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Introduction. In order to investigate quantitatively the problems
of the air pollution, it is quite necessary to research in detail the
diffusion phenomena in the atmosphere. Furthermore, it is not suf-
ficient only to obtain the knowledge of variation of standard deviation
of diffusive quantities, we must have informations about the distri-
bution of those quantities themselves. For this purpose, we should
determine the differential equation which governs the phenomena at
first and then solve that equation. '

Field experiments of the atmospheric diffusion are not easy to
carry out frequently and the results are very sensitive to various
circumstances under which the experiments are carried out. So they
are not adequate to investigate in detail the mechanism of the pheno-
mena. Therefore, as the fundamental research on the turbulent dif-
fusion close to the ground, we made a series of diffusion experiments
close to a solid surface in the turbulent boundary layer in a wind
tunnel, and examined two types of solution, which of them was more
adequate to describe the phenomena.

Instrumentation. The experiments were made in a small wind
tunnel in Hermann-Fottinger Institut, Technische Universitdt Berlin,
where the author stayed about half a year in 1963 by lucky oppor-
tunity. The wind tunnel is of blow down type and the test section
has lateral side walls 18 cm in height and has a flat plate 10 cm in
breadth and 50 cm in length at the bottom whose temperature can be
adjusted by circulating cold or hot water. At the leading edge of
the plate, a circular rod 8 mm in diameter was set in order to make
the boundary layer over the plate turbulent.

As the tracer of the diffusion, we used heat. We set a nichrome
ribbon, 0,03 mm in thickness, 1 mm in breadth, parallel to the plate and
perpendicular to the wind (y-direction) at the position of 10cm lee-
ward from the leading edge, then the ribbon was heated electrically.

The temperature distributions in the direction vertical to the
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plate (z-direction) in the wvertical center plane of the wind tunnel,
were measured by a copper-constantan thermo-junction about 0,07 mm
in diameter.

The leeward lengths () of the measuring positions from the heat
source were 5, 10, 20 and 30 cm. .

The wind velocity was measured by a hot-wire anemometer cali-
brated by a Pitot-tube, and the anemometer was of linearized constant-
temperature type. Mean velocities (U) and velocity fluctuations in
the x-direction (5/%2) were measured by the anemometer with a single
platinum-plated tungsten wire, 5 ¢ in diameter, and the fluctuations
in z-direction (5/w2) were measured by an X-meter, the length of the
side of the probe was 2,56 mm.

Mean wind velocities and velocity fluctuations. We made meas-
urements in three conditions: (W) The temperature of the plate
(T,) is higher about 5°C than the air temperature (7,), (N) both tem-
peratures are almost the same and (C) the temperature of the plate
is lower about 5°C than the air temperature. The results are shown
in Fig. 1, 2 and 3. Any remarkable differences in the mean velocities
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in these conditions were not recognized. The thickness of the laminar
sublayer was about 1mm. The results of the velocity fluctuations
~u? and /w72 are shown in Fig. 4, 5, 6 and Fig. 7, 8, 9 respectively.
From these figures, we can clearly recognize that both regions lower
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than 0,5 mm and higher

than 20 mm are different from the inter-

mediate region as the turbulent field, and the diffusion in that region

should be investigated.

height.

In that intermediate region,
are nearly constant in z-direction, but those of /%=
The quantity which contributes the vertical diffusion

the values of /w=
decrease with the
is

~wi[a/u®, so it should be considered that the vertical diffusion coef-
ficient increases with the height.
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Temperature distribution. We measured the temperature pro-
files (7T,) in z-direction at each measuring position without the heat
source and then measured those (7') with the source and calculated
the differences (47) between them.

In case of the source height # was 1,4 mm, two profiles of the
temperature differences for which the free stream velocity (U,) is 2
and 5 m/sec respectively, are shown in Fig. 10. Any remarkable dif-
ference cannot be noticed in both cases, so subsequent experiments
were made for U,=5 m/sec only. '

The profiles of the air temperature 7, and the temperature dif-
ferences 4T are shown in Fig. 11, 12 and 13,(A), (B) for =2 mm, and
those of 4T in Fig. 14, 15 and 16 for h=5 mm.
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Analysis In order to analyse these results, we used two types
of formulae, namely one is the solution of the Fick’s differential
equation with constant diffusion coefficient. As the ’splution of this
equation for a continuous line source, we have '

Gt e
qg e +e

AT =2 — , 1
U ~ Br )

where ¢ is the source intensity, # is the mean velocity at the height
of the source and B is a function of x. Almost of all formulae
hitherto used for the atmospheric diffusion were of this type. Judg-
ing from a number of results of the field experiments for the atmos-
pheric diffusion, the author has noticed the incompleteness of this
type, and he assumed in 1941 that the vertical diffusion coefficient is
proportional to the vertical height 2, and adopted the mnext differential
equation :

oT o*T 0T o oT
=k, 27T g +- 2 [k ) 2
ot o “oyr oz ( 8z . )
K,=K,=a, K,=bz, (3)
and obtained the solution for a continuous line source:
_hiz —_
aT=_94_ ¢ BJ(a;z“/hz). (42
w B ° B
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The height of the heat source & was difficult to set exactly, and
though the heating current was reduced as possible as it was per-
missible, the center of the wake came up gradually by buoyancy, so
the actual height was not determined exactly. It is convenient, there-
fore, for the analysis to transform the equations (1) and (4).

If we put
zlh=r (5)
hi/B =17, (6)
h/|B=2, (7)

the egation (1) becomes

e w1+’ L gt l-)?
AT,=- T (®)
and the equation (4) becomes
ATZ=_Zb__l_eﬂ(l—vr_)’e—zwri]o(ig,QN/r—) . 9)

From the equations (8) and (9), we get
log 4T, =log [(e~7" WP’ e~ 0-D"Yy] 4O, (10)
and
log AT, =1log [e~*0-¥D'¢=22/7 J (i2ia/7)|B]+C, . (11)

The curves of 47, and 4T, against r calculated from (10) and (11)
for various values of 7 and 2 are shown in Fig. 17 and 18. It is natural
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that both curves resembles each other when 7 is large, but they
clearly differ from each other when 7 is small. The results already
shown in Fig. 11-16 are plotted on logarithmic papers. By superpos-
ing these curves on those in Fig. 17 or Fig. 18, and translating in
the direction of abscissa, we can compare both curves corresponding
to the actual height H at that leeward position. Then by translating
in the direction of ordinate, we can examine the shape of the curves,
unconcerned with the values of the source intensity ¢ which are dif-
ficult to determine directly in the case of heat diffusion.

For the analysis of the measured results, it should be taken into
consideration that in the region higher than 20 mm, the turbulent
velocity components become very small as it can be noticed from Fig.
4-9, so the grade of diffusion diminishes remarkably. For this reason,
the temperature profiles become stéeper in that region. In the region
lower than 1 mm, the laminar sublayer existed. So the profiles for z
between 0,5 and 20 mm should be treated as the results of the tur-
bulent diffusion.

On the other hand, because of that we used heat as the tracer,
the boundary condition under which the equations (1) and (4) were
obtained as the solutions of the differential equations, namely that
there was no flux through the boundary, could not be satisfied exactly.
So in the results other than those at =5 and 10 ¢cm, there appeared
the effect of existence of the flux through the boundary.

The results at x=5 and 10 cm, the equation (1) do not fit at all,
but the equation (4) agrees well. In Fig. 11-16, the marks show the
measured values and the curves show the calculated ones with the
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equation (4).

Consequently, it can be concluded that the diffusion phenomena
close to a wall is described more adequately by the differential equa-
tion with the diffusion coefficient proportional to the height, rather
than that with the constant coefficient. This conclusion agrees well
to the results of analyses of the atmospheric diffusion which have
been made by the author.'>*"®

Numerical results of the analysis are shown in Table 1. Fig. 19
shows the relationship between B and x. The coefficient of the tur-
bulent diffusion is considered to be proportional to the wind velocity,
so when we write b in equation (3) b=4U,

Table 1. Measured values of actual height H and B.

h=2mm h=5mm
Condition | x (cm) | H (mm) | B (mm) | Condition | x (cm) | H (mm) | B (mm)
5 2,3 1,1 5 3,8 1,1
10 2,5 , 10 4,9 2,1
(W) 25 (W)
20 4,0 5,0 20 54 4,0
30 4,5 7,5 30 [ 60 6,0
5 2,0 1,4 5 1,4 1,3
1
(N) 10 2,3 2,3 N) 10 4,9 2,
20 4,3 4,3 20 5,0 4,6
30 5,0 6,2 30 5,2 6,5
5 | 25 1,3 5 4,5 1,3
10 2,6 2,6 10 X 2,5
() , (©) 5,2
20 3,2 53 20 5,0 4,8
30 5,0 8,3 30 6,0 7,5
B h=5mm B8 h=2mm (C)
mm Uo= 5m/sec mm Uo=5m/sec
8 8
x (C) /(C)
7 b 4 (N) X (N)
o (W) A (W)
6 L.
S N
4 -
3 |
2 |- /
l » I -
! 1 | I { |
0 10 20 30 ¢cm X 0 |0 20 30 ¢cm X

Fig. 19. Relations between B and x.
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B=ba/U=px, (13)

and the values of g is about 1,3. The temperature difference between
the air and the plate in these experiments did not show any remark-
able difference for the diffusion.

Comparison with other experiments. During the author was
preparing this paper, he received two reprints concerning the experi-
ments of turbulent diffusion from Professor J.E. Cermak, Colorado
State University. His works are very elaborate, but the aim of the
research differs somewhat from that of this paper. So some analyses
on the line of this paper were made by using his results of the dif-
fusion from and elevated point source.” Some concentration profiles
are shown in Fig. 20, 21 and 22, in which the marks represent the
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Table 2. Measured values of actual height H and B.

h (inch) x (ft) H (inch) B (inch)

1 0,85 0,17
2 0,9 0,33

1 3 0,9 0, 45
4 0,9 0, 56
7 0,9 ’ 1,0
2 1,2 0,11

9 3 1,2 0,15
4 1,2 0, 20
7 1,4 0,35
2 0,9. 0, 045

3 3 1,0 0,07
4 1,1 0,11
7 1,2 0,17

measured values and the curves are the calculated ones from the -
equation (4). As well as the present experiments, the results can be
described well by the equation (4). The numerical results are shown
in Table 2 and the relation between B and 2 is shown in Fig. 23.

Future planning. In these experiments, we used heat as the
tracer for the reason of convenience. However, for the investigations
of the diffusion in the air layer with temperature gradient, heat is
not adequate tracer. . Furthermore, the obtainable temperature differ-
ence between the air and the plate was not so large and the size of
the wind tunnel was not sufficient, so we are now going to make



36 J. SAKAGAMI NSR. O0.U,, Vol. 16

inch "

09~

I

08
07 - X

06

04— X

0.2

0.l -

! ! | ! I I ! |
0 I 2 3 4 5 6 7 8 ft X

Fig. 23. Relations between B and x.

experiments in the wind tunnel in our University by using fluorescent
particles or gas as the tracer.
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