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The flow of lava is influenced by several factors, including the rheology and initial 
temperature of the lava, and the pressure gradient that drives the flow, [I]. The rheology of lava 
at sub-liquidus temperatures is often approximated by a Bingham model with a yield strength 
and plastic viscosity, [2], [3], two parameters that are highly temperature dependent. Therefore, 
to accurately model the movement of lava flows it is very important to understand the way in 
which they lose heat. As a first step in this process, lava flow cooling models have been 
developed using finite-difference techniques. Similar models have previously been developed, 
[41, [S], but they assume a fixed temperature of 0 "C at the upper surface of the lava flow. 
While analytical solutions are available for many flow and heat transfer problems, a numerical 

approach offers greater flexibility, allowing complex geometry's to be considered, and also 
permitting time-dependent boundary conditions and temperature dependent material properties. 
The problem of lava flow cooling has been examined, initially for a stationary body, using a 
simple finite-difference approximation to the one-dimensional heat conduction equation, [61 

where vm+ represents the temperature at the mesh m and at time t+z, vm is the temperature at 
time t, and the subscripts m + l  andm-1 show the temperatures at the meshes adjacent to the 
mesh m. The mesh size is h and K is the thermal diffusivity. 

At the free surface of the lava flow the heat flux into the atmosphere due to radiation and 
convection can be included as a boundary condition. If there is an imbalance between the heat 
lost to the atmosphere and the heat that can be conducted through the body of lava, the surface 
temperature will change. The heat flux at any point in the lava flow is described by the heat 
conduction equation, of which a suitable finite-difference approximation for the surface mesh, 
m=O . is 

K 
Fs = - (v, 

2h - v-1) 

where v-1 is the temperature at an imaginary mesh, the centre of which is situated at a height 
h/2 above the free surface, (Schmidt's method, [7]) and K is the thermal conductivity. 
Eliminating v-1 from equations 1 and 2 gives an expression for the surface temperature which 
includes the heat flux boundary condition. 

The surface heat flux term can then take the form 

for radiative heat transfer, where E is the emisivity, o is the Stefan-Boltzman constant, and VA 

is the atmospheric temperature. Alternatively, or in addition, the heat loss through convection 
can be modelled using the expression, [S] 
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where L is the typical horizontal length scale of the problem, KA is the thermal conductivity of 
the air, and Nu is the Nusselt number. 
Figure 1 shows the decrease in surface temperature with time for the finite-difference 

approach compared with the analytical model of Head and Wilson, [a] .  The surface heat flux 
included the radiative flux term plus either a forced convection or a natural convection term. At 
each time step the greater of the two convection terms is included in the surface heat flux, and 
the smaller term is ignored. The forced convection calculation in this example was based on a 
mean wind speed of 5 m.s-l. The flow is 10rn thick and it is assumed to have been emplaced 
instantaneously on Earth. Figure 2 shows typical temperature profiles through the flow and the 
country-rock at different times, given in days. The initial temperature of the lava for both the 
figures was 1273 K. 
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Figure 1. Surface temperature as a function Figure 2. Temperature profiles through 

of time for the model of Head and Wilson (H+W), a lorn flow. Depth=O represents the 
and the finite-difference approximation, (FDM), upper surface of the flow, and Depth= 
for a 10m thick flow losing heat by radiation -10 is the lava country rock contact. 
and convection at the upper surface. Time is given in days. 

The finite-difference approach can be extended to include the effects of a broken crust, where 
heat is lost directly from the lava flow interior as well as from the surface, [9 ] .  Extending to 
two-dimensions also allows the influence of advection to be considered. Planetary flows can be 
modelled by changing the appropriate variables in the surface heat flux terms to account for 
varying atmospheric conditions. 
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