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Summary: The equations of the steady, adiabatic, one-dimensional ﬂow of an equilibrium mixture of a
perfect gas and incompressible particles, in constant-area ducts with friction, are derived taking into
account the eﬀects of gravity and of the ﬁnite volume of the particles. As is the case for a pure gas, the
mixture is shown to be subject to the phenomenon of choking, and the possibility of an adiabatic heating
of the mixture in a subsonic expansion is also theoretically predicted for certain ﬂow inlet conditions.
The model may be used to approximately describe the conditions existing in portions of volanic conduits
during the Plinian phases of explosive eruptions. Some results of the numerical integration of the equations
for a typical application of this type are brieﬂy discussed, thus showing the potential of the model for
carrying out rapid analyses of the inﬂuence of the main geometrical and ﬂow parameters describing the
problem. A non-volcanological application is also analysed to illustrate the possibility of the adiabatic
heating of the mixture.
MSC:
76N15
80A20
76M99

Gas dynamics, general
Heat and mass transfer, heat ﬂow (MSC2010)
Basic methods in ﬂuid mechanics

Keywords:
steady, adiabatic, one-dimensional ﬂow; equilibrium mixture of a perfect gas and incompressible particles;
constant-area ducts; subsonic expansion; volanic conduits; Plinian phases of explosive eruptions; nonvolcanological application; adiabatic heating of the mixture
Full Text: DOI
References:
[1]

Walker, Bull. Volcanol. 44 pp 223– (1981)

[2]

DOI: 10.1017/S0022112086001271 · doi:10.1017/S0022112086001271

[3]

DOI: 10.1016/0301-9322(85)90069-2 · doi:10.1016/0301-9322(85)90069-2

[4]

Crowe, Trans. ASME I: J. Fluids Engng 104 pp 297– (1982)

[5]

Capes, Can. J. Chem. Engng 51 pp 31– (1973)

[6]

Barberi, Rendiconti della SIMP 28 pp 467– (1989)

[7]

DOI: 10.1002/aic.690280315 · doi:10.1002/aic.690280315

[8]

DOI: 10.1016/0377-0273(78)90002-1 · doi:10.1016/0377-0273(78)90002-1

[9]

Rudinger, AGARD-AG-222 8 pp 55– (1976)

[10] Rudinger, AIAA J. 8 pp 1288– (1970)
[11] Rudinger, AIAA J. 3 pp 1217– (1965)
[12] Rose, AIAA J. 25 pp 52– (1987)
[13] DOI: 10.1146/annurev.ﬂ.02.010170.002145 · doi:10.1146/annurev.ﬂ.02.010170.002145
[14] Macedonio, J. Geophys. Res. 93 pp 14817– (1988)
[15] DOI: 10.1021/i260060a014 · doi:10.1021/i260060a014
[16] DOI: 10.1021/i260057a010 · doi:10.1021/i260057a010
[17] Wilson, Geophys. J. R. Astr. Soc. 63 pp 117– (1980) · doi:10.1111/j.1365-246X.1980.tb02613.x
[18] Wilson, J. Geophys. Res. 86 pp 2971– (1981)
This reference list is based on information provided by the publisher or from digital mathematics libraries. Its items are heuristically

Edited by FIZ Karlsruhe, the European Mathematical Society and the Heidelberg Academy of Sciences and Humanities
© 2021 FIZ Karlsruhe GmbH
Page 1

matched to zbMATH identiﬁers and may contain data conversion errors. It attempts to reﬂect the references listed in the original
paper as accurately as possible without claiming the completeness or perfect precision of the matching.

Edited by FIZ Karlsruhe, the European Mathematical Society and the Heidelberg Academy of Sciences and Humanities
© 2021 FIZ Karlsruhe GmbH
Page 2

