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MODIFICATION OF THE FLOW PASS METHOD AS APPLIED TO PROBLEMS
OF CHEMISTRY OF PLANET ATMOSPHERES

V. A. Parshev

Carried out herein is generalization of the flcw pass method /2%
for a stationary problem of diffusion of a minor component in a
stratified medium, with the presence of the force of gravity and
chemical reactions.

It is shown that the modified flow pass method, applied to
problems of chemistry of planet atmospheres, possesses considerable
effectiveness, both in the case when the coefficient ot diffusion
changes severely in the examined region, and in the cas¢ when
diffusion is the prevalent process, as compared with chemical
reactions, i.e., in the case when a regular pass proves in-
applicable or applicable in a limited interval of the decisive
parameters.

The problem of determiining the spatial distribution of /3
minor components in the atmospheres of planets amounts to the
solution of a system of equations, each of which has the form

4% o opioline  (1.9)

with one of the following typical boundary conditions at the
upper boundary:

al/ 9"&2" -— 0" —representation of flow, (12)

a2/ nt'zgz"=n¢'ﬁ —rep1 2sentation of concentration

and at tne lower boundary:

*Numbers in the margin indicate pagination in the foreign text.
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—representation of flow,

3l/ 9[,,,=Q.
o, R 69

chemical equilibrium
—representation of concentration.

Here, n
component 1i.

i is the concentration, and ¢i is the flow of the

BT R e BL D (G2 B tr 38T D, (14)

Pis Li are the rate of production and the function of particle
destruction, k i3 the coefficient of diffusion, brought about

by motion of the medium, Di is the coefficient of molecular

diffusion, H;, Hcp are the scales of the altitudes of the examined
component and the medium, respectively, T is the temperature, [E
a, ‘s the thermodiffusion factor, Z is the altitude reckoned from

a c. 'tain level (not necessarily from the surface of the planet,

0- M), ZM is the upper boundary, and i is the number of the

component.

Using the method of component breakdown, the problem of
many components can be reduced to the sum of the problems of
the given type, which makes it possible to examine the problem
(1.1)-(1.4) for a single component. Subsequently, the index i
will be omitted.

The following boundary value problem corresponds to the
differential boundary value problem (1.1)-(1.4):




A

- QN (Bt Qi+ € = Gnp =d;,  (2.1)
Fo==(aini,—8ecni)  (2¢i¢na-g)(22)
at/ Fu=Qm ; a2/ Rma=na, (23)
1/ F,=GQc; 62/ ni=d /b5 €3/ ni=r, (24)

The equation is approximated according to thres points on a
uniform network, according to Z, in a conservative manner, i is

the number of the point in sampling for Z, € is the difference

1
analog of L, d, is the difference analog of p, and Fi is the

difference analog of the flow ¢.

By bounding our problem by the description of the method of
solution of the difference system, according to all questions
associated with the derivation and substantiation of the differ-
ential equations, as well as the switch to an approximating

system of difference equations, we will refer the reader to the
appropriate literature (for example, onc can find a detailed
bibliography on these questions in study [5]).

In order to solve problems of the type (2), the pass method [17]
is usually utilized, which possesses great effectiveness and
stability and makes it possible to obtain a solution of the problem %
in a rather broad range of decisive parameters. However, there
exists a large class of problems of the described type, when the /5
use of the standard pass method (SP) is not possible, since it
leads to a considerable loss of accuracy, for example, in proﬁﬁems
of chemistry of planet atmospheres: (%) when the coefficient of

diffusion changes severely, i.e., the coefficients a, bi in (2)
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charge in the examined area by several orders; or (#*#*), when

the diffusion is a more effective process, as compared with the
chemical reactions between the components, and the flow through
the boundary is absent, i.e., a; ppbi*e d, and Fy =Fnz =0. Under
these conditions, the total concentration of the component in
the examined area is determined by the balance between the total
production and destruction, and its altitude distribution is
brought about by diffusion. The use of the standard pass method
for solving these problems leads to a considerable loss of
accuracy, if the order of the relationship of the minimum value
of ni'ei.’ % ,ai_Fo the maximum value Ofai-l’bi is greater
than the number of significant digits with which the computer
operates. The flow pass method (PP) [2,3,4] makes it possible
to obtain a solution of the problem in both cases (*) and (*%),
if the flow is determined as ¢ =k{¥%.

Given in the present study is a modification of the flow
pass method for a flow of a more general type (1.4), which makes
it possible to overcome both of the indicated difficulties.

Description of the Algorithm

Thus, we will examine the difference boundary value problem
(2.1)-(2.4). For a common pass, we have

Niey=2.0, +m ;| (J-f)

2., = . , (3,2)

g‘,, + ac-' +£" -a{ 4

- Ci& + mQa
m‘-( - 7‘:" +a‘.” Q.&‘, -a; z‘ (3- 3) é

The first equation (2), we will write in the form




F:-"'Fi-' = -6‘n£+di‘

Expressing ni+1=-§;i-+-§§&ni from (2.2) and substituting
i i
into (3.1), we obtain

—Fi+n; (biee - 2ia)=mia;.  (5)

Introducing new coefficients according to the formulas

X~ = m;a, 0(.',2 giﬂ'ziai, (6)

L

we will write (5) in the form

-F;, = -d; n, +¥.. (ﬁ;)
From (7) and (4), excluding n , we obtain the recurrent relation-
ship for the flow

- ob oliot; = &£ ¥,
l.'" o, + F--,'*‘ ol + &,

From (6), we obtain the expressions for %., m .

2;= !‘.,a-:o{,-_ ; M= X"/a‘

From the first equation in (3), we obtain the recurrent relation-
ship for n

— ‘(' -d‘ Jo
Ni.. = .__?‘_:.__—- n, + a—: (8)

The recurrent relationships for o,y are obtained from (6), (3.2),
and (3.3):

e
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X' = - djoc T e . (g )
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With regard for (9), expression (8) takes on the form
n£¢1 = (gd*( ni +dt‘ﬁ+b/{ﬁ)/(d¢‘ﬁ+é{¢( + ac') .
The final formulas for the direct pass have the form

d’ Py 6 P — diov*'x;'v
o= by g 5 Y T I (0.1)

.a(/ Xng=0; Yna= Qp > (102)

A
- ai \nz= gnz 5 ¥na = Rna My, (10.3)
Ce /
i”:%h Reverse pass 1is carried out according to the formulas
£ Aot ¥
_ i1 n-+ — S,
Mieg = @, « S &og 07 A+ E g TR i
Fow o N £y HeZem i
e T L. TRy ¢ C:‘ﬂ’* O(‘w,

6’1/ F, 8o 5 Ny =(¥; + Q) /Ay , (11)
fl/ n, oly /éj > 'L-I:(dl.d;(/cf‘)'gp
63/ N Mo 5 By =Xene - Y.

The obtained formulas, as easily noted, are similar to the

formulas of flow pass, given in [17; therefore, they may be

/2




called the algorithm of the modified flow pass (MPP).

The stability of the recurrent relationships given above is
evident.

Discussion of the Method

We will give reasons which show that the calculations
according to the given scheme prove more accurate than those
which are carried out by the traditional pass method.

Insofar as the coefficientsai, bj» €30 and d,; are positive,
the pass coefficients q ;, v¥;>0, and, thus, the sums of the
positive magnitudes stand both in the numerator and in the
denominator ot the expressions (10), and, although the absolute
error in the sum is made up of the absolute errors of the terms,
the relative error does not increase, insofar as the moduli of
the magnitudes in the numerator and denominator increase, while
the accumulation of the error (relative) during division and
multiplication does not have such catastrophic consequences as
during subtraction.

If d , i «@. . b and @ -o; Y =0, then the method of mathe-

matical 1nductlon may be used to show that o & and vy, <} a

1~
i.e., magnitudes of a single order take part in fhe determlnailon
of‘li v Y although only as sums, and the relative error does

not increase.,

These reasons show that the modified flow pass is free from
the above-indicated difficulties, which occur during the solution
of problems of chemical kinetics by normal pass.

For illustration, we will examine two models of the problem,
The first is described by the following system of equations

%;égi =0 > 95 =2 (f%%%.,.y%>;

(A)  nlw. =15 D =exp (p2)
S, =0, 0« 220
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where B>0 is the parameter of the problem.

There exists an accurate solution of the problem, which has
the form

n = exp (-2 ).

The second problem is formulated using the following system
of equations

R
af: E(f-n) , P= g—g--rn,

é/z,o=05 95/2=2M=O , 0¢2¢20-

-

B)

where the coefficient of diffusion is assumed as equal to 1,
E« 1, 7M=20. The asymptotic solution of this problem, with the
condition ZM+E «1, has the form

n= ﬂ.dé)lPGZ) y Where n,=2mM.

For these problems, in accordance with what has been set
forth above, approximating difference equations were written,
which were solved both by the method of the standard pass and
by the method of the modified flow pass. A computer, operating
with 12-digit numbers, was utilized for the solution.

Problem (A) was solved with various values of the parameter
B in the coefficient of diffusion in a uniform network with a
spacing AZ=0.,1. It turned out that the method of the standard
pass, with B<2, provides a solution of the problem which differs
by less than 2% from the analytical solution, but with £>2, the
solution differs considerably from the analytical solution (fig. 2).

The method of the modified flow pass provides a solution which

/9
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coincides, with an accuracy of up to 2% for all B (fig. 1).

Problem (B) was solved with various values of E in the very
same network. It was found that, with E<107!0, the solutions for
the standard pass and the modified flow pass coincide, with an
accuracy of up to 5%, but with E>10"7, these solutions differ
from the asymptotic solution (fig. 3), and only with E<1077 do
all three solutions coincide—that obtained according to the
standard pass up to 10%, and that obtained according to the
modified flow pass with an accuracy of up to 4% (fig. 4).

With E<107!9, the solution by the method of the standard
pass is impossible to find (the system becomes confluent for
the computer), while the modified flow pass provides a solution
with exvremely small E, for example, a solution was obtained with
E=10"70 (fig. 4).

The results given above show the effectiveness of the method
of the modified flow pass during the solution of problems of the
described type, for example, those assoclated with the chemistry
of planet atmospheres. It combines within itselif both the ad-
vantages of the standard pass, namely efficiency and a small
volume of required storage, and the advantage of methods which
utilize a double length of the computer number—namely, high
accuracy of solution.

In conclusion, the author thanksV. A. Krasnopol'skiy for
his detailed discussion ¢f the study.
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Fig. 2. Dependence of magnitude of Qn(n/q”h” on the
coordinate Z for problem (A) by the method:

(1’ Modified flow pass for all 3 (2) Standard pass
with £=2.5; (3) Standard pass with b=3.
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Fig. 3. Dependence of magnitude of ln(n/nasymp) for
problem (B) on the coordinate 2:
(D E=10"5% solutions by modified flow pass and
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coincide.
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