


Understanding coupling methods

The thermal solver supports the following coupling methods to compute the thermal @ Thermal Coupling 07 X
coupling conductances that connect primary and secondary elements. 3 Thermal Coupling .
P Name
» Element Subdivision connects primary elements to secondary elements using " Destination Folder
the proximity or overlap method by dividing the primary elements into sub- ¢ Primary Regien

» Secondary Region

elements, using the specified coupling resolution. X

* Swap Regions

Secondary Region Override

» Region Side Specification

> Projective Intersection connects primary elements to secondary elements that

. ] . . . ~ Magnitude
overlap along a given projection direction. It computes the exact overlap area ;
ype Total Conductance -
between the two sets of elements. Conductance wee | o=

¥ Coupling Method

Method Elerment Subdivision -

Element Subdivision

* Additional Parameters - .
|Projective Intersection

Coupling Resolution Medium d
[+] Only Connect Overlapping Elements
Overlap Projection Direction Secondary Element Norme ~

Termperature Dependence Uses Average Temperature -

* Distribution
» Ancillary Display

Card Name Thermal Coupling
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Generating conductances
Thermal couplings define a heat path from one set of elements to another, which can be spatially separated, and geometrically different.

Conductance generation based on proximity

_ CG CG CG CG
Primary element
Secondary elements PPN é
CG CG CG
Conductance generation based on overlap area

Primary element

Secondary elements

ST TITT7 T
Overlapped area No overlapping
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Understanding proximity method in element subdivision

In the thermal coupling based on proximity, the area for the thermal coupling is always based on the primary selection area.

Element subdivision No element subdivision
CG ' CG!'CG 'CG!CG 'CG oG o
Primary element R e o o e = .
Secondary elements - ._@_._l_‘_e_.
CG cG CG oo cG e cG CcG CcG
l—T_!

Heat concentration
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Calculating overlapped area using element subdivision method

In the thermal coupling based on the overlap area, the thermal coupling area is the area of the sub-element of the primary
element that has an overlap with an element from the secondary selection.

Primary element with The area used for each coupling is the sub-
- — subdivision element area of the primary element, which
overlaps with an element from the secondary
CG selection.
o
cG The CG of the primary sub-element must be
Z e inside the secondary element to have a

connection. Therefore, in this example, the
The primary element is overlapping area is the area of sub-elements 1
subdivided into 4 sub-elements and 4.

Secondary element
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Calculating overlapped area using element subdivision method

In the thermal coupling based on the overlap area, the thermal coupling area is the area of the sub-element of the primary

element that has an overlap with an element from the secondary selection.

Primary element with
subdivision

Secondary element

The primary element is
subdivided into 16 sub-elements

There are four primary sub-elements that are
connected to the secondary element.

The overlapping area is now more accurate
compared to the first example. The more we
subdivide, the more accurate the overlapping area
IS.
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Controlling thermal couplings between overlapping entities

You can control how the thermal coupling connection is found and created between primary sub-elements and secondary

elements.

[ 1 Only connect Overlapping Elements

Only connect Overlapping Elements

Secondary element \

7

>
N

Primary element with

subdivision

Conductances are formed based on proximity. Each primary
sub-element is connected to the closest secondary element.
The connection is created based only on the distance

between the elements.

—— === e == —-——
e = ——

Only the primary sub-elements that overlap are
connected to the secondary elements, and the
remaining primary sub elements that do not overlap
do not form conductances.
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Understanding overlap projection direction with element subdivision method

When you select the Only Connect Overlaping Elements option, an overlap test between each sub-element of the primary
elements and the elements of the secondary elements is performed. You can choose which normal is used to check for
overlapping elements.

This example illustrates the effect of using secondary element normals.

Primary element /

-

Secondary elements I—o—o—-—o—o

T - secondary element normals

l - projection lines

The overlap test is done by projecting the primary element onto the secondary element. Projection lines are parallel to the
secondary normal. Overlap exists when the line intersects the secondary element.
Two subdivisions of the primary element are found to overlap two secondary elements, therefore, both are connected. The
overlapping area is the area of the two primary element subdivisions.
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Understanding overlap projection direction with element subdivision method

This example illustrates the effect of using the primary element normals.

Primary element

Secondary elements

l - primary element normals

l - projection lines

Only one subdivision of the primary element is found to overlap two secondary elements, however, only one element is
connected. Therefore overlapping area is the area of the first primary element subdivision.
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Controlling coupling resolution

@ Thermal Coupling

You can specify the coupling resolution that controls the primary element

[# Thermal Coupling

subdivision and the conductances generated.

¢ Mame

» Destination Folder

i * Primary Region
One -to - One Coarse to Finest Element + Secondary Region
SUbd|V|S|On » Secondary Region Override

1 ! * Swap Regions

* Region Side Specification

* Magnitude

Type

Conductance

* Coupling Method

Method

|Tota| Conductance

| W/C

|Eleme nt Subdivision

* Additional Parameters

Coupling Resolution Medium -
(] Only Connect Overlapping Elements One-to-One
Owerlap Prajection Direction Coarse
Medium
Temperature Dependence Uses Fine
Very Fi
* Distribution _ery ne
Einest

* Ancillary Display

Card Name Thermal Coupling

Cancel
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Avoiding false heat concentration

False heat concentration occurs when you specify a large primary element coupled to a single small secondary element.

Large primary element

Secondary element

Heat concentration

To smoothly distribute conductances, the primary and secondary mesh sizes should be roughly the same, within a ratio of

one to five.
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Understanding the projective intersection method

This method connects primary elements to secondary elements that overlap along a given projection direction. It computes the

exact overlap area between the two sets of elements.

The projective intersection method generally provides more precise coupling calculations than the element subdivision

method. However, in some cases, it generates different coupling results, which depend on the projection direction.

Primary element

N

Secondary element

Overlap area
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Identifying elements supported by projective intersection method
2D Elements

1D Elements Edges of 2D Elements

Supponed'
Element Types

A\ A . ‘1’ \\

Faces of 3D Elements

0D Elements

The following elements are not supported:
« Elements with edge coatings of null shells, which do not have thicknesses, and non-geometric elements.
« Axisymmetric elements.
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Understanding the overlap projection direction with the projective intersection
method

When you choose the overlap projection direction, make sure that the elements of the selected region (primary or secondary)
do not auto-overlap when projected onto a 2D plane perpendicular to the selected direction.

Using primary elements normal

Each secondary element (grey) is projected to the primary elements (orange). When multiple secondary elements overlap the
same primary element, the distance of projection is considered. A secondary element may hide another secondary element
and prevent it from coupling to a primary element, partially or completely.

Secondary Region

Secondary Region

Primary Region
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Understanding the overlap projection direction with the projective intersection
method

: 3 Secondary Region
Using secondary elements normal A

When the secondary element normals are used to project, each primary element is
projected on to the secondary elements. Because each secondary element is processed
individually to determine which primary element can be projected onto it, multiple
secondary elements can be connected to the same primary element.

Primary Region

If you select different primary and secondary regions such that the primary region contains _ —
elements from the bottom and middle planes, and the secondary region contains only top
elements, different elements are connected, but elements cannot connect twice.

Primary Region
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Understanding the overlap projection direction with the projective intersection
method

Using user specified direction

When you specify an arbitrary vector for the overlap projection direction, each secondary element is projected to the primary
elements using the specified vector. In this case, elements are connected twice if the elements in the primary region overlap
other elements also in the primary region when projected onto a 2D plane perpendicular to the specified vector, as shown in

the following image.

Secondary Region

Arbitrary Vector

Primary Region
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Visualizing thermal coupling connections while setting up the solution

Use the Ancillary Display option to preview the connections between primary and secondary elements of one or more basic
thermal couplings when the coupling method is a projective intersection.

The ancillary display supports thermal couplings of 0D, 1D, and 2D elements, edges of 2D elements, and faces of 3D
elements when they can infer an area for each type.
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Selecting the primary and secondary regions

Use the following rules, when selecting the regions:

» Select the smaller segment as a primary region.
» Select the coarse mesh as a primary and fine mesh as a secondary region.

» Note that the primary element selection does not control the direction of heat flow. Whether you select one region as a
primary or the other, it does not mean that the flow will flow from the primary to secondary region. The heat flow will follow

the direction it needs to go.
Q Primary

region

Secondary
region
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