COMSOL [ )
MULTIPHYSICS®

SurfaceChargeSimulation report

Report date  Mar 2, 2023, 4:50:50 PM


https://www.comsol.com/

Contents

1. Global Definitions 3
1.1. PATAMETETS ..ottt st st 3
1.2. GROMETLIY PAITS ..ottt st e bbb ettt 6
1.3. SNAIEA PrOPEITIES. ...eeieeeeeeie ettt nb sttt 9

2. Model 1 10
2.1. DETINITIONS ..ottt sttt sttt 10
2.2. GEOMEEIY ettt e ettt 18
2.3. IMLGEEIIAIS ..ottt sttt bttt 20
2.4. TranspOrt Of DIlULEA SPECIES ...ttt sttt sttt 24
2.5. EIECETOSTALICS worveeeieeee etttk 52
2.6. LAMUNAE FIOW T oottt bbbt 75
2.7. Fast Mesh (Charge mapping, SIMpPle deliVEIY) ... seesnnes 97



1 Global Definitions
Date Mar 2, 2023, 4:49:29 PM

GLOBAL SETTINGS

Version COMSOL Multiphysics 6.0 (Build: 405)

Unit system SI

USED PRODUCTS
COMSOL Multiphysics

Chemical Reaction Engineering Module

COMPUTER INFORMATION

CPU Intel64 Family 6 Model 85 Stepping 4, 2 sockets, 8 cores

Operating system Windows 10

1.1 PARAMETERS

1.1.1 Basic
BASIC
Name Expression
cb 50[mmol/L]
d 21*IR0
dcalc d-dd
dd 1.4800181124567361E-6[m]
epsrH20 78
mf 50
numBL 20
PoreSurfaceCharge -0.028[C/m~"2]

SigmaSubstrate

-0.06999999999999999[C/m~ 2]

T 25[degC]
VApp -0.05[V]
VPulse -0.4[V]

Value

50 mol/m3

1.554E-6 m

74001E-8 m
148E-6 m

78

50

20

-0.028 C/m?
-0.07 ¢/m?
298.15 K
-0.05V
-04V

Description

Bulk
Concentration

probe-substrate
distances
parameter

relative
permittivity of
water at 25 C

Mesh factor -

controls number
of points in each
geometry length



1.1.2 Pipette Geometry Basic

PIPETTE GEOMETRY BASIC

Name
IRO

IR50
IR100
IR200
IR500
IR1000
IR2000
IR5000
IR10000
ORO
OR50
OR100
OR200
OR500
OR1000
OR2000
OR5000
OR10000

Expression
74.0009056228368[nm]
1.022*IR0O
1.022*IR0
1.111*IRO
1.328*IR0
1.7*IR0O
2.467*IR0
4.306*IRO
5.571*IR0
1.461*IRO
1.492*IR0
1.498*IR0
1.55*IR0
1.95*IR0
2.4*IR0
3.428*IR0O
5.444*IR0
1.491*IR10000

Value
7.4001E-8 m
7.5629E-8 m
7.5629E-8 m
8.2215E-8 m
9.8273E-8 m
1.258E-7 m
1.8256E-7 m
3.1865E-7 m
4.1226E-7 m
1.0812E-7 m
1.1041E-7 m
1.1085E-7 m
1.147E-7 m
1.443E-7 m
1.776E-7 m
2.5368E-7 m
4.0286E-7 m
6.1468E-7 m

1.1.3 Pipette Geometry Advanced

PIPETTE GEOMETRY ADVANCED

Name
ang_in
ang_in_2
ang_o
ang_o_2
Bh

Bw

IR50000

IR100000

IRIp

Expression
0.06[rad]
ang_in

0.08[rad]

ang_in_2 + 3[deg]

Bw

100[um]

IR10000 + ((50[um] -
10[um])*tan(ang_in))
IR50000 + ((100[um] -
50[um])*tan(ang_in))

IR50000 + ((Ip -
50[um])*tan(ang_in_2))

Description

not measured

not measured

Value

0.06 rad
0.06 rad
0.08 rad
0.11236 rad
1E-4 m
1E-4 m

2.8151E-6m

5.8187E-6 m

3.5855E-5m

Description

pipette semiangle

solution box height

solution box width



Name Expression Value Description
OR10000 + ((50[um] -

OR50000 10[um])*tan(ang_o)) 3.8215E-6 m
OR50000 + ((100[um] -

OR100000 50[um])*tan(ang_o)) 7.8301E-6 m
OR50000 + ((Ip -

ORlp 50[um])*tan(ang o_2)) 6.5881E-5 m

IRtaper 0.35[mm] 3.5E-4 m

taper T[mm] 0.001 m

lin 500[um] S5E-4m

Ip 600[um] 6E-4 m

lp_h 100.5[um] 1.005E-4 m

ChargeBoundSub max(15[um], NP_r + 1[um]) 1.5E-5m

ChargeBoundSub1  OR0*1.5 1.6217E-7 m

NP_r 50[nm] S5E-8 m

fil_r 5[nm] S5E-9m

1.1.4 Speciation
SPECIATION

Name Expression Value Description

DK 1.96e-5[cm~2/s] 1.96E-9 m?/s  CRC handbook @ 25 degC

DCl 2.05e-5[cm”2/s]  2.05E-9m?%*s  CRC handbook @ 25 degC

DNO3 1.902e-5[cm”2/s]

1.902E-9 m?/s



1.2 GEOMETRY PARTS

1.2.1 Pipette_Taper_BoxS

1

| 1

0.0017}
0.00097]
0.00087]
0.00077]
0.0006|
0.00057]
0.00047]
0.00037]
0.00027]

0.00017]

0

m

Pipette_Taper_BoxS

UNITS

Length unit

Angular unit

GEOMETRY STATISTICS

Description

m

deg

Space dimension

PARAMETERS 1

Name
Bw_p
dp
IRO_p
IR100_p
IR50_p
IR200_p
IR500_p
IR1000_p
IR2000_p
IR5000_p

Value

2

Expression
Bw

d

IRO
IR100
IR50
IR200
IR500
IR1000
IR2000
IR5000

I0.0005

Value

1E-4 m
1.554E-6 m
7.4001E-8 m
7.5629E-8 m
7.5629E-8 m
8.2215E-8 m
9.8273E-8 m
1.258E-7 m
1.8256E-7 m
3.1865E-7 m

Description
solution box width

probe-substrate distances parameter



Name Expression Value Description
IR10000_p IR10000 4.1226E-7 m
IR50000_p IR50000 2.8151E-6 m
IR100000_p [R100000 5.8187E-6 m
IRlp_p RlIp 3.5855E-5m
IRtaper_p IRtaper 3.5E-4 m
lp_p Ip 6E-4 m
ORO_p ORO 1.0812E-7 m
OR50_p OR50 1.1041E-7 m
OR100_p OR100 1.1085E-7 m
OR200_p OR200 1.147E-7 m
OR500_p OR500 1.443E-7 m
OR1000_p OR1000 1.776E-7 m
OR2000_p OR2000 2.5368E-7 m
OR5000_p OR5000 4.0286E-7 m
OR10000_p OR10000 6.1468E-7 m
OR50000_p OR50000 3.8215E-6 m
OR100000_p OR100000 7.8301E-6 m
taper_p taper 0.00T m

ChargeBoundSub_p ChargeBoundSub 1.5E-5m
ChargeBoundSub1_p  ChargeBoundSub1 = 1.6217E-7 m
fil_r_p fil_r 5E-9m
ORlp_p ORlp 6.5881E-5m

1.2.1.1 Inside Pipette (b1)

POLYGON SEGMENTS
Description Value

{{IR50_p, 0,0,0,0,0,0,0,0,0,0, 0, 0, IRtaper_p*0.8, IRtaper_p, IRlp_p, IRT00000_p,
IR50000_p, IR10000_p, IR5000_p, IR2000_p, IR1000_p, IR500_p, IR200_p, IR100_p,
IR50_p}, {50[nm] + d_p, 50[nm] + d_p, 100[nm] + d_p, 200[nm] + d_p, 500[nm] +
d_p, 1000[nm] + d_p, 2000[nm] + d_p, 5000[nm] + d_p, 10000[nm] + d_p,
50000[nm] + d_p, 100000[nm] + d_p, Ip_p + d_p, taper_p + d_p, taper_p + d_p,
taper_p + d_p, Ip_p + d_p, 100[um] + d_p, 50[um] + d_p, 10[um] + d_p, 5[um] +
d_p, 2[um] + d_p, 1[um] + d_p, 500[nm] + d_p, 200[nm] + d_p, 100[nm] + d_p,

Control points

50[nm] + d_p}}

Degree 1,11,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1, 1}

Weights 1,1,11,1,1,11,1,11,1,1,1,1111,111,111,11111,1,1,1,1,1,1,
1,1,1,1,111,111,11,1,1,1}

Type Solid



1.2.1.2 Outside Domain (b2)

POLYGON SEGMENTS
Description Value

{{OR100000_p, Bw_p, Bw_p, 0, 0, 0, IR50_p, IRO_p, ORO_p, OR50_p, OR100_p,
OR200_p, OR500_p, OR1000_p, OR2000_p, OR5000_p, ORT10000_p, OR50000_p,
OR100000_p, OR100000_p}, {100[um] + d_p, 100[um] + d_p, 0, O, O[nm] + d_p,
50[nm] + d_p, 50[nm] + d_p, O[nm] + d_p, O[nm] + d_p, 50[nm] + d_p, 100[nm] +
d_p, 200[nm] + d_p, 500[nm] + d_p, 1000[nm] + d_p, 2000[nm] + d_p, 5000[nm] +
d_p, 10000[nm] + d_p, 50000[nm] + d_p, 100000[nm] + d_p, 100[um] + d_p}}

Control points

Degree (1,.1,1,1,1,1,1,111111,11,1,1,1,1}

Weights L P P P P P P P P P Pt P P P s P e P e P P P P P P s PR P P Py P P P P P
1,1, 1}

Type Solid

1.2.1.3 Charge Boundary Substrate (pt1)
POINT

Description Value
Point coordinate  {1.4999999999999999E-5, 0}

1.2.1.4 Charge Boundary Substrate 1 (pt2)
POINT

Description Value
Point coordinate {1.6217298467244686E-7, 0}

1.2.1.5 Bézier Polygon 8 (b3)
POLYGON SEGMENTS

Description Value
Control points ~ {{0, IR50000_p}, {50[um] + d_p, 50[um] + d_p}}

Degree 1
Weights {1, 1}
Type Solid

1.2.1.6 ToFiletEnd (boxsel31)

GEOMETRIC ENTITY LEVEL
Description Value

Level Point

OUTPUT ENTITIES
Description Value

Include entity if Entity intersects box



1.2.1.7 Fillet end (fil1)
SETTINGS

Description Value

Radius fil_r_p

1.2.1.8 TofFiletlp (boxsel34)
GEOMETRIC ENTITY LEVEL

Description Value

Level Point

OUTPUT ENTITIES
Description Value

Include entity if Entity intersects box

1.2.1.9 Fillet Ip (fil2)

SETTINGS
Description Value
Radius 500[nm]

1.3 SHARED PROPERTIES

1.3.1 Common model inputs 1

Tag cminpt



2 Model 1
Date Jul 15,2014, 7:15:30 PM

SETTINGS
Description
Unit system
Geometry shape function

Avoid inverted elements by curving interior domain elements

SPATIAL FRAME COORDINATES
First Second Third
r phi z

MATERIAL FRAME COORDINATES
First Second Third
R PHI Z

GEOMETRY FRAME COORDINATES
First Second Third
Rg PHIg Z9

MESH FRAME COORDINATES
First Second Third
Rm PHImM m

2.1 DEFINITIONS

2.1.1 Functions

2.1.1.1 Step 1

Function name step1

Function type  Step

10

Value

Same as global system (SI)
Automatic

Off



stepl

0.9

0.8

T

0.7

0.6

05
0.4

0.3

0.2
0.1

T

Step 1

PARAMETERS
Description Value
Location 6e-5
From 1

To 0

SMOOTHING
Description Value
Size of transition zone 1e-5
2.1.1.2 Step2

Function name step2

Function type  Step

11



step2

0.9

0.8

T

0.7

0.6

05
0.4

0.3

0.2
0.1

T

Step 2

PARAMETERS
Description Value
Location 7e-5
From 1

To 0

SMOOTHING
Description Value

Size of transition zone 2e-5

2.1.1.3 Step3

Function name step3

Function type  Step

12



step3(x)
T T T T T

09 n
0.8 N
0.7 -
0.6 -
0.5

step3(x)

0.3

0.2
0.1 .

x107°

Step 3

PARAMETERS
Description Value
Location 750*IR0/1[m]
From 1

To 0

SMOOTHING
Description Value

Size of transition zone  1000*IR0/1[m]

2.1.2 Probes

2.1.2.1 Tip Potential

Probe type Boundary probe

SELECTION
Geometric entity level Boundary

Selection Geometry geom1: Dimension 1: Boundary 17

13



11200007 -
1100000 -
10800007 -
10600007
10400007 -
1020000
10000007 ¥ \ -—
980000 -
960000
94000077 -
9200007 -
900000 B

8800007 | nm |~
0 I1(]0000 I200000

Selection

EXPRESSION
Description Value
Expression Vv
Table and plot unit Vv

Description Electric potential

TABLE AND WINDOW SETTINGS
Description Value
Plot window Probe Plot 6
2.1.2.2 Bulk Potential

Probe type Boundary probe

SELECTION
Geometric entity level Boundary
Name Box Boundary (Part Instance 1)
Selection Named geom1_pi1_boxsel27: Geometry geom1: Dimension 1:

Boundary 44

14



nm

1000007 41 B

Y

9000071 -
800007
700007
6000071 -
500007 41 B
400007 -
3000071 -
200007

100007}

o=

42 ' o

50000 100000 150000
Selection

EXPRESSION
Description Value
Expression Vv
Table and plot unit Vv

Description Electric potential

TABLE AND WINDOW SETTINGS
Description Value
Plot window
2.1.2.3 DC Mid Boundary
Probe type Boundary probe
SELECTION

Geometric entity level Boundary

Selection Geometry geom1: Dimension 1: Boundary 14

15



528007 "]
5260071 B
524007 B
522007
520007 -
5180071 -
516007 —— -
514007}
512007 -
510007
5080071 B
506007} -
504007 -

0 1000 5000
Selection

PROBE TYPE
Description Value

Type Integral

EXPRESSION
Description Value
Expression F_const*(chds.bndFlux_cK - chds.bndFlux_cNO3 - chds.bndFlux_cCl)*2*pi*r
Table and plot unit nA

Description Current (internal)

TABLE AND WINDOW SETTINGS
Description Value
Plot window
2.1.2.4 DC Bottom Boundary
Probe type Boundary probe
SELECTION

Geometric entity level Boundary

Selection Geometry geom1: Dimension 1: Boundary 5

16



16357 ~
16307 19| [~
16257 |
16207
16157
16107 B
16057 —i .
16007 B
15957 B
15907 B
15857 18l [
15807
15757 B
157071 AL o

sy

(7}
I

Selection

PROBE TYPE
Description Value

Type Integral

EXPRESSION
Description Value
Expression F_const*(chds.bndFlux_cK - chds.bndFlux_cNO3 - chds.bndFlux_cCl)
Table and plot unit nA

Description Current (internal)

TABLE AND WINDOW SETTINGS
Description Value

Plot window

2.1.3 Coordinate Systems

2.1.3.1 Boundary System 1
Coordinate system type Boundary system

Tag sys'

COORDINATE NAMES
First Second Third
1 to n

17



2.2 GEOMETRY

Pore with glass of infinite width

nm
10000007

9000007
8000007 |
7000007}
6000007
5000007
4000007
3000007
2000007

1000007

0

nm

Geometry

UNITS
Length unit  nm

Angular unit  deg

GEOMETRY STATISTICS
Description
Space dimension
Number of domains
Number of boundaries

Number of vertices

2.2.1 Rectangle 1 (r1)

POSITION
Description Value
Position {0, 0}

SIZE
Description Value
Width Bw
Height dcalc

0 %00000

Value

48
46

18




2.2.2 Part Instance 1 (pi1)

PART
Description Value

Part Pipette Taper BoxS

INPUT PARAMETERS

Name Expression Value Description
Bw_p Bw 99999.99999999999 [nm] solution box width
d_p d 1554.0190180795726 [nm] Zirsot:ijeib::rzt:meter
IRO_p RO 74.0009056228368 [nm]

IR100_p IR100 75.6289255465392 [nm]

IR50_p IR50 75.6289255465392 [nm]

IR200_p [R200 82.21500614697167 [nm]

IR500_p IR500 98.27320266712726 [nm]

IR1000_p IR1000 125.80153955882253 [nm]

IR2000_p IR2000 182.56023417153838 [nm]

IR5000_p IR5000 318.6478996119352 [nm]

IR10000_p IR10000 412.25904522482375 [nm]

IR50000_p IR50000 2815.1431984767146 [nm]

IR100000_p IR100000 5818.748390041579 [nm]

IRlp_p Rlp 35854.800305690216 [nm]

IRtaper_p IRtaper 349999.99999999994 [nm]

lp_p Ip 599999.9999999999 [nm]

ORO_p ORO 108.11532311496455 [nm]

OR50_p OR50 110.4093511892725 [nm]

OR100_p OR100 110.85335662300952 [nm]

OR200_p OR200 114.70140371539703 [nm]

OR500_p OR500 144.30176596453174 [nm]

OR1000_p OR1000 177.6021734948083 [nm]

OR2000_p OR2000 253.6751044750845 [nm]

OR5000_p OR5000 402.86093021072344 [nm]

OR10000_p OR10000 614.6782364302122 [nm]

OR50000_p OR50000 3821.5224247531132 [nm]

OR100000_p OR100000 7830.0776601567395 [nm]

taper_p taper 999999.9999999999 [nm]

ChargeBoundSub_p ChargeBoundSub 14999.999999999996 [nm]

19



Name

Expression

ChargeBoundSub1_p  ChargeBoundSub1

fil_r_p
ORIp_p

fil_r
ORIp

POSITION AND ORIENTATION OF OUTPUT

Description

Displacement

2.2.3 21RO (pt1)

POINT

Description

Point coordinate

Value
{0, 0}

Value

2.2.4 15um (pt2)

POINT

Description

Point coordinate

2.3 MATERIALS

2.3.1 Water

Value

Value

162.17298467244683 [nm]
4.999999999999999 [nm]
65880.83609627905 [nm]

{148.0018112456736, 74.00090562283671}

{14999.999999999998, 74.00090562283671}

10000007
9000007
8000007
7000007
6000007
5000007
4000007
3000007}
2000007
1000007

0

nm

nm

Water

%00000

20

Description



SELECTION
Geometric entity level Domain

Selection Geometry geom1: Dimension 2: All domains

MATERIAL PARAMETERS

Name Value Unit

Dynamic viscosity eta(T[1/K])[Pa*s] Pa:s

Density rho(T[1/K])[kg/m~3] kg/m?

Relative permittivity epsrH20 1
BASIC

Description Value

Dynamic viscosity eta(T[1/K])[Pa*s]

Ratio of specific heats 1.0

Electrical conductivity {{5.5e-6[S/m], 0, 0}, {0, 5.5e-6[S/m], 0}, {0, O, 5.5e-6[S/m]}}

Heat capacity at constant pressure Cp(T[1/K])[J/(kg*K)]

Density rho(T[1/K])[kg/m~ 3]

- k(T[1/KDIW/(m*K)], 0, 0}, {0, k(T[1/K]D[W/(m*K)], 0}, {0, O,

Thermal conductty (KT K0, 0,0} 0, KKK O

Speed of sound cs(T[1/K][m/s]

Relative permittivity {{epsrH20, 0, 0}, {0, epsrH20, 0}, {0, 0, epsrH20}}
FUNCTIONS

Function name Type

eta Piecewise

Cp Piecewise

rho Piecewise

k Piecewise

cs Interpolation

21



2.3.1.1 Piecewise

eta(T)

0.0018 | —
0.0017 -
0.0016 -
0.0015
0.0014 -
0.0013 -
0.0012
0.0011f

0.001F
0.0009 -
0.0008 |-
0.0007 -
0.0006 -
0.0005 -
0.0004 -
0.0003 |-
0.0002 -
0.0001 -

eta

2.3.1.2 Piecewise

300

2

400

Cp(T)

500

5200
5100 -
5000 -
4900 -
4800
4700
4600 -
4500 -
4400 -
4300 -
4200 =

Cp

300

400

500

22




2.3.1.3 Piecewise 3

1000
980
960
940
920
900
880
860
840
820
800
780
760

rho

rho(T)

300

2.3.1.4 Piecewise 4

0.69
0.68
0.67
0.66
0.65
0.64
0.63
0.62
0.61

0.6
0.59
0.58
0.57
0.56

400

500

300

400

500

23




2.3.1.5 Interpolation

cs(t)

1560 F . T
1550 |
1540 |
1530}
1520
1510
1500 |-
1490 -
1480 -
1470}
1460 |-
1450 |-
1440 |-
1430
1420
1410}
1400 |- . i

300 350

cs

2.4 TRANSPORT OF DILUTED SPECIES

USED PRODUCTS
COMSOL Multiphysics

Chemical Reaction Engineering Module

nm
10000007

9000007
8000007] 3
7000007
600000
5000007
4000007
3000007

2000007

1000007

0

nm

0 I500000
Transport of Diluted Species

SELECTION

Geometric entity level Domain

24




Selection

EQUATIONS

V. (J, + UC;) =R;
L» = 'D,‘VC; - ZfUmJFC,‘VV

2.4.1 Interface Settings

2.4.1.1 Discretization
SETTINGS
Description  Value
Concentration Quadratic
SETTINGS
Description  Value

Equation form = Study controlled

2.4.1.2 Advanced Settings

SETTINGS
Description Value

Convective term Conservative form

2.4.1.3 Transport Mechanisms

SETTINGS
Description Value
Convection On
Migration in electric field On

Mass transfer in porous media  Off

2.4.2 Variables

Name Expression
chds.d 1

chds.nr nr
chds.nphi 0

chds.nz nz

Unit

25

Geometry geom1: Dimension 2: All domains

Description

Out-of-plane
geometry
extension

Normal vector, r
component

Normal vector,
phi component

Normal vector, z
component

Selection

Global

Boundaries 5,
14

Boundaries 5,
14

Boundaries 5,
14

Details



Name

chds.nr

chds.nphi

chds.nz

chds.nrmesh

chds.nphimesh

chds.nzmesh

chds.nrmesh

chds.nphimesh

chds.nzmesh

chds.nrc

chds.nphic

chds.nzc

chds.ncLen

chds.cbf cK

chds.u

chds.v

Expression

dnr

dnz

nrmesh

nzmesh

dnrmesh

dnzmesh

root.nrc/chds.ncLe
n

0

root.nzc/chds.ncLe
n

sqrt(root.nrc”2+ro
ot.nzcN2+eps)

0

Unit

1

mol/(m?s

)

m/s

m/s

26

Description

Normal vector, r
component

Normal vector,
phi component

Normal vector, z
component

Normal vector
(mesh), r
component

Normal vector
(mesh), phi
component

Normal vector
(mesh), z
component

Normal vector
(mesh), r
component

Normal vector
(mesh), phi
component

Normal vector
(mesh), z
component

Normal vector, r
component

Normal vector,
phi component

Normal vector, z
component

Help variable

Convective
boundary flux

Velocity field, r
component
Velocity field, phi
component

Selection Details

Boundaries
1-4, 6-13,
15-48

Boundaries
1-4, 6-13,
15-48

Boundaries
1-4, 6-13,
15-48

Boundaries 5,
14

Boundaries 5,
14

Boundaries 5,
14

Boundaries
1-4, 6-13,
15-48

Boundaries
1-4, 6-13,
15-48
Boundaries
1-4, 6-13,
15-48
Boundaries
1-48
Boundaries
1-48
Boundaries
1-48
Boundaries
1-48

Boundaries
1-48

Domains 1-3

Domains 1-3



Name

chds.w

chds.cbf ¢cNO3

chds.cbf_cCl

chds.R_cK

chds.cP_cK

chds.cP_cK

chds.KP_cK

chds.KP_cK

chds.Rads_cK

chds.DiT_cK

chds.cVar_cK

chds.R_cNO3

chds.cP_cNO3

chds.cP_cNO3

chds.KP_cNO3

chds.KP_cNO3

Expression

0

cK

Unit
m/s

mol/(m?s
)
mol/(m?s
)
mol/(m3s

)

mol/kg

mol/kg

m3/kg

m3/kg

mol/(m3s

)

m?/s

mol/m?3
mol/(m3s
)

mol/kg

mol/kg

m3/kg

m3/kg
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Description

Velocity field, z
component

Convective
boundary flux

Convective
boundary flux

Total rate
expression

Concentration
species adsorbed
to the solid

Concentration
species adsorbed
to the solid

Adsorption
isotherm, first
concentration
derivative

Adsorption
isotherm, first
concentration
derivative

Total adsorption
rate

Turbulent
diffusivity

Species

Total rate
expression

Concentration
species adsorbed
to the solid

Concentration
species adsorbed
to the solid

Adsorption
isotherm, first
concentration
derivative

Adsorption
isotherm, first

Selection

Domains 1-3

Boundaries
1-48

Boundaries
1-48

Domains 1-3

Domains 1-3

Boundaries
1-48

Domains 1-3

Boundaries
1-48

Domains 1-3

Domains 1-3

Boundaries

1-48

Domains 1-3

Domains 1-3

Boundaries
1-48

Domains 1-3

Boundaries
1-48

Details

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation



Name

chds.Rads_cNO3

chds.DiT_cNO3

chds.cVar_cNO3

chds.R_cCl

chds.cP_cCl

chds.cP_cCl

chds.KP_cCl

chds.KP_cCl

chds.Rads_cCl

chds.DiT_cCl

chds.cVar_cCl
chds.poro

chds.theta_g

chds.theta_|

chds.theta

Expression

c¢NO3

cCl

chds.poro

Unit

mol/(m3s

)

m?/s

mol/m?3

mol/(m3s

)

mol/kg

mol/kg

m3/kg

m?/kg

mol/(m3s

)

m?/s

mol/m?3
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Description

concentration
derivative

Total adsorption
rate

Turbulent
diffusivity

Species

Total rate
expression

Concentration
species adsorbed
to the solid

Concentration
species adsorbed
to the solid

Adsorption
isotherm, first
concentration
derivative

Adsorption
isotherm, first
concentration
derivative

Total adsorption
rate

Turbulent
diffusivity

Species

Porosity

Gas volume
fraction

Liquid volume
fraction

Mobile fluid
volume fraction

Selection

Domains 1-3

Domains 1-3

Boundaries
1-48

Domains 1-3

Domains 1-3

Boundaries
1-48

Domains 1-3

Boundaries
1-48

Domains 1-3

Domains 1-3

Boundaries
1-48

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Details

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation



2.4.3 Convection, Diffusion, and Migration
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Convection, Diffusion, and Migration

SELECTION

Geometric entity level Domain

Selection Geometry geom1: Dimension 2: All domains
EQUATIONS

V() +uc) =R

JJ» = 'D,‘VC.E - ZfUmJFC,‘VV

2.4.3.1 Convection

SETTINGS
Description  Value

Velocity field Velocity field (spf2)

2.4.3.2 Diffusion

SETTINGS
Description Value
Source Material
Material Water (mat1)

Diffusion coefficient User defined

Diffusion coefficient {{DK, 0, 0}, {0, DK, 0}, {0, 0, DK}}

Diffusion coefficient User defined

Diffusion coefficient {{DNOS3, 0, 0}, {0, DNO3, 0}, {0, 0, DNO3}}
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Description

Value

Diffusion coefficient User defined

Diffusion coefficient

2.4.3.3 Migration in Electric Field

SETTINGS
Description
Electric potential
Mobility

Charge number

Value

Electric potential (es)

Nernst - Einstein relation

{1,-1,-1}

2.4.3.4 Coordinate System Selection

SETTINGS

Description

Value

Coordinate system = Global coordinate system

2.4.3.5 Model Input

SETTINGS

Description Value

Temperature User defined

Temperature T

2.4.3.6 Variables

Name

domflux.cKr

domflux.cKz

domflux.cNO3r

domflux.cNO3z

Expression

2*(chds.dflux_cKr+
chds.cflux_cKr+chd
s.mflux_cKr)*pi*r*c
hds.d

2*(chds.dflux_cKz+

chds.cflux_cKz+chd
s.mflux_cKz)*pi*r*c

hds.d

2*(chds.dflux_cNO3
r+chds.cflux_cNO3r
+chds.mflux_cNO3
r*pi*r*chds.d

2*(chds.dflux_cNO3
z+chds.cflux_cNO3

z+chds.mflux_cNO

3z)*pi*r*chds.d

Unit

mol/(m-s)

mol/(m-s)

mol/(m:-s)

mol/(m-s)
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{{DCl, 0, 0}, {0, DCI, 0}, {0, 0, DCI}}

Description

Domain flux, r
component

Domain flux, z
component

Domain flux, r
component

Domain flux, z
component

Selection Details

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3



Name

domflux.cClr

domflux.cClz

chds.ndflux_cK

chds.ncflux_cK

chds.nmflux_cK

chds.ntflux_cK

chds.ndflux_cNO
3

chds.ncflux_cNO
3

chds.nmflux_cN
03

chds.ntflux_cNO
3

chds.ndflux_cCl

Expression

2*(chds.dflux_cClr+
chds.cflux_cClr+ch
ds.mflux_cClr)*pi*r*
chds.d

2*(chds.dflux_cClz+
chds.cflux_cClz+ch
ds.mflux_cClz)*pi*r*
chds.d

chds.dflux_cKr*chd
s.nrc+chds.dflux_cK
phi*chds.nphic+ch
ds.dflux_cKz*chds.n
zC

chds.cflux_cKr*chds
.nrc+chds.cflux_cKp
hi*chds.nphic+chds
.cflux_cKz*chds.nzc

chds.mflux_cKr*chd
s.nrc+chds.mflux_c
Kphi*chds.nphic+c
hds.mflux_cKz*chds
.nzc

chds.bndFlux_cK

chds.dflux_cNO3r*c
hds.nrc+chds.dflux
_cNO3phi*chds.np
hic+chds.dflux_cN
0O3z*chds.nzc

chds.cflux_cNO3r*c
hds.nrc+chds.cflux_
c¢NO3phi*chds.nphi
c+chds.cflux_cNO3

z*chds.nzc

chds.mflux_cNO3r*
chds.nrc+chds.mflu
x_cNO3phi*chds.np
hic+chds.mflux_cN

03z*chds.nzc

chds.bndFlux_cNO
3

chds.dflux_cClr*chd
s.nrc+chds.dflux_cC
Iphi*chds.nphic+ch

Unit

mol/(m-s)

mol/(m:-s)

mol/(m?%s

)

mol/(m?%s

)

mol/(m?s

)

mol/(m?s

)

mol/(m?s

mol/(m?s

)

mol/(m?s

)

mol/(m?s

)

mol/(m?%s

)

31

Description

Domain flux, r
component

Domain flux, z
component

Normal diffusive
flux

Normal
convective flux

Normal
electrophoretic
flux

Normal total flux

Normal diffusive
flux

Normal
convective flux

Normal
electrophoretic
flux

Normal total flux

Normal diffusive
flux

Selection

Domains 1-3

Domains 1-3

Boundaries 2,
5, 14, 17-48

Boundaries 2,
5, 14, 17-48

Boundaries 2,
5,14, 17-48

Boundaries 2,
5, 14, 17-48

Boundaries 2,
5, 14, 17-48

Boundaries 2,
5, 14, 17-48

Boundaries 2,
5, 14, 17-48

Boundaries 2,
5, 14, 17-48

Boundaries 2,
5, 14, 17-48

Details



Name

chds.ncflux_cCl

chds.nmflux_cCl

chds.ntflux_cCl

chds.u

chds.v

chds.w

chds.bndFlux_cK

chds.bndFlux_cK

chds.bndFlux_cK

chds.bndFlux_cN
03

chds.bndFlux_cN
03

chds.bndFlux_cN
03

chds.bndFlux_cCl

Expression

ds.dflux_cClz*chds.
nzc

chds.cflux_cClr*chd
s.nrc+chds.cflux_cC
Iphi*chds.nphic+ch
ds.cflux_cClz*chds.
nzc

chds.mflux_cClr*ch
ds.nrc+chds.mflux_
cClphi*chds.nphic+
chds.mflux_cClz*ch
ds.nzc

chds.bndFlux_cCl

model.input.ul

model.input.u2

model.input.u3

0.25*(uflux_spatial(
cK)-
dflux_spatial(cK))/(
pi*r*chds.d)

dflux_spatial(cK)/ch
ds.d

0.5*dflux_spatial(cK
)/(pi*r*chds.d)

0.25*(uflux_spatial(
cNO3)-
dflux_spatial(cNO3)
)/ (pi*r*chds.d)

dflux_spatial(cNO3)
/chds.d

0.5*dflux_spatial(c
NO3)/(pi*r*chds.d)

0.25*(uflux_spatial(
cCly-

Unit

mol/(m?%s

)

mol/(m?s

)

mol/(m?%s

)

m/s

m/s

m/s

mol/(m?%s

)

mol/(m?s

)

mol/(m?s

)

mol/(m?s

)

mol/(m?s

)

mol/(m?s

mol/(m?s

)
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Description

Normal
convective flux

Normal
electrophoretic
flux

Normal total flux

Velocity field, r
component

Velocity field, phi
component

Velocity field, z
component

Boundary flux

Boundary flux

Boundary flux

Boundary flux

Boundary flux

Boundary flux

Boundary flux

Selection

Boundaries 2,
5, 14, 17-48

Boundaries 2,
5, 14, 17-48

Boundaries 2,
5, 14, 17-48

Domains 1-3

Domains 1-3

Domains 1-3

Boundaries 5,
14

Boundaries 1,
3-4, 6-13,
15-16

Boundaries 2,
17-48

Boundaries 5,
14

Boundaries 1,
3-4, 6-13,
15-16

Boundaries 2,
17-48

Boundaries 5,
14

Details

Meta

Meta

Meta

Meta

Meta

Meta

Meta

Meta



Name

chds.bndFlux_cCl

chds.bndFlux_cCl

chds.DF_cKrr

chds.DF_cKphir

chds.DF_cKzr

chds.DF_cKrphi

chds.DF_cKphiph
i

chds.DF_cKzphi

chds.DF_cKrz

chds.DF_cKphiz

chds.DF_cKzz

chds.D_cKrr

chds.D_cKphir

Expression

dflux_spatial(cCl))/(
pi*r*chds.d)

dflux_spatial(cCl)/c
hds.d

0.5*dflux_spatial(cC
I)/(pi*r*chds.d)

DK

DK

DK

chds.DF_cKrr+chds.
DiT_cK

chds.DF_cKphir

Unit

mol/(m?%s

)

mol/(m?%s

)

m?/s

m?/s

m?/s

m?/s

m2/s

m2/s

m2/s

m2/s

m2/s

m2/s

m2/s
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Description

Boundary flux

Boundary flux

Fluid diffusion
coefficient, rr
component

Fluid diffusion
coefficient, phir
component

Fluid diffusion
coefficient, zr
component

Fluid diffusion
coefficient, rphi
component

Fluid diffusion
coefficient,
phiphi
component

Fluid diffusion
coefficient, zphi
component

Fluid diffusion
coefficient, rz
component

Fluid diffusion
coefficient, phiz
component

Fluid diffusion
coefficient, zz
component

Diffusion
coefficient, rr
component

Diffusion
coefficient, phir
component

Selection

Boundaries 1,
3-4, 6-13,
15-16

Boundaries 2,
17-48

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Details

Meta



Name

chds.D_cKzr

chds.D_cKrphi

chds.D_cKphiphi

chds.D_cKzphi

chds.D_cKrz

chds.D_cKphiz

chds.D_cKzz

chds.DF_cNO3rr

chds.DF_cNO3ph
ir

chds.DF_cNO3zr

chds.DF_cNO3rp
hi

chds.DF_cNO3ph
iphi

chds.DF_cNO3zp
hi

Expression

chds.DF_cKzr

chds.DF_cKrphi

chds.DF_cKphiphi+
chds.DiT_cK

chds.DF_cKzphi

chds.DF_cKrz

chds.DF_cKphiz

chds.DF_cKzz+chds
.DiT_cK

DNO3

DNO3

Unit

m?/s

m?/s

m?/s

m?/s

m?/s

m?/s

m?/s

m?/s

m?/s

m?/s

m?/s

m?/s

m2/s
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Description

Diffusion
coefficient, zr
component

Diffusion
coefficient, rphi
component

Diffusion
coefficient,
phiphi
component

Diffusion
coefficient, zphi
component

Diffusion
coefficient, rz
component

Diffusion
coefficient, phiz
component

Diffusion
coefficient, zz
component

Fluid diffusion
coefficient, rr
component

Fluid diffusion
coefficient, phir
component

Fluid diffusion
coefficient, zr
component

Fluid diffusion
coefficient, rphi
component
Fluid diffusion
coefficient,
phiphi
component

Fluid diffusion
coefficient, zphi
component

Selection

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Details



Name

chds.DF_cNO3rz

chds.DF_cNO3ph
iz

chds.DF_¢cNO3zz

chds.D_cNO3rr

chds.D_cNO3phi
r

chds.D_cNO3zr

chds.D_cNO3rph
i

chds.D_cNO3phi
phi

chds.D_cNO3zph
i

chds.D_cNO3rz

chds.D_cNO3phi
z

chds.D_cNO3zz

chds.DF_cClrr

chds.DF_cClphir

Expression

DNO3

chds.DF_cNO3rr+c
hds.DiT_cNO3

chds.DF_cNO3phir

chds.DF_cNO3zr

chds.DF_cNO3rphi

chds.DF_cNO3phip
hi+chds.DiT_cNO3

chds.DF_cNO3zphi

chds.DF_cNO3rz

chds.DF_cNO3phiz

chds.DF_cNO3zz+c
hds.DiT_cNO3

DCl

0

Unit

m?/s

m?/s

m?/s

m2/s

m2/s

m2/s

m2/s

m2/s

m?/s

m?/s

m?/s

m?/s

m?/s

m?/s
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Description

Fluid diffusion
coefficient, rz
component

Fluid diffusion
coefficient, phiz
component

Fluid diffusion
coefficient, zz
component

Diffusion
coefficient, rr
component

Diffusion
coefficient, phir
component

Diffusion
coefficient, zr
component

Diffusion
coefficient, rphi
component

Diffusion
coefficient,
phiphi
component

Diffusion
coefficient, zphi
component

Diffusion
coefficient, rz
component

Diffusion
coefficient, phiz
component

Diffusion
coefficient, zz
component

Fluid diffusion
coefficient, rr
component

Fluid diffusion
coefficient, phir
component

Selection

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Details



Name

chds.DF_cClzr

chds.DF_cClrphi

chds.DF_cClphip
hi

chds.DF_cClzphi

chds.DF_cClrz

chds.DF_cClphiz

chds.DF_cClzz

chds.D_cClrr

chds.D_cClphir

chds.D_cClzr

chds.D_cClrphi

chds.D_cClphiphi

chds.D_cClzphi

Expression

DCl

DCl

chds.DF_cClrr+chds

.DiT_cCl

chds.DF_cClphir

chds.DF_cClzr

chds.DF_cClrphi

chds.DF_cClphiphi

+chds.DiT_cCl

chds.DF_cClzphi

Unit

m?/s

m?/s

m?/s

m?/s

m?/s

m?/s

m?/s

m?/s

m?/s

m?/s

m?/s

m?/s

m2/s
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Description

Fluid diffusion
coefficient, zr
component

Fluid diffusion
coefficient, rphi
component

Fluid diffusion
coefficient,
phiphi
component

Fluid diffusion
coefficient, zphi
component

Fluid diffusion
coefficient, rz
component

Fluid diffusion
coefficient, phiz
component

Fluid diffusion
coefficient, zz
component

Diffusion
coefficient, rr
component

Diffusion
coefficient, phir
component

Diffusion
coefficient, zr
component

Diffusion
coefficient, rphi
component

Diffusion
coefficient,
phiphi
component
Diffusion
coefficient, zphi
component

Selection

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Details



Name

chds.D_cClrz

chds.D_cClphiz

chds.D_cClzz

chds.Dav_cK

chds.Dav_cNO3

chds.Dav_cCl

chds.tflux_cKr

chds.tflux_cKphi

chds.tflux_cKz

chds.dfluxMag_c
K

chds.tfluxMag_c
K
chds.dpflux_cKr

chds.dpflux_cKp
hi

chds.dpflux_cKz

chds.mflux_cKr

Expression

chds.DF_cClrz

chds.DF_cClphiz

chds.DF_cClzz+chd
s.DIiT_cCl

0.5*(chds.D_cKrr+c
hds.D_cKzz)

0.5*(chds.D_cNO3rr
+chds.D_cNO3zz)

0.5*(chds.D_cClrr+c
hds.D_cClzz)

chds.dflux_cKr+chd
s.mflux_cKr+chds.cf
lux_cKr

chds.dflux_cKphi+c
hds.mflux_cKphi+c
hds.cflux_cKphi

chds.dflux_cKz+ch
ds.mflux_cKz+chds.
cflux_cKz

sqrt(chds.dflux_cKr
A2+chds.dflux_cKp
hi~2+chds.dflux_cK
zZN2)
sqrt(chds.tflux_cKr
A2+chds.tflux_cKp
hir2+chds.tflux_cK
ZA2)

0

0

chds.z_cK*F_const*
cK*(-
chds.um_cKrr*d(ch
ds.V,r)-

Unit

m?/s

m?/s

m?/s

m?/s

m2/s

m?/s

mol/(m?s

)

mol/(m?s

)

mol/(m?s

)

mol/(m?%s

)

mol/(m?s

)

mol/(m?s

)

mol/(m?s

)

mol/(m?s

)

mol/(m?s

)
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Description

Diffusion
coefficient, rz
component

Diffusion
coefficient, phiz
component

Diffusion
coefficient, zz
component

Average diffusion
coefficient

Average diffusion
coefficient

Average diffusion
coefficient

Total flux, r
component

Total flux, phi
component

Total flux, z
component

Diffusive flux
magnitude

Total flux
magnitude

Dispersive flux, r
component

Dispersive flux,
phi component

Dispersive flux, z
component

Electrophoretic
flux, r
component

Selection

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Details

+ operation

+ operation

+ operation



Name

chds.mflux_cKphi

chds.mflux_cKz

chds.mfluxMag_c
K

chds.tflux_cNO3r

chds.tflux_cNO3
phi

chds.tflux_cNO3z

chds.dfluxMag_c
NO3

chds.tfluxMag_c
NO3

chds.dpflux_cNO
3r

chds.dpflux_cNO
3phi

chds.dpflux_cNO
3z

Expression

chds.um_cKrz*d(ch
ds.V,z))

chds.z_cK*F_const*
cK*(-
chds.um_cKphir*d(
chds.V,r)-
chds.um_cKphiz*d(
chds.V,z))

chds.z_cK*F_const*
cK*(-
chds.um_cKzr*d(ch
ds.V,r)-
chds.um_cKzz*d(ch
ds.V,z))

sqrt(chds.mflux_cKr
A2+chds.mflux_cK
phi”~2+chds.mflux_
cKzA2)

chds.dflux_cNO3r+
chds.mflux_cNO3r
+chds.cflux_cNO3r

chds.dflux_cNO3ph
i+chds.mflux_cNO3
phi+chds.cflux_cN
O3phi

chds.dflux_cNO3z+
chds.mflux_cNO3z
+chds.cflux_cNO3z

sqrt(chds.dflux_cN
O3rA2+chds.dflux_
cNO3phiAr2+chds.
dflux_cNO3z/2)

sqrt(chds.tflux_cNO
3rA2+chds.tflux_cN
0O3phi*2+chds.tflu
x_cNO3z/2)

0

Unit

mol/(m?%s

)

mol/(m?s

mol/(m?%s

)

mol/(m?%s

)

mol/(m?%s

)

mol/(m?%s

)

mol/(m?%s

)

mol/(m?s

)

mol/(m?s

)

mol/(m?s

)

mol/(m?s

)
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Description

Electrophoretic
flux, phi
component

Electrophoretic
flux, z
component

Electrophoretic
flux magnitude

Total flux, r
component

Total flux, phi
component

Total flux, z
component

Diffusive flux
magnitude

Total flux
magnitude

Dispersive flux, r
component

Dispersive flux,
phi component

Dispersive flux, z
component

Selection

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Details

+ operation

+ operation

+ operation



Name

chds.mflux_cNO

3r

chds.mflux_cNO

3phi

chds.mflux_cNO

3z

chds.mfluxMag_c

NO3

chds.tflux_cClr

chds.tflux_cClphi

chds.tflux_cClz

chds.dfluxMag_c

cl

chds.tfluxMag_c

cl

chds.dpflux_cClr

chds.dpflux_cClp

hi

Expression

chds.z_cNO3*F_con
st*cNO3*(-
chds.um_cNO3rr*d(
chds.V,r)-
chds.um_cNO3rz*d
(chds.V,2))

chds.z_cNO3*F_con
st*cNO3*(-
chds.um_cNO3phir
*d(chds.V,r)-
chds.um_cNO3phiz
*d(chds.V,2))

chds.z_cNO3*F_con
st*cNO3*(-
chds.um_cNO3zr*d
(chds.V,r)-
chds.um_cNO3zz*d
(chds.V,2))

sqrt(chds.mflux_cN
0O3rA2+chds.mflux
_cNO3phi~r2+chds.
mflux_cNO3zA2)

chds.dflux_cClr+ch
ds.mflux_cClr+chds
.cflux_cClr

chds.dflux_cClphi+
chds.mflux_cClphi+
chds.cflux_cClphi

chds.dflux_cClz+ch
ds.mflux_cClz+chds
.cflux_cClz

sqrt(chds.dflux_cClr
A2+chds.dflux_cCl
phi”~2+chds.dflux_c
ClzA2)

sqrt(chds.tflux_cClr
A2+chds.tflux_cClp
hi~2+chds.tflux_cCl
zZN2)

0

0

Unit

mol/(m?%s

)

mol/(m?s

)

mol/(m?s

)

mol/(m?%s

)

mol/(m?s

)

mol/(m?s

)

mol/(m?%s

)

mol/(m?s

)

mol/(m?s

)

mol/(m?s

)

mol/(m?s

)
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Description

Electrophoretic

flux, r
component

Electrophoretic

flux, phi
component

Electrophoretic

flux, z
component

Electrophoretic
flux magnitude

Total flux, r
component

Total flux, phi
component

Total flux, z
component

Diffusive flux
magnitude

Total flux
magnitude

Dispersive flux, r

component

Dispersive flux,
phi component

Selection

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Details

+ operation

+ operation

+ operation



Name

chds.dpflux_cClz

chds.mflux_cClr

chds.mflux_cClph
i

chds.mflux_cClz

chds.mfluxMag_c
cl

chds.dflux_cKr
chds.dflux_cKphi
chds.dflux_cKz

chds.grad_cKr

chds.grad_cKphi

chds.grad_cKz

chds.dflux_cNO3
r

Expression
0

chds.z_cCI*F_const*
cCl*(-
chds.um_cClrr*d(ch
ds.V,r)-
chds.um_cClrz*d(ch
ds.V,z))

chds.z_cCI*F_const*
cClI*(-
chds.um_cClphir*d(
chds.V,r)-
chds.um_cClphiz*d(
chds.V,z))

chds.z_cCI*F_const*
cClI*(-
chds.um_cClzr*d(ch
ds.V,n)-
chds.um_cClzz*d(c
hds.V,z))

sqrt(chds.mflux_cCl
r’r2+chds.mflux_cC
Iphi~2+chds.mflux

_cClz»2)

-chds.D_cKrr*cKr-
chds.D_cKrz*cKz

chds.D_cKphir*cKr-
chds.D_cKphiz*cKz

-chds.D_cKzr*cKr-
chds.D_cKzz*cKz

cKr

cKz

chds.D_cNO3rr*cN
O3r-

Unit

mol/(m?s

)

mol/(m?%s

)

mol/(m?%s

)

mol/(m?%s

)

mol/(m?%s

)

mol/(m?%s

)

mol/(m?s

)

mol/(m?%s

)

mol/m?*

mol/m?*

mol/m?*

mol/(m?s

)
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Description

Dispersive flux, z

component

Electrophoretic
flux, r
component

Electrophoretic
flux, phi
component

Electrophoretic
flux, z
component

Electrophoretic
flux magnitude

Diffusive flux, r
component

Diffusive flux, phi

component

Diffusive flux, z
component

Concentration
gradient, r
component

Concentration
gradient, phi
component
Concentration

gradient, z
component

Diffusive flux, r
component

Selection

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Details

+ operation

+ operation

+ operation

+ operation



Name

chds.dflux_cNO3
phi

chds.dflux_cNO3
z

chds.grad_cNO3r
chds.grad_cNO3
phi

chds.grad_cNO3
z

chds.dflux_cClr

chds.dflux_cClphi

chds.dflux_cClz

chds.grad_cClr

chds.grad_cClphi

chds.grad_cClz

chds.um_cKrr

chds.um_cKphir

Expression

chds.D_cNO3rz*cN
03z

chds.D_cNO3phir*c
NO3r-
chds.D_cNO3phiz*c
NO3z

chds.D_cNO3zr*cN
O3r-
chds.D_cNO3zz*cN
03z

cNO3r

cNO3z

-chds.D_cClrr*cClr-
chds.D_cClrz*cClz

chds.D_cClphir*cClr

chds.D_cClphiz*cCl
z

-chds.D_cClzr*cClr-
chds.D_cClzz*cClz

cClr

cClz

chds.D_cKrr/(R_con
st*chds.T)

chds.D_cKphir/(R_c
onst*chds.T)

Unit

mol/(m?%s

)

mol/(m?s

)

mol/m?*

mol/m?*

mol/m?*

mol/(m?%s

)

mol/(m?s

)

mol/(m?s

mol/m?*

mol/m?*

mol/m?*

s-mol/kg

s-mol/kg
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Description

Diffusive flux, phi
component

Diffusive flux, z
component

Concentration
gradient, r
component

Concentration
gradient, phi
component

Concentration
gradient, z
component

Diffusive flux, r
component

Diffusive flux, phi
component

Diffusive flux, z
component

Concentration
gradient, r
component

Concentration
gradient, phi
component
Concentration
gradient, z
component
Mobility, rr
component
Mobility, phir
component

Selection

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Details

+ operation

+ operation

+ operation

+ operation

+ operation



Name

chds.um_cKzr

chds.um_cKrphi

chds.um_cKphip
hi

chds.um_cKzphi

chds.um_cKrz

chds.um_cKphiz

chds.um_cKzz
chds.z_cK
chds.um_cNO3rr

chds.um_cNO3p
hir

chds.um_cNO3zr

chds.um_cNO3rp
hi

chds.um_cNO3p
hiphi
chds.um_cNO3z
phi

chds.um_cNO3rz

chds.um_cNO3p
hiz

chds.um_cNO3zz
chds.z_cNO3

chds.um_cClrr

chds.um_cClphir

chds.um_cClzr

Expression

chds.D_cKzr/(R_con
st*chds.T)

chds.D_cKrphi/(R_c
onst*chds.T)

chds.D_cKphiphi/(R

_const*chds.T)

chds.D_cKzphi/(R_c
onst*chds.T)

chds.D_cKrz/(R_con
st*chds.T)

chds.D_cKphiz/(R_c
onst*chds.T)

chds.D_cKzz/(R_co
nst*chds.T)

1

chds.D_cNO3rr/(R_
const*chds.T)

chds.D_cNO3phir/(
R_const*chds.T)

chds.D_cNO3zr/(R_
const*chds.T)

chds.D_cNO3rphi/(
R_const*chds.T)

chds.D_cNO3phiph
i/(R_const*chds.T)

chds.D_cNO3zphi/(
R_const*chds.T)

chds.D_cNO3rz/(R_
const*chds.T)

chds.D_cNO3phiz/(
R_const*chds.T)

chds.D_cNO3zz/(R_
const*chds.T)

-1
chds.D_cClrr/(R_co
nst*chds.T)
chds.D_cClphir/(R_c
onst*chds.T)

chds.D_cClzr/(R_co
nst*chds.T)

Unit

s-mol/kg

s‘mol/kg

s-mol/kg

s'mol/kg

s'mol/kg

s-mol/kg

s-mol/kg
1

s-mol/kg

s-mol/kg

s-mol/kg

s-mol/kg

s'mol/kg

s-mol/kg

s-mol/kg

s-mol/kg

s-mol/kg
1

s-mol/kg

s-mol/kg

s-mol/kg
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Description
Mobility, zr
component
Mobility, rphi
component
Mobility, phiphi
component
Mobility, zphi
component
Mobility, rz
component
Mobility, phiz
component
Mobility, zz
component
Charge number
Mobility, rr
component
Mobility, phir
component
Mobility, zr
component
Mobility, rphi
component
Mobility, phiphi
component
Mobility, zphi
component
Mobility, rz
component
Mobility, phiz
component
Mobility, zz
component
Charge number
Mobility, rr
component
Mobility, phir
component
Mobility, zr
component

Selection

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Details



Name
chds.um_cClrphi

chds.um_cClphip
hi

chds.um_cClzphi

chds.um_cClrz

chds.um_cClphiz

chds.um_cClzz

chds.z_cCl
chds.V

chds.T

chds.cflux_cKr

chds.cflux_cKphi

chds.cflux_cKz

chds.cfluxMag_c
K

chds.cflux_cNO3r
chds.cflux_cNO3
phi
chds.cflux_cNO3
z

chds.cfluxMag_c
NO3

chds.cflux_cClr

chds.cflux_cClphi

Expression

chds.D_cClrphi/(R_c
onst*chds.T)

chds.D_cClphiphi/(
R_const*chds.T)

chds.D_cClzphi/(R_
const*chds.T)

chds.D_cClrz/(R_co
nst*chds.T)

chds.D_cClphiz/(R_
const*chds.T)

chds.D_cClzz/(R_co
nst*chds.T)

-1
model.input.V

chds.cdm1.minput_
temperature

cK*chds.u

cK*chds.v

cK*chds.w

sqrt(chds.cflux_cKr

A2+chds.cflux_cKp

hi~r2+chds.cflux_cK
z"2)

cNO3*chds.u

cNO3*chds.v

cNO3*chds.w

sqrt(chds.cflux_cN
O3rA2+chds.cflux_
c¢NO3phiAr2+chds.c
flux_cNO3z~2)

cCl*chds.u

cCl*chds.v

Unit

s-mol/kg

s‘mol/kg

s-mol/kg

s'mol/kg

s'mol/kg

s-mol/kg

1
Vv

K

mol/(m?s
)
mol/(m?s
)

mol/(m?%s

)

mol/(m?s

)

mol/(m?s
)
mol/(m?s
)

mol/(m?s

)

mol/(m?s

)

mol/(m?s
)

mol/(m?s

)

43

Description
Mobility, rphi
component
Mobility, phiphi
component
Mobility, zphi
component

Mobility, rz
component

Mobility, phiz
component

Mobility, zz
component

Charge number

Electric potential
Temperature

Convective flux, r
component

Convective flux,
phi component

Convective flux, z
component

Convective flux
magnitude

Convective flux, r
component

Convective flux,
phi component

Convective flux, z
component

Convective flux
magnitude

Convective flux, r
component

Convective flux,
phi component

Selection

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Details

Meta



Name

chds.cflux_cClz

chds.cfluxMag_c
cl

chds.Res_cK

chds.Rlin_cK

chds.Res_cNO3

Expression
cCl*chds.w

sqrt(chds.cflux_cClr
A2+chds.cflux_cClp
hi~2+chds.cflux_cC
1zA2)

-chds.D_cKrr*cKrr-
chds.D_cKrz*cKrz-
chds.D_cKzr*cKzr-
chds.D_cKzz*cKzz+
d(cK*(chds.u-
chds.z_cK*chds.um
_cKrr*F_const*d(ch
ds.V,r)-
chds.z_cK*chds.um
_cKrz*F_const*d(ch
ds.V,z)),r)+if(abs(r)
<0.001*h,d(cK*(chd
S.u-
chds.z_cK*chds.um
_cKrr*F_const*d(ch
ds.V,r)-
chds.z_cK*chds.um
_cKrz*F_const*d(ch
ds.V,z)),r),cK*(chds.
u-
chds.z_cK*chds.um
_cKrr*F_const*d(ch
ds.V,r)-
chds.z_cK*chds.um
_cKrz*F_const*d(ch
ds.V,z))/r)+d(cK*(ch
ds.w-
chds.z_cK*chds.um
_cKzr*F_const*d(ch
ds.V,n)-
chds.z_cK*chds.um
_cKzz*F_const*d(ch
ds.V,z)),z)-
chds.R_cK

0

chds.D_cNO3rr*cN
O3rr-
chds.D_cNO3rz*cN

Unit Description

mol/(m%s  Convective flux, z
) component

mol/(m%s  Convective flux
) magnitude

mol/(m3s

)

Equation residual

Linear source
term coefficient

mol/(m3s

)

Equation residual
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Selection

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Details



Name

chds.Rlin_cNO3

chds.Res_cCl

Expression

O3rz-
chds.D_cNO3zr*cN
03zr-
chds.D_cNO3zz*cN
03zz+d(cNO3*(chd
s.u-
chds.z_cNO3*chds.
um_cNO3rr*F_cons
t*d(chds.V,r)-
chds.z_cNO3*chds.
um_cNO3rz*F_cons
t*d(chds.V,z2)),r)+if(
abs(r)<0.001*h,d(c
NO3*(chds.u-
chds.z_cNO3*chds.
um_cNO3rr*F_cons
t*d(chds.V,r)-
chds.z_cNO3*chds.
um_cNO3rz*F_cons
t*d(chds.V,z)),r),cN
0O3*(chds.u-
chds.z_cNO3*chds.
um_cNO3rr*F_cons
t*d(chds.V,r)-
chds.z_cNO3*chds.
um_cNO3rz*F_cons
t*d(chds.V,z))/r)+d(
cNO3*(chds.w-
chds.z_cNO3*chds.
um_cNO3zr*F_cons
t*d(chds.V,r)-
chds.z_cNO3*chds.
um_cNO3zz*F_cons
t*d(chds.V,2)),2)-
chds.R_cNO3

0

-chds.D_cClrr*cClrr-
chds.D_cClrz*cClrz-
chds.D_cClzr*cClzr-
chds.D_cClzz*cClzz
+d(cCl*(chds.u-
chds.z_cCl*chds.um
_cClrr*F_const*d(ch
ds.V,r)-
chds.z_cCl*chds.um
_cClrz*F_const*d(ch

Unit Description

Linear source
term coefficient

mol/(m3s

)

Equation residual
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Selection

Domains 1-3

Domains 1-3

Details



Name

chds.Rlin_cCl

Expression
ds.V,z)),r) +if(abs(r)
<0.001*h,d(cCl*(ch
ds.u-
chds.z_cCl*chds.um
_cClrr*F_const*d(ch
ds.V,r)-
chds.z_cCl*chds.um
_cClrz*F_const*d(ch
ds.V,z)),r),cCl*(chds.
u-
chds.z_cCl*chds.um
_cClrr*F_const*d(ch
ds.V,n)-
chds.z_cCl*chds.um
_cClrz*F_const*d(ch
ds.V,z))/r)+d(cCl*(c
hds.w-
chds.z_cCl*chds.um
_cClzr*F_const*d(ch
ds.V,n)-
chds.z_cCl*chds.um
_cClzz*F_const*d(c
hds.V,z)),z)-
chds.R_cCl

0

2.4.3.7 Shape functions

Name Shape function Unit

cK Lagrange (Quadratic) mol/m?
cNO3  Lagrange (Quadratic) mol/m?
cCl Lagrange (Quadratic) mol/m?

2.4.3.8 Weak Expressions

Weak expression

Unit Description

Description
Concentration
Concentration

Concentration

Selection Details
Linear source .
.. Domains 1-3

term coefficient

Shape frame Selection

Material Domains 1-3

Material Domains 1-3

Material Domains 1-3

Integration frame Selection

Integration order

2*(chds.dflux_cKr*test(cKr)+ch
ds.dflux_cKz*test(cKz))*chds.d* 4

pi*r

2*(chds.dflux_cNO3r*test(cNO
3r)+chds.dflux_cNO3z*test(cN 4

03z))*chds.d*pi*r

2*(chds.dflux_cClr*test(cClr)+c
hds.dflux_cClz*test(cClz))*chds 4

d*pi*r
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Material

Material

Material

Domains 1-3

Domains 1-3

Domains 1-3



Weak expression

2*chds.z_cK*F_const*cK*((-
chds.um_cKrr*d(chds.V,r)-
chds.um_cKrz*d(chds.V,z))*test
(cKr)+(-
chds.um_cKzr*d(chds.V,r)-
chds.um_cKzz*d(chds.V,z))*tes
t(cKz))*chds.d*pi*r

2*chds.z_cNO3*F_const*cNO3
*((-
chds.um_cNO3rr*d(chds.V,r)-
chds.um_cNO3rz*d(chds.V,z))*
test(cNO3r)+(-
chds.um_cNO3zr*d(chds.V,r)-
chds.um_cNO3zz*d(chds.V,z))*
test(cNO3z))*chds.d*pi*r

2*chds.z_cCI*F_const*cCI*((-
chds.um_cClrr*d(chds.V,r)-
chds.um_cClrz*d(chds.V,z))*tes
t(cClr)+(-
chds.um_cClzr*d(chds.V,r)-
chds.um_cClzz*d(chds.V,z))*te
st(cClz))*chds.d*pi*r

2*cK*(chds.u*test(cKr)+chds.w
*test(cKz))*(isScalingSystemDo
main==0)*chds.d*pi*r
2*chds.cbf_cK*test(cK)*chds.d*
pi*r
2*cNO3*(chds.u*test(cNO3r) +
chds.w*test(cNO3z))*(isScaling
SystemDomain==0)*chds.d*pi
*r
2*chds.cbf_cNO3*test(cNO3)*
chds.d*pi*r
2*cCl*(chds.u*test(cClr)+chds.
w*test(cClz))*(isScalingSystem
Domain==0)*chds.d*pi*r
2*chds.cbf_cCl*test(cCl)*chds.
d*pi*r
2*chds.streamline*(isScalingSy
stemDomain==0)*chds.d*pi*r

2*chds.crosswind*(isScalingSy
stemDomain==0)*chds.d*pi*r

Integration order
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Integration frame

Material

Material

Material

Material

Material

Material

Material

Material

Material

Material

Material

Selection

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Boundaries 1-48

Domains 1-3

Boundaries 1-48

Domains 1-3

Boundaries 1-48

Domains 1-3

Domains 1-3



2.4.4 Axial Symmetry 1

] I ]

nm
10000007

9000007
8000007
7000007
6000007

5000007

4000007
3000007}
2000007

1000007

0 nm

%00000

1500000
Axial Symmetry 1

SELECTION
Geometric entity level Boundary

Selection Geometry geom1: Dimension 1: All boundaries

2.4.5 No Flux 1

nm
10000007

9000007 |
8000007
7000007
6000007 |

5000007

4000007 |
3000007
2000007
1000007

0 nm

%00000
No Flux 1

SELECTION

Geometric entity level Boundary
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Selection
EQUATIONS
-n- ]f — O

2.4.5.1 Convection

SETTINGS
Description Value
Include Off

2.4.5.2 \Variables

Geometry geom1: Dimension 1: All boundaries

Name Expression Unit
cK*(-chds.u*chds.nrmesh-
chds.cbf cK chds.v*chds.nphimesh- mol/(m?s)
chds.w*chds.nzmesh)
cNO3*(-chds.u*chds.nrmesh-
chds.cbf_c¢cNO3 chds.v*chds.nphimesh- mol/(m?s)
chds.w*chds.nzmesh)
cCl*(-chds.u*chds.nrmesh-
chds.cbf cCl chds.v*chds.nphimesh- mol/(m?s)
chds.w*chds.nzmesh)
2.4.6 Initial Values 1
| I
nm
10000007 B
9000007 B
8000007 B
7000007 B
6000007 B
5000007 B
4000007 B
3000007 B
2000007 B
100000 B
07| nm[
) 500000

Initial Values 1

SELECTION

Geometric entity level Domain
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Description

Convective
boundary flux

Convective
boundary flux

Convective
boundary flux

Selection

Boundaries 2,
18-43, 46-48

Boundaries 2,
18-43, 46-48

Boundaries 2,
18-43, 46-48



Selection Geometry geom1: Dimension 2: All domains

2.4.6.1 Initial Values

SETTINGS
Description  Value
Concentration {50[mM], 45[mM], 5[mM]}

2.4.6.2 \Variables

Name Expression Unit Description Selection Details

chds.cO_cK 50[mM] mol/m*® Concentration Domains 1-3  + operation
chds.cO_cNO3  45[mM] mol/m® Concentration Domains 1-3  + operation
chds.cO_cCl 5[mM] mol/m® Concentration Domains 1-3 + operation

2.4.7 Concentration 1

nm
10000007

9000007
8000007
7000007
6000007
5000007
4000007
3000007}
2000007

1000007

0 nm

500000
Concentration 1

SELECTION
Geometric entity level Boundary

Selection Geometry geom1: Dimension 1: Boundaries 17, 44-45

EQUATIONS

2.4.7.1 Concentration

SETTINGS
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Description Value

Species cK On
Species cNO3  On
Species cCl On

Concentration {50[mM], 45[mM], 5[mM]}

2.4.7.2 Constraint Settings

SETTINGS

Description

Apply reaction terms on

Use weak constraints

Constraint method

2.4.7.3 \Variables

Value

Off

Elemental

Name Expression

chds.cO_cK 50[mM]

chds.cO_cNO3 45[mM]

chds.cO_cCl 5[mM]

chds.conc1.nmflo
w_cK

chds.conc1.nmflo
w_cNO3

chds.conc1.nmflo
w_cCl

2.4.7.4 Constraints

Constraint

chds.cVar_cK+chds.
c0_cK

chds.cVar_cNO3+c
hds.cO_cNO3

chds.conc1.int(2*c
hds.ntflux_cK*pi*r)
*chds.d

chds.conc1.int(2*c
hds.ntflux_cNO3*p
i*r)*chds.d

chds.conc1.int(2*c
hds.ntflux_cCl*pi*r)
*chds.d

Constraint force

test(-

chds.cVar_cK+chds.

c0_cK)

test(-
chds.cVar_cNO3+c
hds.cO_cNO3)

All physics (symmetric)

Unit

mol/m?3

mol/m?3

mol/m?3

mol/s

mol/s

mol/s

Shape function

Lagrange

Description Selection Details
Concentration Boundaries + operation
17, 44-45 P
Concentration Boundaries + operation
17, 44-45 P
Concentration Boundaries + operation
17, 44-45 P
Normal molar
Global
flow rate
Normal molar
Global
flow rate
Normal molar
Global
flow rate
Selection Details

Boundaries 17, 44—

(Quadratic) 45 Elemental
Lagrange Boundaries 17, 44—
(Quadratic) 45 Elemental
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Constraint Constraint force Shape function Selection Details

- test(-
chds.cVar_cCl+chds = chds.cVar_cCl+chds
.c0_cCl .c0_cCl)

Lagrange Boundaries 17, 44—

(Quadratic) 45 Elemental

2.5 ELECTROSTATICS

USED PRODUCTS
COMSOL Multiphysics

nm
10000007

9000007] B
8000007 3 ~
7000007]
6000007] B
5000007]
4000007 B
3000007]
2000007]

1000007 I B
1

0 nm

0 I5(](]000

Ak

Electrostatics

SELECTION
Geometric entity level Domain

Selection Geometry geom1: Dimension 2: All domains

EQUATIONS
V-D=p,
E=-W

2.5.1 Interface Settings

2.5.1.1 Discretization

SETTINGS
Description Value
Electric potential Quadratic

Value type when using splitting of complex variables Complex
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2.5.1.2 Manual Terminal Sweep Settings

SETTINGS

Description

Value

Use manual terminal sweep Off

Reference impedance

2.5.2 Variables

Name

es.d

es.nr

es.nphi

es.nz

es.nr

es.nphi

es.nz

es.nmeshr

es.nmeshphi

es.nmeshz

es.nmeshr

es.nmeshphi

es.nmeshz

50[ohm)]

Expression
1

nr

nz

dnr

dnz

nrmesh

nzmesh

dnrmesh

dnzmesh

Unit
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Description
Contribution

Normal vector, r
component

Normal vector,
phi component

Normal vector, z
component

Normal vector, r
component

Normal vector,
phi component

Normal vector, z
component

Mesh normal
vector, r
component

Mesh normal
vector, phi
component

Mesh normal
vector, z
component

Mesh normal
vector, r
component

Mesh normal
vector, phi
component

Mesh normal
vector, z
component

Selection
Domains 1-3

Boundaries 5,
14

Boundaries 5,
14

Boundaries 5,
14

Boundaries
1-4, 6-13,
15-48

Boundaries
1-4, 6-13,
15-48

Boundaries
1-4, 6-13,
15-48

Boundaries 5,
14

Boundaries 5,
14

Boundaries 5,
14

Boundaries
1-4, 6-13,
15-48

Boundaries
1-4, 6-13,
15-48
Boundaries
1-4, 6-13,
15-48

Details



Name

es.unmeshr

es.unmeshphi

es.unmeshz

es.dnmeshr

es.dnmeshphi

es.dnmeshz

es.l_srr

es.|_sphir

es.|_szr

es.|_srphi

es.|_sphiphi

es.|_szphi

Expression Unit
unrmesh

0

unzmesh

dnrmesh

0

dnzmesh

1 1
0 1
0 1
0 1
1 1
0 1
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Description

Mesh normal
vector, upside, r
component

Mesh normal
vector, upside,
phi component

Mesh normal
vector, upside, z
component

Mesh normal
vector,
downside, r
component

Mesh normal
vector,
downside, phi
component

Mesh normal
vector,
downside, z
component

Spatial identity
matrix, material
frame, rr
component

Spatial identity
matrix, material
frame, phir
component

Spatial identity
matrix, material
frame, zr
component

Spatial identity
matrix, material
frame, rphi
component

Spatial identity
matrix, material
frame, phiphi
component

Spatial identity
matrix, material

Selection

Boundaries
1-48

Boundaries
1-48

Boundaries
1-48

Boundaries
1-48

Boundaries
1-48

Boundaries
1-48

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Details



Name

es.|_srz

es.|_sphiz

es.|_szz

es.unTr

es.unTphi

es.unTz

es.dnTr

es.dnTphi

es.dnTz

es.unr

Expression

es.unTer

es.unTephi

es.unTez

es.dnTer

es.dnTephi

es.dnTez

unr

Unit

Pa

Pa

Pa

Pa

Pa

Pa
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Description

frame, zphi
component

Spatial identity
matrix, material
frame, rz
component

Spatial identity
matrix, material
frame, phiz
component

Spatial identity
matrix, material
frame, zz
component

Maxwell upward

surface stress
tensor, r
component

Maxwell upward

surface stress
tensor, phi
component

Maxwell upward

surface stress
tensor, z
component

Maxwell
downward
surface stress
tensor, r
component

Maxwell
downward
surface stress
tensor, phi
component

Maxwell
downward
surface stress
tensor, z
component

Normal vector
up direction, r
component

Selection

Domains 1-3

Domains 1-3

Domains 1-3

Boundaries
1-48

Boundaries
1-48

Boundaries
1-48

Boundaries
1-48

Boundaries
1-48

Boundaries
1-48

Boundaries
1-48



Name

es.unphi

es.unz

es.dnr

es.dnphi

es.dnz

es.unTer

es.unTephi

es.unTez

Expression

unz

dnr

dnz

0.5*es.dnr*(real(up(es
.Dr))*real(up(es.Er))+r
eal(up(es.Dphi))*real(

up(es.Ephi))+real(up(

es.Dz))*real(up(es.Ez))
)+real(up(es.Dr))*(real
(up(es.Er))*es.dnr+rea
[(up(es.Ephi))*es.dnph
i+real(up(es.Ez))*es.d

nz)

0.5*es.dnphi*(real(up(
es.Dr))*real(up(es.Er))

+real(up(es.Dphi))*re

al(up(es.Ephi))+real(u
p(es.Dz))*real(up(es.E

z)))+real(up(es.Dphi))

*(real(up(es.Er))*es.dn
r+real(up(es.Ephi))*es
.dnphi+real(up(es.Ez))
*es.dnz)

0.5*es.dnz*(real(up(es
.Dr))*real(up(es.Er))+r
eal(up(es.Dphi))*real(
up(es.Ephi))+real(up(
es.Dz))*real(up(es.Ez))
)+real(up(es.Dz))*(rea
[(up(es.En))*es.dnr+re

Unit

Pa

Pa

Pa
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Description

Normal vector
up direction, phi
component

Normal vector
up direction, z
component

Normal vector
down direction,
r component

Normal vector
down direction,
phi component

Normal vector
down direction,
Z component

Maxwell upward
electric surface
stress tensor, r
component

Maxwell upward
electric surface
stress tensor,
phi component

Maxwell upward
electric surface
stress tensor, z
component

Selection Details

Boundaries
1-48

Boundaries
1-48

Boundaries
1-48

Boundaries
1-48

Boundaries
1-48

Boundaries 5,
14

Boundaries 5,
14

Boundaries 5,
14



Name

es.unTer

es.unTephi

es.unTez

es.dnTer

es.dnTephi

es.dnTez

Expression
al(up(es.Ephi))*es.dnp
hi+real(up(es.Ez))*es.
dnz)

0.5*es.unr*(real(down
(es.Dr))*real(down(es.
Er))+real(down(es.Dp
hi))*real(down(es.Ephi
))+real(down(es.Dz))*
real(down(es.Ez)))+re
al(down(es.Dr))*(real(
down(es.Er))*es.unr+r
eal(down(es.Ephi))*es.
unphi+real(down(es.E
Z))*es.unz)

0.5*es.unphi*(real(do
wn(es.Dr))*real(down(
es.Er))+real(down(es.
Dphi))*real(down(es.E
phi))+real(down(es.D
z))*real(down(es.Ez)))
+real(down(es.Dphi))
*(real(down(es.Er))*es.
unr+real(down(es.Ep
hi))*es.unphi+real(do
wn(es.Ez))*es.unz)

0.5*es.unz*(real(down
(es.Dr))*real(down(es.
Er))+real(down(es.Dp
hi))*real(down(es.Ephi
))+real(down(es.Dz))*

Unit

Pa

Pa

Pa

Pa

Pa

Pa
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Description

Maxwell upward
electric surface
stress tensor, r
component

Maxwell upward
electric surface
stress tensor,
phi component

Maxwell upward
electric surface
stress tensor, z
component

Maxwell
downward
electric surface
stress tensor, r
component

Maxwell
downward
electric surface
stress tensor,
phi component

Maxwell
downward
electric surface
stress tensor, z
component

Selection Details

Boundaries
1-4, 6-13,
15-48

Boundaries
1-4, 6-13,
15-48

Boundaries
1-4, 6-13,
15-48

Boundaries
1-48

Boundaries
1-48

Boundaries
1-48



Name Expression Unit Description Selection Details

real(down(es.Ez)))+re

al(down(es.Dz))*(real(
down(es.Er))*es.unr+r
eal(down(es.Ephi))*es.
unphi+real(down(es.E
Z))*es.unz)

. N .
es.intWe es.int_We(es.d*es.dW J Total electric Global + operation
e) energy
Ref
es.zref 50[ohm] Q . eterence Global
impedance

2.5.3 Charge Conservation 1

nm
10000007

9000007 |
8000007
7000007
6000007 |
5000007
4000007 |
3000007
2000007

1000007

0 nm

0 %00000

Charge Conservation 1

SELECTION

Geometric entity level Domain

Selection Geometry geom1: Dimension 2: All domains
EQUATIONS

E=-W

V- (eE) = py

2.5.3.1 Constitutive Relation D-E

SETTINGS
Description Value
Dielectric model Relative permittivity
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Description Value

Relative permittivity ~From material

2.5.3.2 Coordinate System Selection
SETTINGS

Description Value

Coordinate system Global coordinate system

2.5.3.3 Model Input

SETTINGS
Description Value
Temperature User defined
Temperature 293.15[K]

PROPERTIES FROM MATERIAL
Property Material Property group

Relative permittivity Water Basic

2.5.3.4 Variables

Name Expression Unit Description

Surface charge

2
es.nD 0 C/m density

Relative
es.epsilonrrr material.epsilonr11 1 permittivity, rr
component

Relative
es.epsilonrphir material.epsilonr21 1 permittivity, phir
component

Relative
es.epsilonrzr material.epsilonr31 1 permittivity, zr
component

Relative
es.epsilonrrphi material.epsilonr12 1 permittivity, rphi
component

Relative
permittivity,
phiphi
component

es.epsilonrphiphi  material.epsilonr22 1

Relative
es.epsilonrzphi material.epsilonr32 1 permittivity, zphi
component

59

Selection

Boundaries

1-48

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Details

+ operation

Meta

Meta

Meta

Meta

Meta

Meta



Name

es.epsilonrrz

es.epsilonrphiz

es.epsilonrzz

es.epsilonr_iso

es.Drr

es.Drphi

es.Drz

es.Dr

es.Dphi

es.Dz

Expression

material.epsilonr13

material.epsilonr23

material.epsilonr33

material.epsilonr_is
o

epsilon0_const*es.|

_srr*es.Er+epsilon0

_const*es.|_srphi*es
.Ephi+epsilon0_con
st*es.|_srz*es.Ez+es.
Pr+es.Per

epsilon0_const*es.|
_sphir*es.Er+epsilo
nO_const*es.|_sphip
hi*es.Ephi+epsilon
0_const*es.l_sphiz*
es.Ez+es.Pphi+es.P
ephi
epsilon0_const*es.|
_szr*es.Er+epsilon0
_const*es.|_szphi*e
s.Ephi+epsilon0_co
nst*es.|_szz*es.Ez+e
s.Pz+es.Pez

Unit

c/m?

C/m?

c/m?

C/m?

C/m?

C/m?
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Description

Relative
permittivity, rz
component

Relative
permittivity, phiz
component

Relative
permittivity, zz
component

Relative
permittivity,
isotropic value

Remanent
electric
displacement, r
component

Remanent
electric
displacement, phi
component

Remanent
electric
displacement, z
component

Electric
displacement
field, r
component

Electric
displacement
field, phi
component

Electric
displacement
field, z
component

Selection

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Details

Meta

Meta

Meta

Meta



Name

es.Pr

es.Pphi

es.Pz

es.normD

es.normP

es.Per

es.Pephi

es.Pez

es.chirr

es.chiphir

es.chizr

es.chirphi

Expression

epsilon0_const*(es.
chirr*es.Er+es.chirp
hi*es.Ephi+es.chirz*
es.Ez)

epsilon0_const*(es.
chiphir*es.Er+es.chi
phiphi*es.Ephi+es.c
hiphiz*es.Ez)

epsilon0_const*(es.

chizr*es.Er+es.chizp
hi*es.Ephi+es.chizz

*es.Ez)

sqrt(realdot(es.Dr,e
s.Dr)+realdot(es.Dp
hi,es.Dphi)+realdot
(es.Dz,es.Dz))

sqrt(realdot(es.Pr,es
.Pr)+realdot(es.Pphi
,es.Pphi)+realdot(e
s.Pz,es.Pz))

-1+es.epsilonrrr

es.epsilonrphir

es.epsilonrzr

es.epsilonrrphi

Unit

c/m?

C/m?

C/m?

c/m?

C/m?

C/m?

C/m?

C/m?
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Description

Polarization, r
component

Polarization, phi
component

Polarization, z
component

Electric
displacement
field norm

Polarization
norm

Polarization
contribution, r
component

Polarization
contribution, phi
component

Polarization
contribution, z
component

Electric
susceptibility, rr
component

Electric
susceptibility,
phir component
Electric
susceptibility, zr
component
Electric
susceptibility,
rphi component

Selection

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Details

+ operation

+ operation

+ operation



Name

es.chiphiphi

es.chizphi

es.chirz

es.chiphiz

es.chizz

es.Er

es.Ephi

es.Ez

es.tEr

es.tEphi

es.tkz

es.normE

es.Jr

es.Jphi

es.Jz

Expression

1+es.epsilonrphiph
i

es.epsilonrzphi

es.epsilonrrz

es.epsilonrphiz

-1+es.epsilonrzz

-VTr

-VTz

sqrt(realdot(es.Er,es
.Er)+realdot(es.Ephi
,es.Ephi)+realdot(es
.Ez,es.Ez))

2*es.Jdr
2*es.Jdphi

2*es.)dz

Unit

V/m

V/m

V/m

V/m

V/m

V/m

V/m

A/m?

A/m?

A/m?
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Description

Electric
susceptibility,
phiphi
component

Electric
susceptibility,
zphi component

Electric
susceptibility, rz
component

Electric
susceptibility,
phiz component

Electric
susceptibility, zz
component

Electric field, r
component

Electric field, phi
component

Electric field, z
component

Tangential
electric field, r
component

Tangential
electric field, phi
component

Tangential
electric field, z
component

Electric field
norm

Current density, r
component

Current density,
phi component

Current density, z
component

Selection

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Boundaries
1-48

Boundaries
1-48

Boundaries
1-48

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

+ operation

+ operation

+ operation



Selection

Domains 1-3

Domains 1-3

Domains 1-3

Domains 1-3

Boundaries
1-4, 6-13,
15-48

Domains 1-3

Domains 1-3

Domains 1-3

Shape frame Selection

Name Expression Unit Description
Displacement
es.Jdr 0 A/m? current density, r
component
Displacement
es.Jdphi 0 A/m? current density,
phi component
Displacement
es.Jdz 0 A/m? current density, z
component
sqrt(realdot(es.Jr.es
es.norm) .Jr)+re.aldot(es.Jph|, A/m? Current density
es.Jphi)+realdot(es. norm
Jz,es.)2))
es.unr*down(es.Jr)
es.ccnln +es..unph| down(es A/m? Inwa-rd current
Jphi)+es.unz*down density
(es.)z)
es.W es.We J/m3 Energy density
Integrand for
es.dWe 2*es.We*pi*r J/m? total electric
energy
0.5*epsilon0_const*
(((es.I_srr+es.chirr)*
es.Er+(es.|_srphi+es
.chirphi)*es.Ephi+(e
s.|_srz+es.chirz)*es.
Ez)*es.Er+((es.l_sphi
r+es.chiphir)*es.Er+
(es.I_sphiphi+es.chi 3 Electric energy
es\We phiphi)*es.Ephi+(es /™ density
I_sphiz+es.chiphiz)
*es.Ez)*es.Ephi+((es
|_szr+es.chizr)*es.E
r+(es.I_szphi+es.chi
zphi)*es.Ephi+(es.l_
szz+es.chizz)*es.Ez)
*es.Ez)
2.5.3.5 Shape functions
Name Shape function Unit Description
Vv Lagrange (Quadratic) V Electric potential Material
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Domains 1-3

Details

+ operation

Meta



2.5.3.6 Weak Expressions

Weak expression Integration order Integration frame Selection
2*(es.Drrtest(Vr)+es.Dz*test(Vz))*es 4 Material Domains 1-3
d*pi*r

2.5.4 Axial Symmetry 1

] I ]

nm
10000007

9000007
8000007
7000007
6000007

5000007

4000007
3000007}

2000007

1000007

0 nm

%OOOOO

1500000
Axial Symmetry 1

SELECTION
Geometric entity level Boundary

Selection Geometry geom1: Dimension 1: All boundaries
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2.5.5 Zero Charge 1

nm
6000007

5500007
5000007
4500007
4000007
3500007
3000007}
2500007
2000007}

1500007

1000007 nm

I-200000 500000

Zero Charge 1

SELECTION
Geometric entity level Boundary

Selection Geometry geom1: Dimension 1: All boundaries
EQUATIONS
n-D=0
2.5.5.1 Variables

Name Expression Unit Description Selection Details

Surface charge

es.nD 0 C/m? Boundaries 41, 48 + operation

density
2.5.5.2 Shape functions

h h

Name S apt.a Unit Description Shape Selection Details
function frame
Lagrange Electric . . .

V . Vv . Material No boundaries = Slit
(Quadratic) potential
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2.5.6 Initial Values 1

nm
10000007

9000007] ~
8000007 3 ~
7000007]
6000007] ~
5000007]
4000007 ~
3000007]

2000007

1000007 B

07| nm [~

0 I5(}(]000

Initial Values 1

SELECTION

Geometric entity level Domain

Selection Geometry geom1: Dimension 2: All domains
SETTINGS

Description Value

Electric potential 0
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2.5.7 Ground (Tip QCRE)

I I |
nm — .

1000007 41

9000071 -
800007
700007
6000071 -
500007 41 B
400007 -
3000071 -
200007

100007}

42 2

0 —t -

nm

50000 100000 150000
Ground (Tip QCRE)

SELECTION
Geometric entity level Boundary

Selection Geometry geom1: Dimension 1: Boundary 44

EQUATIONS

2.5.7.1 Constraint Settings

SETTINGS
Description Value
Apply reaction terms on  All physics (symmetric)
Use weak constraints Off

Constraint method Elemental

2.5.7.2 \Variables

Name Expression Unit Description Selection Details

es.unr*down(es.Dr)+es.unphi*d Surface charge

es.nD own(es.Dphi)+es.unz*down(es. C/m? . Boundary 44  + operation
density
Dz)
2.5.7.3 Constraints
Constraint Constraint force Shape function Selection Details
-V test(-V) Lagrange (Quadratic) Boundary 44 Elemental
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2.5.8 Electric Potential (Tip QRCE) VPulse

| | | 1
11600007 "M B
11400007
11200007
11000007
10800007
10600007
10400007
10200007 ~
10000007 )y
9800007 B
9600007]
9400007 B
9200007
9000007 B
8800007
8600007 B

nm
840000 —7 T T T
0 100000 200000 300000

Electric Potential (Tip QRCE) VPulse

SELECTION

Geometric entity level Boundary

Selection Geometry geom1: Dimension 1: Boundaries 17, 45
EQUATIONS

74 :VQ

2.5.8.1 Electric Potential

SETTINGS
Description Value

Electric potential VPulse

2.5.8.2 Constraint Settings
SETTINGS
Description Value
Apply reaction terms on  All physics (symmetric)
Use weak constraints Off

Constraint method Elemental
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2.5.8.3 Variables

Name Expression Unit Description Selection Details

es.unr*down(es.Dr)+es.unphi*
es.nD down(es.Dphi)+es.unz*down(e = C/m?
s.Dz)

Surface charge Boundaries

density 17,45 + operation

Electric Boundaries

es:V0 VPulse v potential 17, 45

2.5.8.4 Constraints

Constraint Constraint force Shape function Selection Details

es.V0-V test(es.V0-V) Lagrange (Quadratic) Boundaries 17, 45 Elemental

2.5.9 Surface Charge - Pipette Wall

nm

500007
450007
400007 B
350007 ~
300007
250007
200007 B
150007 ~
100007 3

50007

S
1
L,

o

=3

3

0

I-20000 0 50000

Surface Charge - Pipette Wall

SELECTION
Geometric entity level Boundary

Selection Geometry geom1: Dimension 1: Boundaries 18-29, 31-37, 46-47

EQUATIONS

n-(D1-D2)=p;

2.5.9.1 Surface Charge Density

SETTINGS
Description Value

Surface charge density PoreSurfaceCharge
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2.5.9.2 Coordinate System Selection
SETTINGS

Description Value

Coordinate system Global coordinate system

2.5.9.3 Variables

Name Expression Unit Description Selection

Boundaries
18-29, 31-37
46-47

Surface charge

2
es.nD es.sfcd1.rhogs C/m density

Boundaries
18-29, 31-37,
46-47

Surface charge

2
es.sfcd1.rhogs PoreSurfaceCharge  C/m density

2.5.9.4 Weak Expressions

Weak expression Integration order Integration frame

-2*es.sfcd1.rhogs*test(V)*es.d*pi*r 4 Material

2.5.10 Surface Charge - Taper Wall

nm
10000007

9000007
8000007
7000007}
6000007

5000007

4000007
3000007}
2000007

100000
nm

%00000
Surface Charge - Taper Wall

SELECTION
Geometric entity level Boundary

Selection Geometry geom1: Dimension 1: Boundaries 38, 40, 43
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Details

+ operation

Selection
Boundaries
18-29, 31-37,
46-47



EQUATIONS

n:(D1-Dz)=p;

2.5.10.1 Surface Charge Density
SETTINGS

Description Value

Surface charge density PoreSurfaceCharge*step2(z[1/m])

2.5.10.2 Coordinate System Selection

SETTINGS
Description Value

Coordinate system = Global coordinate system

2.5.10.3 Variables

Name Expression Unit Description Selection Details
es.nD es.sfcd4.rhogs C/m? Zz:csali; charge z;lu:(ia‘:;es + operation
iy TSSOty Sutechase S

2.5.10.4 Weak Expressions
Weak expression Integration order Integration frame Selection
-2*es.sfcd4.rhogs*test(V)*es.d*pi*r 4 Material ;l)g’u:ga;;es
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2.5.11 Surface Charge - Outer Wall

I |

nm

1000007 T B

950007
900007 B
850007
80000_ 1§8 .
75000

700007
650007

600007 B

550007

nmi_

500007

50000

o |F

20000
Surface Charge - Outer Wall

SELECTION
Geometric entity level Boundary
Name Pipette 100000nm Outer (Part Instance 1)

Named geom1_pi1_boxsel30: Geometry geom1: Dimension 1:

Selection Boundary 39

EQUATIONS

n-(D1-D2)=p;

2.5.11.1 Surface Charge Density
SETTINGS

Description Value

Surface charge density PoreSurfaceCharge*step1(z[1/m])

2.5.11.2 Coordinate System Selection
SETTINGS

Description Value

Coordinate system = Global coordinate system

2.5.11.3 Variables

Name Expression Unit Description Selection Details

Surface charge

2
es.nD es.sfcd3.rhogs C/m density

Boundary 39  + operation
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Name Expression Unit Description Selection Details

PoreSurfaceCharge*st C/m? Surface charge

es.sfcd3.rhogs ep(z[1/m]) density

Boundary 39

2.5.11.4 Weak Expressions

Weak expression Integration order Integration frame Selection

-2*es.sfcd3.rhogs*test(V)*es.d*pi*r 4 Material Boundary 39

2.5.12 Surface Charge - Substrate 1

l 1
4500077 ~
400007 Y
350007] 3
300007 §37 I~
250007
200007 ~
150007
100007 ~

5000
o:g “JZ -

-50007]
-100007]
-150007] B
-200007]
-250007]
-300007]
-350007] B
-400007]
-450007

0 50000
Surface Charge - Substrate 1

SELECTION
Geometric entity level Boundary

Selection Geometry geom1: Dimension 1: Boundaries 2, 30, 42
EQUATIONS
n:(D1-Dz)=p;

2.5.12.1 Surface Charge Density
SETTINGS

Description Value

Surface charge density = SigmaSubstrate*(step3(r/1[m]))

2.5.12.2 Coordinate System Selection

SETTINGS
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Description Value

Coordinate system Global coordinate system

2.5.12.3 Variables

Name Expression Unit Description Selection Details

Surface charge Boundaries 2,
density 30, 42

SigmaSubstrate*step C/m? Surface charge Boundaries 2,
3(r/1[m]) density 30,42

es.nD es.sfcd5.rhogs C/m? + operation

es.sfcd5.rhogs

2.5.12.4 Weak Expressions

Weak expression Integration order Integration frame Selection

Boundaries 2,

-2*es.sfcd5.rhogs*test(V)*es.d*pi*r 4 Material 30, 42

2.5.13 Space Charge Density 1

nm
10000007

9000007
8000007
7000007
6000007
5000007
4000007
3000007}
2000007

1000007

0 nm

0 %00000

Space Charge Density 1

SELECTION
Geometric entity level Domain

Selection Geometry geom1: Dimension 2: All domains

EQUATIONS
V:-D=p,
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2.5.13.1 Coordinate System Selection

SETTINGS
Description Value

Coordinate system Global coordinate system

2.5.13.2 Variables

Name Expression Unit
F_const*(cK-cNO3- 3

es.scd1.rhoq <l C/m

es.rhoq es.scd1.rhoq C/m?

2.5.13.3 Weak Expressions

Weak expression Integration order
-2*es.scd1.rhoqg*test(V)*es.d*pi*r 4

2.6 LAMINAR FLOW 1

USED PRODUCTS
COMSOL Multiphysics

Description

Space charge
density

Space charge
density

Selection

Domains 1-
3

Domains 1-
3

Integration frame

Material

nm
10000007

9000007 |
8000007
7000007
6000007 |
5000007
4000007 |
3000007
2000007

1000007

0

nm

0 %00000
Laminar Flow 1

SELECTION

Geometric entity level Domain

Selection Geometry geom1: Dimension 2: All domains
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Details

+ operation

Selection

Domains 1-3



EQUATIONS

p(u2-V)u2=V -[-p21 + K|+ F
PV-u2=0

2.6.1 Interface Settings

2.6.1.1 Discretization

SETTINGS
Description Value

Discretization of fluids P1 + P1

SETTINGS
Description Value

Equation form = Study controlled

2.6.1.2 Physical Model
SETTINGS

Description

Neglect inertial term (Stokes flow)
Compressibility

Enable porous media domains
Include gravity

Reference temperature

Reference pressure level

Reference temperature

2.6.1.3 Turbulence
SETTINGS

Description Value

Turbulence model type None

2.6.1.4 Advanced Settings
SETTINGS

Description

Value

Off

Incompressible flow
Off

Off

-

1[atm]

User defined

Use pseudo time stepping for stationary equation form

Use Block Navier-Stokes preconditioner in time dependent studies
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Value
Off
Off



2.6.2 Variables

Name
spf2.Tref
spf2.dz

spf2.pref

spf2.pA

spf2.hasWF

spf2.hasWF_u

spf2.hasWF_d

spf2.dt_CFL

spf2.Qvd_tot

spf2.K_stressr

spf2.K_stressphi

spf2.K_stressz

spf2.T_stressr

Expression
model.input.Tref
1

1[atm]

p2+spf2.pref

0

1/max(spf2.maxop(sq
rt(emetric(u2,w2))),ep
s)
spf2.intop(2*spf2.Qvd
*pi*r)
spf2.K_stress_tensorrr
*spf2.nrmesh+spf2.K_
stress_tensorrphi*spf
2.nphimesh+spf2.K_s
tress_tensorrz*spf2.nz
mesh

spf2.K_stress_tensorp
hir*spf2.nrmesh +spf2
K_stress_tensorphiph
i*spf2.nphimesh+spf

2.K_stress_tensorphiz
*spf2.nzmesh

spf2.K _stress_tensorzr
*spf2.nrmesh+spf2.K_
stress_tensorzphi*spf

2.nphimesh+spf2.K_s

tress_tensorzz*spf2.n

zmesh

spf2.T_stress_tensorrr
*spf2.nrmesh+spf2.T_
stress_tensorrphi*spf

2.nphimesh+spf2.T_st

Unit

Pa

Pa

N/m?

N/m?

N/m?

N/m?
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Description

Reference
temperature

Thickness

Reference
pressure level

Absolute
pressure

Help variable

Help variable

Help variable

Time step,
CFL=1

Total viscous
dissipation

Viscous force,
exterior
boundaries, r
component

Viscous force,
exterior
boundaries,
phi
component

Viscous force,
exterior
boundaries, z
component

Total traction,
exterior
boundaries, r
component

Selection
Global
Domains 1-3

Domains 1-3

Domains 1-3

Boundaries
1-4, 6-13,
15-48

Boundaries 5,
14

Boundaries 5,
14

Global

Global

Boundaries
1-4, 6-13,
15-48

Boundaries
1-4, 6-13,
15-48

Boundaries
1-4, 6-13,
15-48

Boundaries
1-4, 6-13,
15-48

Details

Meta



Name

spf2.T_stressphi

spf2.T_stressz

spf2.K_stress_dr

spf2.K_stress_dphi

spf2.K_stress_dz

spf2.K_stress_dr

spf2.K_stress_dphi

Expression

ress_tensorrz*spf2.nz
mesh

spf2.T_stress_tensorp
hir*spf2.nrmesh+spf2
.T_stress_tensorphiph
i*spf2.nphimesh+spf

2.T_stress_tensorphiz

*spf2.nzmesh

spf2.T_stress_tensorzr
*spf2.nrmesh+spf2.T_
stress_tensorzphi*spf
2.nphimesh+spf2.T_st
ress_tensorzz*spf2.nz
mesh

down(spf2.K_stress_te
nsorrr)*spf2.nrmesh+

down(spf2.K_stress_te
nsorrphi)*spf2.nphim

esh+down(spf2.K_str

ess_tensorrz)*spf2.nz

mesh

down(spf2.K_stress_te
nsorphir)*spf2.nrmes

h+down(spf2.K_stress
_tensorphiphi)*spf2.n
phimesh+down(spf2.

K_stress_tensorphiz)*

spf2.nzmesh

down(spf2.K_stress_te
nsorzr)*spf2.nrmesh+
down(spf2.K_stress_te
nsorzphi)*spf2.nphim
esh+down(spf2.K_str
ess_tensorzz)*spf2.nz
mesh

down(spf2.K_stress_te
nsorrr)*spf2.dnrmesh
+down(spf2.K_stress_
tensorrphi)*spf2.dnp
himesh+down(spf2.K
_stress_tensorrz)*spf2
.dnzmesh

down(spf2.K_stress_te
nsorphir)*spf2.dnrme
sh+down(spf2.K_stres

Unit

N/m?

N/m?

N/m?

N/m?

N/m?

N/m?

N/m?
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Description

Total traction,
exterior
boundaries,
phi
component

Total traction,
exterior
boundaries, z
component

Viscous force,
interior
boundaries,
downside, r
component

Viscous force,
interior
boundaries,
downside, phi
component

Viscous force,
interior
boundaries,
downside, z
component

Viscous force,
interior
boundaries,
downside, r
component

Viscous force,
interior
boundaries,

Selection Details

Boundaries
1-4, 6-13,
15-48

Boundaries
1-4, 6-13,
15-48

Boundaries 5,
14

Boundaries 5,
14

Boundaries 5,
14

Boundaries
1-4, 6-13,
15-48

Boundaries
1-4, 6-13,
15-48



Name

spf2.K_stress_dz

spf2.K_stress_ur

spf2.K_stress_uphi

spf2.K_stress_uz

spf2.T_stress_dr

spf2.T_stress_dphi

Expression Unit
s_tensorphiphi)*spf2.
dnphimesh+down(sp
f2.K_stress_tensorphiz
)*spf2.dnzmesh

down(spf2.K_stress_te
nsorzr)*spf2.dnrmesh
+down(spf2.K_stress_
tensorzphi)*spf2.dnp  N/m?
himesh+down(spf2.K
_stress_tensorzz)*spf2
.dnzmesh

up(spf2.K_stress_tens
orrr)*spf2.nrmesh-
up(spf2.K_stress_tens
orrphi)*spf2.nphimes
h-
up(spf2.K_stress_tens
orrz)*spf2.nzmesh

N/m?

up(spf2.K_stress_tens
orphir)*spf2.nrmesh-
up(spf2.K_stress_tens
orphiphi)*spf2.nphim
esh-
up(spf2.K_stress_tens
orphiz)*spf2.nzmesh

N/m?

up(spf2.K_stress_tens
orzr)*spf2.nrmesh-
up(spf2.K_stress_tens
orzphi)*spf2.nphimes
h-
up(spf2.K_stress_tens
orzz)*spf2.nzmesh

N/m?

down(spf2.T_stress_te
nsorrr)*spf2.nrmesh+
down(spf2.T_stress_te
nsorrphi)*spf2.nphim  N/m?
esh+down(spf2.T_str
ess_tensorrz)*spf2.nz

mesh

down(spf2.T_stress_te
nsorphir)*spf2.nrmes ~ N/m?
h+down(spf2.T_stress
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Description
downside, phi
component

Viscous force,
interior
boundaries,
downside, z
component

Viscous force,
interior
boundaries,
upside, r
component

Viscous force,
interior
boundaries,
upside, phi
component

Viscous force,
interior
boundaries,
upside, z
component

Total traction,
interior
boundaries,
downside, r
component

Total traction,
interior
boundaries,

Selection

Boundaries
1-4, 6-13,
15-48

Boundaries 5,
14

Boundaries 5,
14

Boundaries 5,
14

Boundaries 5,
14

Boundaries 5,
14

Details



Name

spf2.T_stress_dz

spf2.T_stress_dr

spf2.T_stress_dphi

spf2.T_stress_dz

spf2.T_stress_ur

spf2.T_stress_uphi

Expression
_tensorphiphi)*spf2.n
phimesh+down(spf2.
T_stress_tensorphiz)*s
pf2.nzmesh

down(spf2.T_stress_te
nsorzr)*spf2.nrmesh+
down(spf2.T_stress_te
nsorzphi)*spf2.nphim
esh+down(spf2.T_str
ess_tensorzz)*spf2.nz
mesh

down(spf2.T_stress_te
nsorrr)*spf2.dnrmesh
+down(spf2.T_stress_
tensorrphi)*spf2.dnp
himesh+down(spf2.T
_stress_tensorrz)*spf2
.dnzmesh

down(spf2.T_stress_te
nsorphir)*spf2.dnrme
sh+down(spf2.T_stres
s_tensorphiphi)*spf2.

dnphimesh+down(sp
f2.T_stress_tensorphiz
)*spf2.dnzmesh

down(spf2.T_stress_te
nsorzr)*spf2.dnrmesh
+down(spf2.T_stress_
tensorzphi)*spf2.dnp
himesh+down(spf2.T
_stress_tensorzz)*spf2
.dnzmesh

up(spf2.T_stress_tens
orrr)*spf2.nrmesh-
up(spf2.T_stress_tens
orrphi)*spf2.nphimes
h-
up(spf2.T_stress_tens
orrz)*spf2.nzmesh

up(spf2.T_stress_tens
orphir)*spf2.nrmesh-
up(spf2.T_stress_tens
orphiphi)*spf2.nphim

Unit

N/m?

N/m?

N/m?

N/m?

N/m?

N/m?
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Description
downside, phi
component

Total traction,
interior
boundaries,
downside, z
component

Total traction,
interior
boundaries,
downside, r
component

Total traction,
interior
boundaries,
downside, phi
component

Total traction,
interior
boundaries,
downside, z
component

Total traction,
interior
boundaries,
upside, r
component

Total traction,
interior
boundaries,
upside, phi
component

Selection Details

Boundaries 5,
14

Boundaries
1-4, 6-13,
15-48

Boundaries
1-4, 6-13,
15-48

Boundaries
1-4, 6-13,
15-48

Boundaries 5,
14

Boundaries 5,
14



Name

spf2.T_stress_uz

spf2.usePseudoTime
Stepping

spf2.nr

spf2.nphi

spf2.nz

spf2.nr

spf2.nphi

spf2.nz

spf2.nrmesh

spf2.nphimesh

spf2.nzmesh

spf2.nrmesh

spf2.nphimesh

Expression

esh-
up(spf2.T_stress_tens
orphiz)*spf2.nzmesh

up(spf2.T_stress_tens
orzr)*spf2.nrmesh-
up(spf2.T_stress_tens
orzphi)*spf2.nphimes
h-
up(spf2.T_stress_tens
orzz)*spf2.nzmesh

0

nr

nz

dnr

dnz

nrmesh

nzmesh

dnrmesh

Unit

N/m?
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Description

Total traction,
interior
boundaries,
upside, z
component

Help variable

Normal vector,
r component

Normal vector,
phi
component

Normal vector,
Z component

Normal vector,
r component

Normal vector,
phi
component

Normal vector,
zZ component

Normal vector,
r component

Normal vector,
phi
component

Normal vector,
Z component

Normal vector,
r component

Normal vector,
phi
component

Selection

Boundaries 5,
14

Global

Boundaries 5,
14

Boundaries 5,
14

Boundaries 5,
14

Boundaries
1-4, 6-13,
15-48

Boundaries
1-4, 6-13,
15-48

Boundaries
1-4, 6-13,
15-48

Boundaries 5,
14

Boundaries 5,
14

Boundaries 5,
14

Boundaries
1-4, 6-13,
15-48
Boundaries
1-4, 6-13,
15-48

Details



Name Expression

spf2.nzmesh dnzmesh

2.6.3 Fluid Properties 1

Unit Description

Normal vector,
Z component

nm
10000007

9000007
8000007] 3
7000007
600000
5000007
4000007
3000007
2000007

1000007 I
1

0

Ak

nm

Fluid Properties 1

SELECTION

Geometric entity level Domain

I500000

Selection Geometry geom1: Dimension 2: All domains

EQUATIONS
pu2-V)u2=V [-p21 + K] +F

......................................

...........

K= ,u(VuZ +V u2)T)

2.6.3.1 Fluid Properties

SETTINGS
Description Value
Density From material

Newtonian

Dynamic viscosity = From material

2.6.3.2 Model Input

SETTINGS
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Selection
Boundaries
1-4, 6-13,
15-48

Details



Description
Temperature

Temperature T

Value
User defined

PROPERTIES FROM MATERIAL

Property
Density

Dynamic viscosity

2.6.3.3 Variables

Name

spf2.Fr

spf2.Fphi

spf2.Fz

spf2.mu

spf2.rho

spf2.Trho

spf2.prho

spf2.rhoref

spf2.mumat

spf2.srijrr

Material Property group
Water Basic

Water Basic
Expression Unit

0 N/m?3

0 N/m?3

0 N/m?3
material.mu Pas

subst(material.rh

o,spf2.fp1.minput
_temperature,spf
2.Trho,spf2.fp1.m
input_pressure,sp
f2.prho)

spf2.Tref

spf2.pref

subst(material.rh

o,spf2.fp1.minput
_temperature,spf
2.Tref,spf2.fp1.mi
nput_pressure,sp

f2.pref)

material.mu

uzr

kg/m?

Pa

kg/m?

Pa-s

1/s
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Description

Volume force, r
component

Volume force,
phi component

Volume force, z
component

Dynamic
viscosity

Density

Temperature for
density
evaluation

Pressure for the
evaluation of
density

Reference
density

Dynamic
viscosity
Strain rate

tensor, rr
component

Selection Details

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

+ operation

+ operation

+ operation

Meta

Domains 1-

3 Meta

Domains 1-
3

Domains 1-
3

Domains 1-

3 Meta

Domains 1-

Met
3 eta

Domains 1-



Name

spf2.srijphir

spf2.srijzr

spf2.srijrphi

spf2.srijphiphi

spf2.srijzphi

spf2.srijrz

spf2.srijphiz

spf2.srijzz

spf2.rrijrr

spf2.rrijphir

spf2.rrijzr

spf2.rrijrphi

spf2.rrijphiphi

spf2.rrijzphi

Expression

0.5*(w2r+u2z)

if(abs(r)<0.001*h,
u2r,u2/r)

0.5%(u2z+w2r)

w2z

0.5*(w2r-u2z)

Unit

1/s

1/s

1/s

1/s

1/s

1/s

1/s

1/s

1/s

1/s

1/s

1/s

1/s

1/s

84

Description

Strain rate
tensor, phir
component

Strain rate
tensor, zr
component

Strain rate
tensor, rphi
component

Strain rate
tensor, phiphi
component

Strain rate
tensor, zphi
component

Strain rate
tensor, rz
component

Strain rate
tensor, phiz
component

Strain rate
tensor, zz
component

Rotation rate
tensor, rr
component

Rotation rate
tensor, phir
component

Rotation rate
tensor, zr
component

Rotation rate
tensor, rphi
component

Rotation rate
tensor, phiphi
component

Rotation rate

tensor, zphi
component

Selection Details

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3



Name

spf2.rrijrz

spf2.rrijphiz

spf2.rrijzz

spf2.sr

spf2.rr

spf2.divu

spf2.U

spf2.vorticityr

spf2.vorticityphi

spf2.vorticityz

spf2.vort_magn

Expression Unit

0.5*(u2z-w2r) 1/s

0 1/s

0 1/s

sqrt(2*spf2.srijrr
2+2*spf2.srijrphi

A2+2*spf2.srijrz”
2+2*spf2.srijphir

A2+2*spf2.srijphi
phiA2+2*spf2.srij
phizA2+2*spf2.sr
ijzrA2+2*spf2.srij
zphif2+2*spf2.sr
ijzzA2+eps)

1/s

sqrt(2*spf2.rrijrr
2+2*spf2.rrijrphi
AN2+2*spf2.rrijrz”
2+2*spf2.rrijphir
A2+2*spf2.rrijphi
phi”2+2*spf2.rrij
phizA2+2*spf2.rri
jzr~N2+2*spf2.rrijz
phi”2+2*spf2.rrij
zz"2+eps)
u2r+if(abs(r)<0.0
01*h,u2r,u2/N+w 1/s
2z

1/s

A A
sqrt(u2”2+w2/2 m/s
)

0 1/s
-W2r+u2z 1/s
0 1/s
sqrt(spf2.vorticity

rA2+spf2.vorticit 1s

yphi~2+spf2.vort
icityz”2)

Description

Rotation rate
tensor, rz
component

Rotation rate
tensor, phiz
component

Rotation rate
tensor, zz
component

Shear rate

Rotation rate

Divergence of
velocity field

Velocity
magnitude
Vorticity field, r
component
Vorticity field,
phi component
Vorticity field, z
component

Vorticity
magnitude

Selection Details

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3



Name

spf2.cellRe

spf2.nu

spf2.betaT

spf2.Qm

spf2.Fgtotr

spf2.Fgtotphi

spf2.Fgtotz

spf2.mu_eff

spf2.muT

spf2.T_stress_ten
sorrr

spf2.T_stress_ten
sorphir

spf2.T_stress_ten
sorzr

spf2.T_stress_ten
sorrphi

spf2.T_stress_ten
sorphiphi

spf2.T_stress_ten
sorzphi

Expression
0.25*spf2.rho*sqr
t(emetric(u2,w2)/
emetric2)/spf2.m
u

spf2.mu/spf2.rho

spf2.mu+spf2.mu
T

spf2.K_stress_ten
sorrr-p2

spf2.K_stress_ten
sorphir

spf2.K_stress_ten
sorzr

spf2.K_stress_ten
sorrphi

spf2.K_stress_ten
sorphiphi-p2

spf2.K_stress_ten
sorzphi

Unit

m?/s

1/Pa

kg/(m3s)
N/m?3
N/m?3

N/m?3

Pa:s

Pa:s

N/m?

N/m?

N/m?

N/m?

N/m?

N/m?
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Description

Cell Reynolds
number

Kinematic
viscosity

Isothermal
compressibility
coefficient

Source term

Gravity force, r
component

Gravity force,
phi component

Gravity force, z
component

Effective
dynamic
viscosity

Turbulent
dynamic
viscosity

Total stress
tensor, rr
component

Total stress
tensor, phir
component

Total stress
tensor, zr
component

Total stress
tensor, rphi
component

Total stress
tensor, phiphi
component
Total stress

tensor, zphi
component

Selection

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Details

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation



Name

spf2.T_stress_ten
sorrz

spf2.T_stress_ten
sorphiz

spf2.T_stress_ten
sorzz

spf2.K_stress_ten
sorrr

spf2.K_stress_ten
sorphir

spf2.K_stress_ten
sorzr

spf2.K_stress_ten
sorrphi

spf2.K_stress_ten
sorphiphi

spf2.K_stress_ten
sorzphi

spf2.K_stress_ten
sorrz

spf2.K_stress_ten
sorphiz

spf2.K_stress_ten
sorzz

spf2.K_stress_ten
sor_testrr

spf2.K_stress_ten
sor_testphir

Expression

spf2.K_stress_ten
sorrz

spf2.K_stress_ten
sorphiz

spf2.K_stress_ten
sorzz-p2

2*spf2.mu_eff*u2
r

spf2.mu_eff*(w2r
+u2z)

2*spf2.mu_eff*if(
abs(r)<0.001*h,u
2r,u2/r)

spf2.mu_eff*(u2z
+W2r)

2*spf2.mu_eff*w2
z

2*spf2.mu_eff*te
st(u2r)

Unit

N/m?

N/m?

N/m?

N/m?

N/m?

N/m?

N/m?

N/m?

N/m?

N/m?

N/m?

N/m?

N/m?

N/m?
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Description

Total stress
tensor, rz
component

Total stress
tensor, phiz
component

Total stress
tensor, zz
component

Viscous stress
tensor, rr
component

Viscous stress
tensor, phir
component

Viscous stress
tensor, zr
component

Viscous stress
tensor, rphi
component

Viscous stress
tensor, phiphi
component

Viscous stress
tensor, zphi
component

Viscous stress
tensor, rz
component

Viscous stress
tensor, phiz
component

Viscous stress
tensor, zz
component

Viscous stress
tensor test, rr
component

Viscous stress
tensor test, phir
component

Selection Details
Domains 1- .

3 + operation
Domains 1- .

3 + operation
Domains 1- .

3 + operation
Domains 1- .

3 + operation
Domains 1- .

3 + operation
Domains 1- .

3 + operation
Domains 1- .

3 + operation
Domains 1- .

3 + operation
Domains 1- .

3 + operation
Domains 1- .

3 + operation
Domains 1- .

3 + operation
Domains 1- .

3 + operation
Domains 1- .

3 + operation
Domains 1- .

3 + operation



Name

spf2.K_stress_ten
sor_testzr

spf2.K_stress_ten
sor_testrphi

spf2.K_stress_ten
sor_testphiphi

spf2.K_stress_ten
sor_testzphi

spf2.K_stress_ten
sor_testrz

spf2.K_stress_ten
sor_testphiz

spf2.K_stress_ten
sor_testzz

spf2.upwind_hel
pr
spf2.upwind_hel
pphi
spf2.upwind_hel
pz
spf2.continuityE
quation

spf2.contCoeff

spf2.tau_vdrr

spf2.tau_vdphir

spf2.tau_vdzr

Expression

spf2.mu_eff*(test(
w2r)+test(u2z))

2*spf2.mu_eff*if(
abs(r)<0.001*h,te
st(u2r),test(u2)/r)

spf2.mu_eff*(test(
u2z)+test(w2r))

2*spf2.mu_eff*te
st(w2z)

u2

w2

spf2.rho*spf2.div
u

spf2.rho

2*spf2.mu*spf2.s
rijrr

2*spf2.mu*spf2.s
rijphir

2*spf2.mu*spf2.s
rijzr

Unit

N/m?

N/m?

N/m?

N/m?

N/m?

N/m?

N/m?

m/s
m/s
m/s
kg/(m?s)

kg/m?3

Pa

Pa

Pa
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Description

Viscous stress
tensor test, zr
component

Viscous stress
tensor test, rphi
component

Viscous stress
tensor test,
phiphi
component
Viscous stress
tensor test, zphi
component

Viscous stress
tensor test, rz
component

Viscous stress
tensor test, phiz
component

Viscous stress
tensor test, zz
component

Upwind term, r
component

Upwind term,
phi component

Upwind term, z
component

Continuity
equation

Continuity
equation

Viscous stress
tensor, rr
component

Viscous stress
tensor, phir
component

Viscous stress
tensor, zr
component

Selection

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Details

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation



Name

spf2.tau_vdrphi

spf2.tau_vdphip
hi

spf2.tau_vdzphi

spf2.tau_vdrz

spf2.tau_vdphiz

spf2.tau_vdzz

spf2.Qvd

spf2.epsilon_p

spf2.Fst_tensorrr

spf2.Fst_tensorp
hir

spf2.Fst_tensorzr

spf2.Fst_tensorrp
hi

spf2.Fst_tensorp
hiphi

Expression

2*spf2.mu*spf2.s
rijrphi

2*spf2.mu*spf2.s
rijphiphi

2*spf2.mu*spf2.s
rijzphi

2*spf2.mu*spf2.s
rijrz

2*spf2.mu*spf2.s
rijphiz

2*spf2.mu*spf2.s
rijzz

spf2.tau_vdrr*u2r
+spf2.tau_vdrz*u
2z+spf2.tau_vdp

hiphi*if(abs(r) <0.
001*h,u2r,u2/r)+

spf2.tau_vdzr*w?2
r+spf2.tau_vdzz*
w2z

1

Unit

Pa

Pa

Pa

Pa

Pa

Pa

W/m?3

N/m?

N/m?

N/m?

N/m?

N/m?
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Description

Viscous stress
tensor, rphi
component

Viscous stress
tensor, phiphi
component

Viscous stress
tensor, zphi
component

Viscous stress
tensor, rz
component

Viscous stress
tensor, phiz
component

Viscous stress
tensor, zz
component

Viscous
dissipation

Porosity

Surface tension
force, rr
component

Surface tension
force, phir
component

Surface tension
force, zr
component

Surface tension
force, rphi
component

Surface tension
force, phiphi
component

Selection

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Details

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation

+ operation



Name
spf2.Fst_tensorz
phi

spf2.Fst_tensorrz

spf2.Fst_tensorp
hiz

spf2.Fst_tensorzz

spf2.res_u

spf2.res_v

spf2.res_w

spf2.res_p

Expression

if(spf2.isFluidHas
BeenSolved==0,
0,p2r+spf2.rho*u
2*u2r+spf2.rho*
w2*u2z-
(d(2*u2r,r)+if(abs
(r)<0.001*h,d(2*u
2r,r),2*u2r/r)+d(u
2Z+W2r,z)-
2*if(abs(r)<0.001
*h,u2r,u2/r)/r)*sp
f2.mu-spf2.Fr)

if(spf2.isFluidHas
BeenSolved==0,
0,-spf2.Fphi)

if(spf2.isFluidHas
BeenSolved==0,
0,spf2.rho*u2*w2
r+p2z+spf2.rho*
w2*w2z-
(d(w2r+u2z,r)+if(
abs(r)<0.001*h,d(
wW2r+u2zr),(w2r+
u2z)/r)+d(2*w2z,
z))*spf2.mu-
spf2.Fz)

spf2.rho*spf2.div
u

Unit

N/m?

N/m?

N/m?

N/m?

N/m?3

N/m?3

N/m?3

kg/(m?s)
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Description

Surface tension
force, zphi
component

Surface tension
force, rz
component

Surface tension
force, phiz
component

Surface tension
force, zz
component

Equation
residual

Equation
residual

Equation
residual

Pressure
equation
residual

Selection

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Domains 1-
3

Details

+ operation

+ operation

+ operation

+ operation



2.6.3.4 Shape functions

Name

u?2

w2

p2

2.6.4 Initial

Shape function

Lagrange
(Linear)

Lagrange
(Linear)

Lagrange
(Linear)

Values 1

Unit

m/s

m/s

Pa

Description

Velocity field, r
component

Velocity field, z
component

Pressure

10000007
9000007 |
8000007
7000007
6000007 |
5000007
4000007 |
3000007
2000007
1000007

0

nm

Initial Values 1

SELECTION

Geometric entity level

Selection

2.6.4.1

SETTINGS

Domain

%00000

Shape frame

Material

Material

Material

Geometry geom1: Dimension 2: All domains

Initial Values

Description

Velocity field, r component

Velocity field, phi component

Velocity field, z component

Pressure

2.6.4.2 Coordinate System Selection

SETTINGS
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Selection

Domains 1-3

Domains 1-3

Domains 1-3



Description Value

Coordinate system Global coordinate system

2.6.4.3 \Variables

Name Expression Unit Description

spf2.u_initr 0 m/s  Velocity field, r component
spf2.u_initphi 0 m/s  Velocity field, phi component
spf2.u_initz 0 m/s  Velocity field, z component
spf2.p_init 0 Pa Pressure

2.6.5 Axial Symmetry 1

] I

nm
10000007

9000007
8000007
7000007
6000007

5000007

4000007
3000007}
2000007

1000007

0

nm

1500000
Axial Symmetry 1

SELECTION

Geometric entity level Boundary

%OOOOO

Selection

Domains 1-3
Domains 1-3
Domains 1-3

Domains 1-3

Selection Geometry geom1: Dimension 1: All boundaries

2.6.5.1 Constraint Settings

SETTINGS
Description Value
Apply reaction terms on  All physics (symmetric)

Constraint method Elemental
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2.6.6 Wall 1

nm
10000007

9000007
8000007
7000007
6000007

5000007

4000007
3000007}
2000007
1000007

0 nm

500000
Wall 1

SELECTION
Geometric entity level Boundary

Selection Geometry geom1: Dimension 1: All boundaries

EQUATIONS

2.6.6.1 Boundary Condition
SETTINGS

Description Value

Wall condition  No slip

2.6.6.2 Wall Movement

SETTINGS
Description Value
Translational velocity = Automatic from frame

Sliding wall Off

2.6.6.3 Constraint Settings

SETTINGS
Description Value
Constraints Default
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Description Value

Apply reaction terms on  Individual dependent variables

94

Constraint method Elemental
2.6.6.4 Variables
Name Expression Unit Description Selection Details
Velocity at .
spf2.utrr+spf2. Boundaries 2,
spf2.ubndr Usr m/s boundary, r 18-43, 4648
component
) Velocity at .
. spf2.utrphi+sp . Boundaries 2,
spf2.ubndphi £2.usphi m/s boundary, phi 18-43, 4648
component
Velocity at .
spf2.utrz+spf2. Boundaries 2,
spf2.ubndz Usz m/s boundary, z 18-43, 4648
component
spf2.usr 0 m/s Zlieoll(i)r::lt)\//vca)fl r Boundaries 2,
pte. gWaL T 1843, 46-48
component
Velocity of
. sliding wall, Boundaries 2,
spf2.usphi 0 m/s ohi 18-43, 46-48
component
spf2 0 / :ﬁ?: It}\/NZL , | Boundaries 2,
pf2.usz m/s g wall 18-43, 46-48
component
spf2.utrr 0 m/s \éegsfr:tyvc\:;l r Boundaries 2,
pf2. gwWal T 1843, 46-48
component
Velocity of
. moving wall, Boundaries 2,
spf2.utrphi 0 m/s ohi 18-43, 46-48
component
spf2.utrz 0 m/s \rgec,lwsicr:tyv(a;ll z Boundaries 2,
pred gWalz 1843, 46-48
component
spf2.uLeakager 0 m/s \I;zf:;tger Boundaries 2, + operation
pf2.uLeakag Y 18-43, 46-48 b
component
Leakage .
. . . Boundaries 2, .
spf2.uLeakagephi 0 m/s velocity, phi 18-43, 46-48 + operation
component



Name Expression Unit Description Selection Details
spf2.uLeakagez 0 m/s \I;Zlacl(;tgez Boundaries 2, + operation
pf2. 9 Y 18-43, 46-48 P
component
. . Boundaries 2,
spf2.noSlipWall 1 1 Help variable 18-43, 4648
2.6.7 Volume Force 1
| l
nm
1000000 B
9000007 B
800000 B
7000007 B
6000007 B
5000007 B
4000007 B
3000007 B
2000007 B
1000007 B
0] nm |~
) 500000
Volume Force 1
SELECTION
Geometric entity level Domain
Selection Geometry geom1: Dimension 2: All domains
EQUATIONS
ou2-Vyuz=
V- [-p21 + K|+ F,
2.6.7.1 Variables
Name Expression Unit Description Selection Details
es.Er*F_const*(cK Volume force, r . .
f2.F - N/m? ! D 1-
spf2.Fr ~cNO3-cCl) /m component omains 1-3 + operation
. Vol force, phi . .
spf2.Fphi 0 N/m3 olume Tore& PR bomains 1-3 + operation
component
.Ez*F t*(cK Vol f , . .
spf2.Fz es.E2"F_const'(c N/m? olume force, z Domains 1-3 + operation

-cNO3-cCl)

component
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2.6.8 Boundary Stress 1

nm
10000007

9000007
8000007
7000007
6000007

5000007

4000007
3000007}
2000007

1000007

0 nm

500000
Boundary Stress 1

SELECTION
Geometric entity level Boundary

Selection Geometry geom1: Dimension 1: Boundaries 17, 44-45

EQUATIONS
[-P21 +Kn=F

2.6.8.1 Boundary Condition

SETTINGS
Description Value
Boundary condition General stress

Stress, r component 0
Stress, phi component 0

Stress, z component 0

2.6.8.2 Constraint Settings

SETTINGS
Description Value
Use weak constraints  Off

Constraint method Elemental
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2.6.8.3 Variables

Name

spf2.Fondr

spf2.Fondphi

spf2.Fbndz

spf2.bs1.volumeFlowRat

e

spf2.bs1.massFlowRate

spf2.bs1.pAverage

2.7

Expression

0

spf2.bs1.intop(2*(u2*spf2.nrme
sh+w2*spf2.nzmesh)*pi*r)

spf2.bs1.intop(2*spf2.rho*(u2*s
pf2.nrmesh+w2*spf2.nzmesh)*
pi*r)

spf2.bs1.intop(2*p2*pi*r)/max(s
pf2.bs1.intop(2*pi*r),1000*eps)

Unit

N/m?

N/m?

N/m?

m3/s

kag/s

Pa

FAST MESH (CHARGE MAPPING, SIMPLE DELIVERY)

nm
10000007

9000007
8000007 |
7000007
6000007
5000007
4000007
3000007
2000007 |

100000

0

nm

0 %00000

Fast Mesh (Charge mapping, simple delivery)

MESH STATISTICS

97

Description

Stress, r
component

Stress, phi
component

Stress, z
component

Outward
volume flow
rate across
feature
selection

Outward mass

flow rate
across feature
selection

Pressure
average over
feature
selection

Selection

Boundaries
17, 44-45

Boundaries
17, 44-45

Boundaries
17, 44-45

Global

Global

Global



Description  Value
Status Empty mesh

Mesh vertices 0

2.7.1 Size (size)

SETTINGS
Description Value
Maximum element size Bw/25
Minimum element size 0.5[nm]
Curvature factor 0.3

Resolution of narrow regions 10
Maximum element growth rate = 1.2

Custom element size Custom

2.7.2 Size 13 (size13)

SELECTION
Geometric entity level Domain

Selection Geometry geom1: Dimension 2: Domain 1

nm
1000007

900007
800007
700007
600007
500007
400007
300007
200007

100007

0] nm[~

%0000 300000

Size 13

SETTINGS
Description Value
Maximum element size Bw/25

Minimum element size 0.5[nm]
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Description Value
Minimum element size Off
Curvature factor 03
Resolution of narrow regions 10
Resolution of narrow regions = Off

Custom element size Custom

2.7.3 PipetteMesh (edg1)

SELECTION
Geometric entity level Boundary

Selection Geometry geom1: Dimension 1: Boundaries 3-13, 18-29, 31-39

I

nm
1000007

900007
800007
700007

600007

500007
400007
300007
200007

100007

0

150000 0 50000
PipetteMesh

SETTINGS
Description Value
Maximum element depth to process 3
Last build time 0

COMSOL 6.0.0.405 (win64)|2023 - 02 -

Built with 24T18:40:51.124745100

2.7.3.1 EndMesh (size13)

SELECTION
Geometric entity level Boundary
Name PipetteEndOnly (Part Instance 1)
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Named geom1_pi1_boxsel32: Geometry geom1: Dimension 1:

Selection Boundary 21
| I 1
15647 B
15627 B
15607 B
15587 B
15567 B
1554‘\' T <
15527] B
15507 B
15487 B
1546 B
15447 |
I80 IS-)O I100
EndMesh
SETTINGS
Description Value
Maximum element size (ORO - IR0)/mf
Minimum element size (ORO - IR0)/5
Minimum element size Off
Curvature factor 03
Curvature factor Off
Maximum element growth rate  1.05
Custom element size Custom
2.7.3.2 Mesh0-50nm (size1)
SELECTION
Geometric entity level Boundary
Name BoundaryAndPipette 50nm (Part Instance 1)
Selection Named geom1_pi1_boxsel3: Geometry geom1: Dimension 1:

Boundaries 3, 18, 24
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16307 n 19 25
16207 B
16107 - % B
16007 I > B
15907 B
15807 | ‘g 1? édr‘
15707 B
15607 y 46 5 47 i
15507 B
15407 B
153071 | : amjy=
0 50 100
Mesh0-50nm
SETTINGS
Description Value
Maximum element size IR50/mf
Minimum element size IR50/30
Curvature factor 03
Curvature factor Off
Maximum element growth rate  Off
Custom element size Custom
2.7.3.3 Mesh50-100nm (size15)
SELECTION
Geometric entity level Boundary
Name BoundaryAndPipette 100nm (Part Instance 1)
Selection Named geom1_pi1_boxsel4: Geometry geom1: Dimension 1:

Boundaries 4, 19, 25
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16807 |n B
16707 B
16607 B
. :
16507 B
16407 ‘& A B
16307 1% 25_
16207 B
16107 B
=
16007 T B
15907 B
18 A
158071 I3 : : -
0 50 100
Mesh50-700nm
SETTINGS
Description Value
Maximum element size IR100/mf
Minimum element size IR100/20
Curvature factor 0.3
Curvature factor Off
Maximum element growth rate  1.05
Custom element size Custom
2.7.3.4 Mesh100-200nm (size4)
SELECTION
Geometric entity level Boundary

Name

Selection

BoundaryAndPipette 200nm (Part Instance 1)

Named geom1_pi1_boxsel5: Geometry geom1
Boundaries 6, 20, 26

102

: Dimension 1:



nng

175071 B
174071 ~
173071 B
172071 “ B
17107 B

3 g ts
17007} ~
16907 B
168071 B
16707 B
166071 ~

1% nm|

1650 T I [

0 50 100

Mesh100-200nm

SETTINGS
Description Value
Maximum element size IR200/mf
Minimum element size IR100/20
Curvature factor 03
Curvature factor Off

Maximum element growth rate  1.08

Custom element size Custom

2.7.3.5 Mesh200-500nm (size16)

SELECTION
Geometric entity level Boundary
Name BoundaryAndPipette 500nm (Part Instance 1)
Selection Named geom1_pi1_boxsel2: Geometry geom1: Dimension 1:

Boundaries 7, 22, 27
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20607
20407
20207 B
20007
19807 B
19607
19407 |} B
19207 2
19007 / 7 B
18807
18607 B
18407
18207 B
18007

178071 ~
176071 o nm|

1740 T I I
-100 0 100 200

x|
—
——
1

Mesh200-500nm

SETTINGS
Description Value
Maximum element size IR500/mf
Minimum element size IR100/20
Curvature factor 03
Curvature factor Off

Maximum element growth rate  1.08

Custom element size Custom

2.7.3.6 Mesh500-1000nm (size5)

SELECTION
Geometric entity level Boundary
Name BoundaryAndPipette 1000nm (Part Instance 1)
Selection Named geom1_pi1_boxsel6: Geometry geom1: Dimension 1:

Boundaries 8, 23, 29
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o] T -

25007 B
24507

24007 B

23507 i ~
23007
22507
22007 B
21507 B
21007] L -
20507 1 L nm [~

I-200 0 200

Mesh500-1000nm

SETTINGS
Description Value
Maximum element size  IR2000/mf
Minimum element size  IR500/mf
Curvature factor 0.3
Curvature factor Off

Custom element size Custom

2.7.3.7 Mesh1000-2000nm (size17)
SELECTION

Geometric entity level Boundary
Name BoundaryAndPipette 2000nm (Part Instance 1)

Named geom1_pi1_boxsel7: Geometry geom1: Dimension 1:

Selection Boundaries 9, 28, 31
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3600 Inm i

35007] i T B
34007 B
33007] B

32007
[

31007 2 B
30007 B
29007 B
28007

27007 B

26007 # $ B
T nm

I-500 0 I500

Mesh1000-2000nm

SETTINGS
Description Value
Maximum element size IR2000/mf

Minimum element size  IR500/mf

Curvature factor 0.3
Curvature factor Off
Custom element size Custom

2.7.3.8 Mesh2000-5000nm (size7)

SELECTION
Geometric entity level Boundary
Name BoundaryAndPipette 5000nm (Part Instance 1)
Selection Named geom1_pi1_boxsel8: Geometry geom1: Dimension 1:

Boundaries 10, 32-33
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66007
64007
62007
60007
58007
56007
54007
52007
50007
48007
46007
44007
42007
40007
38007
36007

nm

X —
——
1

. E

Mesh2000-5000nm

SETTINGS

Description

Maximum element size

Minimum element size

Curvature factor

Curvature factor

Custom element size

Value
IR5000/mf
IR2000/mf
0.3

Off

Custom

2.7.3.9 Mesh5000-10000nm (size8)

SELECTION

Geometric entity level

Name

Selection

Boundary
BoundaryAndPipette 10000nm (Part Instance 1)

Named geom1_pi1_boxsel9: Geometry geom1: Dimension 1:
Boundaries 11, 34-35
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nm

.__
-
[

115007
110007 B
105007

100007} B

95007 ‘ B
90007 5 B
85007
80007 B

75007

70007 B

650071 | T_. | nm [~
-2000 0 2000

Mesh5000-70000nm

SETTINGS
Description Value
Maximum element size  IR10000/mf
Minimum element size  IR5000/mf
Curvature factor 0.3
Curvature factor Off

Custom element size Custom

2.7.3.10 Mesh10000-50000nm (size9)
SELECTION

Geometric entity level Boundary
Name BoundaryAndPipette 50000nm (Part Instance 1)

Named geom1_pi1_boxsel10: Geometry geom1: Dimension 1:

Selection Boundaries 12, 36-37
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500007
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300007

250007

200007 B

150007

nm

I-20000 0 50000

100007

Mesh10000-50000nm

SETTINGS
Description Value
Maximum element size  IR50000/mf
Minimum element size  IR10000/mf
Curvature factor 0.3
Curvature factor Off

Custom element size Custom

2.7.3.11 Mesh50000-100000nm (size10)
SELECTION

Geometric entity level Boundary
Name BoundaryAndPipette 100000nm (Part Instance 1)

Named geom1_pi1_boxsel11: Geometry geom1: Dimension 1:

Selection Boundaries 13, 38-39
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100000 T B
95000 B
900007 B
850007 B
80000: “1% . :
75000
700007 B
650007 B
600007 B
550007 Q B
500007 120000 ) ' 50000 ad
Mesh50000-100000nm
SETTINGS
Description Value
Maximum element size IR100000/mf
Minimum element size IR50000/mf
Curvature factor 0.3
Curvature factor Off
Maximum element growth rate  1.05
Custom element size Custom
2.7.3.12 Mesh100000nm-Ip (size11)
SELECTION
Geometric entity level Boundary
Name BoundaryAndPipette lp (Part Instance 1)
Selection Named geom1_pi1_boxsel12: Geometry geom1: Dimension 1:

Boundaries 15, 40, 48
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6000007
5500007
5000007
4500007
4000007
3500007
3000007
2500007
2000007

1500007

1000007

nm

348, nm

Mesh100000nm-Ip

SETTINGS

Description

1200000

Maximum element size

Minimum element size

Curvature factor

Curvature factor

Custom element size

0 500000

Value
Rlp/mf
[R100000/mf
0.3

Off

Custom

2.7.3.13 Meshlp-taper symm (size19)

SELECTION

Geometric entity level

Name

Selection

Boundary
BoundaryAndPipette taper (Part Instance 1)

Named geom1_pi1_boxsel13: Geometry geom1: Dimension 1:
Boundaries 16, 43
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10000007

9500007

9000007

8500007

8000007

7500007

7000007

6500007

6000007 nm

0 00000
Meshlp-taper symm

SETTINGS
Description Value
Maximum element size IRtaper/mf
Minimum element size IRIp/mf
Curvature factor 03
Curvature factor Off
Maximum element growth rate  1.02

Custom element size Custom

2.7.3.14 Meshlp-taper (size14)
SELECTION

Geometric entity level Boundary
Name Pipette taper BL6 (Part Instance 1)

Named geom1_pi1_boxsel26: Geometry geom1

Selection Boundary 43
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10000007 177 B

9500007 B
9000007 B
850000 I
800000 16 Y, B
7500007 B

7000007

6500007 B

6000007 nm
0 |200000

Meshlp-taper

SETTINGS
Description Value
Maximum element size IRtaper/mf
Minimum element size IRIp/mf
Curvature factor 03
Curvature factor Off
Maximum element growth rate  1.01

Custom element size Custom

2.7.4 Substrate (edg?2)

SELECTION
Geometric entity level Boundary

Selection Geometry geom1: Dimension 1: Boundaries 2, 30, 42
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-300007]
-350007]
-400007]
-450007

W
I

0 50000
Substrate

SETTINGS
Description Value
Maximum element depth to process 3
Last build time 0

COMSOL 6.0.0.405 (win64)|2023 - 02 -

Built with 24T18:40:51.144739800

2.7.4.1 SubNearMesh (size6)
SELECTION

Geometric entity level Boundary

Selection Geometry geom1: Dimension 1: Boundary 2
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1307
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920
807 [ e
707
607
507
407
30
207
107} nm
0 50 IlOU I150

SubNearMesh

SETTINGS

Description Value
Maximum element size IRO/50
Minimum element size 5[nm]
Minimum element size Off
Curvature factor 03
Curvature factor Off
Resolution of narrow regions Off
Maximum element growth rate  1.05
Maximum element growth rate  Off

Custom element size Custom

2.7.4.2 SubFarMesh (size15)

SELECTION
Geometric entity level Boundary

Selection Geometry geom1: Dimension 1: Boundary 30
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-1000
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-30007]
-40007] B
-50007] B
-6000

0 5000 10000
SubFarMesh

SETTINGS
Description Value
Maximum element size 50[nm]
Minimum element size 9.0E-7
Minimum element size Off
Curvature factor 03
Curvature factor Off
Resolution of narrow regions Off
Maximum element growth rate  1.02

Custom element size Custom

2.7.4.3 SublnactMesh (size16)

SELECTION
Geometric entity level Boundary

Selection Geometry geom1: Dimension 1: Boundary 42

116



40000
350007
300007
250007
200007
150007}
100007
50007
o
-50007]
-100007]
-150007]
-200007]
-250007]
-300007]
-350007]

nm

SublnactMesh

SETTINGS

Description

Maximum element size
Minimum element size
Minimum element size
Curvature factor

Curvature factor

%0000

Value
200[nm]
5[nm]
Off

0.3

Off

Resolution of narrow regions Off

Maximum element growth rate  1.01

Maximum element growth rate  Off

Custom element size

Custom

2.7.5 Boundary Layers 1 (bl1)

SELECTION

Geometric entity level

Selection

Domain

Geometry geom1: Dimension 2: All domains
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9000007
8000007
7000007
6000007
5000007
4000007
3000007}
2000007

1000007

0 nm

0 %00000

Boundary Layers 1

SETTINGS
Description Value
Maximum angle per split 30
Maximum layer decrement 1
Maximum element depth to process 3
Last build time 32

COMSOL 6.0.0.405 (win64)|2023 - 02 -

Built with 24T18:41:23.900745300

2.7.5.1 Boundary Layer BL1 (blp)

SELECTION
Geometric entity level Boundary
Name BL1 (Part Instance 1)
Selection Named geom1_pi1_csel3_bnd: Geometry geom1: Dimension 1:

Boundaries 21, 46-47
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15727 B
15707 ~
15687] B
15667]
15647
15627 B
15607]
15587]
15567 4 7
155471 =T ~
15527
15507]
15487
15467 B
15447 B
15427 nm

80 90 I100

Boundary Layer BL1

SETTINGS
Description Value
Number of layers numBL
Stretching factor 1.03
Thickness specification  First layer

Thickness 0.2[nm]

2.7.5.2 Boundary Layer BL2 (blp9)

SELECTION
Geometric entity level Boundary
Name BL2 (Part Instance 1)
Selection Named geom1_pi1_csel4_bnd: Geometry geom1: Dimension 1:

Boundaries 18-19, 24-25
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5™ T T
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15907 B
1
15807 4 B

15707

50 100
Boundary Layer BL2
SETTINGS
Description Value
Number of layers numBL
Stretching factor 1.04

Thickness specification  First layer

Thickness 0.2[nm]

2.7.5.3 Boundary Layer BL3 (blp8)

SELECTION
Geometric entity level Boundary
Name BL3 (Part Instance 1)
Selection Named geom1_pi1_csel5_bnd: Geometry geom1: Dimension 1:

Boundaries 20, 26
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nm|

1650 T T T
50 100 150

Boundary Layer BL3

SETTINGS
Description Value
Number of layers numBL
Stretching factor 1.055
Thickness specification  First layer

Thickness 0.2[nm]

2.7.5.4 Boundary Layer BL4 (blp2)
SELECTION

Geometric entity level Boundary
Name BL4 (Part Instance 1)

Named geom1_pi1_csel6_bnd: Geometry geom1: Dimension 1:

Selection Boundaries 22, 27
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Boundary Layer BL4

SETTINGS
Description Value
Number of layers numBL
Stretching factor 1.07
Thickness specification  First layer

Thickness 0.2[nm]

2.7.5.5 Boundary Layer BL5 (blp3)

SELECTION
Geometric entity level Boundary
Name BL5 (Part Instance 1)
Selection Named geom1_pi1_csel7_bnd: Geometry geom1: Dimension 1:

Boundaries 23, 29
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25507
25007
24507
24007
23507
23007
22507
22007
21507

21007

20507

nm

Boundary Layer BL5

SETTINGS

Description

Number of layers
Stretching factor

Thickness specification

Thickness

0 500 hOO

Value
numBL
1.1

First layer

0.2[nm]

2.7.5.6 Boundary Layer BL6 (blp10)

SELECTION

Geometric entity level

Name

Selection

Boundary
BL6 (Part Instance 1)

Named geom1_pi1_csel8_bnd: Geometry geom1: Dimension 1:
Boundaries 28, 31-40, 43, 48
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0 nm

500000
Boundary Layer BL6

SETTINGS
Description Value
Number of layers numBL
Stretching factor 1.12
Thickness specification  First layer

Thickness 0.2[nm]

2.7.6 Boundary Layers 2 (bl2)

SELECTION
Geometric entity level Domain

Selection Geometry geom1: Dimension 2: Domains 1, 3
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Ak

Boundary Layers 2

SETTINGS
Description Value
Maximum angle per split 30
Maximum layer decrement 1
Maximum element depth to process 3
Last build time 2

COMSOL 6.0.0.405 (win64)|2023 - 02 -

Built with 24718:41:26.724272200

2.7.6.1 Boundary Layer SubActiveNear (blp1)

SELECTION
Geometric entity level Boundary

Selection Geometry geom1: Dimension 1: Boundary 2

125



1407 |"T
1307 B
1207 B
1107
1007 B
90
80" 1» < -
707 B
607
507 B
407 B
30
207

0 50 100 150
Boundary Layer SubActiveNear

SETTINGS
Description Value
Number of layers numBL
Stretching factor  if(dd>15[nm], 1.05, 1)

2.7.6.2 Boundary Layer SubActiveFar (blp6)
SELECTION

Geometric entity level Boundary

Selection Geometry geom1: Dimension 1: Boundary 30
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Boundary Layer SubActiveFar

SETTINGS
Description Value
Number of layers numBL

Stretching factor  1.06

2.7.6.3 Boundary Layer Sublnactive (blp7)
SELECTION

Geometric entity level Boundary

Selection Geometry geom1: Dimension 1: Boundary 42
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-250007] B
-300007] B
-350007 ] B

50000
Boundary Layer Sublnactive

SETTINGS
Description Value
Number of layers numBL

Stretching factor 1.1

2.7.7 MeshTop (size12)

SELECTION
Geometric entity level Boundary
Name Top Boundary (Part Instance 1)

Named geom1_pi1_boxsel28: Geometry geom1: Dimension 1:

Selection Boundary 17
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11000007
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10400007
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9800007
9600007
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9200007
9000007
8800007
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nm

MeshTop

SETTINGS
Description
Maximum element size
Maximum element size
Minimum element size
Minimum element size
Curvature factor
Curvature factor
Maximum element growth rate

Custom element size

0 EOOOOO

Value
IRIp/10
Off
9.03E-8
Off

0.3

Off

1

Custom

500000
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