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Table 1- Validation test setups

Fuel Blend Oxidizer Blend
Case Number H,/CO Cco I\/I_ole H, Mple CH, Mole N, Mple N> Mple 0, M_ole
Ratio Fraction Fraction Fraction Fraction Fraction Fraction
(%) (%) (%) (%) (%) (%)
0.25 32 8 58 2 79 21
4 8 32 58 2 79 21

oS (slod Wl puudi (gl pr ool a8 )5 a3y sloddigei -V Jeus
Table 2- Considerd cases for oxidizer temperature variations

Fuel Blend Oxidizer Blend
Case COzRole in H,Mole  COMole O, Mole CO;Mole N,Mole VCO,Mole OXidizer Preheating
Number Reaction Fraction Fraction Fraction Fraction  Fraction Fraction Temperature [K]
(%) (%) (%) (%) (%) (%)
1 80 20 6 94 0 0
2 50 50 6 94 0 0
3 20 80 6 94 0 0
4 . 80 20 6 47 47 0
5 ?g“;’ggd) 50 50 6 47 47 0
6 2iree 20 80 6 47 47 0
7 80 20 6 0 94 0
8 50 50 6 0 94 0 900 < Ty, <1200
9 20 80 6 0 94 0
10 80 20 6 0 0 94
11 Non- 50 50 6 0 0 94
12 Activated 20 80 6 0 0 94
13 CoO, 80 20 6 0 47 47
14 (VCO,) 50 50 6 0 47 47
15 20 80 6 0 47 47
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Table 3- Considerd cases for O, mole fraction variations in oxidizer composition

Fuel Blend Oxidizer Blend
Case CO;Role in H, Mole  CO Mole O, Mole CO; Mole N2 Mole VCO, Mole
Number Reaction Fraction  Fraction Fraction Fraction Fraction Fraction
(%) (%) (%) (%) (%) (%)

1 80 20 4-22 96-78 0 0

2 50 50 4-22 96-78 0 0

3 20 80 4-22 96-78 0 0

4 . 80 20 4-22 48-39 48-39 0

5 ACt“(’gtOed)COZ 50 50 422 4839 48-39 0

6 2 20 80 4-22 48-39 48-39 0

7 80 20 4-22 0 96-78 0

8 50 50 4-22 0 96-78 0

9 20 80 4-22 0 96-78 0

10 80 20 4-22 0 0 96-78

11 50 50 4-22 0 0 96-78

12 Non-Activated 20 80 4-22 0 0 96-78

13 CO, (VCO,) 80 20 4-22 0 48-39 48-39

14 50 50 4-22 0 48-39 48-39

15 20 80 4-22 0 48-39 48-39
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Figure 2- Comparison between experimental data and current simulation for test setups in H,/CO ratio 8 and 32
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Figure 3- Graph of T Versus of preheating temperature under oxy-fuel and oxygen-enriched modes in different fuel ratios a)
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Figure 5- Formaldehyde distribution at various H,/CO ratios and preheating temperatures
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English Abstract

Numerical simulation of the syngas flame structure under air-fuel, oxygen
enriched, and oxy-fuel regimes with flameless combustion: the impacts of
fuel composition, preheating temperature, and oxygen mole fraction
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In the present study, the influence of the oxidizer preheating temperature and oxygen mass fraction as the
effective parameters on the flameless combustion under oxy-syngas, air-syngas, and oxygen-enriched conditions
have been investigated. The simulations have been carried out with applying the counter-flow diffusion flame
solver using GRI3.0 chemical kinetics. In order to separate the physical and chemical impacts of substituting
CO, with N, a virtual species (VCO,) has been used with physical properties similar to CO, without being
present in the reactions chain. According to the obtained results, physical and chemical impacts are dominant for
lower preheating temperatures and higher preheating temperatures, respectively. The investigation of ignition
delay time shows that under oxy-syngas conditions, increasing the H,/CO ratio from 0.25 to 1 and from 1 to 4
leads to a decrease in the axial distance of ignition from 0.4 cm to 0.39 cm and it changes from 0.39 cm to 0.375
cm, respectively. The comparison between the oxygen mole fraction and the inlet preheating temperature
indicates that the preheating temperature has a greater effect on the reactive flow structure parameters such as
ignition delay and released heat.

Keywords: Syngas fuel, Flameless combustion, Numerical study, Chemical and physical impacts, Chemical kinetic
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