential for some profiles is important because
if the growth is exponential, then the assaciated
time scale is consistent with the time scale for
the major disruption. If, on the other hand, the
island grows algebraically with time, then the
fast disruption time scale can be explained only
by arguing that the disruption occurs when the
island touches the limiter.

The safety factor profile employed in Ref. 1 can
be written in general as

q(r) =q(0)[1+(r/ro)' ]'
where q(r), r„and X are arbitrary parameters.
For the specific profile studied in Bef. 1, q(0)
=1.378, ro=0.8, and A. =4. The value of S (the
ratio of the resistive diffusion time and the po-
loidal magnetohydrodynamic time) was taken to be

104 at the q =2 surface.
The results that we obtained using our version

of the MASS code' are summarized in Fig. 1. For
a uniform radial grid of 60 points, the magnetic
island width g as a function of time obtained with
a uniform poloidal grid of eight points per quadrant
(employed in Bef. 1) is compared in Fig. 1(a) with
the result obtained with a uniform poloidal grid of
24 points per quadrant. The time is normalized
to the skin time (q~). We observe that with M=8,
where N denotes the number of poloidal grid points
per quadrant, the behavior of the island width for
t & 0.03'~ is the same as that reported in Ref. 1

(as expected, since the two codes are essentially
identical). However, the remarkable relaxation
of the island for f & 0.03&~ [as shown in Fig. 1(a)]
was not reported in Ref. 1, where it was stated
that the saturation width is 0.7g. A detailed des-
cription of the corresponding relaxation of the
toroidal current density is presented ir. Ref. 3.
More importantly, however, as the poloidal grid
is made finer, the maximum value of the island
width decreases by about 30%. Judging from the
results for N between 8 and 24, we conclude that
an N of 24 is sufficiently large to give reliable
results. In addition, for pf =24 the saturation and

peak widths do not differ enormously; the satura-
tion width according to the quasilinear analysis
in Ref. 4 is 0.28a, approximately 25% smaller
than the numerical value of 0.37a, which is 50%
smaller than the value of 0.7g given in Ref. 1.
The radial grid of 60 points has been shown to be
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for + =24 is similar to the behavior for other pro-
files for which there are no grid problems. (A
plot of d W/dt on a logarithmic scale clearly shows
that for N =8 the island growth is exponential or
faster, while for + =24, the growth is much less
1 apld. )

In Ref. 1, it was reported that for S =10, the
island grows linearly with time once it exceeds
the tearing layer width until it reaches a width of
0.4g; the run was not continued because of the
large amount of computer time required. For
S = 10', a regime where d W/dt is constant, is
more clearly demonstrated because the tearing
layer width p~ is smaller and thus p &p~ for a
longer period of time. On the basis of Fig. 1, we
conclude that no exponential behavior was ob-
served for S =10' because the code was not run
past W =0.4, whereas the clear exponential growth
due to numerical error occurs mainly for ~~0.4.
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FIG. 1. (a,) m =2/n =1 island width plotted as a function
of time for different poloidal grid densities for S =104.
(b) The rate of change of the island width plotted as a
function of time for different poloidal grid densities for
8=10 .
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sufficiently fine, and similar results have been
obtained for smaller values of S.

In Fig. 1(b), the quantity d W/dt is plotted as a
function of t. The analytic result that d W/dt
= 1.66 q &' for 5' larger than the tearing layer
width ' is indicated by the dashed line; here q is
the resistivity at the q =2 surface and b,' is the
discontinuity in the logarithmic derivative of the
flux eigenfunction. For g =8, the numerical re-
sults are substantially different from the analytic
results in that d W/dt is much larger than 1.66 q a'
for g ~0.4g. For Pf =24, however, the numerical
results are similar to the analytic results ' and
to the numerical results reported in Befs. 6 and 7
in that the growth rate is slow and algebraic rather
than exponential. The island growth rate does not
become exactly constant because S is small; never-
theless, the island behavior exhibited in Fig. 1(b)
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FIG. 2. (a) m =2/n =1 isl,and width plotted as a func-
tion of time for N =8 and S =105. (b) The rate of change
of the island width plotted as a function of time for
N =8 and S =105.
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In fact, we have run the case S = 10' and found that
it does exponentiate for N =8 (Fig. 2); Ã =24 was
not employed because the computer time required
is too large.

Finally, we would like to emphasize that the
numerical problems associated with the poloidal
grid apparently occur only for cases where the
island width becomes very large and thus a large
number of poloidal flux harmonics is required.
For example, for the safety factor profile speci-
fied by q(0}=1.08, ra=0. 5, and X =4, the m =2
island exhibits the standard behavior reported in
Refs. 6 and 7; i.e., it grows slowly even for pf =8
once its width exceeds the tearing layer width and
then saturates at a width of 0.3la. Since this case
is very similar to the one studied in Ref. 1 and
discussed here, apparently the MASS cade results
for the case studied in Ref. 1 are somewhat patho-

logical.
Consequently, on the basis of the preceding an-

alysis, we conclude that in all cases studied the
m =2 island width grows slowly (algebraically)
from the time it exceeds the tearing layer width
until it saturates, irrespective of the value of $.
As is obvious from Fig. 1(a}the maximum width
of the island, although not as large as reported
in Ref. 1, is large enough to hinder confinement.
The exponential growth reported in Ref. 1, how-
ever, is due to the numerical error associated
with the poloidal grid.

ACKNOWLEDGMENT

This work was sponsored by the Department of
Energy under contract with Union Carbide Corp-
oration.

~R. B.White, D. A. Monticello, and M. N. Rosenbluth,
Phys. Rev. Lett. 39, 1618 {1977).

2B. V. Waddell, M. N. Rosenbluth, D. A. Monticello, and
R. B.White, Nucl. Fusion 16, 528 (1976).

H. R. Hicks, B.Carreras, J.A. Holmes, and B.V.
Waddell, ORNL Report No. OBNL/TM-6096, 1977
(unpublished).

R. B.White, D. A. Monticello, M. N. Rosenbluth, and

B.V. Waddell, Phys. Fluids 20, 800 {1977).
5P. H. rutherford, Phys. Fluidh 16, 1903 {1973).
6R. B.White, D. A. Monticello, M. N. Rosenbluth, and

B.V. WaddeQ, in Plasma Physics and Controlled Nu-
clear I'usion Research 1976 {Unipub, Nevv York, 1976),
Vol. 1,p. 569.

YD. Biskamp and H. Welter, in Ref. 6, p. 579.


