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Abstract—The paper describes mathematical formulation and the method of solution of the problem on
mass-transfer kinetics in a capillary, involving evaporation from the inner surface. A linearized BGK model
equation is solved, the distribution function being chosen of such a form that the boundary conditions could
be satisfied as well as the original equation divided into two equations for the functions depending on z and r,
respectively. Expressions are obtained for distributions of macroscopic quantities characterizing the flow of
vapor. In the second part of the paper, on the basis of the given general technique, mass transfer in a capillary
is studied analytically for limiting cases of the continuous medium and free-molecular regime. The table and
figures present the values of quantities which allow the cross-section averaged flow to be determined in an
axial direction as well as the flow on a lateral surface, and the density and velocity profiles for different
rarefaction regimes.

NOMENCLATURE

. pressure;

Z, longitudinal coordinate ;

R, = (X, Y), transverse coordinates ;

1, function of molecules distribution
by velocities ;

7, relaxation time ;

m, mass of a molecule ;

k, Boltzmann constant ;

4 molecular velocity ;

Kn, Knudsen number ;

T, temperature;

Ui, nondimensional macroscopic vapor
velocity components;

My, density of saturated vapor;

n, unit vector of the normal to the

lateral surface.

INTRODUCTION

KNOWLEDGE of mass transfer in a gas phase inside
porous bodies is important for various technological
processes such as heterogeneous catalysis, drying etc.
In the majority of cases, calculation of these is based on
some limiting relationships corresponding to either
the hydrodynamic (Kn — 0) or the free molecular flow
regimes in pores (Kn — =) [1, 2]. It is quite natural,
that to completely define the structure of the flow and
the net flow of substance from pores with regard for
rarefaction, as well as to specify the limits of appli-
cation of these or other phenomenological re-
lationships, it is necessary to solve a kinetic equation
for a flow in a separate capillary with account for
physical and chemical transitions at the walls. Besides,
the solution for the continuum regime, which is
difficult to obtain directly from the Navier—Stokes
equations, is obtained here as a limiting solution (Kn
— 0) from the equations for the appropriate moments
of the distribution function.
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This kind of inner boundary problems in the kinetic
theory of gases is less studied than the problems of
outer flow. Moreover, consideration of phase or
chemical transitions at the walls of a pore essentially
complicates the kinetic problem as compared with the
Poiseuille flow analyzed in [3, 4].

One of the first investigations in this field is the work
[5] which deals with the kinetic theory of mass transfer
involving catalysis in a cylindrical channel, but it
concerns a particular case of trace gas diffusion in the
main gas, i.e. at negligible mass velocity.

This paper considers vapor flow in a semi-infinite (Z
< 0) cylindrical capillary of the radius r,, at the open
end of which, Z = 0, a constant pressure p, is main-
tained, which is less than the saturated vapor pressure
p.(T). Here evaporation occurs over the entire inner
capillary surface having a constant temperature. The
difference p,(T)—p, is assumed to be small, therefore
the vapor flow is slow too.

The first part of the paper deals with formulation of
the problem and the general method of solution, and
the second gives a detailed description of the limiting
vapor flow regimes, and presents the calculation
results for a wide range of Knudsen numbers.

1

The analysis of the vapor flow is based on the BGK
model kinetic equation [4, 6]

o’ o _fo—f

¢R6R+ a7 =7 n

where

R =(X,Y),

fo=n m 3’/Zex -
‘0_12nkT) P

is the Maxwellian distribution function.

m(&—v')?
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Introducing the dimensionless coordinates and ve-

locities
VA R m \1?
.r.—‘r‘;. r—a. u-—€<21\T)

reduces equation (1) to the form

cF cF F,—F
S = (2)

'z T

u
where

Y 2kT M2 L 2kT M2
F= f—(—) , T = L( ) S
no\om Fo \ m

/

2Kn.

Let us formulate the boundary conditions for equa-
tion (2). Assuming the coefficient of evaporation equal
to unity gives for the particles leaving the capillary wall

—u?
F(n-u,<0)=%—’. (3)
The density of particles at z = 0 is
Po
= Po 4
o KT (4)

The solution to the problem (2)—(4) is sought in the
form
n(z) R
n*“-exp —u?)[1+ U2)p(u,r)] (5)
i.e.it reduces to determination of the functions 71, Vand
¢. By definition

F=

Ny A

. n
ne; = J Fu;d%u; i=x, v,z (here n= —).
- ’15
Let us introduce the following notations

g =J expl—u)pdu

1 =J ’ exp(—u?)pu;d u.

Having linearized the equilibrium distribution func-
tion, we calculate the RHS of equation (2)

Fo—F ~n(>V(>%-—)

x (g+2u-f—n*2¢). (6)
Atr = l equations (3) and (5) yield

1 1

This quantity should be constant, since the function ¢
at r = 1 depends only on the molecular velocity, while
the RHS, only on z. Hence, the following relationship

holds
1 1
1| = —C. 8
[ﬁ(:) ]V(z) ¢ ®

Substitution of expressions (5), (6) and (8) into (2)
gives

V2d)+ru‘%+¢+w (¢>+C)

x {In[a(z) Rz)]} = ;ﬁ(g+2wf)- (9)

We may show that (d/dz){In[i(z) Wz)]} is inde-
pendent of z. Actually, the continuity equation for a
gas with account of (5) has the form

ofs | df,

o (f-{—/—‘ln[n( z) Vz)] 1 = 0.

ox (10)

Since f,, /., /- are the functions of r, equation (10) yields

c%ln[ﬁ(z) z)] = plo) (1
and equation (9) takes the form
ru_\%§+ru_‘g%+¢+ruz/f(¢+c)
= g+ (12)

Thus, the form of expression (5) for the function F
has made it possible to subdivide the original equation
into equations (11) and (12) for the functions depend-
ing on z and r, respectively. It should be emphasized
that (12) differs essentially from the similar equations
for the case of impermeable walls [3,4, 7] in that the
last term on the LHS of (12) is not constant but
depends on the desired function ¢.

Let us write the solution to equation (12) in an
integral form (integration is performed along the
characteristics of the equation) taking account of the
boundary condition (7) and relation (8)

b
9= —Cexp <‘u‘,;>

- A
w/;JO .ujexp(_a)(¢|,,+ods. (13)

Here

u, = Jl+ul), b=rcosf+./(1—r’sin’0)

is the segment of the characteristic from the capillary
wall to the point r (Fig. 1); the characteristics of
equation (12) are straight lines, i.e.

. u
x—x =scosf, y—1 =ssin0, cosf =—,

%, s=[(x=x)+

u,

(=]

sinfl =

F1G. 1. Geometry of the problem.
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Multiplying the both sides of equation (13) suc-
cessively by exp (—u?)u; and exp (—u?)and integrating
with respect to the space of velocities u, we obtain a set
of equations:

x (¢l +C)dsd>u, (14)
1/2 R ’ b 2 2
fi=—-n'*C u]exp(— —u; |d*y,
1 [* [ty s 2)
+n3/2TJ_wL;:exP(_J_u/
x (g+2u-f),.dsd3u
e (Puu s 2
— =7 ——— .dsd?
'BJ—wJo " exp( v u )d)|, dsd’u
(j=xy) (15)

o b
— _gl2 _ Y dZ
g s CJ o exp( o, u,) u,

. .bexp<— i —u2>
+ 1 JJ T,

7,CSJZ,L,

x (g+2u-f), dsd®u

_/wa J‘biexp(‘?:?—uz)w,dsdw- (16)

- J0 Yr \ r

For the cross-section-averaged density of particles
at the exit we have

1 A
L ='Z*J
LJ)—w

R 2
= 1+i(0) I7(O)<C +;3/,—2L gr d,-)

Fd3udx

(17)

where X is the cylinder cross-section area. Density and
flows of particles in axial and radial directions follow-
ing (5), (8), (11) and (17) are expressed as

n(z,r) = 1+ 10— Dexp(pr) —)
2J Kkrdr
0

(18)
filr)
t1

Ii(z,7) = nv; = (np— 1) exp(fz)
2n3"2J xrdr
0

where

g
Thus, to determine the density and flows, it is
necessary to calculate the functions f;(r) and «(r).
The analysis of the integrals on the RHS of
equation (13) shows that at not very large t integration

in the vicinity of the point s =0 makes the main
contribution to the values of integrals. On this basis,
expanding the functions g, f; and ¢ into the Taylor
series in the vicinity of the point s = O(x = X, v = y')
and restricting ourselves to the terms of order s, we
pass from the integral equation (13) to an integro-
differential equation. The expansion of integrands into
the Taylor series is performed following [7], where
evaporation only from the bottom of the capillary is
taken into account. The resulting equation is rather
cumbersome. It can be simplified by introducing the
following notation

b b
bexp( _}“-r,) + ru,[exp( _ru,> - 1} =M,
b? exp( _b ) + 2ru,{b exp( —i)
Tu, T,
b )
ool =)=t} -
1

=153 (g+2xfu, cos 0+ 2yfu,sin0+2u_f.) = Q,

+ Tu,

w.f¢+C)-Q =G,

cos f +%% sinf = L(Q),

o2 2 %0
cos 0+26x6y

+ (19)
%
JOx
62
ot
Represent the functions f, and f, in the form

L= ), fo=13f(r)

sin @ cos 0 +

sin’ 8§ = P(Q).

ox?

(20)

Taking into account (19), (20) and using the ex-
pression obtained as a result of differentiation of
equation (12) with respect to x and y, we reduce the
above integro-differential equation to the form

b= —Cexp(—%>+[exp(—ri ) - 1](6—4))

+M[I:(Q)+/3%G]

N 1 I
+5 g PG+ 2hu) + 7 L(Q)]

N _
-3 P(Q). (21)

Let us consider equation (14). Since the kernels of
the integrals entering into the RHS of the above
equation have singularity at the point s = 0 [7], we
expand the integrand in the vicinity of the singularity
point, restricting ourselves to the terms of order s2:

. bexp(—-s——uz)
J j~$—f1(r')dsd3u

- JO u,

-

S 2
o o®XP{ —o =

x [f(r)=L(£)s+3P(f)s*]dsd?y,



e

4] oo
A frosnl)
+2T2T3(g)-fz]d(,
ol o)
enf)- o]

where

™~

T,(v) = Jo X" f:xp(~xZ —‘;\) dx[8].

Now equation (21) is used to calculate the second
integral on the RHS of equation (14):

x* bul B
J_ LLiexp(-r’u'—u )(d)l, +C)dsd3u
% bu2 §
:Jilj‘ou—e p<—;—u.>
X[¢+C—E(d))§+2 2]dsd3

* b
:—rJ (¢+Chu [exp(—w>—l:|

x exp(—u?)d’u

€ uzl
- X ur

o€ 2
ZIIJ uz exp(—u )N

x [G(1 +1fu,) + i, L(Q)] d u.

(—u* )M d’u

It should be noted that the newly obtained integrals
also contain the function ¢ in an explicit form.
Therefore, equation (21) should be substituted into
(22) so many times till the integrals containing ¢,
become less than the prescribed error of calculations;
to estimate the remainder terms, the following ex-
pression is used
d’—‘ﬂ (g+2u-f) (23)

which, as it follows from (6),
equilibrium distribution function.

As a result of similar transformations, we get from
equations (14)-(16) a homogeneous set of ordinary
differential equations for three unknown functions
k(r),f(r),f.(r), as well as for the parameter f3 [here (16)
reduces to an equation with respect tox = C
+ (g/n**)]. They are not given here for their awkward-
ness. The resulting set of equations is solved by the
collocation method. The unknown functions k., f, f, are
approximated by the tenth-order polynomials. Sub-
stitution of the chosen polynomials into the set of

corresponds to the
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differential equations yields a set of homogeneous
algebraic equations with respect to the polynomial
coefficients. The parameter f is defined from the
condition that the determinant of this set equals zero.
The values of the functions x,

f, 1. are calculated
accurate to the same arbitrary faclor which cannot be
defined within the framework of the stated problem.
However, as it follows from (18), that the macroscopic
quantities could be determined, there is no need in
determining this factor because the density, velocities
and fluxes are expressed only in terms of relations of
the appropriate functions. As a result, formulae (18)
fully determine the desired hydrodynamic quantities of
the problem.

Let us consider in detail two limiting cases, whose
analysis 1s much more stmple.

First, we shall analyze the limiting vapor flow
regime at 7 — 0, i.e. a continuum regime. In the above
set of differential equations for the functions w(r), £ (r),

f.(r), substitution of integration with respect to the

capillary section area by integration with respect to
area of the circle with the radius 4t (A is chosen so that
for any integer n > 0 T,,(A) « "), gives

rd ( ((jj/->+3/f2r/ +2/fz<°/+r:f>

—pr*?k =0,

,1d [ dx S & 3df
1..3/2° — 3.2 A
g ( dr) 2t (r dr? +5 dr? +r dr

—rﬂz[n3"2x—3ﬁrf’: —§f<2.f'+rdf>]
dr

A

. dk df d?f
30K 3 AT
T dr 31-(\ dr tr dr2>

—[fr</3r1+2 /Z) =0. (26)

(24)

(25)

From equations (24)—(26), differentiating (26) with
respect to r, we have

Y 27
dr
With (27) equation (26) gives
” + /f —Z—Buf =0 (28)
It follows from (24) and (27) that
L .
T ( & ) B3k —pif)=0.  (29)

Thus, in the present problem equations (27)-(29)
with (18) are the main equations used to describe the
regime of continuum.

Differentiating (28) and combining the newly ob-
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tained equation with (29), we obtain an equation for
defining x

1d/ dk

- 2k = 0.

rdr( dr>+ﬁ K

The solution to equation (30) is written in the form

(30)

k= By Bolfr) (31)
where J,(Br) is the first-kind Bessel function.

Substituting (31)into (29) and solving it with respect
to f,, we have

Jo = Blady(fr)+ W(r)]. (32)
Here o and B are the constants of integration, and a
particular solution of the nonhomogeneous equation
is

D G

Write equation (32) in the form

. _pd) S
fo= BJO(/g)[JO(ﬁ') W) W(r)+dw]. (33)
Finally, from (27) and (33) we have
_pe W)
C AT

ol Jo(B)
[ Toior- e

Note that equations (31), (33) and (34) have the
arbitrary constant B, which cannot be specified. How-
ever, it is inessential for the macroscopic values to be
obtained, since according to (18), the density, velocities
and fluxes are expressed only in terms of the relations
of the appropriate functions.

To define 8 and d,, it is necessary to consider
integral equations (14) and (15) at the points (I
—r)« 1. We introduce a new variable n = (1/7)(1 —r)
and the following functions [9]:

Wir)+ dw] rdr. (34)

k=x+H(n),
f = f,+®(n), (39)
rf = rf+4(n).

Here the functions «, f, and fare defined from relations
(31), (33), (34); the functions H(y), ®(n), ¥ (n) are
correction ones, and at # — co they go to zero more
rapidly than n ™" (i is any positive number).
Expressing the functions , f, and fin terms of a new
variable  accurate to the terms of order 77, we have

3/2 [Jo(B)+ Ben i (B)], (36)
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o J(f) dW(x)
f“"BJo(/f){[ MO+ 5wy dx ]
xtfin+d, . (37)

W) T
of = Bp (ﬁ){(w n)fo [Joum

AN A
Wi ():|1d1+2}. (38)

To calculate the integrals on the RHS of equations
(14) and (15), use is made of equation (23) and of the
method described in [9].

As a result, equation (15), written for the points (1
—r) « 1 with (35)-(38) substituted into it accurate to
the terms of order 7, has the form

3 2 w(l
B 11//2 (BT 01+ 55 Bf T (/3;

X {— Tz("l)‘*‘% (W) + T () —n Ty () + Tj(n)]}

! Jo(S) :'
Jo(fr)—=2 ) frd
XJO[O(//) 0 r)frdr

Bd,f w(l
- 7'(1/2 J /),) ( ) l//(”])

—rrf G(no)sign(n —n)To(In—nol)dng
0

2 fe o)
+Wf '//(ﬂo)l:l +%(n—no)J[Tl(ln—noI)
o

—%(ﬂ‘ﬂo)T—1(|’7—'10|)l:d’lo=O- (39)

Let us represent all the desired functions in terms of
series in positive ascending powers of 7. We shall write
down these series for f§, ®, and d.,:

B@) = Bo+ "By +T"Pr+ ...,
B
O, n) = = —7z [81 @1 () + 40, () +.. ],

dw(t) = 2T’ldwl +Tlldwl + (40)

Substituting (40) into equation (39), we get in the
Zero approximation

Bo = 0. (41)

Note, that from (33) and (41) it follows that in such
an approximation the axial velocity has a parabolic
profile.

Equating the coefficients of r and letting n approach
zero, we obtain the following equation to determine n,
and f3,:

wy 1t
Jowlr"l)[z wmj W"”d’]

On the basis of the analytical expressions for J,(x)
and W(x), we obtain from (42)

=1 B =14 (43)
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Thus,

A
/f:n—:;rl’2+o(rl'°z).

Note that assuming r = 1 in (36), (38) and taking
account of (41), (43), we may show that on the lateral
surface the Hertz—Knudsen condition is fulfilled (at
least, accurate to the terms of order 7):

[ =nx

From (31), (33) and (34) with account of (43) it

follows that

Bip

Tr32’ f ==

£= 16
4Br n
e
Consider now equation (14} for (1 —r) « 1. Using

(44) we get
n®(n) + STZB{ Ti(n)

By (44)

5 [nTl(n)+4Tz(n)—zn(n)]}

—4@13{ To(n>+§[nfo<n)+n(n)]}

3 {‘w
—n”‘J D(1o)T- (11 —10l)
0

X[1+%('7"70):|d'10=0' (45)

From equation (45) it follows that in (40)
=1 kj=1=2 k,=3

With (40), we obtain from (45) the following equa-
tions which allow d,,, d,,, ®,(n), ®,(n) to be de-
termined:

220, (n) = Ty(n) — To(n
+J D, (1) T- 1 (In—ne!)dno,
0

2@, (n) = nTy () + 4T (1) —2To(n)
+da [T+ ()] —d.. To(n)

+ joj [%q)l(ﬂo)("l—ﬂo)""q)z("lo)]

)dwl

x T_y(ln—nol)dn,. (46)

Equations (46) coincide with the equations obtained
for the Poiseuille flow in [9] where their solutions are
given, i.e. expressions for the functions ®,(n), @, (1)
and the values of d,,,, d,,,.

Thus, on having obtained f and d,,, expressions (31),
(33), (34) determine the solution to the present pro-
blem for the conditions of the continuous medium, and
the functions H, @, y allow description of the floin a
thin wall layer.

Let us consider now a system of the integral
equations (14)-(16) at T — oo {(a free molecular flow
regime). We substitute (23) into the integrals which
contain the function ¢ in an explicit form. To simplify

V. G. LErTsiNa, N. V. PAvLYUKEVICH and G. [. RUDIN

the calculation of the integrals, we restrict ourselves to
the parabolic dependence of the functions k, £, fon the
radius:

K=Cotbor?, f.=c,+b? f=cy+by

Using asymptotic expansions of the functions
T, (b/7), Ty(b/7), Ty(b/1) at T — oo [8], we obtain the
following algebraic equations to determine the coef-
ficients ¢;, b;:

Brico+1pnlbo+2¢c,—Pc, —1fb, = 0,

Br’co — by —8b, —4Pc, = 0,
neo+ Py +3fb, =0, (47)
4nby— fcy+ b, =0,

fey+2¢, =0,
Bb,+4b, = 0.
The solution of the set {(47) is
b-(): —0.33, bi = —0.22, E = —0.11,
Co ¢y ¢,
oo 355 2= 0485, p=097.
Co Cy
=0
1O+ c
0.8 7:0.33
N T=|
:‘é :_—, 0.6 r~

0.4}

0.2t
L al 1 i l

0 0.2 0.4 0.6 0.8 1.0

<8
x|x
0.4~
0.2f
) ! ! 1 1
0 0.2 0.4 0.6 0.8 1.0

r
Fi1G. 3. Function k(r)/x(Q) vs r.
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FIG. 4. Function f,(r)/ f.(0) vs r. 3.

0 0.33 0.50 1.0

_r{/.fz

0 0.133 0171 0218 0248 0270

R/ fEH

0.318 0375 0442 0501 0543 0556

B

0 0.708 0773  0.862

Hence,

K = co{1—033r%), f, = c,;{1-022r),

1=, (1-0.11r2),

2.0 o 6.

0912 0970 &
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It should be noted that according to the solution for
a free-molecular regime, obtained by an alternate
means [10], § = 1.

The Table summarizes the values of &/ f,, &/ f (1) for
different r, which permit the cross-section averaged
flow in the z-direction as well as the flux on the lateral
surface to be determined by formulae (18). Figures 2-4
present the distributions of the functions «, rf and f;
over the radius, necessary for determining the profiles
and velocities (in this case the approximation used at t
= for k{r) turned out to be insufficiently accurate).
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CINETIQUE DU TRANSFERT DE MASSE DANS UN CAPILLAIRE AVEC EVAPORATION
SUR LA SURFACE INTERNE

Résumé—On donne la formulation mathématique et la méthode de résolution du probléme de la
cinétique du transfert massique dans un capillaire avec évaporation a la surface interne. Une équation
linéarisée BKG est résolue la fonction de distribution étant choisie de fagon que les conditions limites
soient satisfaites pour Péquation originale divisée en deux équations pour les fonctions dépendant
respectivement de z et de r. Des expressions sont obtenues pour les distributions des grandeurs
macroscopiques caractéristiques de 'écoulement de vapeur. Dans une seconde partie de l'article, sur la
base de la technique générale donnée, on étudie analytiquement le transfert massique pour les cas limites
d'un milieu continu et d'un régime moléculaire libre. Les tables et les figures présentent les valeurs des
grandeurs qui concernent 'écoulement moyen dans la section droite selon la direction axiale et
'écoulement sur la surface latérale et les profils de masse spécifique et de vitesse pour différents
régimes de raréfaction.

DIE KINETIK DER STOFFUBERTRAGUNG IN EINER KAPILLARE
MIT VERDAMPFUNG AN DER INNEREN OBERFLACHE

Zusammenfassung—Die Arbeit beschreibt die mathematische Formulierung und die Losungsmethode
des Problems der Stoffiibertragungskinetik in einer Kapillare mit Beriicksichtigung der Verdampfung an
der Innenfliche. Es wird die linearisierte Gleichung eines BK(G-Modells geldst, wobei die Distri-
butionsfunktion derart gewdhlt wurde, daB sowohl die Randbedingungen erfiilit als auch die
urspriingliche Gleichung in zwei von z bzw. r abhiingige Gleichungen aufgeteilt werden konnte. Es
werden Ausdriicke fir die Verteilung makroskopischer den Dampfstrom charakterisierende Groflen
erhalten. Im zweiten Teil der Arbeit wird auf der Grundlage der aligemein gegebenen Technik der
Stofitransport in einer Kapillare analytisch fiir die Grenzfille des kontinuierlichen Mediums und der
freien Molekular-Strdmung behandelt. Die Tabellen und Bilder geben GroBen an, nach denen sich
sowohl der Uber den Querschnitt gemittelte axiale Fluf als auch der Flufl an einer seitlichen
Oberfliche sowie die Dichte- und Geschwindigkeitsprofile fiir verschiedene Verdiinnungszustdnde
ermitteln lassen,
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KUHETUKA MACCOMNEPEHOCA B KAIMWJUIAPE TPU UCIMMAPEHUU
C BHYTPEHHEHN TTOBEPXHOCTH

Anvotauns — B paboTe paccMaTpuBaroTCs MaTeMaTH4eckas MOCTAHOBKA M METO PELICHUs 3ada4uu
O KMHETHUKE MACCOMEPEHOCa B KANMMJIAPE TP HCMapeHuu ¢ BHYTPEHHER NOBEPXHOCTH. Pelwaercs
JIMHEApHU30BaHHOE MoaenbHoe ypasHeHde BI'K. Tpu stom dyHkuuu pacnpeneneHus sbibupaercs
TaK{dM, YTOObI yNOBAETBOPAIUCL FPAHUYHbIE YCIOBUS, & TAKKE UMENIO MECTO Pa3aeNeHHe HCXOAHOTO
YPaBHEHMsI HA [ABa ypaBHEHHs WS (YHKUHWHU, 3aBUCAILUNAX OT Z W OT ¥ COOTBETCTBEHHO. [lonyveHn
BbIpAXEHUs A/ pacnpeaeneHiii MaKpOCKOMUYECKUX BE/TMHYMH, XapaKTePU3yOUINX TeYeHHe mapa.
Bo BTOpoOii 4acTu paboThl, UCXOAA U3 NPUBEACHHON! OOLIEH METOAMKH, AHATUTHYECKH HCCACLYETCS
MAaCCOMNEPEeHOC B KAMUApe ANs NpeJeNbHbIX CNy4aeB CIUTOIHON cpebl ¥ ¢BOOOAHOMONEKYNSPHOTO
pexuma. B tabnuue ¥ Ha pUCYHKax MPUBOASTCA 3HAYEHUS BEJIMYMH, TIO3BOJISIOUINE OMPENCINTh
CpeHUi N0 CEYEHHIO MOTOK B AKCHAIBHOM HAMPABIIeHHH U MOTOK Ha OOKOBOH NOBEPXHOCTH, a TAKKe
npoduan NJIOTHOCTH M CKOPOCTEH IS PAa3/IMYHbIX PEKUMOB Pa3PEXKEHHUS.



