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DYNAMICS, DISPERSION, IGNITION AND COMBUSTION OF NANO-PARTICLE CLOUDS

Principal objective and sub-goals
Experimental determination of ignition sensitivity (minimum electric spark ignition energy) as function of particle size. (UiB)
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Development of a commercial available CFD tool for calculation of dispersions and explosions of nano particle dust, based on the world leading
gass explosion simulator, FLACSO , and experimental data and models from UiB, UiO and NTNU. (GexCon)

O Experimental determination of nano-particle cloud combustion rate (UiB)

O New understanding, generation and development of nanoparticle clouds (UiB)
O Information of dispersion of nanopowders as a result of e.g. shockwaves (UiB)
O Information about the rate of agglomeration in nanoparticle clouds (UiB)

O Particle-based modelling of dust explosion onset (UiO)

O Percolation-based modelling of dust explosion (NTNU)

O Burning velocity as function of turbulence, particle size and concentration (UiB)

Project summary
Motivation: POSSIBLE ENHANCED DUST EXPLOSION HAZARD WITH NANO PARTICLES

This research network on nano particles between the Physics departments at the Universities in Oslo, Trondheim and Bergen represents a
cross fertilization between fundamental and applied research

Any solid material that can burn in air will do so with a violence and speed that increase with increasing degree of sub-division of the material.
If sub-division is continued right down to particles of sizes < 0.1 mm, and the combustion rate will be very fast, and the energy required for
ignition very small. The very fast combustion of such a cloud is called a dust explosion, and if taking place inside process equipment or work
rooms, it can cause the pressure there to rise beyond what the process equipment or building can withstand, and life, limb and property can
be at stake. Neither the dynamics and dispersion of nano-particle clouds or the burning rate and ignition energy for nano-particles of different
dust are known, but they should be found to minimize hazard related to nano-particles

The challenge is to:

Find ignition sensitivity and burning rate for nano-particles as function of particle size, dust type, particle cloud concentration, turbulence,
temperature and pressure.

Understand and develop models for the generation and development of nano-particle clouds, including agglomeration, settling and dispersion
as function of shockwaves or other forces, and particle size and type.

Improve the CFD dispersion and explosion simulator FLACSO, by implementing the developed models for particle agglomeration, settling,
dispersion and burning rates.

Validate the CFD model against nano-particle dust explosion experiments.
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Project timetable

Milestones - timetable for the project

From date (yyyymmdd)
. 20040701

Project period To date (yyyymmdd)* 20070630

Milestones in the project period

Milestone title From date To date
Experimental setup are ready 2004 3 2005 2
Experimental results and models for CFD code ready 2004 3 2006 2

Nano particle dispersion/explosion CFD code ready 2004 3 2007 2



Project publication plan
3 Ph.D theisis thesis
10 Master thesis

10 papers in review journals

Budget

Cost plan (in NOK 1000)
2004

_Per'sonnel costs and 2700

indirect costs

Purchase of R&D services 800

Equipment 3900

Other operating costs 200

Totals 7600

Specifications

Equipments for UiB:

PCS/LS combination (Beckman Coulter) 1800

2005
5400

1000
200
400

7000

Phantom High Speed Camera 400

Dantec Laser Doppler, LDA, 900

Julius Peter bomb calorimeter 300

Oscilloscope 100

PCs, Equipment for nano particle manafacture .. 40

Cost code (in %)

2004
Business and industry 11
R&D Institute sector
University sector 89
Other sectors
Totals 100
Funding plan (in NOK 1000)
2004
Own funding 1550
EU funding 400
Other public-sector
funding
Other private funding 400
From Research Council 5250
Totals 7600

2005
14

86

100

2005
3100
400

400
3100
7000

2006
5400

800
200
400
6800

Purchase of R&D services are from GexCon, with 50% own

2006
12

88

100

2006
3100

3700
6800

support.

Allocations from the Research Council (in 1000 NOK)

2004
Student fellowships
Doctoral fellowships 825
Post-doctoral fellowships 325
Fellowships for visiting
researchers
Overseas fellowships
Researcher positions
Hourly-based salary
including indirect costs
Sum personnel costs
and indirect costs
Purchase of R&D services
Equipment 3900
Other operating 200
expenses
From Research
Council

1150

5250

2005

1650
650

2300

200
200

400

3100

2006

1650
650

2300

800
200

400

3700
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To date (yyyymmdd)

Active partners

Description of active partners
University of Bergen, Department of Physics and Technology, Process technology group
Professor Rolf K. Eckhoff, Professor Alex C. Hoffmann, Associate Professor Bjgrn J. Arntzen

The research and consulting company GexCon (45% owned by UiB), including the EU research project DESC, development of a Dust Explosion
Simulation Code

Norwegian University of Science and Technology, Department of Physics
Professor Alex Hansen

University of Oslo, Department of Physics
Professor Eirik Grude Flekkay

The process-safety group of Rolf Eckhoff and Bjgrn Arntzen has research front specialities in accidential gas, mist/spray, and dust explosions,
and the group's research in these areas is recognized internationally. Current research comprises both experimental and theoretical/modelling
work. Both Eckhoff and Arntzen worked at GexCon (formerly CMI/CMR) befor moving to UoB, and close contact and cooperation with GexCon
is maintained. Cooperation with GexCon is also included in the present work proposal, in particular on developing a comprehensive comercial
numerical code for predicting flame propagation processes in nano particle clouds. The group includes 5 dr. students and 4 master students.
One dr. students work with minimum ignition energy of dust and Three dr. students work with dust explosion experiments and modeling of
gas and dust explosions in inside equipment, partly related to the EU research project DESC, Dust Explosion Simulator Code.

GexCon is a research and consultant company (45% owned by UiB) which has developed and is the owner of the worlds leading and most
used CFD explosion simulator, FLACSO.

The muliti phase flow research group of Alex Hoffmanns is specialized in the field of transport phenomena in multiphase systems, both in
research and teaching. We mention some running projects related to this proposal. We study particle-fluid phenomena using our own CFD
software, both with Eulerian-Eulerian and Eulerian-Lagrangian simulations. Much of this research has been devoted to the problem of creation
of particle clouds from a deposit behind shock waves. We are preparing a computer code for direct numerical simulation of particles in
incompressible fluids. In another project we study the interaction between particles with adsorbates on them using Molecular Dynamics. In
the context of this work we have made some initial simulations of agglomeration of nanoparticles. Another related activity is our work in fuel
cell materials (MSOFC project). Here we are looking at applying nanoparticle technology to develop new fuel cell materials and components,
and also using molecular dynamics to study the performance of fuel cell materials and components.

Both professor Eirik Grude Flekkgy and professor Alex Hansen belong to the Complex Group, a team from UiO, NTNU and IFE, working
theoretically and experimentally on soft and complex matter, http://www.phys.ntnu.no/CPX It was in 2002 elected for a Strategic University

Program the NFR.
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