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Introduction

In the case of investigation of atmospheric diffusion, effects of slight
unduration of the ground surface can be mneglected. However, the
effects of remarkable unduration are very serious, and they are so
complicated and wvarious that they can be investigated only experi-
mentally. On the otherhand, in wind tunnel, it is impossible to
reproduce various states of turbulent structures which may occur in the
atmosphere, and there is no definite method which can determine to
what state of stability, namely the state of turbulent structure in the
atmosphere, the results in wind tunnel experiments may correspond yet.

We had the opportunity to investigate the diffusion over some
complicated topography, so we carried out wind tunnel experiments
concerning this problem. We measured concentration distributions
three dimensionally and adopted a method to make correspondence the
state of stability, namely the state of turbulent structure, in real scale
experiments to the turbulent structure in the wind tunnel flow.

Topographical situation

The region under consideration is shown in Fig. 1. The area in
which the source is situated is surrounded by hills except the south-
east side, and the hills are on an arc about 1 km from the source and
the highest hill is about 500 m high above the sea level.

Instrumentation

The instrumentation in this investigatioh was as follows :—
Wind tunmnel: Gottingen type, circular cross section, 1.5 m in dia-
meter. ' '
Wind speed: 1 m/sec. ,
Turbulence generator: Circular cylinder, 26 mm in. diameter, was
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Fig. 1. General configuration of the ground.

placed at the leading edge of the plate.

Coordinates: x; leeward, z; vertically upward, y; perpendicular to
both of x and y.

Tracer: Pure propane gas.

Sampling probe: Phosphor bronze tubing, 1 mm in diameter, and its
inlet part was deformed into a flat opening, 1.3 mm breadth and
0.2 mm height. This probe was moved three dimensionally by a
travelling device whose speeds were 0.37 cm/sec in x-direction,
0.33 cm/sec in y-direction and 0.1 cm/sec in z-direction.

Sampling speed : 1.5 cc/sec.

Detector: Hydrogen flame ionization detector of gas chromatograph.
The ionization current which is proportional to the concentration
was amplified by an amplifier, Toa Dempa PM-18, and recorded
by a recording galvanometer, Toa Dempa EPR-3T.

Topographical model: Round in shape, 1.5 m in diameter; on the
scale of 1/5000.

Source: Ground level source, tubing 4 mm in diameter; flush with
the ground surface.

Wind speed measurements: For local wind wvelocity, a hot-wire
anemometer with tungsten wire, 5 in diameter and 2 mm in
length, was used. In order to control the free stream wvelocity, a
cylindrical anemometer made by Sakagami, which indicates very
low wind speed by inclination of the cylinder, was used. The
cylinder, 2 mm in diameter, was made by thin paper.
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Details of procedure

We carried out expériment’s in two cases, namely case 1 and 2,
for the topogifaphical.model 4nd 1 case for flat plate. In both cases, the
sampling probe was set at first on the ground level at some adequate
positions in the considering region, in which the concentration of gas
could be measured, then fixing the horizontal position, the sampling
probe is moved slowly vertically upwards. The concentration at every
height was converted into ionization current by the detector of the gas
chromatograph and the current was amplified and then recorded by the
recording galvanometer, so the vertical concentration profiles were
recorded continuously. The chart speed of the recorder was synchronized
with the speed of the travelling device of the sampling 'probe, so the
moved distance of the chart was proportional to the height of probe
above the ground level. An example of record is shown in Fig. 2.
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Fig. 2. Example of record.



J. Sakacamr and M. KaTo NSR. O.U., Vol. 19

Fig. 3. Positions of measurement, for case 1. -
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Fig. 4. Fositions of measurement, for cace 2.
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TIig. 5. Positions of measurement, for flat plate.

For case 1, the vertical distributions of concentration and wind
speed were measured at the positions as shown in Fig. 3; for case 2,
those are shown in Fig. 4, and for flat plate, those are shown in Fig.
5 respectively.

Results

The equi-concentration contours in vertical planes at each leeward
distance, indicated in Fig. 3~5 already, are shown in Fig. 6~8.

Horizontal concentration distributions at z=5c¢m and z=10cm
(corresponding to 250 m and 500 m respectively) are shown in Fig. 9
for case, 1 and Fig. 10 for case 2.

Despite of the ground level source, the positions of maximum
concentrations are above the ground for both cases 1 and 2, as can Dbe
be seen in Fig. 6 and 7. For flat plate those are on the ground level,
just as the result of the theoretical consideration for the ground level
source.

A) Stream pattern 1) Case 1: Even in windward area from the
source, the concentration was measured, owing to the effect of black
flow caused by the hills situated windward, so gas drifted at first wind-
ward and it went up the hill and then moved leeward. (Fig. 11)

2) Case 2: Gas went at first into the valley which develops in the
direction at about 120 degrees from the mean wind direction, after gas
went up the end of the valley, then it drifted with the mean win?
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Fig. 8. Equi-concentration contours in vertical planes, for flat plate.
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(Fig. 12).

3) Flat plate: The diffusion over the flat plate did not show any
peculiarity compared with that hitherto experienced.

B) Vertical diffusion Vertical concentration distributions through
the points of maximum concentrations are shown in Fig. 13 for case 1,
Fig. 14 for case 2 and Fig. 15 for flat plate. The distributions for
case 1 and 2 can be expressed by Sakagami’s formula®, namely,

_Y —
c—9 _¢* _1_e~”?ZJO(i2_“/”cz) (1),

where ¢ is source intensity, h, is effective height of the source, 4 and
B are diffusion parameters which are functions of . Full lines in Fig.
13~15 are the results calculated from Eq. (1), and they fit well to the
experimental results. Contrary, Sutton’s formula, namely,

_y? (het2)2 (he—2)2

C:i_eAleBl+e By 9
U «/Aln 2\/3175 (2)

is not adequate. Especially in the case for flat plate} (Fig. 15), it is
evident that the concentration distributions are expressed by

Cooe B (3).

This result corresponds to Sakagami’s formula for ground level source,
whereas Sutton’s formula takes the form

22

Coce B1 . (4)’

and it contradicts to the experimental results.

By using Egq. (1), we can determine the quantities B and k&, at
every leeward distance, from the experimental data.

The vertical cross section of the terrain along the trace of points
of maximum concentrations and the locus of the effective heights are
shown in Fig. 16 for case 1 and Fig. 17 for case 2, respectively.

The loci of the effective heights behave just like certain stream
lines over such hilly region. '

Distances travelled by gas from the source and the values of B,
calculated by Eq. (1), have the relationship shown in Fig. 18.

As is evident from this figure, the values of B in both cases 1 and
2 are the same as those in the case of flat plate, regardless the degree
of uneveness of the surface.

_ C) Horizontal diffusion Horizontal concentration distributions on
the level of maximum concentration are shown in Fig. 19 for case 1
and Fig. 20 for case 2. Horizontal concentration distributions on the



3 J. Sakacami and M. KaTo NSR. O.U., Vol. 19

Fig. 9. Equi-concentration contours
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in horizontal planes, for case 1.
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Fig. 10. Equi-concentration contours
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(b)

in horizontal planes, for cass 2.
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Fig. 11.
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"_c. Case 1

4

Trajectory of position of the maximum concentration, for case L.
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level of z=1cm for flat plate are shown in' Fig. 21.
In the case of flat plate, the curves take evidently the form

y?

CVJ@—Z ‘ (5)1

but in other cases, the distributions deform sometimes considerably,
owing to the local natural features. If we assume that those distributions
are roughly Gaussian, we can determine the values of A. The relation-
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ship between the values of A and the distances travelled by gas is shown
in Fig. 22. Contrary to the vertical distributions, the horizontal dis-

tributions do not obey any general rule, so it is necessary to investi-
gate case by case.
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Fig. 14. Vertical concentration distributions, for case 2.
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Stability characteristics of the wind tunnel flow

There are some laws of similarity between phenomena in model
experiments and those on real scale. They are always based on mean
velocity profiles. The states of structure of turbulence in wind tunmnel
are very various depending on the nature of turbulence generator used.
Similarly, there may occur various states of turbulence in the atmosphere.
These varieties cannot be represented by only few quantities such as
V4, 2, €tc. which appear in the formula for wind profiles. Furthermore,
even considerable difference in vertical profiles of velocity fluctuations
does not show any noticeable difference in mean velocity profile, but the

spatial distributions of velocity fluctuations affect essentially the
turbulent diffusion.
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Fig. 15. Vertical concentration distributions, for flat plate.
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So we did not rely upon any law of similarity for the conversion
to real scale, and we adopted the method in which the degree of diffusion
is only the immediate measure. Therefore, in this method, mean wind
speeds have not primary importance, though they might affect slightly
the turbulent structure. Even in the same wind tunnel flow, equivalent
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stability characteristics may be different depending on the scale of
model used. ’ '

' The value of B at #=10cm (x=50m on real scale) in the case of
flat plate was 0.79. According to the results hitherto obtained in the
fields, values of stability parameter ¢, proposed by Sakagami®, and those
of B at x=50m can be listed as shown in the first and second columns
in Table 1. The corresponding values of B converted to the wind
tunnel experiments, by calculateing from the values already mentioned
and the scale of the model, are tabulated in the third column in the table.
So comparing the value of 0.79 with these values, we can consider
that the vertical structure produced by the turbulence generator used
in these experiments corresponded to those in the atmosphere in the
region of the state of {= —1, namely slightly unstable.

The value of »~/4A at z=10cm in the case of flat plate was 1.99.
The values of ¢, the values of ~/4 in the fields hitherto obtained at
z=50m and the values of ~/A4 calculated as corresponding values in
the wind tunnel experiments are shown in Table 2. So, comparing
the value of 1.99 with those values, we can consider that the horizontal
turbulent structure in the wind tunnel corresponded to those in the.
atmosphere in the region of the state of (=0, namely neutral.

Conclusion

1) The vertical diffusion occurs independently to the degree of
undulation of the ground surface, and the breadths of the plume, the
values of B, are determined only by the distances travelled by the

Table 1
B (cm)
¢ B (m) converted to wind tunnel
= at x=50 m in the fields experiment
0 (neutral) . . 24,0 - ' 0.48
—0.1 (slightly unstable) o 43.8 0.88
—0.2 (unstable) 65.5 1.31
Table 2
— VA (cm)
¢ VA ‘(m) converted to wind tunnel
at x=50 m in the fields experiment
0 (neutral) 115 2.3
—0.1 (slightly unstable) . 260 5.2
—0.2 (unstable) . . - | 301 . 6.0
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plume. However, the effects of the topography change the effective
heights, and their loci behave just like stream lines over such terrain.
2) The horizontal diffusion does not obey any general rule.
3) The trajectories of the positions of maximum concentrations are
affected remarkably by local feature of the terrain. '
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