JAERI-M
82-104

SCALING OF CRITICAL BETA IN
A TOKAMAK

August 1982

Takashi TUDA, Masafumi AZUMI, Gen-ichi KURITA,
Tomonori TAKIZUKA and Tatsuoki TAKEDA

AR = ®E F Hh H R M
Japan Atomic Energy Research Institute



JAERI-M L#— FMi, BARFAFEFFFERICOT LT SHRESE T,
AFOMAD G, FAREFHFEAERSE AR (T19—11 FRIE HIEH)

HT, BELILCARG, il IOEP CREEARTNMFESERL Y 5 — (T319-11 &K
IS AR AT S AT B A F T AN) CHE L B EREME S I L TED T,

JAERI-M reports are issued irregularly.
Inquiries about availability of the reports should be addressed to Information Section, Divisien

of Technical Information, Japan Atomic Energy Research Institute, Tokai-mura, Naka-gun,

Ibaraki-ken 319-11, Japan.

@ Japan Atomic Energy Research Institute, 1982

=2

WERRT HEEFAOMEMR
EH Bl B ¥ R RIORT



JAERI-M 82-104

Scaling of Critical Beta in a Tokamak

Takashi TUDA, Masafumi AZUMI, Gen-ichi KURITA, Tomonori TAKIZUKA
and Tatsuoki TAKEDA

Division of Thermenuclear Fusion Research,

Tokai Reseérch Establishment, JAERI

(Received July 22, 1982)

Stability of Tokamak for high-n ballooning mode is studied.
Combination of a 2-D transport code and a"infinite-n ballooning
code is used to optimize the beta value (the ratio of the plasma pressure

to the magnetic pressure). We get the functional dependence of the

maximum beta as

0 -0.76 _1+0.14(q 1)

B (D) = 7.8q, 34 (a-1)

b

here qg is the safety factor at the plasma surface, A the inverse aspect

ratio, € the ellipticity of the plasma cross-sectien.

Keywords; Tokamak, Ballooning Mode Instability, Critical Beta Value,

Two-Dimensional Tokamak Code, Anomalous Thermal Diffusien
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It is desirable from the economic viewpoint that a tokamak fusion reacter
is operated in the high beta state. The possible beta value, the ratio of the
plasma pressure to the magnetic pressure, may be restricted by MHD instabili-:
ties, especially by unstable high-n ballooning modes. If we can heat a plasma
up to the second critical beta value much faster than the anomalous diffusion
due to unstable ballooning modes, we can obtain a fairly high beta tokamak
equilibrium which is stable against ballooning modes over the whole plasma
region [1]. When the heating rate is not so much large, the beta is limited
by a certain value, i.e., the first critical beta value. In this paper, we
stﬁdy in detail about the dependencies of this value on the safety factor at
the plasma surface q_, the aspect ratio A, and the ellipticity €.

The basic equations are the combination of the surface averaged transport

equations of simplified FCT version

3/2

5/3
ERVETAR N (&
se »(30) (50) s(xeapay) * 05 w
d \
g = 2
oc 4 o (2)
and the axisymmetric toroidal MHD equilibrium equation
2Ly, 3%y 2 dp dT
5E\R 3R/ T 372 ~ TR qu ~ Ty (3)

where ¥, V, p, S, and T are the poloidal magnetic flux, the volume surrounded
by a contour of ¥, the plasma pressure, the pressure source, and the poloidal
current flux, respectively. In order to manifest the effect of unstable
ballooning modes on the plasma transport, only the anomalous thermal conduct-
ivity Xp due to these instabilities is taken into account and the electric
conductivity is assumed infinitely large. We start the computation from the

force-free equilibrium with the toroidal current density j¢

Rj, = o {1-a,0-(1l-a, )y} , (4)

where y is normalized such that Y=0 at the magnetic axis and yY=1 at the plasma
surface, Parameters oy and o) are adjusted such that the values of the safety

factor at the magnetic axis q and at the surface q take the prescribed ones.
5
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In the transport equation, we take into account of the pressure source and

the anomalous heat conductivity due to unstable high~n ballooning modes, which
is zero on stable magnetic surfaces and has the infinitely large value on
unstable surfaces. The critical pressure gradient dp/dwlcrit against the
infinitely high-n ballooning mode on a magnetic surface is obtained from the

ballooning mode equation described in Ref. [2] with the zero growth rate;

d (9% dp -
as T )t (qyleric 8 = 0

1 R?B2
£ = [1+ (—5%z)7]

R*Bp
RB_B
1 d 2 t 3B®
- = (2p+B?) - B 7 =
57 r%Bp g (2p¥B0) -y 2z 5

0 2
where s is the arc length and J is Jacobian. This equation is solved as the
eigenvalue problem by using the finite element method. We start the computa-
tion from a very low beta equilibrium with the safety factor at the magnetic
axis of unity. This plasma is heated up to higher beta by the pressure source
with the profile (1-92)2, Aftér the plasma becomes unstable localy, the
pressure profile near the unstable region is changed by the anomalous diffusion.
The beta value still continues to increase by changing the pressure profile.
Finally, the whole plasma region becomes marginally stable and the beta value
saturates. It must be noted that the final beta value and presuure profiie |
are independent of the source profile.

This critical value is mainly dependent on the plasma shape and the é
profile. Figures 1 and 2 show the critical beta value B and the critical
.poloidal beta value BJ; respectively, as functions of'qs, A and €. The
critical B decreases with increasing q4g and A (Figs.la,bandc), while BJ
increases almost linearly with increasing q and A ( Figs.2a,bandc).

The beta value depends almost linearly on the ellipticity in the range 0.8
<g < 2.0 (Fig.1d) , while BJ has the peak near €=1.1 (Fig.2d). From

these results, we get the functional dependence of B on qg> A and £ as

B(Z) = 7.8 qS—O.§4~(A_l)—0.76 El+0.14(qs—l)
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This relation is much different from the well-known one, B-Jl/qSZA. This is
caused mainly by the effect of the shear, as is seen in Fig.3, where the
safety factor q, the local shear s=rq'/q and the corresponding marginally
stable pressure p are plotted for qs==2 (dashed line) and qs==4 {solid line).

The authors would like to thank the members of Plasma Theory Laboratory
for their fruitful discussions. It 1s a great pleasure to acknowledge help-
ful discussion and continuing encouragement of Dr. M. Tanaka. We would like
also to express our siccere thanks to Dr. Y. Obata for his encouragement

throughout the whole work.
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