Mathematical model desublimation conditions

Abstract—The developed and software-implemented simplified three-dimensional mathematical
model of the unsteady-state process of HFSdesublimation is described. The study of regularities in the
HFSdesublimation process is performed by numerical modeling.
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Introduction

This work is devoted to mathematical modeling of the process of desublimation of gaseous
HFS into vertical transport containers. The existing mathematical models of the HPS desublimation
process [1-3] are, as a rule, stationary or quasi-stationary. Their common disadvantages are the lack
of consideration of heat transfer by convection and friction of the gaseous HFS against the
desublimate layer during its movement along the heat exchange walls; desublimation on the end
elliptical walls of heat exchange tanks[4].

The study of gas mixture flows based on the solution of the complete system of Navier-Stokes
equations has a long tradition. A very limited number of cases are known in the literature that allow
analytical integration of the Navier-Stokes equations [5]. The Navier-Stokes equations have a
number of specific features that significantly affect their numerical solution, regardless of their form
of writing. One of the essential features is the non-linearity and paraboloelliptic nature of these
equations. Therefore, in order to correctly model the elliptic nature of the Navier-Stokes equations,
it is necessary to use the elliptic Poisson equation for pressure.Therefore, progress in this area is
possible only through the use of numerical methods. At present, for the numerical solution of the
Navier-Stokes equations, several dozen varieties of difference schemes exist and are used[6].

At the present stage of the development of computational fluid mechanics, its further progress
is associated with the improvement of flow models, mixing processes, and computer technologies
for integrating the initial equations. The last of them are usually associated with the complication of
computational algorithms through the use of approximation schemes of a higher order of accuracy
and structured grids. However, this path is associated with the increasing complexity of
computational algorithms and programs, which leads to great difficulties in their implementation,
and therefore is available only to some professionals. This limits the possibility of their wide use in
design and development activities. Therefore, the main goal of our work is to create and discuss a
relatively simple numerical algorithm for solving the fundamental Navier-Stokes equations[7].

The determination of the aerodynamic regime in the volume of the apparatus was calculled
out on the basis of axisymmetric averaged of the Navier-Stokes equations[8,9], written in variables
of vorticity Q, stream function \¥'.:
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Left side of eq. (1) describes the convective transfer of HFS due to the velocity of the vapor.
The Poisson equation (2) for determining the stream function ¥ was obtained from the continuity
equation [10]. Using the above equations, we have developed a program for calculating the
processes of cooling and desublimation of HFS ammonia from a vapor-gas mixture.

2.Thermal and hydrodynamic calculations.

When calculating the desublimation, the HPS is successively determined for the flows shown
in Fig. 1: 1) Parameters of the vapor at the inlet and outlet of the conteiner; 2) heat transfer for an



axisymmetric problem[11].
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Fig.1. Scheme of flows entering and leaving the desublimator.

Coolant

The speed of movement of the gasW, is determined by the formula W= Q/S, where S is the

cross-sectional area of the apparatus, m.
The criteria for similarity (Reynolds Re, Prandtl-Pr and Peclet-Pe) are [5]:
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Rezm; Przm; Pe = RePr. Where de is the equivalent diameter of the annular
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section of the apparatus, m.
The heat transfer axially metric laminar flow has the form [12, 13]:
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coefficient of thermal conductivity[14].
To, T1, Ts, Ty are the temperatures of the gas at the inlet zone, the desublimation front, the

desublimation surface and the cold wall of the desublimator; g1, g, are the heat fluxes removed from
the gas flow to the desublimation surface and through the desublimate layer to the apparatus
wall(Fig. 2)..
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Fig. 2. Scheme of the process of desublimation of HFS

The length of the unsteady section of the flow li, one can use the equetion [3-5]:
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desublimation heat, kJ/mol; dS is the area surface, V. is the release rate of the HFS volume. Then

do adT
:d_AaH where P is the mass transfer coefficient from the gas to the cold surface [15]. By
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From Newton's law for heat transfer, one can express the heat flux transferred by the gas to
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the desublimation surface:q, =-A, LR ;TW =—%(TS—TW)and from the Fourier law for heat

transfer: a(TS—TW)z—%(TS—TW). Based on the foregoing, we accept gi=Q2, then (6)
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The physicochemical parameters Re, Pr, Nu are calculated, and coefficient o is
determined[16].

Given that in the initial section of the cooling of the gas-vapor mixture, the process proceeds
in a non-stationary mode, the calculation of the desublimating HFS mass is found taking into
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account the proportion: K =_|_° TI* where T; is the current temperature, K; T* is the desublimation

0
temperature, K. 4) after the end of the outer cycle, graphs of the function 6=f(x) are plotted. Figures

3 and 4 show the change in the temperature of the gas depending on the transverse (y) and
longitudinal (x) coordinates.
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Fig. 3. Dependence of the temperature of the gas on the transverse coordinate at different values of
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Fig. 4. Dependence of the temperature of the vapor-gas mixture on the longitudinal coordinate for
various values of y
The length of the zone of the apparatus, in which the entire HPS determined at temperature of
243 K and a load of up to 0.5Gm according to HPS, is 0.5L in the absence of a region of non-
stationary (Fig.5) and 0.8L in its presence (Fig.6), and cavity was 0.5h and 0.4h, respectively
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Fig. 5. Dependence of the layer thickness of the desublimated HPS

Graphs of desublimator zones in which the entire HPS is desublimated at apparatus wall
temperatures of 245, 255, 265, and 275 K in the presence a non-stationary desublimationregion of
the vapor are shown in fig. 6. From fig. 6 it can be seen that the length of the zone of the apparatus,
in which the entire HFS is desublimated when the desublimator is loaded up to 0.5Gmax according
to the HFS in the presence of non-stationary region with the width of the annular gap h.
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Fig. 6. Dependence of the thickness of the desublimated HFS layer on the longitudinal coordinate
in the presence of a region of nonstationary cooling of the vapor—gas mixture at different
temperatures of the apparatus wall

Conclusion

A mathematical model has been developed for the process of desublimation of HFSs a gas
entering the desublimator, which makes it possible to determine the effect of heat transfer,
aerodynamic parameterss on the considered processes, optimizing the technological characteristics
of the process and creating a system for control of the process.
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