2000 FA =T ES] =2

0 = = [0 = & =
S 4 AN 98 44 A 4P AN ey
Triangle based Polynomial Expansion Nodal Method for Hexagonal Core Design and

Analysis
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ABSTRACT

A triangle based polynomial expansion nodal(TPEN) method is developed which combines
the higher order polynomial expansion nodal(HOPEN) method and the nodal expansion
method(NEM) such that they are used repectively for the radial and axial direction. This
method improves the inefficient point flux computation scheme of the original higher order
polynomial expansion nodal method. To implement the TPEN method to the MASTER code
which employs the hexagon based coarse mesh rebalancing scheme for acceleration, TPEN
method is formulated such that it solves one hexagonal node with 6 triangular nodes and the
coupled solution for the 6 triangles is obtained by direct elemination. The point flux
calculation scheme of MASTER code used in conjuntion with a analytic function expansion
nodal(AFEN) method is used with no alternation. This method is applied to various hexagonal
eigenvalue benchmark problems and a VVER-1000 rod ejection transient problem. The
computational speed of this method was measured to be about 2 times faster than the original
HOPEN method and comparable to the AFEN method. This method is also very accurate

showing less than 15 pcm of eigenvalue errors and less than 1% maximum assembly power



errors for the all eigenvalue benchmark problems.
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Eigenvalue Power Error(%) Computation
Problems Method Error(pcm) Max. Avg. Time(sec)”
IAEA with Reflector | MASTER-TPEN 15 0.41 0.20
C2-05) HOPEN 41 1.02 0.49 -
a=v. MASTER-AFEN -3 0.15 0.08
( 2-0125) HOPEN +24 0.48 0.25 -
a=v. MASTER-AFEN -3 0.54 0.10
( 2=05) HOPEN +64 2.22 1.00 -
a=v. MASTER-AFEN -6 0.25 0.10
IAEA W/O ReﬂeCtOr MAS’I‘ER_’I‘PEN _4 044 006
( @=0.125) HOPEN +31 0.49 0.23 -
a=v. MASTER-AFEN -6 0.35 0.16
VVER-1000 2D MASTER-TPEN -15 0.98 0.29
( 2=05) HOPEN +30 3.84 152 -
a=v. MASTER-AFEN -1 0.58 0.15
VVER-1000 2D MASTER-TPEN -15 0.90 0.20
( 2-0125) HOPEN +22 1.25 0.66 -
a=v. MASTER-AFEN -5 0.52 0.13
MASTER-TPEN 0 0.36 0.14
VVER-440 2D HOPEN 13 0.61 0.29 -
MASTER-AFEN -4 0.10 0.03
MASTER-TPEN 2 0.20 0.05
Large HWR HOPEN +3 0.26 0.09 -
MASTER-AFEN +3 0.11 0.03
MASTER-TPEN -12 0.99 0.20 4.3
VVER-1000 3D HOPEN +5 1.80 0.88 75
MASTER-AFEN +5 1.15 0.29 4.1
MASTER-TPEN +4 0.37 0.15 139
VVER-440 3D HOPEN +18 2.39 0.61 26.1
MASTER-AFEN 8 0.75 0.14 13.8
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