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Abstract

A new optical setup and its associated post-processing have been designed in an effortto m ap soot re-
lated quantitiesinan axisymmetric ame spreadingover solid samplesin microgravity environment where
setup compactnessconstraints are stringent. Extending the well-establishedspectral modulated absorp-
tion/emission (S-MAE) techniquethat useslasersas light sourcestogether with a sophisticatedoptical ar-
rangementLEDshave beenassociatedwithbroadband optics toenablethe broadband modulated absorp-
tion/emission (B-MAE) technique. The designand the cautious assessmentf the original B-MAE setup
are reported in the presentpaper. Algorithm s that needto be reformulated for broadband integration are
rst validated retrieving both two-dimensional soot temperature and volume fraction elds produced by nu-
mericalsimulations. Then, these elds are measuredwith both B-MAE and S-MAE techniquesin a largely
documentedsteadylaminarnon-premixedco ow ethylene/air ame establishedat normal gravity. Thus, out-
putsdelivered by the B-MAEtechnique canbe comparedwiththose obtainedwiththe S-MAE setup. Both
soottemperature andvolumefractionare showntobe decently measured by the B-MAE technique. Asthe
sprea of thenon-buoyant ames to be investigatedin the near future is especiallydriven by radiative heat
transfer, thediscrepanciesbetweenbothtechniquesoutputsarecommentedinthelightofthe elds  of local
radiativelosscomputedfromthe elds measuredby both technigues.As a result, the elds delivered by the
B-MAE technique are expectedto provide ground-breakinginsightsintothe controlof ame spred in the
absence of buoyancy, therefore mannedspacecraftfire safety.
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1. Introduction

Fire spread mechanismsin microgravity envi-
ronment is still poorly understood [1]. Yet, with
the rapid developmentof ambitious manned mis-
sions, which require long travel duration, the risk
of a re-related accidentincreasesdramatically. In
the absenceof buoyancyforces,most re detection
and control apparatusesdevelopedon earth arein-
ef cient [2]. To get a better understanding of the
risks, ame spreadrate over solid samplesin micro-
gravity has beenstudied by various methodssuch
as ame front or solid-phasetemperature track-
ing [3,4] Ongoing unique experimentsover large
at samplesaim at the ne characterizationof re
spreadover solid sampleg5]. Latestreports suggest
that intuitions driving the current material stan-
dard testsare not valid [6]. Theseobservationsare
attributed to the shift in predominant heat trans-
fer from natural convection to radiation, as soot
residencetime in the ame increases[7,8] These
conclusionsare supportedby ndings deliveredby
other experimentalsetups[9] that have highlighted
speci ¢ interactions between neighboring ames
only revealedin microgravity environment. Still,
theradiative propertiesof the ames, dominated by
the continuum spectrumof soot particles|[7], have
not beenproperly quanti ed in non-buoyant ame
con gurations. Estimations have been performed
from local and usually intrusive measurements5].
An experimental setup able to produce spatially
resolved elds over solid samplesin microgravity
has never beenreported. Consequently,a crucial
stepin the further understandingof ame behav-
ior in microgravity is the developmentof an opti-
cal diagnosticto quantify soot related quantitiesin
the ame. This paperaimsat lling this important
gap.

Analysis of soot particles formation and re-
leasein non-premixed ames at normal gravity
is currently a hot topic due to their impact on
human health and global warming [10...13]As
a result, a wide range of sophisticated diagnos-
tics has been developed at normal gravity, and
could be extendedto microgravity environment.
To conduct experimentsaboard microgravity fa-
cilities, constraints in terms of total microgravity
duration, safety standards,and overall experimen-
tal setupcompactnesseducethe rangeof possible
designs.

Current state-of-the art laser-basedechniques
can map soot volume fraction, temperature, and
characteristic sizes of soot particles. Laser In-
duced IncandescencdLll) techniques,widely im-
plementedfor both laminar and turbulent ames
[14], extract temperature from laser heated soot
particles radiation [15,16] This requiresa careful
characterization of the wavelengthdependenceof
the soot emissivity [17] but ignores some physico-
chemical processedikely to occur at the surface
of the soot during the laser heating, leading to

[m;August 24, 2018;15:37]

large uncertainties in the evaluation of the ac-
tual soottemperature.Also severalimitations have
beenhighlighted [18], in particular the dif culty to
measurewide areas.

Implemented for droplets in droptower fa-
cilities, deconvolution with light-extinction/
gravimetric calibration lacks the corresponding
temperature elds required to infer the local ra-
diative balance. Also, 3-color pyrometry was not
adopted becausethe ame is then consideredan
optically-thin medium[19].

Probing ames with laser energy levels that
are non-intrusive, the Modulated Absorp-
tion/Emission (MAE) technique[20]is considered.
Local spectral soot absorption coefcients are
directly evaluatedfrom the laser absorption mea-
surementsUsing Mie theory in the Rayleigh limit,
the absorption coef cient is converted into the
local soot volume fraction using a soot refractive
index model. Then soot temperature is evaluated
from the ratio of the local spectral emissionrates
captured within two different spectral ranges.
This way, the technique provides self-calibrated
temperature measurementghat do not dependent
on the soot refractive index selected. Recently,
the MAE technique was extendedto deliver two-
dimensionalaxisymmetric elds [21], thus allowing
simultaneous measurementsof soot temperature
and volume fraction distributions over wide areas.
This techniqueis consequentlyable to conveythe
information required to quantify radiative heat
transfer, but needsa very large experimentalsetup.
A similar yet more compacttechniqueis the Cone
Beam Tomographic Three Color Spectrometry
(CBT-TCS) [22]. Using a CMOS color camera,
red, green, and blue intensities emitted by soot
particles are discriminated and maps of soot
temperature, volume fraction, and mean particle
diameter can then be obtained by comparing
the different signals. In contrast with the MAE,
CBT-TCS doesnot accountfor soot re-absorption
along the line-of-sight. As a result, errors can
dramatically increasewhen the ame is optically
thick [23], a situation expectedin microgravity
[8,24]

Combining the pros of the different methods,
the approach outlined in the present paper ex-
tendsthe aforementionedspectralMAE (S-MAE)
technique to a broadband optical arrangement,
referred to as broadband MAE (B-MAE), where
the collection of the signalscan be performed by
a single camera. Sticking to a non-intrusive di-
agnostic enablesthe reacting ows to be probed
without any perturbation. Among other relevant
con gurations, non-buoyant ame spread is to
be studied over the coating of cylindrical electric
wires during parabolic ights [9]. This axisymmet-
ric con guration especially allows for the cylin-
drical deconvolution procedure associated with
the B-MAE technique. In addition, the B-MAE
setup has recently delivered promising recordings
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in microgravity, presentedin the Supplemental
material S1.

Consequently,this paper rst presentsthe the-
oretical background underlying the B-MAE tech-
nigue. Then, the associatedmethodology is care-
fully assessedtepby stepand testedagainst elds
delivered by a numerical simulation of a docu-
mentedcon guration, i.e. a buoyant axisymmetric
laminar co ow non-premixed ethylene/air ame.
Finally, both S-MAE and B-MAE experimental
results are contrasted with each other probing a
ame establishedover a Santoro burner. Somekey
assumptionsare then identi ed. The performance
of the B-MAE technique is examinedin respect
of measuringlocal radiative loss, since quantify-
ing this effect will signi cantly aid understanding
of ame spreadin microgravity.

2. Broadbandmodulatedabsorption/emission
technique

2.1. Theoreticalbackground

Details about the basicsof the MAE technique
and its updated extensionto two-dimensional ax-
isymmetric elds can be further found in the pa-
persby Jenkinsand Hanson [20] and Legros et al.
[21]

Becausecharacteristic times and length scales
identi ed here are of a similar order of magni-
tude asthoseof the con guration usedfor the val-
idation of the S-MAE technique, the sameset of
assumptionsis adopted. This allows for relevant
comparisonsof resulting soot volume fraction and
temperature elds. In particular, scatteringis ne-
glectedwhile soot re-absorption is accountedfor.
The Radiative Transfer Equation (RTE) is inte-
grated along a straight light beam crossingan ax-
isymmetric ame [25]. The energycarried at agiven
wavelength and impacting a pixel at a distance
x from the optical axis is computed in two situa-
tions: either for a ame alone, or for a ame that is
probed by an emitting source.In the rst casecon-
sidering (y) the local spectral absorption coef -
cientand B (y) the local spectralblackbody radia-
tive intensity, the energydE° collectedper unit time
over a pixel of surfaceSP through optics of over-
all collection ef ciency can be approximated as
follows:

M
Y™ s (y)dy

(B)(y)e ¥ dy (1)

Ym

dE®°= SP

In this equation, y is the coordinate along the
optical pathway crossingthe ame betweeny, and
ym. The exponential term modelsthe soot-related
re-absorption. With an emitting sourcewhoseini-
tial intensity per unit areais , an additional ux
impingesthe pixel and complementsdE®, resulting

in dE':
M
s (y)dy
dE' = dE°+ SP e m d 2)

From the principle of superposition, the total
intensity collectedby a pixel of abroadband sensor
isthe result of spectralintegration of dE° and dE',
multiplied by the transfer function f of the optical
sensorwhat the following equationsstate:

E°= fdE® ; El= f dE (3)

The objectiveis to extractboth and B from
these equations and to model their dependence
with local soot properties. Becausethe purpose of
this paper is not to propose a soot model, details
of chemistryareignored. Sootradiative heattrans-
fer is modeledwithout requiring any assumptions
regarding soot formation, growth and destruction
pathwaysin ethylenechemistry. It is assumedsoot
particlesradiative propertiesbehavesasblack bod-
iesradiating in the Rayleighlimit of the Mie theory.
The Rayleigh regime of the radiative theory links
soot absorption coefcient  to the soot volume
fraction f,, while Plancksslaw links thermal radia-
tion B of a soot particle to local temperature T.

2h ¢
and B = —_— (4)
5 gkt §1

_ 6 Ef,

E being a function of the complex refractive in-
dex of soot m, which in turn dependson wave-
length. Someauthors [22] consideran averagedre-
fractive index independentof , becausevarious
setsof experimentshaveled to different pro les of
soot refractive index [26,27] The model of Chang
and Chalampopoulos[26], which accountsfor the
spectraldependencef therefractive index overthe
rangeof interest,i.e.from 380nmto 710nm, iscon-
sideredin the following.

Two dif culties arisewhentrying to isolate suc-
cessively and B : (1) the needfor absolutemea-
surementof ; (2) the impossibility to inversethe
spectral integration. The rst problem is circum-
vented considering solely ratios of signals, as in
the S-MAE technique. The secondissue,which is
the original level of complexity that the present
paper tackles, requires cautious developmentsde-
tailed below.

2.2. Methodology

Two successivaleconvolutions are required to
recover rst the soot volume fraction eld f,, and
then the temperature one T. Integrals described
in Egs. (1) and (2) are spatially discretized using
the natural pixel grid provided by the camerasen-
sor. Becausethe ame illustrates an axi-symmetric
problem a line-by-line processalong the axis of
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symmetryis implemented,and eachline is decom-
posed in concentric layers via an onion-peeling
method. Each layer is assumedto have uniform
properties. Then iterations are run from the outer
layerstoward the axis of the ame.

is rst retrieved by measuringthe absorbed
signal from the backlight. For a given sensor,the
transmission eld is obtained by subtracting E°
to El, thus removing the spontaneousemission
from the ame, and dividing by the intensity of
the backlight in the absenceof the ame. f, can
be recoveredby nding at each point the value
that generatesa transmission eld closestto the
experimental data. Becausethe extinction coef -
cient is proportional to the soot volume fraction
(seeEqg. (4)), the unique solution at eachlayer is
isolated by dichotomy search.

Once a two-dimensional map of soot volume
fraction is obtained, temperature is the only un-
known left and is found by analyzing the emission
eld. Thecameraef ciency beingunknown, abso-
lute emissioncannot be quanti ed. Consequently,
temperatureis found from the signalratio of ame
spontaneousemissionwithin two different spectral
ranges.Again, the temperature that generatesnu-
merical ratios closestto the experimental data is
retained at each step. However, the complex im-
pact of temperatureon the value on the ratio leads
to a more careful numerical optimization. Details
about issuesencounteredare further expressedn
Section5.1.

2.3. Self-consistencyf the method

Before investigating experimental data, algo-
rithms aretestedagainstf,and T elds producedby
anumerical simulation of an axisymmetriclaminar
non-premixed co ow ethylene/air ame [28]to as-
sesgherobustnessf the methodology. These elds
are shown on the right in Fig. 1. Like for the as-
sessmenbf the S-MAE technique [21], synthetic
framesare computedfrom the f, and T elds, then
theseframes are usedas inputs of the methodol-
ogy outlined in Section2.2. Figure 1 demonstrates
the very good correlations betweenoriginal and re-
trieved data, both in terms of soot volume frac-
tion (top) and temperature(bottom). Both quanti-
tiesarerecoveredwith almostperfectaccuracy:vol-
ume fraction discrepanciesare only round-up er-
rors, and temperature ones are lower than 20 K.
Temperaturedeconvolution useshe recoveredsoot
volume fraction, sotemperatureerrors are only es-
timated at locations, wheref, is higherthan 0.1ppm
for a reasonablesignal-to-noiseratio.

Maximum temperature discrepanciesare lo-
catedon the central axis,dueto the combinedeffect
of alow local soot volume fraction and the accu-
mulation of the round-up errors from the external
layers. Theseerrors are negligible as comparedto
the level of noise expectedwith the experimental
diagnostics.
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Fig. 1. Data retrieved by B-MAE algorithms as a func-
tion of the original data provided by a numerical simula-
tion [28]. Straight black solid lines indicate the ideal lo-
cationsof the points. Blue dots indicate an ideal noiseless
situation, while red dots assumealevelof random noisein
the processyrelevantto that of the optical setupused.On
the right, the original elds are displayedin the physical
spacer=0isthe simulated amess axisof symmetry,hthe
heightabovethe co ow burner, and dg the fuel tube inner
diameter. (For interpretation of the referencego color in
this gure legend,the readerisreferredto the webversion
of this article.)

3. Experimentalsetup
3.1. Flamecon guration

Figure 2 illustrates the B-MAE experimental
setup. Within the context of the presentstudy, a

steady laminar non-premixed ame is established
over a Santoro axisymmetric ethylene/air co ow

AR RRARARAANANAN -

Fig. 2. Schematicof the B-MAE optical arrangement
setaround a laminar axisymmetricco ow non-premixed
ame: (1) burner; (2)tri-CCD camera;(3) telecentriclens;
(4) LEDs board; (5) diffusive screenDue to its compact-
ness.this basiccon guration canbe readily integratedto
arig of reasonabledimensions.
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burner. Ethylene is injected through the vertical

central brass duct, which has a 11 mm effective
diameter de= of injection. The air ow is intro-

ducedinto the concentric 102 mm inner diameter
brass cylinder. Fuel and air ow rates are set to

0.229NI min>* and 60NI min®2, respectivelyBoth

mass ow rates are controlled by Bronkhorst EL-

FLOW devices.Further details about the burner

can be found in [29]. In the following, the vertical

burnerssaxis of symmetryis referredto asOh and
its origin is located at the nozzle exit plane, de n-

ing the heightabovethe burner h. The cross-stream
coordinate is r, which is the distancefrom the axis
of symmetry.

3.2. Optical setup

The ame is captured using a JAlI AT-140CL
digital tri-CCD camera that images the incom-
ing light on three different matrices of 512 x
1396 pixels?. This setof matrices enablesthe dis-
crimination of the contributions from the blue
(380 510), green (460 610), and red
(550 680) spectral bands. The camera is
equippedwith atelecentriclensthat limits the light
collectionto beamsparallel to the optical axis,what
the deconvolution processimplemented requires.
With this arrangement the spatial resolution of the
projecteddatais 96 um for eachspectralband. The
spectralsensitivity of eachband is carefully estab-
lished prior to any experiment,usinga THR 1000
monochromator with a5 nm step.A similar careful
spectralpro ling is conductedfor the backlighting
to nd theprole (), alsocrucialintheequations.

On the opposite side of the camera, a back-
lighting produced by LEDs is setup. A diffusive
screenmade of polished polycarbonateis inserted
betweenthe LEDs and the ame to homogenize
the backlighting intensity. The LEDs are selected
to make the backlighting spectrumand that of the
ame assimilar aspossiblethusallowing for anop-
timized useof everyCCD dynamicsrange.The in-
tensity of the backlighting is tuned by adjustingthe
current owing through the LEDs.

To obtain the absorption and emission elds
that are the inputs of the B-MAE methodology,
four frames are required, imaging the ame with
backlight I, the ame without backlight I¢ o,
the backlight without ame Ig ., and the back-
ground noisel g, Lo. Reminding the ambitious goal
to obtain time-resolved elds along ame spread,
the analysisis performed using only one I and
one g o frames. Static data o . Or Irg Lo are av-
eraged over 50 acquisitions to restrict the noise
in uence. Given the spectral pro le of the ame
spontaneousemission, the exposuretimes for the
blue (t5,,0), green(tS,,), and red () sensorsare
adjusted separatelyto allow for maximum signal
amplitude in eachspectral range. Settingsfor the

Fig. 3. Soot volume fraction elds obtained usingthe S-
MAE technique(left) and the B-MAE one (right). Black
dots indicate the locations of the peakfy.

= 225ps,tS

idati R
presentvalidation aret expo

expo
andtg,,= 6.76ms.

This new optical setupis testedagainstthe S-
MAE technique [21]. It is worth mentioning that
the S-MAE camerahasa higher spatial resolution,
i.e. 36 um/pixel, and eachimage processedis the

averageover 100successivérames.

= 751ps,

4. Comparisonwith S-MAE

The soot volume fraction elds are obtained
from the local absorption coefcient eld deliv-
eredat = 645nm by the S-MAE techniqueon one
hand, and by the red CCD sensorof the B-MAE
setupon the other hand, in order to comparedata
extracted from similar spectral ranges. Tempera-
ture isobtained consideringratios betweendata ob-
tained at 785and 645nm for the S-MAE technique,
and betweendata delivered by the red and green
bandsfor the B-MAE diagnostic.

4.1. Sootvolumefraction

The elds of sootvolumefractions aredisplayed
in Fig. 3. Both methodsdeliver very similar elds,
though the S-MAE one producesslightly higher
soot volume fraction. This difference can be ex-
plained by the arbitrary choice of spectraldepen-
denceof the soot coef cient E, which hasa direct
impact on soot volume fraction given Eq. (4) and
its integration over the red band required by the B-
MAE method.

Looking now at the overall topology, the B-
MAE method recoversproperly all the main fea-
turesof the distribution, i.e.athin region of higher
soot volume fraction on the wing close to the
ame sheet,a peak at approximatively the same
height (46.31mm for S-MAE versus45.60mm for
B-MAE), and valueson the central axis that in-
creasegradually with the height above the burner.
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Fig. 4. Temperature elds obtained using the S-MAE
technique(left) and the B-MAE one (right).

The B-MAE approachdisplaysmore intensehigh-
frequencyspatial uctuations that can be possibly
Itered out by regular signal processingstrategies.

4.2. Soottemperature

The soot temperature elds areshownin Fig. 4.
Both elds show similar gradientsdirected down-
wardsand toward the centerline.The B-MAE tech-
nique overestimatesthe temperature near the cen-
tral axis, yet within an acceptablerange. In addi-
tion, the obvious differencein external contours is
not relevant as it concernspixels with negligible
soot volume fraction.

The two methods do not have the same spa-
tial discretization due to different cameras.As a
result, errors cannot be quanti ed through the di-
rect evaluation of local discrepancybetweenboth
elds. Consequently,populations of soot temper-
ature/volume fraction measurementsn ames are
reported in Fig. 5. The higher B-MAE tempera-
turesarelocatedroughly 50K abovethoseof the S-
MAE techniquebut in aregion of low f,. The peak
sootvolumefractions hardly differ from eachother,
given the S-MAE uncertainty of + 0.5 ppm. Ul-
timately, thesediscrepanciesnay hardly affect the
eld of local radiative losses.

4.3. Radiativelosses

To quantify the local radiative loss, the diver-
genceof the radiative ux at everylocation where
soot volume fraction and temperature are mea-
suredcanbe computed.To do so,the RTE issolved
in its non-scattering formulation for the radiative
intensity | using the Finite Volume Method pro-
posedby Chui et al. [30] for axisymmetric coordi-
nateswith al2 x 16angularmesh.For thelaminar
ethylene/air ames investigated, radiation by soot
over the whole spectrumwasfound to prevail over
that by gaseousspecie$24]. Consequentlythe con-
tributions of gaseousproducts (mainly CO, and

2000 [
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Fig. 5. Populations of soot temperature/volumefraction
measurementsn the ame. Only locations with soot vol-
ume fraction over 1 ppm and local radiative loss above
20%of the peakare selectedastrustworthy data.

Fig. 6. Fields of local soot-relatedradiative lossobtained
usingthe S-MAE data (left) and the B-MAE ones(right).

H,0) can be neglected.Thus, the numerical com-
putations require a model for the spectral depen-
denceof E (seeEq. (4)). Again, the modelof Chang
and Charalampopulos[26]is selected.

The elds of local radiative loss are shown in
Fig. 6. Theseare in good agreementwith each
other, as the temperature gaps recorded near the
axis are weighted by the low level of soot volume
fraction in this region. It can be concluded that
the B-MAE providesinformation that are accurate
enoughto decentlyassesthe radiative heattransfer
in the ames investigated.
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Fig. 7. At a given height, temperature deconvolution is
performed from peripheral pixel layers toward center
(x=0). Black line representsthe original eld. Blue dots
indicate the physical solution and red dots the second
mathematical solution. The inset displaysthe unrealistic
local temperaturedrop allowing for the systematicidenti-
cation of adeviation of the algorithm at pixel 33here. At
this position, the other potential temperatureis automat-
ically selected Greendots indicate the solution obtained
if re-absorption is ignored. Results sharply diverge near
the axisof the ame. (For interpretation of the references
to color in this gure legend,the readeris referredto the
web version of this article.)

5. Discussion

The B-MAE data processingdescribed above
is a quite straightforward extensionof the exist-
ing S-MAE deconvolution process.Nevertheless,
two major theoretical points are worth being high-
lighted to account for the main dif culties ad-
dressed.

5.1. Re-absorption

Re-absorption by soot along the collection line-
of-sight has led to a dramatic increasein com-
plexity of the algorithms. However, given the high
soot volume fraction expectedin microgravity en-
vironment, developing a procedure that takes re-
absorption into account was mandatory to avoid
major errors, especiallyin the inner layers of the
ame. Re-absorption coupled with broadband in-
tegration leads to an issue that has not been
reportedyet ... tahe authorseknowledge... whein-
vestigatingtemperature.As color ratios are consid-
ered,two temperaturesare mathematical solutions
of the minimization problem. Though two distinct
temperatureslead to two different signalsin both
red and greenspectralranges,they canresultin the
samered/greensignal ratio once re-absorption is
considered.Becausehough the greensignalis ex-
pectedto grow faster astemperatureincreasedue
to the dependencyof B, it is alsothe signal that
is the most damped by re-absorption as 1/.
Figure 7 illustrates for a pro le extractedfrom the
numerical ame investigatedin Section2.3atricky

situation wherethe two solutions are at someloca-
tions soclosethat noisecanmisleadthe deconvolu-
tion algorithm. Starting from the most outer layer,
which is not affectedby the re-absorptionissuethe
algorithm nds auniquetemperatureTg, thenfrom
pixelto pixel only the mathematicalsolution closest
to Ty is kept. If the algorithm everdeviatesto the
virtual solution, the temperaturedrop shownin the
insetof Fig. 7revealsln suchacaseandshouldthe
drop value be over a threshold temperaturediffer-
encecorrespondingto experimentalnoisequanti -
cation, the algorithm is sentback to previouspixels
whereit canrecapturethe physical solution.

5.2. In uence of sizeparameter

Ref. [22] discusseghe in uence of the Rayleigh
limit on absorption ef ciency. At the lowest wave-
lengths of the blue channel (around 380 nm), the
B-MAE underlying assumptions stipulating that
(1) soot particles radiate in the Rayleigh regime
and (2) scatteringis neglectedare not valid every-
wherein the ame, asthe ratio x = d/, where
d is a characteristicdiameter of the sizedistribu-
tion, increasesalong the ame height[31]. Assum-
ing primary particlesdiameterof 40nm from TEM
experiments[32] and 380nm< < 680nm implies
0.18< x < 0.33.The deviation from the Mie model
is reasonableas long as x is below 0.3, i.e. >
420nm. As aresult, only red and greenCCDs data
are consideredin the presentanalysis. Analyzing
data from the blue spectralband would require ad-
ditional information on soot particles such as a
characteristiclength or structural feature. The lack
of this information doesnot tarnish the scopeof
the presentstudy asparticle sizedistribution hardly
affectsthe evaluation of the local radiative balance
that is especiallydominated by the contributions at
large wavelength,i.e. at relatively small sizeparam-
eter.

Moreover, the selectionof the sootrefractivein-
dex model may not be ascontroversial as expected
provided that measurementsonly serveto com-
pare local radiative propertiesof ames spreading
on solid samplesunder different external condi-
tions of oxygen concentration, oxidizer ow rate
or pressurefor instance.As a result, adopting an
arbitrary but single model is not a rough approx-
imation. Soot particles are treated as independent
monodisperseprimary particles. As this rst sim-
ple step provesto be consistent,quanti cation of
polydisperseparticles or fractal aggregateshat re-
guiresmore sophisticatedhardware could beworth
developing.

6. Conclusion
The performancesof thenewB-MAE technique

have been assessedvith some successBoth two-
dimensional elds of soottemperatureand volume
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fraction are very similar to those delivered by the
original S-MAE techniquewhen a steadybuoyant
laminar co ow ethylene/airnon-premixed ame is
probed. It is worth noticing that the discrepancies
betweenthe S-MAE and B-MAE elds are of the
order of magnitude of the uncertaintiesattributed
the S-MAE technique,i.e. £ 50K for temperature
and = 0.5ppm for soot volume fraction.

As these elds are expectedto provide crucial
inputs for a ner evaluation of the radiative heat
transfer that governs ame spreadover solid sam-
plesin microgravity, they have beenusedasinputs
for the computation of the local radiative lossesin
the aforementionedbuoyant ame. Although dis-
crepanciesreveal in regions of low soot volume
fraction and/or low temperature,the major contri-
butions to the ame radiative lossesare captured.
As a result, new and ner information to predict
potential re spreadrate over different materials
should be soondelivered. The B-MAE experimen-
tal setuphasalready beenimplementedin a micro-
gravity testrig to study ame spreadover the coat-
ing of cylindrical wires.

Supplementarymaterial

Supplementarymaterial associatedwith this ar-
ticle can be found, in the online version, at doi: 10.
1016/j.proci.2018.06.199
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