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Gas and Drop Behavior in Reacting and Non-Reacting 
Air-Blast Atomizer Sprays 

Vincent G. McDonell* and Scott Samuelsent 
University of California, Irvine, Irvine, California 92717 

A detailed study of the two-phase flow produced by a gas-turbine air-blast atomizer is performed with the 
goal of identifying the interaction between the two phases for both non-reacting and reacting conditions. A two­
component phase Doppler interfer()metry is utilized to characterize three flowfields produced by the atomizer: 
1) the single-phase flow, 2) the.two-phase non-reacting spray, and 3) the two-phase reacting spray. Measurements 
of the mean and fluctuating axial and azimuthal velocities for each phase are obtained. In addition, the droplet 
size distribution, volume flux, and concentration are measured. The results reveal the strong influence of the 
dispersed phase on the gas, and the influence of reaction on both the gas and the droplet field. The presence 
of the spray significantly alters the inlet condition of the atomizer. With this alteration quantified, it is possible 
to deduce that the inertia associated with the dispersed phase damps the fluctuating velocities of the gas. Reaction 
reduces the volume flux of the droplets, broadens the local volume distribution of the droplets in the region of 
the reaction zone, increases the axial velocities and radial spread of the gas, and increases the anisotropy in the 
region of the reaction zone. 

Introduction 

D ET AILED measurements of both the continuous and 
dispersed phases in liquid fuel sprays are necessary to 

develop 1) an understanding of the physical processes of evap· 
oration, mixing, and momentum and mass exchange, and 2) 
a data base for the verification and development of compu­
tational codes. 

Further, measurements in both non-reacting and reacting 
sprays are of interest. Studies in the absence of reaction pro­
vide a baseline to assess the impact of reaction. Likewise, a 
data base can be established that utilizes the same geometry, 
but provides information with and without the complexity of 
chemical reaction. 

Optical measurements of droplet size in reacting sprays 
have been made previously (e.g. , Refs. 1-4). Although these 
studies have been useful in demonstrating the application of 
various optical techniques to the measurement of drop size 
in reacting sprays, the necessary gas phase data are not pro­
vided. 

Of the diagnostics available, phase Doppler interferometry 
has the potential for providing the needed data for both the 
continuous phase and dispersed phase "(e.g., Refs. 5-8). 
Of the above studies employing phase Doppler in reacting 
flows,1- 3 single-component instruments were utilized. In sprays 
featuring atomization or aerodynamically induced swirl, two 
or three significant velocity components can be induced in 
both the continuous and dispersed phases. In such cases, non­
biased phase Doppler results may require a simultaneous two­
component measurement. Other issues also limit the use of 
these data in developing an understanding of the physics, or 
in developing a data base for a numerical code challenge. For 
example, in these studies: 

1) Data were acquired in the absence of a detailed survey 
of atomizer symmetry. Hence, the effect of asymmetries on 
the data sets is unknown. 
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2) The liquids used were multicomponent fuels. Hence, the 
use of the data for modeling is limited. 

3) In the cases where non-reacting sprays are compared 
with reacting sprays in a model swirl-stabilized model com­
bustor, 1.2 data acquired in the absence of reaction were also 
in geometries free of both confinement and a dome swirler. 
Hence, the effect of reaction alone was not isolated. 

The present study characterizes, in the absence and pres­
ence of reaction, the gas and drops in a spray produced by a 
production air-blast atomizer. Measurements are made using 
two-component phase Doppler interferometry. 5 A single­
component fuel (methanol) with properties desirable for mod­
eling is used. 

Previous studies of the same atomizer and spray have ex­
amined the role of the two phases in establishing the symmetry 
of the spray field9 and demonstrated the extension of the 
diagnostic employed to reacting environments. 10 These results 
are useful in establishing the capability of the instrumentation 
in characterizing two-phase polydispersed flows and in char­
acterizing sprays under reacting conditions. The initial data 
acquired in the present effort were previously presented.10 

·The focus of that paper was on establishing the performance 
of the diagnostics under reacting as well as non-reacting con­
ditions. The acquisition of additional and redundant data and 
analysis of all the data have now been completed, and the 
results are presented in this paper, with emphasis upon the 
physical mechanisms occurring in the reacting and non-re­
acting sprays. 

Approach 
The approach taken is to carefully characterize the two­

phase flow produced by a practical air-blast atomizer by ac­
quiring the measurements of mean and fluctuating axial and 
azimuthal velocities for each phase, and the measurements of 
size and volume flux of the dispersed phase. The single-phase 
flow (i.e., "atomizing" air only through the atomizer, in the 
absence of liquid) is initially characterized. Next, liquid meth· 
anol is injected in the presence of atomizing air, and the 
resulting two-phase flow is ch,aracterized. Finally, the spray 
is ignited, and the reacting flow is characterized in the same 
manner. The tests are run at 1 atm, and all air used is intro­
duced at 18-21° C. Measurements are obtained at three axial 
locations, Z = 50, 75, and 100 mm. 
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Experiment 

Atomizer 

The air-blast atomizer utilized in the present study is shown 
in Fig. 1. The atomizer is used commercially in small-scale 
gas-turbine engines. The atomizer is operated at an air-to­
fuel ratio of 1.0, with a fuel mass flow of 0.00203 kg/s. Meth­
anol is employed for three reasons: at the ambient condition 
used, 1) it will readily vaporize, 2) the vapor has approxi­
mately the same density as air, and 3) the liquid saturation 
temperature ( -10°C) can be easily achieved prior to atomi­
zation, ensuring that thermal gradients within the droplets are 
minimized. Although selected for use based on non-reacting 
conditions, methanol is also suitable for reacting conditions. 
Table 1 summarizes the characteristics of the selected oper­
ating conditions. The effective area, A cd• is determined from 
the pressure drop across the atomizer and the air mass flow 
rate.11 For the relatively low-pressure drops of the present 
study, the air flow is approximately incompressible, and the 
effective area can be used to establish the bulk velocity of the 
air exiting the atomizer. 

It is also necessary to know the air flow through each pas­
sage of the atomizer. A study was conducted to quantify the 
flow split, and it was found that an approximately even split 
occurs for the present operating condition. 

Facility 

The facility utilized is shown in Fig. 2. The test article is 
oriented downward, suspended from a traverse providing mo­
tion in the axial direction. This traverse is attached to a sup­
port structure, which is, in turn, suspended from the optical 
table by a two-dimensional traverse system, thus providing 
three degrees of translational freedom. In addition, the test 
article may be rotated about the centerline to provide one 
rotational degree of freedom. The support structure is en­
closed to provide a 455 x 455 mm duct. Optical access is 

SECTION A·A 

FUE~ PORT 

, + 0 )/45 DEG. 

AIR ~ A 

1.71 mm 

'--t=~~;;;;;;;;;~~I '----- 55 DEG. HELICAL 
!+- 5 mm SWIRLER 

6.30 mm 

m 

12.70 mm 

Fig. 1 Air-blast atomizer and fixture used to supply air and fuel. 

Table 1 Operational characteristics of air-blast atomizer 

Air flow , 
gms/s 

2.03 
2.03 

Air 4P, 
kPa 

3.5 
4.75 

2.32 X 10-s 
2.00 X 10-s 

Fuel flow, 
gms/s 

0.00 
2.03 

•Based on Textron Turbo Component methodology.'! 

Fuel t.P, 
kPa 

0.0 
83.5 

Z TRAVERSE 

DILUTION AIR PORT 

Fig. 2 Facility. 

provided by 3 mm thick 75 x 300 mm vycor sheets. The 
exhaust system is designed for reacting and non-reacting con­
ditions. The system provides a bulk air velocity of 1 m/s (with 
no atomizer flows) through the square duct in the present 
study. A vibrated fluidized bed seeder feeds a minifold at the 
inlet to the duct to provide the information for the gas phase. 
Al20 3 (nominally 1.0 µ.m) mixed with.3% Si02 (a flow agent 
to reduce agglomeration that minimizes fluctuations in flui­
dization rate) is used to seed the flow. 

It was found that seeding the atomizing air streams Jed to 
a gradual buildup of seed on the atomizer swirl vanes that, 
after approximately one hour, began to change the aerody­
namic flowfield produced. Further studies directed at this 
problem revealed that, at the locations of the measurements 
reported here, the measured mean and f1uctuatiog velocities 
did not significantly change when not seeding the atomizing 
air. This is due to the considerable mixing and entrainment 
of surrounding air by the 50 mm axial location. As a result, 
only the coflowing duct air was seeded in the present study. 

Diagnostics 

A two-component phase Doppler interferometer (Aero­
metrics, Inc. Model 2100-3; system clock: 80 MHz) is utilized 
to characterize the flows of interest. A schematic of the optical 
arrangement used is shown in Fig. 3. Two orthogonal sets of 
fringes are provided by separating the 488.0 and 514.5 run 
lines from an Ar+ laser. In addition, the planes of polarization 
of the beams forming each probe are orthogonal. The receiver 
unit utilizes both polarization and chromatic separation of the 
signals to reduce "cross talk" to a minimum. Data acquisition, 
processing, and storage are controlled by an IBM AT com­
puter. Details of the principle for measuring the size and 
velocity of individual drops, as well as for volume flux, are 
given elsewhere. 12•13 The results presented are based on sta­
tistics associated with averages of individual events. 
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ARGON-ION LASER 

HALF-WAVE 
PLATE 

\ 

FREQUENCY 
SHIFT 

MOTOR AND GRATING 

TRANSMITTER 
AXJAL COMPONENT 

WAIST (1/e2) 164 microns 
WAVELENGTH 0.5145 microns 
FRINGESPACING 9.89 microns 

AZIMUTHAL COMPONENT 
WNST (1/e2) 104 microns 
WAVELENGTH 0.4880 microns 
FRINGESPACING 9.18 microns 

RECEIVER 
COllECT10N LENS 115.S, 600 mm 
FOCUSING LENS 240 mm 
SPATlAl ALTER 100 microns 

FOCUSING 
LENS 

Fig. 3 Diagnostics. 

The technique is well-suited to reacting flows because the 
phase shift measurement is relatively insensitive to the flame. s 
The technique is, however, susceptible to errors due to beam 
steering. The size of the present flame is sm~ll enough to 
r~~u~t in on~y small er!ors from this effect. Based upon sen­
s1t1V1ty studies, the primary errors due to beam steering are 
a dec~ea;;: in countin~ efficiency and an elevated fluctuating 
velocity. In the relatively small reaction zone of the present 
study, these errors are considered small. Maximum error due 
to temperature dependent liquid refractive index is 3.3% (based 
on using 134 at 0°C and 1.31 at 64.7°C, where the indices are 
determined via the Eykman relationship). 

Discrimination of phases is inherent in the operation of the 
inst~ment. By seeding the flow, optimizing the sensitivity of 
the mstrument to small particles, sizing all particles and then 
extra~ting the particles that are small enough to trac

1

k the flow 
(particle~ less than 4 µ.m in diameter are used in this study), 
th~ velocity of the gas phase within the spray may be deduced. 
Tlus app~oach has ?een applied ~uccessfully using dry powders 
as seed in mo~od1spersed parncle laden jets (e.g., Refs. 6 
and 7), and usmg both powders and mists in polydispersed 
sp.rays. (e.g: , Refs._ 8, 9 and 15). Although the powder (alu­
mma, 10 this case) 1s not spherical, the small particle produces 
a sm~ll phase. shift that the instrument interprets as a small 
sphencal particle. Of course, the validation rate is reduced 
when using either powders or mists relative to the case where 
siz~g is not employed. Studies were conducted to verify that 
the mstrument mterpreted the Al20 3 as a small particle. This 
appr?ach works well in the present flow, but may be hindered 
by high concentrations of large drops, low-quality optical ac­
cess, and with lower power lasers. 

Based on repetition of measurements at various points in 
the sprays, errors in the means of size distribution are esti­
mate<;f at ± l_µ.m, and ± 0.25 mis for the mean velocity. Errors 
associated with the flux measurement are difficult to establish, 
because of the large number of parameters involved in the 
calculation of this value. This will be discussed in more detail 
in the following section. 

Results and Discussion 
Results are presented first for the continuous (gas) phase 

flow for the f?llowing thre~ cases: without the spray and with 
the non-reactmg and reactmg spray. Next, results.for the dis­
persed ph~se spray ar~ presented for the two-phase flow for 
t~e followmg two cond1t1ons: non-reacting and reacting spray. 
Figure 4 presents a schematic of the spray structure for these 
two cases. 

Continuous Phase 

~i~re 5 presents the axial continuous phase (i.e., gas) ve­
locities. In general, the mean axial gas velocities are increased 

REACTION 
ENVELOPE 

Fig. 4 Schematic of spray structure. 

by the presence of the non-reacting spray for reasons now 
discu~e<l . 

When the liquid is present, two factors are involved that 
change the gas velocity with respect to the single-phase case. 
First, due to a change in the inlet condition, the initial ve­
locities at the exit plane of the atomizer are increased by 16% 
(based upon the change in atomizer A.,d shown in Table 1). 
The measured velocities of the gas in the field of the spray 
do not show this much increase. This is attributed to the 
second factor , energy transfer from the air to the droplets 
during liquid breakup and acceleration of the drops, which 
reduces the velocity of the air. 

When the spray is ignited, at Z = 50 mm the reaction is 
just getting started, and relatively little influe~ce on the axial 
velocity is observed. By Z = 75 and 100 mm, the gas has 
expanded, giving rise to a significant increase in axial veloc­
ities. 

Figure 5 also presents the rms fluctuation of the axial ve­
locity about the mean for the three cases. The presence of 
the dispersed phase under non-reacting conditions reduces 
the fluctuation of the axial velocity at all axial stations. The 
decrease in turbulence is consistent with a reduction in the 
decay of the mean axial velocity. (From Z = 50 to Z = 100 
mm, the centerline velocity decreases by 30% and 25% for 
~h7s~gle- and two-phase cases, respectively.) When the spray 
1s 1gmted, the effect on turbulence at Z = 50 mm is minor 
as is the effect on mean axial velocity. By Z = 75 and 100 
mm, reaction increases the magnitude of the axial velocity 
fluctuations about the mean to levels greater than or equal 
t~ those. for the ~on-reactin~ case. The regions where a sig­
?1ficant mcrease m the magrutude of the fluctuating velocities 
is observed (15-40 mm from the centerline) correspond to 
regions into which the gases have expanded, as indicated by 
the mean velocity profiles. 

Examination of the azimuthal velocity component (shown 
i~ ~ig. 6) re.veals that the presence of the spray does not 
s1gmficantly impact the amount of swirl in the gas phase. In 
general, the magnitude of the azimuthal velocities are quite 
small, and,_ given the error in the velocity measurement, any 
~pparent differences for the three cases are not significant. It 
is noted that the aerodynamic centerline of the flow moves 
a~ay from centerline when the reacting spray is present. Pre­
vious work has demonstrated that practical atomizers, in gen-
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Fig. 6 Continuous phase azimuthal velocities. 

eral, and the particular test article employed in this study are The fluctuating azimuthal velocities exhibit trends similar 
prone to asymmetries under the scrutiny of the advanced to those observed for the axial direction. The fluctuating azi-
diagnostic techniques now available. 16 Based on previous sym- muthal velocities tend to be lower than the axial values for 
metry assessments of the atomizer used in the present study, all three cases. To illustrate this, Fig. 7 presents radial profiles 
the shift in the centerline is attributed to an asymmetric heat at Z = 100 mm of the ratio of the fluctuating azimuthal 
release associated with an asymmetry in the fuel distribution.9 velocity to the fluctuating axial velocity. The presence of the 
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Fig. 7 Radial profile of w'/u' at Z = 100 mm. 

drops increases the isotropy at the edge of the spray (i.e., 
u'!w' "" 1). However, the level of isotropy is decreased by 
the presence of the reacting spray at all locations, except those 
farthest from the centerline. This is attributed to the strong 
acceleration of the gases in the axial direction, coupled with 
Uttle acceleration in the azimuthal direction. 

Dispersed Phase 
At this point , it is useful to examine the physical structure 

of the spray i)l terms of where and for how long drops exist. 
Application of group combustion theory proposed by Chiu 17 

yields a group combustion number, G >> 102 , indicating that 
evaporation of drops should occur within a sheath of flame. 
The presence of a sheath flame is noticed to some extent, 
although droplets are clearly present outside of the flame 
sheath. 

The droplet burning time can be estimated from Spalding18 

as being D~ x 10- 6, where D0 is the initial droplet diameter. 
This leads to typical burning times of 0.1 ms for 10 µ.m and 
10 ms for 100 µ.m drops. Given the velocities for these drops 
(generally less than 20 rn/s in the reaction zone), it is evident 
that small drops will not penetrate far into the reacting region. 
Even 100 µ.m drops can travel only 100-150 mm into the 
reactipn zone. 

This discussion is consistent with the observed structure of 
the spray-a relatively dense droplet core is surrounded by 
an annular reaction zone with complete droplet bum out by 
Z = 125 mm. A primary exception is the presence of drops 
outside the flame sheath, which is attributed to 1) the for­
mation and injection of unusually large droplets (i.e., "rogue 
droplets") with high radial velocities, and 2) the dynamics 
associated with the flame and trajectories of drops. With this 
perspective, discussion of the in-situ droplet measurements 
follow. 

Droplet Distribution D10 and D32 

Figure 8 presents radial profiles of the droplet distribution 
number mean (D10) and Sauter mean (D32) diameters for the 
reacting and non-reacting sprays. The means are based upon 
the corrected size distribution resulting from compensation 
for variation of sample volume with drop size. 12 At Z = SO 
mm, D32 is unchanged by reaction, indicating that the largest 
drops (which have the strongest influence on D32) have enough 
thermal inertia to avoid significant reduction in diameter. At 
the centerline, D 10 is systematically larger for the reacting 
case, but the difference observed is within experimental error. 

At Z = 75 and 100 mm, both D 10 and D32 are reduced 
significantly at the outer edge of the spray under reacting 
conditions. At Z = 75 mm, D32 for each case is the same at 
centerline, indicqting that the largest drops there are unaf­
fected by the heat release. Changes in D 10 remain within 
experimental error. At Z = 100 mm, D32 for the reacting 
case is smaller at radial locations, indicating that even the 
largest drops are reduced in size, due to heat release. 
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Fig. 8 Droplet distribution D10 and D32 profiles. 

Droplet Volume Distribution Span 

Figure 9 presents radial profile of the span of the droplet 
volume distribution"for the two cases. The span is defined as 
D0.9-Do. 1> where D0• 1 and D0.9 are the diameters at which 
10% and 90% of the volume in the distribution lies below, 
respectively. At Z = 50 mm, little difference is observed 
between the two cases, which is consistent with the previous 
discussion . At Z = 75 mm and Z = 100 mm, a substantial 
increase in the span is observed for the reacting case within 
the region of the reaction zone. This is associated with an 
increase in the D0.9 value, as well as a decrease in the D0. 1 
value. By way of explanation, the smallest, most numerous 
drops rapidly disappear as a result of evaporation. This results 
in a larger D0 .9 value. However, at the same time, medium­
sized drops vaporize, "replacing" the small-drop population 
to such an extent that the D0.1 value is also reduced. The net 
result is that the volume of the distribution is represented by 
a much larger range of drop sizes, resulting in a larger span 
value for the reacting case. Note that, even though the dis­
tribution D 10 and D32 values do not change significantly, the 
shape of the volume (and count) distributions change mark­
edly. This illustrates the importance of measuring the droplet 
size distribution. 

Droplet Volume Flux 

Figure 10 presents radial profiles of local volume flux (vol­
wne of liquid passing through the interferometric probe vol­
ume cross section per unit time) in the spray, under reacting 
and non-reacting conditions. At Z = 50 mm, the profiles are 
similar, as expected. At Z = 75 mm, considerable reduction 
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Fig. 9 Span of the droplet volume distribution. 

in volume flux in the reacting spray has occurred. By Z = 
100 mm, nearly all the droplets have evaporated in the re­
acting case, whereas the non-reacting profile shows a reduc­
tion in the peak value and incn;ased radial spread of the spray 
due to dispersion of the drops. 

To assess the ability of the instrument to measure volume 
flux accurately, the previous radial profiles of volume flux 
were integrated over the radial and azimuthal directions to 
give a value of the volumetric flow rate. Figure 11 presents 
the axial variation io volume flow rate for the reacting and 
non-reacting cases. At Z = 50 mm, the volume flow rate is 
about 60% of the injected value. This difference between the 
injected and measured volume flux is reduced by Z = 75 mm, 
and at Z = 100 mm, reasonable conservation of volume is 
reached, especially if evaporation is accounted for. 

Several factors contribute to the low value at Z = 50 mm. 
The high axial velocities cause droplets to be missed, due to 
insufficient frequency shift in the azimuthal component (i.e., 
fringe biasing). Also, the high absolute data rates (> 3000 Hz) 
can cause excess rejection of sources, due to multiple particles 
in the probe volume. The rejected drops are not used in the 
calculation of the flux . Jn the present study, rejection rates 
ranged from 5 to 60%, depending on the location in the spray. 
In general, the highest rejection rates occurred only nearest 
to the atomizer and at the center of the spray. This problem 
may be reduced by using a smaller spatial filter in the receiver, 
but cannot be eliminated. In addition, asymmetry of the at­
omizer will contribute to errors.9 
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Figure 12 presents mean axial velocities for selected droplet 
size groups. Group widths were selected to provide a wide 
range of areas over which a statistically representative number 
of droplets were present. (Data arc presented only for loca­
tions at whicb more than 100 drops of a given size range were 
measured.) 

At Z = 50 mm , the profiles, with the exception of slightly 
higher axial velocities, are similar for both reacting and non­
reacting cases. At Z = 75 mm, a dependency of velocity on 
size is more persistent in the reacting case. This persistence 
is even more evident at Z = 100 mm. 

One reason for the persistence of the size-velocity corre­
lation in the reacting case is that the drops present at Z = 
100 mm were considerably larger when they were at Z = 50 
mm. For example, applying the d-squared law18 to drops pres­
ent at Z = 100 mm indicates that the drop must be 57JLm in 
diameter at Z = 50 mm (assuming a velocity of 15 mis). 
Hence, drops of a given size present at Z = 100 mm in the 
reacting case were larger drops with more momentum at Z 
= 50 mm, whereas drops of a given size present at Z = 100 
mm in the non-reacting case were similar in size at Z = 50 
mm. 

In add~tion , the persistence of the size-velocity correlation 
may be partially due to a reduction in drag force on the 
droplets. It has been shown by some researchers (e.g., Refs. 
19 and 20) that evaporative blowing and influence of the 
boundary layer on the effective viscosity can reduce the total 
drag on drops (especially low-temperature drops) injected 
into a high-temperature environment. This situation is likely 
to exist in the present case, and it could be that these phe-



690 V. G. McDONELL AND S. SAMUELSEN J. PROPULSION 

nomena are occurring as well. Without the luxury of a La­
grangian measurement, the presence of such effects cannot 
be established. 

The droplet azimuthal velocities (not presented here, for 
brevity) demonstrate no significant velocity dependency upon 
size, indicating little momentum transfer between phases as­
sociated with this component of velocity. 
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Fluctuating droplet velocities are not presented because of 
the ambiguity associated \\>lib the "smearing" of this quantity, 
due to size velocity correlations within the size group, and 
the inability to distinguish where drops at a given point came 
from. It is noted that tbe variation in droplet velocity plays 
a role in the dispersion of drops, and may impact correlation 
with empirical relationships. Efforts are currently being di­
rected at better understanding the role of the fluctuating drop 
velocities. · 

Summary 
A detailed study of the flow produced by an air-blast at­

omizer operated with no liquid and liquid under reacting and 
nOIJ.·reacting co11ditions is conducted. Spatially resolved mea­
surements of the axial and azimuthal components of velocity 
for each phase are obtained; as well as droplet size distri­
butions and volume flux. In summary, for the test article and 
operating conditions evaluated: 

1) Quantification of the air flow splits through the atomizer 
and the way in which the presence of the liquid impacted the 
gas injection velocity was necessary to properly interpret the 
data. · · 

2) The presence of the drops under non-reacting conditions 
increases the continuous-phase mean axial velocities, reduces 
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Fig. 12 Droplet mean axial velocities. 
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turbulence in the continuous phase, and slows the decay of 
the continuous phase velocities relative to the single-phase 
case. This is attributed to a combination of momentum trans­
fer between phases, and to changes in the inlet condition of 
the atomizer between the single and two-phase cases. 

3) The single and two-phase flows both exhibit anistropy. 
·The degree of anisotropy is increased by reaction. 

4) Reaction increases the gas phase mean and fluctuating 
axial velocities. 

5) Reaction reduces the local volume flux and size distri­
bution means. 

6) Reaction increases the span of the volume distribution, 
which is attributed to preferential evaporation of small drops. 

7) Reaction causes a persistence of a drop size-axial velocity 
correlation, which is attributed to differences in the evapo­
rative history of drops between the reacting and non-reacting 
cases. 

8) The general structure of the present spray flame is con­
sistent with group combustion theory, although it is noted 
that individual ("rogue") drops still exist outside of the re­
action zone. 

9) The lifetime of droplets in the flame is described with 
reasonable accuracy by the D2 Jaw. 

This study provides a data base for air-blast atomizers that 
can be used to investigate the performance of numerical models 
in predicting droplet/gas behavior in reacting sprays. 
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