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CFD methods have been used to simulate the injection of plastics into the blast furnace 

raceway at blast furnace A at voestalpine Stahl GmbH, Linz (Austria). Various auxiliary 

reducing agents like oil, tar, pulverized coal, natural gas, coke oven gas and waste 

plastics are applied for injection into the blast furnace to decrease the coke rate. For a 

better understanding of the effects of combined injection an extended model is being 

developed based on the CFD model for plastic particle injection reported earlier. The 

new model makes use of the capability to predict the raceway shape based on a new 

porous media approach avoiding the high computational effort of a full eulerian 

multiphase formulation and incorporates also a simplified reaction mechanism for 

calculation of the high temperature conversion of the injected materials. In addition to 

that code to handle the injection of multicomponent droplets like heavy fuel oil and tar 

has been incorporated. An important parameter to give valid estimates of the oil spray 

length is the droplet size distribution of the fuel oil. Unfortunately for the injection lance 

geometry used at the modelled blast furnace no suitable correlations to predict the spray 

parameters like droplet size and droplet speed have been found.  Since direct 

measurements of the size distribution at raceway conditions are not possible a lab scale 

model based on similarity scaling rules (Reynolds analogy) has been developed. Optical 

measurements using particle image velocimetry (PIV), laser doppler anemometry 

(LDA) and a high speed camera have been carried out. Based on this experimental data 

a correlation for the spray parameters has been implemented into the CFD model. 

Furthermore measurements of other high temperature material properties have been 

carried out, e. g. for the thermal conductivity of the coke bed. Using these improved 

boundary and inlet conditions as well as improved physical properties the quality of the 

CFD simulation results and the predictions could be further improved. 

1. Introduction 

Basing on a CFD model for plastic particle injection published by the authors (Jordan et 

al, 2008) an extended simulation model is developed. The new model makes use of the 
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capability to predict the raceway shape using a new porous media approach. This allows 

to avoid the high computational effort of a full eulerian multiphase formulation and 

incorporates a simplified reaction mechanism for calculation of the high temperature 

conversion of various injected reduction agents. Furthermore the ability to handle the 

simultaneous injection of multicomponent droplets like heavy fuel oil and tar has been 

incorporated. 

2. CFD Geometry and Boundary Conditions 

1.1 2.1 Geometry and operational data of the blast furnace 

The largest blast furnaces (BF “A”) of voestalpine Stahl GmbH in Linz, Austria is 

considered in this work (voestalpine Stahl, 2007). The blast furnace has a hearth 

diameter of 12 m, a working volume of 3125 m³, in total 32 tuyéres are installed. BF 

“A” has a hot metal capacity of approximately 7800 - 8800 t per day. For cost effective 

operation, combined injections of various reducing agents are possible. At the site 

heavy fuel oil, tar and plastic pellets are commonly used (Andahazy et al, 2006). The 

plastic pellets are fed into the furnace using a pressurized air transport system; heavy 

fuel oil injection utilizes coaxial two-phase nozzle lances that are supplied with 170°C 

steam. The average blast temperature is 1,220 °C, the hot blast amount (including 

additional oxygen) is about 320,000 Nm³/h, the blast furnace is operated at a hot blast 

pressure of approximately 4.2 bar (gauge pressure). The geometry section implemented 

for this work is shown in Figure 1. The detailed geometry includes not only the blast 

furnace walls, tuyéres and the hot blast pipes, but also the injection lances for the 

alternative reduction agents. 

 

Figure 1: Detailed blast furnace geometry – simulated section in the lower part of the 

furnace featuring three of 32 tuyéres and also includes the hot blast pipes. 

1.2 2.1 Material Properties 

CFD simulations require suitable boundary conditions, which can be extracted from the 

original process modeled (see Section 2.1). Furthermore material properties of the 

present fluid and solid phases are required as input for the CFD code. Figure 2 gives an 
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overview of the data on the plastic particles used for this calculation and the appropriate 

source. Similar property data are also to be provided on the coke bed and the heavy fuel 

oil. 

 

Figure 2: Source of the material data of the plastic particle. 

The gas phase inside the blast furnace has been considered as an ideal gas. Temperature 

dependant gas thermal conductivity, heat capacity and molecular viscosity are assumed 

to follow an ideal gas mixing law of the components (O2, N2, CO, CO2, H2, H2O, Csolid, 

fuel-oil), species data taken from NIST (2007) or VDI (2002). A short summary of the 

data for the alternative reduction agents, plastic particles and heavy fuel oil, used to 

model the co-injection process can be found in (Jordan et al, 2008a). Both, the plastic 

particles as well as the heavy fuel oil droplets are simulated using a lagrangian tracking 

method called discrete particle model (DPM). The reaction kinetics and the fuel analysis 

of the plastic particles have been obtained using TGA and laser ablation experiments 

(Lackner et al, 2007) to account for the high temperature during the conversion process 

in the blast furnace raceway (Löffler et al, 2001). A compact reaction mechanism 

consisting of 15 semi-global gas phase and surface reactions has been set up (Harasek et 

al, 2007). Turbulence interaction and radiative heat transfer have also been considered 

using standard models available in the CFD code (ANSYS/Fluent, 2001-2008). The 

radiation model required several extensions implemented as user defined code: A 

custom WSGG (weighted sum of grey gases) approach accounts not only for water 

vapour and carbon dioxide but also for the presence of large amounts hydrogen and 

carbon monoxide. In addition to that it takes care of the optical properties of the dense 

coke bed. To ensure proper boundary conditions for the particle and droplet reactions 

within the raceways also the surrounding coke bed has to be characterized. Important 

parameters for the solid coke are the thermal conductivity and the specific heat capacity. 

Since these material properties are strongly temperature dependent and also vary with 

particle shape and size as well as with the composition, direct analysis of the material 

charged to the considered blast furnace is required. The measurement procedures for the 

temperature dependent heat capacity using a drop calorimeter (Ohmura et al, 2003) and 

the thermal conductivity according to Magee and Bransburg (1995) have been discussed 



1090 

 

in Jordan (2010). The mechanical behavior of the coke bed within the blast furnace 

(porosity and fluid dynamic resistance) has been treated using a simplified raceway 

model, which considers the void fraction to be a linear function of the velocity (Jordan 

et al, 2010). The linear relationship is bounded by the minimal fluidization velocity and 

the terminal sinking velocity of an average coke particle of the bed. 

3. Considerations on Heavy Fuel Oil Injections 

The evaporation and the conversion rates of the liquid injections (heavy fuel oil, tar) 

strongly depend on the droplet size which can be achieved by the atomizer (injection 

lance). Another important parameter is the initial velocity of the droplets.  

 

Figure 3: Overview – lab scale test rig for PIV measurements 

To improve the model parameters for the heavy fuel oil spray and evaporation, a lab 

scale test rig of one tuyére section was constructed (Figure 3). PIV (Particle Image 

Velocimetry) measurements and high speed camera techniques will be used to estimate 

the mean droplet diameter of the liquid spray and initial velocity in the downscaled 

model. Characteristic dimensionless numbers (especially the Reynolds number and the 

Ohnesorge number) are used to calculate the corresponding parameters in the full scale 

blast furnace at operating conditions. 

 

Figure 4: Example - PIV velocity profile of a droplet spray in the high velocity gas jet. 

An example of the resulting velocity plots is shown in Figure 4. Scaling from the lab 

test rig to the real process was done for characteristic parameters like the average 

droplet size and velocity at constant distance from the nozzle position, which can be 
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directly applied as boundary conditions in the CFD model. The scaling law has been set 

up using a power law approach. 

4. Preliminary results of the CFD simulations 

Figure 5 shows the discrete particle (DPM) tracks of the simultaneous injection of 

plastic particles (injection lance pointing upwards from the lower right side; light-grey) 

and heavy fuel oil (lance pointing downwards from the upper right side; dark). It can be 

seen, that the smaller fuel oil droplets evaporate after only a short distance, the much 

bigger (6-8 mm) plastic particles shrink during the travel time but may reach the 

raceway boundary. The impacted plastic particles react until they are completely 

decomposed. Other results from the CFD model are the pressure, velocity and species 

distribution within the modeled region, these can be used for design and process 

developments. 

 

Figure 5: Simultaneous injection of particles (injection point lower right side, pointing 

upward left – slow reaction) and heavy fuel oil (upper right side – rapid evaporation). 

Shape of the raceway at injection level in the background. 

5. Conclusions and further work 

A CFD model for simulating the plastic pellet injection into a blast furnace raceway was 

successfully implemented. Using this model the conversion of plastic particles at high 

temperatures and high heat flux rates could be investigated. Particle data obtained from 

ultimate and optical analysis combined with thermo-analytical data were used to adjust 

a discrete phase model. Moreover a new modeling approach to calculate the raceway 

shape was implemented. The results agree well with published simulation data using 

other models and with the practical experience of the blast furnace operators. The 

modeling allows for providing additional insight into the conversion process. With 

further simulations using the detailed blast furnace geometry the effect of different 

injection amounts will be studied in more detail. Also important problems like if the 

impacted plastic particles on the raceway boundary have any effect on the pressure drop 

and/or flow distribution, or if coke particles remaining from the pellets are entrained 

into the bed could be addressed. 

Acknowledgement 

The presented work has been funded by K1-Met/FFG Forschungsförderungs-

gesellschaft, Austria. 



1092 

 

References 

Andahazy D., Slaby S., Löffler G., Winter F., Feilmayr C. and Bürgler T., 2006, 

Governing processes of gas and oil injection into the blast furnace., ISIJ 

International 46 (4), 496-502. 

Ansys Fluent Inc. 2001-2008, Fluent 6.3 User's Guide, 1-5. 

Harasek M., Jordan C., Winter F., Aichinger G., Feilmayr C. and Schuster S., 2007, 

Evaluation of the High Temperature Conversion of Plastic Particles after Injection 

into Blast Furnace Raceway Using CFD Simulations. AIChE Annual Meeting 2007, 

Salt Lake City, Utah, USA, 8. 

Jordan C., Harasek M., Maier C., Winter F., Aichinger G., Feilmayr C. and Schuster S., 

2008, Simulation of Plastic Particles Injection into the Raceway of a Blast Furnace. 

Proceedings of AIStech 2008, Pittsburg. <www.cfd.at/download/aiche_2007.pdf> 

(last accesed 9.7.2010). 

Jordan C., Harasek M., Maier C., Winter F., Aichinger G., Feilmayr C. and Schuster S., 

2008, CFD Simulation of Heat Transfer and High Temperature Conversion of 

Plastic Particles after Injection into Blast Furnace Raceway. Proceedings of CHT-

08, ICHMT International Symposium on Advances in Computational Heat Transfer, 

Marrakech, Morocco, 235 

Jordan C., Harasek M., El-Gohari A., Feilmayr C. and Schuster, S., 2010, Combined 

Injection of Plastic Particles and Heavy Fuel Oil into a Blast Furnace Raceway – 

Detailed CFD Analysis. Proc. Europ. Conf. Comp. Fluid Dynamics, Pereira, J., 

Sequeira, A., Eds., ECCOMAS CFD 2010, Lisbon. <web.univ-

ubs.fr/limatb/EG2M/Disc_Seminaire/ECCOMAS-CFD2010/papers/01473.pdf> (last 

accesed 9.7.2010). 

Lackner M., Schwarzott M., Liedl G., Feilmayr C., Schuster S. and Winter F., 2007, 

Heat transfer to a single plastic resin particle - Experimental investigations by 

flames and laser pulses. Proceedings of the 3rd European Combustion Meeting 

(ECM 2007), Crete, Greece. 

Löffler G., Andahazy D., Wartha C., Winter F., Hofbauer H., 2001, NOx and N2O 

Formation Mechanisms - A Detailed Chemical Kinetic Modeling Study on a Single 

Fuel Particle in a Laboratory-Scale Fluidized Bed. J. Energy Resour. Technol. 

Trans. ASME. 123, 228-235. 

Magee T.R.A., Bransburg T., 1995, Measurement of Thermal Diffusivity of Potato, 

Malt Bread and Wheat Flour. J. Food Eng. 25, 223-232. 

National Institute of Standards USA. 2007. NIST webbook. <webbook.nist.gov> > (last 

accesed 9.7.2010). 

Ohmura T., Tsuboi M., Onodera M. and Tomimura T., 2003, Specific Heat 

Measurement of High Temperature Thermal Insulations by Drop Calorimeter 

Method. Int. J. of Thermophysics 24 (2), 559-575. 

VDI-Gesellschaft Verfahrenstechnik and Chemieingenieurwesen, 2002, VDI Heat Atlas 

- Calculations in Heat Transfer Engineering Chapter D., Springer-Verlag, 9
th

 ed. (in 

German) 

voestalpine Stahl. “Expedition Voest Alpine - Daten und Fakten – Hochofen“ 

<www.expeditionvoestalpine.com/hochofen/77>  (last accessed 30.10.2009). 

http://www.cfd.at/download/aiche_2007.pdf

