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SIMULATION OF DOUBLE-DIFFUSIVITY PROCESSES

WITH CASCADE DECAY OF ADMIXTURE PARTICLES

Chernukha O. Yu.
Doctor of Technical Sciences, Professor
Leading Scientific Researcher
Centre of Mathematical Modelling of Y. S. Pidstryhach [APMM of the N4s(/

Bilushchak Yu. L.

Candidate of Technical Sciences, Major Scientific Researcher,
Department of mathematical modelling of nonequilibrium processes
Centre of Mathematical Modelling of Y. S. Pidstryhach IAPMM of the NASU
Lviv, Ukraine

An important feature of the processes of double-diffusivity of technogenic sub-
stances is their natural decay (degradation), which occur with the same intensity in
each of physically different states. In some cases, the substance generated in the
process of decay is already less toxic and its redistribution is not of interest for fur-
ther study. At the same time the generated substance can decay and generate new
substance which migrates in two ways, is sorbed-desorbed and decay. Such a pro-
cess is called cascade decay and can occur as a result of radioactive decay or chem-
ical reactions (in particular, chain reactions), for example [1]:

BRy— 5 URh —— "Pd —— Az —— ';Cd x H1In >' 150,

In the work simulation of double-diffusivity processes of admixture particles un-
der their cascade decay is investigated, the iniiiai-boundary value heterodiffusion
problems by cascade kind, when the problem sciutions at one stage are sources on

the next, are formulated. The solutions of the problems are found and on this basis
software is designed.

Object of inquiry

Let decaying particles of one chemical kind migrate in a body with two migra-
tion ways and mass exchange between states [2-5]. Moreover, the substances that
formed as a result of decay can also decay. We accept that the body K (discreteﬂsft
of material particles) is a multicomponent solid solution. We assume interacting
discrete sets of material particles K’ that form the base of the body (/= 0) and
admixture particles in two dedicated states (j=1;2) as thermodynamical compd
nents of the system. When the substance K’ in the state j =12 decays, the part!*

¥ e ' Ly Ut
cles of other substances K} and K are formed, and the particles K do ];he

decay yet (fig. 1). In turn, the particles of admixture K" decay and generate 3
particles of substance K’ and non-decaying (harmless) substances, which b¢

i . : . : ture S¥
tributed to K™, and so on, while we obtain only non-decaying admixtur
stances in the (N - 1)-th step.

56
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Fig. 1. Scheme of cascade decay of admixture components
of the thermodynamic system and sorption-desorption processes

We juxtapose the continuums K" (i=0,N, j=0,2) to each component of the
body (subsets of particles K" that forms the skeleton and to the particles of decay-
ing substance in different states I as well as the particles that formed as a result
ofdecay K (j=12,i=1N)).

As reference relations of the model we assume the balance equations for masses
of each component of the system [5, 6]. S

Initial-boundary value problems for double-diffusivity processes of cascade
kind '

For one-dimensional in spatial coordinate case in the na‘turai.dlmenm.ﬂnlesp: form
douhle-diffusivity processes under cascade decay of migration particles is de%
scribed by the following sets of partial differential cquations at different stages o
tascade decay [5, 6]:

for i =




Intemational scientific and practical conference

A (o e
) T g o e+ o,

i o {0}
oct™ &c LSS T (1) U8 (1) S (W
: R df” st TP 4 | o o ke 1

o og” 24
for i =1, N =1
By’ ' 52{,1{:']' azc (B ali) Ll (1) . (i—1)
L. = 2 W, o et S L P giD G-
S 1] a}.;z 1 aaz 5 M t2 2z il 1 3
1) 207 i
i 2 63;2 53: 1 P
-
fori=N
() AL M N
n O C c, N N i)
de" . g SG_  gun © _ g™ 4 g Zﬂ“:wt] ,
51’ O& E\E_& r=A)
AV &™) P ot e o
ke 2(,".1 le dfmT.gi__ +a§] lcin o ffij ]L; LB Za N} e |||
51’ G"u: CLJ i=l)

where 4", d" are the reduced coefficients of diffusion of substance ¥
(i =0,N) at i-th step of decay in states j=1 and 2, d4{", d{" are the reducec
crossed  coefficients of diffusion [7*]; 4 _(k* if"‘”+}.‘f"’} ke
= (fcz" o+ BT A5 }L“"”)/.U'“ y oy = kG, af =K el =30 RS
the coefficient of intensity of decay of K " {i=1,N,j=1,2), a" is the coeffl
cient determining part of non-decaying substunce that has been generated throug!
decay at the i-thstep K (i=O,N -1, j=1;2); k", k" are the coefficients of in-
tensity of the processes of transitions between states; 2™, A", 3" are the con

stants determining the decay process.

In sets of heterodif’ﬁ:sion equations we have used the dimensionless \a‘ e
o=k E=(k “”/Df,‘”) x, where ¢ is time, x is the spatial coordinate; &!" is &
coefficient of intensity of transitions of pamcles of K™ from the second state ime:
the first one at zero stage of decay; D) is the coefficient of diffusion of sa:hxt:“tfi
K" in quick migration way j = 1. Further considerd{” <d®, i=1,N, d” =

b ]

Assume that at the initial moment admixtures were absent in the body, nameh)

"G, =€), =0,i=0,N

for 7> 0 on the body surface £=0 it is kept the constant value of total ¢

tration ¢, of substance K, which is distributed among different migration
for i = 0 as follows

V&), =o0, PED] | =0-a),

.
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where a (0 < a = 1) is the parameter determining the part of admixture that came
from the body surface into the quick way,
For i = L., N we assume zero boundary condition at the top layer surface:

=D, i=LN,

P

A&, =0, "€,

We assume that the particles concentrations at all stages of decay equal zero at
“pottom” boundary of the body, i.e.

"&),, =" =0,i=0N.

At zero stage of decay the solutions of heterodiffusion equations with initial and
boundary conditions are found using integral transformation.

For the other stages of cascade decay / = 1, N — 1 solutions of the initial-boundary

value problems are presented per corresponding Green functions. considering ad-
mixture decay at the previous stage of cascade as mass source at the step

1 &y

R R W el PR B g Tl O Ve L AT T

o0
Here G\(x,73E,&) are Green functions of the corresponding problems for
i=LN-1.
For the case of i = N (non-decaving admixture) the solutions of problems for
srocess of double-diffusivity is alse presented in terms of Green functions by ana-
logue of the formula fori = LN -1, numely

C}N’[E,,*:]l = ij;“[f_.i';t,“.'} }_'.-rjf N E Y )dEdY, =14,

]

i !

where G"'(5,&51,7) (/=1,2) are corresponding Green functions.

L T
Consequently detcrmination of concentrations at each stage i =0,..,N -1 with

account expressions for Green functions we find concentrations of non-decaying

particles under cascade decay of admixtures. _

The analvtical form of the obtained concentrations allows au 10 find expressions
for the mass fluxes of decaying substances al different stages of cascade decay
through the surface & - ., where U= £ = 5.

Architecture of program complex for he

Om the basis of the obtained formulae for
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dfﬁti}:’”lg admixture components that passed t
wliwiire hus been designed tor simulation ul'nmh{- i e
WO mmigration way that been accompanicd sorplivi-desorplion prose

terodiffusion model

admixture concentrations and ‘corrc-
as quantities of decaying and nois
hrough the battom fayer surtace,
psfer provesses e a by sath
ity adid Case

59

___-#



jentific and practical conference

International sc
e —

P

de decay of admixtures particles. Architecture of the program complex for simu-
f:ftinn mass transfer processes under cascade decay of particles for the model of
g .

double diffusivity processes is presented in Fig. 2.
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Fig. 2. Architecture of program complex for the model of heterodiffusion
in two wavs under cascade decay of particles

Note that program modules for fluxes and quantities substances consist of one by
one cycelic process. and at each stage the modules interact with the module for con-
centrations at the previous stage. At the same time the module for calculation of the
admixture concentrations contains two cvclic processes.
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