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S1. Thermocouple assessment

S1.1. Catalytic effect

Nearly identical inward and outward profiles imply no significant catalytic

effects.
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Figure S1: Temperature profiles with radially inward (oxidizer to fuel) and outward (fuel to
oxidizer) traversing in Re 5000 flame at y = 10 mm. The measurement duration is 3 s at

each location.
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S1.2. Soot deposition effect

Nearly constant trace suggests negligible soot deposition, which was also

confirmed through visual inspection.

1400 T
1300F ]
1100 ]
gmoo; ]
= 00} ]
800} .
700F ]
600 ]
500 b L L
0

Figure S2: Thermocouple junction temperature history in Re 5000 flame at r = —6 mm,y =

120 mm. Mean f, at this location measures 90 ppb.

S1.3. Radiation correction and velocity sensitivity

Thermocouple data is corrected for radiation heat loss by considering convection-
radiation balance as, T, = T, + (c€,T}})/h, where: Ty is gas temperature, Ty,
is thermocouple junction temperature, o is Stefan-Boltzmann constant, €, is
thermocouple emissivity, and h is convective heat transfer coefficient. ¢, is
a function of temperature as, €, = 1.507x1074(T}) — 1.596x10~3(T2) [1]. h
is obtained using Kramer’s expression for Nusselt number, Nu = hD/k =
0.42Pr%2 + 0.57Pr%33Re’5 where: Re = pV Dy, /p, Pr = uCp/k, Dy, is ther-
mocouple wire diameter, k is thermal conductivity of gas, p is gas density, V'
is gas velocity, and p is dynamic viscosity of gas. The gas properties are tem-
perature dependent. Thus, T} is computed iteratively. The properties of air
are considered. The gas velocity V at a given radial (r) and downstream (y)
locations is calculated using a turbulent jet modeling [2]. This model requires
centerline velocity (Vinaz) which was obtained as, Viyaz = C.Vgug, where Vg is
the area-averaged velocity (V,.4) deduced from the imposed mass flow rate. The

factor C' depends on Re. For Re 21500 case, C' was found to be 1.16 through



the velocity measurement (data available in the Supplement of Part 1 [3]). For
Re 5000 and 7200 cases, C values are assumed to be 2 and 1.5, respectively. As
the velocity model [2] is valid only for non-reacting jets, a factor of four is used
for Re 5000 and 7200 cases to account for the gas expansion induced velocity
jump in reacting flows based on [4]. For the Re 21500 case, since the temper-
ature was lower at measurement locations, the velocity jump factor is assumed
to be 3.

To justify various assumptions, we performed a sensitivity analysis for a
range of velocities and thermocouple junction temperatures. The sensitivity
map is shown in Fig. S3. The effect of velocity error is primarily relevant at high
temperature (> 1800 K) and low velocities. Therefore, the uncertainty impact
is relevant at peak flame temperatures (> 2000 K). The present work mainly
focuses on the soot and PAH formation temperature range (600 — 1600 K),
which is lower than the flame temperature. Therefore, uncertainty is expected

to be low. Other sources of uncertainty are discussed subsequently.
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Figure S3: Radiation correction sensitivity as a function of probe temperature and gas velocity.

Isolines are overlaid at every 50 K.

S1.4. Temperature uncertainty estimate

The uncertainty in temperature measurement can arise primarily from the

following sources.

1. Radiation correction: Uncertainty in radiation correction due to various ap-



proximations is discussed. The velocity in the present flames was sufficiently
high. Therefore, the errors in radiation correction were negligible (0.5%,
when velocity is changed by half) even at a high temperature (2250 K). An-
other source of error is due to the size of the thermocouple junction diameter
[5]. The butt-welded junction diameter for one of the thermocouples was ob-
served (with a digital microscope) to be lower (35 um) than the wire diameter
(50 pm). This can lead to errors up to 5% at peak temperature (2250 K),
while the error is negligible at low/moderate temperatures (0.1 — 1.5% for
600—1600 K). In the 600—1600 K temperature range, error in radiation cor-
rection from other sources (emissivity, Nu number correlations, considering
only air properties) is expected to be negligible due to the small thermocouple

size.

2. Positional error: Thermocouple was positioned with respect to the flame axis
through 2D mapping, as described in the accompanying paper. A motorized
translation with a resolution (1 pm) better than the thermocouple junction
diameter was used. Therefore, the positioning accuracy is estimated to be
the same as the thermocouple wire diameter (50 pm). This positional error
in the steep gradient region (at 1400 K) translates to 40 K uncertainty.

Therefore, 3% uncertainty is assigned to the positional error.

3. Statistical uncertainty: Uncertainty in mean owing to flame fluctuations was
estimated by considering the standard deviation (S.D.) and the number of
samples (N) as 25.D./v/N (95% confidence interval). Thermocouple data
was acquired over 3 s duration at 3 kH z rate; however, the response time of
the thermocouple is estimated to be 10 ms. Therefore, the effective number
of time decorrelated samples is reduced to 300. Consequently, uncertainty
in the mean is estimated to be £0.05 to 3%, depending on a location within

the flame. We chose a conservative value of £2.5% for all the measurements.

Following the uncertainty propagation principle, the total uncertainty of
+6% is estimated in mean temperature at a peak value (2250 K), while +4%
in the temperature range of 600 — 1600 K.



S2. SMPS probe

S2.1. Flame with sampling probe
Figure S4 shows flame photographs with the probe, suggesting low global

perturbations.

Probe

Figure S4: Re 7200 flame photographs with SMPS/PPS sampling probe at y = 250 mm.
Images with two exposures, namely 1/20 s (left) and 1/500 s (right) are shown.

52.2. Orifice blockage correction

The temporal evolution of soot volume fraction in the extracted aerosol sam-
ple from Re 7200 flame is provided in Fig. 10 of the paper. It is evident that the
SMPS measurements are affected by the probe blockage over time. Therefore,
the SMPS data is corrected using the f, trace from PPS measurements. SMPS
scans different classes (bins) of mobility diameters sequentially, and respective
number concentrations are measured simultaneously by a Condensation Parti-
cle Counter (CPC). Thus, the number concentrations measured by CPC during
the scan time are linked to respective mobility diameter bins. By assuming that
the orifice blockage only affects the aerosol number concentration (and not the
particle size), the CPC number counts can be corrected by using the f, trace as
a function of time. The SMPS data until 60 nm with a corresponding time du-

ration of 75 s is considered. The PPS f, trace over the same duration (75 s) as



of SMPS scan is extracted. To remove the high-frequency noise, Savitzky—Golay
filter is applied to the PPS trace before using it for the SMPS correction. Next,
the CPC counts are divided by the peak normalized f, at respective scan times.
In this manner, the correction strategy reconstructs the particle size distribution
(PSD) by accounting for the orifice blockage over time.

Figure S5 shows the PSD with and without the blockage correction. Recall,
SMPS measurements are intended only for the particle sizing and not the con-
centration (which is provided by PPS or laser-induced incandescence data from
Part 1 [3]). Therefore, the particle concentration in Fig. S5 is not corrected
for dilution. SMPS data is primarily used to obtain the mode (most probable)
diameter. Both the corrected and uncorrected PSD conforms to the log-normal
distribution in Fig. S5. However, the mode diameter in corrected data appears
to be slightly higher, although the difference is not significant. This is due to
the relatively short scan duration (75 s until 60 nm) compared to the orifice
blockage timescale shown in Fig. 10. Similar to Fig. S5, data for all other cases
are corrected for orifice blockage. The PSD of uncorrected and corrected data
at different heights for Re 5000, 7200, and 21500 flames are provided in Sec.
3.4.1 of the paper.
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Figure S5: Probe blockage correction applied to SMPS data for Re = 7200 flame at r = 0 mm,
y = 250 mm.
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