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Abstract
The supersonic gas flows have form of qualitative variations from subsonic flows.
One necessary distinction could also be results of the principle that a little disturbance throughout a
gas is propagated at the speed of sound. In this paper, we tend to numerically investigate the
interaction between gas-particles flows and shock waves that sort throughout the explosive
decompression of at a lower place enlarged jets. Simulations are applied using a sound second-order
correct numerical model for multiphase flows. The analysis has been developed for the case of
monodisperse mixtures then extended to the case of bidisperse and polydisperse mixtures of gas and
solid particles. We’ve an inclination to current investigation potential extensions of the given
analysis therefore on admit the continual spectrum of solid particles that ejected throughout explosive
volcanic eruptions. The last word aim is to correlate the ejected mixture composition to the worldwide
dynamics of explosive volcanic eruptions.
Keywords: Dusty Particle, Mono disperse particle, Multiphase Flow.
1. Introduction
A gas flow specified the speeds v of the gas particles within the region into account are on top of the
speed of sound. The variety of necessary sensible issues is related to the study of supersonic flow.
Such issues arise within the planning of craft, rockets, and artillery projectiles with supersonic flight
speeds. Sensible issues of supersonic flow conjointly seem in, as an example, the development of
steam turbines, gas turbines, aggressive turbo compressors, and supersonic wind tunnels.
Supersonic gas flows have variety of qualitative variations from subsonic flows. One necessary
distinction may be results of the principle that a little disturbance during a gas is propagated at the
speed of sound. Once a little amendment in pressure is created by inserting, as an example, a body
during a uniform supersonic flow, the influence of the disturbance cannot travel upstream. The
influence is carried downstream at a speed v > a, and stays inside what's referred to as the
downstream physicist cone; in Figure 2, the downstream physicist cone is indicated by COD.
Additionally, a little disturbance will have an influence at the given purpose O only the supply of the
disturbance is found inside the cone AOB that is termed the upstream physicist cone and has its vertex
at O. The two cones extend in opposite directions and have an equivalent vertex angle. Within the
case of a heterogeneous steady flow, the regions during which a disturbance will have an impact are
finite not by right circular cones however by conoids, or conic sinusoidal surfaces, with vertices at the
given purpose (Kleigel, 1963), (Liu, 2007), (Sakamaki et al., 2014).
Particles lying within the sub-micron vary have widespread applications within the pharmaceutical,
ceramic and different connected industries. They even have increasing application in processes like
‘Gas dynamic cold spray process’ (Moridi et al., 2013), for the assembly of skinny bronze films.
Mechanical phenomenon separation is employed to separate solid particles or droplets from a gas
stream by implementing an amendment within the speed and direction of the gas.
The particles, due to their inertia, notice themselves unable to follow this transformation in direction
and thence separate of the gas flow. Cyclone separators are one in every of the foremost popular
classes of mechanical phenomenon separators on account of their simplicity in style and construction
and high assortment potency.
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Figure 1. Typical normal shock, oblique shock, and Mach wave pattern in supersonic flow past a
blunt body.

Figure 2. Mach cones (COD) downstream Mach cone, (AOB) upstream Mach cone.
In an exceedingly direction cyclone apparatus the gas-solid flow in injected into a cylindrical
apparatus chamber in an exceedingly direction tangential to its circumference. This leads to a vortex
flow concerning the axis. The particles, on account of their inertia, are hurled onto the walls of the
chamber. On losing their momentum because of the impact with the walls, the particles fall to the
lowest of the chamber where they're collected. In spite of the wide application of cyclone separation
in dust removal processes, it's tough to get satisfactory assortment potency for sub-micron particles.
The application of under-expanded jets is prevalent in particle instrument systems. Both systems use
the properties of the jet to isolate and focus aerosol particles, molecules or significant isotopes on the
center line of the nozzle. In these processes, the lighter coinage or the carrier gas expands because it
exits the nozzle. The heavier species, representing the particles to be analyzed, but thanks to their
comparatively higher worth of Tp, still travel in an exceedingly straight flight. The nozzle analysis is
understood to possess influence on the degree of concentration of the significant molecules round the
center line. The size of the molecules and therefore the ions separated within the particle analyzer
systems is extraordinarily tiny as compared to the molecules. Here, the importance of the Stokes
number (St) is vital. The worth of the St defines the results of fluid dynamics and the analysis of the
devices on the separation of the particle and gas phases. Therefore, associate optimum worth of St
shall be wont to match separation performance in different conditions (Jen et al., 2005), (Sakamaki et
al., 2014).
Gas-particle two-phase flow is incredibly necessary to clarify phenomena within varied fluid
machines. Variety of researches is performed on gas-particle two-phase flows. However, particle
motion in an exceedingly supersonic flow has not been processed sufficiently. Therefore, so as to seek
out the interactions between flow and particles, the authors target the characteristics of particle
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diverging supersonic nozzle is utilized as our target. For the gas section, the flow within the nozzle is
computed with the finite distinction and RANS ways. For the particle section, the particle motion is
simulated in an exceedingly Lagrangian manner. Additionally, taking under consideration the
sunshine particle loading, a weak coupling technique is utilized. Through this investigation, we have a
tendency to show that the particle speed will increase monotonically from the nozzle throat to the
outlet. And it's shown that particles may be accelerated to higher velocities in noble gas than in
element, and smaller particles tend to realize higher speed and lower static temperature (Wright et al.,
2000), (Xu et al., 2005), (Anatoly et al., 2006).
The shock passes through a gas particle suspension known as particle cloud layer, then, diffracts over
a wedge were numerically investigated during this paper. The wedge is exhibit on the lower duct wall.
Two-fluid model was wont to describe the dilute, two-phase flow. Totally painter averaged NavierStokes equations were solved by upwind TVD theme for gas section. Eulerian equations were solved
by NND theme for phase. The section interaction equations, involving drag force and warmth transfer
between the gas and particles, were solved by second order Runge-Kutta method. Also, many
parameters, i.e., drop diameter, particle cloud layer position, moving shock Mach number and wedge
height, were tested to point out their effects to the two-phase flow field. The distributions of contours
for force per unit area and density of phase were obtained at completely different time intervals. The
results show the evolution of the shock and demonstrate the consequences of key parameter to the
flow field of the two-phase flow. Such a two-phase flow field is far additional difficult than that of
particle free gas flow (Esam et al., 2013).
Natural gas flow contains undesirable solid particles, liquid condensation, and/or oil droplets and
needs reliable removing instrumentation to perform filtration. Recent fossil fuel process applications
are demanded compactness and responsibility of method instrumentation. Since standard means those
are subtle in style, poor in potency, and continue lacking sturdy, a supersonic nozzle has been
introduced as an alternate means that to fulfill such demands. The 3D Convergent-Divergent Nozzle
is simulated mistreatment business Code for pressure magnitude relation (NPR) varies from 1.2 to 2. 6
completely different shapes of nozzle are numerically examined as an instance the position of shockwave intrinsically spot might be thought-about as a benchmark of particle separation. Rectangle,
triangle, circular, elliptical, pentagon, and polygonal shape nozzles square measure simulated
mistreatment Fluent Code with all have same cross-sectional space. The easy one-dimensional
inviscid theory doesn't describe the particular options of fluid flow exactly because it ignores the
impact of nozzle configuration on the flow properties. CFD Simulation results, however, show that
nozzle pure mathematics influences the flow structures together with location of blast wave. The CFD
analysis predicts shock look once p01 / pa > 1.2 for nearly all pure mathematics and locates at the lower
space magnitude relation (Ae / At). Simulation results showed that blast wave in Elliptical nozzle has
the farthest distance from the throat among the others at comparatively tiny NPR. As NPR will
increase, polygonal shape would be the farthest. The numerical result's compared with accessible
experimental information and has shown sensible agreement in terms of shock location and flow
structure (Sommerfeld, 1994), (Carcano et al., 2012, 13), (Carcano, 2013).
We numerically investigate the interaction between gas-particles flows and shock waves that type
throughout the explosive decompression of beneath enlarged jets. Simulations are dole out employing
a valid second-order correct numerical model for polyphase flows. We have a tendency to quantify on
paper the expected non-equilibrium effects between the gas and therefore the solid innovate terms of
the magnitude relation between the particle time constant and therefore the characteristic continuance
of the jet. We have a tendency to show however polyphase effects have an effect on the common jet
dynamics. We feature on the analysis for monodisperse mixtures.
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We investigate the matter of beneath enlarged jet decompression once the injected fluid could be a
mixture of a vaporific part and totally different categories of solid particles. The under expanded poly
phase jet drawback is representative of phenomena that may be ascertained within the initial stages of
explosive volcanic eruptions. Whereas the case of consistent jets has been studied deeply within the
literature, each by experimentation, on paper and numerically, the case of polyphase gas–particle jets
still presents some open problems.
2. Research Methodology
The simulation of the under-expanded free jet flow within the centrifuge chamber is performed
victimization compressible flow problem solver alphabetic character Central Foam that may be a part
of Open FOAM ©. High speed compressible flow is characterized by the presence of discontinuities
like shocks and phone discontinuities, the treatment of that is troublesome to handle. Schemes like the
piecewise parabolic technique (PPM), basically non-oscillatory (ENO) schemes, weighted ENO
(WENO) schemes are well-liked within the numerical calculation of compressible flows. These
schemes primarily square measure approximate Riemann solvers that involve characteristic
decomposition and Jacobian analysis, that build them troublesome to implement and square measure
computationally expensive. Rho Central Foam uses an alternate Riemann-free approach that's
freelance of characteristic decomposition and Jacobian analysis. This approach, named the central
scheme represented by Nessyahu and Tadmor, has been derived from the Lax-Friedrichs theme. The
ensuing numerical technique has been well-tried to get correct and cheap solutions for compressible
flow issues. During this work we have a tendency to adopt the PDAC model equations planned in to
explain the injection and dissemination of a high rate gas-particle mixture in a very pressure unit. The
mixture consists of various aeriform parts and N categories of solid particles that square measure
represented as interpenetrating continua, following the Eulerian-Eulerian approach. The gas section is
compressible and obeys the perfect gas law, whereas every category of solid particles is assumed to
incorporates spherical particles of equal radius and density, with mounted heat energy and thermal
physical phenomenon (Morsi et al., 1972), (Murphy et al., 1984), (Menon, 2009), (Samel, 2011).
3. Basic Equations
By taking the subscript s = 1, 2… m the classes of solid particles and with g the gas phase. The PDAC
model consists of 5(m + 1) coupled partial differential equations for the independent variables gas
pressure Pg, gas density dg, volume fractions Vs, velocities Us, enthalpies hs (or temperatures Ts), with
s = g,1,2,….,m . The system of equations that represents the mass conservation, the momentum
balance and the energy balance in terms of the enthalpies for the gas phase g and the s-th solid phase
has the following form:
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Here, Dp,s represents the drag coefficient describing the interaction between the phase P and the phase
s, g denotes the gravitational acceleration vector and Hs is the volumetric heat transfer rate between
the gas and the s-th solid phase. The viscous dissipation effects can be neglected due to their secondorder effect in comparison with advection, conduction and gas-particle heat and momentum exchange
in the regimes of interest. By definition of the volumetric and mass fractions, one also has the
relations (Carcano, 2013)
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The gas phase is compressible and we suppose that thermodynamic quantities are related by the ideal
gas law Pg = R dg Tg, where R is the gas constant of the gaseous phase. Particulate solid phases are
considered incompressible. Consequently, their microscopic density is assumed to be constant and
denoted by ds, s = 1, 2… m. The temperature of each phase is derived from its enthalpy as:
Ts = hs / cp;s ; s = g, 1, 2,….m

(6)

Where the constant pressure specific heats of the particles cp;s are assumed to be constant and to
correspond to average values, due to their minor sensitivity on temperature. Specific heats, interphase
drag coefficients and heat transfer rates are derived from semi-empirical correlations for dilute and
dense regimes (Carcano, 2013).
4. Monodisperse Mixture
We start considering a mixture of gas and only one class of solid particles with a given mixture
density dmix = Vg dg+ Vs ds and studying the ratio r = 𝜏 = 𝜏 M a between the particle relaxation time
and the jet time scale we identify a threshold particle diameter such that r ≈1. Then we investigate
numerically how the jet dynamics change as the ratio r vary as a function of the particle diameter,
covering the spectrum from few micrometers to one millimeter. Numerical tests are carried out both
on the laboratory scale, obtaining a good quantitative and qualitative agreement with experimental
results presented in the literature, and on larger scales, such as the typical scale of an explosive
volcanic eruption. We observe that when r 1, solid particle dynamics is strongly coupled with the
gas dynamics, i.e. they have the same velocities and temperature, whereas as r becomes of the order of
1, the solid phase and the gas phase show different dynamics, i.e. different velocity and temperature
profiles along the jet axis. Moreover, the increase in the particle diameter can be related to the change
in the decompression structure inside the under expanded jet in terms of normal shock location and
intensity (Ergun, S., 1952), (Wen, C., 1966), (Gunn, D. J., 1978), (Carcano et al., 2012), (Carcano,
2013).

Figure 3. Left; r 1 Right; r 1; examples of different regimes inside multiphase under expanded
jets by Carcano et al., 2012, 2013(Representation of logarithm to the base 10 of particle volume
fraction and contour of gas vertical velocity).
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5. Conclusion
In the given work we've got investigated the decompression structure within a gas-particle under
expanded jet and that we have analyzed the non-equilibrium effects between the gas section and also
the solid particulate section. The target has been to spot totally different regimes and to quantify nonequilibrium effects as perform of various characteristic time scales of the supersonic jet and also the
solid particles. A magnitude relation r between the particle time constant and also the characteristic jet
duration has been introduced. This magnitude relation permits to spot a pseudogas regime, within
which non-equilibrium effects between the gas and also the solid section are negligible. Morover, the
worth of the parameter r is expounded to the amendment within the decompression structure of the
under expanded jet, above all to the placement and also the intensity of the standing traditional shock.
The analysis has been developed for the case of monodisperse mixtures then extended to the case of
bidisperse and polydisperse mixtures of gas and solid particles. We have a tendency to current
investigation potential extensions of the given analysis so as to think about the continual spectrum of
solid particles that are ejected throughout explosive volcanic eruptions. The ultimate aim is to
correlate the ejected mixture composition to the worldwide dynamics of explosive volcanic eruptions.
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