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Background: 
The explosivity of a volcanic eruption depends strong-
ly on the ease with which gas can escape from the 
erupting magma. In many eruptions, gas escapes 
through ash-filled fractures called tuffisite veins[1]. If 
the ash particles that fill the veins are sufficiently hot, 
they behave as melt droplets, and sinter together – a 
coalescence process driven by the surface tension of 
the droplets[2]. Sintering decreases the porosity and 
permeability of the material filling the veins, hinder-
ing gas escape, and favouring an explosive eruption.  

 
Figure 1: a) natural partially-sintered ash pack; b-c) 
experimental sintering of glass beads at high temp. 

Project Aims and Methods: 
This project will use a state-of-the-art numerical 
model of multiphase fluid flow to simulate, character-
ize, and quantify the dynamics of sintering melt drop-
lets. The model will be validated against an extensive 
experimental dataset of high-temperature sintering of 
spherical glass beads and angular glass fragments 
(e.g. figure 1), including unique 4D x-ray tomography 
data.  

The numerical modelling will use an implementation 
of the multiphase lattice-Boltzmann method[3]. This 
powerful technique is ideally-suited to studying com-
plex flows involving multiple phases (in this case melt 
and gas) in which the physical properties of the inter-
face are important (figure 2). 

Modelling results will be used to develop constitutive 
equations for the evolution of porosity and permea-
bility during sintering – these will be the primary 
output of the study. Further goals, if progress is rapid, 
include application of the equations to determine out-
gassing efficiency for case study eruptions. 

 

Figure 2: Multiphase lat-
tice-Boltzmann simula-
tion of ternary phase 
separation – a problem 
cognate with sintering, 
in which physical behav-
iour is driven by the fluid 
interface. 

Training and skills development: 
Throughout the MSc project the successful student 
will be integrated into the vibrant, active volcanology 
research group within the Durham Earth Science De-
partment. Training will include: 
 use of the lattice-Boltzmann numerical code 
 development of dimensionless constitutive equa-

tions describing physical processes 
 writing and presentation skills via the weekly vol-

canology group meetings 
 optional one-week residential volcanology field 

course in Tenerife 
 opportunity to demonstrate to undergraduate stu-

dents in practical classes. 

Pre-requisites: 
The successful candidate will have: 
 strong quantitative skills 
 an undergraduate degree in a physical science 
 some experience of numerical modelling 
 an interest in physical volcanology 

Research costs: 
Basic research costs associated with this project will 
be met by the supervisor. The student will be liable 
for costs associated with the optional field course 
(around £600) and for conference attendance. 
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