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Abstrnc-An integral method of the Pohlhausen-type is derived to calculate the nonequilibrium flat 
plate boundary layer for a binary mixture consisting of atoms A and molecules&. The catalytic activity of 
the wall can be chosen arbitrarily. The method is based on the Crocco relationship between the enthalpy 
and velocity profile for Prandtl and Lewis number unity. The velocity profile is assumed to be known and 
and a trial solution is made for the unknown atom mass-fraction profile. The shape parameter and a 
characteristic boundary layer thickness of the atom mass-fraction profile are obtained from the integral 
relations for momentum and diffusion. The influence of the catalytic activity of the wall on the develop- 

ment of the temperature and atom mass-fraction profile as well as on the wall heat flux is discussed. 

NOMEN~~~ 

atom ; 
molecule ; 
coefficients of atom mass-fraction 
profile ; 
constant in equation (2.10); 
constant in equation (2.9); 
frozen specific heat of mixture; 
binary diffusion coefficient ; 
gradient and curvature of atom mass- 
fraction profile at the wall ; 
defined by equation (3.16); 
defined by equation (3.17); 
defined by equation (3.18); 
enthaipy ; 

fwa ; 
total enthalpy, k, = h + u2/2 ; 
equilibrium constant ; 
specific rate coefficient for surface 
reaction ; 
specific dissociation rate coefficient ; 
specific recombination rate coefti- 
cient ; 
Lewis number ; 
molecular weight ; 

Mach-number ; 
production rate of atoms per unit 
volume ; 
exponent in equation (2.10); 
exponent in equation (2.9); 
static pressure; 
characteristic dissociation pressure ; 
Prandtl number ; 
energy flux ; 
individual gas constant for molecular 
component ; 
absolute temperature ; 
characteristic dissociation tempera- 
ture ; 
x- and y-components of velocity ; 

erlu,; 
catalytic body; 
co-ordinates parallel and normal to 
the plate ; 

Greek symbols 
a, atom mass-fraction ; 

A, defined by equation (3.26); 
6, boundary layer thickness ; 
6 02 diffusion thickness ; 
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momentum loss thickness ; 

Y/6 ; 

TIT,; 
isentropic exponent ; 
thermal conductivity of mixture ; 
dynamic viscosity of mixture ; 
mass density of mixture ; 
characteristic dissociation density ; 
shear stress, z = p &/8y ; 
exponent in equation (2.27). 

Subscripts 
A. denotes atom ; 

M, denotes molecule ; 

1 
denotes wall conditions ; 
denotes conditions at outer edge of 
boundary layer ; 

1, denotes atom A as catalytic body ; 

2, denotes molecule A, as catalytic 
body ; 

* denotes equilibrium conditions. 

1. INTRODUCTION 

THE PROBLEM of calculating chemically reacting 
nonequilibrium boundary layers has a physical 
and a mathematical aspect. The physical prob- 
lem is to describe the homogeneous reactions 
in the gas phase as well as the heterogeneous 
reactions at the wall and to find good approxi- 
mations for the transport coefficients. For a 
binary mixture those questions can be answered 
sufficiently accurate. On the other hand the 
mathematical problem is to solve a set of strongly 
coupled partial differential equations. Because of 
these difficulties only special cases have been 
reported in the literature, see e.g. the compre- 
hensive article of Chung [ 11. The various cases of 
nonequilibrium surface reactions are studied 
assuming that the gas phase reaction is frozen. 
On the other hand the nonequilibrium gas 
phase reaction is considered for surfaces either 
nonreacting or in equilibrium. 

About the first problem, viz. the frozen 
boundary layer with nonequilibrium surface 
reaction, the reader will find a lot of references 
in the article by Hayday and McGraw [2]. 

Chung and Anderson [3] have been first to 
calculate a flat plate boundary layer with 
nonequilibrium gas phase reaction using an 
integral method of the Pohlhausen-type. They 
assumed the wall to be adiabatic and non- 
catalytic. The first calculation of a non-equilib- 
rium boundary layer using a finite difference- 
method has been performed by Blottner [4]. 
He treated the same example as Chung and 
Anderson did and in addition considered the 
case of a strongly cooled catalytic wall. The 
last example has been treated also by Pallone, 
Moore and Erdos [S] who employed an integral 
method of the Dorodnitsyn-type. Further 
articles are cited in [l]. 

Recently Peters [6] as well as the author [7] 
have studied the general problem of a flat plate 
boundary layer with nonequilibrium gas phase 
reaction and arbitrary heterogeneous surface 
reaction. This was done by Peters with a 
Hermitian difference-method and by the author 
with an integral-method of the Pohlhausen-type 
related to that ofChung and Anderson developed 
for the special case of an adiabatic and non- 
catalytic wall. 

After a short description of the cited integral 
method [7] the influence of the catalytic 
activity of the wall on the characteristic bound- 
ary layer profiles and on the heat transfer will 
be discussed in an example. 

2. BASIC EQUATIONS 

The appropriate boundary layer equations 
neglecting thermal diffusion are 

(2.1) 

au au a au 
P"~+Pua~=& pjjji () 

(2.3 

(2.4) 
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Here 

&!z! (2.5) 
P 

is the degree of dissociation or atom mass- 
fraction. Equations (2.1), (2.3) and (2.4) are the 
well known overall continuity equation, the 
momentum equation and the energy equation 
written with the total enthalpy h,. The energy 
flux 4 is due to a conduction and a diffusion 
term, viz. 

Equation (2.2) is the partial continuity equation 
for the atoms, often called diffusion equation. 
The source term rirA is the mass rate of forma- 
tion of atoms per unit volume due to homog- 
eneous chemical reaction. Here we consider the 
dissociation-recombination reaction 

k_ A,+Xr2A+X. (2.7) 
b 

From chemical kinetics the production term 
tiA is given by 

see [S]. The reaction rate constants k, and 
k, for the forward (dissociation) and backward 
(recombination) reaction can be written as 

kdT) = C, TQexp 
(, 1 

- % (2.9) 

kb(T) = Cb T”b, (2.10) 

where k, is related to k, through the equilibrium 
constant K, : 

K b c=-. 
kb 

(2.11) 

The COnStadS c, nf, C& and nb depend on the 
special reaction considered and on the catalytic 

body X, which for the binary mixture con- 
sidered can be an atom A (Index 1) or a molecule 
A, (Index 2). 

Further the thermal and caloric equation of 
state are needed. The mixture is assumed to 
behave as a Lighthill gas, so that we have 

p=(l+a)pRT (2.12) 

h= [4+a(l +$)]RT. (2.13) 

Following [l] the boundary conditions of the 
set of equations (2.1H2.4) are at the wall 
(y = 0): 

u(x, 0) = v(x, 0) = 0 (2.14) 

T(x, 0) = T,(x) (2.15a) 

q(x,O) = q&c)= - A$ + pD(h, -h.)$ 1 w 
(2.15b) 

(2.16a) 

a(x, 0) = a,(x) = a: (x) for K, -+ cc 

(2.16b) 

and at the outer edge of the boundary layer 
(y = S): 

u(x, 6) = u&x) = constant 
T(x, 6) = T,(x) = constant 
a@, 6) = aafx) = constant. (2.17) 

For the energy equation (2.4) the wall tempera- 
ture Tw(x) or the wall heat flux q,,,(x) must be 
given. The diffusion equation (2.2) also has two 
alternative boundary conditions. Equation 
(2.16a) describes the relation between the dif- 
fusion of atoms towards the wall and the 
production of molecules due to the heteroge- 
neous recombination reaction at the wall, this 
is usually known to be a first-order reaction. 
The reaction rate coefficient K, of the heteroge- 
neous wall reaction depends on the surface 
material as well as on the gaseous reactant and 
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the surface tem~rature. In the limiting case of 
a catalytic wall (KW + co) the atom mass- 
fraction at the wall is equal to its equilibrium 
value, then equation (2.16b) holds. For a 
partially or non-catalytic wall (K, jt co) equa- 
tion (2.16a) holds ; then the unknown atom mass 
fractian at the wall is coupled with its unknown 
gradient at the wall. If the wall is strongly 
cooled so that GZ,* = 0 the right hand side of 
equation (2.16a) becomes &&a),. The equi- 
librium atom mass-fraction ct* follows for the 
Li~thill gas from 

It is useful to introduce into the energy equation 
(2.4) the Prandtl- and Lewis-number 

Pr = !5 
a 

(2.19) 

Le=q5* (2.20) 

The frozen specific heat Cp for the Lighthill gas is 

& = (4 + ix)R. (2.21) 

For most gases of interest Pr and Le are close 
to unity. Assuming Pr = Le = 1 one obtains 
for the energy equation 

Now the well known Crocco relationship 
between enthalpy and velocity field 

I+; = 1 + (H, - l)(I - V) 
d 

+ g U(1 - U) (2.23) 
4 

holds, when the further assumption W, = 
constant is made. Equation (2.23) is approxi- 
mately valid also for variable wall enthalpy. 

In the following we are going to assume that 
the atom mass-fraction at the outer edge of the 

boundary layer will be zero. This assumption 
which is not necessary, see [7], but simplifies 
the following relations, yields u,‘/2h, = (K - I) 
Ma, 2,i1 for qs =I 0. 

Instead of N, the ratio BW = Tw/& is 
commonly used as heat transfer parameter. 
From equations (2.12) and (2.13) one obtains 

- I_ ~- -.... = .!I (0, E) P 1 

Pa @(l+@ Pa 
(2.24) 

8 _ _=_ _rz” - O1 TDjT, 

T,- 4+a 
= B(H, n). (2.25) 

Introducing 8, instead of H, equation (2.23) 
leads to 

+ y Ma,’ U(1 - U) = H(U, a,). (2.26) 

The transport coefficients p, A and D must be 
known. However because of Pr = Le = 1 only 
one relation is necessary. Approximately this one 
is 

3. INTEGRAL METHOD 

Using the coupling relation (2.26) the velocity 
and atom mass fraction profiles are unknown 
The temperature and density progles will be 
found from equations (2.24)-(2.26). The velocity 
profile can be assumed to be given as 

U(?,?) = 21 - 2q3 + Pp. (3.1) 

Then only the atom mass-fraction profile 
remains unknown, It shall be approximated by 
the fifth degree profile 

as Chung and Anderson [33 did. The six 
coefficients ai of the above polynomial are 
determine by satisfying the following bound- 

0$x, Y/f = i a,(x)q” (3.2) 
i=O 
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ary conditions. At the wall (q = 0) we have 

a(& 0) = n,(x) (3.3) 

= F,(S, %) for& # rx) (3.4a) 

M&C) = Q,+(X) for K, + co (3.4b) 

= F&, a,), f3.5) 

Equation (3.4a) follows from the bounda~ 
condition (216a). Chung and Anderson con- 
sidered the special case K, = 0, for which 
@x/L?& = 0. If the wall is catalytic (K, --+ cx)), 
the boundary condition (2.16a) or (3.4a) res- 
pectively must be replaced by equation (2.16b) 
and equation (3.4b) hotds. The relation (3.5) is 
obtained from the ditfusion equation (2.2) 
written at the wall. The second term on the 
right hand side is zero. This follows from the 
compatibility condition of the momentum equa- 
tion (2.3) and the given velocity profile (3.1). 

At the outer edge of the boundary layer 
(r~ = f) we have 

a(x, 6) = ctg = 0 (3.6) 

du 0 -- 
ijzId =O (3.7) 

d% ( > a2fiziz,, 

PC! 
= ---.-=:o, 

Pd 
(3.8) 

The relation (3.8) follows from the diffusion 
equation (2.2). It is equal to zero because of 

MA6 = 0. 
From equations (3.3)-(3.8) we get the follow- 

ing relations for the six coefticients ai : 

a, = o[, 

a, = F, 

They are functions only of the unknown 
boundary layer thickness 6 and the unknown 
atom mass-fraction cr, at the wall. The quantity 
o;, is a useful shape parameter for the non and 
partially catalytic wall (K, # 60). If the wall is 
catalytic (K, -+ cx1), then CC, = rx,* and the 
gradient F, = (dcc/aq), can be used as the 
shape parameter. In the following we restrict 
ourselves to the case K, # CC: for the case 
K, -+ a3 see [7]. As we shall se in chapter 4, 
the (only theoretically existing) limit K, -+ co 
can be approximate by K,, + 1. 

The two unknowns 6 and ~1, are obtained 
from the integral relations for momentum and 
diffusion 

“s,_ L 
dx -pau62 

(3.10) 

with 

(3.12) 

(3.13) 

0 

as the well known momentum loss thickness and 
the so called diffusion thickness. In order to 
solve the two ordinary differential equations 
(3.10) and (3.1 l), the quantities a,, 6,, z,, 

(p ~~/~~)~ and !&A dy must be expressed as 

functions of the “two unknowns S and ct,,, as well 
as of the given parameters of the problem. 

From equations (2.24) and (2.25) we obtain 

a5 = -ti,-3F,-SF,. (3.9) (3.14) 
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i 

6, = 6 s (4 + a) u u 
c1 + or)t4H _ cI TD,T) dv = 6, (6, a,). 

0 (3.15) 
Both integrals can be solved numerically with 
the coupling relationship (2.26) and the trial 
solutions (3.1) and (3.2). Using equation (3.1) 
the wall shear stress is given by 

=w 2pdewm 
Pau,Z 

= - z G,(6). 
Pa% 6 

(3.16) 

Furthermore we find 

The integral relation 

1 

G G2(a,). (3.17) 

& s fiA dq = G3 (4 a,,,) (3.18) 

0 

can be obtained numerically with the production 
term given by equation (2.8). For the equations 
(3.10) and (3.11) we can write in short hand 

da, (4 4 
dx 

= G, (6) (3.19) 

da, (4 a,) 
dx = 

- G,(a,) + G3 (6, ~1,). (3.20) 

The quantities 6,, 6, G,, Gz and G3 depend on 
the two unknowns 6(x) and a,(x) as well as on 
the given parameters of the problem. At the 
outer edge of the boundary layer Ma, Td and 
pa are given and ad is assumed zero. At the wall 
the catalytic activity K, and the wall tempera- 
ture T, or alternatively the wall heat flux q,,, 
are given. If q,,, is known a relation between T, 
and qw is obtained from boundary condition 
(2.15b). By aid of the equations (2.21) and (2.25) 
and with Pr = Le = 1 we get 

=4 E 
0 all W* 

(3.21) 

The enthalpy gradient at the wall is obtained 
from equations (2.26) and (3.1) leading to 

- qd =4 
k-1 

2R7M-E 
+-Mo,2-e, 

> 

- ~,t~, + G/T,). (3.22) 

This is a relation between the wall heat flux q,,,, 
the wall temperature 8, and the two unknowns 
6 and a,. For the special 
wall it follows 

f?,(q, = 0) = & 4 1 
W [( 

case of an adiabatic 

1 
-G&IT, J = 4&J (3.23) 

In order to solve the two ordinary differential 
equations (3.19) and (3.20) they are transformed 
into 

(3.24) 

dcr,_ !. Gr 2 
dx--A [ 0 =w 

(3.25) 

with 

= A (&LX,). (3.26) 

The partial derivatives of 6, and 6, with respect 
to 6 and a,,, are given in the appendix as functions 
of 6 and a, The integration of the equations 
(3.24) and (3.25) starts just behind the leading 
edge at x = x0 (here x0 = 1 mm is chosen). 
There the initial condition for the shape para- 
meter is 

C&(x0) = aa = 0. (3.27) 

The initial condition for the boundary layer 
thickness follows from the integral relation of 
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momentum (3.19). Because of CI(X,,, q) = 0 the 
quantity S&5, equation (3.14) is constant and 
the integration of equation (3.19) leads to 

6(x,) = 2 (3.28) 

With given initial conditions the set of equations 
(3.24) and (3.25) is solved numerically by a 
Runge-Kutta procedure. When the quantities 
6(x) and a,(x) are known, the atom mass- 
fraction profile is given by equation (3.2) and 
the enthalpy, temperature and density profiles 
are obtained by the aid of equations (2.24) 
(2.26)and (3.1) respectively. 

At least for the wall heat flux qw an analytic 
expression can be derived. It follows from equa- 
tion (3.22) as 

(3.29) 

4. RESULTS AND DISCUSSiON 

The viscosity of molecular oxygen is iu, = 
159. low5 kg/m. s at & = 218°K. For the 
relationship (2.27)w = 07 is chosen. The reac- 
tion rate constants in the production term 
(2.8) are given by Camac and Vaughan and by 
Byron, see [7,8]. 

Results obtained by the integral method The reaction rate constant & of the hetero- 
presented in this paper have been compared geneous surface reaction is taken as a variable 
with two special examples given in the litera- parameter. Realistic values of K, lie between 
ture, see [7]. The first one was that of Chung about 0.05 m/set for Pyrex (nearly non cata- 
and Anderson [3], who treated an adiabatic lytic) and about 50 m/s for silver (nearly 
and non catalytic wall by an integral method, catalytic), see [2]. In the following the influence 
and the second one that of Blottner [4], who of the wall catalycity on the boundary layer 
treated a strongly cooled and catalytic wall by profiles is discussed. 

a finite difference method. In both examples 
good agreement is found. 

The most interesting problem is that of 
arbitrary catalytic activity at the wall. Then the 
full boundary condition (2.16a), which couples 
the atom mass-fraction and its gradient at the 
wall, holds. Such an example has been recently 

calculated by Peters [6] by a Hermitian differ- 
ence method. He used the following data 

Tb = 218” K 

1 

corresponding to 
pa = 1.207. 10e2 atm 100 000 ft altitude 

Mad = 23*8 
t&, = 3. 

The fluid may be oxygen with the characteristic 
data 

T, = 59 500°K 
pD = 2.3.10’ atm 

h4,, t= 16g/mol. 

i 
045 a 0.20 

FIG. 1. Atom mass-fraction profiles for a partially catalytic wall. 
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1 O- 
K, : O-5 m/s 

20 30 
8 

FIG. 2. Temperature profiles for a partially catalytic wall. 

n 

x = 0511 m 

-0 0.05 0.10 0.15 

FIG. 3. Atom mass-fraction profiles for various values of K, 

Figure 1 shows the development of the atom 
mass-fraction profile for a partially catalytic 
wall (K, = 0.5 m/s) and Fig. 2 shows the 
temperature profiles. At the beginning of the 
plate the dissociation reaction is dominating, 
the atom mass-fraction profile grows rapidly and 
the temperature profile becomes more slender 
with increasing distance from the leading edge. 

Figures 3 and 4 show the profiles of interest 
at a constant distance (x = 0.511 m) but for 
different values of the catalytic activity of the 
wall. High values of K, mean high assistance of 
the gas phase recombination near the wall ; for 

1.0 

v 

0.5 

0 

x = 0.511 m 

0 10 20 30 
9 

FIG. 4. Temperature profiles for various values of J&. 

--- Peters 161 

0 2 L 6 8 10 
x, m 

FIG. 5. Atom mass-fraction at the wall for various values of K, 
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0.05 0.10 0.5 1 5 IO 50 loo 
Kw, m/s 

FIG. 6. Atom mass-fraction at the wall at different distances. 

K, $ 1 the atom mass-fraction at the wall Figure 5 shows the development of the atom 
changes into its equilibrium value which is mass-fraction at the wall for various values of 
zero in our case of the strongly cooled wall. K, compared with results of Peters [6]. Peters 
For the non catalytic wall (K, = 0) on the other used more complete relations for the transport 
hand the atom mass-fraction at the wall has a properties and the caloric equation of state. For 
maximum ; then there is no assistance of large distances all curves must reach asymp- 
recombination by the wall. totically the equilibrium value a,,,* = 0. Figure 6 

10-3 1o-2 10-l 1 10 

FIG. 7. Wall heat flux for various values of X;. 
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gives the same information as Fig. 5, the circles 
indicate calculated values. From Fig. 6 it is 
evident, that the wall is nearly non catalytic 
for values K, < 0.05 m/s and nearly catalytic 
for values K, > 50 m/s. 

Finally Fig. 7 shows the wall heat flux for a 
nearly non catalytic (K, = 0.05 m/s), partially 
catalytic (K, = 0.05 m/s) and nearly catalytic 
(K, = 50 m/s) wall. The heat flux, equation 
(2.6) depends on two terms. The conduction 
term is proportional to the temperature gradient 
and the diffusion term is proportional to the 
gradient of the atom mass-fraction. Near the 
leading edge there is no influence of the wall 
catalycity on the wall heat flux, because the 
diffusion term is negligible there. At large 
distances the boundary layer is near its equi- 
librium state ; there the influence of the wall 
catalycity vanishes too. In general the wall heat 
flux can be reduced when a surface material with 
low catalytic activity is chosen. 
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APPENDIX 

Fromequations(3.14)and (3.15) wehave 

Thus 

(4 + a)Ua 

’ Z (1 + a)(4H - @To/T,). 

Table 1 

au 

as 
dH 

as 

da 

as 

aa, 
as 

au, 
as 

aa, 
as 

aa, 
as 

aa, 
’ as 

aa, 
as 

aF, 
as 

aF2 
as 

0 

0 

0 

dF, 
as 

1 aF, 

2 as 

_6!?!-;!?$ 

,!?!2+!a3 
2 as 

F, 
6 

2; 
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Table 2 

with an,,. 
& 

aH 
then K 

aa" 
am,. 
aa, 
ah 
aa, 
aa, 
aa, - 
a%,,. 
aa, 
aa, 
aa, 
aa, 
aa, 
aa, 
dF, 
aa, 
dF2 
ah 

qW = 0; b. c. (2.15b) 
8, = const. ; b.c. (2.15a) 

0, = e,(a,) equation (3.23) 

0 

1 
0 

0, + WTa - 
4 + a, 

#‘, + TdT,) 0 

aa, aa, aa, aa, 3 da, da, 
~+-V+yp+~V +p4+p5 

W ax,,. W ,( W W 

1 

af.1 

aa, 

1 aF, 

2 da, 

_&fjaF'-3dF, 
aa, 2 aa, 

see above 
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with 

~=f~4H~:7Td,T -(4+a:I+rd L D a 1 
“f=fz aa, w F 4HZ,T -(4ia;l+1) D d I 

+ aa 
- I U(4 + Q -- .____. --_ 

as dd (1 + a)(4H - a?‘&rr,) 
- % 

(4 + a)(? + a) 

yTdT, + ---~ 
4H - aTJT, I 

aa r U(4 + a) &l _=- - 
% da, kl + a)(4H ~-~~ - (4 + a)(1 + (x) 

+ _ci!5__ 
I 

_ !?! +I 
4H - aTJT, da, 4H - aT,/T, 

For 3aj36. da/da,,, andafiiaa,see Tables 1 and 2. Note that 
in the above equations we already made use of XJ,@& 
cheat and ~H~~a~ = 0. 

UNE MfiTHODE INTI?GRALE POUR UNE COUCHE LIMITE LAMINAIRE SUR PLAQUE 
PLANE AVEC DISSOCIATION HORS D’fiQUILIBRE 

R&mm&-On utilisc une methode integrale du type Polhausen pour calculer la couche limite de plaque 
plane hors d’equilibre pour un melange binaire compose d’atomes A et de molecules A,. L’activite 
catalytique de la paroi peut &tre choisie arbitrairement. La methode est bascie sur la relation de Crocco 
entre les prolils d’enthalpie et de vitesse pour des nombres de Prandtl et de Lewis unitaires. Le proiil de 
vitesse est suppose connu et une solution est obtenue pour le prolil inconnu de concentration massique 
en atomes. Le parametre de forme et une Cpaisseur de couche limite caracttristique a partir du profil de 
concentration massique en atomes sont obtenus & partir des relations integrales pour la quantite de mouve- 
ment et la diffusion. On discute I’influence de l’activite catalytique de la paroi sur Ie d~velop~ment des 
pro% de tem~rature et de con~ntration massique en atomes aussi bien que sur le flux thermique parietal. 

EINE INTEGRALMETHODE FiSR LAMINARE GRENZSCHICHTEN AN DER EBENEN 
PLATTE MIT DISSOZIATION IM NICHTGLEICHGEWICHT. 

Zusammenfasaung-Es wurde eine Integralmethode vom Pohlhausen-Typ abgeleitet, urn die Grenzschicht 
an einer ebenen Platte fiir ein bin&es Gasgemisch, bestehend aus Atomen A und Molekillen A,, im 
Nichtgleichgewicht auszurechnen. Die katalytische Aktivitlt der Wand kann willkiirlich gewahlt werden. 
Die Methode beruht auf der Crocco-Beziehung zwischen dem Enthalpie- und Geschwindigkeitsprofl 
fur Pr = 1 und Le = 1. Das Geschwindigkeitsprofil wurde als bekannt vorausgesetzt. Dann wurde ein 
Ansatz fiir das unbekannte Profil des Massenanteils der Atome gemacht. Der Formparameter und die 
charakteristische Dicke des Profils des Massenanteiis an Atomen wurde mit Integralbeziehungen fiir 
Impuls und Masse vermittelt. Der Einfluss der katalytischen Aktivitit der Wand auf die Ausbildung des 
T~peratu~ro~ls und des ProliIs des Massenanteils an Atomen und auf die W~~estromdichte an der 

Wand wurde diskutiert. 

~HTErPA~bHbI~ METOg j@IfI HEPABHOBECHOrO ~~CCO~~~PY~~ErO 
JIAMBHAPHOFO HOI’PAHBYHOI’O CJIOH HA HJIOCHOR HJIACTBHE 

AHHoTaqasr-Bbmenen EiHTerpaJIbHhIfi MeTOg TBIIa MeToAa IIonbrayseea AJIH pawETa 

HepaBHOBeCHOrO IlOrpaHAVHOrO CJTOR Ha nnOCKOti IIJIaCTLlHe 6mapHollr CMeCA,COCTORlI.lei+ H3 

aTOMOB A II MOneKyJI As. tEaTaJIHTMYeCKaH eKTHBHOCTb CTeHHH MO)f(eT BbI6HpaTbCH llpOPi3- 

BOJIbHO.?VfeTO~OCHOBaHHaCOOTHOIIIeHl4Ii ~pOKKOMelKAy3HTWIb~He~tlr lSpO@llJIeM CKOpOCTIl 

&mI%wen npaHATJIflEl JIblovrca,PaBHbIXe~aHa~e.npeAnonaraeTcR,YTO IIpO~llJlbCKOpOCTIl 

EIBBeCTeH, H MOTOAOM npo6 nOJlyWeTCH pemeHMe AJlfl HeE13BeCTHOrO IIpO+inH MaCCOBOt 

KoisueiiTpaqnH aToMoB. cDopni-napaMeTp pi xapaKTepKaK Tonmmia norpannworo ~051 

IIpO@UIFl MaCCOBOti KOHqeHTpaI&HM! aTOMa tlOJly9eHbI 113 HHTerpaJIbHblX COOTHOIiIeHAi? AJIR 

KOJIWieCTBa ABZQKeHIIR. PaCCMOTpeHO BJiI_IAHEle KaTajrIlTll=leCKOti aHTLIBHOCTIl Ha PaBBHTHe 
npoijmjrfs Te~~epaTypbI ZI nfacco3otl KoH~eKTpa~~~ aToMa, a TaKme Iia ROTOK Tenjia ria 

CTeHKe. 


