
 

Contact: 

Ruhr-Universität Bochum, Lehrstuhl für Energieanlagen- und Energieprozesstechnik 
M.Sc. Vishwajeeth Achutha, Tel.: 0234 / 32-18374 
E-Mail: achutha@leat.rub.de 
Universitätsstr. 150 
44780 Bochum 

 

  

  

Masterthesis 
 

Understanding the Behavior of Hydrogen-Based Fuels in Lime Shaft Kilns 

 
Keywords: Lime shafts, CFD, Combustion, OpenFOAM, Hydrogen 

 

The iron/steel, agricultural, and pharmaceutical industries rely on high-purity lime, driving 

demand for sustainable limestone processing. A critical challenge is the lime sector’s 

significant CO₂ emissions, where fuel combustion contributes to 40% of the carbon footprint. 

Transitioning to cleaner fuels—particularly hydrogen (H₂) and ammonia (NH₃)—offers a 

pathway to support decarbonization.  

 

Hydrogen combustion is characterised by higher reactivity, a higher mass-specific lower 

heating value (LHV), and a higher adiabatic flame temperature compared to methane. These 

properties result in faster diffusion, shorter flames, and elevated combustion temperatures, 

which can affect lime product quality. To mitigate excessive temperatures, avoid hotspots, 

enhance flame penetration, and achieve comparable energy levels to methane, the following 

parameters will be investigated: 

 

• Air inlet flow rate 

• Fuel inlet flow rate 

• Fuel composition (CH₄, CH₄–H₂ blends, and pure H₂) 

• Fuel conditions (fuel-rich / fuel-lean) 

• Influence of turbulence models 

• Lance positions 

 

Additionally, variations in temperature fields, velocity profiles, and species mass fractions will 

be analyzed at different kiln locations to assess the impact of fuel switching and operating 

conditions on overall kiln performance.  

 

 

 
Qualifications: The student should have an interest in CFD, combustion, physical/chemical conversion processes and 
should have knowledge of basic heat/mass transfer mechanisms. Thus, previous attendance in corresponding 
lectures/projects is appreciated. Knowledge of numerical mathematics (transport-equations, solvers) and an interest in 
programming (Python / C++) is appreciated. Independence and reliability are a matter of course. 
 
The thesis mainly focuses on performing simulations. Simulations will be performed in a lime kiln with an in-
house OpenFOAM-based CFD–DEM framework.  
 
Please get in touch with Vishwajeeth Achutha for more information. 
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