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Finite Element in Practice

Basic Training
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Outline

Heat Transfer

Steady-State-Heat-Transfer Workshops

Midplane Workshop

Hand Mesh Workshop
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Case Study 1

IGES Import Tutorial
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IGES Entities 
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Hand Mesh

Automatic Mesh

Solid

Midplane

Plate/Shell

Mesh Setting 

Copyright© 2005 Complementary Advanced Engineering 

1-D 2-D 3-D

Element Categories

Node

Element



4

Copyright© 2005 Complementary Advanced Engineering 

A node is a coordinate location in 
space where the DOF are defined..

Node
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An element is a mathematical relation that 
defines how the DOF of a node relate to 
the next.

Element
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Case Study 2

Midplane Mesh
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Case Study 3

Hand Mesh
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Default Plane
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Heat Transfer
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Heat Transfer Background

XE

Load ComponentsLoad Components

- Internal Heat Generation

- Convection

One DOF at Each NodeOne DOF at Each Node
- Temperature  :  T

- Radiation

- Temperature

RADIATIONRADIATION

HEAT  FLUXHEAT  FLUX

CONVECTIONCONVECTION

INTERNAL
HEAT  GENERATION

INTERNAL
HEAT  GENERATION

- Heat Flux

TEMPERATURETEMPERATURE
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Basis Equation
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Fourier’s Law of Conduction
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Heat Transfer Background

Steady-state heat transfer
Steady-state conditions

Transient heat transfer
Time-varying conditions
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Introduction to Loads and 
Constraints

You will have to decide what type of loads and 
constraints will properly define the engineering 
criteria for the model. 

In FEA, there are different types of loads and 
constraints for each analysis type.

Applying the proper loads and constraints is one 
of the most important factors in getting the 
correct answer.

Always double check your model.
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Types of Loads and 
Constraints

There are multiple ways to apply different 
loads and constraints to a model:

Nodal
Element
Edge
Surface 
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The thermal rod, 2-D, plate and brick 
elements are geometrically identical to 
the structural elements.

Thermal Elements
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Initial Temperature
Specify a certain temperature that an area 

will begin the analysis at (transient 
analysis).

Applied Temperature
Specify a certain temperature that a node 

is kept at due to a heat source.

Thermal Nodal Loads

Copyright© 2005 Complementary Advanced Engineering 

Convection
Assign a convection coefficient and the ambient 

temperature.

Radiation
Assign the radiation function and the ambient 

temperature.

Heat Flux
Assign the amount of heat added or removed per 

unit area.

Thermal Surface Loads
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Thermal Results

Temperature

Heat flux

Total heat flow
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Steady-State Heat Transfer
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∅∅∅∅ = 16.25”

∅∅∅∅ = 6.5”

T = 212 °°°°F

T = 70 °°°°F

3.25”

Case Study 4

Steady-State Heat Loss of a Stream pipe
with Nonconcentric Insulation 
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90
0 °° °°

C T = 900
°° °°C

Insulation

Tamb = 50°°°°C
h = 50 J/s/m2 °°°°C

k = 3 J/s/m°°°°C

0.02 m

0.01 m

Case Study 5

Ceramic Strip with Convection



13

Copyright© 2005 Complementary Advanced Engineering 

Force Convection

Case Study 6

Steady-State Transfer Tutorial


