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Goals of the first period

1) Implementation of a high order mass

conservative ALE-based Level Set code
distan(;e surf.tens. ressure
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CSF - surface tension treatment PDE-based reinitialisation

2) Numerical simulation of droplet ge- | | 3) Systematic validation and benchmark-
neration in dripping and jetting regimes ing (CFX, Comsol, FLUENT, OpenFOAM)
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Goals of the seconcy)riod

1) Jetting mode simulations. i
« Extraction of operation envelopes "
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5 s St 2) Modulation analysis.

- I » Multi-dimensional process diagrams
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2005 NOVA Chemicals Corporation

3) Non-Newtonian fluids.

« Dripping mode validation

« Jetting simulations

» Multi-dimensional process diagrams

Chhabra: "Bubbles, Drops and Particles

in Non-Newtonian Fluids"
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Goals of the secon(U)riod

1) Jetting mode simulations. §
« Extraction of operation envelopes 7,
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2) Modulation analysis.
« Multi-dimensional process diagrams

Increasing pulsation frequancy

2005 NOVA Chemicals Corporation

3) Non-Newtonian fluids.

« Dripping mode validation

« Jetting simulations

» Multi-dimensional process diagrams

ops and Patrticles in Non-Newtonian Fluids"

Chhabra: "Bubbles, Dr
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Validation of the dripping mode

Validation parameters:

» frequency of droplet generation
* droplet size
* stream length

Continuous phase:
/ Glucose-Water mixture\
Uy =500mPas
pp =972kgm™®

Vy =3,64mlmin™
— Ocp =0,034Nm™
Silicon oll
He =500mPas

P =1340kgm™°
V. =99,04mlmin

\\ Dispersed phase:

Experimental Set-up with AG Walzel (BCI/Dortmund)
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Evaluation of the jetting mode
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Monodisperse droplet generation in nozzles

In case of monodisperse droplets: ?D = [ Varoplet

: : ) o : ) a :
With regulation With regulation No regulation

vD,mean — VSTD Vv — 1'5vSTD vD — vSTD
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D,mean
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dgop =5.0mm gop =2-7 MM d

- Regulation ranges? _
: 2
\  Flow rate ranges? Resulting droplet ranges”
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Monodisperse droplet generation in nozzles

In case of monodisperse droplets: ?D = [ Varoplet

Small capillary

Y

D,mean

= 0'75VST5

Geometrical changes:
« Capillary size

« Contraction angle
« Contraction ratio

Resulting operation envelope:
 Size:4.5mm—-5.7 mm
e Volume: 0.38 cm3—-0.77 cr

A

Not monodisperse

— Regulation ranges?
»...  Flow rate ranges?
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Future tasks

Development Process engineering
* CFD solver improvement w.r.t.: « Jetting simulations
- More realistic physical
properties * Multidimensional process diagrams
- Adaptivity
- HPC (GPU) parallelization * ,Rules” towards optimization
* Non-Newtonian fluids  Droplet-droplet interactions

~ ~

Validated prediction tool for tailor-made droplet generation
Comparisons, validation, benchmarking
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MONODISPERSER TROPFEN IN PNEUMATISCHEN ZIEHDUSEN
)

Prof. Dr. S. Turck, Dr. Ing. O. Micrka, Cand. Math. T. Theis @,
Angewandte Mathematik & Numerik, LS 111 5 % 2l

Technische Universitét Dortmund DFG-SPP 1423 , Prozess-Spray e :}
ture@featflow.de e

STATE OF THE PROJECT GOALS & DELIVERABLES

Our FEATFLOW based simulation tool.
+ High order (in space and time) FEM code
Q2/P1 FEM in space and Crank Nicholson in time

1) Switching the already validated multiphase CFD tool to jetting regime: |
- comparison with experimentally available results
- identification of the “Rayleigh” and “first wind-induced" subregimes
interms of non-dimensional numbers
- gathering data via simulations in the appropriate subregimes

CFD solver improvement w.r.t.

- More realistic physical properties

- Enrichment with Grid Deformation Technique
- Acceleration by GPU paralelization

Robust paralel muttigrid solvers.

Parallel and hardware oriented (GPUs)

+ Extension to non-Newtonian fluids

Application

+ Validation within the jetting regime

Two phase module supported by Level Set approach 2) Analysis of moduation ana imposition of disturbances in the
appropriate subregi
> analysis ofthe pe posslblll(les of modulation (where to impose it?
manipulation of frequency or amplitude?)
= comparison with experimentally available results
= outline the ranges of conditions leading to monodisperse + 'Process modulation
droplet generation

+ Construction of multidimensional process

3) Extension to non-Newtonian fiuids: diagrams for the involved parameters
- Dripping mode validation based on experimental results
| > repeiton of points 1) and 2) for iffrent shear dependent models | « Investigation of downstream coalescence
% 3 ~ / effects on the dispersity of droplets
+ Benchmarked in different fields of applications /

- Experimental measurements supported by

. to the eng g with an
! CFD-based p tool suitable for /—‘ COOPERATION N
a ullor-mm droplet gm-raﬂon =

i . C the with two- group and facilities of AG Walzel
+ Validated for drpping mode two phase flows phase flow :ID bsnchmark configurations + Extensive compute power supported by the
Preliminary tests for droplet size oriented modulation Linux Cluster LiDO
+ Multidimensional process diagrams for the
« Preliminary tests for jetting mode of rules for « Simulation cooperation partners: AG Bothe,
operation ranges AG Sommerfeld, AG Schwarze
+ Implicit treatment of surface tension / K
| |
& |VALIDATION & BENCHMARKING | Jetting mode \

Dripping mode

Silicon all
He =500mPa s
P =1340kgm™

) 9 v, =99, :
L L
L .

. Separation | Droplet | Stream

) L ° frequency | size | Length
. Hz] [am] | [dm] .
§ Exp | 088 | 0062 | 0122 | [Allexperimentally
results are !
Sim | 060 | 0058 | 0102 | |provided by AG Walzel

RECENT MODULATION RESULTS

In case of monodisperse No Regulaton - 4 - r

droplet generation: New- w“ + Pressure pulsation leads to
2 o volumetric flowrate pulsation
Vi = fVitropier S 22mm s - g + Modulation of frequency and

aued 2 ooy ampltude
Influencable variables : ‘a = Newtonian and non-Newtonian
©On the process level: ize: ey e

Lo i
. lation freque: i

« Modulation ammm : - Orme etal, VA b Amplitude modulation
Geometrical changes: Mono-disperse Aluminum with constant frequency

« Capillary size droplet generation and W ‘;\M i }_..- = <= |" Targeted coalescence of
et deposition for Net-Form generated droplets
B o e T —

Applied modulation | —
p= L i | iooulting operofion siolope; > Brennetal: |+ Introduction of disturbances with certain
P [ * Size: 45 mm— 537 mm . A new apparatus for the 3uD*\? frequencies f
(0 LR [ Yetume {038 o= O TiCT production of monodisperse d = (—2 7 ) Validity of regulation in ranges of Re numbers
e e sprays at high flowrates = 2-4% standard deviation of droplet diameters

> Chhabra, Non-Newtonian
I Classification of jets Flow And Applied Rheology
depending on non-
ormation from | _ dimensional quantities
(Re, We, etc. )




