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1. INTRODUCTION

This document describes the update of cross derivatives in a volume mesh (initialy
linear). A volume mesh consisting of tri-cubic elements, if collapsed nodes are not
present, have 8 corner nodes which are attached only to one element as shown in the
figure 1. In addition to this, there are nodes on the edges, each of these are shared by
two elements, nodes on the faces shared by four elements and the interior nodes

which are shared by eight elements.
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Figure 1.1 Nodal locations in a volume mesh

2. CORNER NODES

¢34
< 7
< 7
5
SE—
$2

i
e

] 2 1

Figure 2.1 Nodes and associated faces in a volume element.
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Node 1:

The second derivative of a dependent variable can be expanded in the following

manner,
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Where AS, and AS, represent the arc length in & and & directions respectively.
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In equation (2.1), the product AS.AS, can however be better represented by the area

of the face (in this case face no. 5 — see figure 2.1) as all four nodes of the face are
involved in the second derivative.

Face 5 : oy %:U1+U4_U2_U3
0S,0S, Acs

Face 1: H oU %:U1+U7_U3_U5
pS, 03, Aey

Face 3: q o %:UﬁUG_UZ_US
S, 0S, A

We can thus write similar expressions for the second derivatives involved with the
other corner nodes as follows.

Node 2:
2
Face 5: Z|0U % v, +Y, -V, ~Us
S,0S,
2
Face2s 099 H-YatUs U, U
9S, 8S,
Face 3: % U, +Ue -U, “Us
ﬂa%asl




Node 3:

Face5: H oU % U, +U,-U, -U,
9S,0S, Acs

Face 1: H o°U %_U1+U7—U3—U5
-9S, 05, A,

Face 4: 1 o %-U3+U8_U4_U7
-0S,0S, A,

Node 4 :

2,
- 10U [ _U,+U,-U,-U,
S,.0S,
2,

Foce 10 [ _U,+U,-U, -U,
9S, 8S,

Face 4. U *Us U, U,
ﬂasgasl

Node5 :

Face 6: H oU % Us +Uy —Ug -U,
9S,0S, Acs

Face 1: H o°U %_U1+U7_U3_U5
-9S, 05, A,

Face 3: 1 o %_U1+U6—U2—U5
-0S, 05, A




Node6 :

Face 6: AAY %:U5+U8_U6_U7
9S,9S, Ace

Face 2: H oV %:UZ"LUB_U“_UG
PS, 03, A

Face 3: H o°u %:U1+U6_U2_U5
S, 08, Acs

Node 7 :

Face 6: AAY %:U5+U8_U6_U7
9S,9S, Ace

Face 1. H 9o°U %:UHU?_UB_US
PS, 0S, Aey

Face 4 H o'V E:U3+U8_U4_U7
S, 05, Al

Node 8 :

Face 6: AEAY %:U5+U8_U6_U7
9S,9S, Ace

Face 2: H 9’V %:U2+U8_U4_U6
PS, 03, A

Face 4: H o°U %_U3+U8_U4_U7
S, 08, Al




3. EDGE NODES
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Figure 3.1 An edge node shared by two adjacent elements.

As was shown earlier, these are shared by two elements in the mesh. It is therefore
necessary to consider the contributions from both the elements. For instance, if we
consider the node in the mesh shown in figure 3.1, the local node number with respect
to the element 1 is 5 and that with respect to the element number 2 is 1. The cross
derivative at the node 5 is therefore determined using the equations under node 5 and
those under node 1 in the section 3 and then taking the average of both.

4. SURFACE AND INTERIOR NODES
The method described in the section 3 can be extended to determine the cross-

derivatives of the nodes shared by four elements (surface) and eight elements
(interior).



