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Abstract 
This work deals with a detailed study of the reaction zone of the coal gasification 
process under simplified experimental condition.An experimental and numerical 
investigation of heat release rate (HRR) in a laminar inverse diffusion flame (IDF) 
was conductedusing pure oxygen as oxidizer and carbon dioxide diluted methane 
as fuel, with a global stoichiometry of partial oxidation processes (equivalence 
ratio of 2.5). The calculations and experiments have been performed at inlet 
ambient temperature and atmospheric pressure.The measurements are based on 
taking the pixel-by-pixel product of the two key intermediates hydroxyl radical 
(OH) and formaldehyde CH O laser-induced fluorescence (LIF) images to yield an 
image closely related to HRR. These measurements are compared to numerical 
results obtained using detailed chemistry and multicomponent transport properties. 
The spectroscopic and collisional processes as well as the interference from 
broadband PAH fluorescence affecting the measured signals especially in diffusion 
flames are discussed. Also laminar premixed Methane-Air flame with focus on rich 
flames ( 1 3  were investigated. It was shown that the product of OH and 
CH O concentrations yields a result closely related to the heat release. These 
comparisons lead to the conclusion that the experimental method used seems to be 
a good tool for the determination of heat release in flames enabling a better 
fundamental understanding and its applicability to a variety of large-scale systems. 
 
1. Introduction 
Heat release Rate is a highly important fundamental flame property that largely 
characterizes the energetic outcome of the overall combustion process. However, 
the direct measurement of the HRR as a field variable has not been developed yet 
[1]. This investigation is focused on the suitable experimental measurements of 
flames markers, since a way to overcome this problem is to formulate practical 
correlations between HRR and appropriate chemical markers that can be 
experimentally determined with acceptable accuracy. Several such correlations 
have been proposed in the literature and they invariably correlate some kind of 
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suitable detailed kinetic information (e.g. species mole fraction and/or elementary 
reaction rates) to the HRR. Najm and Paul et al. [2], found a temporal and spatial 
correlation between the concentration of the formyl radical HCO and the HRR for 
premixed flames. Unfortunately, due to its low levels, HCO LIF measurements in 
flames suffer from poor signal-to-noise ratio, therefore are not feasible [2]. Instead, 
Paul and Najm et. al. [3] showed that the product of OH and CH O concentrations 
is directly proportional to the reaction rate of 
 

CH O   OH H O   HCO                                         1.1  
 

and, therefore, yields an estimate for the production rate of HCO, and thus the HR. 
The established link between HCO mole fraction and HR therefore makes the 
product of OH and CH O a good choice for flame front determination and HR 
estimation. These species of interest are produced and consumed during the 
reaction process itself, implying that they need to be measured in-situ. Moreover, 
since flames are very sensitive to the disturbances imposed by mechanical probes it 
is highly advantageous to measure these important species with an (essentially) 
non-intrusive technique, therefore is used LIF, since it has been proven to be the 
most successful technique for identifying concentration of minor species. 
 
2. Experimental Set-up 
A frequency doubled Nd:YAG laser was used pumping the frequency doubled dye 
laser (Quentel Brilliant B/TDL90), with a Rhodamine 6G dye solved in ethanol 
which provided a wavelength in the UV region near 283nm at pulse frecuncy of 
10Hz. The mean energy of the OH LIF beam was approximately 10mJ / pulse. The 
UV beam was formed into a light sheet (40 mm by 0.3 mm) by using cylindrical 
lenses. The signal of the OH (0-0) and (1-1) bands near 310nm has been selectively 
filtered to observe the two adimensional LIF images with a 12-bit CCD camera 
(HiSense MkII) where a standard UV optic (Nikon) with a focal length of 105 mm 
and f-number of 2.8 was used. The gate time was set to 200ns in order to suppress 
emission of the natural flame radiation.  
Detection of formaldehyde in flames by laser-induced fluorescence (LIF) has been 
accomplished by excitation of the strongA–X4  vibronic band at 355 nm third 
harmonic output of a Nd:YAG laser at pulse frequency of 10Hz. Formaldehyde 
displays significantly greater absorption to wavelengths such as 351 nm, but 
producing this wavelength would require the use of a dye laser, and the 
corresponding weaker beam energy would negate any advantage gained in 
absorption efficiency. The mean energy of the CH O LIF beam was approximately 
170mJ / pulse. Then, the transmission was nominal centered at 417 nm with a Full-
Width Half-Maximum (FWHM) of 60 nm. 

To carry out the different experiments, two different burners were used: 
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1. a premixed flat flame burner (McKenna), in order to analyze the Laminar 
Premixed  Flame, 

2. a co-flowing IDF burner setting previouslydesigned [4], in order to 
investigate on the gasification flame. 

 
3. Numerical approach 
Chemical reaction rates, thermal and transport properties of chemical species were 
evaluated using multi-transport models with the CHEMKIN-PRO software 
package [5], with GRI-Mech 3.0 [6], and ATR[7]as kinetic mechanisms. ATR 
mechanism is a methane combustion mechanism and is the result of a systematic 
reduction of GRI-Mech 3.0. It includes 112 reactions and it is especially validated 
for 1. So, to be sure that it can be used in the present case, some calculations 
have also been performed with the GRI-3.0, and comparisons for CH O,  HCO, and 
OH estimations have been done. Results show that both chemical schemes provide 
the same profiles for these species. 
A classical axisymmetric one-dimensional formulation, using low-Mach number 
and boundary layer approximations in the counter-flow and co-flow configurations 
were applied to numerically describe of the a CH /CO O  laminar counter-flow 
non-premixed flame and premixed  CH -air flames respectively. 
 
4. Results and discussion 
The LIF-images of OH and CH O were simultaneously recorded with two separate 
detection system.  
The profiles that have been obtained from images of OH and CH O can be more or 
less spatially superimposed with the numerical data. The fluorescence profiles have 
been divided by the maximum fluorescence signal after performing laser energy 
and background corrections, since the aim of this study was to qualitatively 
describe the evolution of the heat release profiles for different flame conditions and 
to compare them with the numerical results. 
For laminar methane-air premixed flames have been obtained LIF-images of OH 
and CH Oin a range of equivalent ratio between 1-3, in contrast to laminar 
diffusion flames were obtained some OH-LIF images, even so with some 
interference.Conversely, for formaldehyde in either high or low flame positions it 
was not possible to take a LIF signal. This is because there was many interference 
due to the presence of polycyclic aromatic hydrocarbons (PAH), which 
contaminate the formaldehyde signal fluorescence. 
We attempted to detect the signal at various heights but apparently the broadband 
PAH fluorescence, increases rapidly with increasing height above the burner.  
Figure 1shows a comparison of OH, CH O concentration, the product of CH O and 
OH and calculated heat release profiles obtained by experiment and calculation for 
a premixed flame with equivalence ratio equal to 2.0. 
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In Figure 2, it is possible to see that at a radial position of 3 mm, a high 
interference occurs. This is because the signal outlet was performed at an axial 
position equal to 40 mm, as seen on the left hand side of Figure 2. Inthis distance 
the profile curve of OHjust starts, therefore it is not possible to obtain the signal at 
the same point due to the flame movement. 
In case of formaldehyde measurements, chemiluminiscence and LIF formaldehyde 
images are illustrate in Figure 3 (a) and (b). These figures represent a co-flowing 
normal diffusion flame (NDF), which a central fuel jet surrounded by an annular air jet. 
As well as it is possible to see in Figure 3 (b) there is so much interference, 
whereby is not possible to detect the location of formaldehyde in the flame. There 
is a yellow region, but not known if is produced for PAH-LIF, soot or other 
substance that overlaps the signal of formaldehyde. Another possibility of the 
existence of this yellow area could be due to any amount of fuel still remains 
unreacted mixed with another components, since it so near to the burner rim.  
 

 
Figure 3. (a) Distribution of CH Ochemiluminiscence (left side) and (b) CH O

LIF(right side) images of a diffusion flame. 

5. Conclusions 
In this work, the experimental method proposed for Najm and Paul [2], [3], and 
later adapted for Fayoux and co-workers [8] for the determination of heat release in 
flames has been applied to premixed flames and diffusion flames and compared to 
numerical simulations. The concentration profiles of the two key flame 
intermediates OH and CH O have been obtained by LIF for different flame 
conditions, and the product of this concentrations was compared to the numerically 
determined heat release profile. The numerical results obtained for both premixed 
and diffusion flame revealed that the calculated heat release and the calculated 
product of  and OH profiles correlate rather well. Regarding the experimental 
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part unfortunately it was not possible to detect a CH O LIF signal that would 
permit to validate the numerical simulations for the gasification flame. This due to 
the use of 355nm from a Nd:YAG leads to polycyclic aromatic hydrocarbons 
(PAH) fluorescence contaminating the formaldehyde signal.   
It can be concluded that the weak CH O-LIF is compounded in non-premixed 
flames due to the low CH O concentrations in comparison to premixed flames and 
the interferences on formaldehyde measurement in diffusion flames are more 
prevalent that in premixed flames, due to the presence of formaldehyde hot bands 
and PAHs in the non-premixed flame.  
Significant development toward the understanding of fundamental aspects relevant 
to heat release in gasification flames have been revealed by this study. In order to 
validate experimentally the correlation found between calculated heat release and 
the calculated product of CH O and OH profiles, efforts continue to improve the 
model used to describe the  CH O LIF signal, to further refine and test the method, 
and to optimize the signal-to-noise performance. 
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