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The process of the formation of a stationary mass transfer mode for 2 moving
reacting particle is examined, An analytic expression valid for a nonstationary
distribution of the concentration of matter in a steady stream of viscous fluid,
flowing past a spherical particle, was obtained for the case when at a certain in-
stant a chemical reaction of the first order begins at the surface of the sphere,
The problem is solved for small finite Reynolds and Péclet numbers, The solu-
tion of the corresponding stationary problem has been obtained in [1]. Paper [2]
examined a nonstationary heat transfer of a fluid spherical drop in an inviscid
flow with spasmodic change of initial temperature at high Péclet numbers, Paper
[3] contains an analysis of the problem of a nonstationary heat transfer of a rigid
spherical particle for small Reynolds and Péclet numbers at spasmodic change of
temperature of the particle surface, The results obtained in [3] can be used to
describe the mass transfer for a moving reacting particle only in the case of a
diffusion mode of the chemical reaction,

1, Statement of the problem, A diffusion process is considered for the case
of animpenetrable spherical particle, the radius of which is ¢ and around which a sta-
tionary stream of a viscous incompressible fluid flows, At large distances from the par-
ticle the velocity of the oncoming stream and the concentration of the diffusing mater-
ial are constant and equal [/, ¢, ,respectively, It is assumed that at an initial instant
a chemical reaction of the first order begins at the surface of the particle (e, g. due the
particle being warmed up to a certain critical temperature), We choose the spherical
system of coordinates r , 0, where the coordinate r is taken with respect to the center
of the particle and the angle 0 to the direction of the flow velocity at infinity, We re-
present the equation and the boundary conditions in the form
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Here v,, vy are the velocity components, D is the diffusion coefficient, 4, is the rate
of the chemical reaction, the prime denotes dimensional values, We note that the rela-
tions (1,1)—(1,4) describe also the process of the heat transferand for & = oo correspond
to the mode for which the surface temperature is maintained constant, In the problem of
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the heat transfer it is assumed
T — To Ua
. P =—
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where 7'y is the temperature of the onflowing stream, 7', is the surface temperature and
¥ is the coefficient of the thermal diffusivity of the medium, The problem is solved for
small finite Péclet and Reynolds numbers, The velocity distribution in the stream is con-
sidered to be specified by the expressions obtained in [4], Introducing the Schmidt num-
ber § = P/ R we write for the stream function the expressions [4] in the following
form:
for the inner region
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and for the outer region
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Terms of the order P2 are not taken into account, The Schmidt number is assumed to
be large or equal O (1) (the case of S << 1 is of small practical interest) and in the
solution of the problem is considered constant,

2, Method of solutfon, We introduce the Laplace transformation for the con-
centration to be found oo
= S ePE(r, p, T)dv
0
As § is limited for T — oo, then ( is analytic for Re s > 0. Taking into account
(1.2) the equation obtained from (1,1) for { in the inner region has the form
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and in the outer region
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Here A* is the Laplace operator in the variables p, w. The boundary conditions (1. 3),

(1.4) yield ot X
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The problem is solved by the method of matched asymptotic expansions with resepct to
the P€clet number. The particular features of the method were examined in [4], We have
to determine { in the form o

Lo = 2 dy (P) L (r, p) in the inner region (2. 5)
n=0
[* = 2 a™ (LY LM (p, u) in the outer region (2.6)

n=0
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Moreover, it is required that
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3, Construction of the solution, Zero order approximations,
The zero order approximation of the outer expansion has the form {® (p, u) = 0.For
the inner expansion we obtain the Laplace equation A, = 0, and we assume o, (P)=
1/ P. For such a choice of a, the solution a,{,, which satisfies the condition (2,3),
represents a Laplace form of zero approximation quoted in {1]
;7:
bo=-%, 4=477 (3.1)
First approximations, It follows from (3,1) that o/ (P) = 1. The equation
for W (p, p) has the form
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The solution of Eq, (3. 2) vanishing at infinity, is
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Here Kniy, (2) is MacDonald function, P, (p) is the Legendre polynomial; that
branch of the function ' 1 + 4s which on the real half-axis 0 < s < oo yields the
arithmetic value of the root, is always taken, The coefficients A, are determined from
the matching conditions with (3,1), Finally we have

[0 = .s%exp [—g- w—V1+ 43)} (3.3)
It follows that «, (P) = 1 and the equation for {; has the form
q 3 . L
= (13 )

The solution of this equation satisfying the boundary condition following from (2. 3) and
the matching condition with (3. 3)
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Second approximations, In the second approximation q® (P) = P.We have
the equation
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The solution vanishing at infinity is
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Here the functions L, (p) represent the coefficients of expansion of ¢~ 'p"2L (p)

Legendre polynomials,
After cumbersome calculations we obtain the matching of £*® (p, p) with £, (r, p)
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As is evident from (3, 7), for the second approximation of the inner expansion u, ( Py =
P In P. For {, we have the Laplace equation, the solution of which satisfies the condi-

tion (2, 3) and the matching condition with (3, 7)

=3\~

Third approximation, Due to the appearance of a logarithmic singularity in
the second approximation of the outer expansion, the third approximation of the inner
expansion is also determined by the matching with (2), We have o3 (P) = P, and

after all the calculations we obtain
e o)
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Finally we obtain the third approximation of the outer expansion, If follows from (3, 8)
and (3, 9) that a® (P) = P? In P, therefore the equation for {(® agrees with (3,2).
After the matching we obtain

(0 = Lexp [ 4 (0 — VT %) (3,10)

4, Concentration field, Flux of matter on the particle surface,
To determine the concentration field near the particle we find the original of the func-

tion g*:%go+§1+PlnP§2—l-P§s

using the results obtained in Sect, 3, Following the usual method, we obtain for the reg-
ifon T ~ 1 and T > 1 the concentration field in the form
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The calculation of the total flux of matter on the surface of the particle, using (4, 1),
gives the following relationship for the Nusselt number

N(@) =20+ Pig() + PP+ ¢P [~ hy—  (4.2)
286 — 527 5 . ]
g TS~ —6 @
Thus the passage to the stationary mode is defined by a composite time function, In the
region T — oo the formulas (4,1) and
(4,2) yield the results obtained for the ¥

=05
stationary mode in [1], In the particular I
case of an infinitely large reaction rate
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(¢ = 1) they become the relationships obtained in [3].

In Fig, 1 the graphs of the function N (1) are given for various values of the Péclet
number and various reaction rates, We see that the speed of approach to the stationary
mode increases almost inversely proportionally to the Péclet number, The mass trans-
fer process becomes practically the stationary mode for v > 2/ P,i.e. t > 2D/ U?,
establishing that the results from [1] are applicable,
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The plane model proposed by N, N, Verigin for a stabilized fresh water lens pro-
duced by uniform infiltration is investigated in hydrodynamic formulation in the
case of equidistant horizontal slit drains, Formulas are obtained for the separa-
tion boundary, the depression curve, and characteristic dimesions of the lens, '

1, Statement of problem, The considered pattern of flow is shown in Fig, 1.
An infinite system of parallel slit drains of the same width 24 normal to the Xy -plane
is disposed along the x ~axis (the ¥ -axis is directed vertically upward), We assume that

L

%4 the soil is homogeneous and of unbounded
{ | | ¢ depth, and the distance between the middle of
2 A; adjacent drains is constant and equal 2/, Fresh
e K [ water of density 0, seeps from the surface of
Eyy— : T’T’ the soil over the free boundary (the depression
L\)i Hy /f G) - and is drawn off through the drains, Salt
- L ground water of density p, lies below the sepa-
- L : —»?l ration boundary (curve £F), The case of in-
it is assumed that infiltration intensity ¢ (per
unit length of the x -axis) is constant, the ground water is stationary [1, 2], and the mo-
tion in the lens is stationary,
and symmetric about the y-axis reduces to the solution of the following mathematical
problem 1], We have to construct region G of the form shown in Fig, 1 with a pair of
harmonically conjugate functions ¢ and 1 inside it, so as to satisfy the boundary condi-

£ curve ARB), passes through the lens (region
Fig, 1 complete flooding of drains is considered and
Investigation of the described model which is periodic with respect to x of period 2L
tions



