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Purpose of Lecture

• We shall look at two things in today’s lecture:
1. Use a very simple problem to demonstrate the simulation equations and 

the relevant boundary conditions.
Show that the more information and understanding we have about the 
physics of the problem, the better we can use the simulation results.

2. Proceed in our scripting examples and prepare for writing Add-Ins to the 
Fusion 360 environment



Heat Conduction Problem

• Let us look at one of the simplest problems such as the Heat 
conduction problem.

• This occurs in several situations. Examples include 

1. Cooling a hot engine: Here we want to maximize heat loss. We 
may use water and create a heat removal system or use fins to 
increase the surface area exposed to the ambient environment. 
There may be an external forced flow of cooling fluid or things 
could be naturally convected.

2. Walls of an oven. The opposite problem. 



Governing Equations

• Inside the simulation packages of Fusion 360 as well as the CFD 
that can run with it, the most general equations of energy transfer 
are solved numerically using Finite Element Methods.

• These solutions are presented in simplification wrappers to make 
life easy.

• We are not trying to reverse the issue here but to demonstrate the 
following:

1. The more you know about the background equations, the more 
useful the solutions will become.



Governing Equations

2. The classroom problems you encounter are just simple cases of 
these practical solutions and can be extracted from it. 
Consequently, any of your simplified problems – the most 
difficult of them can easily be evaluated numerically in the 
simulator to get results that can be as accurate as you wish. 

3. These can give you the practical experience needed to 
understand more practical cases that do not possess closed form 
solutions and must therefore be solved numerically. They also 
show how correctness of the numerical solutions are tested

4. The connection between the two can create the confidence you 
need to test and trust the solutions from the simulator.



Energy Balance

• In general, for heat transfer in 3D, we need to solve energy 
balance equation. In its full tensor form, we have:

𝜚
𝜕𝜀

𝜕𝑡
= −div 𝐪 + 𝐬:

𝜕𝐅

𝜕𝑡
+ 𝑟

• In which case, the inner product of the Piola stress tensor with the 
derivative of the deformation gradient brings in the stresses 
caused by the heat exchange, the LHS term takes care of the 
energy build up in the system, while the last term is about the 
direct energy input from body sources such as radiative heat 
transfer. 



Energy Flow

• Ignoring the thermal stresses, taking the specific heat capacity 𝑐, as such that internal energy 

𝜀 = 𝑐𝑇, observing the Fourier law of heat conduction, that the heat flux, 

𝐪 = −𝑘 grad 𝑇

• where 𝑘 is the thermal conductivity, the energy balance, neglecting stresses and strains 

resulting from thermal sources becomes,

𝜚 𝑐
𝜕𝑇

𝜕𝑡
= −𝑘 div grad 𝑇 + 𝑟 = −𝑘 ∇2𝑇 + 𝑟

• In one dimension, it is the same equation you obtain by taking free body diagrams and 

considering the 1-D Fourier heat law, 𝑞 = −𝑘
𝑑𝑇

𝑑𝑥
, for the developing heat flowe obtain, 

𝜚𝑐
𝜕𝑇

𝜕𝑡
= 𝑘

𝜕2𝑇

𝜕𝑥2
+ 𝑟



1-D Heat Flow along an oven wall

• The wall shown is made of three different materials. The heat flow 
equation is the above 1-D equation. It is a second-order ODE with 
constant coefficients. That can be solved with elementary methods. 

• There are three distinct regions bounded by walls 1, 2, 3 and 4. We will 

therefore get simultaneous differential equations. If we assume that 

internal oven walls are in thermal equilibrium, at 𝑇2, and we do not 

know 𝑇3, or 𝑇4 but that the ambient environment temperature, 𝑇∞ is 

known. The convection rate 𝛽 means that the rate of convection at the 

open end is 𝛽(𝑇 − 𝑇∞). 𝛽 is found experimentally. 



Closed-Form Solution

• This is a simple ODE with constant coefficients 
and were already solved in our first course on 
Differential Equations. 

• One problem comes from the fact that the 
unknown interface temperature cannot be 
prescribed! Its value is determined by the rate 
of heat flux on the exposed outer surface of the 
wall!

• If that issue is ignored, the closed form solution 
cannot be found!



Closed-Form Solution

• It is tempting to set this problem as the solution to differential equations 
where the interfacial temperatures, 𝑇1 and 𝑇2 are not known. In this 
mindset, here are the equations we may write:

• While we account for the convective flux at the outer surface. Try it and 
observe that it fails! 

Differential Equation Boundary Conditions Domain

𝑘1
𝑑2𝑇

𝑑𝑥2
= 0

𝑇 0 = 𝑇0, 𝑇 ℎ1 = 𝑇1 0 ≤ 𝑥 ≤ ℎ1

𝑘2
𝑑2𝑇

𝑑𝑥2
= 0

𝑇 ℎ1 = 𝑇1, 𝑇 ℎ1 + ℎ2 = 𝑇2 ℎ1 ≤ 𝑥 ≤ ℎ1 + ℎ2

𝑘3
𝑑2𝑇

𝑑𝑥2
= 0

𝑇 ℎ1 + ℎ2 = 𝑇2,

𝑘3
𝑑𝑇

𝑑𝑥
+ 𝛽 𝑇 − 𝑇𝑖

𝑥=ℎ1+ℎ2+ℎ3

= 0

ℎ1 + ℎ2 ≤ 𝑥 ≤ ℎ1 + ℎ2 + ℎ3



Closed-Form Solution, Corrected

• To obtain the closed form solution, we only need to remember that at 
steady state, the heat flux through each surface will be the same. 
Consequently, we can recast the problem as, 

• The full Mathematica code implementing this is downloadable from this 
page.

Differential Equation Boundary Conditions Domain
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𝑘3
𝑑2𝑇

𝑑𝑥2
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𝑑𝑇
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≤ ℎ1 + ℎ2 + ℎ3





Finite Element Simulation

• We will now proceed to simulate 
this simple case and select the 
material parameters so we can 
compare the computer solution to 
the Finite element solution.

• The materials here are selected 
from Fusion 360 Materials Library

• For the materials chosen for our 
simulation, we have used 
Mathematica to compute the 
temperature distribution using the 
values shown

Wall Thickness

ℎ1 0.02

ℎ2 0.025

ℎ3 0.04

Porcelain 𝑘1 2.09

Plywood 𝑘2 230

AISI1050 Steel 𝑘3 49.8

Inner Surface 𝑇0, Equilibrium

Outer Surface 𝑇3, Convection 𝑇𝑖 = 50
Ambient Temperature



Simulation Loading, Contacts & Meshing

• In this problem, the applied loading are the thermal loads of 
temperature, convection, heat sources and radiation. We assume 
a temperature load of 2000𝐶 at the inner surface.

• On the outer surface, we have a convection load. The ambient far-
field temperature is 50.

• We assume a convection value of 10 and an ambient temperature 
of 50.

• Mesh at a refinement of 3% and use the default contacts which can 
be generated automatically. Set this in the workflow



Simulation Materials

• The materials chosen for the simulation determine the physical 
properties in the analysis.

• For this example, we chose the following:
• Section One: Porcelain

• Section Two: Plywood

• Section Three: AISI Steel 1050

• We can examine the relevant material properties in the Fusion 360 
session. These are the values we shall use in the closed form 
solution as well as the simulation.



Results: Temperature 
Distribution

• We can use the values computed in 
the Mathematica notebook to 
evaluate the accuracy of the Finite 
element simulations as shown here. 

• We observe the closeness of the 
approximations. Moreover, the 
continuity conditions at the 
interfaces can also be observed.



Results: Heat Flux

• We can also compute the heat fluxes at 
any point of interest. The simulation 
package computes and plots these as 
shown here



Results: 
Temperature 

Gradient

Again, the temperature 
gradient is as shown in the 

figure



Higher dimensions

• In the above example, we see that a simple One-dimensional heat 
flow problem can get tedious. 

• In higher dimensions, the simulation effort remains essentially the 
same. For example, consider the opposite problem where we are 
trying to create the maximum area for cooling a hot engine. 

• We can do this in several ways. Let us consider two possibilities.



Attach fins to the surface

• In our previous problem, we wanted to retain the heat energy. 
Here we want to remove heat from the body.

• While we deliberately selected materials with low thermal 
conductivity in the previous example, here we will have to select 
materials with high thermal conductivity. We can also test the 
different results from material selection to know what will be 
optimal in terms of costs and efficiency.

• For a first simulation, retain the steel design materials.



• In this example, the model object is made of 
two rectangle extrusions with a linear patter 
replication. 

• One of the extrusions takes place on an offset 
plane.

• The picture is as shown.

• Our analysis can be used to examine the size, 
shape and optimal distribution of the fins. 

• While we may use a situation with no fins as 

control, we find it unnecessary to do so as we 

shall show. 

Object Model



Simulation

• As we said earlier, our intention here is to maximize the removal of 
heat. Consequently, we select materials with high conductivity.

• Further, the fins are distributed as shown and we can see the effect of 
the coverage area of the fins in terms of the temperature distribution as 
well as rate of heat flux.

• For this analysis, we assume an inner-wall temperature of 500, ambient 
temperature of 50 in the far field with natural convection for the 
exterior surfaces.

• Select automatic contacts to firm up the relationships between the fins 
and the surface. Here we chose a meshing size that depends on the 
meshed body:



Results

• As the inner temperature here is maintained at 500, the important 
issue in this problem is to see the rate of heat flux especially the 
effect of the fins on this quantity.

• We can do this by repeating the simulation on a wall that has no 
fins and compare. However, by distribution the fins in a restricted 
portion of the wall, it is easy to see their effect on the process.



• The high thermal conductivity of the 
wall material led to the external 
temperatures – especially where fins are 
absent to be essentially the same as the 
inner temperatures. 

• Near the fins, the situation is different 
as a result of higher heat conduction 
and convection losses from the fins. The 
effect as seen fromsurface probes show 
that we can get as low temperatures as 
470 on the wall itself and 169 on the 
fins.

Temperature



Thermal Gradient

• Thermal gradient is highly influenced, as we can 
see, by the distribution of the fins. 

• They are highest where the fins are concentrated 
and lowest where they are absent. 

• Again, we can use point and surface probes to get 
values at points of interest.



Heat Fluxes

• Perhaps the most instructive of these results is the heat flux map. 

• On the heated surface of the wall, we have fluxes as high as .25 
W/ sq mm. While at the extremities, thay are as low as .005. The 
amounts to nearly 250 times the heat fluxes as a result of the fins!

• Distributing the fins as we have done in  the analysis helps to see 
the difference fins make in expanding the convection area even 
without forcing the convection via the pressured flow of fluids on 
the surface.



Heat 
Fluxes

Here is a map of the heat flux 
on the heated surface



Epilog

• In this example, we can see that a closed form solution of the heat transfer 
equations are not possible. We can continue to trust our simulation model 
because we can easily reduce the fin lengths to zero and ensure we obtain 
the same solutions as we expect from closed form exact methods.

• The main cause of the intractableness of the problem is essentially from 
the differential equations and the complicated boundary conditions. In this 
case, we can see that heat flows in all three directions so that one 
dimensional approximation will lead to errors.



Embedded water pipes

• We can also remove the heat from this wall by embedding water 
pipes (other fluids may be used) inside the pipe and allow it to 
draw away the heat while getting cooled itself some other way.

• This is the method of choice in the radiators of modern 
automobile. The CFD simulation package will be used to 
demonstrate this solution and see how it can be optimized.



Automating the Modeling & Simulation 
Process

• As we have seen in previous lectures, the Graphical User Interface 

provided by the Fusion 360 system is not the only way to effectively use 

the system.

• While GUI approach may be the choice of the larger percentage of users, 

there are certain applications where the GUI may not necessarily be the 

best.

• Fusion 360 exposes access to its engine via Application Programming 

Interfaces that define objects and functions that can be called to 

achieve, in most cases, the same results we are used to from the GUI.



GUI, API and in between

• To ask which is better between the API and the GUI is to 
misunderstand the proper use of the power available from the 
Fusion 360 engine. 

• Most people who use the GUI can also benefit from the scripts and 
Add-Ins created by using the API. Many of these are sold or given 
freely in the Autodesk store, and a number of scripts and add-ins 
come preloaded in to the program as soon as you complete your 
installation. 



The Object Model of Fusion 360 API



Main Portion of the API



Goal of the course

• The goal of this course is to assist engineering students and those 
in practice to enhance the design process using simulation, 
optimization and prototyping. 

• We shall learn to use the scripts written by other people, write 
our own scripts and create add-ins from our scripts mixed with 
borrowed scripts.

• These create the necessity of background material in several 
scopes. Many who have probably been frustrated in this course 
may need to pay attention to the following:



Gentle Approach

• The gentlest approach to this matter, is, in our opinion, going to 
require the mastery of the following at these suggested times:

• Introduction to Symbolics, Python & Fusion 360 (100L)

• Modeling, Scripting and Add-ins (200L)

• Tensor Analysis (300L)

• Continuum Mechanics (400L)

• Design, Simulations & Prototyping (500L) 



Students in the Course

• For students in this course, we started at 300 L. We have covered 
Tensor Analysis completely. We were on course to consummate the 
material on Continuum mechanics and obtain the equations of 
most of the physical phenomena of interest such as Fluids 
Mechanics, Elasticity, Plasticity, etc., before COVID interrupted us.

• A course on Python, designed for 100 level students will 
commence on Zoom from two weeks from now and interested 
students can register free in the first instance. It is NOT a 
university course and subsequent participants will pay for the 
course. 



Practicing Engineers & Students with 
Required Background

• I am supplying several codes that will be available for downloading 
after today’s lectures. These scripts can be used as practice as 
they will form the basis of add-ins we shall develop in 
continuation of the course.

• Students who will work with us will extend these to create the 
necessary geometries and artifacts for their colleagues when we 
teach the simulations in regular classroom and obviate the 
problem of not having uniform simulation models for the CFD.

• Those who do not have the background can get some of that in the 
courses we present or elsewhere.



Workflow

• Egbamioo & Lab 2 demos

• The rest of today’s work will come from class presentation of 
workflows and codes.


