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Abstra~t: The confinement of fast injected 10ns in W VII-A is strongly 
affected by the presence of raqlal electric fields. The neu tral bean 
deposit i on code DOIN so far had been valid for the treatment of smal l 
electric fields ( IEI< 100 Vlcm) and therefore had to be revised t o cover 
large electric fields as well. The accuracy aChieved for typical cases has 
been estimated by using a perturbation method. 
It is shown that the new vers i on of QOIN gives correct results within an 
error of + 10 't for the total" heating efficiency and + 20 'f, for the power 
deposit ion profiles up to 5. 0 kV radial elec~ric potential. The observed 
heating efficiency for co and counter injection ,.0.35 is very well re­
presented by code results for a potential of 2.0 kV with negligeable in­
fluence of its radi al dependence. 

Introductjon : At the beginning of NBt experiments on W VII-A a heating effi­
ciency was found experimentally that was higher than predicted by the numeri­
cal simulations / 1/. An explanation of this fact was the occurrence of a 
radial electric field confirmed by the observation of a fast poloid~ l plasma 
rotation /2/ which was not considered in the numerical calc ulati ons . The 
beneficial effect of an electric field on '1 was then confirmed Qu~litatfvely 
by OOIN calculations /3/. However, for l arge electric fields the quantitative 
results showed a number of inconsistencies, which required a revision of the 
code . The subsequen t improvements and an investigation of the resulting 
accuracy are described in the first part of this paper. In the second part 
the new version is used t o recalculate the heating efficiency for W VII-A and 
t o demonstrate the influence of the electric field on the orbit of si ngl e 
particles . The results are in qualitative accordance with a bounce averaged • 
Monte-Carlo simulation /4/. 

t. _ Revisfoo of _the_ neutr.al beam Qe~tf!.lg . cod~ OOIN: 
The improvements that become necessary 1n orde r t o include large elect ri c 
fields are: energy conservation, time step control and a more careful 
~odelling of the electric field. 

1.1 Energy c.ooser_vatioo: For a correct energy balance for each injected 
particle in the pre sence of electric fields the potential energy qb'Q" of an 
ion at every point of the trajectory has to be calculated to conserve the 
tota 1 energy 

The ' term QbU previ ously not included may be neglected only for QbQ"« Eb . 

1.2 Timestep control: The ExB-drift causes an additional poloidal velocity 
exceeding theVB ~n(j curvature drift of the fast fans for IEI:> 135 v/cm 
at W VII -A conditions. The dynamic adaptati on of the iterati on time step of 
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the orbit calculation has been corrected for this fast drift co~ponent. For 
runs with IEI > 500 V/cm the time step parameter itself must be reduced 
accordingly to avoid numerical errors underestimating the heating efficiency 
and the power deposited locally in the region of high electr ic fields. 

1.3 Mod~l of .tt:Je ~lectri~ Jiel~; The physical constraint is t hat the elec­
tric equipotentfal surfaces ~ = const. have to be identical with the magnetic 
flul( surfaces ¥' = const. of t he conf igurati on used. Otherwi se a polo idal 
field component E9 is generated which causes an unrea l istic radial particle 
drift . For nuner1cal reasons central ellipses ;:Ire used ln OD I N t o fit the 
magnetic conf i guration computed from a Dommaschk field representation /5/. As 
seen from Fig . la this is a good approximation for r/a ~ 0.3 only . But the 
position of the best fitted flux surface can be varied by the appl icat ion of 
an additional vertical magnetic field 0 < Bv < 50 Gauss (Fig. lb,cl. 

1.4 Error_est1matioll_for ,tl)~ c.ode r~sults: To estimate the erro rs induced 
by t he electric fie l d model. firstly the position of the best fitted magneti c 
surfaces was varied by varying Bv for parabolic potentials 

~ "~a{r/ra)2 with 1 ~ ~a!f:7 kV. In this way the 

erroneous poloidal field components Ee(r/a) introduced by the rn isfi ttlng of 
the flux surfaces is cha nged in a wide range. In the worst case (Le. Bv = 0) 
the misfi tti ng of the outermost fl ux surfaces 1 s greatest whe re IEgl reaches 
i ts m~~imum also resulting in the hig hest Eg-component there. It shows up 
(e.g. in Fig. 2 for 3.0 kV) that the code results are not sensitive t o that 
variation indi cating that IEg( r/a l! <lEg crit(r/all in these cases, \Eg critl 
being the limit, where the erroneous fie1d component starts to influence beam 
deposition. To get a number for lEg crit(r/a)1 the elliptical eQuipotential 
surfaces were perturbed by changing' thei r ha 1faxes or. .. £0(. ,11 ~ III E.. 
1n order to generate an artificial po19idal compo nent Eg(r/al. Figur~ 3a 
shows the global results f or different potentials a. Admi tting an error of 

i 10 'f, for.." , a critical field value lEg critl can be deduced depending on f1. 
The corresponding deposition profiles for'3.0 kV are plotted in· Fig. 3b. 
Si nce the two methods should give consistent results one concludes that the 
code is not sensitive to Eg-components in the outer plasma reg i on but to 

• poloidal electric f ie l ds at r/a :: 0.5. This is in accordance with the fact 
that this region is most frequented by the heating particles. In Fig . 5 the 
estimated critical poloidal field at r/a = 0.5 is given as a function of act. 
together with the value occurring in ODIN for the worst case (1.e. Bv= Ol. We 
conclude that the global and local ODIN results are correct wi t hin an error 
of 10 'f, and 20 t, respectively, if IEgl< IEg,critl at 
r/a'" 0.5, i.e. a

ct
<5 kV for a parabolic potential . 

11.-,- _ Applica.t~on_M_ toe revised code. fot'. W VJl A 

II.l He.atlng dficl~ncy: In Fig. 5a,b the recalculated 7? ((1) for co resp. 
counter injection are given assuming parabol ic potential s. The observed 
direction of the plasma rotation excludes negative U4 shown here for 
completeness. The experimental value,,? c:t 0.35 for co and coun ter injection is 
very well represented by code results f or fJ~= (Z.l."!: 0.3) kV. This also holds 
for an electric field E(r )oe Vp as seen from Fig. Se. 

n.2 ,Particle. tracjng meJhP~: The influence of the electric field on the 
ion orGits can be made visible by plotting the intersection poi nts of the 
trajector ies of a set of test particles with a given poloidal plane. The be­
haviour of the orbits f or ions starting in the z = 0 plane at different radii 
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R may be quant1fied by the area F(R) 1n the pol oidal plane which surrounds 
these intersection points. In Fig . 6 an example f or this confinement 
pa rameter F(R} for fast co-injected ions 1s shown. With increaSing positi ve 
potential, the zone of good confinement . f.e . the minimum of F(R ) is shifted 
towa rds the plaSMa center resulting 1n a ~ore efficient trapping of the 
injec ted i ons . For small negative potentials ~1.O~r]a,~-O.5 kV no 
confinement is found corresponding t o the poloidal dr if t resonance were the 
Ex8- rlrif t and the rotational transform drift for the fast ion s cancel each 
other . Higher negative potentfal s would im prove the confinement again 
begin ning with 10ns starting at R < Ra caused by the cou nterwise poloidal 
rotation which the n again ;s domi nated by the electric field . 
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