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FLOW-3D® Vs. FLUENT Vs. CFX

FLOW-3D®

Finite Volume Approach

FLUENT

Finite Volume Technique

CFX

Finite Volume Technique

Mesh Type Rectangular Grid Technique

Unstructured Mesh

Unstructured Mesh

Built-in Obstacle Modeler CAD input import

Geometry &d/d

Built-in Obstacle Modeler CAD input import

Built-in Modeler CAD input import

Rectangular Mesh2} Obstaclei}2| interface?} F
AVOR 7|0 oJsf &% U HFESE0| Mesh
&/ (obstacleO] mesh@o| Exe2 2N grid
48

CREE

Gridding

Obstacle 20| 2} grid modelerE A+g3}
O grid M (mesh type0f 2} user?t gambi
tof A gridE 22

Finite Element Technique

General All in One Model

General Model (Newtonian, Non-Newtonian,
Free Surface 24 SO 2t RELZ|)

Multiphase, Radiation, Combustion

, Free Surface S Module £2|

b} £ PreprocessingS S ¢l Setup

Grid 440 &7t 29

HTR =10 0| @ =t (VOF technique)

Chemical . .
Passive Reaction

Reaction

Generalized Reaction

Generalized Reaction
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1. Coating
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1. Slot Coating ; Examples

Single slot time series, 120-micron layer

Two-Layer Slot Coating

Time series of a Start-up Slot Coating
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1. Slot Coating ; Examples

> Single-Layer Slot Coating with Elastic-Plastic Fluids

Vacuum=300 Pa

Newtonian Fluid

Contact line locates farther upstream & is stable

- Viscosity = 29cp, Density = 1.2g/cm?3, Surface Tension = 61dynes/cm, Static contact angle = 30 °

Elastic-Plastic Fluid

Contact line locates downstream from slot and is susceptible to air entrainment

Same properties as Newtonian case,

except: Shear modulus (G) = 100Pa, Yield stress (Y) = 100Pa
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1. glc_)rcgating ; Examples

» Coating Analysis coupled with DYNA3D

Pressure

.........

Die coater

Coating fluid

Film(thickness 100pm)  Moving velocity U;

Animation (U;=200cm/s) CO8 Animation (U;=100cm/s) CO9
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1. Slot HCSating ; Model

Physics Model Boundary Condition

- Gravity - X-min : continuative
- Moving and deforming objects - X-max : pressure

- Surface Tension - Z-max : velocity

- Viscosity & Turbulence -
Meshing & Geometry Favorized Component

- Cells : 107,160ea
- Used 3 solid, 1hole
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1. Slot Coating ; Results

velocity magnitude contours velocity magnitude contours
1.01 2.26 3.50 474 5.99 7.23 8.48 0.09 1.14 2.20 3.25 4.31 5.36 6.42
I [ T I
0.20 | 0.20 |
- 4 - 4
-0.04 1 -0.04 L
075 056 037 'x 0.18 001 020 075 056 037 018 001 020
X
velocity magnitude contours velocity magnitude contours

0.0 23 4.5 6.8 9.1 11.3 13.6 0.0 23 4.7 7.0 9.3 1.7 14.0

0.20 7 0.20 T

-0.04 | 0.04 L

075 056 037 018 001 020 075 056 037 018 001 020
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2. Slide Coating ; Examples

Start-up of slide coating process, applying
coating that is 82 micron thick.

Startup of a slide coating

Startup of a multi-layer slide coating
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3. Dip Coating ; Examples
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3. Dip Coating ; Model

Physics Model Boundary Condition -
- Gravity - X-min : wall

- Surface Tension -V, =3.3lcm/sec 4 s 2 s
- Viscosity & Turbulence

Meshing & Geometry L =
- Cells : 2,000ea

- No Component Used
- Define the fluid area
without solid Component
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3. Dip Coating ; Results

Fraction of fluid

fraction of fluid contours

20

0.83

V, =3.31cm/sec

0.00

— e . o o e e e e o . .
N

-2.0

0.0 0.75 1.;0 225 3.00

L e e e e e e -

fraction of fluid contours

fraction of fluid contours

fraction of fluid contours

x T 075 150 225 3.00

fraction of fluid contours fraction of fluid contours

traction of fluid contours

fraction of fluid contours
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4. Spin Coating ; Example

fluid surface height

Time Frame : 0.000000 ! 2.00000e-006 Time Frame : 0.039999
1.50000e-006
1.00000e-006
5.00000e-007

0.00000e+000

fluid surface heightt

l 2.00000e-006

1.50000e-006

1.00000e-006
5.00000e-007

0.00000e+000

Mk purRe kaight i RUARESS HRight:

. Z.00000c-O0F Tiw Frume ; 3. 240002 . Z.0000c-00E
LEEE0e-D0G LR RILETI
1.000C 08006 1.000C0a-00E
5.000C02-007 I 5.0MC0c 007

0.0R0e 00 0.00K0e [0

Timme Framm ; 3,2339090

Time Frums ; 0,000398

Tivwe Frum ; D.550002

Hdd s pesa kalght

l 2.00000c-00E

1000
1.0000e-006
5.00000:-007

HECE T EE]

Misid murlpea haight:

. Z.000C0e006

RRELERIL R
1.000C08-006
G.000COe007

R (e
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4. Spin Coating ; Model

Physics Model

Gravity

Shallow water

Surface Tension
Viscosity & Turbulence

Meshing & Geometry

Cells : 9,000ea
Used cylindrical mesh

Boundary Condition
- X-max : pressure
- Y-min / max : periodic
- Z-max : pressure

Favorized Component
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4. Spin Coating ; Results

fraction of fluid contours fraction of fluid contours

1.00 P
0.83 0.163
0.66 0.130
0.50 a6
0.33 o665
8.17 0.033
9.0 0.000

fraction of fluid contours fraction of fluid contours
0.339 0.373

0.282 0.311
0.226 0.249
0.169 0.187
0.113 0.124
0.056 0.062
0.000 0.000
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5. (fu;c—ai; Coating ; Model

Physics Model Boundary Condition
- Gravity - Top : velocity
- Surface Tension - X-max : Continuative

- Viscosity & Turbulence

Meshing & Geometry Favorized Component
- Cells : 330,000ea

- Used 1 solid, 1hole

#
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5. Curtain Coating ; Results

Velocity of fluid

0.0006sec 0.0008sec 0.0020sec 0.0022sec

0.0024sec 0.0026sec

0.0034sec
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6. Roll Coating ; Model

Physics Model Boundary Condition

- Bubble and phase change - X-min : continuative .

- Moving and deforming objects - X-max : velocity .

- Surface Tension 5 /

- Viscosity & Turbulence

Meshing & Geometry Favorized Component
- Cells : 5,775ea
- Rotate and translate

L.

for component
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6. Roll Coating ; R

velocity magnitude contours

0.00 0.38 0.77 1.15 1.53 1.92 230

0.0 0.132 0.264 0396 0528 0.660
X

FLOW-3D t=0.0 y=5.000E-01 ix=2t0 166 kz=2to 37
10:16:17 09/20/2011tthb  hydr3d: version 9.4 win6:
Forward Roll Coating Example H/R=0.004, Ca=0.2, Iamdl:i 82 mu=0.2

velocity magnitude contours
0.00 0.51 1.01 1.52 2.02 2.53 3.03

0.1

0.0

0.0 0.132 0.264 0396 0528  0.660
X

FLOW-3D t=.39000145 y=5.000E-01 ix=210 166 kz=2t0 37
10 16:17 09/20/2011tfthb  hydr3d: version 9.4 win64 2009
Forward Roll Coating Example H/R=0.004, Ca=0.2, lamda=1.32, mu=0.2

esults

velocity magnitude contours

0.00 0.48 0.97 1.45 1.93 242 2.90

0.0 0132  0.264 0396 0528 0.660
X

FLOW-3D 1=.19000144 y=5.¢ CIOOE-01 ix=2t0 166 kz=2to 37
10:16:17 09/20/2011 tfthb r3d: version 9.4 win64
Forward Roll Coating Exlmp e HtR—B 004, Ca=0.2, Ilmda:i 32 mu=0.2

velocity magnitude contours
0.00 0.49 0.97 1.46 1.95 2.43 2.92

0.1

0.0

00 = 0132 0264 0396 0528  0.660
X

FLOW-3D =.59000146 y=5.000E-01 ix=2to0 166 kz_Zln 37
10 16:17 UWEOIED“ tthb  hydr3d: version 9.4 winé:
Forward Roll Coating Example H/R=0.004, Ca=0.2, llmda=1 32 mu=0.2
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7. Gravure Printing ; Model

Physics Model GMO Condition
- Bubble and phase change - Prescribe Motion
- Moving and deforming objects - V,=-120um/sec

- Surface Tension
- Viscosity & Turbulence

Meshing & Geometry Favorized Component
- Cells : 101,080ea
- No Component Used

- Define the fluid area
without solid Component




7. Gravure Printing ; Results

pressure

1020000
1002500

Transfer of liquid from an individula gravure 0.00000sec 0.00008sec
cell(bottom) onto the substrate 985000
967500
950000

0.00012sec 0.00014sec 0.00017sec 0.00022sec
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* P;)rous Media Model

Distinct Saturation Front or Varying Saturation
Complex Geometries with Varying Porosity, Permeability and Wettability
Heat Transfer between Fluid and Solids

Anisotropic Properties

V V V V V

Hysteresis-Wettability Varies with Saturation

-
s =2ps .
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2. MEMS
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MEMS

> By creating a series of deep slots in a microchannel, and then applying a potential
across the channel, fluid flow can be controlled. By adjusting the applied potential,
the flow rate can be controlled.

Thin slice with EDL
formed on its surface

Electrolyte Solution

Applied Electric Potential |
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MEMS

> Dielectric Forces on Mass Particles

> Mass particles can be dielectric materials. The force on a dielectric
particle depend on the value of the particle’ s dielectric constant with
respect to the dielectric constant of the surrounding fluid.

> In these examples the dielectric constant of the particles is greater than
(middle frame) and less than (last frame) that of the surrounding material.

Dielectric constant > ambient Dielectric constant < ambient

‘ x Ojafx ‘]_.93.‘604) oo ‘ X ‘vzfx i.e9r'604) oo o x "z 1.e¥0%)

Early time Later time
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MEMS

> Sprayed Polymer Particles

800 m/s

424 mis

e e

Figure 2. (a) Velocity field within a spreading 90 um diameter
particle; (Left): velocity magnitude, (Right): velocity vectors,
(b) example Nylon 11 splat deposited via swipe test onto a
room temperature glass slide.

Flow Velocity of Nylon-11 Droplet
- 400

0 m/s

V, =427 mis

Surface Roughness
Ra = 0.00 pm Ra=1.48 um Ra=2.96 um Ra =5.92 um

Figure 8: Cross-sections of predicted three-dimensional spreading splats for a 90 um diameter Nyvlon-11 particle on four different
surface roughnesses (dimensionless time t* = t/D/V" ).

International Thermal Spray Conference — ITSC-2006
Effect of Substrate Roughness on Splatting Behavior of HVOF Sprayed Polymer Particles
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MEMS

Wall Adhesion

< Adhesion of liquid with solid surfaces can occur at contact lines.

J/

% This slide demonstrates one use of surface tension and adhesion
effects - that of determining the wetting (or non-wetting) properties
of rough surfaces. For illustration purposes this is a 2D example.

% The cylinders have diameters approximating that of coarse hair.

Contact lines exhibit interesting :
behavior on rough surfaces. Wetting of rough surfaces




MEMS

Micro Arraying ( DNA-Chip or Bio-Chip )
ot

> DNA Chip 84 :3j4/2 S2}0f Probe@t SKX|7to] SEAIS T}

ot

split-pin trajectory

1 2 3 4

g

displacement along z
@
o

]
=]
3

N
a
3

¥ DNA-Chip: §2|&t, nitrocellulose membrane 22 silicon £|0f target DNA (cDNA EE &= Oligonucleotide)E& £2l
A HYEW 32 WA 59| Y42 EYE Y (probe)t hybridization Al SHXLS| W YE, S Ho|o| Fol,
single nucleotide polymorphism (SNP), 29| XICtH high-throughput screening (HTS)S0|| At8% £ QILC}.
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MEMS

> Bubble jet solutions

> FLOW-3D SolverE &gt Bubble jet2| 53 %4k 6l A
> NozzleS S¢t %X (Droplet)?] 0|2 7% 8 RS 0t 7ts

Nozzle

Thermal Bubble Jet
Droplet characteristics

1.E+08

1.E+05

1.E+07 7§ ———
Droplet

Translational

1.E+06 | Velocity
Droplet Velome

droplet velocity

1.E+05

T 1E+04

T 1.E+03

1.E+02

0.E+00 5.E-06 1.E-05, 2.E-05 2.E-05
time

3.E-05

droplet volume
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MEMS

> : [ Hot liquid at same T surrounds bubble with radius=20um
>  Bubble jet solutions

> Z 7| BubbleZ=Z10] FO{Zl 4EH0] A
*"’“"’%I'-IEIO'IXI._ WES 2A

> H2 T oMo Wztat WE¥o=z QT
Bubble°| Sy ar

> 8|2 S Droplete] 2& Q54
7 75 82 &

> Moving ObstacleS 0| 2%t inkjet 6 A Moving Obstacle

> Bubblemo| HlmE £3 Mo £At || oI2F0 [IHE Inkjet EA
QS ol

> ]2 E6| Droplete] 2% S5 QA
%, 94 ol



MEMS

<> An additional feature available with the improved moving obstacle model is the
ability to customize the velocity of each point over its surface. The customization is
done through a source code routine available to users called velmov.f.

X In the simple example shown in this slide, a plate with a circular hole has been
given a bending motion. The deformation is assumed to be sinusoidal. Initially the
downward motion drives fluid out the opening, but before a droplet is expelled, the
plate moves up and sucks the fluid back into the closed chamber.

In this example the plate was defined to have a simple,
harmonic bending deformation.
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