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Smouldering Combustion

Smouldering Combustion is defined as an Exothermic Oxidation Reaction occurring on the Surface of an Organic Fuel. 

Smouldering Combustion in Charcoal Barbecue

Characteristics

✓ Slow Phenomenon

https://en.wikipedia.org/wiki/Smouldering

✓ Flameless

✓ Sustained by the Heat Recirculation 

✓ Required Oxygen
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STAR Technology based on Smouldering Combustion

https://www.savronsolutions.com/



Smouldering Combustion in Inert Porous Medium 
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https://www.comsol.com/
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Smouldering Front

Validating a 2D Smouldering Model.

Investigating Energy Balance and Thermal Heterogeneity.

Performing Sensitivity Analysis of Radial Heat Transfer Coefficient.
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Experimental Setup Vs Numerical Domain

Photograph of Column Schematic of Experimental Set up
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Domain 1
(Sand + GAC)

Domain 3
(Metal Wall)

Domain 2
(Sand)

Numerical Domain
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Governing equations (Smouldering Test)

2- Continuity equation:

1- Chemical Reaction:
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4- Energy equation in solid:

5- Energy equation in gas:
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Experimental vs Numerical Results (Model Calibration)
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Experimental vs Numerical Results (Spatial Temperature Distribution)

Radial Temperature Distribution
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Longitudinal Temperature Distribution
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Numerical Simulation

(°C)

Temperature Distribution Smouldering Front
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Temperature (°C) GAC Mass Fraction (kg GAC/kg Sand)



Energy Balance Equations

➢ ሶ𝐸𝑖𝑛 = 0
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Energy Analysis (Energy Rate – Cumulative Energy) 14

Rate of Energy Cumulative Energy
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Thermal Heterogeneity 15
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Temperature (°C) Density (kg/m3) Viscosity (Pa.s) Pneumatic Conductivity (m/s) 



Sensitivity Analysis (Radial Heat Transfer Coefficient (H(W/m2 K)))) 16

Temperature Distribution Mass Distribution
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18Conclusion

Introduction Methodology Results Conclusion

Radial Heat loss transferred 52% of Total Energy out of the system.  

Thermal Heterogeneity effects increases by increasing the Radial 

Heat loss. 

Outward trajectory of the air flux vectors around the Hot Region is 

associated with Higher Pneumatic Conductivity pathways near the wall.
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