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Soot volume fractions and soot temperatures have been measured for the first time on candle flames.
Measurements on laminar steady flames were carried out using candles with wick diameters of 2, 3
and 4 mm. Wick length was varied between 4 and 10 mm. The shape of the candle flame was obtained
from CH⁄ spontaneous emissions. Measured flame heights show an increase with wick dimensions,
approaching an asymptotic value for increasing wick lengths. Soot volume fractions were obtained from
laser extinction measurements with the Modulated Absorption/Emission (MAE) technique. A deconvolu-
tion technique and a regularization procedure were applied to the data. Radial profiles of soot volume
fractions increase when varying the wick dimensions; this effect is produced by the greater amount of
fuel released by the wick. Radially integrated soot volume fractions were also calculated, presenting a
similar behavior to the soot volume fraction radial profiles. The peak integrated soot volume fraction
was found at approximately half the flame height, independent of the wick dimensions and burning rates.
Soot temperature was obtained from emission measurements at two different wavelengths considering
the attenuation of the soot particles in the optical path length. A deconvolution and regularization pro-
cedure was carried out in order to obtain temperature profiles for different heights in the flame. The
observed increase in soot production and soot temperature profiles was directly related to the higher
burning rate experienced by the candle. The results show that peak integrated soot volume fractions
are proportional to both the mass loss rates and the flame heights.

� 2016 Elsevier Inc. All rights reserved.
1. Introduction

Soot production modeling has experienced a considerable
development as the computational power has increased and as
more sophisticated experimental techniques have allowed the
measurement of soot concentrations within flames with greater
spatial resolution. These two factors have allowed the develop-
ment of detailed models and have given researchers access to more
complete databases for model validation. Soot models are critical
in combustion applications like gas turbines, IC engines, and fire
safety. The main goal of this work is to build a set of reliable soot
volume fraction and temperature measurements in candle flames,
to be used in the validation of soot production models. Candle
flames have been chosen for several reasons. Firstly, they involve
the combustion of condensed phase waxes, whose molecules have
a carbon number n, CnH2n + 2, typically ranging between 19 and 36
[1,2], which is larger than that of the hydrocarbon fuels which are
usually used in soot production experimental measurements [3–5].
The waxes used in candles are therefore representative of larger
and complex hydrocarbon fuels like the ones found in fire safety
or some turbine applications [6–9]. Secondly, in spite of the com-
plexity of the solid and gas phase processes that occur when can-
dles are burning, they are safe and simple devices, being
attractive from an experimental point of view.

Historically, candles have been one of the most common light-
ing technologies in the world. They have been studied since the
XVII century by scientists like Francis Bacon, Humphry Davy, and
Michael Faraday [10]. More recently, research has been carried
out on candle flames for different applications and different condi-
tions, including electric field effects [11], flame flickering [12],
microgravity experiments [13,14], smoke point measurements
[15], fire safety [16,17], flame shape analysis [1], and numerical
models [17,18].

Light extinction measurements were carried out on candle
flames with different wick diameters and lengths. Flame dimen-
sions were estimated using CH⁄ emissions images. Soot volume
fractions and temperatures were quantified using the Modulated
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Absorption/Emission technique. This article describes the experi-
mental setup and the data processing techniques and presents
results for all the experimental conditions.
2. Experimental

The experimental procedure followed in this work was based on
a previous study on candle flames in order to obtain comparable
results, particularly regarding the influence of the wick length
[15]. The previously published experiments were replicated to val-
idate the current experimental results. The optical diagnostics car-
ried out in this research project will serve as a complement to the
work by Allan et al.

Experimental measurements were carried out on Sasolwax
6203 paraffin wax candle flames. The candles were manufactured
by the authors. When the candles were molded, the wick was fixed
at the center of the mold to ensure a consistent wick position in the
wax cylinder. The average candle diameter was 64 mm. Three dif-
ferent wick diameters were used: 2, 3, and 4 mm. For each wick
diameter, 5 different initial wick lengths were used, ranging from
5 to 10 mm. Table 1 shows all the experimental conditions and
the main experimental results. Prior to the start of the measure-
ments, the candle was allowed to burn for 2–3 min to ensure that
wax had flowed into the entire wick. After this, the flame was
extinguished, the wick was cut to the desired length, and the wick
was placed in a vertical position. The candle was re-ignited and
measurements commenced after steady burning was achieved.
Only laminar flames under the smoke point were measured. To
prevent damage to the wick, the candles were extinguished by
manually directing a jet of nitrogen on the wick until no noticeable
flames were present.

Soot volume fractions were estimated using Modulated Absorp-
tion/Emission (MAE) measurements [19]. No previous reports of
soot volume fraction or temperature measurements with this tech-
nique on candle flames have been found in the literature. The light
source was a 1400 mW diode laser at a wavelength k = 660 nm. The
beam was expanded and passed through the flame. Extinction
measurements were obtained projecting the beam over a frosted
glass screen. A CCD camera was used to capture the images, using
a 660 nm bandpass filter (10 nm FWHM) to avoid capturing emis-
sions from other sources. The camera was synchronized with the
laser beam using a modulator at a 10 Hz frequency, to obtain
sequential images of emission and absorption by the soot particles,
both under flame and no flame conditions [19]. Soot temperature
was estimated from emission measurements at two different
wavelengths using another CCD camera with 660 nm and 800 nm
bandpass filters (10 nm FWHM). A different CCD camera was
devoted to CH⁄ chemiluminescence measurements. This camera
Table 1
Experimental conditions and main experimental results. See Fig. 3 for definitions.

Dwick (mm) Lwick (mm) MLRave (mg/s) hf (m

2 5 0.72 12.6
2 6 0.82 16.3
2 7 0.82 17.9
2 8 0.88 18.3
2 10 0.99 19.7
3 5 1.03 16.7
3 6 1.10 21.0
3 7 1.17 23.7
3 8 1.32 25.0
3 10 1.35 28.1
4 5 1.40 22.7
4 6 1.63 29.8
4 7 1.87 33.1
4 8 1.94 37.2
4 10 2.12 39.4
was mounted with a narrowband filter centered at 431 nm
(10 nm FWHM). Fig. 1 shows a schematic of the experimental
setup. The images had a spatial resolution of 0.16 mm � 0.16 mm
for the MAE measurements, 0.09 mm � 0.09 mm for the emission
measurements and 0.26 mm � 0.26 mm for the CH⁄ measure-
ments. Additionally, mass loss measurements were done with a
0.1 mg resolution and 1 Hz frequency analytical scale.

3. Data processing

3.1. Flame height

Flame geometry was estimated using a segmentation model
[20] to clearly distinguish the presence of the flame on an image.
The model generates a composite image from a set of CH⁄ images,
by applying the following probability function:

Pbðx; yÞ ¼ 1ffiffiffiffiffiffiffiffiffiffi
2pr

p exp
Gðx; yÞ � lð Þ2

2r2

 !
: ð1Þ

Gðx; yÞ is the intensity of the i-th pixel in the original image, l is the
mean intensity value of the pixels of the original image and r is
their standard deviation. For each of the measurements, l and r
were calculated using over 25 images. The contour of the reaction
zone is generated from a comparison between each modified pixel
and a specific threshold value n. Where the probability Pbðx; yÞ is
larger than n, that particular pixel is considered as a flame. The
threshold value was determined based on inspection of the
acquired images. Flame heights and other dimensions are obtained
from these images. These dimensions are defined in Fig. 3a, and fol-
low Ref. [1].

3.2. Soot volume fractions

The transmissivity of the soot particle cloud within the flame is
obtained from light extinction (LE) measurements, accounting for
both the emission and absorption of radiation by the flame. The
MAE technique was used, which is based on alternate absorption
and emission measurements on the same wavelength and optical
path [21,19]. By working with images under four different condi-
tions (flame - laser on, S; flame - laser off, S0; no flame - laser on,
I0; no flame - laser off, I00), this technique allows eliminating part
of the background noise and fluctuations. 25 pairs of images were
averaged for each measurement. The transmissivity sk is calculated
as:

sk ¼ S� S0

I0 � I00
: ð2Þ
m) bmax (ppm mm2) Df (mm) Tmax (K)

8 46.24 4.746 2059
5 52.43 5.478 2152
0 58.22 5.622 2159
0 63.30 4.990 2138
1 95.87 6.210 2191
1 52.60 5.488 2137
4 78.36 6.941 2018
9 81.06 5.234 2125
6 97.12 6.688 2123
1 101.21 7.429 2263
2 77.31 7.185 2097
9 111.47 6.699 2033
0 112.27 5.966 2051
2 114.63 6.698 2159
6 134.64 8.893 2068



Fig. 1. Experimental setup.
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The MAE technique was originally formulated for a homoge-
neous particle cloud (i.e. with no spatial gradients of soot concen-
trations). In the case of candle flames, spatial gradients of soot
volume fractions and the local absorption coefficient are expected
along the laser beam path. The MAE technique was adapted to
account for these spatial variations. It has been assumed that the
flame remains stationary, and therefore, that the flow field around
the flame is constant. Considering that the soot particle size is
small compared to the wavelength of the light source, Rayleigh’s
theory is used to describe the scattering and absorption of light
traveling through the candle flame. Since the size parameter
2pa=k is very small for soot particles, scattering can be neglected
when compared with the effect of absorption [22]. In these condi-
tions, the spectral extinction coefficient bk is assumed to be equal
to the spectral absorption coefficient jk, so that the spectral trans-
missivity sk of a non-homogeneous particle cloud is given by the
Beer-Lambert law, sk ¼ expð� R jkðsÞdsÞ.

To obtain the value of the local absorption coefficient jkðsÞ, the
Onion-Peeling (OP) deconvolution technique was applied. The OP
technique is frequently used in this type of inverse tomography
problems in combustion [23–25]. The OP technique approximates
the flame as a set of evenly spaced concentric rings of constant
properties (i.e. soot volume fractions and local absorption coeffi-
cient). Note that by using this representation, s coordinates (along
the beam path) are replaced by r coordinates (radial location from
the flame axis). Assuming that the flame is axisymmetric, the line
of sight projected data from LE measurements is defined as
PðyÞ ¼ � ln½skðyÞ�, with sk obtained from Eq. (2). It has been shown
that the measured values PðyÞ are related to the local absorption
coefficient jkðrÞ by Abel’s integral equation [24]:

PðyÞ ¼ 2
Z R

y

jkðrÞrffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
r2 � y2

p dr: ð3Þ

The OP method discretizes Eq. (3), yielding a set of linear equa-
tions. This system of equations is expressed in matrix form and is
solved to yield jkðrÞ [24,25]. Additionally, since Abel’s integral
equation is highly sensitive to perturbations in the data, a Tikho-
nov regularization technique was applied to control the stability
and accuracy of the solution [24,26]. This procedure has a strong
dependence on the selected regularization parameter. The L-
Curve Criterion was used, based on the analysis of Hansen and
O’Leary [27].
From Rayleigh scattering results, jkðrÞ is written as a function of
the soot volume fraction (f soot) [19,22],

jk ¼ Ck
f soot
k

; ð4Þ

where the absorption function Ck corresponds to the imaginary part
of the complex refraction index of the particle cloud multiplied by
6p. In this work, the value of the complex refraction index was
taken from the work of Chang and Charalampopoulos [28]. Knowl-
edge of jkðrÞ thus allows to quantify the local soot volume fraction
f sootðrÞ.

3.3. Soot temperature

Radial profiles of soot temperature were determined using
emission measurements at two different wavelengths, 660 and
800 nm, following the developments by Jenkins and Hanson [19].
The soot pyrometry method used in this study is similar in princi-
ple to the conventional two-color pyrometry methods commonly
used by the diesel engine community [19,29], which measures
the radiant emission from soot at two different wavelengths, typ-
ically in the visible range. These methods have some limitations,
including a lack of spatial resolution that makes them unsuitable
to use in flames with gradients in soot concentrations and temper-
atures, increased errors for low soot volume fractions (f soot K10�7),
and an influence of the uncertainty of the emissivity model on the
accuracy of the results [19]. The method used in this work combi-
nes the emission of thermal radiation from the soot particles and
the attenuation of that radiation within the flame, and is explained
in detail elsewhere [30]. It has several advantages over the conven-
tional two-color method, including a more accurate determination
of the radiant emissions from the soot particles, obtained through
the use of Eq. (2), and the possibility to work with flames with sig-
nificant soot volume fraction and temperature gradients, typical of
candle flames [30,19]. Jenkins and Hanson worked with a flame
with a homogeneous particle distribution. In the case of a candle
flame, the assumption of an homogeneous particulate medium is
incorrect, and the method was therefore modified to account for
spatial variations in soot particle concentrations and temperatures.

The Radiative Transfer Equation (RTE) for an absorbing - emit-
ting medium is written as dIk=dsþ jkðsÞIk ¼ JkðsÞ, where Ik is the
spectral radiation intensity and the emission coefficient JkðsÞ is
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Fig. 3. (a) Definitions of the relevant flame dimensions used in this paper and flame
reaction zone obtained from CH⁄ emissions measurements and flame contours
obtained by the segmentation method [20]. Wick diameter: 4 mm. Wick length:
10 mm. (b) Estimated flame heights for increasing wick length and different wick
diameters.
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defined as JkðsÞ ¼ jkI
bb
k . The black body radiation intensity Ibbk is cal-

culated using Planck’s equation [19]. The RTE is written in terms of
r (flame radial coordinates) and solved to obtain values of JkðrÞ fol-
lowing the results of Liu and Jiang [31], discretizing the flame into
N concentric rings. A regularization procedure similar to the one
applied in the soot volume fraction analysis was used. JkðrÞ is
related to the local soot temperatures by:

TðrÞ ¼
C2

1
k2
� 1

k1

� �
ln

Ck2
Ck1

Jk1 ðrÞ
Jk2 ðrÞ

k1
k2

� �6� � ; ð5Þ

where it is assumed that k1 > k2. Eq. (5) was obtained by writing
Planck’s equation for two wavelengths and solving for TðrÞ [19].
Note that Ck1 and Ck2 are related to the local jkðrÞ and the local soot
volume fractions through Eq. (4). It was assumed that f soot is inde-
pendent of the wavelength. Further details of this methodology can
be found in previously published articles [3,30].

4. Results and discussion

The optical measurements require steady burning rates in order
to be accurate. Mass loss results indicate that the candles reached
steady-state burning rates about 1 min after ignition. Fig. 2 shows
the average steady state mass loss rates (MLRs) for the entire range
of initial wick lengths and diameters. As the initial wick length is
increased, average MLRs show a tendency to reach an asymptotic
value, which is likely determined by the maximum flow of liquid
paraffin wax that can be transported by the wick, and is related
to the height of the liquid paraffin wax column due to capillary
action.

4.1. Flame characterization

Flame geometry was determined using the CH⁄ emissions mea-
surements. Fig. 3a shows a typical CH⁄ image and the contour of
the reaction zone obtained by the segmentation model. Flame
heights are estimated from the contours, and are presented in
Fig. 3b. Flame heights increase with wick diameter and initial wick
length. For increasing wick lengths, flame heights tend to approach
an asymptotic value, following the MLR behavior. An error analysis
was considered for all the measurements and the error bars pre-
sented were determined from a sensitivity analysis of the thresh-
old parameter n. The increasing uncertainties for larger wick
diameters (cf. Fig. 3b) are caused by the instability associated with
larger flames. A larger wick diameter causes a higher flow of fuel,
leading to longer and less stable flames.

The analysis proposed by Sunderland et al. [1] was followed to
obtain flame length estimates. The calculated flame height (f) is
obtained from the following expression [32]:

f
Dwick

¼ pCf lnð1þ BÞ Nutop

4
þ Nucil

� �
; ð6Þ
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Fig. 2. Average steady-state mass loss rate as a function of initial wick length and
nominal wick diameter.
where Cf is a constant that depends on the fuel, B is Spalding’s mass
transfer number, and Nutop and Nucil correspond to the Nusselt
numbers at the top and the sides of the wick.

The correlation between the experimental and predicted flame
heights is in good agreement with Sunderland et al.’s work, cf.
Fig. 4a, but there are some discrepancies in the trends for longer
flame lengths. These are partly explained by the difference in the
methods used to obtain the flame heights: visible part of the spec-
trum in Sunderland’s case; CH⁄ emissions in this work. Another
source of discrepancy lies in the prediction of the flame heights.
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Fig. 4. (a) Non-dimensional experimental flame lengths vs. non-dimensional
predicted flame lengths. (b) Burn length vs. wick diameter normalized by the full
wick length L.
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In this work, flame lengths were calculated using the same fuel
properties as used by Sunderland et al., although the paraffin
waxes used in both studies were different. Flame lengths calcu-
lated with Eq. (6) overpredict the measured flame lengths. Since
the original model [32] was developed for jet flames, it does not
take into account the radial momentum of the fuel as it is ejected
from the wick. This overprediction has led Sunderland to propose
the use of a virtual origin for the flame located below the base of
the wick, much like in pool fire plume theory. To validate the
experimental procedure, the flame attachment point on the wick
was also measured and plotted against the wick diameter
(Fig. 4b). The attachment point Lb is defined as the portion of the
wick that is burning. Lb decreases for increasing wick diameters,
showing a good correlation with the results of [1] (Fig. 4b).

4.2. Soot volume fractions and soot temperature

Local radial soot volume fraction profiles are plotted for differ-
ent heights and wick dimensions (Fig. 5). These profiles the evolu-
tion of the soot production process within the flame, where at low
heights soot formation processes dominate, making soot volume
fractions grow with height, reaching a peak at mid-flame height,
and then decreasing due to the effect of soot oxidation processes
becoming dominant. The profile for the lowest height corresponds
to the bottom of the flame where soot formation begins to occur.
The two profiles at mid flame height show the evolution of the soot
volume fractions close to the peak concentrations, and the profile
at the top of the flame shows the soot oxidation zone. The data
exhibit a sooting behavior typical of liquid fuels, i.e. the peak soot
concentrations occur much closer to the flame axis than in conven-
tional coflow diffusion flames of gaseous hydrocarbon fuels, where
peak concentrations occur along the flame wings. At lower heights
f soot gradually increases along the flame radius. In this area, soot
nucleation dominates, increasing the soot volume fraction as the
particles move upward through the flame. Soot volume fractions
reach a maximum value at approximately mid flame height
(� 0:5z=hf ; cf. Fig. 7). From this point upwards, soot oxidation pro-
cesses begin to dominate, and local f soot decreases. This area is also
characterized by higher CH⁄ emissions and thus higher heat release
rates (cf. Fig. 3). The area of high CH⁄ activity begins in the lower
12 mm
13 mm
14 mm
15 mm

Height:

0 0.5 1.0

12 mm
13 mm
14 mm
15 mm

Height:

0 0.5

T
 (

K
)

1400

1500

1600

1700

1800

1900

2000

2100

2200

f s
oo

t (
pp

m
)

0

1

2

3

4

5

6

7

r/Df

0 0.5 1.0
r/D

0 0.5

Fig. 5. Radial soot volume fraction and temperature profiles. (a) Wick diameter: 2 mm.
diameter: 4 mm. Wick length: 10 mm.
half of the flame, indicating that the soot oxidation reactions are
driven by higher energy release rates within the flame. Fig. 5 also
presents radial soot temperature profiles for the same heights pre-
sented before. Soot temperatures remain constant close to the
flame axis, and increase towards the reaction zone. Fig. 6 shows
flame emission results from the soot pyrometry method used in
this study.

The soot volume fractions were integrated along the entire
radial dimension,

b ¼ 2p
Z 1

0
f sootðrÞrdr; ð7Þ

and the results are plotted for the entire flame heights, Fig. 7. Soot
production increases with wick diameter. Peak integrated soot vol-
ume fractions increase with wick length, and in all three wick diam-
eters analyzed in this work, the 10 mm wick length produces
significantly higher soot volume fractions, suggesting that the
flames are close to the smoke point. Note that the peak b is observed
at approximately half the flame height on all the flames that were
analyzed, independent of flame heights and wick dimensions. The
maximum radial soot temperature along the entire flame height is
also plotted in Fig. 7. The results show that peak soot temperatures
remain nearly constant along the flame height for the different wick
dimensions. For all cases soot temperatures experience a marked
decrease when approaching the tip of the flame, which is consistent
with the decrease in f soot, because jkðrÞ decreases, and therefore the
emissivity of the particle cloud decreases.

Fig. 8 shows that peak soot volume fractions increase with lar-
ger initial wick lengths. Fig. 9 shows that peak soot temperature
remains between 2000 and 2200 K. Peak soot temperatures tend
to increase slightly with increasing wick dimensions. There are
some cases where this trend is not clearly represented, because
of flame flickering when capturing the images. It has also been ver-
ified that soot production increases with the burning rate, as is
shown in Fig. 10. This figure shows that independent of the wick
dimensions, MLRs are proportional to the peak integrated soot vol-
ume fractions. Peak integrated soot volume fractions are also pro-
portional to flame heights, as these are related to the MLRs (cf.
Table 1).
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4.3. Error analysis

Measurement error has been calculated for f soot results. Follow-
ing the analysis by Fuentes et al. [33], three main sources of error
have been identified, leading to the expression:

@f soot
f soot

¼ @j
j

þ @Ck

Ck
þ @k

k
: ð8Þ
The error for each variable is @x=jxavej, recognizing that each
measured value x is equal to the sum of its average value and stan-
dard deviation, x ¼ xave � @x. From Beer-Lambert’s law, the error
related to LE measurements becomes,

@j
j

¼ 1
lnðI0=IÞ

@I0

I0
þ @I

I

 !
: ð9Þ

I0 and I are the incident and transmitted light intensities. 50 images
were used to determine each of these parameters. From the set of
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Table 2
Error for soot volume fraction and soot temperature measurements.

f soot error (%) Tsoot error (%)

@j=j: 3.59–15.55 @T=@k1: 1.48–1.92
@Ck=Ck: 19.68 @T=@k2: 0.53–1.05
@k=k: 0.03 @T=@u: 2.72–30.32

Total: 23.30–35.26 10.17–31.15
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images, the average pixel intensity and standard deviation were
obtained for every pixel. The second source of uncertainty corre-
sponds to the absorption function,

@Ck ¼ @Ck

@n

����
����@nþ @Ck

@k

����
����@k; ð10Þ

where n and k are the real and imaginary parts of the soot refractive
index. The absorption function Ck is,

Ck ¼ 36pnSkS

n2
S � k2S þ 2

� �2
þ 4n2

Sk
2
S

: ð11Þ

The uncertainty of the absorption function associated with the
uncertainty of n and k is calculated by differentiating Eq. (11) with
respect to each variable. Uncertainties for n and kwere determined
by Chang and Charalampopoulos [28]. The last source of uncer-
tainty was calculated using information provided by the laser
diode manufacturer regarding the relative variation of the emitted
wavelength. The error was also estimated for the soot temperature
measurements. Three main sources were identified, leading to:

@T ¼ @T
@k1

����
����@k1 þ @T

@k2

����
����@k2 þ @T

@u

����
����@u: ð12Þ

The first two sources of error are directly related to the use of
the bandpass interference filter, with one term being assigned for
each wavelength. The uncertainty of each filter was calculated
using information provided by the manufacturer and considered
as 1/2 FWHM (@k1 ¼ @k2 ¼ 5 nm). From Eq. (5), the uncertainty
due to these two error sources is,

@T
@k1

¼ Tk2
k1ðk1 � k2Þ �

6T2k2
C2ðk1 � k2Þ ; ð13Þ
@T
@k2

¼ � Tk1
k2ðk1 � k2Þ þ

6T2k1
C2ðk1 � k2Þ : ð14Þ

The last error source is related to the flame emission intensity.
Let u ¼ Jk1=Jk2 , where Jk1 and Jk2 were estimated from a set of 100
images each. From Eq. (5) this becomes,

@T
@u

¼ � T2k1k2
C2ðk1 � k2Þu : ð15Þ

The uncertainty @uwas measured radially as the standard devi-
ation of the variable u for each of the heights considered, and its
values are in the range 0.29–1.09. Table 2 shows the estimated
errors for the soot volume fraction and soot temperature measure-
ments. The table shows that most of the experimental error for
both soot volume fraction and soot temperatures comes from the
choice of the refractive index function. These results are compara-
ble to the uncertainties obtained through error propagation tech-
niques for laser absroption studies [33].
5. Conclusions

Soot volume fractions have been measured for the first time in
laminar candle flames burning under the smoke point. The exper-
imental procedure followed previously published work [15] and
the experimental results are in good agreement with that work.
Candles with different wick dimensions have been studied. Flame
heights and MLRs increase with increasing in wick dimensions,
showing an asymptotic behavior, which is likely related to the abil-
ity of the wick to transport liquid wax to the flame.

Peak soot volume fractions can be found at approximately half
the flame height, independent of the wick dimensions and burning
rates. Moreover, peak soot volume fractions are proportional to the
burning rates. The uncertainty of the soot volume fraction mea-
surements has been calculated, and is below 36%. Peak soot tem-
peratures are between 2000 and 2200 K independent of wick
dimensions. The uncertainty associated with these temperature
measurements is under 31.2%. These values are consistent with
previously reported uncertainties for the MAE technique [33],
and its main contributor is the refractive index function.
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