
§ 18. DKES Results of Plasma Viscosity in Finite 
Aspect Ratio Tokamaks 

Yokoyama, M., Wakatani, M. (Kyoto Univ.) 
Shaing, K. C . (IFS, Univ. Texas) 
Hsu, C. T. (PPL, Princeton Univ.) 

One of the approaches to improve the econ­
omy of a toka1nak fusion reactor is to increase 
the plasma (3, the ratio of the plas1na pres­
sure to the magnetic field pressure. One way 
to increase the first stability limit of (3 deter­
mined by the ballooning mode is to design a 
low aspect ratio tokamak. It is an interest­
ing question whether the neoclassical trans­
port is also favorable in the low aspect ratio 
tokamak or not. To this end, analytic expres­
sions of neoclassical fluxes valid for arbitrary 
aspect ratio and collisionality are useful. It 
has been shown that neoclassical fluxes can 
be expressed in tenns of viscosity and fric­
tion coefficients. Because the friction coef­
ficient are valid for all collisionality and in­
dependent of aspect ratio, we only need an 
approximate analytic expression for plasma 
viscosity under the standard assumptions for 
the neoclassical theory. It is noted that the 
expression shown in Ref. I) may produce all 
the asymptotic limits. Here the accuracy of 
this expression is compared with numerical 
calculations with the DKES code2 ). 

Figure 1 shows the normalized viscosity 
coefficient f.-ln versus CMUL, which is a pa­
rameter proportional to collision frequency 
in the DKES, with the analytic expression. 
The results of DKES calculated for the same 
set of para1neters are shown in Fig.2. The 
agreement in the banana and Pfirsch-Schhiter 
regimes is very good. When the inverse as­
pect ratio E increases, the magnitude of the 
viscosity coefficient also increases for a fi­
nite q (safety factor) value in all collisionality 
regi1nes, as shown in Fig.l and Fig.2. Be­
cause of this property, the bootstrap current 
is expected substantial in the Pfirsch-Schliiter 
regi1ne. In the extre1ne case of E ---+ 1, the vis­
cosity coefficient approaches infinity. Thus 
the bootstrap current, ion thermal conduc­
tivity a.ncl plas1na electrical conductivity 1nay 
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have no collisionality dependence. 
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Fig. I, Normalized viscosity coefficients f.-ln 
versus CMUL for various values of 
E with the analytic expression. 
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Fig. 2. Normalized viscosity coefficients f.-ln 
versus CMUL for various values of 
E with the DKES code . 
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