The CPIUC Model
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OBJECTIVE

CPIUC (Chamber più Conduit) is a Fortran code able to quantify the temporal evolution of important eruption variables (such as pressure distribution, mass flow-rate, vent conditions, etc.) through the coupling of the magma chamber and conduit domains.

THE PHYSICAL MODEL

Magma Chamber

1) Quasi-steady-state.

2) One-dimensional (hydrostatic distribution of pressure).

3) Homogeneous in composition (vertical profile of volatile content (H2O)).

4) Isothermal.

5) Cylindrical, elliptical, or spherical chamber geometry.

Conduit flow

1) Steady-state.

2) One-dimensional.

3) Homogeneous flow (equilibrium exsolution).

4) Isothermal.

5) Cylindrical conduit geometry.

Simple constitutive equations about equation of state, solubility law, fragmentation criterion, rheology, and friction factor were implemented in the model.

Magma chamber model

The pressure distribution inside the magma chamber is assumed to be hydrostatic (Martì et al., 2000):
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with:
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and the exsolved gas mass fraction given by:
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By considering 
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 as the upper boundary condition, Eq. (1) is integrated to obtain the pressure and density distributions. Moreover:
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Conduit flow model

Both below and above the fragmentation level we assume:
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(mass balance)
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(momentum balance)
that after some manipulations give:
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or, in terms of 
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 (Shapiro 1953,Buresti & Casarosa 1989):
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Constitutive equations

Equation of state:
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Solubility law:
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Fragmentation criterion:
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(typically c=0.75)

Viscosity:

Effect of crystals (Marsh, 1981):
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Effect of bubbles (Ishii and Zuber, 1979):
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Friction coefficient:


Below fragmentation (Hagen-Poiseuille):

[image: image21.wmf]D

e

R

f

ru

m

16

16

=

=



Above fragmentation (Re>2,000):
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Figure 1. Top. Time variation of pressure at the chamber top (conduit inlet) during the first ten hours of the eruption. Bottom. Time variation of the mass flow rate during the eruption. The model assumes a cylindrical chamber with a diameter of 2 km and a height of 3 km. The conduit length is 3 km and its diameter 100 m. The water content in the chamber is equal to 5 wt\%. Magma viscosity is 106 Pas and the crystal mass fraction is 0.3.
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Figure 2. Pressure distribution along the conduit and inside the chamber at the beginning of the eruption (t=0), after 5 hours, and after 10 hours. The dashed line defines the magna chamber top. Model parameters are the same of Figure 1.

_1098533894.unknown

_1098534476.unknown

_1098537490.unknown

_1098537813.unknown

_1098538052.unknown

_1098621197.unknown

_1098537902.unknown

_1098537794.unknown

_1098536852.unknown

_1098536940.unknown

_1098534234.unknown

_1098534400.unknown

_1098533920.unknown

_1098533967.unknown

_1098533857.unknown

_1098532349.unknown

_1098532496.unknown

_1098532562.unknown

_1098532401.unknown

_1098531933.unknown

