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Abstract—The concentration field is discussed which exists far downstream from a line source of ammonia
gas emitting continuously into the boundary layer along a smooth flat plate. The boundary layer is ob-
structed by an impermeable and sharp-edged fence which extends over the whole width of the plate at a
short distance downstream from the source. The basis of discussion is a set of experimental data which
was obtained in a wind tunnel. ’

The flow field downstream from the fence exhibits three different zones of velocity distributions. These
zones are indicated and a velocity distribution law is given based on the assumption that the disturbed
boundary layer consists of two parts: an outer layer for which the parameters of the distribution law
depend on the boundary-layer thickness and on the geometry of the disturbing fence, and an inner layer
for which the velocity distribution law depends on the roughness of the floor.

The vertical distributions of concentrations downstream from the fence follow a similarity law whose
shape corresponds to that found in undisturbed boundary layers. The similarity parameters reflect strongly
the presence of the fence. The characteristic length 4 is found to increase exponentially with the fence
height. The characteristic length, the similarity law, and the velocity distribution law, are used to calculate
themaximum ground concentrations at large distances downstream from the fence where the presence of

the boundary-layer edge limits the growth of the diffusion plume to that of the boundary layer.

NOMENCLATURE L, distance of reattachment point from
A, coefficient in the velocity distribution fence [cm];
law for the outer layer [Dimension- u, local velocity [cm/s];
less]; Uy, shear velocity of inner layer [cm/s];
¢, local concentration [em?/cm?]; u.,»  shear velocity of outer layer [cm/s];
Cys shear-stress coefficient of the outer Uy, ambient velocity [cm/s];
layer [ Dimensionless] ; X, horizontal distance from the source
Cmax» ~ Maximum or ground-level concentra- [cm];
tion [cm3/cm3]; x', ratio ¢'/6 [ Dimensionless];
D, coefficient in the velocity distribution X, horizontal distance from the fence
law for the inner layer [Dimension- [cm];
less]; y, vertical distance from the wall [cm];
G, volume flow rate of diffusing gas per Z,, roughness height [cm].
unit width of line source [cm?/sem];
h, fence height [cm]; Greek symbols
I..1,, integrals in the determination of o, exponent in concentration distribu-
ground level concentrations tion law [ Dimensionless];
[Dimensionless]; A, distance y at which ¢ = 4 ¢, [cm];
k, Von Karmén’s constant [ Dimension- v, kinematic viscosity [cm?/s];
less]; d, boundary-layer thickness [cm];



d, thickness of the undisturbed boun-
dary layer at X = 0 [em];
J, thickness of inner boundary layer
fem];
0, density of air [g/cm?];
T, wall shearing stress [g/cm?].
INTRODUCTION

THE ATMOSPHERIC boundary layer hardly ever
corresponds to the acrodynamic flow along a flat
plate with uniform roughness. Changes of
roughness along the approach distance, and
topographic features of small or large dimen-
sions, cannot fail to show their influence in the
local flow characteristics, and therefore, also
in the distribution of concentrations of any
matter which happens to be present in the
atmosphere. Very little is known about the
flow in a boundary layer which is disturbed by a
topographic feature and even less about diffusion
in such a flow field.

In order to provide a body of experimental
data, against which hypotheses concerning
diffusion of gas in a disturbed boundary layer
can be tested, the experiments reported herein
were undertaken. As a first experimental set-up,
the obstacle chosen consisted of a sharp-edged
flat plate placed perpendicular to the direction
of flow, and extending over the whole width of
the test section of a low speed wind tunnel.
This type of obstacle-shall be called a fence.
The physical situation corresponds somewhat
to the atmospheric flow over wind breaks or
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snow fences, but other types of obstacles can
be expected to behave similarly.

The diffusion plume was emitted continuously
from a line source placed at some distance
upstream from the fence at ground level, as is
indicated in Fig. 1. The floor of the wind tunnel
test section represents the lower boundary of the
flow field on which the boundary layer is
forming. The basic variable for the present
study of the diffusion field was the height of the
fence.

THE DIFFUSION ZONES OF A
DISTURBED BOUNDARY LAYER

An analytical description of the mean con-
centration distribution of a contaminating gas.
downstream from a continuous source, requires
a determination of the probability distribution
for finding contaminants at a given point in
space downstream from the source. This proba-
bility distribution is related to the velocity field
because it denotes the relative number of
elementary parcels of contaminating gas which
have travelled from the vicinity of the source
to the space point considered. Clearly, the path
of travel is the time integral of the instantaneous
velocities of the parcels with contaminating gas.
If the gas only marks, rather than modifies the
velocity field of the carrier fluid, then the
velocities of the parcel are the Lagrangian
velocities of the turbulence field of the carrier
fluid. This view of turbulent diffusion, due to
Taylor | 1], indicates immediately the difficulties
inherent in each analytical description of a
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FiG. 1. The zones of diffuston in a disturbed boundary layer.
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turbulent diffusion process, because even the
determination of the mean concentration re-
quires the averaging of a large number of realiza-
tions of the Lagrangian turbulence field. A solu-
tion of the equations which relate the statistical
parameter of the flow turbulence to the mean
concentration distribution has, therefore, been
obtained only for simple cases of homogeneous
turbulence. Semi-empirical equations, based
on experimental evidence, are required for more
complicated flow situations.

In an undisturbed boundary layer, it is found
that both the distribution of velocity and of
mean concentrations follow a similarity law.
The logarithmic velocity distribution law for a
rough boundary:

u 1.y
- = In Z (N
holds in the constant stress layer near the
boundary. In this equation u,; is the shear
velocity based on the wall shearing stress
1, = pul, and z, is the roughness height which
indicates the roughness characteristics of the
boundary. This law is, however, not valid
everywhere in the boundary layer. In the outer
layer of the constant stress region, the velocity
defect law
u—wu, 1 'y

= kln 5 2)
describes the distribution of velocity, where u,
is the velocity outside of the boundary layer,
and ¢ is the boundary-layer thickness. As was
shown by Clauser, equation (2) reflects the
momentum defect due to the shearing stress
pu3; of the portion of the wall which lies at a
large distance upstream from the section con-
sidered [2]. The logarithmic law is the equili-
brium form of the velocity distribution in a
turbulent boundary layer, and any.eonstant
stress boundary layer adjusts to it. Therefore,
one can expect to find that at large distances
downstream from a fence the outer profile has
a shape like that of equation (2), but with wu.;
replaced by another shear velocity u., which

u*i
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represents the effect of the fence. In addition,
for a disturbed boundary layer, the boundary-
layer thickness & is different from that of an
undisturbed boundary layer.

In an undisturbed boundary layer, the mean
concentrations follow a similarity distribution.
For the mean concentrations downstream from
a line source at ground level, Wieghardt [3], and
Poreh and Cermak [4], among others, show
evidence that the distribution of temperature
and of mass concentration, emitted respectively
from a line source of heat and of ammonia,
are represented by a similarity distribution of

the form
wh (3
Cmax(X) Ax)
where the exponent a was found to be about
1:6 to 1-8. In this equation, c(x, y) stands for
concentration (or temperature €Xcess), Cpay(X)
is the concentration (or temperature excess)
at ground level at some distance x, and A(x)
is defined as that vertical distance at which the
concentration in the two-dimensional con-
centration plume is reduced to one-half its
value at the boundary for given x, as indicated
in Fig. 1.

The diffusion characteristics depend on the
distance x of the section at which measurements
are being taken from the source. This has been
demonstrated by Poreh and Cermak [4]. They
separated the diffusion field into the zones
indicated in Fig. 1. In the first zone, near the
source, the geometry of the source and the
local velocity gradients are of dominant in-
fluence. In the second zone, the diffusion cloud
spreads out according to the law:

Ax) = 0:076 x°8 )

where both 4 and the distance x from the source
are given in cm. The exponent of 0-8 is apparently
characteristic for all types of boundary-layer
disturbances in an equilibrium layer. It is well
known that the same exponent is found when
the growth of a turbulent boundary layer along
a smooth surface is determined from Blasius’
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velocity distribution law (see reference [5]).
An exponent of 0-8 was also found by Elliott
for his model of the growth of an internal
boundary layer which starts at the discontinuity
in roughness between two adjacent surfaces
of uniform but unequal roughness [6]. Boundary
layers and diffusion clouds of two-dimensional
mean flows, are thus found to obey the same
growth laws. Explanations of this feature have
been given for the diffusion characteristics in
terms of the Lagrangian similarity hypothesis [ 7]
and in terms of a two-layer model of turbulent
flows over walls with roughness discontinuities
for the velocity distributions [8, 9].

Similar developments are found when the
boundary layer is disturbed by a fence. However,
one must expect that in the intermediate zone 4
grows slower than in the case of an undisturbed
boundary layer, because the high turbulence
level which was generated by the separation
from the fence edge decays quite rapidly. For
the present experiments, it is not possible to
determine the growth rate of 4 in the inter-
mediate zone with any certainty; it appears that
the final zone develops directly after the initial
zone.

In the final region of an undisturbed boundary
layer the diffusion parameter A becomes pro-
portional to the boundary-layer thickness .
with a factor of proportionality between 4 and
& of about 0-64. According to Poreh and Cermak,
at a large distance from the source, the growth
of the diffusion cloud is limited because outside
of the boundary layer the turbulence level is
very low and all diffusion takes place essentially
by molecular action [4]. Consequently, only
very little gas (or heat) is lost to the flow outside
of the boundary layer.

The same result is found for a boundary layer
which is disturbed by a fence, as will be shown.
This permits to obtain a complete set of
equations for the final zone diffusion from
reasonable, but empirical equations for the
boundary-layer velocity distributions, the
growth of the boundary layer, and the concen-
tration—distribution law. From these, the
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ground level concentrations can be determined
for the final zone and compared with experimen-
tal results, as will be done in the remainder of the

paper.

EXPERIMENTAL PROCEDURES

The experiments were performed in a non-
circulating low-speed wind tunnel, which was
formerly located in the Fluid Mechanics and
Diffusion Laboratory of Colorado State Uni-
versity. An air velocity of about 2:7 m/s was
used for the diffusion experiments. Fence heights
of 1-27, 2:54, 3-81 and 508 c¢cm were studied.
The line source of gas was located at a distance
of 9 m downstream from the test section entrance
and 046 m upstream from the fence. The fence
consisted of angle iron pieces with machined
sharp edges.

No reliable measurements of the velocity
distributions were taken during the time of the
concentration measurement. The measurements
suffice, however, to show the development of the
outer edge of the boundary layer. After these
measurements, the wind tunnel was torn down.
The velocity field downstream from a fence was,
later on, investigated by Plate, in a new wind
tunnel, over a wide range of variables, and the
discussion of the velocity distributions is based
on the later results [10]. The velocity distribu-
tions were measured with a pitot static tube
in conjunction with an electronic micromano-
meter (Transonics Equibar Type 120) which
was calibrated periodically against a water
manometer (Flow Corporation Type MM?2).

The gas consisted of anhydrous ammonia,
which was emitted continuously from a 4-ft
long-line source at ground level. The source
produced a mean concentration field which was
nearly two-dimensional, except near the wind
tunnel walls.

Concentrations were measured by passing air—
gas mixtures, withdrawn continuously from the
wind tunnel at the desired point by means of a
vacuum pump, through a known volume of
hydrochloric acid, which absorbed the ammonia
over a fixed period of time, usually 1 min.
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An addition of Nessler’s Reagent to the sample

gave a brown discoloration which, in a colori-_

meter, yielded a light absorption proportional
to the concentration of ammonia trapped in
the sample over a given period of time. The
procedure is accurate within +20 per cent at
readings of 500 ppm. An uncertainty of the
data of about +30 ppm has to be expected for
all readings. Measurements of low concentra-
tions are, therefore, very unreliable. The sampling
system has been described by Malhotra and
Cermak [11]. Poreh and Cermak gave the
details of the source and of the wind tunnel [4].

VELOCITY DISTRIBUTIONS IN THE
DISTURBED BOUNDARY LAYER
The velocity field downstream from the fence
is distorted by the presence of the fence. One
can distinguish the different flow zones indicated
in Fig. 2. These flow zones are separated by
suitable blending regions.

Ambient velocity
Yy
— -
———— e _1-\:: e ———
Separafion
streamine 8o

takes place at X = L and along the plate for
X > Lanew inner boundary layer is developing
which gradually thickens. The outer portion
of the boundary layer in this region remains
essentially unchanged, except for an outward
displacement. With further increase in distance,
the blending region between the inner and
outer layer increases in width, and there is
some experimental evidence that at some large
value of X the blending profile has spread over
the whole boundary layer, and determines the
velocity distribution in the redeveloped bound-
ary layer. Ultimately, only the increased
boundary-layer thickness remains as an indi-
cation of the distortions which the flow field
suffered by the fence.

The flow region near separation is governed
by both the velocity field and the pressure field
which is created by the retardation and accelera-
tion of the fluid near the fence. Downstream from
reattachment, the pressure again becomes con-

Edge of disturbed
boundary layer

- -
—

-

. Edge of undisturbed
- / boundary layer

Edge of inner boundary layer
8't0

Fence

L.—L__l\Reunochmem line

X

Fi1G. 2. Flow regions of the disturbed boundary layer.

At some distance upstream from the fence, the
boundary layer is unaffected by the presence
of the fence and behaves like an undisturbed
boundary layer along a smooth flat plate. At a
short distance in front of the fence, the boundary
layer separates and a separation bubble with a
closed circulation is formed. The separation
streamline reattaches on the front of the fence,
at a point close to the fence edge. At the fence
edge the flow separates again, this time forming
a much longer separation zone. Reattachment

stant, and, from then on, one may expect that
the boundary layer develops in the form of an
outer displaced equilibrium layer and an inner
equilibrium boundary layer [8]. Since equili-
brium layers in wall shear flows obey to a good
approximation, logarithmic velocity distribution
laws, the velocity distributions are best pre-
sented in a semi-logarithmic plot. Examples are
shown in Fig. 3. In this figure, dimensionless
velocities obtained by dividing the local velocity
u by the ambient velocity u, were plotted against
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FiG. 3. Dimensionless velocity distributions.

the dimensionless distances y/d, where ¢ is the
height of the outer boundary layer. é has been
defined as the distance at which the local
velocity has a magnitude of 098 u, Small
adjustments in ¢ were made in order to bring
the outer parts of the velocity profiles for all
distances X into good agreement. As is readily
seen, at large distances X, each profile consists of
two well-defined logarithmic parts, separated
by a blending region the height of which
increases with increasing distance X.

In order to obtain an expression for the
velocity distribution of the total boundary
layer, one must obtain suitable equations which
describe the velocity distributions in the inner
and outer layer. For the outer layer, the velocity
profile can be described by a type of velocity
defect law

where u., is the shear velocity of the outer layer.
The quantity w., reflects the effect of the fence

on the shear stress in the outer part of the
boundary layer. The outer profile develops as
if a rough boundary had existed at some
distance upstream from the location of the
reattachment point. This ‘“‘equivalent rough
boundary™ has a friction coefficient defined by

which must depend on the fence characteristics.
The coefficient ¢, is dependent on an empirical
parameter A, defined by Plate through the
relation ¢, = 0-0544 A” [10]. Experimental data
of Plate have been used to show the dependency
of the coefficient 4 on the ratio of h/3, in Fig. 4,
where &, is the thickness of the undisturbed
boundary layer at the location of the fence (i.e.
before the fence has been placed into the
boundary layer).

For the inner profile, the assumption can be
made that the shear stress at the floor is equal to
that of the flow before the fence is introduced [ 1].
This assumption is required in order to assign
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a finite magnitude to the drag which is intro-
duced by the fence. Thus, the profile can be
described by the inner velocity distribution law,
or the wall law, for boundary layers on smooth
flat plates:

ul = %m y + D, (6)
where the term D has to be determined from
the joining condition that at the edge of the
inner boundary layer, at y = §', the inner profile
velocity equals that of the outer profile. The
shear velocity u.,; can be calculated from standard
curves, for example, reference [5], p. 504. Thus,

with A given by Fig. 4, and the profiles of the
inner and outer boundary layer determined by
equations (5) and (6), the velocity distribution
of the whole boundary layer is known if the
laws are given which determine the growth of the
inner boundary layer, and of the outer boundary
layer.

The edge ¢ of the inner boundary layer can
be found by extending the straight lines in Fig. 3
until inner and outer profiles intersect. From
Fig. 3, it is seen that, for large values of X,
u/u, reaches a constant value of 0-75 for all fence
heights. This empirical result implies that §'/0
is constant, with the constant given from the law
of the outer profile

B ) Cgaso () wd
e, <2>_075_’k\/<2>ln5

or

d 0124
5= -] "

Equation (7) makes it possible to obtain the
velocity distribution law for the disturbed
boundary layer, at large distances from the
fence, from a knowledge of the wall shear stress
and of the boundary-layer thickness. Since at
y = &' both equations (5) and (6) are valid, D is
found from the conditions:

lh 5,
% .09
K n—(S + 098 4,

and with k = 0-38 one finds the velocity distri-
bution law for the total boundary layer, ex-
pressed in terms of u,:

Us;
_llnél . x‘D=
O b

< d.ex —Mi'u—u'ilny |
VSO T wy g o
+ 075 + 023 2
U, r(8)
01241 u  us _y
>6.exp |- | L=y
y exp [ \/(c,)] " kuun5+098.
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Since the shear velocity wu.; corresponds to that
found at X with an undisturbed boundary layer,
and since u., is determined by the ratio of
h{d,, the velocity distribution law is fully
specified at large distances X, if ¢ is known.

Empirically, d is given by Fig. 5. Large in-
creases of & with fence height are found. The
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concentration ¢,,,. Except for the data corre-
sponding to short distances X, the results
confirm a similarity law for the concentrations
in the disturbed boundary layer. For small X,
the profiles show small changes near the floor.
It is found that in the separation bubble, the
vertical concentrations are essentially constant,

Symbol A {cm)
3oF °© 027
g o 254
g 381 >
2 thy= 227 M >
20 @ 7 L
2. /../Q’( /'n/
£ e (=)
& ] —
2 14— " <
§ 12 /’}’1/
5 —
£ 10 R
8
40 60 80 100 150 200 300 400
distance X {(cm)

Fic. 5. Boundary-layer thickness 3 as function of x.

strong growth of the boundary layer is probably
due to the fact that the ratio of the boundary-
layer thickness &, (= 13 cm) of the undisturbed
flow to fence height 4 is fairly small. One must
expect that the boundary layer would experience
a much reduced growth rate if this ratio is
mcreased.

CONCENTRATION DISTRIBUTIONS IN

THE DISTURBED BOUNDARY LAYER
The measured parameters of the concentra-
tion distributions are tabulated in Table 1.
Examples of concentration distributions of the
ammonia gas in the disturbed boundary layer
are shown in dimensionless form in Fig. 6.
The length coordinate y has been made dimen-
sionless by dividing it through A. The concentra-
tions have been divided by the ground level

with a magnitude given by the concentrations
near the separation streamline.

The similarity profiles for large distances X
can be expressed well by equation (3. However,
an exponent o of 1-6, fits the data better than
the value of 1'8 found by Malhotra and Cermak
[11]. The exponent « was first obtained by a
computer using a method of least squares, but
the data at large values of y/l introduced too
strong a bias on the computer calculations.
Therefore. the exponent was determined {rom a
graphical presentation of equation (3). as is
shown 1in the example of Fig. 7.

With the concentration distributions ex-
pressed through equation (3), one must deter-
mine the scale parameters A and ¢, in order to
fully specify the concentration distribution.
In the following discussion, the growth of A



>f|~<

DIFFUSION FROM A GROUND LEVEL LINE SOURCE

08

02

00

R ’*é A {em) Symbols for X (cm)
O\’ 91 137 228 320 4I0
[ o
-
&
>

)

]
A
S

02 o4 06
_c
Crnax

FiG. 6. Dimensionless concentration profiles.

189



190

ERICH J. PLATE

Table 1
h2 X R u /’L cmax Cmax/G 3
Ay Coax/ G “ (—) (scm/cm>)
(cm) (cm) (m/s} (cm) « 10°  10?
1-27 46 273 274 37 657 270
92 2-74 52 532 192
137 274 60 346 1-67
228 2-74 63 309 1-58
318 2-65 9-3 263 112
408 279 103 229 095
2:54 92 2:83 2:89 63 350 1-56
137 2-85 75 290 1-33
228 2:74 9-8 245 1-05
318 279 130 178 078
408 2-85 12-2 153 0-82
3-81 46 2-89 294 85 518 1-15
92 2-74 85 327 1-24
137 2:74 106 281 1-00
228 274 117 224 091
318 267 15-2 179 073
508 46 294 274 12:9 458 0-84
92 2-86 131 242 078
137 2-67 140 219 079
228 271 150 153 071
318 271 200 123 0-54
408 271 22:0 120 049

shall be related for the final zone to the growth
of the boundary-layer thickness . The velocity
and concentration distribution laws, é as func-
tion of X, and the total diffused mass are then
used to calculate the decrease of ground level
concentration with distance.

In agreement with experimental results of
other investigators, for example Poreh and
Cermak [4], the length scale A should be a
function of x, where x is the distance from the
source. However, when the effect of the fence on
the flow is taken into consideration, it is realized
that the strong shear at the sharp edge of the
fence generates such a high turbulence level
that all spreading that had taken place before
the diffusion cloud reached the fence edge is
insignificant compared to that which occurs
downstream from the fence. Therefore, the
diffusion cloud should behave somewhat like a
diffusion cloud emitted from an elevated line
source, with an elevation of the order of the

fence height and located at X = 0. For this
reason, 4 was plotted against X in Fig. 8.

The fence height strongly influences the
initial growth of the diffusion cloud. In the
logarithmic presentation of Fig. 8, curves corre-
sponding to increased fence heights are shifted
parallel to the curve for zero fence height, with
equal increments in height causing equal log-
arithmic increments in A. This implies that A
increases exponentially with the fence height.
A sharp-edged fence is, therefore, a very efficient
device for rapidly spreading out gas clouds.

With increasing distances X, the diffusion
cloud grows slower than according to a power
law with an exponent of 0-8. It is not certain
whether this is attributable only to the decaying
turbulence level, because, for the present data,
the growth of the diffusion cloud is restricted by
the edge of the boundary layer. In order to
illustrate this point, the ratio 1/ was noted on
each of the data points, and it is seen that the
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FiG. 8. The plume width 4 as function of x.

data reach a constant A/0 ratio of about 0-68
already at fairly short distances X.

With the length scale A proportional to 4,
the ground level concentrations can be calcu-
lated by considering the mass conservation
equation

G=Tu.cdy 9
0

where G is the gas discharge of the line source
per unit width and unit time. The upper limit
of the integral can be replaced by é without
great error. Inserting the similarity laws for
velocity and concentration distributions, equa-
tions (8) and (3), into equation (9) yields:

75
y 1-6
G = U, Cppax U[ exp [— In <1> ]
0
w0 ¥ 4 075 4 023 % baf?
x{ ku,,lné + 075+ 0-23 u.,,}d<5>
1
Wl o, ¥, o
+ Jexp[ ln2<l> :Hkualné + 098}
s
Y
X d(é)]'
For the final zone, §'/6 = x’ is given by equation

(7), and A = 0-68 6. In terms of these variables,
equation (9) becomes:

G = du, c,,m{ﬁ[l;(x') (”— — 1) + 1;(1)]
kua Us,

(10)
+ 023 (;ul' - 1) I,(x") + 098 12(1)}

where

3 1-6
I’ N = — 1-2 X X X

1(x) fexp[ 9(5) ]ln5d<(s
0
=0-435 1,(x)

and

x 16
Lx) = '[exp [— 1-29(%) ]d(%)
0
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FIG. 9. Functions for calculating the ground concentrations.

The integrals I, and I, have been determined
numerically and are plotted in Fig. 9.

From equation (10), the ground level con-
centrations were calculated. It was found that
for the experimental data the effect of u,; was
very small. Since u.; was not known, values of
G/b u, Cax Were calculated with w,; ranging from
85 to 11-6 cm/s. The variation in G/d U, Cpax Was
found to be less than 1 per cent over this range
of u.-values, while it changed from 050 to
0-54 with increase in the fence heights considered.
The ground level concentration was calculated
from the results by using experimental values
of u, and A as given in Table 1. The results are
compared with the experimentally found ¢,
values in Fig. 10. Except for the highest con-
centrations, which are found at short distances
X, the agreement of the experimental data with
the calculated data is good. All the data fall
within the band given by the likely error of
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FiG. 10. Comparison of calculated and measured maximum
concentration.
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+30 ppm. It is thus demonstrated that the
ground level concentration in the final zone
can be calculated from the simple concentration
distribution law equation (3), the development
of the boundary-layer thickness, and the velocity
distribution law equation (8).
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Résumé—On discute le champ de concentration existant loin & 'amont d’une source linéaire de gaz
ammoniac qui émet continuellement dans la couche limite sur une plaque plane lisse. La couche limite est
arrétée par une barriére imperméable 4 bord vif qui s’étend sur toute la largeur de la plaque A une courte
distance de la source. La base de la discussion est un ensemble de données expérimentales obtenues dans une
soufflerie.

L’écoulement A ’aval de la barriére présente trois zones différentes de distributions de vitesse. Ces
zones sont indiquées et I’on donne une loi de distribution de vitesse basée sur I’hypothése que la couche
limite perturbée est constituée de deux parties: une couche extérieure pour laquelle les paramétres de la
loi de distribution dépendent de I’épaisseur de la couche limite et de la géométrie de la barriére qui la
perturbe, et une couche intérieure pour laquelle la loi de distribution de vitesse dépend de la rugosité
de la paroi.

Les distributions verticales de concentrations a I’aval de la barriére suivent une loi de similitude dont la
forme correspond & celle trouvée avec les couches limites non perturbées. Les paramétres de similitude
reflétent fortement la présence de la barriére. La longueur caractéristique 4 augmente exponentiellement
avec la hauteur de la barriére. La longueur caractéristique, la loi de similitude et la distribution de vitesse
sont utilisées pour calculer les concentrations maximales au sol & de grandes distances en aval de la barriére
ou la présence de la frontiére de la couche limite empéche le panache de diffusion de croitre au-dela

de cette couche limite.

Zusammenfassung—Fine linienférmige Quelle emittiert kontinuierlich Ammoniakgas in die Grenzschicht
entlang einer glatten ebenen Platte. Das Konzentrationsfeld, das in grosserer Entfernung stromabwiirts von
der Quelle existiert, wird diskutiert. Die Grenzschicht wird durch ein undurchléssiges, scharfkantiges
Hindernis, das sich iiber die gesamte Breite der Platte erstreckt und sich in geringer Entfernung stromab-
wiirts von der Quelle befindet, gestort. Als Grundlage der Betrachtung dient eine Reihe von Versuchsdaten,
die in einem Windkanal gewonnen wurden.

Das Stromungsfeld stromabwiirts vom Hindernis weist drei verschiedene Zonen der Geschwindigkeits-
verteilung auf. Diese Zonen werden aufgezeigt und ein Gesetz fiir die Geschwindigkeitsverteilung wird
angegeben. Dieses Gesetz griindet sich auf die Annahme, dass die gestorte Grenzschicht aus zwei Schichten
besteht : Aus einer dusseren Schicht, fiir deren Geschwindigkeitsverteilung die Dicke der Grenzschicht und
die Geometrie des Hindernisses massgebend sind, und aus einer inneren Schicht, deren Geschwindigkeits-
verteilung von der Rauhigkeit der Plattenoberfliche abhéngt.
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Der Konzentrationsverlauf senkrecht zur Platte folgt fiir alle stromabwirts vom Hindernis gelegenen
Stelien einem Ahnlichkeitsgesetz entsprechend dem, das in ungestorten Grenzschichten gefunden wurde.
Aus den Ahnlichkeitskenngrossen folgt deutlich das Vorhandensein des Hindernisses. Es ergab sich, dass
die charakteristische Linge 1 exponentiell mit der H5he des Hindernisses anwiéichst. Die charakteristische
Linge, das Ahnlichkeitsgesetz und das Gesetz fiir die Geschwindigkeitsverteilung werden dazu verwendet,
die maximalen Konzentrationen an der Plattenoberfliche stromabwirts in grosser Entfernung vom
Hindernis zu berechnen, wo das Ende der Grenzschicht das Anwachsen des Diffusionsfeldes auf das der

Grenzschicht beschrinkt.

Annoranua—PaccMarpyuBaeTes Nojie KOHUEHTPALMH J3JEKO BHU3 HO NMOTOKY OT JIMHeAHOro
UCTOYHUMKA aMMMAKA, NOCTYHAWHIEr0 HENDPEPHBHO B MOTPaHMMHHA caoll BIoae raagnoll
naockol naacrunn. [lorpanuynnii coff npepsiBaeTcA 1o BCedl mMUPHHE IVIACTHHHL HENPO-
HHNaeMol neperopojikofi ¢ octpelt kpoMkoil, noMemenHol Ha HeGOABLINOM PACCTOAHHN OT
UCTOYHHKA. AHANMSHPYIOTCA BKCINEPHMEHTANbHBIE NAHHBIE, MOJNyYEHHBIe B A3POJUHAMMU
ueckol TpyGe.

Buus no noToky oT meperopogku oOHApY#HeHH TPW 00JACTH pacHpefeseHud CKopocTeil,
3aKOHH pachpefeseHUA B HUX OCHOBAHM HA NPENNONOMKEHNH, YTO BO3MYIUEHHBUY 1OTpa-
HHUYHHMA ¢JI0f COCTONT M3 ABYX YacTell | HAPYKHOTO CJIOA, B KOTOPOM 33KOH pacnpeneleHus
CHODOCTe}f BaBHCHT OT TOJNIMHEL HOTPAHHYHOrO CJIOA N KOHQUIypauuu NEPercpoaxu, u
BHYTPEHHEr0 CJOH, NJIA KOTOPOr0 33KOH pachpefeseHMsA CKOPOCTH 3aBHCHT OT HIEpOXO-
BAaTOCTH OCHOBAHMA.

ITomepeunkit mpoduib KOHHEHTPALMI BHU3 MO NOTOKY OT HEPEropofKH TNOXYMHAETCA
AHAJOTHMYHOMY 10 3aNMMCH 34KOHY 1A HEBO3MYIIEHHBIX NOFPAHMYHHX cioer, B mapamerpsl
nono6uA BXOJAAT pasMepH neperoponku. Haitgeno, 4To XapakTepucTHYECKAA JIMHA yBEJH-
YHBAETCA BKCHOHEHLMANBLHO C BO3DPACTAHWEM BHICOTH INEpPeropoixu. XapaxrepUCTHYEHAA
AAMHA, 3aKOH NOZOOMA, 3aKOH pacnpejesieHUA CHOpOCTed HCHOAB3YIOTCA JIA pacieTa
MAKCHMAJbEKX KOHNEHTPAuH# Ha NMOBEPXHOCTH HAJEKO BHM3 HO HOTOKY OT NEPEropoJKH,
Te HAJNNYHE KPOMKM NOTPAHWYHOTO CJIOA NPENATCTBYET pacnpocTpanennio Juddysuu aa

Npefeasl NOrPAHUYHOrO CIoH.



