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(ABSTRACT) 

An experimental investigation of an opposed flow hydrogen-air diffusion flame was 

conducted. The purpose was to experimentally determine the flow field velocity and 

corresponding strain rate under different operating flow conditions. An axisymmetric 

opposed jet burner was employed in this experiment where air was supplied to one 

circular tube, while fuel and diluent were supplied to the opposing circular tube. Velocity 

measurements were made under two different operating flow rates, via the laser Doppler 

anemometer. The experimental results are used to assess current counterflow diffusion 

flame modeling approximations. 

The data shows that the radial velocity is approximately linear with radial coordinate, 

as assumed by most modelings. The boundary conditions (uniform axial velocity, and 

linear radial velocity) assumed by the potential flow model are appropriate at a particular 

location upstream of the boundary layer region; and the supply air strain rate 

approximates the potential flow strain rate, going into the flame boundary layer region. 

Qualitatively, the plug flow model is a better approximation to the velocity 

distribution for both flow cases.
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1. INTRODUCTION 

Most reacting flows of practical interest are turbulent in nature (gas turbine 

combustors, rocket engines, oil furnaces, etc). Characteristics of turbulence include: 

stretching and straining motion which is random in time and space; steepening of 

temperature and concentration gradients, which enhance mass and energy transfer rates; 

among others. As such, the transport properties of turbulent flames (effective mass 

diffusivity, thermal conductivity, etc) are functions of the flow rather than the fluid.’ The 

laminar flamelet concept, in the studies of turbulent flames, views a turbulent diffusion 

flame as an ensemble of strained laminar diffusion flamelets.?"° Of fundamental interest 

in the studies of turbulent flames are the local flame extinction limits and pollutant 

formation. The counterflow geometry diffusion flame is the most representative steady 

flow field for the study of chemistry models and transport effects in laminar diffusion 

flamelets.** Successful prediction of extinction and species formation in such flames 

demands a detailed understanding of the fluid mechanical processes (strain rate and 

velocity fields) in such flow fields as these processes affect the transport of significant 

thermodynamic properties.” 

In diffusion flames, the chemical reaction rate is often much faster than the diffusion 

rate of species into the flame zone. However, in cases where the mass flow rates of fuel 

and oxidizer are much higher,for example, in the case of strained laminar flamelets, the 

chemical reaction rate can be of the same order of magnitude as the diffusion rate; and 

in limiting cases, the chemical reaction could abruptly cease. Such an event is termed



“convection extinction” by Spalding,”” and “strain induced extinction” by Pellet.°* 

Two types of counterflow geometry have been used experimentally in the studies 

of laminar diffusion flame extinction limits: a counterflow diffusion flame between two 

opposed gaseous jets (circular or matrix jets); and a diffusion flame established in the 

forward stagnation region of a porous burner suspended in a uniform oxidizer flow (porous 

sphere or porous cylinder).’* However, current numerical models of counterflow geometry 

diffusion flames have been less than satisfactory in predicting experimental extinction 

limits, reported so far, in these burner geometries.‘? This calls into question the 

assumptions and approximations used in those models. 

The purpose of the present work is to experimentally assess some of the 

assumptions and approximations made in published counterflow diffusion flame numerical 

models,'?"” and to provide a data set to aid in model development. One major difficulty 

encountered in validating numerical methods has been the absence of detailed 

experimental data on the velocity field in such straining reacting flows. Most existing 

experimental data®?'* of the velocity field in CFDF’s includes only of the axial velocity 

component on the centerline of the burner. Flow field velocity measurements will provide 

vital data necessary for development of improved strained H./Air diffusion flame models. 

A laminar CFDF was used in the present experimental study of a hydrogen-air 

diffusion flame in a straining flow field. Figure 1 is a schematic illustration of a typical 

CFDF stabilized by two steady, laminar, axisymmetric counterflowing jets, that is used by
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Figure 1 A schematic illustration of a typical CFDF



many investigators in the study of laminar diffusion flames. This was achieved using an 

opposed jet burner (OJB) arrangement previously developed at NASA-LaRC. Figure 2 

is a photograph of the OJB without the enclosure box, showing the tubes and their holder. 

This OJB arrangement employed two long opposing circular tubes of 7 mm diameter (D) 

in a vertical orientation, with a tube separation of approximately 10 mm. The air flow 

(lower tube) was seeded with micron-size chemically stable refractory particles; while the 

fuel flow (upper tube) was unseeded and cooled by a water jacket. The fuel tube holder 

was also cooled continuously. 

Velocity measurements on the air side of the CFDF flow field were made using a 

two-color, dual-beam, laser Doppler anemometer (LDA) technique, an optical, non- 

intrusive technique. Measurements included both the axial and radial velocity 

components through out the air side flow field under several burner operating fuel, diluent, 

and air flow rates. The flow field velocity structure and the strain rates were determined 

from these experimental velocity measurements. 

1.1 Background and Literature Reviews 

1.1.1. Counterflow diffusion flame 

In diffusion flames, the characteristic chemical reaction time (t,) is frequently much



  
Figure 2 A close-up photograph of the OJB showing both the upper 

and lower tubes with the tube holder and the tube sleeves


