Modeling Moisture Transport,
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DDDDDDDD




Agenda

= Role of Moisture Transport, Applications
= Moisture Transport Description

= Moisture Transport featuresin
COMSOL Multiphysics

— Moist Air

— Building Material

— Hygroscopic porous media
— Heat And Moisture

= Modeling Strategies
— Condensation Detection
— Control of Phase Change

— Thermal Management
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Simulation of conjugate heat transfer with phase change in water in a beaker



Detection of Condensation Risk in a Wood-Frame Wall

Condensation Exterior
. . . « T=27315K
Damage of electronic devices . §=80%

= Oxidation of metals,
delamination

= Alteration of isolation
properties of building materials

* Mold formation Interior
e T=29215K
Vapor barrier : ¢ = 50%
Wood
Cellulose

Wooden panel (OSB)

Plaster

W COMSOL
comsol.com/model/condensation-risk-in-a-wood-frame-wall-43871



https://www.comsol.com/model/condensation-risk-in-a-wood-frame-wall-43871

COI‘ItI‘O' Of Phase Evaporation in Porous Media
Change

. . Moist sample
= Material processing [

= Food drying, cooking

= Drying of initial construction

moisture Warm and
dry air inflow

Relative humidity in the porous medium and surrounding air

W COMSOL



https://www.comsol.com/model/evaporation-in-porous-media-with-large-evaporation-rates-33731

Thermal
Management

= |Latent heat of evaporation
= Evaporative cooling walls

= Heat pipes

wmCOMSOL

Evaporation and condensation in a flat heat pipe

Condenser

Evaporator, Q l

g

=

Vapor chamber

Wick

Container

Temperature distribution in a heat pipe


https://www.comsol.com/model/flat-heat-pipe-43841

Moisture Transport Description
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Relative Humidity Supersaturation:p >1 ———

= The saturation p,,;(T), increases .

with temperature 100 ol

T- 273.156[K] 0.8

7.5 _ 07

PoatlT) = 610.7[Pa]- 10 '~ 38518 T o6

) 0.5}

@ 0.4

= The relative humidity is the ratio 8:;_

between the partial pressure of 0.1}
vapor and the saturation pressure > 300 0 350

Pv

Saturation curve for water, p=1

Psat
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Moisture Transport: Moist Air

Free medium = moist air

. . —_—
Moist air flow —» (@) © ©
—_

@) g (®)
Evaporation/ .
condensation (cj, ¢y)

Convection (Vc,)

Solid surface Moisture source (c,)

Binary diffusion in air (DAc,)

©  Watervapor (c,) == Liquidwater (c;)
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Moisture Transport: Porous Media

Porous medium

Evaporation / Condensation (¢, ¢y)

Capillary forces (V¢y), Convection (V¢y, Vcy,)
convection

Binary diffusion in air (DAc,)

©  Watervapor (c,) == Liquidwater (c;)
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Moisture Transport: Building Material

Porous medium Building material

Evaporation / Condensation (¢, ¢y)

Hypothesis on structure
+ temperature and
humidity conditions

Capillary forces (Vcy), Convection (Vcj, Vey) = Assumes equilibrium between the
convection vapor and liquid phases, w, = w,(¢)
Binary diffusion in air (DAc,) - Capillary forces

= Vapor diffusion

©  Watervapor (c,) == Liquidwater (c;)
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Moisture Transport: Hygroscopic Porous Media

Porous medium Hygroscopic Porous Media

Evaporation / Condensation (¢, ¢y)

Hypothesis on structure +
temperature and
humidity conditions

Capillary forces (Vey), Convection (Vey, Vey) = Assumes equilibrium between the
convection vapor and liquid phases, w, =
we ()
= Liquid water convection and
capillary flow
= Vapor diffusion and convection
= Gravity forces

Binary diffusion in air (DAc,)

©  Watervapor (c,) == Liquidwater (c;)
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Heat and Moisture Flow in Air

dc,

MV? +M,u -VCV + V- g==0_G
g =-M,DVc,
¢, =Pcs Relative
P humidity
Velocity,
Au pressure
Pae +po(u-Vu=V-[-pl+K| +F
oV-(u)=0

pcpa'a—:+pcpu VT +V.-q=0"

q =-kVT
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Heat and Moisture Flow in Air

Mvac" +Mu-Ve, +V-g=6
ot
g =-MDVc,
Cy =PCear Relative
humidit
v Csat = Csat(T)
=p(T, )
p =ppa P) p=pilo
Myu - Ve, ‘ ‘ Qevap = _ngevap
Velocity,
3 pressure
pﬁ +p(u-Vu=V-[-pl+ K| +F
) — p=p{PaT)
pY-(u) =0 pCyu - VT

pcp%—’;+pcpu NT +V.-q=0"

q=-kVT

W COMSOL




Moisture Transport Features
in COMSOL Multiphysics®
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Moist Air

= Required inputs:
— Pressure
— Velocity
— Temperature

— Diffusion coefficient
= No phase change in the bulk
= Laminar or turbulent flow

= Condensation and evaporationon
surrounding walls

— Moist surface

— Wet surface

wmCCoOMSOL

Settings
Moist Alr

Label: Moist Air 1

|

i ' Domain Selection

Owverride and Contribution

Equation
* Model Input
Absolute pressure;
Pa  User defined

1[atm]
Velocity:

u Ilser defined

Temperature:
Temperature (ham1
* Moist Air Properties

Diffusion coefficient:

D 26e-5[m*2fs]

Pa

my's



Building Material

= Required inputs:
— Pressure
— Temperature
— Moisture diffusivity D, (¢)

— Moisture storage function
w(¢) (sorptionisotherm)

— Vapor permeability &, or vapor
resistance factor u

= Equilibrium between the vapor and
liquid phases, Laminar or turbulent
flow

= Convection and gravity are
neglected

= Equations from EN15026:2007

wmCCoOMSOL

Settings

Building Material

Label: Building Material 1

|

i ' Domain Selection

Owerride and Contribution
Equation
» Model Input

Absolute pressure;
Pa  User defined
1[atm]
Relative humidity
P Relative humidity (mt
Temperature

Temperature (ham

1

Building Material

Moisture diFfusivity:
Dy From material
Moisture storage function:
w{fpw} From material
Specify

Wapor resistance factor

H From material

Pa



Settings v

Hygroscopic Porous Medium

Domain Selection

Override and Contribution

Hygroscopic Porous

Maodel Input |
M ed i u m ¥ Porous Matrix Properties
Porosi ty:
. . 3 i -
= Required inputs: P bl
Permeability:
— Pressure x From material A
Muoisture storage function:
— Temperature :
w(dy)  From material -
—  Porosity, permeability ~ Moist Air Properties
- Moisture storage function Diffusion coefficient:
— Diffusion coefficient, diffusivity model o E'T'ﬂm}jﬁ] e
_ 1-5 p
—  Vapor velocity Da="—771
. . . . Effective diffusivity maodel:
— Relative liquid water permeability Millington and Quirk model B
—  Capillary model 7=[(-s)ep] €2
. . . Velocity field:
= Vapor diffusion and convection v TS .
. . . . 0 3 m/s
= Liquid water convection and capillary flow 0 y
. * Liquid Water Properties
= Gravity forces o .
Relative liquid water permeability:
LY 1
Capillary model:
Kelvin's law -

XK RT
g = Plr_lvlpc- Pc = 'M_plln (Pw)
W COMSOL i v




Heat and Moisture Transport:
Physics and Multiphysics Interfaces

® Heat and Moisture Transport
Y Maist Air
® Moist Porous Media
® Building Materials

—_ Laminar Fl HEAT
aminar rFlow
; TRANSFER
b~ Turbulent Flow Velocity u
umidity ¢

—— Monisathermal Flow

Pressure p / Nelativeh

Nonisothermal Heat and
Flow 4 | ' Heat and Maisture Flow = Moisture
b .
Temperature T - Laminar Flow Temperature T
Pl Turbulent Flow
® Porous Media Flow

SINGLE-PHASE MOISTURE
FLOW TRANSPORT
Relative h umidit:'(p\ Moisture /%'Iocity u

£ Moisture Flow Flow Pressure p

i Laminar Flow |
v i Turbulent Flow
B Porous Media Flow

k

wmCCoOMSOL




Condensation Detection
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Detection of Condensation

Saturation pressure T
P psat( ) Supersaturation: p > 1

= risk of condensation

x10°> |
0.9/
0.8
0.7
0.6
0.5

PegelT) = 610.7[Pa]- 10 o Saturation curve: ¢

7 51’ 273.15[K]
T -35.85| K]

psat (Pa)

0,

- o

By 300 350
T (K)
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Detection of Condensation

® Heat and Moisture Transport
Y Maist Air
& Moist Porous Media
® Building Materials

Larninar B HEAT
— eaminar Flow
; TRANSFER
b~ Turbulent Flow Velocity u
umiditycp)

—— Monisathermal Flow

Pressure p / '\Qelativeh

Nonisothermal Heat and
Flow 4 | ' Heat and Moisture Flow | Moisture
i .
Temperature T - Laminar Flow Temperature T
Pl Turbulent Flow
® Porous Media Flow

SINGLE-PHASE MOISTURE
FLOW TRANSPORT
(Relative humidity qb) Moisture Aocityu

£ Moisture Flow Flow Pressure p

i Laminar Flow |
b i Turbulent Flow
B Porous Media Flow
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Detection of Condensation

o | D @ |._E| Ff:j W n - condensation_electronic_device.mph - COMSOL Multiphysics — O
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P; = A # BmA = o @ & -
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Application Model Definitions Geometry Materials Physics Mesh Study Results Layout
Model Builder ¥} Settings ~ * | Graphics v AXx
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b @ Global Definitions Label: Moist Air 1 = Time=3.5 h Surface: Temperature (K) Contour: Relative humidity (1)
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b = Definitions « Domain Selection 50
Heat Tra nSfer b ?;\ Geometry 1 Selection: Manual ht
o I 2z& Materials
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2B Solid 1 E —
+ B Fluid 1 T N
nitial Values [
2 Initial Values 1 : 40
o -
=) Thermal Insulation 1
L3 L3
Moist Air feature ® Moist i
= Heat Flux 1 35
@ Heat Source 1 I Equation
= Open Boundary 1
[+ == Laminar Flow b Model Input s 30
¥ i i . .
“ @_M”|t'ph3_"s'“ I Coordinate System Selection
== Nonisotherral Flow 1
A Mesh 1 [ Heat Convection 25
b~ Study 1 w Thermodynarmics, Moist Air
4 @ Results
b Datasets Input quantity: 20
885 -
I ez Derived Values Relative humidity -
Default results: E T topTe)
4 Temperature (ht) M, wPsarh T g, 15
< < = =, - @ T%
heat traﬂSfer i [l lsothermal Contours (ht) 0S¢l o= culT pakusp), Xusp M j (Ts)
2 Pgy PuwpsarlTy,
[ . Velocity (spf) . .
b Il Pressure (spf) Relative humidity: 10k
H . P~ Maximum Relative Humidity ¢w Ambient relative humidity (ampr1) - T
Postprocessmg. b [l Relative Humidity i . .
. . Relative humidity, temperature condition:
mO|StU re Content P e Ambient Temperature : = 5+ e,
b " Ambient Relative Humidity T¢w  Ambient temperature (ampr1) = |28 — - |
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Detection of Condensation

e hFER e

Home  Definitions  Geometry  Sketch  Materials  Physics

A 9 &

Application Component Add
Builder 1- Component -

Application Model

Model Builder
- {sEE
4 & condensation_electronic_devicemph
I () Global Definitions
4 ) Component 1
I = Definitions
'f-\ Geometry 1
=28 Materials

-

Heat Transfer

interface
B Solid 1

+ & Fluid 1

& Initial Values 1

B Thermal Insulation 1

B Moist Air 1

= Heat Flux 1

B Heat Source 1

= Open Boundary 1
“= Laminar Flow

[

Moist Air feature

[

.{g‘j Multiphysics

== Nonisotherral Flow 1
A Mesh 1
Study 1
Results
Datasets
Derived Values
Tables
Temperature (ht)

[

Default results:
heat transfer

Isothermal Contours (ht)
Velacity (spf)

Pressure (spf)

Maxirmum Relative Humidity
Relative Humidity

Ambient Temperature

Arnbient Relative Humidity

Postprocessing:
moisture content

Vvvvvvvvvvv@é
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&

CHCHEENEE
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&
=
=]
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= Heat Transfer in Solids and Fluids

B DR NE-

Mesh  Study  Results  Developer
3=Variables - & Import oL
P: a T Sk ]
1 L e
fi0 Functions E - = o E
Parameters Build Add Heat Transfer in Add Build
- All Material Solids and Fluids = Physics Mesh
Definitions Geometry Materials Physics Mesh
~ 1| Settings ~ ®/| Saturation
Moist Air eaa-@HUED 4
Label: Moist Air 1 =5
« Domain Selection '
Selection: Manual -
2 o
|_—E| —
T W
ez
" ; 0.7+
4 EqUEtIOI"I
» Model Input =4
0.6 -
I Coordinate System Selection
[ Heat C cti
[ Heat Convection 050
w Thermodynarmics, Moist Air
Input quantity: 0.4
Relative humidity -
M ¢wpsat(T%) 0.3+
OE%SI: Cv:Cv(T:pA:X\:ap)s Xyap :M_\r—
a p% - %psat(‘rw)
Relative humidity: 0.2
¢w Ambient relative humidity (amprl) - Ej
Relative humidity, ternperature condition: 0.1
Tq‘x,, Ambient temperature (amprl) - Ej
Relative humidity, absolute pressure condition: 0
Pey Ambient absolute pressure (amprl) - Z 0

condensation_electronic_device.mph - COMSOL Multiphysics

= " "R
Compute Study  Add

1+
Study

S-@E3

Maximum Relative Humidity

- O
~ @ &
Maximum Relative Add Plot Windows  Reset
Humidity - Group - - Desktop -
Results Layout
- X

Maximum Relative Humidity

= Saturation Indicator
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Condensation Risk in a Wood-Frame Wall

Convective moisture and heat fluxes

Exterior
e T=273.15K
¢« ¢ =80%
Insulation — |nsulation
Vapor
barrier
Wood
- Cellulose Interi
— nterior
Wood | (OSB) i )
M ePTEn e Convective moisture and heat fluxes e T =29215K
- Plaster (]5 500/
° —_ 0

W COMSOL comsol.com/model/condensation-risk-in-a-wood-frame-wall-43871



https://www.comsol.com/model/condensation-risk-in-a-wood-frame-wall-43871

Condensation Risk in a Wood-Frame Wall

4 B3 Heat Transfer in Building Materials

=@ Building Material 1
ol Initial Values 1

=) Therrnal Insulation 1
= Heat Flux 1

= Heat Flux 2

4 :ﬁ Boisture Transport in Building Materials

=@ Building Material 1
ol Initial Values 1

= Insulation 1

= Maoisture Flux 1

= Maoisture Flux 2

=% Thin Moisture Barrier 1

4 .ﬁ:, FAultiphysics

wmCCoOMSOL

B2 Heat and Moisture 1

Surface: Relative humidity (1)

Surface: Temperature (degC)

Relative humidity (up) and temperature (down) in a wood-frame wall

0000000
U1 OO~ N o
a v O

(%)

15

10



Mold risk in Building Materials

= Heat and moisture in an insulated roof = VTT model: mold growth prediction
. _ — Mold index M, from O (no growth) to 6
Load bearing Insulation layer
(capillary active) (capillary non-active) (nea rIy 100% of mold on su rface)
am(t) _
"0 = £(T, )
— f(T, ¢) given for several sensitivity classes
1 I I 1 Mold th ind ti
0.95} d) — 1:mold b T Irne—M: Interface load bearing/insulation (1)
growth risk T
0.9 1 o)
0.85F g
0.8+ _”E;
0.75} | 3
0.7 f
0.65[ E
0.6 é
0.55F ‘ ‘ ‘ . ‘ ‘ ‘ ‘
0.45},

W COMsOL comsol.com/model/75741



https://www.comsol.com/model/75741

Control of Phase Change
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Detection of Condensation
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4 @ condensation_electronic_device_transport_diffus
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e Amnbient Temperature
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Detection of Condensation
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Heat and Moisture Flow in Air

Vaa" +Mu-Ve, +V-g=G
g =-M,DVc,
Cv =@Caar Relative
humidit
HITIEEY Csat = Csat(T)
p=p(T, ¢)
p =ppa P)
Myu - Ve, ‘ ‘ Qevap = vgevap
Velocity,
3 pressure
pa“ +p(u-Vu=V-[-pl+ K| +F
oV-(u)=o0 p= p(pA’;:) P : Turbulent Flow, Low Re k- (spf)
plyu-Vv b |=* Heat Transfer in Moist &ir (ht)
a7 [ Mu:ulsturETranspcurtln Air (mt)

PCrgey TPCRU: RUNREE L 4 7, Multiphysics

q=-kVT &% Heat and Moisture 1 (ham1)
: Monisothermal Flow 1 (nitf1)
# Moisture Flow 1 {mf1)
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Evaporative Cooling

F if Turbulent Flow, Low Re k-2
ims Fluid Properties 1
i Initial values 1
T all 1
mw Inlet1
= Open Boundary 1
= Symmetry 1
4 =¥ Hegt Transfer in Moist A
e hoist Air 1
e Initial Yalues 1
" Thermal Insulation 1
4 & Fluid 1
I Convectively Enhanced Conductivity 1
I= Saolid 1
= Inflowe 1
= Open Boundary 1

= Symmetry 1

I== Initial YWalues 2
Foisture Transport in Sir
i Moist Sir 1

i Initial Yalues 1

[
L 11
A

n— .
' Insulation 1

I == | i I I ]
- IanI:IW1 293.54 296.06 298.58 301.11 303.63 306.15 308.67 311.19 313.72 316.24
— EEE__———— ]
- Open Bgundar}r'l 14 16 1.8 2 2.2 2.4 2.6 2.8
— I S —— ]
- Symmetry 1 0.19 0.2 0.21

= Wet Surface 1
Ll ,33 Multiphysics
Heat and Moisture 1
Monisatherrmal Elow 1 Heat and moisture in the Evaporative Cooling model
hefoisture Flowy 1
Heat and Moisture 2

= g I
0 el
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https://www.comsol.com/model/evaporative-cooling-of-water-6192

Evaporative Cooling

70! — Temperature (degC), evaporation accounted | |
Time=10 min Surface: Temperature (K) Contour: Relative humidity — Temperature (degC), evaporation neglected
65}
60 . ]
Cooling due/to
55¢ . ]
evaporation
50} ]
45¢
40¢
35}
S K 0 5 10 15 20
295 300 305 310 315 320 325 Time (min)
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Hygroscopic Sweeling in a MEMS Pressure Sensor

= Structural Mecahnics

= Moisture diffusion

= Hygroscopic swelling

49 pressure_sensor_hygroscopic_swelling.mph (root)

« B
»
L
b
b

b
b
El

- Global Definitions

Component 1 (comp1)

= Definitions

. Geometry 1

% Materials

%* Solid Mechanics (solid)
[ Shell (shell)

+m Transport of Diluted Species (tds)

*y Multiphysics

Nevesrersrvrerorsee

[
b

b
b
P

wmCCoOMSOL

[# Solid-Thin Structure Connection 1 (sshc)

A Mesh 1

= Study 1

Study 2
Results

FR4 board

Epoxy mold
compound

Silica glass cap

y‘\I/'*

Silicon membrane

mm

Silicon wafer

Surface: 1 (1) Surface: Concentration (mol/m*)

Hygroscopic swelling in a MEMS pressure sensor



https://www.comsol.com/model/mems-pressure-sensor-drift-due-to-hygroscopic-swelling-21021

Heat and Moisture Transport in Porous Media

A4 S

W COMSOL

Larninar Flow (spf)

= Fluid Properties 1

=B [nitial Values 1

25 Wall 1

@ Fluid and Matrix Properties 1
= Inlet 1

= Outlet 1

- Moisture Transport in Air (mt)
2 Moist Air 1

=B Initial Values 1

2= Insulation 1

@ Hygroscopic Porous Medium 1
B Initial Values 2

= Inflow 1

= Cutflow 1

Heat Transfer in Moist Air (ht)
= Moist Air 1

=B Initial Values 1

2= Thermal Insulation 1

B Moist Porous Medium 1
= Inflow 1

= Cutflow 1

Concentration of vapor and total flux streamlines in a moist sample exposed to a dry and

warm airflow. In COMSOL Multiphysics® version 5.6, the model setup is facilitated by the
new features for heat and moisture transport in porous media.

0.5

0.45

10.4

0.35

0.3
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0.2

0.15

0.1

0.05


https://www.comsol.com/model/evaporation-in-porous-media-with-large-evaporation-rates-33731

Thermal Management
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Flat Heat Pipe

Water-Copper Flat Heat Pipe
Sintered Copper Powder Wick
Heat load: Q;, = 100W

Heat transfer coefficient

h =1100

m2K

External temperature
Toxe = 285K

Only % of the chamber is modeled
due to symmetry

W COMSOL comsol.com/model/flat-heat-pipe-43841

Evaporator, Q;n

—— Container
ConLenser,
q=h(Text —T)
Wick
Vapor Chamber

Condenser,
q = h(Text - T)


https://www.comsol.com/model/flat-heat-pipe-43841

Flat Heat Pipe

293 Top

M — Center
292.5}
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Heat source/sink due to evaporation/condensation
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Velocity field in vapor chamber

Flat Heat Pipe
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Cylindrical
Heat Pipe

= Water evaporates at the hot side
and condenses at the cold

Heat sink contact surface

= Vapor driven by pressure

difference
Solid copper tube wall

= Liquid water transported back

though a porous wick Porous copper wick

= Liquid and vapor properties
generated using the Vapor cavity
thermochemistry database.

Heat source contact surface

Overview of the heat pipe model
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https://www.comsol.com/model/heat-pipe-with-accurate-liquid-and-gas-properties-90311

Heat Pipe With Accurate Liquid and Gas Properties

4 = Component 1 (compT)

prEs: Defsons Temperature and flow field in the full

zeom,etlry L heat pipe . The geometry consists of a
A copper tube lined with a porous layer on

KB *
“ ;:’“F‘l"u"l;z‘:“)” pgﬁzs , the inside (the wick)

@ Initial Values 1
£ Axial Symmetry 1

4 ' Thermodynamics 2= wall 1
4 ' Gas System 1 (pp1) & Inlet 1
4 2 water 4 % Brinkman Equations (br)
b A Vapor @ Fluid and Matrix Properties 1
4 '~ Vapor-Liquid System 1 (pp2) W Initial Values 1
4 & water 25 Axial Symmetry 1
f) Heat of vaporization 1 (HeatOfVapor, &5 wall 1
) Ln vapor pressure 1 (LnVaporPressure == Inlet 1
b A Liquid . Pressure Point Constraint 1

4 @ Heat Transfer in Porous Media (ht)
b W Porous Medium 1
W Initial Values 1
2= Axial Symmetry 1
%5 Thermal Insulation 1
@ Solid 1
@ Fluid 1
== Heat Flux 1
&= Heat Flux 2
== Boundary Heat Source 1

b5 Multiphysics

Temperature and streamlines
of the vapor velocity near the
heated end
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Wrapping Up

= Moisture Transport Description
— Moisture Transport
— Condensation and evaporation
— Heat and Moisture

= COMSOL Multiphysics features
— Moist Air
— Building Material
— Hygroscopic porous media
— Heat And Moisture

= Modeling Strategies
— Condensation detection
— Phase Change control
— Thermal management

wmCOMSOL




ADD-ON PRODUCTS

The COMSOL’
Software

Optimization Module

Product Suite

STRUCTURAL & ACOUSTICS . .
Particle Tracing Module

ELECTROMAGNETICS Structural Mechanics Module Liquid & Gas Properties Module
AC/DC Module Nonlinear Structural Materials Module
RE Module Composite Materials Module
Wave Optics Module Geomechanics Module
Ray Optics Module Fatigue Module INTERFACING
COMSOL Y T a—— Plasma Module Rotordynamics Module LiveLink™ for MATLABS
MULTIPHYSICS® Understand, predict, Semiconductor Module Mlobody Dynamics Meaule LiveLink™ for Simulink®
and optimize physics- AIESEAE LiveLink™ for Excel®
based designs and Acoustics Module

CAD Import Module
Design Module

FLUID & HEAT ECAD Import Module
LiveLink™ for SOLIDWORKS®

processes with
numerical simulation.

CFDM,::::'iule)dule CHEMICAL LiveLink™ for Inventor®
Polymer Flow Module Chemical Reaction Engineering Module LiveLink™ for AutoCAD®
DEPLOYMENT PRODUCTS Distribute simulation Microfluidics Module S o
. yzer Module iveLink™ for PTC® Creo® Parametric
applications created with fietous MeclsRiewMocle Electrodeposition Module LiveLink™ for PTC® Pro/ENGINEER®
m COMSOL Compiler™ COMSOL Muttiphysics. Sl'.lbsurface HowMeddle Corrosion Module LiveLink™ for Solid Edge®
m COMSOL Server™ Pipe Flow Module Electrochemistry Module File Import for CATIA® V5

Molecular Flow Module
Metal Processing Module

Heat Transfer Module
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