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Objectives and Reasons of This WorkObjectives and Reasons of This Work

• to check feasibility and significance of bubbling bed 
combustion of commercial, petroleum-derived liquid fuels.

light-to-medium viscosity fuels are considered, 
with main emphasis on gasoil

• to investigate extension of stationary combustion to 
temperature < 850°C

• to understand the interaction patterns of liquid fuels with 
the fluidized bed (air and solids)

• to describe and model the fluidized bed combustion 
mechanism of gasoil
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Mathematical model of the FB Combustor Mathematical model of the FB Combustor 
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Fuel bubble Fuel bubble subsub--modelmodel

This paper presents a preliminary mathematical model of bubble-
laden hydrocarbon fuel reactions

BASIC ASSUMPTIONS
The fuel (endogenous) bubble travels inside the bed at constant pressure, 

according to conventional two phases theory of fluidization 

The fuel bubble exchanges mass and heat with the emulsion phase 

Temperature and gas composition of emulsion phase are constant and fixed

The fuel bubble may undergo coalescence with other fuel-rich bubbles and 
with air (exogenous) bubbles 

Fuel chemical conversion occurs according to a detailed kinetic scheme 
(Ranzi et al., 2001).
It is made by about 200 molecular and radical species involved in more than 
5000 reactions. The related code can analyze partial oxidation and combustion 
of hydrocarbon mixtures up to JP8 and diesel fuels.
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Model equations of bubble Model equations of bubble 

k ∆ω

U ∆T
Mass balance equation of i-th species

Energy balance on the bubble

Diffusion Reactions Vertical
Coalescence

Horizontal
Coalescence
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(Kunii and Levenspiel, 1968)
Mass transfer coefficientsMass transfer coefficients

kϖ

Molecular diffusion coefficients Di are evaluated with the 
Enskog-Chapman theory.
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(Kunii and Levenspiel, 1968)
Heat transfer coefficientsHeat transfer coefficients
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Effect of the emulsion temperature (TEffect of the emulsion temperature (Tee))

Premixed stoichiometric bubble (φ= 1)
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more than 1150 K are necessary to ignite methane

only less than 950 K are sufficient to ignite gasoil
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Contribution of the particles falling into the bubble Contribution of the particles falling into the bubble 
to heat transfer coefficientto heat transfer coefficient
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Effect of particles volume fraction in the bubble phaseEffect of particles volume fraction in the bubble phase

Premixed combustion of Gasoil  (n-C12H26) 
φ= 1; Te=900K
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The bubble reactivity depends on γp.

high values of γp reduce peak temperature and fuel conversion
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Effect of particles volume fraction in the bubble phaseEffect of particles volume fraction in the bubble phase
Non-premixed combustion of Gasoil  (n-C12H26)

φ= ∞; Te=900K
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High values of γp strongly improve the overall heat transfer 
coeffcient and limit the temperature of the bubble.

At high solid content the fuel conversion in the bubble is
incomplete.
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Effect of bed temperature on theEffect of bed temperature on the
heat release to the freeboardheat release to the freeboard
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Model Results
Tbed 650 °C 800 °C
Heat released to the freeboard:

85 %  reduction

↑ Bed temperature:

• increases mass transfer between bubbles and emulsion 

• limits the release of unburned species to the freeboard.
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ConclusionsConclusions

The preliminary model results give reasonable 
explanation of experimental evidences.
The critical points are:

• characterization of mass and heat transfer 
between bubbles and emulsion.

• Importance of the coalescence mechanism.

Future experimental and theoretical studies on
coalescence and heat transfer coefficient are 
necessary to improve the model

Mass and Energy Balances on emulsion phase are 
needed to close the system.
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Kinetic Model of Gasoil Combustion
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FBR80 Layout
(atmospheric bubbling Fluidized Bed Reactor)
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FBC370
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Table of Results
Steady-state combustion tests in the 200 kW bubbling fluidized bed (FBC370)

 

Bed  Fluidization Nozzle Dispersion Secondary Expanded Bed Freeboard Combustion 
mass  Velocity size velocity to primary bed height Temperature Temperature efficiency 

air ratio stack stack stack stack stack
kg m/s mm m/s - mm °C °C % % ppm ppm ppm %

G-01 80 0.83 2 137.5 0.3 0 665 853 907 4.28 11.25 30 99.97
G-02 80 0.75 2 137.5 0.3 0 670 738 859 4.23 11.25 5 100.00
G-10 80 0.68 2 133.5 0.4 0 630 867 913 4.54 12.60 28 31 12 99.98
G-11 80 0.69 2 133.5 0.4 0 630 753 849 4.87 12.73 13 29 12 99.99
G-12 80 0.70 2 133.5 0.3 0 630 649 841 5.17 12.71 11 28 14 99.99
G-13 80 0.74 4 131.32 1.2 0 660 650 791 4.68 13.04 9 71 35 99.99
G-14 80 0.73 4 240.97 2.2 0 650 650 771 4.77 12.80 11 78 44 99.99
G-15 80 0.56 4 134.86 1.2 0.30 630 650 804 5.11 12.68 10 76 34 99.99
G-16 80 0.61 4 135.30 1.2 0.13 630 650 802 5.06 12.69 11 74 37 99.99
G-17 110 0.74 4 135.30 1.3 0 870 650 747 5.24 12.55 11 78 38 99.99
G-18 80 0.68 4 135.30 1.4 0 630 800 835 4.70 12.40 11 71 35 99.99
G-19 80 0.68 4 22.00 0.2 0 630 800 892 4.60 12.60 11 78 44 99.99

Fuel: 
Bed material: 
Particle size: 

Test 

Silica sand  

SO2 NOx

Gasoil 

0.6-0.85 mm 

CO2 COASR O2
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