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Aim: 

Measure soot primary particles diameters (dp) in turbulent flames, with 

temporal and spatial resolution. 

JAS, 47 (2012), p12 

dp 

The heat conduction: 

The radiation: 

Rg 
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Laser-induced incandescence (LII) 

Laser pulse 

Incandescence (LII) 

LII signal 

Temperature 

Laser pulse 

soot 
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dp ↑, decay time ↑. 

The decay time is a proxy of dp 
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  Measure dp  through the LII signal decays 

However, most works are 

• Point-measurements 

• Time-averaged 

measurements in steady 

laminar flames. 

 

Measured 

Modelled 
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Single-shot, time-resolved planar laser-induced incandescence 

(TiRe-LII) for soot primary particle sizing in flames 

In turbulent flames, it needs 
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Planar time-resolved LII 

T1 

T2 

Ti 
Tn 

Image 1 

Image n 

Size Image 

Does TiRe-LII work? Does it work well?  
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Outline 

 The model of laser-induced incandescence 

 Experimental setup 

 Selection of the laser fluence 

 Evaluation of soot particle size 

 Results: 

• in a laminar flame 

• in an unsteady flame 

 Conclusion and discussion 
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Experimental setup 

The schematic diagram  

• The detector (HSFC pro camera) 

• The band-pass filter (510-590 nm) 

• Negligible C2 emission 
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Selection of the laser fluence (1)  

I II III 

• Beam 

attenuation 

• Decay time is 

sensitive to 

laser fluence 

• Sublimation 

effect 
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Selection of the laser fluence (2)  

Measured LII decays Modelled LII decays 

0.3 J/cm2 was selected. 
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Selection of the laser fluence (3) 

At the selected fluence 0.3 J/cm2 , soot has its ‘maximum’ temperature. 

Ratio of two-colour prompt-LII 

signals: at 430 nm and 525 nm 
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T = 0 ns  60 ns  120 ns  180 ns 

Evaluation of soot particle size (1)  

T = 0 ns 

T = 60 ns 

T = 120 ns 

T = 180 ns 

dp is derived from the ratio of gated images 

S1 

S2 

S3 

S4 

Will et al. OL 20 (1995) p2342 

Hadef et al. APB 112 (2013) p395 
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Evaluation of soot particle size (2)  

dp S2/S1 S3/S1 S4/S1 

T = 0 ns  60 ns  120 ns  180 ns 

S1 

S2 

S3 

S4 

dp = (d1+d2+d3)/3 

d1 

d2 

d3 
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Results: in a laminar flame (1)  

C2H4/air 

Four successive LII images: 

• gate width = 30 ns. 

• a photomultiplier tube was also 

used to record the LII signals 

at a single-point (HAB = 14 

mm). 

Prompt- 

60 ns 

120 ns 

180 ns 
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Results: in a laminar flame (2)  

C2H4/air 

Three LII signals 

comparison 
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Results: in a laminar flame (3)  
L

II
 

d
p

 

results and comparison prompt LII and dp 

C2H4/air 
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Results: in an unsteady flame  

Weak signals in the 

delayed LII images 

Instantaneous prompt-LII images and the corresponding dp images 
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Conclusion and discussion 

• The planar measurements of dp using single-shot TiRe-LII are 

demonstrated. 

• The results agree with that of single-point TiRe-LII. 

• To improve the measurement accuracy, efforts must be made to: 

 flame temperature  (currently assumed 1700K) 

 to use future more refined LII models 

 soot aggregate must be determined (using 2D scattering) 

 to use the full the distribution profile of dp  (i.e., σ) (currently 

only the mono disperesed was used) 
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