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A Study on the Development of a Three Dimensional
Structured Finite Elements Generation Code

Jin Whan Kim*
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Abstract

A three dimensional finite element generation code has been developed attaching simple
blocks. Block can be either a quadrature or a cube depending on the dimension of a subject
considered. Finite element serendipity basis functions are employed to map elements
between the computational domain and the physical domain. Elements can be generated
with user defined progressive ratio for each block. For blocks to be connected properly, a
block should have a consistent numbering scheme for vertices, side nodes, edges and
surfaces. In addition the edge information such as the number of elements and the
progressive ratio for each direction should also be checked for interfaces to have unique
node numbers. Having done so, user can add blocks with little worry about the orientation
of blocks. Since the present code has been written by a Visual Basic language, it can be
developed easily for a user interactive manner under a Windows environment.
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Type BlockType

Type As String: Npoints As Integer: GeomDeg
As Integer: ElemDeg(l to 2) As Integer:
Points(1 to 32) As Integer: Edges(1 to 12)
As Integer: Faces(1 to 6) As Integer: Nelem(l to
3) As Integer: ProgR(1 to 3) As Single:
Boundary(1l to 6) As Integer: Variable(l to 10) as
integer:

End Type
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Type EdgeType

Degree As Integer: Points(l to 4) as

Integer: Nelem As Integer: ProgR As Integer
End Type
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Table 1. Face definition for a block

Face # (name) | Edge numbers Vertices
1 (Bottom) 1, 2, 3 4 1,2 3, 4
2 (Top) 5 6, 7, 8 5 6,7, 8
3 (Front) 1, 10, -5, -9 1,2 6,5
4 (Right) 2,11, -6, -10 12,3, 7,6
5 (Back) 3,12, -7, -11 [3,48. 7
6 (Left) 4, 9 -8 -12 14158
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Fig. 1 A node numbering scheme defining a Block. (a) Block of quadratic degree (b) Block of cubic

degree.
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Type ElementType

Type As String: NnodL As Integer: NdofL As
Integer: GeomDeg As Integer: SolnDeg

As Integer: Nodes(l to 20) As Integer: Dofs(1
to 100) As Integer: Boundary(l to 6) As Integer:
Variable(1 to 10) As Integer: End Type
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Fig. 2 An Edge numbering(numbers in box)
and  Orientation(shown
arrows) for a block.
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Table 2. Input Data Examples for Linear Blocks.

Block # 1 2 3 4
Block Type Cube {Cube |Cube |Quad
Geom. Degree 1 1 1 1
Number of Points 8 8 8 4
Elem. Geom.Deg 1 1 1 1
Elem. Soln. Deg 1 1 1 1
# of elem. in 1 dir. 4 4 2 2
# of elem. in 2 dir. 6 3 5 5

# of elem. in 3 dir. 4 3 3
Prog. ratioin 1 dir. [ 1.2 | 1.0 |} 1.0 15
Prog. ratioin 2 dir. | 08 | 05 | 1.0 05
Prog. ratioin 3dir. {10 | 18 | 1.0 1.0

et

Fig. 3 A plot of linear block example
(a) Blocks (b) Elements

Fig. 49l $% 1.0 m*min, %4 201 m zg
3 3]AH <4 1800 rpmol g 19 YAH ol 3
slAal dA 285 AutoCadollA 22|A ¥ 7o
2A, Zle] wiAulgko 2 Algdgt AP E 7}1#]
3T UL B FE

Fig. 5l 2709 £55 79 q9t7 wkez
FaL z B2 vt Abprl 224 Zlalele] ¥
of gt Aol Arjy FL Moz a2y W 7}
59 9 ¥EL Ve sle Adog a3 9
olef F-E-& vieblic) f-Ae] ]¢A&S ABA'B’
o2 Ao doln 722 CDC'D'LR AY
s deolth 2ol BRe] £ LE2 FA
Az & Az 9l22 Relx ¢lrh Serendipity
Fe C F47lFol22 I ¢ BN $=
HA QFES 2484 dov, 2oy dFo)
AA3 Q7Echd BE 3 48 C g
Foll A} Aolof 3o ol FF Hstsof & AlFlo]
ch & A I EoA Serendipity $5-2 dutH




ARG

[PV RS S —

|

Fig. 4 A Cad Drawing of a centrifugal pump impeller.

Fig. 5 A top and bottom view of a flow passage Fig. 6 Elements generated for a flow passage in

in a centrifugal pump impeller (Top plane a centrifugal pump impeller(4x4x2 elements
drawn by a thick pen, bottom plane drawn in each block).
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