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Emergent volcanoes are characterized by distinctive stcam-

explosive activity that results primarily from a bulk inter-
action between rapidly ascending magma and a highly mo-
bile slurry of clastic material, water, and steam. The water
gets 1nto the vent by flooding across or through the top of

| | Atlantic
® relatively silent 24 Surtsex‘_,|963 18 OC€an
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- Jolnir satellite vent of Surtsey

= Synchrotron X-ray tomography

- Imaging and Medical Beamline (IMBL)
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Mathematical Model

Conceptual model:

spherical ejecta
viscous bubbly basalt

small Reynolds humber

magma & slurry inclusion =

. vapour
a solid porous medium
porosity ~ 0.35 - 0.8
with a cold saturated core flashing front

hot surrounding magma moves inwards

flashes liquid core to steam
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energy conservation
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In vapor region

energy conservation
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Mathematical Model

in vapor region

energy conservation

i ] i il
(1 _¢)pm0pm%€ = PuCpo _¢%7; | U'VT_ — _¢g€ | u-Vp_
= K VT
Drew and Wood, Two Phase Flow Fundamentals, 1985
Mmass conservation I,
b= TV (pou) =0 i
momentum (Darcy’s law) U = . Vp
ideal gas law Py = Mo u = ¢v

RT



in liquid region
symmetry and low compressibility implies no flow

saturated porous medium
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at interface

My L [TS_TO]
on saturation curve Psy = Po€ FTo L Ts

transform to a moving frame,
integrate mass, energy across flash front:

dpsha(v —3) = dppihg(v; — 5) = [KVT]" + ¢(v — v))p

boundary and initial conditions

0
p(Ry) =pa, = =0Oatr=0

/ or

initial p . . . : e :
P initial T: hot in magma, at boiling in inclusion



8T €3 (9 28T
— (’I“W>, r < s(t),

Ot r2 Or
S @__i _8_T_+ — (t)
T P T TSt Or | R
D = exp _H (T;T())_ .= s(t)
oI 05 0 [ ,O0T
ot 7‘2(%(705)’ T>S(t). . .
B Nondimensionalise
p = psIT', r>s(t),
reject smallest parameters
8,03 65 0 2 @ > (t)
ot r20r Psgr ) 772
I'=1y, r=1; p=1, r=1: a—T:O, r=20:;
or

initial conditions T =Ty, r<s(0); T=1, r>s(0);
p=1;: S(O) :Rl/RQ :



+ 0.002

30 [ 50T
(3’t B 7“2(3’7°< (97“) T <),
, Op 1 [oT]™
S = 64[0867" g E ) 7 T:S(t)7

T —TH\
D = exp H( O> .= s(t)

i T
o1 05 O (3’T
(97“

ot rZor >l . . .
B Nondimensionalise
p = psT, r>s(t),
reject smallest parameters
s _ &0 r op r > s(t)
ot r20r Psar | ’
0T
T:T(),Tzl;p:1,7“:1; —:O,T:O;
or

initial conditions T =Ty, r<s(0); T=1, r>s(0);
p=1;: S(O) :Rl/RQ :



+0.002

€3 O 8T
(3’15 B r2 Or (97“ TS S(t) )
S — € ap i _8_T_ " _ (t
T e T St | Or | r=s(t),
T —Ty\
p = exp H( TO> o =s(t)
00025 - .
JT 05 O (3’T
o o\ ) "7 s(t)
p = pT, 1>s(t), Nondimensionalise
9 0 9 reject smallest parameters
- 2
ot r2ar(rp85>’ r>st),
T:TO’Tzl;p:17T:1; a_T:()7T207
or

initial conditions T =Ty, r<s(0); T=1, r>s(0);
p=1;: S(O) :Rl/RQ :



+0.002

"% 0 (LOT < s
(3’t ~ R2or\or ) TS
T B AN
ST 64'08(3’7“ St |Or|_ R
p exp | H (T_T()) oo =s(t)

ooozs A A

T 05 O 5’T

ot rror\ or )’ r>s(l)
p = pT. r>s(t), Nondimensionalise

9p, O] 6; 87 ( ap>re]ect smallest parameters
N 2

Ot r2or \' P or
oT

T:T(),’]“Zl;p:177“:1; _:O,T:O;
or

initial conditions T =Ty, r<s(0); T=1, r>s(0);
p=1;: S(O) :Rl/RQ :

> s(t),



Numerical solutions

® boiling driven by magma temperature gradient



Numerical solutions

® boiling driven by magma temperature gradient

® initial gradient infinite



Numerical solutions

® boiling driven by magma temperature gradient

® initial gradient infinite




Numerical solutions

boiling driven by magma temperature gradient

initial gradient infinite

moving boundary: freeze
with Landau transformations



Numerical solutions

® boiling driven by magma temperature gradient

® initial gradient infinite

® moving boundary: freeze
with Landau transformations
T . r—s .
C =— inslurry £ = in hot magma

1 —s




Numerical solutions

® boiling driven by magma temperature gradient

® initial gradient infinite

® moving boundary: freeze
with Landau transformations
T . r—s .
C =— inslurry £ = in hot magma

1 —s

Then use method of lines. Upwind advection terms.
Transform to non-uniform mesh, to resolve thermal
boundary layer.
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P rise: steam flux prescribed
P fall: T gradient easing off
P fall: decreasing slurry area

P in hot magma

M.

T~1.0 in magma
T~0.3 at flash

initial T gradient: unbounded?



numerical convergence

varying smallest mesh size and # mesh points
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numerical convergence

varying smallest mesh size and # mesh points
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Thermal Boundary Layer
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Conclusions

numerics and asymptotics
=> fragmentation criterion

pressure, temperature:
different timescales

initial T gradient is unbounded,
approximated by similarity erf

hope to use steady state pressure solution to
bound the maximum pressure









