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Introduction 

High energy density and handling convenience of liquid fuels make them excep-
tionally successful energy carrier. Yet, since combustion of fossil fuels contributes to 
the climate change, the energy sector requires serious transformation. This involves 
development of novel technologies including increase of renewable shares in energy 
mix. Introducing new fuels, aside of meeting greenhouse gas obligations, attention 
must be paid on reducing emissions of soot, PM and NOx. Therefore, in the process of 
developing technologies for biomass and organics residues conversion to sustainable 
fuels, end-user emission control is crucial. This stage of research requires both, exper-
imental and numerical campaigns to obtain a full overview of fuel performance and its 
characteristics. To achieve a goal of cleaner combustion fuel additives are also often 
considered [1]. In this work we aim to present the methodology for the simulations of 
combustion process in Direct Injection (DI) Compression Ignition (CI) engines using 
Stochastic Reactor Model (SRM) approach [2] in conjunction with the experiment [3]. 
The choice of this simulation tool allows to incorporate detailed chemical kinetics 
which are essential in accurate prediction of emissions from fuels with complex com-
positions. Such a methodology can be regarded not only as a numerical model, allo-
wing simulation of different operating conditions but also as an advanced post-
processing of experimental data.  

Summary 
• Glycerol addition decreased PM emissions, but increased emission of CO; 

• Stochastic Reactor Model was demonstrated as a complex post-processing tool 

using detailed chemical mechanism; 

• Soot precursors and oxidizers were investigated using scatter plots; 

• Glycerol addition increased potential of soot oxidation but led to increased emis-

sion of tiny particles. 
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Results 

Methodology 

Experiment 

species mass fraction 

n-heptane 1.0 

species mass fraction 

n-hexadecane 0.549 

heptamethylnonane 0.295 

tetralin 0.114 

1-methylnaphthalene 0.042 

Emissions results 

Engine: OM 613 Mercedes straight 6, 3.2 l (speed 
1800 rpm, different load 20-140Nm) 

• Horiba exhaust gas analyzer 

• DMS Particulate matter analyzer 

Analysis 

Pressure trace calibration 

soot region 
Parameter Value 

Mixing model 1D EMST 

Number of particles 200 

Time step size  0.5 [degCA] 

Heat transfer model Woschni 

Woschni C1 2.28 

Woschni C2 0.0035 

Model set-up Diesel surrogate Chemical mechanism 

Two fuels: 
• Reference diesel (REF/DT) 
• Ref. diesel + 10 % (by vol.) glycerol (GLY/G10) 

484 species 

19341 reactions 

56 species 

206 reactions 
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DI-SRM approach [4] with 0D k- model [5] was used. 
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Equivalence ratio vs temperature map 

Combustion phase between -10 to 25 CAD after TDC 

soot precursors: 

C2H2, C6H6, C16H10 


