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Size distribution, mass-mobility, and effective 

density of soot particles generated from large-

scale turbulent diffusion flames

FlareNet and Flaring in the Energy Sector

 Worldwide flared volumes exceed 140 billion m3 annually.

 Flaring is a major source of carbon dioxide, black carbon (BC), and other toxic 

air emissions with impacts on climate change and human health.

 FlareNet Strategic Network aims to provide a quantitative understanding of 

flare-generated pollutant emissions enabling 

✓ science-based regulations 

✓ accurate pollutant inventories

✓ understanding climate and health impacts 

✓ mitigation strategies for the energy production sector 

 FlareNet will consider combustion of gas with flowback liquids, effects of 

cross winds, and will develop new techniques for field measurements.

 In this study (as the Phase I of the project), particulate emissions from the 

combustion of gases with compositions representative of Alberta flares is 

investigated.

Size and Mass-mobility Measurements

 Particle size distribution was measured using a scanning mobility particle sizer

(SMPS, TSI Inc., Model 3938). Several scans were made for each test

condition and the average is represented in Fig. 2.

 A tandem arrangement of differential mobility analyzer (DMA, TSI Inc., Model

3081), centrifugal particle mass analyzer (CPMA, Cambustion Ltd.), and

condensation particle counter (CPC, TSI Inc., Model 3025) was used to obtain

the mass-mobility relationship and effective density of soot particles.

 A catalytic stripper was used upstream of the DMA to check if there was any

semi-volatile organic compound (SVOC) on the emitted particles. The mass

fraction of SVOC was negligible.

Experimental Setup

 Soot particles were generated and collected at the Carleton University Lab-

scale Flare (CULF) facility within the Energy & Emissions Research 

Laboratory at Carleton University

 Different burner sizes (1.5, 2, 3 inch diameter) were tested which generated 

turbulent flames with a length up to 3 m (Fig. 1). The gas exit velocity at the 

outlet of the burner was 0.5, 0.9, and 1.5 m/s.

 Three different fuel mixtures according to the table below were tested:

 Measurements included many instruments and samplers; however this poster 

only focuses on the size distribution, mass-mobility, and effective density 

measurement instruments.

Fuel Methane Ethane Propane Butane Nitrogen
Carbon 

dioxide

Light (L6) 0.9250 0.0066 0.0012 0.0028 0.0302 0.0344

Medium (M6) 0.8660 0.0579 0.0259 0.0216 0.0192 0.0090

Heavy (H6) 0.7690 0.1100 0.0580 0.0424 0.0126 0.0080

Results

 Particle size distribution changed noticeably with the fuel mixture composition

(Fig. 2). Fuel mixtures with heavier hydrocarbons produced larger particles in

size and higher number of particles per unit mass of fuel.

 Effective density of particles for all test conditions did not change significantly

(Fig. 3). The average mass-mobility exponent of particles was 2.55, which is in

very good agreement with the reported value (Dm=2.49) for various combustion

sources in the literature.

Fig. 2: Particle size distribution of soot particles

Fig. 3: Effective density of soot particles

Fig. 1: Schematic of the experimental setup and measurement instruments


