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Abstract 

A new study has been initiated to examine the effect of buoyancy on the structure of turbulent non-premixed jet 
flames in crossflow (JFICF). In the work presented here, ethylene JFICF were investigated under normal and low-
gravity conditions, where the low-gravity was achieved by using the 1.25-second droptower facility at UT-Austin.  
Eight cases were studied, at momentum flux ratios of 6, 8.5 and 10, and at jet exit Reynolds numbers ranging from 
3000 to 4930.  The principal diagnostic employed was time-resolved imaging of the visible soot luminosity. An 
analysis of JFICF trajectories based on mean soot luminosity images, suggests both normal and low gravity JFICF 
exhibit a power law scaling, but all of the normal gravity cases deviate from such a scaling at some point 
downstream. This deviation from power law scaling is likely a result of buoyancy effects. Three-dimensional 
volume rendering of sequential images is used to study the characteristics of large-scale structures in the flame and 
the influence of these structures on flame tip oscillation. Low-gravity JFICF were observed to have a more regular 
and coherent far-field than their normal-gravity counterparts. Strong coupling between the large-scale structures and 
the flame tip oscillations is observed. 

Introduction 

Non-reacting jets in crossflow (JICF) have 
undergone extensive study over the past 50 years and a 
great deal of information is known about their 
structure.1 The flow-field structure of JICF is marked 
by several classes of vortices. Dominant among these is 
the kidney-shaped counter-rotating vortex pair that 
forms within the core of the jet and grows with 
downstream distance. Additionally, there is a horseshoe 
vortex, which curves around the front of the jet, and 
shear-layer vortices that are generated by the interaction 
of the high-speed jet with the lower speed crossflow. 
The shear layer vortices are not quasi-stationary, as is 
the horseshoe vortex, but are formed and shed quasi-
regularly. Finally there are a series of wake vortices 
downwind of the jet/crossflow interface.  

The centerline trajectories of both reacting and 
non-reacting jets-in-crossflow have been studied 
extensively and found to scale as a power law, when the 
spatial coordinates are normalized by rd, where r is the 
momentum flux ratio r = (ρjuj

2/ρcfucf
2 )1/2  and d is the 

jet diameter. In the momentum flux ratio, ρj and uj are 
the density and velocity of the jet fluid at the jet-exit 
respectively, and ρcf and ucf refer to the density and 

velocity of the cross-flow air upstream of the jet-exit. 
The trajectory of the jet, in both the near- and far-

field, is found to scale according to the relation  
n

rd
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where z is the coordinate in the direction of the jet and 
x is the coordinate in the direction of the crossflow.  

Although considerably less attention has been 
paid to jet-flames in crossflow (JFICF), some recent 
studies have compared the structure of non-reacting 
JICF and JFICF at similar momentum-flux ratios and 
jet-exit Reynolds numbers. (Here, the Reynolds number 
is defined as Red =ujd/ν, where ν is the kinematic 
viscosity of the jet fluid.) For example, using laser-
Doppler anemometry and species concentration 
profiles, Kadota et al.2 observed less deflection of a 
vertical propane jet flame in a horizontal crossflow than 
for an isothermal air jet of similar r and Red.  Huang 
and Chang3, using Schlieren data, made a similar 
observation.  Using particle image velocimetry, 
Hasselbrink4 found less deflection of a horizontal 
methane jet flame in a vertical crossflow than in a non-
reacting jet of similar r and Red.   

There is disagreement among the researchers 
though as to the cause of this difference in deflection. 
Huang and Chang3 suggest buoyancy is responsible, 
whereas Hasselbrink4 argues that reduced entrainment 
associated with heat release in the reacting jet is the 
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dominant effect. The problem seems to lie with the 
inability of the researchers to decouple these two 
competing (but closely related) parameters.  

Huang and Chang,3 used schlieren data to analyze 
the centerline trajectories of vertical propane jet 
diffusion flames in a horizontal crossflow and found 
different power-law expressions for the near and far-
fields: 
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It is important to note that while Rao and 

Brzustowski5 have demonstrated a strong relationship 
between the magnitude of the power-law exponent and 
jet Froude number (Fr = uj

2/gd, where g is the 
acceleration due to gravity) in hydrocarbon JFICF 
systems, the separate power-law scalings for the near 
and far-field occur in both reacting and non-reacting 
JICF systems. This dual power-law behavior appears to 
be influenced by buoyancy but not caused by it. 

This paper describes an experiment which 
decouples heat-release and buoyancy effects in 
turbulent, non-premixed, gaseous ethylene jet flames 
issuing perpendicularly into a uniform crossflow. This 
was accomplished by comparing a turbulent ethylene 
JFICF in normal-gravity to an identical one in low-
gravity. This work utilized the 1.25-second drop tower 
facility at the University of Texas at Austin.   

Experimental facilities and apparatus 

Drop-rig 

Figure 1 shows a solid model of the drop-rig used 
in this experiment. The drop-rig is enclosed within a 
standard NASA-GRC 2.2-second drop tower aluminum 
frame which measures 38" long by 16" wide and stands 
36" tall. The frame is covered on each side with 0.08" 
aluminum sheet-metal to minimize flow disturbances 
during the drops. The sheets have hinged panels to 
allow access to internal equipment. The rig is a 
modification of that used by Idicheria et al.6 

Flow Facility 

The experiment was conducted in a blow-through 
flow facility mounted in the drop rig.  The facility was 
driven by two Jabsco Model 30500-0024 DC-powered, 
4” diameter, axial in-line blowers.  These blowers, each 

rated at 235cfm (at zero pressure gradient), were routed 
via 4” diameter, flexible aluminum ducting to a 
turning/settling chamber.  Following the settling 
chamber, the flow passes through a 1” deep, 1/8” cell 
size aluminum honeycomb flow straightener.  This is 
followed by a perforated-plate and subsequently by 
three flow-conditioning screens of increasing solidity.  
Size constraints imposed by the microgravity drop-rig 
frame prevent the use of a contraction so flow moves 
from the conditioning section directly into the test 
section.   

The test section of the facility measures 8” x 8” 
and 24” long.  The jet issues from a 1/8” diameter 
circular orifice mounted flush with one wall of the flow 
facility.  The facility has a 7.88” × 14.75” optical 
window.  The window is hinged to allow access to the 
test section for lighting the fuel jet prior to each test.  
Though not used in the current study, the facility also 
contains a laser access window mounted in the wall 
opposite the jet orifice.  Flow is exhausted from the 
facility through a screened vent in the roof of the drop 
rig. 

Figure 2 shows a velocity profile across the 
crossflow, which was measured with a TSI Model 1210 
hot wire anemometer probe.  With both blowers 
running, the facility generates a mean velocity of 
1.32m/s.  Outside the boundary layer region of the 
walls, the flow has a peak-to-peak nonuniformity of 
less than 5% of the mean flow velocity and a turbulence 
intensity of less than 1%.  With only one blower 
running, the facility generates a flow with a mean 
velocity of 0.94m/s.  In this case, the flow non-
uniformity and turbulence intensity are 6.9% and 1.7% 
respectively.  

Fuel for the jet was stored in two onboard, 18.3 
in3 stainless steel pressure vessels. The flow rate was 
controlled with line pressure regulators upstream of 
choked micro-metering valves. Line pressures were 
recorded using Omega PX-236 pressure transducers 
installed upstream of the micro-metering valves and 
read into an onboard computer. Solenoid valves, 
connected via solid-state relays to the digital I/O card of 
the onboard computer, were used to start and stop the 
flow. 

Diagnostics and Control 

Soot luminosity was imaged using a Pulnix TM-
6710 progressive scan CCD camera. The camera 
operates at 120 frames per second (fps) in full frame 
mode with 512x480 pixel resolution, or up to 350fps in 
partial frame mode.  The camera was operated at 235fps 
at 512x230 pixel resolution in this study. It was 
electronically shuttered to 1/2000 second to reduce 
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blurring of the image. The camera was fitted with a 
6mm focal length, f/16 CCTV lens, chosen to maximize 
the field of view. The camera was controlled by an 
Imaging Technologies PC-DIG frame-grabber card, 
together with the camera software designed by 
Speedvision Technologies installed in the onboard 
computer. 

The drop-rig is automated through an onboard 
computer. The computer is a custom configured, 
passive back-plane type machine from CyberResearch 
Inc. It has an Intel Celeron 466 MHz CPU card with 
256MB of RAM and is equipped with a 1.2GB solid-
state, IDE hard disk mounted in a vibration isolation 
chassis. The back-plane PCI expansion slots hold an 
Imaging Technologies PC-DIG frame grabber card and 
a National Instruments PCI-6023E analog/digital I/O 
data acquisition (DAQ) card. The DAQ card interfaces 
with the experiment through an SCB-68 breakout panel. 
The computer runs on the Windows NT operating 
system and is mounted in a rugged chassis on the floor 
of the drop rig.  

Having no monitor or keyboard, the onboard 
computer was controlled remotely from a Dell Inspiron 
notebook computer via a crossover cable. A crossover 
cable, unlike an ethernet cable connects two computers 
together through their ethernet ports without using a 
HUB. The onboard computer was then configured as a 
server using a freeware called Virtual Network 
Computing (VNC) developed by AT&T Laboratories 
and the notebook was set as the client. With this 
software we were able to mimic all the functions of a 
monitor, keyboard and mouse. 

A program developed in LabVIEW is used for 
timing and control of the experiment sequence. This 
program drives the DAQ card in the computer to 
control the experiment sequence, which consists of 
triggering the camera, opening and closing the solenoid 
valves and acquiring data from the pressure transducers 
and accelerometer. 

Power for the rig is supplied by two onboard 24V 
- 20A battery packs and routed through a generic power 
distribution module developed by NASA GRC. 

UT-Drop Tower 

Figure 3 shows a schematic of the 1.25 second 
drop tower at the University of Texas at Austin.  The 
tower has a total height of 35ft, a cross-sectional area of 
8.3ft×8.3ft and is equipped with a ladder and a work 
platform at the top.  

The tower is equipped with a two-ton capacity 
electric hoist. The hoist is mounted on a movable 
trolley suspended from a steel I-beam at the top of the 
shaft. We have fastened an Eastman Aircraft 

Corporation helicopter cargo quick-release hook to the 
end of the hoist's chain. This quick-release mechanism 
may be operated electrically but we found it more 
convenient to operate manually. 

At the base of the drop tower is a deceleration 
mechanism consisting of a 6ft deep container of flame 
retardant, HR-24 polyurethane foam cubes. The 
container measures 67" long by 44" wide. Its floor is 
lined with two, 6" thick sheets of foam and the rest of 
the container is filled with 6" foam cubes. The wall 
panels of the container are made from expanded metal 
to enable visibility from outside.  

After allowing for the space taken up by the 
electric hoist and deceleration mechanism, the drop 
tower has a 25ft free-fall section. This allows for 
approximately 1.25 seconds of low gravity time per 
drop. 

Accelerometer data were acquired during drops in 
this tower in order to characterize the low gravity 
conditions. A Kistler model 8304-B2 “K-Beam” 
capacitive accelerometer and a Model 5210 power 
supply mounted inside the drop rig were used for this 
purpose. The accelerometer was sampled at 1-kHz 
using the on-board data acquisition system.  

We found the background acceleration, caused by 
drag on the falling drop rig and vibrations induced by 
the release and subsequent activation of solenoids is 
initially 10milli-g (mg) and rises (due to aerodynamic 
drag on the falling rig) to a peak of 30mg just prior to 
impact.  

A Kistler Model 8303-A50 “K-Beam” capacitive 
accelerometer was used to measure deceleration of the 
drop-rig on impact at the end of each drop. Using this 
accelerometer we measured an impact loading of 25-
30g. This is well within the design limitations of all on-
board equipment. 

Experimental procedure 

A typical low-gravity experiment is conducted as 
follows. A set of electrical leads, connected by an ON-
OFF toggle switch is inserted into a socket at the top of 
the rig. Between the two plugs is an ON-OFF toggle 
switch. These leads complete a circuit, which allows the 
onboard computer to sense when it is connected to the 
release mechanism.  

An access panel is then opened and the onboard 
gas cylinders are charged with pressurized ethylene. 
The onboard computer is then connected via its 
crossover cable to the notebook computer and the 
LabVIEW control program and camera software are 
initialized. The crossover cable is then disconnected, 
the access panel closed and the rig is hoisted to the top 
of the shaft.  
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Upon reaching the top of the drop tower, the flow 
facility viewport is opened and the onboard computer is 
notified via a toggle of the on-off switch to open the 
solenoid valve connected to one of the two on-board 
pressure vessels. This starts a low-velocity fuel jet 
flowing, which is then manually ignited with a pilot 
torch. This low-flow jet serves as an igniter for the 
JFICF, which is switched on after the drop-rig is 
released. The viewport is then closed and latched. 
Another toggle of the ON-OFF switch notifies the 
computer of successful ignition and that a drop is 
imminent. The drop-rig is then released and the leads 
pull loose from the rig, notifying it to begin the rest of 
the sequence. The computer immediately triggers the 
camera, the blowers and the solenoid valve of the 
second ethylene bottle. For the next one second, the 
computer acquires data from the accelerometer and 
pressure transducers. It simultaneously grabs images 
from the Pulnix camera at 235fps. The images are saved 
temporarily in the RAM. Immediately prior to impact, 
the solenoid valves are closed to extinguish the flame. 

The drop-rig is then retrieved from the foam-
deceleration container with the hoist. The notebook 
computer is reconnected via the crossover cable and the 
images and transducer / accelerometer data files are 
retrieved for storage and analysis.  

Experimental conditions and considerations 

Table 1 lists the experimental conditions for each 
of the eight cases examined in this study. In all cases 
the fuel was commercial grade ethylene (C2H4), issuing 
from a 3.17mm diameter orifice. The Reynolds number 
was computed for the cold flow gas conditions. The 
momentum flux ratio r is based on the room 
temperature density of ethylene gas. 

Cases 1 and 2 were chosen so as to compare two 
JFICF of identical momentum flux ratio but different jet 
exit Reynolds numbers in normal- and low gravity 
environments. Cases 3 and 4 were chosen so as to 
maintain a constant jet-exit Reynolds number at two 
different momentum flux ratios in normal- and low 
gravity.   

The field of view of the camera was 0.41m in the 
vertical direction and 0.16m in the horizonal direction. 
This was sufficient to capture the entire luminous 
region of the flame. However, the intense luminosity of 
the far field jet flame overwhelmed the dynamic range 
of the camera, making it impossible to see the far less 
luminious region around the jet orifice. During each 
drop a total of 309 images were acquired. The high 
framing rate (235 fps) of the Pulnix was sufficient to 
time-resolve the large-scale, far-field motion of the 
JFICF.  

Data analysis and discussion 

Jet startup 

At the beginning of each drop, there are three 
competing startup transients. These include an 
impulsive increase in jet flowrate, the impulsive startup 
of the crossflow facility and vibrations induced by the 
release of the rig, opening of the solenoid valves and 
turning on of the blowers. These transients would 
adversely affect any calculation of the mean intensity 
field unless properly accounted for.   

Our observations indicate the dominant startup 
transient in this experiment is the cross-flow startup.  
For the present field of view of 0.41m and assuming the 
transient will be longest for the lower crossflow 
velocity of 0.94m/s, the startup transient should last 
approximately 0.44 seconds. The time-sequence images 
(discussed below) show that steady state is achieved in 
considerably less time than this; however, to be 
conservative, we use only images taken at 0.47 seconds 
and later. This leaves us 0.78 seconds of steady-state 
imaging time, or 183 images at 235fps. In this study, 
we only use the first 150 of those images in our analysis 
of each drop.  

Mean and RMS flame characteristics 

Figure 4 shows ensemble average images of flame 
luminosity for each of the eight cases. Each ensemble 
average was taken over 600 frames, gathered over four 
separate drops in the UT-DTF. This corresponds to 2.55 
seconds of steady-state run time. Care was taken to 
avoid including any images of the jet flame startup 
transients in these averages. 

From these images, we see that in all cases, the 
low gravity JFICF is thicker than its normal-gravity 
counterpart. Similar trends have been noted in free-jet 
flames studied in low-gravity conditions.6,7 We also 
note that in contrast to some observations of free jet 
flames, which show longer flames in low-gravity 
conditions,7 in all cases, the mean flame length (based 
on soot luminosity) is shorter in low-gravity. Note, 
though, these mean luminosity images only capture 
behavior in the far-field region (x/rd > 2) of the jet. The 
less-luminous near field was overwhelmed by the 
intensity of the far-field luminosity. 

Figure 5 shows RMS luminosity fields computed 
from the time-sequences. The RMS images exhibit 
several common characteristics. One notes the strong 
double peak in RMS intensity along the windward and 
leeward side of the jet flame in each case. Though not 
immediately apparent from the images, the RMS 
intensities found in the normal-gravity cases were 
consistently higher than their low-gravity counterparts. 
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As will be discussed below, this higher RMS intensity 
results from deeper penetration of unburned air into the 
jet flame in normal gravity. 

Trajectories 

Figure 6 shows the centerline trajectories for the 
JFICFs, plotted in log-log scale. These trajectories were 
found by taking the mean luminosity images shown in 
Figure 4 and threshholding them to form binary images. 
We specify the centerline as the midpoint of the 
luminous region on each line in the binary image. Using 
linear regression analysis, we fit each trajectory to a 
power-law formula. Note that each trajectory based on 
data limited to x/rd > 2 because the farther upstream 
regions were not sufficiently luminous. 

In six of the eight cases, the exponent of the 
power-law (or the slope of the best-fit line on the log-
log plot) was 0.2 or 0.21. This matches the correlation 
of Huang and Chang3 far-field trajectory of a propane 
JFICF. The remaining two were slightly lower at 0.18 
and 0.17. In no case however, did the non-buoyant 
JFICF follow the 0.33 power scaling characteristic of 
non-reacting JICF systems.  

Examination of the luminous flame shape 
trajectories reveals a clear departure from power-law 
behavior near the flame-tip in each of the normal- 
gravity cases. No such departure is noted for the low-
gravity flames of identical momentum flux ratios and 
jet-exit Reynolds numbers and perhaps most 
importantly, heat release. As the only parameter 
varying between the two cases is the gravitational 
acceleration, this departure is clearly a buoyancy-driven 
phenomenon. Buoyancy reduces the penetration of the 
jet because the buoyant acceleration acts in the same 
direction as the crossflow.  

Although this departure from power-law behavior 
has yet to be fully characterized, it demonstrates the 
importance of separating buoyancy effects from heat-
release effects when studying turbulent JFICF systems. 
Furthermore, it highlights a deficiency in the common 
strategy of comparing turbulent JFICF systems to non-
reacting JICF systems, which fails to decouple heat-
release and buoyancy effects.  

Large-scale dynamics 

In this study we also performed an analysis of the 
large-scale dynamics of the JFICF using the time-
resolved image sequences, such as those shown in 
Figure 7. The analysis focused mainly on the dynamics 
of the jet shear-layer vortices. Using frame-by-frame 
observation and 3D volume renderings of the edge of 
the luminous zones of the flame we examined the 

vortex size, shedding frequency and their behavior as 
they propagate downstream. 

Figure 7 shows a series of typical steady-state 
images of the JFICF under normal- and low-gravity 
conditions. Visible in these images are the jet shear-
layer vortices, described earlier. These images illustrate 
how well the large-scale motions imaged by the Pulnix 
camera are resolved. In these image sequences, each 
vortex is captured in several frames and the roll-up is 
clearly visible as the structure moves downstream. In 
these image sequences, we observe that the jet shear-
layer vortices tend to be wider in low-gravity than in 
normal-gravity. These images also illustrate the deeper 
penetration of unburned air into the JFICF as was 
mentioned earlier as the cause of increased RMS 
intensities in normal-gravity. 

Volume rendering, discussed by Mungal et al.8, is 
a technique in which a sequence of two-dimensional 
images (x-y) are stacked one behind the other along the 
z-axis and a three dimensional volume (x-y-t) is 
generated via image processing. The surface of this 3-D 
model is an isocontour corresponding to the (x,y,t) 
coordinates of the visible flame edge in each image. 
This technique allows us to quickly and systematically 
track changes in the visible flame edge from one frame 
to another and track the motion of large-scale 
structures, as they propagate downstream. 

The renderings were computed with a 
commercially available software package (Slicer Dicer) 
running on a Pentium III computer with 1 GB of RAM. 
Sample renderings are shown in Figure 8. The figures 
presented are viewed 90 degrees from the time axis, 
with time progressing from left to right. In these 
images, propagation of large-scale structures (primarily 
the shear layer structures) appears as wrinkles traveling 
up and to the right on the surface of the volume. The 
slope of these wrinkles can be used as a qualitative 
estimate of the large-scale structure convection 
velocity.  

As can be seen from the lower slope in the 
wrinkles of the volume-renderings shown in Figure 8, 
the shear layer structures tend to move more slowly in 
low-gravity than normal-gravity, despite having 
identical momentum flux ratios and jet-exit Reynolds 
numbers.  

The volume renderings also show a greater 
regularity and coherence in the far-field behavior for 
the low-gravity cases than in normal- gravity. 
Structures appear to form with a greater uniformity in 
terms of size and frequency and show less tendency to 
coalesce with previously formed structures. This greater 
degree of coherence in the far field is likely due to the 
decreased influence of the buoyancy-induced instability 
in the low-gravity cases.  
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Vortex Shedding Frequency 

Both the steady state image sequences and volume 
renderings highlight the strong coupling of shear-layer 
vortex shedding frequency with momentum flux ratio. 
Under low-gravity conditions, where buoyancy effects 
are reduced, Case 3 (with its low momentum flux ratio) 
showed the greatest shear layer vortex shedding 
frequency. Furthermore, the shed vortices are smaller in 
size than those observed in cases 1, 2 and 4. 
Comparison of Case 3b with Case 4b (taken at the same 
jet exit Reynolds number) and Case 1b and 2b (taken at 
higher jet exit Reynolds number) confirm that 
difference in vortex-shedding cannot be explained by 
an increase in jet exit Reynolds number. If we assume 
buoyancy is negligible in the low-gravity cases, one 
must conclude the difference results from the low 
momentum flux ratio. This agrees with earlier studies, 
which have suggested the dominance of momentum 
flux ratio in determining JFICF behavior. 

It is important to note though, as can be seen in 
Figure 8, there are noticeable differences between the 
normal- and low-gravity cases, 3a and 3b. In this case, 
as in each of the other cases, the low-gravity flame 
exhibits a lower large-scale structure convection 
velocity in the far field.  

Flame Tip Oscillation 

Both the frame-by-frame analysis and the volume 
renderings revealed markedly different flame-tip 
behavior under normal- and low-gravity conditions. In 
normal-gravity, one sees large-scale flame tip 
fluctuations. The volume renderings reveal these large-
scale fluctuations to be associated with the coalescence 
of several large-scale structures in the far-field into a 
single structure with a longer burnout time. This was 
confirmed through frame-by-frame analysis of the 
associated image sequences. Under low-gravity 
conditions, flame-tip burnout seldom exhibits the 
aforementioned large-structure agglomeration. The 
volume renderings do, however indicate a strong 
coupling of large-scale structures in the far-field and 
flame-tip burnout in low-gravity.   

Conclusions 

We have described results from a new study that 
aims to investigate the effects of buoyancy on the 
structure of turbulent nonpremixed jet flames in 
crossflow. Ethylene jet flames in crossflow were 
studied under both normal- and milli-gravity conditions 
by imaging the soot luminosity with a high-speed CCD 
camera. The mean flame lengths inferred from the 
visible emission were observed to be shorter in low-
gravity than in normal-gravity. The mean flame 

thicknesses were consistently larger in low-gravity 
compared to normal-gravity. RMS luminosity profiles 
of low- and normal-gravity flames showed gross 
similarities, but the normal-gravity cases exhibited 
larger fluctuations. Analysis of jet trajectories, based on 
mean soot luminosity, suggest a departure from power-
law scaling in the far-field due to buoyancy effects. 
Frame-by-frame and volume-rendering analysis suggest 
a greater far-field coherence of the jet shear-layer 
structures in low-gravity. 
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Table 1. Experimental conditions  
 
 
 
 
 
 

Case uj (m/s) ucf (m/s) r Red g (m/s2) Fr x 10-3 

1a 13.53 1.32 10 4930 9.8 5.88 
1b 13.53 1.32 10 4930 0.196 294.17 
2a 9.64 0.94 10 3510 9.8 2.99 
2b 9.64 0.94 10 3510 0.196  149.33 
3a 8.24 1.32 6 3000 9.8 2.18 
3b 8.24 1.32 6 3000 0.196 109.11 
4a 8.24 0.94 8.5 3000 9.8 2.18 
4b 8.24 0.94 8.5 3000 0.196 109.11 
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Figure 1. Schematic diagram of the drop-rig (Co-flow blowers not shown, for clarity).
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Figure 2. Measured crossflow velocity profiles. 
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Figure 3. Schematic diagram of the 1.25 second drop tower at the University of Texas at Austin. 
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a) Cases 1a, 2a, 3a, 4a (L to R); Normal-gravity 

                     

 b) Cases 1b, 2b, 3b, 4b (L to R); Low-gravity. 

Figure 4.  Ensemble averages of soot luminosity for each case. 



 

 
American Institute of Aeronautics and Astronautics 

11

                  

a) Case 1a, 2a, 3a, 4a (L to R); Normal-gravity 

                  

b) Case 1b, 2b, 3b, 4b (L to R); Low-gravity 

Figure 5. RMS luminosity fields 
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Figure 6. Trajectories of JFICF based on luminous flame shape. 
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a) Case 1a, r=10, Red=4930, normal-gravity, ∆t= 4.26ms 

        
b) Case 1b, r=10, Red=4930, low-gravity, ∆t= 4.26ms 

        
c) Case 3a, r=6, Red=3000, normal-gravity, ∆t= 4.26ms 

        
d) Case 3b, r=6, Red=3000, normal-gravity, ∆t= 4.26ms 

Figure 7. Image sequences 
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a) Case 1a:  r = 10, Red = 4930, Normal-gravity 
 

 
 

b) Case 1b:  r = 10, Red = 4930, Low-gravity 
 

 
 

c) Case 2a:  r = 10, Red = 3510, Normal-gravity 
 

 
 

d) Case 2b:  r = 10, Red = 3510, Low-gravity 
 

 
 

e) Case 3a:  r = 6, Red = 3000, Normal-gravity 
 

 
 

f) Case 3b:  r = 6, Red = 3000, Low-gravity 
 

 
 

g) Case 4a:  r = 8.5, Red = 3000, Normal-gravity 
 

 
 

h) Case 4b:  r = 8.5, Red = 3000, Low-gravity

Figure 8.  Sample volume renderings from each case studied.  


