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Figure 1- Hydrocarbon classes of two different conventional diesel blends, ULSD-2 (right) and Stage-V (left) [19, 41]
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1.Ignition Delay Time (IDT)
2.Laminar Flame Speed (LFS)
3.Soot Index
4.Thermochemical Properties
5.Transport Properties
6.Surrogate Formula
7.Surrogate Kinetic Model
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1.Chemical Reaction Mechanism
2.Thermochemical Properties
3.Transport Properties

4.Cy-C5 Chemistry

5.Poly Aromatic Hydrocarbons (PAH)
6.Semi-Detailed Mechanism

7.FMD (Fuel Model Design

8.IFSdnput Formula of Surrogate
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Physical & Chemical Properties

F i C i Heat release, Ignition Delay Times, Laminar Flame
Distillation Curve, 2-Phase Diagram, Density, ... speed, Concentration Profile, TSI, ...

IFSo Initial Values ' <€

Determination of Fuel Composition

n-Alkane % i-Alkane % Cycloalkane % Aromatics %

Generation of Reaction Mechanism

|¢

Detailed Sub-

Detailed Sub-Model | Detailed Sub-Model Il  Detailed Sub-Model III Bl

A 4

Validation for each Hydrocarbon,

Mixture and Practical Fuel

Input Formula of
Surrogate (IFS)

Figure 2-Algorithm of the surrogate modeling procedure [21]
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2.Cyclic Alkane (Naphthene)
3.Aromatic
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Table 2-Comparison of certain properties of the JP-8 and ULSD-2 fuels.
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1.Jet Fuel Surrogate (JFS)

2.Diesel Fuel Surrogate (DFS)
3.Surrogate Formula

4.Input Formula of Surrogate (IFS)
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6.Syngas

7.Jet-Al

8.n-Dodecane

9.Cyclohexane

10.is0-Octane

11.Toluene

12.Shock Tube (ST)
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Figure 3- Distribution of hydrocarbon groups, forming the final surrogate formula.
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Figure 4- Comparison of the experimentally determined IDT data by Wang et al. [39] (white symbols) for T=900-1400 K, and the
performance of the surrogate model of present work with SRG1 input formula (solid lines) for Stage-6 diesel mixture with synthetic
air at: a) ¢=0.5, P=6 bar; b) ¢=0.5, P=10 bar; c) ¢=1.0, P=6 bar; d) ¢=1.0, P=20 bar.
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Figure 5- Experimentally determined IDT data by Kukkadapu et al. [40] (white and red symbols), and Yu et al. [41] (violet
symbols) for T=650-900 K, versus the simulations by the surrogate model of present work with SRG1 (solid lines),
compared with other models from [9, 18] (dash-lines). The mixtures in following conditions: a) ¢=0.7, P=10 bar; b) ¢=0.7,
P=15 bar; c) ¢=1.0, 20=6bar diluted in N,; d) ¢=0.5, P=10 bar diluted in N,.
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Figure 6- OH concentration profiles obtained from simulation of experimental datasets of [40] at ¢=0.7, P=15 bar and 14 different
temperature points, provided by the present surrogate model and SRG1 formula. The cool flame and early ignition points are
recognizable where the OH concentration sees several local peaks before the final ignition.
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Figure 7- Schematic of a gas turbine system used in a power plant, together with other control system and power supply
components [42].
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Components Density
Toluene C7H8 15% Mole % 867 kg/m3 at 15°C
Cy-Hexane cyC6H12 20% Mole % 779
N-Dodecane C12H26 50% Mole % 750
|1-Octane iC8H18 15% Mole % 690
Hexane, Avg. C6H14 0% Mole %
Heptane, Avg. C7H16 0% Mole %
N-Octane C8H18 0% Mole %
Nitrogen N2 0% Mole %
Moist H20 0% Mole %
Carbon dioxide C0o2 0% Mole %
Density at 15°C STP 764,35 kg/m3
Gas Molecular weight Mg 132,7 kg/kmol
Gross Heating value (HHV) Ho 45776,002 kJ/kg
Net Heating value (LHV) Hu 41564,28536  kJ/kg
Compressibility factor at STP Zn 0.99

No. kg/ mole  Weight %
C content 9,45 1134 0,854559
S content 0 0 0
N content 0 0 0
H content 19,3 19,3 0,145441
O content 0 0 0
Net 28,75 132,7 1
C/H ratio 0,489637
Ambient (barometric) pressure p amb 1,01927 bar
Fuel Gas Pressure p e FG 1,01927 bar
Fuel gas temperature TFG 298 K

igure 8- Determination of the required input parameters for mathematical model of gas turbine unit, based on the
simulation of the fuel ignition in calorimetric bomb reactor at T=800 K, P=1 atm, provided by the surrogate model.
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Figure 9- Simulation results of gas turbine power generation rate by the mathematical model, burning natural gas (blue
lines) and diesel (red lines): a) Before kinetic model modification (top); b) after inserting the surrogate model parameters
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Gasoil is widely known as one of the mostly used industrial fuels which plays a significant role in the power
plant industry, particularly in gas turbine systems. Considering that the fuel combustion process plays a key
role in the gas turbine system, studying this process is of particular importance in optimizing the entire
system in terms of performance and reducing environmental effects. This is done through kinetic modeling
and the development of the gasoil surrogate model and formula, which is the focus of the current research. To
this aim, the measured ignition delay data at different experimental conditions are used for simulation and
validation of the model. The last part of this research is about to changing the input parameters of gas turbine
mathematical model, also known as control model. This is done based on the output of the surrogate model of
diesel. At the end, the results of these changes are compared with the state before the change.

Keywords: Control System of Gas Turbine, Diesel Combustion Model, Kinetic Modeling of Combustion,
Surrogate Modeling
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