
Case Study VII







1) Select model wizard
2) Select 1D
3) Under mathematics>>ODE and 

DAE Interfaces, add ‘Domain ODEs 
and DAEs’

4) Rename the field name, number, 
and variable names as shown

5) Change quantity and source term
6) Under mathematics>>Classical 

PDEs, add ‘Heat equation’
7) Rename the variable names as 

shown
8) Change quantity and source term
9) Click study
10) Select time dependent
11) Click done
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1) Right click geometry 
and select interval

2) Repeat step 1
3) Left click interval 1
4) Enter the dimensions
5) Left click interval 2
6) Enter the dimensions
7) Click Build all
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1) Click definitions and select 
variables

2) Enter the table
3) Click ‘Domain ODEs and DAEs’
4) Left click domain 2
5) You should only see domain 1
6) Left click ‘Distributed ODE 1’
7) Enter the following values
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1) Left click ‘Initial Values 
1’ under Domain ODEs

2) Enter the antigen 
concentration

3) Right click the Heat 
equation physics

4) Add another ‘Heat 
equation’
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1) Left click ‘Heat equation 
2’

2) Left click the tumor 
domain (domain 1) 
deselecting it

3) You should only see 
domain 2

4) Enter the diffusivity and 
reaction rate

5) Left click ‘Heat equation 
1’

6) Enter the diffusivity and 
reaction rate
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1) Left click mesh 1
2) Select extremely fine
3) Select ‘User defined’ 

from the dropdown
4) Left click size
5) Enter 1e-6
6) Click build all1
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1) Left click “Step 1: 
Time dependent’

2) Change time unit to 
hours

3) Enter range(0,1,72)
4) Click compute
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Case Study IX





1) Select model wizard
2) Select 2D Axisymmetric
3) Select ‘Joule Heating’ 

under ‘Electromagnetic 
heating’

4) Click ‘Add’
5) Click ‘Study’
6) Click ‘Time Dependent’
7) Click ‘Done’ 
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1) Right click geometry, 
select rectangle

2) Repeat 1
3) Right click geometry 

and add ‘Difference’
4) Left click rectangle
5) Input dimensions
6) Left click rectangle 2
7) Input dimensions
8) Build all
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1) Left click difference 1
2) Make ‘add’ ‘on’
3) Hover over the big domain, 

left click
4) R1 should appear
5) Make ‘subtract’ ‘on’
6) Hover over the electrode 

domain, scroll with your 
mouse forward, and only 
the electrode domain 
should be red. Left click

7) R2 should appear
8) Build all
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1) Go to ‘Heat transfer in solids’ >> ‘Heat transfer in solids 1’
2) In the middle panel, scroll down to k, ρ, and Cp
3) Select ‘user defined’ for all 3 properties
4) Input heat transfer properties as shown
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1) Left click ‘Initial values 1’
2) Enter 310 K
3) Right click ‘Heat transfer in solids’
4) Select heat source’
5) Left click on ‘heat source 1’
6) Left click domain
7) 1 should appear
8) Enter heat source value shown
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1) Left click Current conservation 1
2) Enter electrical conductivity and relative permittivity
3) Right click ‘Electric currents’
4) Select ‘Ground’
5) Repeat 3 and select electric potential
6) Left click on ‘ground 1’
7) Select 2 boundaries in below
8) 3 and 6 should appear
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1) Select electric potential 1
2) Enter 25
3) Select 2 boundaries in blue
4) 2 and 4 should appear
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1) Left click mesh 1
2) Select ‘normal’
3) Click build all
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1) Left click “Step 1: 
Time dependent’

2) Enter range(0,1,60)
3) Click compute
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1) Right click data sets
2) Select ‘cut point 2d’
3) Do step 1 again and select ‘Average’
4) Left click ‘cut point 2D 1’
5) Enter r=0.0013 and z = 0.0075
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1) Right click ‘results’, 
Select ‘1D plot group’

2) Right click ‘1D plot 
group 5’ and add 
‘point graph’

3) Left click ‘point graph 
1’

4) Enter T
5) Select ‘Cut point 2D 1’
6) Click plot
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Tooth



This homework assignment will teach the basics of doing simulations and 

actual geometries.  The example here will be the heating of a tooth.  The tooth 

was acquired from a full body MRI scan in the website listed herein.  We will 

download the data from the scan just for the tooth.  Clean the geometry by 

smoothing it, filling gaps in the surface, and decreasing the number of faces.  

Then, we will convert it to a solid object to simulate in COMSOL.  Finally, we 

will solve a heat conduction problem.

The one major step we are not covering here is the geometry 

segregation step.  This step involves taking raw MRI images and extracting the 

tooth geometry using imaging algorithms.  Fortunately, the website here has 

done that step for us.  We will focus on cleaning up the geometry such that it is 

capable of having a simulation run on it.



1) Go to: 
http://lifesciencedb.jp/bp3d/?lng=en

2) Select 4.3
3) Search for ‘Upper secondary molar 

tooth’
4) Click ‘Upper secondary molar tooth’
5) Click ‘download obj’
6) Select the first one ‘FJ1261’
7) Click download
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1) Open Meshlab or download from:
http://meshlab.sourceforge.net/
2) In Meshlab, File>>import Mesh and 

select the obj file you downloaded
3) Click the ‘fill hole’ icon (you can 

hover over with the cursor to make 
sure which one it is)

4) Select all
5) Click ‘Fill’
6) Click accept
7) Go to filters>>Smoothing, Fairing, 

and deformation>>Taubin smooth
8) Click apply
9) Repeat 3-6 again
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1)   Go to filters>>Remeshing, 
simplifications, and 
reconstruction>>Quadratic edge collapse 
decimation
2) Enter the settings shown
3) Click apply
4) Go to file>>export mesh as…
5) Save the file as *.stl format and click 

ok to whatever boxes appear.
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1) Open solidworks
2) Click the ‘open’ folder in the top left
3) Choose *.stl file
4) Click your file
5) Select ‘options’
6) Select solid body
7) Select millimeters
8) Click ok
9) Click open
10) Click ok to a message box about 

units
11) You do not need to run the 

diagnostics
12) Click save icon in top left
13) Save as a parasolid *.x_t
14) Click save
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1) Select model wizard
2) Select 2D Axisymmetric
3) Select ‘Heat transfer in 

solids’
4) Click ‘Add’
5) Click ‘Study’
6) Click ‘Time Dependent’
7) Click ‘Done’ 
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1) Right click geometry, 
select import

2) Left click import 1
3) Select your .x_t file
4) Only select solids
5) Click import
6) Build all
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1) Go to ‘Heat transfer in solids’ >> ‘Heat transfer in solids 1’
2) In the middle panel, scroll down to k, ρ, and Cp
3) Select ‘user defined’ for all 3 properties
4) Input heat transfer properties as shown
5) Click initial values 1
6) Enter 310 K
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1) Right click ‘Heat transfer in solids’
2) Select ‘heat flux’
3) Select ‘select box’
4) Draw a box as shown and let go
5) You should see the top turn blue
6) And boundaries appear
7) Enter the heat flux as shown
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1) Left click mesh 1
2) Select ‘normal’
3) Click build all
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1) Left click “Step 1: 
Time dependent’

2) Enter range(0,3,300)
3) Click compute

1 2

3



Bee 4530/MAE 4530
Homework (Case studies VII and IX in text): Due Feb. 26, 2016 in class

Go through the case studies and submit materials asked for.  Each student needs to submit this individually.  All plots must be properly labeled (title and axis names).  
There are tutorials on the course website to help you use the software, please check "Tutorials" before asking.

What to submit for Case study VII:
1) How many governing equations are you solving and for what variables?
2)  What are the boundary conditions at the distance far away from the tumor and what is the reason for this? Can another boundary condition be used here?
3)  When inputting the diffusivity and source variables, they are each multiplied by a factor of x*x. What is the reason for this?
4)  Plot and describe the antigen concentration from r=0 to r=0.13 (tumor region only) after 3 days.  Based on this, do you think that the antibody treatment worked? 
Why or why not? 
5)  Re-run the problem but this time use an antibody concentration of 3,000 nM instead of 4.94 nM. Submit the new plot of antigen concentration vs, r-position and 
compare with that obtained in 4.

What to submit for Case study IX:
1)  Is there another way to solve the voltage equation (Eq. 6.23) using a different physics interface?
2)  Why do you think that the domain size chosen is appropriate, i.e., large enough?
3)  Obtain the Contour plot of temperature (in °C) for the entire geometry with user-specified labels after 60 s.  The isotherms should be 38 40 45 50 55 60 70°C
4)  Plot in EXCEL temperature vs. time for the point (.0013, .0075)
5)  Run the same problem but with different blood perfusion terms (set Q_blood = 4000*(310.15-T), 2000*(310.15-T), 1000*(310.15-T), 500*(310.15-T),...,0).  As 
before, you can use a parametric sweep for the coefficient term.  Plot temperature vs. time for the point (.0013, .0075) on a different graph than part 4 (For this 
problem, you might want to consider doing a parametric sweep to run it quickly)
6) Discuss part 5

What to submit for the tooth assignment:
1) Turn in a multislice plot of temperature at 300s
2) On one plot, turn in a plot of the mean, maximum, minimum and standard deviation of temperature in the tooth versus time


