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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 1 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. 
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NOMENCLATURE 

coefftcient in the velocity distribution 
law for the outer layer [Dimension- 
less] ; 
local concentration [cm3/cm3] ; 
shear-stress coefficient of the outer 
layer [Dimensionless] ; 
maximum or ground-level concentra- 
tion [cm3/cm3] ; 

L, 

U, 

u*i, 

u*m 
U a, 

X, 

distance of reattachment point from 
fence [cm] ; 
local velocity [cm/s] ; 

shear velocity of inner layer [cm/s]; 
shear velocity of outer layer [cm/s]; 
ambient velocity [cm/s] ; 
horizontal distance from the source 

coefficient in the velocity distribution 
law for the inner layer [Dimension- 
less] ; 

X’, 
X, 

[cm] ; 
ratio 6’/6 [Dimensionless] ; 
horizontal distance from the fence 

[cm] ; 
volume flow rate of diffusing gas per 
unit width of line source [cm3/s cm] ; 
fence height [cm] ; 
integrals in the determination of 
ground level concentrations 

[Dimensionless] ; 
Von Karman’s constant [Dimension- 
less] ; 

Y, 
Z 0’ 

vertical distance from the wall [cm]; 
roughness height [cm]. 

Greek symbols 
a, exponent in concentration distribu- 

tion law [Dimensionless] ; 

4 distance y at which c = 3 c,,, [cm]; 

1: 
kinematic viscosity [cm2/s] ; 
boundary-layer thickness [cm] ; 
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thickness of the undisturbed boun- 
dary layer at X = 0 [cm]; 
thickness of inner boundary layer 

[cm] ; 
density of air [g,‘cm3]; 
wall shearing stress [g/cm’]. 

snow fences, but other types of obstacles can 
be expected to behave similarly. 

INTRODUCTION 

THE ATMOSPHERIC boundary layer hardly ever 
corresponds to the aerodynamic 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. 

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. 

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 

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 held 
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 1.11. indicates immediately the difficulties 
inherent in each analytical description of a 

THE DIFFUSION ZONES OF A 

DISTURBED BOUNDARY LAYER 

FIG. 1. The zones of diffusion 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 : 

holds in the constant stress layer near the 
boundary. In this equation U*i is the shear 
velocity based on the wall shearing stress 
r0 = p&, 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-l& 1 Y 
-=klnS 

u*i 
(2) 

describes the distribution of velocity, where u, 
is the velocity outside of the boundary layer, 
and 6 is the boundary-layer thickness. As was 
shown by Clauser, equation (2) reflects the 
momentum defect due to the shearing stress 
PUzi 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 u.~ 
replaced by another shear velocity u., which 

represents the effect of the fence. In addition, 
for a disturbed boundary layer, the boundary- 
layer thickness 6 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 

c(x, Y) _ e 

n%, 

a 
-In2 ~ 

Gn&) ( > 
(3) 

where the exponent a was found to be about 
1.6 to 18. In this equation, c(x, y) stands for 
concentration (or temperature excess), c,,,(x) 
is the concentration (or temperature excess) 
at ground level at some distance x, and n(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: 

A(x) = 0.076 x0.8 (4) 

where both I 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, 93. 

Similar developments are found when the 
boundary layer is disturbed by a fence. However. 
one must expect that in the intermediate zone A 
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 1, 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 i becomes pro- 
portional to the boundary-layer thickness 6, 
with a factor of proportionality between I and 
6 of about O-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- 
trationdistribution law. From these, the 

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 5.08 cm were studied. 
The line source of gas was located at a distance 
of 9 m downstream from the test section entrance 
and 0.46 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 [lo]. 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 MM2). 

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 [ll]. 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 differeut flow zones indicated 
in Fig. 2. These flow zones are separated by 
suitable blending regions. 

takes place at X = L and along the plate for 
X > L a new 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 d4shbed 

boundary lover\ 

FIG. 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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the dimensionless distances y/6, where 6 is the 
height of the outer boundary layer. 6 has been 
defined as the distance at which the local 
velocity has a magnitude of 0.98 u,. Small 
adjustments in 6 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 utO 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 

2u?_ 
” 

Cf = ---& 

a 

which must depend on the fence characteristics. 
The coefficient cs is dependent on an empirical 
parameter A, defined by Plate through the 
relation c/ = 0.0544 AZ [ 101. Experimental data 
of Plate have been used to show the dependency 
of the coefficient A on the ratio of h/6, in Fig. 4, 
where S, 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 [i]. 
This assumption is required in order to assign 
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0.3 04 05 O-6 ( 
A 

FIG. 4. A as function of h/6, 

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 : 

ll 1 
-==lny+D, 
uti 

where the term D has to be determined from 
the joining condition that at the edge of the 
inner boundary layer, at y = 6’, the inner profile 
velocity equals that of the outer profile. The 
shear velocity U*i can be calculated from standard 
curves, for example, reference [S], 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 6’ 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 6’/6 
is constant, with the constant given from the law 
of the outer profile 

or 

(7) 
6’ 0.124 
- = exp - __ 6 [ 1 &) . 

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 = 6’ both equations (5) and (6) are valid, D is 
found from the conditions : 

Tin 6’ -t. uei D = ?l< $- 0.98 U, 

and with k = 0.38 one finds the velocity distri- 
bution law for the to.tal boundary layer, ex- 
pressed in terms of u, : 

0.124 u 
y<6.exp -~ ‘- 

[ 1 &) . u, 

l t. 0.75 •t 0.23 3 
u*0 

0.124 

y > 6. exp [ - - 1 Jw 
U 

-_= 

U, 
2 In 2 + 0.98. 

a 6 

0.23 

(8) 
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Since the shear velocity uei corresponds to that concentration c,,,~~. Except for the data corre- 
found at X with an undisturbed boundary layer, sponding to short distances X, the results 
and since u*, is determined by the ratio of confirm a similarity law for the concentrations 
h/4,, the velocity distribution law is fully in the disturbed boundary fayer. For small X. 
specified at large distances X, if 6 is known. the profiles show small changes near the floor. 

Empirically, 6 is given by Fig. 5. Large in- It is found that in the separation bubble, the 
creases of 6 with fence height are found. The vertical concentrations are essentially constant, 

distance X km) 

FIG. 5. Boundary-layer thickness 6 as functian of x. 

strong growth of the boundary layer is probably 
due to the fact that the ratio of the boundary- 
layer thickness 6, f = 13 cm) of the undisturbed 
flow to fence height h is fairly small. One must 
expect that the boundary layer would experience 
a much reduced growth rate if this ratio is 
increased. 

CONCENTRATION DISTRIRU’IWNS IN 

THE DISTURBED BUUNDARY 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 dim~~siouiess 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 f3j_ However, 
an exponent CY of 16, fits the data better than 
the value of 1.8 found by Malhotra and Cermak 
[I 11. The exponent c( was first obtained by a 
computer using a method of least squares, but 
the data at large values of y!2 introduced too 
strong a bias on the computer calculations. 
Therefore. the exponent was determined from a 
graphical presentation of equation (3). as is 
shown m the example of Fig. 7. 

With the concentration distributions ex- 
pressed through equation (3), one must deter- 
mine the scale parameters i and cmax in order to 
fully specify the concentration distribution. 
In the following discussion, the growth of A 
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h b-d Symbols fof x kIl-4 

91 137 228 320 410 

508 l e- 9 -0 b 

331 . 8- Q -D 2-54 ( A A- 4 -A 2 

1.27 l 4- 9 -0 6 

u, = 2.7 a 

FIG. 6. Dimensionless concentration profiles. 
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Table 1 

h, x I 
AU, cm.xtG 

U” 

(cm) (cm) (m/s) 

1.27 46 2.73 
92 

137 
228 
318 
408 

2.54 92 2.83 
137 
228 
318 
408 

3.81 46 2.89 
92 

137 
228 
318 

5.08 46 2.94 
92 

137 
228 
318 
408 

2.74 
2.74 
2.74 
2.74 
2.65 
2.79 
2.89 
2.85 
2.74 
2.79 
2.85 
2.94 
2.74 
2.74 
2.74 
267 
2.74 12.9 
2.86 13.1 
2.67 14.0 
2.71 15.0 
2.71 20.0 
2.71 22.0 

1 

(cm) 

3.7 
5.2 
6.0 
63 
9.3 

10.3 
6.3 
7.5 
9.8 

13.0 
12.2 
8.5 
8.5 

10.6 
11.7 
15.2 

LVJG 
(s cm/cm3) 

x IO3 

657 2.70 
532 1.92 
346 1.67 
309 1.58 
263 1.12 
229 0.95 
350 1.56 
290 1.33 
245 1.05 
178 0.78 
153 0.82 
518 1.15 
327 1.24 
281 1.00 
224 0.91 
179 0.73 
458 @84 
242 0.78 
219 0.79 
153 0.71 
123 0.54 
120 @49 

shall be related for the final zone to the growth 
of the boundary-layer thickness 6. The velocity 
and concentration distribution laws, 6 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 L 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, 1 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 1. This implies that 1 
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 n/6 was noted on 
each of the data points, and it is seen that the 
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t-i 

L 
A 

FIG. 7. Example for the determination of the exponent a. 

distmcd X kill) 

FIG. 8. The plume width 1 as function of x. 

data reach a constant A/C? ratio of about 068 
already at fairly short distances X. 

With the length scale 1 proportional to 6, 
the ground level concentrations can be calcu- 
lated by considering the mass conservation 
equation 

G = ru.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 6 without 
great error. Inserting the similarity laws for 
velocity and concentration distributions, equa- 
tions (8) and (3), into equation (9) yields : 

G = du, c,,, 

0 

x .$lnl 
lJ 6 

+ 0.75 + 0.23 3 
u*0 

10 d 3 

$- 1 exp [- ln2($1’6]{~ln~ + 

ata 

X 

0.98 

d; . 01 
For the final zone, S’/S = x’ is given by equation 
(7), and A = 0.68 6. In terms of these variables, 
equation (9) becomes : 

Z,(x’) + 0.98 Z,(l) 

where 

Z;(X’) = [exp [- l*29(i)“6]ln$d($) 

and 
= 0.435 I&‘) 

I&‘) = /exp[- 1.29($)“]d($. 

0 
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to 0422 m/s 

057 

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 (lo), the ground level con- 
centrations were calculated. It was found that 
for the experimental data the effect of aei was 
very small. Since u.~ was not known, values of 

G/h u, cmalt were calculated with uli ranging from 
8.5 to 11.6 cm/s. The variation in G/6 u, cmax was 
found to be less than 1 per cent over this range 
of u+,-values, while it changed from 0.50 to 
054 with increase in the fence heights considered. 
The ground level concentration was calculated 
from the results by using experimental values 
of u, and I as given in Table 1. The results are 
compared with the experimentally found c,,, 
values in Fig. 10. Except for the highest con- 
centrations, which are found at short distances 
X, the agreement of the experimental data with 

w- 

IO - 

/ 

OL 
0 

the calculated data is good. All the data fall FIG. 10. Comparison of calculated and measured maximum 

within the band given by the likely error of concentration. 



DIFFUSION FROM A GROUND LEVEL LINE SOURCE 193 

+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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R&mm&On discute le champ de concentration existant loin a I’amont dune source lineaire de gaz 
ammoniac qui tmet continuellement dans la couche limite sur une plaque plane lisse. La couche limite est 
arr&tee par une barribre impermeable a bord vif qui s’etend sur toute la largeur de la plaque a une courte 
distance de la source. La base de la discussion est un ensemble de donntes experimentales obtenues dans une 
souIIlerie. 

L’bcoulement a l’aval de la barritre presente trois zones differentes de distributions de vitesse. Ces 
zones sont indiquees et l’on donne une loi de distribution de vitesse ba& sur l’hypothbse que la couche 
limite perturb&e est constituee de deux parties: une couche exterieure pour laquelle les parambtres de la 
loi de distribution dependent de l’tpaisseur de la couche limite et de la geometric de la barriere qui la 
perturbe, et une couche interieure pour laquelle la loi de distribution de vitesse depend de la rugosite 
de la paroi. 

Les distributions verticales de concentrations a l’aval de la barribre suivent une loi de similitude dont la 
forme correspond a celle trouvee avec les couches limites non perturb&. Les paramttres de similitude 
reflbtent fortement la presence de la barritre. La longueur caracttristique 1 augmente exponentiellement 
avec la hauteur de la barriere. La longueur caracttristique, la loi de similitude et la distribution de vitesse 
sont utilisees pour calculer les concentrations maximales au sol a de grandes distances en aval de la barribre 
ou la presence de la front&e de la couche limite emp&he le panache de diffusion de croitre au-de18 

de cette couche limite. 

Zusanunenfsssung-Eine linienformige Quelle emittiert kontinuierlich Ammoniakgas in die Grenzschicht 
entlang einer glatten ebenen Platte. Das Konzentrationsfeld, das in grijsserer Entfernung stromabwiirts von 
der Quelle existiert, wird diskutiert. Die Grenzschicht wird durch ein undurchliassiges, scharfkantiges 
Hindernis, das sich tiber die gesamte Breite der Platte erstreckt und sich in geringer Entfernung stromab- 
warts von der Quelle befindet, gestort. Als Grundlage der Betrachtung dient eine Reihe von Versuchsdaten, 
die in einem Windkanal gewonnen wurden. 

Das Stromungsfeld stromabwarts vom Hindernis weist drei verschiedene Zonen der Geschwindigkeits- 
verteilung auf. Diese Zonen werden aufgezeigt und ein Gesetz ftir die Geschwindigkeitsverteilung wird 
angegeben. Dieses Gesetz grtlndet sich aufdie Annahme, dass die gestiirte Grenzschicht aus zwei Schichten 
besteht : Aus einer Busseren Schicht, fti 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 Plattenoberfllche abhlngt. 
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Der Konzentrationsverlauf senkrecht zur Platte folgt fur alle stromabwarts vom Hindernis gelegenen 
Stellen emem &mlichkeitsgesetz entsprechend dem, das in ungestorten Grenzschichten gefunden wurde. 
Aus den Ahnlichkeitskenngrijssen folgt deutlich das Vorhandensein des Hindernisses. Es ergab sich, dass 
die ~harakterist~sche L%nge I exponentiel~ mit der Hiihe des Hindernisses anwachst. Die charakteristische 
Lange, das ~hnlichkeitsge~tz und das Gesetz fiir die Gesch~ndi~eitsverteilung werden dazu verwendet, 
die maximalen Konzentrationen an der Plattenobertllche stromabwarts in grosser Entfemung vom 
Hindernis zu berechnen, wo das Ende der Grenzschicht das Anwachsen des Diffusionsfeldes auf das der 

Grenzschicht beschrlnkt. 

AEEOT%qH~-paCCMaTpaBa~TCrr llOnt? KOHiJeHTpai@ifi~aJfeKO BHEl3 n0 nOTOHy OT SlllHetiHOro 

~~ToqH~Ka a%Mnana, rlocTy~a~~er0 rienpepbrsno B norpaH~qH~~ CJIO@ BzOJIb rzaAKoti 
riJrOCKOti ~~acT~H~. ~OrpaH~YH~~ Cj10fi npep~BaeT~ff no Bcelf IHH~HH~ n~dCT~~~ HenpO- 

HeuaenfoB neperopo&Kolf c oc~potf Kpo~Koi#', noaeweaaoft na He6OJIbmOM paccTofiunn 0T 
ucTo~nmia. ArfannsnpyroTcft ancnepnMenTa.nbnrde ~aniibre, nony~erfnbre n a3ponuria*ir 
secnoltlr Tpy6e. 

BHYLB no noToKy OT neperopo~Kn 06napyHienbI TPM o6nacTn p3CnpenWIeHrin CuOpOCTe8. 
Sarioribr pacnpenesetiaa B HUX OCHOBaHbI Ha npefinonomeww, 9~0 BoanrymerrKMR norpa- 
HEWHI& cjroi COCT~IIT w_i g~yx sacTea: HapymHoro CJK~R,B KOT~POM 3aKow pacnpe2ezeHafl 

cKopocTefi aa3ncsfT 0~ TO~~~H~ norpaK~xYHor0 cnoti in KoH~Mrypa~~~~ neperopo~K~, EI 

BHyTpeH~ierO CJIOR, RJIR tiOTOpOr0 3aKOK PaC~pe~e~e~~f~ CtiOpOCTE 3aBHCIIT OT rtiepoxo- 

BaTOCTM OCHOBPRHR. 

nOIIepeWIUlt npO@iJIb KOHQeHTpaqHli BHI43 II0 IIOTOKy OT neperopoqKH noJ&qi%HfleTCfl 

aHanorwwomy no 3anwM aaKofiy ~nfi HeeoaMyweHHbIx norpaHwwbIx cnoe3. B napaMeTpb1 
nofio6un BXOART paabrepbl neperopo$(ua. HafQeno, ~TO xapaKTepwcTusecKan AnaH yBenn- 
qn3aeTcu awnoHenqHanbn0 c BoapacTaHHeM BbicoTbI neperoponKk1. XapaKTepncTnqeKaff 

fi.wsia, 3afioH nogo6wz, 3aKOH pac~pe~e~eK~fl cKopocTe@ ~ic~o~b3y~Tc~ AjrR pacseTa 

~aKC~Ma~b~~X KOH~e~~a4~~ Ha nOBepXHOCT~ AaJIeKO BHRS If0 noTOKy OT neperOpoUK~i, 

I-j&e HaJItfYAe KpOMKH ~OrpaH;~~HOrO CJIOR I'ipenRTCTByeT PaCnpOCTpaHeH~~ ~~~y~~~ za 

npenenbr norpaHwworoc~0~. 


