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Abstract

The prospects for achieving breakeven and
ignition in near term ETR type tokamaks under D/He-3
relevant conditions are considered, Using present
scaling laws for beta in the first stability regime,
it is found that CIT may be close to breakeven with
the presently planned toroidal magnetic field system,
if the ASNDEX H-mode scaling 'aw is used. With Kaye-
Soldston scaling, Q = .22 can be attained, but this
requires an excessive amount of RF heating power.
Larger devices, such as NET/INTOR, can ignite with
ASDEX H-mode scaling with an increase of the toroidal
“isid sy 20% and removal of the blanket and reduction
3f the inboard shield to that required for 0/He=3,

{ntroduction

The recent realization [1] that the moan
contains an enormous amount of He-3 has rekindled
interest in fusion reactors based on the 0/He-3
cycle, The higher operating temperature and reduced
reactivity of D/He=3 relative to D/T requires better
energy confinement and higher beta operation to be
economical, In order to establish the physics data
base necessary for D/He-3 reactors, it is desirable to
consider whether significant plasma performance with
N/He=3 can be obtained in near term devices planned
for D-T operation. Since tokamaks represent the pre-
sently leading concept for magnetic confinement, we
consider the possibility of breakeven and ignition in
oroposed ETR devices, such as CIT, TIBER, FER, and
NET/INTOR using 0/He=3 fuel, These devices span the
range from small major radius (1.2 m) and high field
(10 T) to large major radius (5.2 m) and moderate mag-
netic field (5 T). The physics assumptions in this
analysis are the same as those used for predicting
their performance with D/T fuel, The question of
whether an ecpnomical reactor can be made with these
assumptions is left for others to consider (the pos-
sibility of a D/He-3 tokamak reactor using the second
stability regime is considered in a companion paper

2.

Plasma Mode!

The performance of a tekamak reactor oper-
ating with D/He-3 fuel can be estimated using the
DHE3TOK computer code, which is essentially a global
power balance code. This code calculates the fusion
power produced for 3Jiven pilasma density and temper-
ature profiles. The plasma beta, which is determined
oy the plasma density and temperature and the pressure
of the fast fusion produced ions, is constrained to
satisfy MHD equilibrium and stability considerations.
The loss mechanisms included are hHremsstrahlung and
synchrotron radiation, with relativistic corrections,
Ind transport acrnss the magnetic “ield, The =lactron
3nd  *an  tamgeratures are allowed %0 separate; ra-
chermalization, with relativistic corrections, is
included.

in =nis analysis we consider Jperation only
trotne “irst “HD stapility ragime, The Jsolume-aver-
iged ceta is determined Yy the Troyon 3] “ormula,
_C

1=
a (m) 3.(7

J A Symp on Frision Engr,
/TICVVUIIJYuixj , CH

I2-16 OCt., 1987

where the coefficient C is normally in the range 3 to
4, We use the same value as that used in determining
the D-T performance of the device.

The biggest uncertainty in our analysis is
the energy confinement time for transport across the
magnetic field. We use empirical scaling laws to es-
timate this loss. These are based on present experi-
ments, which operate at a similar density but an order
of magnitude less temperature than that required for
D/He=3 fuel. In order to see the sensitivity of the
results to a change in the energy confinement scaling
law we consider two different scaling laws: Kaye-
Goldston scaling (3] with an H-mode factor of 2, and
ASOEX Hemode scaling 751, The loss is assumed to bde
in the electron channel, The loss in the ioa channei
is assumed to be neoclassical {or a multiple of it),
which is a negligible loss at D/He-3 conditions.

The DHE3TOK code calculates the ignition
margin, which is defined as the fusion power produced
divided by the total power loss, and the energy multi-
plication, Q, which is defined as the fusion power
divided by the erternally injected power. If the
plasma is ignited, then the ignition margin is above
unity and one has a safety factor against increased
losses. If the plasma is not ignited, then Q deter-
mines the power that must be injected into the piasma
(presumably by an RF heating system} to maintain the
thermal balance of the plasma, The Q-value computed
assumes the ions have a Maxwellian distribution func-
tion. Any enhancement of Q due to the RF system
driving "taiis" in the 1ion distribution is not

included.
Results

Table 1 gives the basic parameters of the de-
vices studied in this report. Figure 1 shows the en-
ergy muitiplication, Q, predicted for CIT with D/He-3
fuel versus average ion temperature for both Kaye-
Goldston and ASDEX H-mode scaling. The Q value maxi-
mizes at an ion temperature of about 40 to 50 keV; the
injected power required to sustain the plasma at this
temperature for Xaye-3oldston scaling is 106 ™MW, wnich
is beyond the power levels considered for CIT; for
ASDEX H-mode scaling the required power is only 20 Mw,
which is in the range considered for startup. Similar
calculations have been done for FER, TIBER, and NET.
The peak 0-value and the correspo:.ding required injec-
tion power are shown in Taple 2. A device of the size
and parameters of NET can achieve breakeven (0 = 1)
with ASDEX H-mode scaling, Note that J = 1 in J/4Ye-3

Table 1. B8asic Parameters of the Jevices
Parameter SiT TI3ER FER NE™
Yagnetic Fiald (T) 0.4 5.3 5.3 E)
Plasma Current 'VA) 3.3 20, 5.0 0.3
Major Radius | m) L.22 2.) g.2 3.2
ispect Ratio 2,71 3.5 1,354 3.3
Ziongation 1.2 2.2 2.5 2.2
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fig. 1. Energy multiplication versus average ion
temperature for CIT using both Kaye-Goldston
and ASDEX H-Mode energy confinement scaling.
Table 2. 0Q-Values and Required Injection Power
K.G. ASDEX HeMode
Device Q P TMW) Q P (MW)
cit 22" 108 92
TIBER .25 92 .83 21
FER .20 88 .49 27
NET .37 123 .99 33

is equivalent to Q = 5 in a 0/T plasma from the point
of view of the impact on the plasma power balance.
The distribution of the various losses is shown in
Fig. 2 for the NET parameters. Transport 1is the
largest loss mechanism; synchrotron and bremsstrahlung
radiation are considerabiy smaller.

In these calculations, there is no change in
=he olasma dimensions or magnetic field. Only the
‘uel and the ooerating temperature is changed. With
JiHe-3 fuel, nowever, the amount of neutron shielding
required is much less since the neutron production is
nmuch reduced from the D/T value, In addition, there
is no need for a tritium breeding blanket, Conse-
juently, improved performance can be obtained by re-
moving the inboard Sreeding hlanket and reducing the
shielaing <o that required for D/He=3. This allows
the =ajor radius of the plasma to de reduced and/or
the minor radius to bDe increased. Figure 3 shows the
J-value for a plasma with a minor radius of 1.7 m for
various major radii. The MHD safety factor, g, is
neld constant as the major radius is reduced., The re-
1uction 3f majar ragiys nas three denefits: increasaed
magnetic “ia2lc 2t <ne 37 asm., 'ncreased olasma current
an1 *rerefore energy confinement, ana increaseqd deta,

Sinally, we zonsider <he 20ssihility of
3cnTeyt g fantttan A TodHalld, 4127 <ave=50lastan
5827 °mg, inttion 3opears T ~a gyt 3F feacnt far tme
Jarimerars  J°  trtese  1eviias, die~  ASJEC  Hemoqge
3Cai’ ., ‘T 7ay de achieven .oy increasing. the.magnetic
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Fig. 2. Distribution of power losses versus average
: ion temperature for NET wusing both Kaye=-
Goldston and ASDEX H-mode scaling.
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Fig. 3. Energy muitiplication versus major radius;
the plasma half-width is 1.7 m, and the
magnetic field at the TF magnets is 10.4 T,
field and the eiongation. Shown in Fig., 4 is the

ignition margin, Q/(1+Q), versus magnetic field at the
plasma using an elongation of 2.4, which is the TIBER
value; the major radius is heid at 4.7 m and the plas-
ma ispect ratio is 2.7. lgnition s achlaved at a
<magnetic ‘iela of apout * T; with :ne space required
foar neutron snielding, this carresponds to 13 7 at the

magnet,
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