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1.The details of time resolved LII intensity calculation 

In order to eliminate the bias caused by the evolution of LII signal. A simulation of time resolved LII signal 

has been performed. The well-known energy balance model for LII after energy absorption, originally 

formulated by Melton [1] and subsequently refined by a number of researchers over the years [2–4], 

includes heat addition by the laser pulse and various cooling terms in the general form: 

 (1)  

where  U in
, , ,  and  represent, respectively, the internal energy, the laser energy absorption 

rate, the sublimation rate of carbonaceous materials, the rate of heat loss via thermal conduction and the rate 

of heat loss via thermal radiation. The rate of change in internal energy of a spherical primary particle can be 

expressed as: 

 (2) 



 

 

where the values of density  and specific heat capacity 
 
c
s
 can be found in table 1. The absorption term 

 is given with Eq. (3) 

(3) 

where F  is the fluence of laser beam/sheet with the unit of J/m 
2 ,   q(t) is the temporal profile of laser pulse, 

  qmax
 is a constant used to normalize the integrated laser temporal profile to unity,  is the laser 

wavelength, and   E(m)  is the absorption function of soot at certain . In the present study, the value of 

  E(m)  is problematic since  is 266 nm, which is not a normally used wavelength to conduct LII 

measurements. Therefore, there is few value of   E(m)  under this wavelength wasreported. Here we use the 

experimental data for   E(m)  of Krishnan et al. [5] anda linear fitting by Snelling et al.[6] to estimate the 

value at 266 nm, which is: 

     (4) 

The calculations of the heat loss rate via conduction , sublimation  and radiation  are based on 

the fully constrained model summarized by Michelsen et al. [3,4] as Eqs. (5-7):  

   (5) 

where
 
T
g  is the temperature of the ambient gases,   ka

 is the thermal conductivity of the surrounding gases, 

and   LMFP
 is the mean free path. The heat transfer factor  G  is given by , where  is the 

thermal accommodation coefficient；  is the heat capacity ratio for air; and  f  is the Eucken correction to 

the thermal conductivity given by: .   



 

 

Sublimation is an endothermic phase transition process. Heat loss by sublimation is modeled as: 

  (6) 

where  Ws
 is the molecular weight of solid carbon, and   ∆Hv

 is the enthalpy of formation of sublimed 

carbon clusters;  is the mass accommodation coefficient, which is taken as unity in the present 

study[1,7] ; 
  
R

g  is the universal gas constant;   Wv
 is the molecule weight of C3, which is assumed as main 

composition of vapored cluster of carbon;  Pv
 is the partial pressure of sublimed carbon clusters C3, and is 

given by the Clausius-Clapeyron equation:
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,   Pref
 is 1 bar and   Tref

 is 3915 

K from fits to data by Leideret al. [8].The total power of radiation can be calculated by integrating Planck's 

radiation function over all wavelengths: 

   (7) 

where h  is Planck's constant,  c  is the speed of light, and 
 
k
B
 is the Boltzmann constant. According to 

Kirchhoff's law[9,10], absorptivity equates with emissivity, and the emissivity for particles in the Rayleigh 

limit [3]  is assumed to be:  

By combining Eqs. (1) to (7), the differential equation Eq. (1) can be solved numerically with certain initial 

condition of 
  D = D

0
 and 

  
T = T

g
 to obtain   T (t) . The values used for all relevant variables values are 

collected on Table 1： 

 



 

 

Table 1. Values for model calculations. 

 Units Value 

  ∆Hv  J/mol  7.78×105at 3915 K [1] 

  Ws
 kg/mol 0.01201 

 kg/m3   2303.1− 7.3106 ×10−5 T [11–13] 

 
c
s
 J/kg·K   1878+ 0.1082 T −151.49 T −2 [7] 

 - 0.3 [3,11] 

 
k
a
 W/m·K 

  
5.83×107 (T

g
/ 273)0.82[1] 

 

The LII signal 
  SLII

 at a specific emission wavelength  is calculated according to Planck's radiation 

function: 

  (8) 

For a certain particle diameter distribution PDF( D), assuming that the particle number concentration 
  
n

p
 is 

constant in the probe volume 
  Vm

 during a single LII event, an integration considering the particle size 

distribution function PDF( D ) yields the total LII signal 
  JLII

(t)  at the detector surface at time  t : 
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where
  Cdet

 is a constant of the detection system.  

Previous study shows that the decay of 
  JLII

(t)  is dominated by Sauter mean diameters 
  D32

[14,15] since 

the surface heat conduction is the dominating term in Eq. (1). 
  D32

is defined as: 
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This means the different particles distributions share a same
  D32

will produce similar 
  JLII

(t)  decay curve. 

For simplicity, we use a uniform particle distribution with a certain
  D32

 in Eq. (9) to replace the integration 

term and obtain: 
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In the present study, we use the model described above to estimate the LII signal collected by ICCD cameras 

in the first 50 ns and second 50 ns for a group of particles with certain 
  D32

, which are denoted with 

  J1
(D

32
)  and 

  J2
(D

32
)  respectively. Thus we have: 
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The value of the ratio of the 
  J1

(D
32

)  and
  J2

(D
32

)  can be calculated and used to in the LIF image 

correction. The experimental parameters inputted into the calculation are shown in Table 2:  

Table 2. Experimental parameters inputted into the calculation. 

Parameter Value 

FWHM of laser pulse 5 ns 

Laser fluenceF 450 J/m2 

Laser wavelength  266 nm 

Detection wavelength  330, 360, 390, 525 nm 

Gas temperature
  
T

g  1750 K 

 

For a given group of particle within a problem volume with a certain
  D32

=20 nm, the calculated LII signal is 

shown in Fig. 1.  
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Figure 1. The calculated LII response of a given uniform soot particle distributionD32=20 nm with 

input parameters shown in table 1. 

The correction coefficient
  K(D

32
) = J

1
(D

32
) / J

2
(D

32
)  of 330, 360, 390, 525 nm is calculate and plotted 

against 
  D32

in Fig. 2.  

 

Figure 2. Calculated correction coefficient K against D32. 

The value of   D32
across the tested flames can be evaluated in our previous publication [16], thus the value 

of K can then be determined with Fig. 2. Then, by using Eq. (13), the LIF signal SLIF,cor can be corrected.  

  
S

LIF,cor
= S

LIF
− K ⋅ J

2                     (13) 

For an example, the D32 values is 12.84 nm at 1.2 cm, 46.08 nm at 1.3 cm, 55.3 nm at 1.4 cm, and 81.44 at 

1.5 cm for the flame L1 case in [16]. The K value converges to a constant starting from 50 nm, as shown in 

Fig. 2. Given that the experimental signal values are abstracted from HABs = 1.4 to HABs = 2.0 cm, the D32 

value is assumed to be 80 nm in present study.  
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