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Oak Ridge National Laboratory ( O m )  is studying 
various aspects of divertors in different sreiiarators. We 
are looking at a local island divertor (LID) on the CHS 
helical system, and potential designs of divertors that use 
islands for modular stellarators such as W7-AS and the 
modular heiias-like heliac MHH chosen for the U.S. 
Stekator Power Plant Study. 

Although the helical CHS configuration is quite differ- 
ent from the modular W 7-AS configuration. both rely on 
the island structure outside the last closed flux surface 
(LCFS) to aid in funneling escaping plasma flux and to 
protect the leading edges of the divertor plates. However. 
the way that the isiands are used is quite different. 

CHS 
CHS will test the local island divertor (LID) in which 

the entire front of the LID head fits within the island. The 
outer edge of the island strikes the back of the head at a 
shallow angle to reduce the heat load. A second plate 
(outside of the isIand) may be used as a baffle to help 
increase the neutral pressure in the vicinity of the pump. 
ORNL will measure the pressure behind the island to 
determine the effectiveness of the system. Computation- 
ally, we have modeled the CHS base cdguration with 
and without the island-creating coils. Because the islands 
are at the edge of the plasma and hence in the near field 
of the HF coils, we conducted studies of the sensitivity of 
the results to the number of filaments and straight line 
segments used in the helical coils. We requxre 8 filaments 
to obtain a wellconverged answer. 

When the island coils are turned on, there is a clear rn = 
1 island, but it is surrounded by an ergodic region. The ef- 
fectiveness of the LID could be reduced because flux 
might leak out at the X-point (where the Iocai transform 
is quite low) rather than being carried around to the back 
of the island. It may be possible to improve the configu- 
ration by making small changes to the currents in the 
island coils using the techniques developed by Cary and 
Hanson. 
ORNL will insrail an ASDEX-style fast-ion gauge in 

the pumping duct immediately behind the LID head. This 
gauge will measure the pressure rise due to the plasma 
striking the back of the head. The gauge IS capable of 
millisecond time response. In addition, a fast Schultz- 
Pheips gauge will measure the pressure in the LID vac- 
uum tank. H-alpha detectors will also momtor the smke 
points. The EIRENE code can be used to predict the 
behavior of the LID system. 

CHS coil model including the LIO coils and the 
multiple-filament helix. 
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The flux surfaces in CHS when the currents in the main coils 
are configured for LID operation. The flux surfaces without 
the LID coils energized are shown above, and those with the 
LID coils energized are shown below. 
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W7-AS 
The Garching approach puts the center of the divertor 

plate in the island and the angle of the plate outside of the 
island is carefully adjusted to spread out the heat flux. 
This configuration allows the plates to function well over 
a wide range of rotational transforms (t). Because W7-AS 
has very low shear, the shape of the islands and the LCFS 
itself vary dramatically as the edge values of iota-bar go 
through rational values (i.e., 5 h ) .  The pumps must be 
located behind the divertor plates, so it may prove diffi- 
cult to achieve the required pressures near the pump. 
Calculations using the EIRENE code can help to optimize 
this design. 

At ORNL we have succeeded in replicating the com- 
plex W 7-AS configuration using the Gourdon Code. We 
have extracted this configuration and inserted it into our 

ORNL model for W7-AS (above) and the resulting 
outer flux surface for the base case (below). 
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own field line and orbit code. Our model for W7-AS is 
shown below. 

We have simplified the calculation of the location of 
field line hits on the walls, limiters, and other objects. Any 
curved surface can be represented as a collection of flat 
triangles. This approximation is especially good for 
W7-AS because the vacuum vessel was actually made by 
bending flat sheets of metal into many triangles. Mathe- 
matically, the problem of the intersection of a ray with a 
surface is reduced to the finding the intersection point of 
a line segment with a triangle. 

The tetrahedron formed by a point on the ray with the 
triangle (see the plot below) will have zero volume pro- 
vided that the ray intersects the triangle. The volume is 
given by 

V(x) = 0 if x E A,23 where A,23 is the plane of the 

The equation of a line containing two points (al, b, ,  
triangular element of the object in question. 

cl)  and (a2, b,, c2) is given by 
x - a ]  y - b ]  z - C l  -- _-- -- 
a2-al b2-bl c ~ - c I  

or including the first equation, a% + fly + y? = Si, i = 
1,2,3. This can be written in matrix form as = d. If and 
only ifPl f 0, the plane 6123 and the line (a,, uz) meet at 
the solution ~0 = (xo, yo, zo). 

This method has been benchmarked against the pre- 
vious one in the Gourdon code, and is more accurate. 
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Geometry for objecxt intersection calculation. 

SPPS 
The divertor design used in SPPS is patterned after the 

Wendelstein-7X design, and was devised by J. Kisslinger 
of IPP-Garching. We have made a detailed study of the 
connection-length properties of the region between the 
LCFS and the coil winding surface (CWS). Small islands 
in the base case (called MHH0103) act to channel emerg- 
ing field lines into localized bundles. The flux surfaces 
for SPPS are shown below. 

Because the plasma difhses outward from the last 
closed flux surface, the locus of the field lines with long 
connection lengths represents the places where the diver- 
tor plates should be placed. But it is also important that 
these long connection-length field lines go close to the 
plasma. The study at the right shows that this is indeed 
the case. The distance to the LCFS even goes slightly 
negative because of the distortion of the design LCFS 
caused by the islands. However, the location of the 
diverted flux bundle is a fairly sensitive function of the 
surface that is used to launch the field lines. 

The same information is plotted in real space (right). 
Although flux emerges from the tips of the crescent 
cross-sections. it also emerges from the flat side of the 
triangular cross-section. Because this occurs on the inside 
(where the plasma-coil spacing is also a minimum), more 
optimization of this divertor design may be required. 
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'lux surfaces for SPPS. The inner solid curve is the 
lesign LCFS. The outer solid curve is the CWS. 
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Field lines are launched in SPPS from phantom flux surfaces 15% of the way from the LCFS to the 
CWS. The vertical spikes represent field lines with connection lengths > 50 rn. The surface is 1000 
times the normalized distance of closest approach to the LCFS. Positions are shown on the launch 
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Field lines are launched in SPPS from phantom flux surfaces 15% of the way from the LCFS to the CWS. 
Vectors representing the connection length1500 are plotted on the LCFS in real space. The two dashed 
tines are at 0 = +goo. Note that the nose of the triangular cross-section points outward. 


