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1. Description of research activities 
The Reactor Technology group has concentrated its activities in fields directly supporting the design and development of chemical reactors and reactive separations. The most important research areas are:  CO2 capture by absorption into reactive absorbents, Mathematical modeling of chemical reactors, Experimental analyses of fluid flow and heat transfer phenomena in chemical reactors, Multiphase flow modeling, Experimental validation of numerical models, Environmental technology. 

The research in these fields comprises both experimental and theoretical studies and we have a large range of well instrumented cold flow multi-phase reactors, as well as in-house software for multi-phase reactor simulations. 

We are active users of Matlab, however, the computationally demanding models are implemented in FORTRAN 90 and C++. 

The most important research projects are described in the following paragraphs. For a more comprehensive description, see our home pages: http://www.chemeng.ntnu.no/research/reactmod/
Modeling of chemical reactors 

We have for more than 15 years been developing in-house CFD codes for simulating multiphase flows in chemical reactors. We also license the commercial CFD code FLUENT. Lately, our main focus has been put on developing modules for bubble/droplet break-up and coalescence within the population balance equation (PBE) framework.

The PBEs are solved accurately by efficient least squares spectral methods designed for this particular purpose. This work is highly recognized world-wide. Ongoing work continues to develop the least squares spectral-spectral element method to solve a full multiphase model constituting a combined multi-fluid model for the flow and a population balance equation for the particle size. We are also investigating the performance of chemical reactive systems like bubble column, fluidized beds, fixed bed and agitated tank reactors. At present we are working with the design of suitable reactors for sorption enhanced reaction processes (SERP) like steam methane reforming with absorbents for CO2. The conventional 1D and 2D steady-state reactor models are normally run on standard PCs whereas the more computationally demanding dynamic 1D, 2D and 3D single and multiphase reactive flow simulations are run on the national super-computers located at the university. 

Removal of droplets from high pressure gases

An area of great importance for the Norwegian gas producing industry is the separating out of droplets from high pressure gases. Downstream process equipment e.g. compressors, separation processes or chemical reactors suffer disturbed operation or break-down if gases are not droplet free. Today’s units are not good enough at high pressures, and robust and reliable solutions must be found in particular for sub-sea completions. The projects HiPGaS and now HiPGLS were established for studying the phenomena governing such separations. In collaboration with eleven industrial partners separation rigs have been established for both low and high (<150 bar) pressures at NTNU and at StatoilHydro research center. Tests within the project have also been performed at semi-industrial scale at the K-lab facility at Kårstø. Results from the high pressure rigs are unique and form a basis for model validation. In addition a laser laboratory is built for the study of droplet/droplet and droplet/surface collisions and for studies on the stability and break-up of liquid surfaces leading to re-entrainment of droplets. The studies are performed with a strong interaction between experiments and numerical models which run in either desktop computers or the national High Performance Computing resources. On the modeling side, the concepts and solution methods adopted in these analyzes are basically consistent with those used simulating dispersed chemical reactor flows. Moreover, an additional in-house high-resolution model has been developed and solved by the Lattice Boltzmann discretization scheme in order to study the individual micro scale droplet-droplet and droplet-film/wall interaction phenomena.   
CO2 removal from exhaust gases and natural gas.



 

The activity in this area comprises several projects, partly funded by the Research Council, industry and the European Union. Our work is concentrated along two axes, one studying CO2 capture from off gases from fossil fueled power plants and from the iron and steel-making industry, and the other directed toward the removal of acid gases from natural gas.  We have been heavily involved the EU FP6 Integrated Project CASTOR being in charge of developing new solvent systems for CO2 capture from exhaust gases from coal and natural gas fired power stations. The aim in CASTOR is to develop new solvents and process equipment that enables capture CO2 at a cost of 20-30€/ton CO2. This work involves al the steps from theoretical screening by use of computational chemistry, through experimental screening, characterization of equilibria, thermal properties, transport properties and kinetic, to testing in a laboratory pilot plant. In parallel we develop rigorous thermodynamic models and for the mass transfer. In addition we have developed a full rate based simulator for the whole absorption/desorption process. In the ongoing EU FP6 project CAPRICE we are in charge of pilot plant data collection and simulation software validation. The work from CASTOR is now continued in the EU FP7 project CESAR where we also have a leading role. Other projects in this area are EU FP6 ULCOS, and the Norwegian Research Council financed BIGCO2. In the CCERT, a JIP with four industrial partners, fundamental problems are addressed through 6-7 PhDs and 2 post docs..


2. Research collaboration (national, international, industry/public sector) 
National: StatoilHydro, Aker, AKET, Aker Clean Carbon, Borealis/Ineos, Shell TN, ConSepT, Vetco, FMC, DNV, UiB, etc.
International: ExxonMobil, ConocoPhillips, Pall Europe, Peerless, Sulzer, IFP, TNO, Univ Texas, Univ Regina, Univ. Melbourne, Univ Stuttgart, Tsinghua Univ., Delft Univ., Forschungszentrum Rossendorf e.V., Institute of Energy Engineering, Berlin University of Technology,  etc.

3. Strategy and organisation 
The Trondheim CO2 Laboratories is under establishment in our department encompassing all the CO2 capture activities at NTNU.

4. Recruitment and mobility of researchers 
Recruitment: 1 new member of staff Prof Hillestad from beginning of 2007, very good response internationally on PhD announcements.

Mobility: Prof. Svendsen 3 months at IFP, Solaize spring 2007
Marie Curie Training Site under the EUFP6 (ECOCHEM)

Several exchange students: 1-3 MSc. students every summer from INSA or ENSIACET Toulouse and INSA Lyon
PhD students from USA (UTex.), Czeck Republic, Polen, Finland and Denmark.
5. Other information of relevance to the evaluation
