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Fuel Diagram
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Laser Levitation

Objectives:

• To enable characterization 

of drying and 

devolatilization rates of 

black liquor droplets under 

the range of conditions 

encountered in commercial 

recovery boilers.

• To observe and model 

changes in diameter, 

temperature, mass, and 

composition of particles as 

a part of combustion 

characterization.

• Describe mechanism of 

optical trapping of 

absorbing particles.

Arrangement of optics with 

CO2 beam used to heat 

suspended particles 



Laser Levitation

5 mm
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 Particles trapped 
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shown are 
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Single Particle Reactor

Objectives: 

Simultaneous Data Collection: (1) Internal Temperature, (2) Mass Loss and (3) 

Video (size, shape, surface temp), for biomass and/or black liquor single 

particle combustion.

This reactor is equipped with three orthogonal view ports for 3-D 

reconstruction.
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Particle Combustion – Size & Shape Effects

• Substantial surface temperature differences on 

biomass particles

• Data indicate leading and trailing edge 

temperatures and hence reaction rates differ

• Differences decrease with decreasing size

Temporal and Spatial Temperature Resolution

• Large radial temperature gradients measured 

and predicted in biomass particles

• Substantial surface temperature differences on 

biomass particles

• Models predict details of radial but not surface 

temperature differences.

Pixel-by-pixel Temperature Measurement



Temperature Transients
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Temperature Data and Model
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Data and Model: Temperature
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Mass Loss History
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Size Depdenence



Time- & Spatially Resolved Data
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Interparticle Heat Transfer
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Effects of Model Assumptions

Assumptions

Prediction Number

1 2 3 4 5

No Flame Y N N N N

No Swelling Y Y N N N

Isothermal Y Y Y N N

Inert Ash Y Y Y Y N



Blowing Factor
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Transient Profiles – Rising T

 

0.0 0.2 0.4 0.6 0.8 1.0

500

1000

1500

2000

2500

Zone AT
e

m
p

e
ra

tu
re

, 
K

Relative Distance

 0 s

 10 s

 20 s

 30 s

 40 s

 50 s

Zone B



Transient Temperature Profiles
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Transient Pressure Profiles
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Transient Pressure Profiles
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Transient Water (not Steam) Profiles
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Transient Biomass Profiles
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Transient Gas Species Profiles
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Transient Gas Species Profiles
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Surface Temperature Map



Surface Temperature Map



Conclusions

• Traditional, isothermal, spherical particle descriptions 

have been experimentally and theoretically shown to be 

poor representations of biomass combustion.

• Particle size and shape influence internal profiles, with 

spherical particles being an extreme case of surface-

area-to-volume ratio and therefore a poor model for 

aspherical shapes.

• Multidimensional aspects of particle combusiton

include dominant radial and temporal transients and 

possibly significant azimuthal gradients, even in steady 

state. 


