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BE CAE & Test / Company profile

BE CAE & Test ( http://www.be-caetest.it ) provides consultancy services in several
industrial sectors by using innovative CAD/CAE modelling tools and carrying out
experimental campaigns

The company collaborates with industrial partners and research centers in several
technologic fields

http://www.be-caetest.it/
W COMSOL

W COMSOL
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CAE & Test

BE CAE & Test

Our team of engineers and researchers supports companies and individuals during their

BE CAE & Test provides consuliancy services for applications based on numerica! products and processes development by using advanced CAD/CAE tools and organizing
simulations. Our company recognizes that virtual prototyping plays an important b

role in several engineering fields. It serves as a powerful tool for optimizing the accurate expenmental tests.

design of products and processes, while also reducing the time to market ratio.

We strongly believe that complex problems have to be analyzed using a The experience gained in experimental vibro-acoustics, FEM and Multibody numerical
multiphysics approach. simulation and the use of Multiphysics packages make BE CAE & Test the ideal partner to

guarantee reliability, innovation and competitiveness of your products and processes.

© 2015 BE CAE & Test S.r.l. | P.l. 05230570870
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BE CAE & Test / Fields of activity
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> Fluid dynamics and thermal analyses

= Environmental energetics (HVAC, thermal comfort, IAQ)

» |ndustrial energetics (Thermal design, energy conversion,
reacting flows)

» Structural analyses

= Linear and non-linear statics, dynamic and vibro-acoustics
analyses in industrial and civil applications

» System dynamics and Multi-Body analyses

= Vehicle and rail dynamics (handling, ride comfort)

= Kinematics, dynamics, rigid and flexible bodies analyses of
mechanisms

» Experimental testing

= Ride comfort (NVH), modal analyses
= Vibro-acoustics

=  |ndoor micro-climate
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BE CAE & Test / Traditional CAE activity

> Flow-chart for “traditional” CAE activities

Ceiling air
Lighting diffuser

1. Topics / targets / feasibility study

Recovery

2. Data transmission (CAD, functional / grids
operative conditions, ...)

Corridor air
diffuser

3. Model set-up (equations, parameters
/ functions, BC, meshing, solvers, ...)

4. Test run /numerical study of the
model / numerical-experimental
validation

Medical staff Person

5. Parametric runs for predictive Medical equipment
analyses

Corridor
recovery
grids

Patient

>> REPORT RELEASE <<




BE CAE & Test / A new perspective

Surface-Mount Device Thermal Model "% 0
A ==
A\ = o N | ® &
Buld Mesh Run Reset data Report Layout Contactus.
Input data Graphics
~ Geometry aaRlE Lurz=DE0 W aL
Solder thickness: | 150 um e
Adaa

v Operating conditions

Dissipated power: 150 W

Materials a4

- ) w x107 y 2
< : M SO L THERMAL CHARACTERIZATION e ~ Ml choce X 0
OF AN ELECTRONIC DEVICE _ : . e : S

WITH A CUSTOM s = e 3 2

4' NES T : — <0

Results
LTIPHYSICS SIMULATION MAGAZINE

Junction temperature
The (MAX): 44.38 °C
Thermal resistance
Rthjc  0.1292°CW

FROM MODEL TO APP
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COMSOL App / Why?

> Why building a COMSOL App*?

“... Apps mark a revolutionary page in the history of mathematical
modeling and numerical simulation: these specialized and user-friendly
tools bring the power of numerical simulation to a larger group of
users....”

“... people with no prior experience from FEA or mathematical modeling
can access, exploit, and benefit from analysis...”

“...simulation apps can create more business opportunities with
customers. Beyond simply providing them with a technical report, you
are also supplying them with an interactive tool...they can use to
investigate the problem on their own ...”

Surface-Mount Device Thermal Model o

Input data Graphics

~ Geometry eall Lu:=EE0 @We a&
Solder thickness: 150 um s

v Operating conddtions

Dissipated power: | 150 W

Materials
v Materials choice

Solder

SAC 205 v
o

FROM MODEL TO APP
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COMSOL App / What is it?

> What is a COMSOL App? Surface-Mount Device Thermal Model o
- Customized GUI allowing users to carry-out parametrical simulations e | e | e s
without build models e e R

Solder thickness: | 150 um B s

» Which kind of «parametric» analysis? faperieedO0 : :
- Geometrical R

- Constitutive: materials, assumption (i.e. plasticity model in structural —— =

analysis, flow regime in fluid dynamics, ...) s

- Funcional: any operational or working condition

- Derived value: any value derived from FE dependent variable solved (i.e. a
thermal flux from temperature solution in thermal analysis)

FROM MODEL TO APP




COMSOL App / Heat transfer in canned food

FOOD THERMAL TREATING
Canned food Thermal Model T EPNESL. @ * “Food thermal treatment”:
procedures for destroying micro-
YA = (LT S = =4 2 organisms by the application of
Build Run Animation Reset data Report Layout Contatc us
heat.
Input data Graphics * Numerical model allowed
T agfm bekE ® simulating the heat transfer during
ius: 0.05 m
Height: o n [ a given process implemented for
Ribs: 5 food sterilization.
Filling level: 0.85

= |t is needed a flexible tool allowing
modification of product type,
quantity, shape of tray, type of

Thermal process

= Thermal process choice

Thermal process y

[Processt ] % heating cycle, ...

Materials Results Credits = Some specific quality indexes for
™ Materisls choice [ = the process need to computed in
(o 5] [reaa 5] i scoateted post-processing analysis.




COMSOL App / Heat transfer in canned food

Headspace

_—
A

F (filling level)
Nr (ribs)

Product

H (heigth) > L/R(r:diUS)
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COMSOL App / Heat transfer in canned food

Customized libraries for material choice: “canned food (product)” and “headspace”

Nr (ribs)

H (heigth)

F (filling level)

®© B = . R L EE R }-.
File v Home Definizioni Geometria Materiali Fisica Mesh
oo | WMl Componente 1 ~ P
A = \=:' = .::
itor i e | < Aggiungiun componente - =
aEpFlgarziolni > Deﬁnv'lz'non'l Geon:etria Matsriaﬁ
Applicazione Modello
Albero del modello ¥ * Impostazioni
& ® v STELO - Materiali globali
« Canned_food_vdef2.mph (root) 2l « Riassunto materiale
“ Definizioni globali
Fi i
| P‘ar;m.:.etrl s
2= Variabil & =
I 169 Funzioni it
% Gruppi di vincolo e carico O (mat7)
4 .;;_::. Materiali Product #1 (mat8)

I & Arr (mats)
4 = Ol (mat7)
I i% Proprieta di base (def)
4 = Product #1 (mat8)
i Proprieta di base (def)
I % Product #2 (mat9)
I &+ Product #3 (matig)
I Dimensioni extra
I @ Componente 1 (compi)
I+ g Studio 1
4 % Risufati

Product #2 (mat9)
Product #3 (mat10)
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COMSOL App / Heat transfer in canned food

Choice of applied thermal process (retort temperature)

Nr (ribs)

H (heigth)
~—

L A/R(rzfdius)

Boundary condition on
“external” surfaces

A

Headspace

/

F (filling level)

T[°C]

1307
1207
110¢
100¢
90+
807
70+
60+
507
407
307

20

Process 1

100
t[s]

200

300
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NE & TE COMSOL App / Heat transfer in canned food

Post-processing: thermal maps, animation of transient analysis, probe values...

Tem_po=900' s Piani di sezione: Temperatura (degC) o

Headspace A 130

_—
A

120
110
100
S0
80
70
60
50
40
30

Vv 26.7

F (filling level)

Nr (ribs)

I 2 Set didati
4 % Valori derivati

H (heigth) > L/R(r:diUS)

Max Massimo sul volume 1
Min Minimo sul volume 1
%% Sonda_T_max
% Sonda_T_min
I Bl Tabele
I M Temperatura (ht)
i Contorni isotermi (ht)
4 " Gruppo di grafici delle sonde 4
|’ Grafico da tabela dela sor
~ Gruppo diplot 1D 5
~ Gruppo diplot 1D 6
4 & Esportazione
& Animazione 1
I 55| Rapporti
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COMSOL App / Heat transfer in canned food

Graphical interface built by using some of the Form Editor features

=10l x|

Canned food Thermal Model o ENESS @
' |
1| A || = || EE S | K |8 =
I Build Run Animation Reset data Report Layout Contatc us
[Input data
Iv Geometry
I Radius: 0.05 m
I Height: 0.1 m

Ribs: 6

Filling levek 0.85

Thermal process
= Thermal process choice

Thermal process

I I Process 1 vl
|

[Materials I"Re?ul’c? = = 7 7| Gredits
Iv Materials choice IMaximum temperature I __L\
I Tmax: 129.8 °C I CRE 2. TEs
Headspace Product I -
I Minimum temperature BE CAE & Test 5.r.l
I I Air j I Product 1 j I Tmin: 26,65 %C I ) Copyright 2015 - All Rights Resenved
_________ N |

About

Action button

Input field

Combo Box

Graphics

Data Display
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COMSOL App / Controlled cooling of metal sheres

SIMULATION OF HEAT TREATING PROCESSES

> Optimizing the heating/cooling equipment. Build an App for managing a sequence of
> Monitoring the time evolution of the pieces computational steps to be run by using
“core” temperature as a function of : different physical settings
= Sjze;

= Constituting material;

. . . . CONTROLLED COOLING OF METAL SPHERES @
= Relative position of the pieces in the
i i = & e : 4
cooling equipment;, H& = s
=  Magnitude of the cooling forced flow. g —
e L a @ . @@ @- aa
This kind of study can be carried out by three vl S I e
steps, setting different boundary conditions and e < N
. . . Physical data \ b m@-\\f(}‘.’ 3 :01
physical variables coupling from one step to G0
another: — | [Rx X[
1. Fluid dynamical solution of the permanent =

BE CAE & Test S.r.|

velocity field;

2. Steady thermal simulation of temperature
distribution at cooling process beginning;

3. Transient thermal analysis during the cooling
process.

14
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COMSOL App / Controlled cooling of metal sheres

CI N

File ¥ Home Definitions Geometry Materials Physics Mesh Study Results
A Q. @ Component 1 (comp1) ~ &\ E_ |~“ Heat Transfer in F
\=/ =
o = <> Add Component ~ = " 4 Add Physics
Apéﬂlilc;:ron Definitions  Geometry | Materials
Application Mode
Model Builder ~ 1| Settings
- s - EtE =~ Parameters
4 & BE_Munich_app_v08.mph (root) ~ ¥ Parameters
4 Global Definitions -
¢ Fi Parameters Name Expression Value Dffscripti
=# Materials Uairin | 0.5[m/s] 0.5 m/s
T_airin 20[degC] 293.15 K
4 W C_ompunent1 (comp1) deg
4 = initi
DEf'E"'t'I‘_"T; T init_sph... | 100[degC] 373.15K
a Explici
t O[P: 0P
.=/ Boundary System 1 (sys1) R [Ee] =
‘ View 1 length ((n_x_sphere)*2*... 005 m
b YA Geometry 1 width ((n_y_sphere)*2... 0.05m
4 = Materials height 0.04[m] 0.04 m
b Al matl) R 0.005[m] 0.005m
I & Structural steel (mat2) n_x_sphere |3 3
“* Turbulent Flow, k-g (spf) n_y sphere 3 3

I
I 1-* Heat Transfer in Fluids (ht)
I 4 Multiphysics

I A\ Meshes

Definition of geometric and
process parameters

Parametric» analysis

= Geometrical (spheres number and
dimension, duct dimensions)

temperature, initial spheres
temperature)

/’

= Functional (Coolant flowrate and —_—

i < lan ming >
< Cooling duct > Coolant outcoming

< Coolant incoming > < Metal spheres >

CONTROLLED COOLING OF METAL SPHERES s o

i

Animation

— 2
NE o g 2
EN 4 X

Contactus

A
A\ — S

Build Reset data Report Layout

Compute

Input data Geometry Velocity | Temperature (t=0) | Sphere temperature (t) | Air temperature (t)

¥ Geometry

aQaRH Lzl

N_x sphere: 3
N_y sphere: 3
0.04 m
0.005 m

Height:

Radius:

Physical data
¥ Physical input

Air velocity: 0.5

Air temperature: 20 %®©
Sphere temperature: 100 %G

Credits H ¥
BE CAE & Test S.r.l

About
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COMSOL App / Controlled cooling of metal sheres

Model Builder ¥ 4 Settings
- t ® v ETEl S~ Array
+ Boundary System 1 (ys7)  © | Build Selected ¥ & Build All Objects
I (2] view 1 ~ o
4\ Geometry 1
I = Work Plane 1 (wp1) ¥ Size
[% Extrude 1 (extT)
3 Sphere 1 (sph1) Array type: | Three-dimensional -
5 Array 1 (arrT) X size: n_x_sphere
[% Extrude 2 (ext2) )
L Extrude 3 (extd) y size: n_y_sphere
* Point 1 (pt7) z size: 1
¢ Array 2 (arr2) ;
Form Union (fin) ¥ Displacement
4 Ié Cumulative Selections 3R
I;]E Probes (Object) * m
'E: Probes (Domain) y: 3*R m
Ia Probes (Boundary) - lo m
= Probes (Edge)
i3 Probes (Point) ¥ Selections of Resulting Entities
4 i Material e
L ) , CONTROLLED COOLING OF METAL SPHERES orEeEes: @
2= Air (mat1) Contribute to: | Probes v‘
I+ %# Structural steel (mat2)
b 2% Torholant Flews ks fenf) esuiting objects selection A o I |__-=| e
Definition of probes I\ = =N [ .
Build Compute Reset data Animation Report Layout Contact us
(parametric also)
Input data Geometry | Velocity | Temperature (t=0) = Sphere temperature () | Air temperature (f)
¥ Geometry
o . . afH UE &=
Parametric» analysis Woxspher: [ 5
MN_y_sphere:
H H H Height:
= Derived values (time-evolution of the - g 1op w i r
. ) 4
5 80 - -
«core» temperature for each sphere, N |
: 20 60 - e
: H Ph | dat
time-evolution of the average yaical ate 57 s ]
. . ¥ Physical input o 40 - -
@ L 4
temperature of out-flowing air) i velocity o w | 2 .
Air temperature: 20 °C 0 500 1000 1500
Time (s)
Sphere temperature: 100 °C
Credits
pa
B A et R, et .
About
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GPE S ES COMSOL App / Controlled cooling of metal sheres

Madel Builder ¥ & Settings
S ti=~5t8 =~ Temperature PER B@RY
- o Lumnponene L ornp ) ~
I = Definitions Label: T_init_sphere (disable for transient analysis)
b YA Geometry 1
4 i Materials Boundary Selection
bos A (mat1) Selection: | Manual '|
I & Structural steel (mat2)
v 2% Turbulent Flow, k& (spf) 11 A Ll
4 |"* Heat Transfer in Fluids (ht) 12 By =
B Heat Transfer in Fluids 1 Active 13 n N
W Initial Values 1 14 &
%@ Thermal Insulation 1 15
B Heat Transfer in Solids 1 e v
= Temperature 1
= Open Boundary 1 > Override and Contribution
¢ ) - lenltfs.phere (disable for transient analysis) v et
I 40 Multiphysics
[ A Meshes ¥ Temperature
I ~® Study 1 - Fluid
4 "9 Study 2 - Therm init Ui[EEE s

Physics setting
(Specific BC are used for
computing specific initial

thermal states exploited as
initial solution for transient
analysis)

17
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COMSOL App / Controlled cooling of metal sheres

Model Builder

-

® v =T

R,
* Heat Transfer in Fluids (ht)
v Multiphysics

/A5 Meshes

08 Study 1 - Fluid

= Step 1: Stationary
™. Solver Configurations

'9& Study 2 - Therm init

|~ Step 1: Stationary
™ Solver Configurations

@o Study 3 - Therm trans

U\ Step 1: Time Dependent
™. Solver Configurations

4 [= Results

i Data Sets

4 2% Derived Values

% Point Evaluation 2

# Surface Average 1
4 Tables
T Velocity (spf)
& Pressure (spf)
& Wall Resolution (spf)
[} Temperature (ht)
& Isothermal Contours (ht)

L= -

¥ ®| Settings Graphics
Time Dependent Qa@wiy -l = B E
= Compute ' Update Solution N BRRN o 2 E a
@ &
Turbulent Flow, k- (spf) O Physics settings v i
Heat Transfer in Fluids (ht) ™ Physics settings -
Multiphysics Solve for
Flow Coupling 1 (fc1) 4

¥ Values of Dependent Variables

Initial values of variables solved for

Settings: User controlled -
Method: Solution -
Study: Study 2 - Therm init, Stationary ~| |3
Selection: | Automatic -

Values of variables not solved for

Settings: User controlled -

Method: | Solution v Messages Progress Log Table 3

Study: Study 1 - Fluid, Stationary ~| |Z ey 55 B0 g I | = W
Selection: | Automatic v

Time (s) Temperature (degC), Point: 13 Temperature (degC), Point
Store fields in output

«Manual» work-flow by using the embedded model:

Run < Study 1 — Fluid > for solving the velocity and pressure fileds Waiting for
Set (enable) specific BCs (surface spheres temperature) solution
Run < Study 2 — Therm init > to get a specific thermal state (or distribution) at the initial time Waiting for
Disable specific BCs (surface spheres temperature) solution

Run < Study 3 — Therm trans > to perform the transient analysis

18
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CRE &TES) COMSOL App / Controlled cooling of metal sheres

App“(:ation BU”der [&] Preview 7 main X | geometry input | physical input Seﬁ:ings ' |
= " “ | Button
4 (] 86 Munich_app_v08.mph (roof) CONTROLLED COOLING OF METAL SPt 4 YA Geometry 1
I ] Main Window I = Work Plane 1 (wp1)
4 ﬁ'ﬂ Forms [%5 Extrude 1 (ext1)
T main >5\ . — L D m S Sphere 1 (sph1) v
g g:or.netlr).iiinptut BLild Compute Besetiab ghiation Edit Node Run [e8 Plot # Set Value Show Show as Dialog
physical_inpu = . . .
M documentation || — Import File Enable Disable

[ contact us Input data Geometry | Velocity | Te L4 | | N
[ geometry oG T "

. ¥ Geometry -
[ velocity 5 aa@ ? Comando Icona Argomenti

N_x sphere: 3 Calcola Study 1 - Fluid

EI temperature_init

EI temperature_spheres < > = — = = = = =
[ temperature_outlet Ahilita T_init_sphere (disattivare in transitoric)
B Events Errors and Wam]ngg Calcola Study 2 - Thermal Init
: ; aict:;?sons © otmors AA 0Wamings Disabilita T_init_sphere (disattivare in transitorio)

= reset_to_default Calcola Study 3 - Thermal Trans
b B Libraries ST Line  Message Grafica Velocita (spf)

Grafica Temperatura (ht)

rnains/graphicsl

Bl n|® n|@ n

main/graphics3

Plot 10 Plot group 9- Ifspneres 2]
Plot 1D Plot Group 10 - T_outlet [cal

» The Application Builder allows to

«Manual» work flow by using the embedded model: EXECUTE a «work-flow» of commands

Run < Study 1 — Fluid > for solving the velocity and pressure fileds by a single «action button»

Set (enable) specific BCs (surface spheres temperature)
Run < Study 2 — Therm init > to get a specific thermal state (or distribution) at the initial time
Disable specific BCs (surface spheres temperature)

Run < Study 3 — Therm trans > to perform the transient analysis

19



|

COMSOL App / Controlled cooling of metal sheres

CONTROLLED COOLING OF METAL SPHERES ]
«Manual» work flow by using the App: = - L B = "
. /Bulld Compute Reset data Anima tion Re;;:;:: Layout Contact us
= Click the «Compute» buttom ....
Input data Geometry | Velocity | Temperature (t=0) | Sphere temperature (t) | Air temperature (t)
¥ Geometry :
R Q Q@ H iz EEO @ @ -
Ny sphere: 3 Slice: Temperature (degC) o
Height: 004 m 0.04
Radius: 0.005 m ;go
80
70
Physical data :g
¥ Physical input ;‘g
Air velocity: 0.5 m/s 20
Air temperature: 20 °C
Sphere temperature: 100 %
Credits 7

BE CAE & :I'est IS.r.l -
Copyright 2016 - All Rights Reserve

FROM MODEL TO APP

About

«Manual» work flow by using the embedded model:

® Run < Study 1 — Fluid > for solving the velocity and pressure fileds

Set (enable) specific BCs (surface spheres temperature)

Run < Study 2 — Therm init > to get a specific thermal state (or distribution) at the initial time

Disable specific BCs (surface spheres temperature)

Run < Study 3 — Therm trans > to perform the transient analysis
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COMSOL App / Controlled cooling of metal sheres

W CcCOMSOL

Certified Consultant

BE CAE & TEST S.r.l.

Viale Africa 170, Sc.A

95129 Catania (Italy)

Phone +39 095 216 64 26
URL: http://www.be-caetest.it
E-mail: info@be-caetest.it
PEC: info@pec.be-caetest.it

FROM MODEL TO APP

CONTROLLED COOLING OF METAL SPHERES

P.IVA (VAT number), C.F., Num. Reg. Impr.: 05230570870 - Numero REA : CT-352317

A — = # s
A\ = 5 usd 4 :
Build Compute Reset data Animation Layout Contact us
Input data Geometry mpefeedfe (t=0) | Sphere, @Air temperature (t)
¥ Geometry
N_x_sphere: 3 « 2 s 8 . m -
N y sphere: 3 ' ul, \degC) (")
Height: 004
Radius: 0005 o 100
2 90
0.03 gg
Physical data e 60
0.01 50
¥ Physical input 0 ;Ig
Air velocity: 0.5 g 20
Air temperature: 20
Sphere temperature: 100 %€ 0
Credits
2
B et i v
About
https://www.comsol.it/certified-consultants/bus
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