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We present an analysis of the energy flux to the axisymmetric limiter in Igniter for plasmas with elongation K from 1.0 to 

1.32 and midplane scrape off distances A from 0.5 cm to 3.0 cm. We find that the elongation for a given scrape-off distance is 

limited by the allowable limiter edge heat load. We also find that by varying the elongation as a function of scrape-off distance, 

we can limit the peak energy flux to approximately 300 W/cm2 for 0.5 cm $ h s 3.0 cm, assuming 4.5 MW total power 

incident on the limiter. 

1. Mro d u c t io n 

The success of the ignition experiment, Igrtitor. [I], 

will depend to a considerable extend on minimizing the 

plasma impurity contamination. A key element in this is 

the careful design of the limiter system for thermal 

energy removal. Owing to the compact nature of the 

device and the concomitant smaller surface to volume 

ratio, the energy removal problem is particularly de- 

licate. Furthermore, to maximize the space available for 

plasma operation, it is desirable that the limiter be 

restricted as much as possible in its radial extent. Con- 

sequently, it is imperative that the limiter thermal loads 

be minimized to whatever extent possible in order to 

facilitate a simpler and more compact design. 

In this paper we provide calculations of the thermal 

loads on the Ignitor limiter. We consider an axisymmet- 

ric limiter [2] located on the small major radius side of 

the vacuum vessel, subtending a poloidal angle of f 90’ 

about the midplane. The poloidal cross section of the 

limiter is elliptical. The energy deposition on the limiter 

is calculated for elliptical plasmas with varying elonga- 

tion. Due to uncertainties in edge plasma parameters 

[3], we consider a range of scrape-off distances from 0.5 

cm to 3.0 cm. We find that the elongation modifies the 

energy deposition profiles dramatically with a strong 

scrape-off dependence. Owing to the power loading at 

the limiter edge, there is a limit to the elongation for a 

given scrape-off distance. We also find that that the 

elongation can be used to minimize the peak heat flux 

on the limiter for any scrape-off distance in the range 

considered. In this way it is possible to accommodate 

plasmas with a wide variation in edge parameters using 

a limiter of fixed cross section. 

In section 2 we present the model used for the 

energy flux calculations. Our results are presented in 

section 3. Section 4 provides a summary and discussion. 

2. Energy &position mode4 

The physical arrangement for the plasma and limiter 

which we assume for the present calculations is shown 

diagrammatically in fig. 1. The limiter is an axisymmet- 

ric structure with a major radius of 74 cm. Its cross 

section is elliptical, with a semi-major axis, b, of 35 cm 

and a semi-minor axis, at_ of 25 cm. The limiter spans a 

poloidal angle of f 90” on the small major radius side 

of the vacuum vessel. At f!N”, it is assumed that the 

limiter surface is vertical as shown. The detailed struc- 

ture of the limiter is discussed elsewhere [4,5]. 

For the present calculations, we assume that the 
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Fig. 1. Diagram of the physical arrangement used for the 

present calculations. The limiter is axisymmetric with an ellipti- 
cal cross section of dimensions as shown. The major radius of 
the limiter and the plasma is 74 cm. The plasma elongation is 
varied from 1.0 to 1.32. 

plasma parameters are those for the compressed config- 

uration [l]. The major radius, R,, is 74 cm. The cross 

section is elliptical, with a semi-major axis up of 25 cm 

and a semi-major axis bP which varies from 25 cm to 33 

cm. The corresponding variation in the elongation K  =  

(a,/bp), is from 1.0 to 1.32. The plasma current is 4.5 

MA and the toroidal magnetic field is 15 T. The total 

thermal power leaving the plasma is estimated to be 

6.75 MW. It is assumed, conservatively, that 66% of this 

value, or 4.5 MW, is incident on the limiter. In order to 

see the related effects of changing elongation and scrape 

off, we do not introduce any elongation dependence for 

the total incident power; however, the effects of such 

dependence are noted in section 3. 

We utilize a model for the plasma-limiter interaction 

[3] in which it is assumed that the thermal energy 

leaving the plasma flows along field lines. It is further 
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assumed that the energy flux is constant on a magnetic 

surface and decreases exponentially from the plasma 

edge with a characteristic length given by the midplane 

scrape-off distance h. The energy flux at any point on 

the limiter T(B) is given by: 

r( @) = f. sin(+) exp( -S/A), (1) 

where B is the poloidal angle measured from R, = 74 

cm, S is the distance at the midplane from aP to the flux 

surface which intersects the limiter at angle 8, and Q, is 

the angle between the poloidal direction of the field line 

and the plane tangent to the limiter surface at angle 8. 

r, is the normalization coefficient given by integrating 

the flux in eq. (1) over the limiter surface and equating 

the integral to the total incident power, PT. The normal- 

ization is continued along the vertical surfaces at B = 

f90’ for 5 scrape-off distances. This is done to avoid 

underestimating the loading at the limiter edge. For the 

actual design, the edge of the limiter will be contoured 

to ameliorate the loading problem. To illustrate more 

directly the effects considered here, we assume that the 

field lines are normal to the limiter edge. 

The calculations were performed numerically using a 

computer code which takes into account the elliptical 

cross sections of both the limiter and the plasma. Fig. 2 

shows the energy flux distribution for a scrape-off dis- 

tance of 0.5 cm and elongations of 1.0 to 1.32. For all 

cases, the energy flux is predicted to be zero at the 

midplane where + is zero. For K  =  1.0, the peak heat 

flux is 860 W/cm*, and occurs at B = 12’. The flux falls 

~~o~ 
IO 20 30 40 50 60 70 80 90 

BCDEGI  

Fig. 2. Energy flux distribution on the limiter for X - 0.5 cm 

and three values of elongation (K -1.0.1.16, and 1.32). B is the 

poloidal angle measured from the midplane assuming R, = 74 

cm. The flux at the limiter edge (8 = f90D), where the field 

lines are normal is shown for each case. 
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Fig. 3. Energy flux distribution on the limiter for X = 2.0 cm 

and three values of elongation (K = 1.0, 1.16, and 1.32). 0 is the 

poloidal angle measured from the midplane assuming R, = 74 

cm. The flux at the limiter edge (0 = *to), where the field 

lines are normal, is shown for each case. 

off rapidly with increasing + and is insignificant on the 

limiter edge ti = 90’. With increasing K , w e  find that the 

peak heat flux decreases, with a corresponding increase 
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Fig. 4. Value of K (K,,,,) which results in a limiter edge load of Fig. 5. Maximum energy flux on the limiter surface (0’ s 0 f 

100 W/cm2 as a function of A. 90°) for elongations of K = 1.0 and K = K,_ from fig. 4. 

in the edge loading. In particular, for K  =  1.32, the peak 

flux is 330 W/cm2 and r,, is 230 W/c&. By increas- 

ing the elongation, the plasma is made to conform more 

closely to the elliptical limiter surface. The effect of this 

is to spread out the heat deposition with a correspond- 

ing decrease in the peak flux and increase in the edge 

loading. 

The case for X = 2.0 cm is shown in fig. 3. Here the 

peak flux at K = 1.0 is reduced from the A = 0.5 cm case 

to 410 W/cm’. At K  =  1.32, the peak is only 90 W/cm’; 

however, the edge loading has increased to 860 W/c&. 

In this case it is clear that the larger values of the 

elongation produce intolerably large edge loadings. 

If we invoke the design criterion that the edge heat 

load to be limited to 100 W/cm2 in order to provide a 

tractable design, then we can plot the maximum allowa- 

ble elongation K ,, a s  a function of scrape-off distance 

h as shown in fig. 4. It should be noted that this 

criterion can be refined and will be influenced. by the 
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precise edge configuration. It would be possible to 

modify the design to provide for larger elongations; 

however, we make this particular assumption for sim- 

plicity. Using the values for K  from fig. 4, we plot in fig. 

5 the maximuin energy flux r,, on the limiter surface. 

For scrape-off distances of 0.5 cm to 3.0 cm, r_ is 

almost constant at approximately 300 W/c&. Also 

plotted in fig, 5 is the maximum energy flux for K  =  1.0. 

It is clear that substantial reductions in peak flux can be 

realized at the shorter scrape-off distances by utilizing 

the elongation of the plasma to extend the area of 

deposition, while ensuring that the edge loading is kept 

manageably small. 

If the plasma thermal power density, energy confine- 

ment time, and fraction of power to the limiter are all 

independent of K , then the total power to the limiter 

would depend linearly on K . Including this effect would 

modify the results in figs. 4 and 5 somewhat in that 

there would be an approximately 30% reduction in peak 

energy flux for K  =  1.0 compared to K  =  1.32, although 

the results would be qualitatively similar. 

4. summary and llIacussion 

We have calculated the energy flux to an axisymmet- 

ric limiter in Ignitor for scrape-off distances from 0.5 

cm to 3.0 cm and elongations from 1.0 to 1.32. We find 

that for a given scrape-off distance, increasing the elon- 

gation results in a lower peak energy flux with an 

increase. in the edge loading. To keep the edge loads to a 

tolerable level it may be necessary to limit the elonga- 

tion depending on the scrape-off distance. Conversely, 

the elongation is a useful parameter for spreading out 

the heat load over the fixed limiter surface. Using the 

elongation in this manner allows a wide range of scrape- 

off distances to be accommodated with an essentially 

fixed maximum energy flux. In the actual limiter design, 

the precise nature of the criterion used the chose the 

maximum edge loading will depend on the details of the 

edge configuration. The general principle described here 

of utilizing the elongation to accommodate varying 

plasma conditions will remain a useful feature. 
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