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How to plot the gradients of magnetic field
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Background

3D magnetic problems are solved in COMSOL using vector (curl)
elements.

The solution to these problems is the magnetic vector potential (A).

The magnetic flux density (B) involves the 15t derivative of A and is
given by the following equation.

B=VxA

The second derivative is not defined on vector elements and hence
we cannot visualize spatial gradients of B directly in COMSOL.
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Objective

This tutorial shows how to visualize the spatial derivatives of B.

The technique demonstrated here shows how each component of B = [B,,
B,, B,] can mapped to a separate variable say u, u2, u3 respectively.

These new variables would be defined on Lagrange elements.

Since both 1st and 2" order derivatives are defined on Lagrange elements,
we would be able to obtain spatial derivatives of each component of B.

The mapping on Lagrange elements will also allow the use of polynomial
patch recovery to get smooth values of derivatives.
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Modeling steps

 The next few slides illustrate the steps involved in mapping the
solution from an existing 3D magnetic model.

 The detailed steps are available in the file:
helmholtz_coil field gradient 42a
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Open the Helmholtz Coll example

'3 Model Wizard( il Model Library 3

AR D

Model Library

. ¥3 COMSOL Multiphysics
4 X AC/DC Module
4 [P Electrical Components
@ capacitor_tunable

oil above pl

€ helmholtz_coil

J U
@ power_inductor
@ spiral_inductor
™ General Industrial Applications
. # Motors and Drives
- [ Particle Tracing
. P Tutorial Models
. ™ Verification Models
. ) Acoustics Module
I Batteries & Fuel Cells Module
% CFD Module

‘% (Chemiral Reartinn Fnnineerina Madule

-~

m

Click on the Model Library tab

AC/DC Module > Electrical
Components > helmholtz_coill

Click on the Open button
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Add three PDESs

1.

Right-click on
Model 1 and select
Add Physics

1T Model Builder
&

= Global Definitions
A} Model 1 (modl)

o Studyl

izi Results
i Data Sets
£# Derived Values
i Tables
(T 3D Plot Group 1

Select Coefficient
Form PDE

() Stice1

3 helmholtz_coil.mph (root)

[F) Arrow Volume 1

#*% Chemical Species Transport
Il Electrochemistry
== Fluid Flow
Heat Transfer
@ Plasma
&) Radio Frequency
%= Structural Mechanics
4 Au Mathematics
4 Au PDE Interfaces

Surfacel
& Export

[5] Reports

three times

3. Click the Add Selected icon

== |1u Coefficient Form PDE (<) |
Au General Form PDE (g)
Jau Weak Form PDE (w)
Au Lower Dimensions
. 4+ ODE and DAE Interfaces
@ Optimization and Sensitivity
» w2 Classical PDEs

U Moavina Interfare

/®!x
Selected physics

= B)(3%.ModelWizard ). [l Model Library @=ag
Add Physics i
1)) Acoustics -

4. Click on the
Next icon

m

Au PDE (¢)
Au PDE(c2)
Au PDE (c3)

In this way, we add three
PDEs which will solve for
the variables u, u2 and
u3 respectively

Dependent variables

Field name:
Number of dependent variables:

Dependent variables:

u3

[ w3 \
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Choose a stationary study

Select Study Type

Studies

& (@)

4 q:v_ Preset Studies for Selected Physics

== Small-Signal Analysis, Frequency Domain
|7~ Stationary
[0, Time Dependen
=2 Custom Studies

2. Click the
Finish icon

1.

Select Stationary

Add study v

Selected physics

Au PDE (¢)
Au PDE (c2)
Au PDE (c3)
M. Magnetic Fields (mf)
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Specify the unit

"TT Model Builder

4 9 helmholtz_coil.mph (root)
. = Global Definitions
4 \) Modell (modl)
., = Definitions
.\ Geometry1
» $8 Materials
oM Magnetic Fields (mf)
. |au PDE(¢)
» AU PUE Z (¢4
» Au PDE 3 (c3)
. 652 Mesh1
< Studyl
» =2 Study 2
4 (g1 Results
& Data Sets
225 Derived Values
55 Tables
. {EJ 3D Plot Group 1
&) Export

= O ||z Settings . 0} Model Library

auv PDE

v Interface Identifier

Identifier ¢

Domain Selection

Selection: | All domains

1
2
3

v Units

@ (P &
- 0 4

| Magnetic flux density (T)

[ Dependent variable quantity: |

» This imparts the unit of magnetic flux density to the
dependent variable u for this PDE interface.
* Repeat the same for the other two PDE interfaces as well.
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Map the solution

T Model Buildér

([}

/::l d v
< .

2 helmholtz_ceoil.mph (root)

£ Global Definitions
A\) Modell (modl1)
= Definitions
A\ Geometry1
# Materials
. Magnetic Fields (mf)

1. Select PDE >
Initial Values 1

Au PDE (¢)
£ Coefficient Form PDE 1

o)

P Initial Values 1

Au PD
Au PDE3 (c3)
£ Mesh1
<2 Study1
<2 Study 2
iz Results

- S

b— o=

=T EV ] ) Initial Value

= O | |4:4 Settings . [l Mc

Domain Selection

Selection: All dom

a
2
3

» Override and Coi

w Initial Values

Initial value for u:

u mf.Bx

2. Set the value of u to be
mf.Bx.

This is the value of the x-
component of the B-field which
was solved in the Magnetic
Fields problem
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Repeat the step to map mf.By onto u2

"T7 Model Builder = B ||k:4 Settings > [l Mc
& B 's Bt Bl

2 helmbholtz_coil.mph (root)

Initial Value

= Global Definitions Domain Selection
A Modell (modl) )
B Definitions Selection:  All dom
A G try 1 1
1. Select PDE 2 > [ ™Y
L &2 Materials 2
Initial Values 1 |n magnetic Fields (mf 3

Au PDE (¢

Au PDE2 (c2) 2. Set the value of u2 to be

¥ Coefficient Form PDE 1 mey

== This is the value of the y-

., Initial Values 1 e . :

Au PDEITC PR —— component of the B-field which

_. @ Mesh1 —~ InitialValues | was solved in the Magnetic
o Studyl » : Field bl
= Study 2 Initial value for u2: Ields prooiem
=i Results w2  mfBy
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Repeat the step to map mf.Bz onto u3

'f | Model Builder

9 helmholtz_coil.mph (root)

 —]

\ )

Global Definitions
Model 1 (mod1)
= Definitions

1. Select PDE 3 >
Initial Values 1

"\ Geometry 1
# Materials
. Magnetic Fields (mf)

Au PDE (¢

Au PDE2(c2)

Au PDE3 (c3)

£ Coefficient Form PDE 1

P Initial Values 1

£ Mes

2 Study 1

=

<2 Study 2
{21 Results

=0
=

234 Settings . [l Mo

Initial Value
Domain Selection
Selection: | All dom:
1
2
3

» Override and Cor

w [nitial Values

2. Set the value of u3 to be
mf.Bz.

This is the value of the z-
component of the B-field which
was solved in the Magnetic
Fields problem

Initial value for u3:

u3 mf.Bz
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Deselect Magnetic Fields from Study 2

7 Model Builder = ) (Gdisettingsn. B Model Library @ =t
9
2 helmholtz_coil.mph (root)
£ Global Definitions ¥ Study Settings
v Model1 (modl)
= Definitions » Results While Solving
#\ Geometry1
& Materials v Mesh Selection
N Magnetic Fields (mf) 5 ;
eocme H H g
A DOE (o) . t'yl 2. In the Physics interface list
eometry
1. Select Study 2 > check the green checkmark
Step 1: Stationary next to Magnetic fields. You
= 2:“:"; should now see an orange
== Study
|7 Step 1: Stationary ] = = Cross.
o Resos w Physics Selection
H Dat'a - Physics interface Use Discretization
E%° Derived Values —— _ )
= Tables Magnetic Fields (mf) A Physics settings -
& 3D Plot Group 1 PDE (c) +/  Physics settings v
& Export PDE 2 (c2) v Physics settings v
(5] Reports PDE 3 (c3) +/  Physics settings -
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Find the default solver settings for Study 2

4 '3 helmholtz_coil.mph (root)
. & Global Definitions
4 \) Modell (modl)

= Definitions

- ¥\ Geometry1

. #8 Materials

- M. Magnetic Fields (mf)
Au PDE (¢

. Au PDE 2 (c2)

Right-click Study 2 g :,,DEj 1@
and select Show ' S:Jd els
Default Solver | ? ‘

_ ‘T:-':-' Sturl\r 2

4 51 Ree = Compute

2| 4123

i
8.85 =
e.u

Parametric Sweep

Study Steps

‘ .lJ <Show Default@
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"7 Model Builder

& o "E's Bt EL
'3 helmholtz_coil.mph (root)
= Global Definitions
A Modell (modl)
= Definitions
A\ Geometry 1
# Materials

1. Select Study 2 > Solver
Configurations > Solver 2 >
Dependent Variables 1

<2 Study1
=2 Study 2
|7~ Step 1: Stationary
frm, Solver Configurations
Solver 2
..t Compile Equations: Stationary
uvw Dependent Variables 1
|7 Stationary Solver1

= O |Gz Settings . [l Model Library

| ww Dependent Variables

v General

Defined by study step: [Step 1: Stationary

v [nitial Values of Variables Solved For

3. Click on the
Compute to
Selected icon

Method: [Initial expression

Solution: [Solverl )

_| 2. Change the Initial Values
of Variables Solver For to
Solver 1

=

v Values of Variables Not Solved For

Initial expression

Zero
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Results > 3D Plot Group 2

Time=0 Slice: Gradient of u, x component (kg/(m*s?*A))

10
0.5["""_"
o] } |_fl \\\:
| !
0.5| | N g
1 L —<
1¢

. Plot ux which is equivalent of
o plotting 6B, /ox

05

A 3.7765x107
x107¢

30

10

-10

-30

-40
¥ -4.029x107
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Note on polynomial patch recovery (ppr)

The polynomial patch recovery feature
allows you to obtain smoother derivatives.

How to use this feature?
— You can either use the ppr or pprint function
OR...

— Expand the Quality section of the plot settings

and see the Recover list
v Quality

Resolution:

Refer to the COMSOL Multiphysics e

[Normal

[Internal

User’s Guide for detalils. [R

Off

Within domains
Everywhere
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+ Expression

- Ty v Expression
~_ \ \ Expression: : Expression:
¥ \\\ \ \“.\ ux ppr(ux)
L}* \
.\
\
| |
\ |
Plot of ux (notice the rough Plot of ppr(ux) (notice the
edges in the color pattern) smoothened color pattern)
¥ Quality
You will get the same smoothing if you T — Normal
set the expression as ux and choose Sl .
Everywhere for Recover.
Recover: Everywhere
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Results > 3D Plot Group 5

o | @ = Olch Grphiess, @ Q f | da~ly sl PO | @ =0

I7 Model Builder b = 1P Settings Model Library
& TE'F Bt El [ Slice Time=0 Slice: sqrt(u~2+u2~2+u3"2) -
4 1% helmholtz_coil. mph (root)
£ Global Definitions ~ Data A 2,0072:10“
4 \) Model1 (modl) x10
B Definitions Data set: From parent 'I EI 20
A Geometryl
£ Materials -
M. Magnetic Fields (mf) ~ Expression - -
8u POE() Expression: N
Au PDE2 (c2) RS
Au PDE3(c3) sqrt{u”2+u2”2+u3*2) l
& Mesh1 Unit: |
2 Studyl = 15
4 22 Study2 ; |
[~ Step 1: Stationary 1| Description: B
4 TP, Solver Configurations sqri{uA2+u2A2+u3A2
4 [&] Solver2 (
5ti Compile Equations: Stationary|| Title (
wiw Dependent Variables 1
172 Stationary Solver1 ~ Plane Data |
4 (5 Results (o = | 10
1 Data Sets Plane type: [Quick - I
erived Values Plane: [iy-planes -]
& Tables |
E‘, 3D Plot Group 1 Entry method: Number of planes vJ |
{5 3D Plet Group 2 Planes: 1
{1 30 Plot Group 3 . .
{8 30 Plot Group 4 Dlinteractive
a4 [F) 3D Plot Group 5 0 3 5
() Slice1 L g
B Export N 5
B Reports 0" = o
+ Range | 0.5 <
2 0.5
~ Coloring and Style ¥, L. %
Coloring: :Culorhblz '1 11
= ¥ 1.2397x107
Color table: [Rainbow -]

» Create a slice plot of the magnitude of B-field using the variables u,

u2 and u3 to verify the mapping.
o Compare this with the original solution in 3D Plot Group 1.
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Summary

This tutorial showed how to visualize the spatial gradient of
magnetic field.

The magnetic field solution was mapped from vector elements to
Lagrange elements.

The derivative operations could be performed on the solution on the
Lagrange elements.

Mapping the solution onto Lagrange elements also give us the
advantage to get smooth derivatives by using the polynomial patch
recovery feature.
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