
Equation-Based Modeling



Agenda

▪ Equation-based modeling

What it is

When to use it

▪ Demo: modeling the efficiency of a mosquito trap

▪ Interfaces for setting up your own equations

▪ Q&A





EXAMPLE

Modeling with Physics Interfaces

Electrical heating in a busbar

Ground

Electric potential: 20 mV

Copper

Heat transfer coefficient
to room temperature:
5 ΤW m2K

Titanium



EXAMPLE

Modeling with Mathematics Interfaces

Electrical heating in a busbar
𝜎 = 5.998 ∙ 107 ΤS m
𝑘 = 400W/(mK)

Flux/Source: 
−𝑛 ∙ −𝑘∇𝑇 =
= 5 ΤW m2K ∙ (𝑇 − 293.15K)

∇ ∙ (−𝜎∇𝑉) = 0

∇ ∙ (−𝑘∇𝑇) = 𝜎 ∇𝑉 2

𝜎 = 7.407 ∙ 105 ΤS m
𝑘 = 7.5 W/(mK) Dirichlet condition: 𝑉 = 20 mV

Dirichlet condition: 𝑉 = 0



▪ Pick and choose from >100 physics 
interfaces covering most scenarios

No need to enter the equation

Boundary conditions, solver settings, 
stabilization, variables, plots, etc., for free

▪ Even if your physics is different, the 
equation could be the same

May be more convenient to adopt or adapt 
an existing interface than to start from 
scratch

Why Use the Physics Interfaces?



▪ Extend the functionality of the physics 
interfaces

Constraints

Control systems

Damage integrals

Optimization (with the Optimization 
Module)

Etc.

▪ Set up your own custom equations

Might not resemble existing physics 
interfaces or even relate to physics

Why Use the Mathematics Interfaces?



▪ Absent wind or anything that attracts a 
mosquito — let us approximate its motion 
as a 3D random walk

with 𝒗𝑛normally distributed around 0

▪ Introduce an attractor concentration, 𝑐𝑎, 
and add a tendency to follow its gradient
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DEMO

Mosquito Trap

Mosquito trap

Exposed skin

Open window



Solve ∆𝑉 = 0 for velocity potential 𝑉 = 𝑘𝑐𝑎

DEMO

Mosquito Trap

𝑉 = 0.8 Τm2 s

𝑉 = 0.5 Τm2 s

Open window



With particle tracing, count the number of mosquitoes reaching each destination

DEMO

Mosquito Trap

𝑁𝑡𝑟𝑎𝑝

𝑁𝑠𝑘𝑖𝑛

𝑁𝑖𝑛



DEMO

Mosquito Trap

▪ Solve an equivalent convection–diffusion equation for the mosquito concentration, 𝑐

▪ The diffusion coefficient can be expressed as

where 𝜎 is the random walk standard deviation at the time 𝑡

▪ Send in a pulse of mosquitoes

▪ Add global equations to calculate the outflow 

𝜕𝑐

𝜕𝑡
+ ∇ ∙ −𝐷∇𝑐 + ∇𝑉 ∙ ∇𝑐 = 0

𝐷 =
𝜎2

6𝑡



DEMO

Mosquito Trap

Particle tracing.

Convection–diffusion.



Partial Differential Equation (PDE) Interfaces 

Coefficient Form PDE

Comprehensive template for a PDE

General Form PDE

Compact template, designed for conservation laws
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▪ A physical equation can be mapped to a generic PDE by “coefficient matching”

▪ As an example, consider heat conduction:

𝜌𝐶𝑝
𝜕𝑇

𝜕𝑡
+ 𝛻 ∙ −𝑘𝛁𝑇 = 𝑄

▪ This could be expressed using the Coefficient Form PDE by manually defining the 
coefficients

PDE Interfaces



Further Resources 
to Get Started
comsol.com

Further Resources 
to Get Started
comsol.com

http://www.comsol.com/
https://www.comsol.com/product-download
http://www.comsol.com/models
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