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1. ABSTRACT

It is possible to calculate the spreading of a plume in
the atmosphere under instationary and inhomogeneous con-
ditions by introducing the "particle-in-cell" method
(PIC). This has a systematical advantage over the steady
state Gaussian plume model usually used with averaged
data. In particular the concentration time integral is
calculated directly instead of being substituted by a
locally integrated concentration at a constant time as is
done in the plume model. Thus inaccuracies due to the
computational techniques may be avoided for short-time
emissions because both integrals do not lead to the same
results as is shown herein. Additionally the PlC-method
makes it possible to consider height-dependent input data
and their variations in time.

2. CALCULATIONS OF THE CONCENTRATION TIME INTEGRAL

The near-ground concentration c of a plume spreading in
the atmosphere is almost only described by the Gaussian
plume model. It depends on a solution of the Fickian
diffusion law by a Gaussian normal distribution. The
effect I of the airborne material on live corresponds
with the concentration time integral over the time T of
influence at a fixed point:

Kx,y) = /pC (x,y,z=o,t) -dt
An analytical solution of this time integral does not as
yet exist if any time-dependent meteorological input data
are to be used. However, it may be approximated if it is
replaced by an integration that adds up all plume parts
in concern locally at a constant time, i.e. d>:=u-dt.
That is only possible if the meteorological data are
constant all over the plume and if the cloud passes the
exposure point unchanged.

If there are instationary or inhomogeneous effects
to be considered as may be an advection velocity that
varies locally and in time, a numerical solution is to be
preferred e.g. the PIC-method. Its basis is to calculate
the diffusion in the cloud and its transport step by step
from time to time. The region around the cloud is divided
into cells between which particles representing single
parts of the whole concentration are moved according to
the diffusion laws. The velocities of the particles are
composed of the advection velocity and of the diffusion

89



velocities derived from the different concentrations in
the cel]s. This movements are executed step by step in
such a way that the input data may be fitted locally and
temporally to the circumstances. The method has been
described by Sklarew et al. [1j . In practice it has been
shown by Voelz et Schultz [2] that many dispersion pro-
cesses may be simulated in a good sense over longer
periods. And this PIC-method allows to calculate either
the realistic time integral or the substituted local
integration.

3. COMPARISON OF THE INTEGRALS IN BOTH METHODS

If the PIC-method is used with local and temporal mean
values of the input data, it normally gives the same
concentration values compared to the Gaussian plume
model under the same conditions. It gives comparable
integral values, too, if these are calculated by the
substituted local integration (1a) .

This is also true if the integral values are
evaluated using the PIC-method with either the substi-
tuted local integration for a height-dependent wind speed
or the realistic time integral for a mean wind speed
(1b, 2a).

Contrary, the realistic concentration time integral
when used for a height-dependent wind speed differs from
adequate calculations by the Gaussian model. Now the
maximum value increases and lies nearer to the source.
This is an effect that has indeed been observed during
diffusion experiments at elevated sources (2b).

Fig. 1 shows t.he integral values downwind for a
neutral diffusion type. They are calculated once for a
height-dependent wind speed (b) and once for an adequate
mean wind speed (a) with either the realistic concen-
tration time integral at à fixed exposure point (2) or
the substituted local integration at a constant time (1).
The difference between the curves (2a) and (1a) is only
due to the numerical computational techniques. On the
other hand, it may be seen that the realistic concen-
tration time integral used for a height-dependent wind
speed (2b) differs from those integral values that are
calculated with either a constant wind speed using the
realistic time integral (2a) or using the Gaussian model.

Fig. 2 shows the velocities within a cloud from a
100 m high point source emission 3100 m downwind in-
fluenced by a height-dependent wind speed in a neutral
atmosphere. There are shown on the right-hand side the
diffusion velocities on those corner points situated in a
vertical plane through the cloud center line and on the
left-hand side the height-dependent advection velocities.

4. RESULTS

Both, the concentration time integral and the substituted
local integration do not lead to the same results. The
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reason may be explained as follows: The higher integral
values near the source appear when using the realistic
time integral. This happens as the cloud is not so much
twisted by the height-dependent wind speed and because it
passes more slowly the exposure point, that is to say,
with a wind speed representative for the near-ground
atmospheric layer. And besides that, during the passage
some particles move at the tail-end from the upper parts
downwards due to the decreasing concentration gradient.
This downward diffusion stops at about 1200 to 1400 m far
from the source. Then the cloud passes unchanged the
exposure point only with the wind speed representative
for the near-ground layer. Finally, the cloud becomes
twisted at the tail-end by the height-dependent wind
speed that, forces the upper parts to cross more quickly.
Therefore an upward diffusion starts due to the downward
increasing concentration gradient. As a consequence, the
realistic concentration time integral becomes lower more
and more with the increasing downwind distance from the
source in relation to the Gaussian model.
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Fig. 1 Realistic concentration time integral (2) compared with the

substituted locally integrated concentration (1) calculated
using the PIC-method for a constant (a) and a height-depen-
dent (b) wind speed for a neutral- diffusion.
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Fig. 2 Diffusion velocities at the corner points of the cell system
in a vertical plane after the cloud of a 100 m high point
source emission has travelled ut=3100 m downwind controlled
by the height-dependent wind speed u(z).
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