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The TJ-II device is a medium-size (R0 = 1.5 m, 
<ap> = 0.2 to 0.25 m, B0 = 1 T) helical-axis stellarator 
to be built at the CIEMA T site in Madrid. Its main 
characteristics are (a) potential for high-beta operation; 
(b) flexibility, i.e., its rotational transform can be var-
ied over a wide range and its shear to some extent; and 
(c) bean-shaped plasma cross section. The latest un-
derstanding of TJ-II physics in the fields of electron 
cyclotron resonance heating, transport, and magneto-
hydrodynamics, and the engineering solutions intro-
duced in its final design are discussed. 

INTRODUCTION 

Helical magnetic axis devices have a potential for 
high beta that makes them especially interesting as fu-
sion reactor candidates. To explore this capability, the 
TJ-II experiment was designed as a device with enough 
flexibility to cover a wide range of rotational transform 
values, to determine the most adequate operating con-
ditions in a first experimental step with up to 600 kW 
of electron cyclotron resonance heating (ECRH) de-
voted to equilibrium, stability, and transport studies. 
The engineering design has also been made compatible 
with higher power deposition in the vacuum chamber 
so that neutral beam injection will be possible in a sec-
ond experimental step, with additional powers up to 
4 MW, to study the finite-beta effects in the results of 
the first experimental program and the limits in beta 
for this configuration. 

*Current address: Universidad Complutense, Madrid, 
Spain. 

DESCRIPTION 

The TJ-II configuration, shown in Fig. 1, consists 
of 32 toroidal field (TF) coils whose centers follow a 
toroidal helix of major radius R0= 1.5 m, minor ra-
dius rsw — 0.28 m, and pitch law 0 = - 4 $ , where 6 
and 4> are the usual poloidal and toroidal angles. The 
central conductors, called the hard core, are made of 
two components, a circular coil centered at the major 
axis (1.5 m) and a helical winding wrapped around the 
circular coil following the same winding law as the TF 
coils (see separate detail in Fig. 1). Separately control-
lable currents in the hard core windings give the device 
its unique flexibility1,2 and differentiate it from the 
original heliac design.3,4 Two circular vertical field 
(VF) coils complete the coil configuration. These coils 
add a vertical magnetic field of «5% of the TF 
strength and are used to control the position of the 
magnetic axis. The magnetic surfaces are bean-shaped 
for the entire operational space, also shown in Fig. 1. 
Table I summarizes the main parameters of the TJ-II 
device. 

Plasma Heating 

In the first stage, plasma breakdown and heating 
will be produced by an ECRH system. Preliminary ex-
periments will be done with a 200-kW, 28-GHz gyro-
tron. Due to the density-dependent cutoffs in the wave 
propagation frequency and to obtain more relevant 
plasmas in the TJ-II, an ECRH system based on two 
gyrotrons, each 200 kW working at 53.2 GHz, will be 
provided. 

To account for the particularly difficult TJ-II ge-
ometry, the three-dimensional ray-tracing RAYS 
code5 developed at Oak Ridge National Laboratory 
has been adapted to the geometry of TJ-II, and a new 
absorption module has been introduced that permits 
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TABLE I 
TJ-II Main Parameters 

$ = 22 deg, 112 deg. . . 

$ = 0 deg, 90 deg 

$ = 67 deg, 157 deg . . 

Fig. 1. TJ-II coil configuration. 

g^Hi 

$ = 45 deg, 135 deg 

calculation of the power absorption when a non-
Maxwellian electron distribution is present.6 A study 
using RAYS, taking into consideration the limitations 
of the actual vacuum chamber for access to the 
plasma, has been conducted to obtain the optimum po-
sition of ray launching to maximize the power deposi-
tion and control the temperature profile. Figure 2 
shows ray trajectories for X-mode propagation in the 
second harmonic assuming a bunch of nine rays in a 
5-mm launching beam at toroidal position $ = 17 deg. 
The figure also shows the access ports to the vacuum 
chamber, the flux surfaces, and the resonance layer. 
Plasma conditions assumed in this study are ne(0) = 
1.5 x 1019 m" 3 and Te(0) = 1 keV. The power ab-
sorbed by the plasma in one pass has maximum values 
of the order of 40% for O-mode propagation at the 
first harmonic and in excess of 99% for X-mode prop-
agation at the second harmonic. 

Design Parameters 

Major radius (m) 1.5 
Average magnetic field (T) 1 
Number of periods 4 
Number of TF coils 32 
TF coil radius (m) 0.425 
TF coil swing (m) 0.2825 
TF coil current (nominal 1 T) (kA) 234 
/ = 1 helical coil swing (m) 0.07 
VF coil radius (m) 2.25 
VF coil height (m) ±0.75 
Maximum circular coil current, Icc (kA) -280 
Maximum helical coil current, Ihc (kA) -200 
Maximum VF current (kA) 200 

Calculated Ranges 

Range for rotational transform 
at magnetic axis 0.96 to 2.5 

Range of plasma average radius (m) 0.10 to 0.25 
Shear range (%) - 1 to +10 
Magnetic well depth range (%) 0 to 6 

E ij 
N 

—0.3 

Fig. 2. Microwave trajectories for X-mode propagation in 
the second harmonic. 

Since quasi-linear effects can play a major role 
during ECRH through a deformation of the electron 
distribution function that in turn can change the ab-
sorption process, we calculated the distortion in the 
electron distribution function/(w±,wn,0> by solving 
the following kinetic equation7: 

132 FUSION TECHNOLOGY VOL. 17 JAN. 1990 

D
ow

nl
oa

de
d 

by
 [A

us
tra

lia
n 

N
at

io
na

l U
ni

ve
rs

ity
] a

t 0
8:

52
 2

6 
D

ec
em

be
r 2

01
7 

Alejaldre et al. TJ-II PROJECT 

TABLE I 
TJ-II Main Parameters 

$ = 22 deg, 112 deg. . . 

$ = 0 deg, 90 deg 

$ = 67 deg, 157 deg . . 

Fig. 1. TJ-II coil configuration. 

g^Hi 

$ = 45 deg, 135 deg 

calculation of the power absorption when a non-
Maxwellian electron distribution is present.6 A study 
using RAYS, taking into consideration the limitations 
of the actual vacuum chamber for access to the 
plasma, has been conducted to obtain the optimum po-
sition of ray launching to maximize the power deposi-
tion and control the temperature profile. Figure 2 
shows ray trajectories for X-mode propagation in the 
second harmonic assuming a bunch of nine rays in a 
5-mm launching beam at toroidal position $ = 17 deg. 
The figure also shows the access ports to the vacuum 
chamber, the flux surfaces, and the resonance layer. 
Plasma conditions assumed in this study are ne(0) = 
1.5 x 1019 m" 3 and Te(0) = 1 keV. The power ab-
sorbed by the plasma in one pass has maximum values 
of the order of 40% for O-mode propagation at the 
first harmonic and in excess of 99% for X-mode prop-
agation at the second harmonic. 

Design Parameters 

Major radius (m) 1.5 
Average magnetic field (T) 1 
Number of periods 4 
Number of TF coils 32 
TF coil radius (m) 0.425 
TF coil swing (m) 0.2825 
TF coil current (nominal 1 T) (kA) 234 
/ = 1 helical coil swing (m) 0.07 
VF coil radius (m) 2.25 
VF coil height (m) ±0.75 
Maximum circular coil current, Icc (kA) -280 
Maximum helical coil current, Ihc (kA) -200 
Maximum VF current (kA) 200 

Calculated Ranges 

Range for rotational transform 
at magnetic axis 0.96 to 2.5 

Range of plasma average radius (m) 0.10 to 0.25 
Shear range (%) - 1 to +10 
Magnetic well depth range (%) 0 to 6 

E ij 
N 

—0.3 

Fig. 2. Microwave trajectories for X-mode propagation in 
the second harmonic. 

Since quasi-linear effects can play a major role 
during ECRH through a deformation of the electron 
distribution function that in turn can change the ab-
sorption process, we calculated the distortion in the 
electron distribution function/(w±,wn,0> by solving 
the following kinetic equation7: 

132 FUSION TECHNOLOGY VOL. 17 JAN. 1990 

D
ow

nl
oa

de
d 

by
 [A

us
tra

lia
n 

N
at

io
na

l U
ni

ve
rs

ity
] a

t 0
8:

52
 2

6 
D

ec
em

be
r 2

01
7 

Antonio Varias, 
in memoriam



Profesor Titular de Universidad (1995-2021)
Universidad de Málaga

Docencia en el Grado en Matemáticas desde 2011
Física I, Física II, Astronomía y Cosmología, y dirección de 
Trabajos Fin de Grado

Antonio Varias, 
in memoriam

También impartió docencia en los Grados y Licenciaturas 
en Química, Biología y Ciencias Ambientales, Ingenierías y 
Arquitectura



Antonio Varias, 
in memoriam

Además de compartir con 
nosotros su trabajo en la 
Universidad,  Antonio nos 
contagió a muchos su pasión 
por la cultura, la política y por 
su Barça.

DESCANSE EN PAZ
Sit tibi terra levis


