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Agenda

Heat Transfer Module

Pipe Flow Module

DEMO: Adding the heat transfer into ,our new product” simulation

DEMO: What if your R&D Manager wants internal cooling of coil wires
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Heat Transfer Module

Conduction Convection Radiation

= Surface-to-ambient and surface-to-
surface radiation

Isotropic, anisotropic, linear, and = Free and forced convection

nonlinear thermal conductivity

= Laminar and turbulent flow

Thermal contact = External radiation sources

= Effective material properties

Thin layers = Radiationin participating media
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Thermal Contact

Computes effective heat
conduction respecting real
contact:

conduction in points,
radiation through gap and
convectionin gap.

Thin Structures

Computes virtual
thickness with 2D
elements to achieve the
best accuracy vs. cost
compromise.
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3 less-known but powerful features in Heat Transfer Module

Phase 1

6(T)

AT

Phase 2

T1—>2

Phase Change

Supports up to 5 phase
transitions including
chemical irreversible
transformations driven
by Arrhenius kinetics.
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Heat Transfer Module - Selected Application Areas

Heat Exchangers Electromagnetic Heating Laser Heating Bioheat Transfer

* Heat Transfer in Solids and Fluids * Joule Heating, » Radiative Beam in Absorbing Media *  Pennes’ Equation for modeling
* Induction Heating (ACDC Module) e Laser Heating (Wave Optics Mod.) biological tissues
*  Microwave Heating (RF Module) » Ray Heating (Ray Optics Module) e Laser, Ultrasound, Microwave...

Thermal Management in Buildings Phase Change Application Spacecraft Thermal Analyses Large or complicated systems
* Heat and Moisture Transport in * Freezing, Melting, Evaporating... » Respecting solar radiation, albedo, * Nonisothermal Pipe Flow

Building Materials e lIreversible transformations in planet infrared flux and heating *  Very effective tool modeling pipes
* Meteorological data ASHRAE chemistry (e.g. resin solidification) from electronic spacecraft parts using 1D elements and correlations

e Sun position based on GPS and time *  Metal Processing Module
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Pipe Flow
Module

Friction factor correlations

* Pipe cross sections, fittings,
valves, pumps, etc.

* Automatic handling of
laminar and turbulent flow
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Heat Transfer in Pipes

o 0
O

Conduction in solids. Free convection. Forced convection.

= Heat transfer coupling with surrounding volumes:

—  Automatic calculation of heat transfer coefficients for internal, wall layer resistance, and
external heat transfer

= Nusselt correlations for heat transfer at pipe walls
= Viscous heating of high-shear fluids

= Nonisothermal Pipe Flow interface combines Pipe Flow interface and Heat Transfer in
Pipes interface
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Valves, Bends and Pumps included

Pjunction \/ v
; P P !
Peide Peid branch —= branch g
# —

P. N
pneten = ~4 t = il
~ |

‘ pjuntiiun branch

T-junction Y-junction N-way junction Contraction and expansion

Prmain

= Correlations for sudden pressure change for several common
building blocks

= |ncluded correlations

1
for loss coefficients, K, where Ap = EpKiuz

= 90°or 45°bends, T-junction, Y-junction, N-way junction,
Contraction and expansion, valves and pumps
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Pipe Mechanics

= Beam-type elements for analysis
of pipes

= Correction factors for flexibility
and stresses in pipe bends

= Multiphysics coupling for loads
from the Pipe Flow interface:

— Pressure
— Dragforce
— Bend forces

— Junction forces

WMN

o

Results from a coupled flow, heat transfer, and mechanical analysis in a piping system: pressure
and velocity (left), temperature (middle), and stress with exaggerated deformation (right).



DEMO: Adding the Heat Transfer into
,our New Product” Simulation
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Graphics it
Qa@- Ly ¢y @ MEe- DEOS @8
freq(1)=16000 Hz Volume: Volumetric loss density, electromagnetic (W/m?)
10°
What Matous
has done
103
* Induction heating of &
metal parts inside the
heater. 10t
* Hegives medistribution 10°
of electromagnetic loss.
107

We will use this to heat
the water.
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3 Ways How To Simulate Forced Convection

= g PEdL rdnsie

8 Soiid 1 r Component 1 {comp 1
i Initial Values 1 Override and Contribution \ ii P r P ":I
2% Thermal Insulation1 —  fgEe === ™, -— T
T Equation () = [ = Definitions
> dify Multiphysics Material Type I J H
b Ay Mesh 1 ot F b7 \\J ————————— -‘-} [ Genmetrj.r'l
b Sty 1 —— P Materials
u
et A Isothermal Tube ;m S
Convective heat flux = [} + b MﬁgﬂEtIC FIE|d5 rmﬂ
Reattransfer cocficient b Y Heat Transfer in Solids (ht)
User defined 57 - i
Heat transfer coefficient: @ [} LEFI"IIFIEF F|I:IW rspﬂ
ho5 W/(m®K) 4 E i I
External temperature: \_/9 .m I\Ill-”‘tlph}rs'cs
Tex | User defined = [+ == Maonisothermal Flow 1 {nitfi)
Cylinder in Cross Flow Sph -
293,15[K] K phere Iy .-"J-“\ Meshes

Heat flux with estimated htc htc using a convective correlation Modeling fluid flow explicitly

Estimation of the heat transfer Built-in empirical external/internal The most general but time
coefficient in the relation: natural or forced convection htc for expensive approach can be done

q=nhtc: (Tey —T) given shapes can easily spare time. with either HT or CFD Module.

https.//www.comsol.com/blogs/modeling-natural-and-forced-convection-in-comsol-multiphysics/
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Boundary Conditions for the nonisothermal fluid flow

How to use outlet
from Tube 1 as inlet
for Tube 27?

e
Pout = 1 [atm] f(\)‘Oe'X
Tout =5 OC

Ui, = 0.0l m/s

T,, = 10°C
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Modeling proces
step-by-step

1. Parameters

2. Physicsinterface ,Laminar

Flow*

- Beaware of compressibility!

3. Coupling of ,Heat Transfer in
Solids“ with ,Laminar Flow"

Label: Parameters 2 - Martin

* Parameters

" Marme Expression

d_ci 20 [mm]

d_ce d_ci+2*w_c

d_t 2¥(r_t-th_bw)

rho_w 1000 [kg/m 3]

eta_w 1e-3 [Pa¥s]

u_in 0,01 [my's]

Fe t u_in*d_t*rho_w/eta_w
T_in 10 [degC]

Value

0.02 m
0.036 m
0.008 m
1000 kg/m*
0.001 Pa.s
0.01 m/s
a0

28315 K

Description

Coil inner diameter

Coil external diameter
Boiler cooling tube inner..,
Water density

Water dynamic viscosity
Inlet velocity

Reynolds number inner t...

Inlet temperature
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Compressibility levels

" |ncompreSSib|e p = P(pref'TTé’f)

— or with Boussinesq approximation F; = pyer — prefap(T — Trer)
= Weakly compressible p = p(pref, T )
= Compressible p = p(p, T)

- .&. Multiphysics
I % Electromagnetic Heating 1 (emh 1)
[ E Monisothermal Flow 1 (nitf1)

Settings
Nonisothermal Flow
Label:  Monisothermal Flow 1
Name:  nitf1
! Domain Selection
~ Equation
Show equation assuming:
Studly 1. Coil Geometry Analysis
Qu=7:Vu
Fy =Prell -0 T - Treilg

_1(%
%= p(aT L

~ Coupled Interfaces
Fluid flow:

Laminar Flow (spf)
Heat transfer:

Heat Transfer in Solids (ht)

~ Material Properties

From heat transfer interface

P =p(PrarTrer)

Specify reference temperature:

From heat transfer interface

Boussinesq approximation for incompressible flow
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Modeling proces
step-by-step

CFD boundary conditions
for tube 1

Definition of ,Boundary
Similarity“ mapping
operator

CFD boundary conditions
for tube 2

4 [ Compenent 1 {comp 1)
= Definitions

F |

Variables

Functions

Selections

Probes

Physics Utilities
Meonlocal Couplings
Pairs

Coordinate Systems

Infinite Elernent Domain
Perfectly Matched Layer
Shared Properties

WView

Show Maore Options...

Mode Group
Group by Type

=
Jdu

.ﬁ.‘\.'-

(1]

Integraticn
Average
Maxirmurm

Minimum

General Extrusion
Linear Extrusicn
Boundary Similarity
|dentity Mapping

General Projection

Linear Projection

Update Probes
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¥ Equation View
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4 [ Results Pref  1[atm] Pa
b 22 Datasets Reference temperature:
2% Derived Values Vo User defined =
HE Tobles
4177 Magnetic fields 29315040 3
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Quiz: What we
could improve?

= | ook at the conditions, there is
one inconsistency in boundary
conditions, which can lead to
convergence issues.

Settings
Inlet
Label: Inlet 1

~ Boundary Selection

Selection: Tube 1 - inlet

"

- Override and Contribution

I* Equation
~ Boundary Condition
Velocity

> Velocity

@ Normal inflow velocity
) Velocity field
Ug uin

I+ Constraint Settings

-

Settings
Wall
Label: Wall 1

~ Boundary Selection

Selection: All boundaries

1 (not applicable)
2 (not applicable)
3 (not applicable)
4 (not applicable)

5 (not applicable)
6 (not applicable)

I Override and Contribution

I Equation
¥ Boundary Condition

‘Wall condition:

No slip

bowall M

I+

b=

Settings
Outlet

Label: Outlet1
¥ Boundary Selection

Selection: Tube 1 - outlet

-53

I Cwerride and Contribution

I Equation
~ Boundary Condition

Pressure

¥ Pressure Conditions
Pressure:
Static
Po 0

[] Mermal flow
Suppress backflow

I* Constraint Settings

Pa
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Quiz: What we
could improve?

= | ook at the conditions, there is
one inconsistency in boundary
conditions, which can lead to
convergence issues.

= We canimprove convergence by
setting the Fully Developed Flow
conditionon the Inlet 1. This
condition respects No slip
condition on walls.

Settings
Inlet
Label: Inlet1

¥ Boundary Selection

Selection: Tube 1 - inlet

=

I Owerride and Contribution
I Equation

¥ Boundary Condition

l Velocity

Velocity
Pressure

Mass flow

| Fully developed flow

Ug uin

I Constraint Settings

mys
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Modeling proces
step-by-step

7. Heat Transfer in Solids:
fluid domain and
boundary conditions

8. Automatic CFD Mesh
with extra boundary
layers for skin effect
resolution
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4 [} Heat Transfer in Solids (ht)
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I i Initial Values 1
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S Equation View

4 =* Laminar Flow {spf)

22 Fluid Properties 1

Initial Values 1

2 Well1

w Inlet 1

= Outlet 1

o Inlet2

mw Outlet

Equatior

v v v v www

2
b
4y Multiphysics
I % Electromagnetic Heating 1 (emh 1)
b =* Nonisothermal Flow 1 {nitf1)}
I A Mesh: Magnetic Fields
b~ Study 1
4 [ Results
b

| Magnetic fields

I {8 Magnetic Flux Density Norm (mf)
I\ Losses

Export

[# Reports

Study Results  Developer

Edges Points Global
Edge Point Global
Settings
Qutlet
Label: OQutlet2

¥ Boundary Selection

Selection:

| 61

Tube 2 - outlet

Override and Contribution
Equation
¥ Boundary Condition

Pressure

= Pressure Conditions
Pressure:

Static
Po 0
] Normal flow
Suppress backflow

Constraint Settings

Contextual

et
Multiphysics
Couplings ~ Properties -

Multiphysics

-

=]

Pa

Shared

Messages

b

Thermodynamics

Thermodynamics

v ez ke

(o hd

® 2 B @~
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Progress Log Table
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Modeling proces
step-by-step

9. Study 2 takes results
from Study 1

- Initial values of variables
solved for (T, u, v, w, p)

- Initial values of variables
not solved for (elmag loss)

4

Il Boundary Similarity 1 (bndsim1)
B [)_J] Boundary System 1 (sys1)
bR Wiew 1
Geometry 1
I> 55& Materials
4 fF Magnetic Fields (mf)
b @ Ampére's Law 1

= Magnetic Insulation 1

4
b Initial Values 1
b |& Primary
I |& Secondary
34 Equation View

[ % Heat Transfer in Solids (ht)
4 =% Laminar Flow (spf)
fms Fluid Properties 1
0= Initial Values 1
Wall 1
Inlet 1
Outlet 1
Inlet 2
Outlet 2
Equation View
ultiphysics
Electromagnetic Heating 1 {emh 1)
l Monisothermal Flow 1 (nitf1)

I A Meshes
[ ~dn Study 1
4 rdn Study 2

E Step 1: Stationary
4 |'|'|-|. Solver Configurations
3 Solution 3 (sol3)

4 @ Results
Datasets
4 Derived Values
I EE Tables
Magnetic fields

& § Magnetic Flux Density Norm (mf)

b Nl Losses
4 @ Mesh Plot 3

Vvvvvvv
ooy

B
£

Fl

£z

B
b

Settings

Stationary

= Compute (¥ Update Solution

Label:  Stationary

Study Settings

Results While Solving

~ Physics and Variables Selection

[] Medify model configuration for study step

L
Physics interface

Magnetic Fields (mf)

Solve for | Equation form

@ |Heat Transfer in Solids (ht)
®

Laminar Flow (spf)

]
[ | Automatic (Stationary)
=4 Automatic (Stationary)

Automatic (Frequency domain)

Solve for  Equation form

[

Multiphysics couplings
@® Electromagnetic Heating 1 (emh1) (=4
® |Monisothermal Flow 1 (nitf1) ~

¥ \@&lues of Dependent Variables

Initial values of variables solved for

Settings:

Physics controlled

Values of variables not solved for

Settings:
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Study:
Solution:
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Parameter value (freq (Hz)):
Store fields in output

Settings:

Mesh Selection

User controlled

Solution

Study 1, Frequency Domain
Current

Current

Automatic (single solution)

All

Automatic (Stationary)
Automatic (Stationary)
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Modeling proces
step-by-step

10. Postprocessing

Velocity slice

Velocity streamlines
colored by temperature

Max Temperature in
Volume

Averaged Temperature on
output boundary

Graphics ~ Convergence Plot 1 Convergence Plot 2
aa@r@ Lrzzn - @ - EEe- vEBES- @8

Streamline: Velocity field Streamline Color: Temperature (degC) Streamline: Velocity field Streamline Color: Temperature (degC)
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5 et All Material ~ Flow~ Physics
Definitions Geometry Materials Physics

v #|| Settings
Study
= Compute (¥ Update Solution

Label: Study 2

¥ Study Settings

Generate default plots

Generate convergence plots

[] Store solution for all intermediate study steps

[] Generate default plots for intermediately stored solutions
["] Plot the location of undefined values

¥ Information

Last computation time:
Th9min43s h

=

Build Mesh:
Mesh Magnetic Fields ~
Mesh

= % &
= ; m
Compute Study Add Temperature Add Plot Add Windows _Reset
2+ Study (ht) ~ Group ~ Predefined Plot - esktop ~
Study Results Layout
~ R Graphics Convergence Plot 1 Convergence Plot 2 v
QQa@- brzzk/ cr (@Y b [[EE@ -
Surface: Temperature (degC) @
5]
60
50
40
30
20
10
Messages Progress v

Log Table
VDB

B 2@ & oss

3.63 GB | 4.62 GB



Y8 COMSOL

Modeling proces overview

Parameters

Physics interface ,Laminar Flow"

Coupling of ,Heat Transfer in Solids“ with ,Laminar Flow"

CFD boundary conditions for tube 1

Definition of ,Boundary Similarity“ mapping operator

CFD boundary conditions for tube 2

Heat Transfer in Solids: fluid domain and boundary conditions

Automatic CFD Mesh with extra boundary layers for skin effect resolution

A L N

Study 2 takes results from Study 1

10. Postprocessing
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DEMO: What if R&D Manager wants
internal cooling of coil wires
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Graphics ~ Convergence Plot 1 Convergence Plot 2

Qaar @i by (B

~2=- B~ b EEe-Bu@

53 Y —
@  S-@g

Modeling proces

1. New parameters

2. New geometry part
from library

100

-
-30

of
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Modeling proces
step-by-step

2.  Material for pipe fluid

3.  Physics interface
,Nonisothermal Pipe Flow"

- Pipe shape and size needed!

4. Boundary conditions

- Wall Heat Transfer with
Internal Film Resistance
needed!

5.  Coupling with ,Heat Transfer
in Solids”

Mode
—
[
[
[

r

B

Builder wr

1l -

4

= El~
) Air fcyl3)
Lt_{. Single Conductor Coil — Line Wire, Cylindrical, Open Ct
Form Union {fin)
lgnore Edges 1 (ige?)

Materials

== Copper (matl)

o= Water, liquid (mat2)

== Air (mat3)

2= Water, liquid 1 (matd)
Magnetic Fields (mf)

Heat Transfer in Solids (ht)
Laminar Flow (5pfl
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Modeling proces overview
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Recommended webinar

= (% Premium ~

PRIVODY CiVEK POLOIDALNIHO POLE - PF BUSBARY
Médéné civky jsou chlazené na 77 K (-197 °C)

» Obsahuji po celé své délce chladici kandl
+ Ale vodi¢e od zdroju jsou na pokojové teploté 293 K (20 °C)

Pfivod civky PodpUrna struktura ‘

+ Je pofreba optimalizace! ) K]
Tlustsi privody -> mensi ohmické ziraty 280

260
240
A 220
200
2 . 180

Pevné Uchyty -> lepsi odvod tepla z privodu ; 3 160
140
120
100

m

Tenci privody -> niZsi pritok tepla do kryogeniky

Pruzné Uchyty -> mensi napéti pii zchlazovani

Vodice od zdrojo | [Flexibilispoj| [ Civka (zZiednodusendl) |

Fig. 8.: Nahled na model privoduy civek PF s rozlozenim teplot

1:42:01 /2:18:55

COMSOL Multiphysics seminaf s hosty: Simulace plazmatu a doprovodnych jevi

H“"‘"”ﬁ £\ subscribed v 51 G8  Dshae L Download I Clip =+ Save
Pozvinka na konferenci
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