Table 1: Gaussian quadrature locations.
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Figure 1: Flow diagram for solution process. This research is focused on the processes
boxed by the dashed line.



Figure 2: The positive octant for Sy level-symmetric angular quadrature.
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Figure 3: Cylindrical space-angle coordinate system showing the position (r, z) and
direction of travel €2.
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Figure 4: Example of an incident and outgoing surface.
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Figure 5: Example of mapping the reference element to a physical element.

Figure 6: Angular discretization showing (£, i) pairs; adapted from [?]
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Figure 7: Errors between the manufactured and DFEM solutions. Reference lines
depict order of spatial convergence O(n) = O ((Nzones)"/ 2).
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(a) Scalar flux; red bars denote incident boundary locations.
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(b) Log of the scalar flux; red bars denote incident boundary locations.

Figure 8: Scalar flux solution for Test Problem 3.
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Figure 9: Error for various surface numerical integration order schemes, where p is
the finite element order, g is the mesh order, and d = 2 is the spatial dimension of
the problem.
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Figure 10: Error for various Sy orders.
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(b) 2"order curved mesh.

Figure 11: L2-norm of the errors from the manufactured solution and reference lines
computed from a least squares fit, where Nypmowns = Neets(p + 1)2
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Figure 12: L%norm of the errors from the manufactured solution and reference line,
where Nunknowns — cells (p + ]-)2
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Figure 13: Strong scatter with discontinuous BCs with MIP DSA problem geometry;
gray boundaries indicate incident boundary locations.
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Figure 14: Measure of the asymmetry for each finite element node for the given level-
symmetric angular quadrature order for 1%*-order DFEM and 1%*-order mesh with 120
zones (see Figure 77).
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Figure 15: Material discontinuity stress test with MIP DSA problem geometry; ma-
terials defined in Table ?7.
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Figure 16: Spectral radius data for varying p with C' = 2 on an orthogonal mesh with

homogeneous Dirichlet boundary conditions in the DSA solve; plot reproduced from
Woods et al. [?].

14



‘poddoip ussq eary sjmoWINGIR 9Y) SI8YM S[[RD UoNOUN} I0jeIodo yrodsuerny 7-y INHAN G 2[Rl

(o fu - 5] P 1) g

(g ‘0 ‘g5 "4p ) 109RIZ0UT MO JATRPUNOT 7Y ) 1Al (g ough 4y gy ) 6
Wlatu-5 7 1) 5
(% ) 101RISRIUT JTUIRWOZY] 'd(q0g 1) RICAUSI g
Aﬂ mb%vggfm@pﬂmqﬁwﬁoﬂNm &Qma ‘ha) &QQ@ ‘D 50 1) % i
(*0)107R109UTSSRINZ Y Dlah to ) A 10 ) 9
wumuiuy &Q wiumuuy, &Q wumusuy
(—z7rrmy ) I0YyRIBoUISSRIN Aa ﬁﬁzv A.ﬁ A%Ev G
(i) 10qe1S09USSRIN R R)) TGO i
o yq .
(i |u -] ) g+ 1t e w3 )
(g ‘0 ‘g5)103RI180quT00RI HAZY e
MQQAQ i« u-g Lv 0 NQANS ﬁ.ﬁﬁt:m\w u- wi g Lv
1 1 1, ¢Cwtu w
“atplu- | a) 6+ e g )
(¢ 0 ‘g5)10rR18UTP0RI D AZY z
Wiyt 1) 0 e R R TR )
&QA.@D QQ:.:SNQ . S.w &v
(0 ‘¢5)107RI82)UTUOIIDATO) 7Y Claha - L) \ 1
QANQ Tﬁtﬁ:\\i@ . Wiy &v
uorjounyy Jojyeasayur INAAIN uoryenby INAAIN uoryenby] pazI3oIosI(] | ‘ou

15



