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1. SUMMARY that the soot particles reach temperatures of 4000-4500
LIl is a promising diagnostic foin-situ measurements K.>®1%1213  The resultant radiation, which is blue
of particulates. The LII signal is shown to be shifted relative to soot radiation at normal flame
proportional to soot volume fraction. Due to the largetemperatures and is of short duration, can readily be
dynamic range of the LIl technique, we have been abldetected. LIl typically has a temporal resolution of 10
to measure time-averaged soot concentrations in thas and can be used to perform both point measurements
part per billion range with a spatial resolution of ~0.5and 2-D planar visualization.
mm in each dimension. The decay of the LIl signal in
the post evaporative region is shown to be a sensitivin this paper we describe our development of the LI
measure of primary particle size. A numerical modeltechnique for point measurement in flames. Since LIl
has been developed which accurately predicts pogirovides only relative soot volume fraction
evaporative LIl signal decay rates. The prediction ofmeasurements, an absolute calibration is necessary.
the excitation curve is unsatisfactory, with more workThis was performed in a simple laminar diffusion
needed to correctly model the particle behaviour durindglame, where the radial soot volume fraction profiles
the soot evaporation phase. were measured by Abel inversion of line-of-sight
Also, the model predicts that the prompt LIl signal will attenuation measurements. We have implemented a
vary as the 3.33 power of particle diameter. Howevernumerical model of the LIl processes to aid in the
this predicted departure from strict proportionality interpretation of experimental results. Model
between LII signal and soot volume fraction was notpredictions and their comparison to experiment are
experimentally observed. presented. Finally, the application of LIl to a confined
CsHg/air turbulent diffusion flame is investigated.

2. INTRODUCTION
Soot volume fraction measurements are important foB. EXPERIMENTAL
studies of soot formation, radiation processes, and for
monitoring post-flame particulates. Light extinction is 3.1 Laser Induced Incandescence
a commonly used diagnostic technique for measuringhe schematic of the LIl setup is shown in Fig. 1. A
soot volume fraction. However, it suffers from the Continuum Surelitel Nd:YAG laser with Gaussian
drawback of measuring a line-of-sight average, anaptics operating at its fundamental wavelength of 1064
while tomographic reconstruction can be used toaom was used as the pulsed light source. The beam
calculate soot profiles in radially symmetric flames, thisquality was improved by inserting an aperture in the
is not possible in turbulent flames. Elastic scattering ofaser cavity. This modification reduced the maximum
light has been widely investigated for sootenergy to 40 mJ. Further attenuation of the beam, by
measurements but the fact that the signal is proportionaising a half wave plate to rotate the plane of
to the square of the particle diameter means that thgolarisation in combination with a vertical polariser,
technique is more useful for particle sizing than volumewas used to control the energy delivered to the flame.
fraction measurements. More importantly, for The aperture resulted in a laser beam whose near-field
agglomerated soot particles (which are definitely notntensity distribution was Gaussian.
spherical), it has become increasingly clear in the last
few years that the approach of applying Mie theory byThe beam was then focussed through a beam expander
assumlng spherical soot particles results in large étrrorsand a cylindrical lens to form a sheet with Gaussian fit
parameters (1fefull width) of 3.62 mm (height) and
0.44 mm (width). The beam intensity profiles were
Laser induced incandescence (LIlI) has emerged as reear perfect fits to a Gaussian distribution as measured
promising technique for measuring spatially andwith a Coherent BeamView system. The LIl signal
temporally resolved soot volume fraction in flatfis  from the centre of the laser sheet was imaged at 2:1
In LIl the soot is heated by a short duration laser pulsenagnification with a 54 mm diameter lens of 190 mm
to produce incandescence. With sufficiently high lasefocal length onto apertures of 1.06 mm diameter in
energies, numerical models of the heat transfer indicatieont of the photomultipliers (PM's). Thus the sample
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f————] navacasercosanm | ratioed to give A/B on a shot-by-shot basis. In this way
e we were able to correct for sm_all_changes in laser pulse
<~ FES Aperure energy, and the flame transmission could be measured
1.0mm . .
Au‘enme to an accuracy of ~0.25%. The transmission
peen (oeam T meae—  Measurements were made every 0.1 mm across the
" flame, at heights of 30, 35, and 40 mm.
Cylindrical b, Ll Collecting

Lens
Focusing Lens

4. RESULTS AND ANALYSIS

Iris Iris

‘ ‘ Beam Dump

‘ ‘ 4.1 Attenuation Results
ﬁ In the Rayleigh limit the soot volume fractidy, is
o given by
Figure 1 Top-view schematic of LIl apparatus. - In(T) A (1)
V' 6mL E(m)

volume in the flame was a cylinder of diameter 0.53

- here T is the flame transmission the wavelength
mm whose length was the width of the laser sheet (0'4\§'IndL the flame width. The complex refractive index is

mm). denoted byren+ik, andE(m) = -Im{(m?-1)/(n? + 2)},
The LIl signal was split equally between two PM's eachthus
equipped with an interference filter centred at 455.5 nm 6nk

with a bandwidth of 11.0 nm. One of the PM's was E(M) = (2)

2 _ 2 2 21,2
connected directly to a gated integrator whose gate (" =k"+2)" + 4n’k

width was set at 25 ns to measure the peak of the Lising the dispersion relationship from Dalzell and
signal (subsequently referred to as the prompt signalgarofim'® to calculate the refractive index we obtain:

The other PM was connected to a charge-couplegh=1.59+0.58 and E(m)=0.264 at 532 nm; ana=1.63
amplifier which measured the total charge collected: 0.7 andE(m)=0.303 at 1064 nm.

during the LIl pulse and thus measured the time

integrated LIl signal. The Abel inversion of the transmission measurements
was performed using the 3 point Abel algorithm of
DascH’ with a data spacing at the recommended 0.2

3.2 Calibration mm. The resultant curves are shown in Fig.2, where it
can be seen that there is generally very good agreement
3.2.1 Flame between the 532 nm and 1064 nm data. This agreement

The laminar diffusion flame used in these experimentss not necessarily expected since the undesirable effect
was similar to that used by Guldtexcept that the fuel of scattering is enhanced with decreasing wavelength,
tube was 13.9 mm in diameter. ThgHgflow rate was increasing the laser attenuation beyond what would be
3.27 Crﬁ/s and the SUrrOUnding air flow rate 170 SLPM.expected from absorption' and can thus lead to an
The visible flame height was 67 mm.

3.2.2 Line-of-Sight Attenuation
Both 532 and 1064 nm laser attenuation experiments
were performed, with a 3 times beam expander
followed by a 1 m focal length lens used to reduce theg s-
beam diameter through the flame. At 1064 nm the§ [
focal beam diameter in the flamey, was 0.24 mm

(Gaussian 1fediameter); and the confocal parameter
(total distance between the points at which the bea

olume Frac

—-o-~ Abel inversion, 1064 nm

diameter had increased #®[dy) is 160 mm. This - —o— Abel inversion, 532
ensured that there was little variation in beam size :
across the maximum flame diameter, which was 6 mm °[
at the heights investigated. A

o
N
T

-1 0 1
Radial Position (mm)

A beam splitter directed part of the pre-flame laser

beam onto a silicon photodiode detector (detector AFigure 2 Comparison of radial profiles from Abel

and the transmitted laser beam was measured with inversion of line-of-sight attenuation data acquired at

second detector (B). Signals from both detectors wer532 nm and 1064 nm. Data was acquired at a height of

detected with gated integrators whose outputs wer40 mm in an etylene/air flame.
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overestimate of the soot concentratfdfi™® For visible
wavelengths, errors of 30-100% in soot concentration
are expected depending on the size and morphology of
the soot agglomerates. The uncertainty in the refractive
index and its wavelength dependence can mask such,
effects.

4.2 LIl Calibration

LIl measurements were performed at the same location
in the laminar diffusion flame. As the energy of the
1064 nm laser is increased (above the LIl detection
threshold) there is an initial sharp increase in LIl signal.

Sog?Volume Fraction (ppm

6

With a peak laser fluence (at the centre of the sheet) of

—<---Abel inversion
—o— Integrated LI
—O— Prompt LIl

= o =
T T

-1 " 0. . 1
Radial position (mm)

0.32 J/crf a further increase in energy produces very
little increase in LIl signal as shown in Fig. 3. The LI
detection is typically operated in this plateau
region®>®!3202 \We have used a peak laser fluence of
0.48 J/crf for our LIl measurements, which are shown
in Fig. 4 with the 532 nm Abel inverted data for
comparison.

Figure 4 Comparison of soot volume fraction
determined by LIl to radial profiles from Abel
inversion of line-of-sight attenuation data at 40 mm
above the burner.

5. NUMERICAL MODEL

In Fig. 4 the LIl data has been scaled to the Abel dat
so that the integrated soot volume fraction over the tota‘?t : ; . .
he numerical modelling of the transient heating and

flame width is the same for all the curves. In general it bsequent radiation and cooling of Soot particles
can be seen that there is good agreement between thgosequ atl ing part

soot profiles from LIl and Abel inverted transmission ex.posed to_short duration (10 nsec).las.er. pulses is
measurements, with the prompt LIl data following thebrlefly described below. 011'2h1e3 2a}‘p;[groach is similar to that
Abel inverted data more closely. Thus in the sootused by several authats:****** Our approach most

concentration range 0.5-5.0 ppm the prompt LIl and thgl_osely follows that of Hofeld? and only _the
extinction measurements are linearly related. Thisdlf‘ferenges between the two models will be
result is in agreement with other studies that have foungmphayzed.

a linear relationship over this concentration rafge?
Vander Wal, using gravimetric sampling for
calibration, has observed good linearity in the 0.035-1.
ppm soot concentration range.

.1 Heat Transfer To and From Soot Particles

The previous LIl humerical modeling has assumed the
garticles to be equivalent spheres and calculated the
absorption from Mie theory®'®*® In recent years it

has become clear that Mie theory based on equivalent
spheres introduces large errors in calculating the
scattering and absorption of real soot partitigand

references contained therein), and that soot absorption

6 ——— Prompt (theory) s

_ /// is well described by Rayleigh theory, provided that the
] v il ///’ primary particle diameter is within the Rayleigh limit
- ntegrated (theory) ~ (significantly smaller than the light wavelength).

The equations describing the soot heat transfer

presented here are for a more realistic soot morphology
in that we assume the soot particles to be agglomerates
of Np just touching primary particles of diametey.

This approach has also been recently adopted by
Mewes et al?

LIl signal

The heat transfer energy balance equation is:

. .
0.0 01 02 03 04 0s 06 07 08 09 10
Peak laser fluence (J/cm?)

2K, (T -T,) N, d? . H, dm
Figure 3 Excitation curves indicating relative LIl : (Des+ GAyep) M, dt
signal as a function of the peak laser fluence for both 1 dT
prompt and integrated signal detection. Measured and + 0. -—=TIN, dS psc,—=0
predicted values are shown for the region of maximum 6 dt
soot concentratiorr < 2.1 mm) at a height of 40 mm in The first termC.q, is the absorbed laser energy, where,
an ethylene/air flame. in the Rayleigh limit, the absorption cross sect@ris

(3)



given by: evaporating soot on this soot size in the continuum
s limit. Since the soot particle diameter is very much less
- TC N, dz E(m) (4) than the gas mean free path these continuum terms are
? A not important and for soot evaporation have been
L . . . . neglected in much of the earlier modellfiig. In our
This will ce_rtalnly be true in our experiments since Weapproach, these equations constitute a coupled set of
are clear!y n the Rayleigh limit, having used 1064 NMyitferential equations foD andT that have been solved
laser excitation. numerically using a Runge-Kutta integration routine.

. From this solution we can calculate the time history of
The second term involves heat transfer to the[he LIl signal using the relationship:

surrounding medium for a particle in the transition
regime between continuum and free molecule

C

2, [J-_he
(Knudsen) heat transfer. Since the mean free path in())= ZTI_Ch@ AT 10 1IN, d2 K, (A) dA
the gas is typically much larger than the soot particle » H H P (7)
diameter, the particle is largely in the free molecule

_ 4mnd, E(m)

limit, and thus the heat transfer coefficient is whereK =
independent of particle size. G is a geometry A

dependent heat transfer faéforequal to &(a(y+1)) ~ The LIl signall is a function ofT, dp Np, time ¢), and
where f is the Eucken factor (5/2 for monatomic |aser fluenceR). To calculate values dfto compare
species),a is the accommodation coefficient, and with experiment we must integrateover the range of
y=C/C, (= 1.40 for air). A value ofi~0.9 has generally |aser fluence values encountered in the laser sheet.
been adopted in previous watk Since our probe volume only occupies a region of the

sheet 0.53 mm diameter the distribution of laser fluence
The third term is heat loss due to evaporation of thés essentially constant in the plane of the sheet.
soot and is given by: However, there is a Gaussian distribution of fluence
aM o dD across the thickness of the sheet (i.e. along the LII
= Esap2 == viewing axis). This can be described by

dt 2 dt
2
Ps(T) N,y (5) F(X)=FoeXFE‘X—2E (8)
- —T[NP dg RT W,
2
EHZHMV (M EVJ, Des where the sheet half widtly, = 0.22 mm, andF,is the
BH RT, 2Dgg peak fluence at the centre of the shel¢E,t) can then

. ) ) be integrated across these fluence values to give a
Again the flux of carbon vapour is dominated by thesjgnal |4(t) that can be compared to our experiments.

of Eq. 5) and is independent of particle size. The S0y ence can be obtained by the appropriate time
vapour pressure has generally been calculated usingtegration of o(t).

fixed values of the heat of vaporisatitty and soot

vapour molecular weightMy. We have used the

temperature dependent values of these quanBi@3, 52 Comparison Of Model To Experiments
M\(T) calculated using the empirical relationships of

Leider et af’ in solving the equations. 5.2.1 LIl Excitation

) o ~ To compare our experimental results to the predictions
The fourth term, representing radiative loss for a singleyf the numerical model we need information on both

primary particle, can be approximated as: the primary particle diameter and the agglomerate size
E(m) in our burner. Megaridis and Dobbffshave used
Qg = 4TC N, d3 OSBT“B_E (6) thermophoretic sampling of ani&/air flame, coupled
’ O A oo with electron microscopy, to measure the soot primary

B?rticle size in the regions of maximum soot

where the expression in parentheses is evaluated . . . o
- , concentration. Their burner is very similar to ours but
some average wavelength, 600 nm in this case. Thi$

A ) . . .__Ppecause of small differences in flow rate and burner
approximation, '”C'Pd!r?g thg selection qf evaluat'ondiameter our flame height (67.5 mm) lower than theirs
wavelength, is not limiting since soot particle heat los )

o S 88 mm). We have scaled their measurements
due to radiation is insignificant compared to the othe dinal f heiah btain th |
heat loss terms. accordingly to our flame heights to obtain the values

shown in Table 1.

The particle equivalent sphere diameter dependenc\;{/e have used the method of solution outline above to

(Dgg in the denominator of Eqs. 3 and 5 is the leul h d d d £ th d
equivalent sphere diameter givenB3:<=Np/d®s and it 96: cu a;cedtlj e_xpetlzte $per][_ encfelo the prompt_rﬁn
reflects the dependence of heat transfer and the flux (I)? egrate signatas a function ot faser energy. ©
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Table 1

Primary particle sizéy), number of
primary particles per agglomeratésf, and the
equivalent sphere diametddgy).?

only correct in the limit of low vaporization ratés
which may not be true at the largest excitation fluences
used in this and other experiments.

Height do Np Des 5.2.2_ LIl Depay _ _
It is interesting to compare the experimental LIl time
(mm) (nm) (nm) (nm) decays with model predictions. The experimental
20 13 8 26 decays measured at various radial positions at a 40 mm
30 295 35 96.5 height in our burner are shoyvn in Fig. 5.. Thg Qecay
curves are, to a good approximation, logarithmic in the
35 32 45 113.8 time range 300 to 1000 ns. The time constant of these
40 325 60 127.2 decays decreases dramatically as we go from the region

of maximum soot to the centre of the burner. The
results of the numeric modelling show that the decay of
. ) . LIl signal in this time range is almost totally dominated
theoretical curves are shown in Fig. 3 where thgy heat transfer to the surrounding gas. Evaporation of
predicted LIl signals are shown as a function of peakgot has ceased to be important with the large drop in
laser fluence. Since the LIl signal is in arbitrary units,article temperature and radiation is unimportant in this
the experimental and theoretical curves hzave beefime range. Thus the faster decays are expected since
scaled to a value of 1 at a peak fluence of 0.3/cm  g|astic scattering experiments have shown a large
Although the model satisfactorily predicts the onset ofyecrease in soot particle diameter between the flame
the sharp rise in LIl signal, it does not predict theenptreline and the region of maximum soot.

observed fall-off at higher fluence values. The shapes

of the experimental excitation curves reported in thqsing the data in Table 1 we have calculated theoretical
literature vary widely. With the exception of Ni efal.  gecay curves for the region of maximum soot and for
in no other study has the excitation fluence beeghe Gaussian excitation used in our experiments. The
directly measured and reported. Ni ef’alsed an theoretical curves are shown in Fig. 5 for values of the
aperture close to the flame to ensure constant fluencgccommodation coefficient of 0.26 and 0.9. The 0.9

They observed an LIl signal (measured with an 18 ngccommodation coefficient curve incorrectly predicts a
gate) that peaked at 0.35 Jfand decreased a factor of very fast decay whilst the 0.26 accommodation

2 with a further twofold increase in fluence. Vander.gefficient curve is in quite good agreement with

Wal et al® observed a similar qualitative behaviour experiment. The value of 0.9 has been widely used in
with an imaging system that largely limited the {ne |iteratur&'®*1* but recent measurements of the
effective fluence variation to that of a presumably;ccommodation coefficient of nitrogen on  solid
Gaussian distribzliti(gn along the LII collection axis. graphite in the temperature range 300-1000 K give the
Other vyorker%_"’ " have generally observed a ygue of 0.28 Interestingly, a similar calculation
monotonically increasing LIl signal with an abrupt 555uming an equivalent sphere diameter for the particle
decrease in slope at higher fluences. and an accommodation coefficient of 0.9 also give good
agreement with experiment.  This results from a

Our experiences in setting up our experiment was that {ancellation of errors in that the equivalent sphere
was quite difficult to obtain a simple Gaussian

distribution of intensities in the LIl excitation region.
Laser beams whose intensity profiles were markedly 1o
non-Gaussian in the near field produced focal images =iy
with an intense central spot surrounded by more T Experimeni R~ 0mm
diffuse, weaker wings. This was particularly true if | =& e Theory; a =09
screens or hard apertures were used to control the laser®’f
beam intensity profile. With this type of excitation one
would expect an excitation curve that does not saturate
since, with increasing laser energy, the weaker radiation ]
in the wings will continue to produce large increases in \
LIl signal after the intense centre core saturates. This T
points to the necessity of carefully measuring the laser
fluence in the region of LIl excitation if one is to 000 - . . . . ‘ ‘ ‘

. . 0 100 200 300 400 500 600 700 800 900 1000
compare LIl saturation behaviour. Time (ns)

o Lllsignal

=)
2

,,,,

The failure of the LIl model to successfully predict the Figure 5 LIl signal decay curves indicating variation
saturation at high fluences is quite dramatic ancintime constant in post evaporation (>300 ns) region.
remains to be explained. It should be remembered thiMeasured and predicted values are shown for a height
the equations describing the evaporation of soot arof 40 mm in an etylene/air flame.
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model under predicts the heat transfer rate by almost @circulation zone, approximately 100 mm from the
factor of 4 compared to the agglomerate model, but thinozzle. Downstream of the 100 mm point the soot
is compensated for by the almost 4 times increase ilevels increased with axial distance along the centreline
accommodation coefficient. and the width of the sooting zone also increased with
axial distance, as shown in Fig 6. The highest level of
Will et al.** have used LIl imaging and ratioed imagessoot, averaging 4 ppb, was located on the centreline at
of LIl signals taken at different times to obtain 2-D the furthest axial location. From gas chromatography
maps of particle size. The particle size estimation wameasurements, it is known that the bulk of the fuel and
based on a comparison of the measured decay rate wiighter hydrocarbon remained within tBeecirculatiorl
that calculated from numerical modelling of the sootzone. However, some fuel penetrated the recirculation
cooling assuming the particles to be single spheres. #one, to form soot in the slow moving high temperature
is apparent from our modeling that the size determinedone.
from these decays is much closer to that of the primary
particle size rather than some average agglomerate siZ@ver the measuring region a maximum of only 4% of
This conclusion is also supported by the recent analysihie 5000 samples produced a measurable LIl signal.
of Mewes et at? The probability of a single shot recording a signal
significant enough to determine soot volume fraction is
We can use our decay data to estimate the primarpdicated in Fig. 7. Unlike the soot volume fraction
particle size at the burner centreline. At a height of 40neasurements, this probability did not increase beyond
mm, the ratio of the time constantrat0 mm (230 ns) 200 mm from the nozzle, although the width of the
to that in the region of maximum sootraR.1 mm (375 zone was observed to expand.
ns) is 0.61. Since the decay is dominated by heat
transfer to the medium, where the heat loss scales as

primary particle area, 7. CONCLUSIONS

) Significant progress has been made in the
h: T (9) characterization of the LIl process, and in development
sza T, of LIl for single-shot time-and-space resolved

guantitative measurement of particulate concentration
where 1T is the LIl signal decay time constant. This
result implies a primary particle size of 25.5 nm (.61
x 32.5 nm) at burner centre.

400
6. APPLICATION I
To demonstrate the feasibility of eventually applying 350{r
LIl in a gas turbine combustor, preliminary experiments {
were made in a confined bluff-body stabilized turbulent | H W
diffusion flame. This burner was fuelled by propane 300 4.00
burning in air at an overall equivalence ratio of 0.65. I 3.75
The flame was stabilized by a weak recirculation zone il ggg
attached to the bluff-body, and reached a mean peak __ i 3.00
temperature of 1980 K (Pt/Pt-Rh thermocouple type S) &£ { 275
along the centreline of the 100 mm diameter, 400 mm E 200K 2.50
long chamber. The steel walls of the burner were & I 2.25
blanketed by insulation to minimize heat transfer & I 2.00
losses. A clever window design allowed LIl 150 N 1;3
measurements to be made in a grid pattern over an axial i 5
range of 57 to 370 mm, at approximately 25 mm steps, ! 1 1.00
and radially at each axial station in 5 mm increments. 100 —1 0.75
A weak nitrogen purge minimized soot buildup on the I — 0.50
windows. 50l ] 025

B — 0.00
The incident beam (1064 nm) was unattenuated while B
the scattered light signal detected at 440 nm suffered 05— l(l)l L 1510
) o . . _

attenuation up to 40% in heavy sooting regions. At Radial (mm)

each grid location 5000 samples of prompt ancd
integrated signals were collected. The mean of the soFigure 6 Distribution of time-averaged soot volume
volume fractions recorded at each location is reportecfraction (parts per billion) acquired by LIl in a confined
providing a time-averaged result in this turbulent flameturbulent diffusion flame. Data at each grid location is
Soot was observed to first form at the outer tip of thethe mean of 5000 single-shot measurements.
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400~
350}

300 4.50
4.00
I 3.50
250H 3.00
= 2.50
E i 2.00
= 200§ 1.50
< I 1.00
% i 0.50
150H 0.00

100

50

| I A
o50 0 50
Radial (mm)

Figure 7 Probability (in percent) that measurable
guantities of soot are present in the probe volume on a
single-shot basis. Data acquired in a propane/air
diffusion flame ly LII.

in practical applications, such as turbulent combustion.

5. The application of LIl to measure soot volume
fraction in a turbulent diffusion flame has been
successfully demonstrated.

8. FUTURE WORK

It remains to be demonstrated that the LIl signal is
strictly proportional to soot volume fraction over
several orders of magnitude change in soot
concentration.  Both our results and the original
modelling of Meltofi predict that the prompt LIl signal
will vary as the 3.33 power of particle diameter (for LI
detection at 450 nm). This predicted departure from
strict proportionality between LII signal and soot
volume fraction has not been experimentally observed
in this work or by others.
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Nomenclature:

c - speed of light
Ca - soot particle absorption cross section
C - specific heat at constant pressure

- specific heat of carbon
- specific heat at constant volume

Cs

- Gy
1. The LIl signal has peen shown to be proportlonaID - interdiffusion coefficient for soot vapour into
to soot volume fraction over the range 0.5 - 5 ppm. surrounding gas
. Des - diameter of soot equivalent sphere
2. Due to the large dynamic range of_ the LII o - diameter of soot primary particles
technique we have been able to estimate soqt - Eucken factor
concentrations In the 1.0 part per billion range - geometry dependent heat transfer factor
while maintaining a spatial resolution of ~0.5 mm H - heat of vaporization
cubed. A further factor of ten increase in " - thermal conductivity of ambient air
o . i a
sensitivity could be obtained by relaxing the ap - absorption efficiency (for primary particles)
dimensions of the probe volume to a 1.0 mm cube.K Knudsen numbeik=Ayep /Des
n - —Amrp Ve
3. The rate of decay of the LIl signal in the post'vI :mgl\zscgraﬁavrvt:a?nht of carbon vabour
evaporative region (>300 ns after excitation) isMV - molecular Weight of air P
shown to be a sensitive measure of particle sizeNA Avogadro's nugmber
H av -
qu soot, th_e sizé measured appears to be t b - number of primary particles in agglomerate
primary particle size rather that some averagebs(.r) - pressure of SO0t vapour
agglomerate size. While the numerical model was ) IF;ser fluence P
able to successfully predict post evaporative LIIT - soot surface and vapour temperature
signal decay rates. T, - gas temperature
4. More work needs to be done before the currentIy(x - accommodation coefficient
available LIl models can correctly predict the sootY - G/Cy
particle behaviour during soot evaporation. A - wavelength

Aver - mean free path



Ps - density of soot 15. O. L. Gulder, “Influence of hydrocarbon fuel
Osg - Stefan-Boltzmann constant structural constitution and flame temperature on
T - LIl decay signal time constant soot formation in laminar diffusion flames,”
T - light transmission through flame Combustion and Flamigs, 179-194 (1989).
16. W. H. Dalzell and A. F. Sarofim, “Optical
constants of soot and their application to heat flux
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