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Project Background
Fire fighters have complained in the past of problematic radio communications. The problem has been identified as being 
through the flame front. At Adelaide University we are conducting a study to investigate interactions of fire with radio wave 
propagation. In this study we are considering radio frequencies from 50MHz to 1GHz. 

Refraction
Large changes in the temperature, 
pressure and humidity in the vicinity 
of a fire cause the refractive index 
to exhibit sub-refractive conditions. 
Added to this the atmospheric 
gases are changing in concentration 
as part of the combustion process. 
Sub-refractive conditions will cause 
poorer electromagnetic energy to 
bend upwards causing lower radio 
signal strength at ground level.

Scattering
In the fire environment electromagnetic 
scattering is caused by two main 
mechanisms. Particles and debris that 
are swept up by the movement of air 
from the combustion process. The other 
is  localised changes in the refractive 
index due to turbulent mixing of the 
atmosphere. Scattering causes the 
electromagnetic energy to be dispersed 
over non-preferred directions.

Combustion Induced 
Plasma
Interactions of charged particles with 
electromagnetic waves can cause severe 
attenuation of the signal. The charged 
particles result from chemical reactions in 
the combustion process and direct ionisation
of low ionisation energy elements present in 
plant life. Electromagnetic energy is imparted 
onto charged particles and then lost through 
kinetic interactions of the charged particles.

Fire Environments
Fire environments are a very difficult problem. Due to the complexity a general modelling approach has been taken. Below, the 
fire environment has been broken down into three broad propagation effects. 

Propagation Models
Extracting these three propagation effects from fire environments requires  a vast amount of information. Here 
we mix qualitative conclusions from experiments with fire simulation software to provide the necessary data to 
build propagation models of the fire environment. The propagation models build a picture of the propagation 
medium.

Refractive Index
Normal radio frequency refractive index models 
generally are variables of temperature, pressure 
and water vapour, such as Debye equation. In 
the fire environment the atmospheric gases are 
undergoing change, particularly oxygen and 
carbon dioxide which have strong refractive 
qualities. Even nitrogen which is 70% of the 
atmosphere is undergoing chemical reactions.  
In order to account for these changes in the 
atmospheric gases the refractive index model 
used here is with the Lorentz-Lorenz Relations. 
Each gas is solved for its Lorentz-Lorenz relation 
by comparing to a standard temperature 
pressure value and then summed together for 
the overall refractive index.

Combustion Induced Plasma
Combustion inherently produces charged particles as part of the chemical 
reaction process. This varies depending on the fuel type and nature of the 
combustion. If additives are present they can also contribute to an electron
population particularly if easily ionised. Plant life naturally contains trace 
quantities of alkali elements such as Potassium, Calcium and Magnesium. 
These alkali metals have relatively low ionisation energies and in the high 
temperature process of combustion will easily become ionised releasing 
electrons. The flow chart below shows the major steps of the combustion 
induced plasma calculation.
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Propagation Simulation
In this work we have used the Finite Difference Time Domain algorithm to simulate electromagnetic fields interaction with the 
propagation medium. The standard 2D TEz algorithm has two modifications.

• Modification to handle long range tropospheric propagation
• Modification to model the combustion induced plasma

Wave Propagator
Tropospheric propagation problems require a large mesh of the entire medium. Limitations of computer resources reduces the 
maximum amount that the algorithm can handle. In the time domain the mesh is excited by a pulse. Because this pulse is localised
in time and space there is no need to include the entire mesh for updating. One can  break the entire problem into small spaces and 
only update a small number of the spaces. This allows us to limit the computer resources.  Below is an illustration, as the green 
pulse travels between spaces the different spaces are loaded in memory (indicated by the red box) and updated by the algorithm. 
Spaces that have already had the pulse move through and been calculated are dropped.  

Cold Plasma Mediums
A cold plasma model is being used to model the interaction of the combustion induced electron population with the electromagnetic 
field.  The cold plasma can be calculate in FDTD  by using an auxiliary differential equation. The differential equation models the 
polarisation current in the cold plasma medium. The cold plasma medium can be modelled in time using:

where 

And Maxwell’s equations now become:

Fire Example
This example is using fire data taken from a fire in Jarrahdale, WA. Fire Dynamic Simulator (NIST) is used to simulate the 
combustion characteristics. A number of vertical slices are taken looking separately at refractive and plasma effects. The field
strengths are relative to a plane wave excitation. 

Refractive Index Combustion Induced Plasma

FDS Temperature Profile

Vertical Slices at distance 30m, 70m, 120m. The above 
three plots only show the refractive index effects, 
modelling the atmospheric gases in the fire environment.

The FDS Temperature Profile has been scaled to the appropriate Maximum 
Temperature. These vertical slices at distance 35m, 70m and 120m are 
showing the sensitivity to the Maximum Temperature and the relative signal 
strength attenuation.


