COMSOL

CONFERENCE
2016 MUNICH

BE CAE & Test

An Application Built with the COMSOL Multiphysics® Software for Managing
Computational Sequences in Thermal Fluid Applications

Giuseppe Petrone and Carmelo Barbagallo
BE CAE & TEST, Viale Africa 170 Sc. A, 95129 Catania (ITALY)

Munich, 12-14 October 2016

W COMSOL
Certified Consultant

http://www.be-caetest.it




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

Prodotti Workshop ~ Webinar  Supporto  Contatti

CAE & Test

BE CAE & Test

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

BE CAE & Test provides consuitancy services for appllications based an numerical products and processes development by using advanced CAD/CAE tools and organizing
simulations. Qur company recognizes that virtual prototyping plays animportant b
role in several engineering fields. It serves as a powerful tool for optimizing the accurate expenmenta’ 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.
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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




Introduction / Motivation
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Introduction / Motivation

> Why building a COMSOL App*? 0\4———\ —
“.. Apps mark a revolutionary page in the history of e B
mathematical modeling and numerical simulation: & I
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...” i
“..simulation apps can create more business —
opportunities with customers. Beyond simply
providing them with a technical report, you are also Canned food Thermal Model s
supplying them with an interactive tool...they can Wl = || m S || = | =1 e
use to investigate the problem on their own...” . .
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> Why building a COMSOL App*?

“... Apps mark a revolutionary page in the history of
mathematical modeling and numerical simulation:
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y[@S Introduction / Motivation

» We built a demo Comsol App to investigate this opportunity:

An Application Built with the COMSOL Multiphysics® Software for Managing Computational
Sequences in Thermal Fluid Applications

CONTROLLED COOLING OF METAL SPHERES oNE%. 0

A = = [ ES | s

Build Compute Reset data Animation Report Layout Contact us

Input data Geometry | Velocity P (t=0) | Sphere (v | Air (0]

¥ Geometry

N_x_sphere: 3 Qa @ty txzE=EE0 @ @ -

N_y sphere: 3 Slice: Temperature (degC) o2
0,04

Height: 0.04 m

Radius: 0.005 m

Physical data

¥ Physical input 40
s P! %
Air velocity: 05 m/s 20
Air temperature: 20 C
Sphere temperature: 100 c
Credits . =

BECAE& TestSel

Can the model developer have a
benefit for himself by using the
Application Builder?

> Try to use the Application Builder to
make our work easier

> Automating models by using the
Application Builder
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Application / Framework

HEAT TREATING

Heat treating is a group of industrial processes used to alter the
physical properties of a material. The most common application
is metallurgical.

Heat treatment involves the use of heating or chilling, normally
to extreme temperatures, to achieve a desired result such as
hardening or softening of a material.

Thermal management is strongly required.

MODELLING & SIMULATION

» Optimizing the heating/cooling equipment.
» Monitoring the time evolution of the pieces “core”
temperature as a function of :

Size;

Constituting material;

Relative position of the pieces in the cooling
equipment;

Magnitude of the cooling forced flow.;




Application / Framework

MODELLING & SIMULATION

Very usually, it is required to simulate a transient
thermal analysis in a forced permanent flow and
starting from an initial thermal state.




Application / Framework

MODELLING & SIMULATION

This kind of study can be carried out by three steps:

1.

Fluid dynamical solution of the permanent
velocity field;

Steady thermal simulation of temperature at
the begin of the cooling process;

Transient thermal analysis during the cooling
process.
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Application / Modelling

Assumptions / constraints / modelling steps

= Solving the steady fluid dynamical flow

= Set a chosen temperature value at the solid-fluid interface of the cooled objects to get consistent
initial thermal state for the process

= Solving the thermal steady state by using the velocity field as transport field

=  Set a a continuity thermal condition at the solid-fluid interface

= Solving the transient analysis using the velocity field as transport field and the thermal steady state
as initial condition

<Cooling channel> /— — >

Coolant inlet

<Metal sphere>
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Application / Modelling

Assumptions / constraints / modelling steps

= Solving the steady fluid dynamical flow

=  Set a chosen temperature value at the solid-fluid interface of the cooled objects to get consistent
initial thermal state for the process

= Solving the thermal steady state by using the velocity field as transport field

=  Set a a continuity thermal condition at the solid-fluid interface

= Solving the transient analysis using the velocity field as transport field and the thermal steady state
as initial condition

<Cooling channel> /////// i //
_— s
/

|
J Outflow

<Metal sphere>

— CAN A COMSOL APP HELP US TO AUTOMATICALLY MANAGE THE SEQUENCE OF
SEVERAL COMPUTATIONALS STEPS TO BE RUN BY USING DIFFERENT PHYSICAL AND
SOLVING SETTINGS ?
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Application / Modelling

< Coolant outcoming >

< Cooling duct >

Home Definitions Geometry Materials Physics Mesh Study Results

A B [l Component 1 (comp1) ~ =\ E_ |7~ Heat Transfer in f
=) -
) <> Add Component ~ = - %5 Add Physics
Appll_catlon Definitions | Geometry | Materials
Builder S < -
Application Mode
Maodel Builder v & Settings
- srEE=E- Parameters
4 “® BE_Munich_app_v08.mph (root) ~ | ¥ Parameters
4 Global Definitions =
¢ Fi Parameters Name Expression Value Discripti
=# Materials Uairin | 0.5[m/s] 0.5 m/s
«m Component 1 (comp) Taiin | 20[degC] 293.15 K
4= DEf'E’"“;?’f; T init_sph... | 100[degC] 373.15K
a Explici H H
=/ Boundary System 1 (sys1) RRout OiEe] Ui < COOIant Incomlng > < Metal Spheres >
| View1 length ((n_x_sphere)*2*... 0.05 m
b A Geometry 1 width ((n_y sphere)*2... 0.05m
4 i Materials height 0.04[m] 0.04 m
b s Air fmat) R 0.005[m] 0.005 m ‘
b Structural steel (mat2) nxsphere |3 3 CONTROLLED COOLING OF METAL SPHERES et O ‘
I 2% Turbulent Flow, k-g (spf) n_y sphere 3 3
I 1~* Heat Transfer in Fluids (ht) y ;
I 4 Multiphysics AVAN — D m =5 : l 3
. o o0 / =N
» A\ Meshes Parametric definition of Buld Grrprie it s edikdion e " Eort
geometric and process input
Input data Geometry  Velocity | Temperature (t=0) | Sphere temperature (t) | Air temperature (t)
¥ Geometry
H Q Q QR v = @ -
Parametric set-up Nx sphere: 3 BE @ -
N_y sphere: 3 //‘\ D
= Geometrical (spheres number and Wi 004 & i

Radius: 0.005 m

dimension, duct dimensions)

Physical data

v Physical input

= Functional (Coolant flowrate and —_—

temperature, initial spheres Rir velocity: 0s ms v x |
Air temperature: 20 %€

temperature) ok o [100 <
Credits "
BECAE& Testsrl B

FROM MODEL TO APP 13




T

Application / Modelling

Model Builder
-1t

' v =t E -

A= Boundary System 1 (sys7)
b [ view 1
4 A Geometry 1
I & Work Plane 1 (wp1)
[55) Extrude 1 (ext7)
Sphere 1 (sph1)
Array 1 (arri)
55 Extrude 2 (ext2)
[5) Extrude 3 (ext3)
© Point 1 (pt1)
Array 2 (arr2)

Form Union (fin)

=

El Ié' Cumulative Selections
Ij Probes (Object)
Ié' Probes (Domain)
Ié' Probes (Boundary)
Ij Probes (Edge)
Ij Probes (Point)

i Materials

I =5 Air (matl)

I %8 Structural steel (mat2)

& 2% Turhulant Flows b-s fenf)

4

Parametric set-up

= Derived values (time-evolution of the
«core» temperature for each sphere,
time-evolution of the average
temperature of out-flowing air)

FROM MODEL TO APP

Settings
Array
% Build Selected

EEsEEBER &

& Build All Objects
0.04

¥ Size
0
Array type: | Three-dimensional “.
|
X size: n_x _sphere | 0.03
|
. |
y size: n_y_sphere < 0.02
Z size: 1
0.01
¥ Displacement 8
x 3*R
y: 3*R
z 0
¥ Selections of Resulting Entities
-
Contribute to: | Probes v‘l:
esulting objects selection ~ ’,
Definition of points/probes 7\ = 2 EEr - .
p p Build Compute Reset data Animation Repé& Layout Contact us
(parametric also)
|nPUt data Geometry | Velocity | Temperature (t=0) | Sphere temperature (t) = Air temperature (t)
v Geometry
———_ aaQl UE @
N_y sphere: 3 o
Height: 0.04 &
2 T
m 8 -1
£ -
£ ]
Physical data é’% 7
H -
¥ Physical input g 4
Air velocity: 0.5 m/s ;§- 4 i
Air temperature: 20 °C . 1500
Time (s)
Sphere temperature: 100 °C

Credits

BE CAE &):l"esﬁt‘ §.|:.I

About
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Application / Modelling

Maodel Builder ~ & Settings
- tis~-st8 5~ Temperature
= wm LOmpUIENC O i) .
I = Definitions Label:  T_init_sphere (disable for transient analysis)

b Geometry 1
4 i Materials Boundary Selection

bS5 A t1
ir (mat) Selection: | Manual

I+ &# Structural steel (mat2)

I 2% Turbulent Flow, k-¢ (spf) 11 A
4 "* Heat Transfer in Fluids (ht) 12
8 Heat Transfer in Fluids 1 13
8 Initial Values 1 14
= Thermal Insulation 1
15
& Heat Transfer in Solids 1 e &
m Temperature 1
= Open Boundary 1 > Override and Contribution
¢ = T init_sphere (disable for transient analysis) v it

< Multiphysics
[ & Meshes ¥ Temperature
I~ Study 1 - Fluid

4 ~d> Study 2 - Therm init Temperature:

N

Physics setting
(Initial temperature at solid-
fluid interface)

FROM MODEL TO APP

Graphics
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Application / Modelling

Model Builder

- ® v =1

I 1-* Heat Transfer in Fluids (ht)
I 4 Multiphysics
b £\ Meshes
4 9% Study 1 - Fluid
= Step 1: Stationary

I ™ Solver Configurations
4 ~d5 Study 2 - Therm init
= Step 1: Stationary
I ™= Solver Configurations
4~ Study 3 - Therm trans
12 Step 1: Time Dependent
I ™ Solver Configurations
4 [ Results
I @ Data Sets
4 :% Derived Values
2% Point Evaluation 2
v Surface Average 1
HH Tables
W Velocity (spf)
W Pressure (spf)
W& Wall Resolution (spf)
[} Temperature (ht)
& Isothermal Contours (ht)

FROM MODEL TO APP

Settings

Time Dependent
= Compute ' Update Solution

Turbulent Flow, k-¢ (spf)

Heat Transfer in Fluids (ht)

Multiphysics
Flow Coupling 1 (fc1)

O | Physics settings

™ | Physics settings

¥ Values of Dependent Variables

Initial values of variables solved for

Settings: | User controlled

Method: | Solution

Study: | Study 2 - Therm init, Stationary

&a

A |

Selection: | Automatic

Values of variables not solved for

Settings: | User controlled

Method: | Solution

Study: | Study 1 - Fluid, Stationary

&a

A |

Selection: | Automatic

STeTe e M outs Ut

Study setting

Graphics

0
m

Messages Progress Log Table 3
T B Do VO = EHF=E -

Time (s) Temperature (degC), Point: 13 Temperature (degC), Point

(A sequence of studies has to be defined by coupling
variable values from a study to another)
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Application / Modelling

Madel Builder ~ & Settings

= s v =t = v Time Dependent

(I VIV RV TRV N e v

I 1-* Heat Transfer in Fluids (ht)

ilii
s

= Compute ' Update Solution

" ¢ Multiphysics Turbulent Flow, k-£ (spf) O Physics settings -
v A\ Meshes
4 P Study 1 - Fluid Heat Transfer in Fluids (ht) ™ Physics settings -
= Step 1: Stationary
I ™ Solver Configurations Multiphysics Solve for
4 5t Study 2 - Therm init Flow Coupling 1 (fc1) ™

l= Step 1: Stationary

b ™ Solver Configurations ¥ Values of Dependent Variables

4 "% Study 3 - Therm trans Initial values of variables solved for
I2 Step 1: Time Dependent

- Settings: User controlled -
I " Solver Configurations
4 = Results Method: Solution -
b g 5
# Data Sets Study: Study 2 - Therm init, Stationary -| |Z]
4 :% Derived Values
% Point Evaluation 2 Selection: | Automatic h y\!z’.x
v Surface Average 1 Values of variables not solved for
' ai Tables Settings: User controlled -
I+ W Velocity (spf)
I W Pressure (spf) Method: Solution v Messages Progress Log Table 3
» T Wall Resoluti . i ; = P =
'E all Resolution (spf) Study: Study 1 - Fluid, Stationary MEE! S 85 50 oss VD = R = B~
I W Temperature (ht)
» UM Isothermal Contours (ht) Selection:  [ALiomatig hd 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

Set (enable) specific BCs (surface spheres temperature)

Run < Study 2 — Therm init > to get the specific thermal state at the initial time

Disable specific BCs (surface spheres temperature)

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

FROM MODEL TO APP

Waiting for
solution

Waiting for
solution
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ChE & TS

Application / Modelling

Application Builder
=T =

42 BE_Munich_app_v08.mph (root)
I [ Main Window
4 EE] Forms
EI main
| geometry input
] physical_input
tl documentation

[&] Preview T main X | geometry input | physical input
>

Settings
Button
4 )J\\ Geometry 1
I = Work Plane 1 (wp1)
(5 Extrude 1 (ext1)

A ‘ — . D m D Sphere 1 (sph1)

Build

CONTROLLED COOLING OF METAL SPE

Compute Reset data Animation

Edit Node Run (a8l Plot Set Value
+ Import File Enable Disable

Show

Show as Dialog

P »
g contact_us Input data Geometry | Velocity ITe\ Command TS
eomety || | e
M 9 oci Y ¥ Geometry 1 Enable Point 1 (pt1) ®
velodity | ] @ Q R j‘j 1 Enable Array 2 (arr?) O
temperature_init I N_x_sphere: 3 v
" temperature | Noxsph : £
M temperature_spheres < ¢ Enable T_init_sphere (disable for transient analysis) ®
D temperature_outlet Compute Study 1 - Fluid =
18 Events Errors and Wa ’,nings Compute Study 2 - Therm init =
I = Dedarations Disable T_init_sphere (disable for transient analysis) @
4 B3 Methods @ ofmors £k 0 Warnings Compute Study 3 - Therm trans =
= reset_to_default Evaluate Point Evaluation 2 =
il Librari Method Line Message
[ Libraries Evaluate Surface Average 1 =
Plot Velocity (spf)
H H H Plot Temperature (ht)
» The Application Builder allows to
pp Plot 1D Plot Group 9 - T_spheres fonl
EXECUTE a sequence of commands by a Plot 1D Plot Group 10 - T_outlet

single «action button» ...

«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 the specific thermal state at the initial time
= Disable specific BCs (surface spheres temperature)

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

FROM MODEL TO APP
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Application / Modelling

Application Builder

T El

4 BE_Munich_app_v08.mph (root)

[ D Main Window
4 '—Tﬂ Forms
EI main
] geometry input
] physical_input
EI documentation
EI contact_us
] geometry
EI velodity
tl temperature_init
o temperature_spheres
EI temperature_outlet
@ Events
I = Declarations
4 5 Methods

; ﬂm Libraries

[&] Preview [ main [ geometry_input = BCsmethod X Setﬂngs

1 I model.physics("ht").feature("temp2").active(false);
2

Method

<

Name: BCsmethod

¥ Inputs and Output

Inputs

»
Name Type

Errors and Warnings

Q 0 Errors A 0 Warnings

Method Line Message

«Manual» work flow by using the embedded model:

» Sequence of «manual actions» done in the Model
Builder (i.e. BCs enabling / disabling) can also be
recorded: the available code can then be «applied»
to an action button, in order to automatically reply
the sequence of commands ...

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 the specific thermal state at the initial time

Disable specific BCs (surface spheres temperature)

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

FROM MODEL TO APP 19




Application / Running the App

CONTROLLED COOLING OF METAL SPHERES o
A = S s =5 A 2
«Manual» Work flow bv using the App: Build Compute Reset data Animation Report Layout Contact us
™ Click the button «Compute» L Input data Geometry | Velocity | Temperature (t=0) | Sphere re (t) | Air temp )
e aa@al L-r::@O0 @ a8
N_y sphere: 3 Slice: Temperature (degC) 2
Height: 0.04 m 9.9
Radius: 0.005 m o ;go
0.03 ;g
Physical data Whirs 60
0.01 50
¥ Physical input "o :g
Air velocity: 0.5 m/s 20
Air temperature: 20 %€
Sphere temperature: 100 e
Credits
BECAEMTestSel =
FROM MODEL TO APP
«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 the specific thermal state at the initial time Waiting for
= Disable specific BCs (surface spheres temperature) solution
= Run < Study 3 — Therm trans > to perform the transient analysis
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AN INTERESTING PERSPECTIVE...

W COMSOL

Certified Consultant
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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

CONTROLLED COOLING OF METAL SPHERES
— o m i‘i T @

« (t) | Air temperature (t)
E]Cﬂ Mo G

Input data Geometry | Velocity | Temperature (t=0)

¥ Geometry

N_x_sphere: 3 QQa
N_y sphere: 3 el ratu re (degc) 2
Height: 0.04
0
Radius: 0.005 m ;go
0.03 80
0.02 ;g

Physical data s
<% g =
¥ Physical input N o
Air veloctty' 1 S ? \ 20
0

Credits
z
BE CAE & Test S.r.l

wawawa

THANK YOU!

https://www.comsol.it/certified-consultants/bus

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