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Introduction

It is not seldom, especially in coastal regions, that the wind which
has been blowing in one direction during a certain period, suddenly
dies away, and after then it blows again in another direction. A
plume which has been emitted from a source in the former stage,
drifts with the wind in the second stage. The concentrations of the
plume at positions which were to the windward in the former stage
are important in the problem of the atmospheric pollution. We con-
sider this problem in the cases when the changes of wind direction are
1) 180°, 2) 175° and 3) 90°.

Formulation

We assume that the wind has been blowing in the direction 0§
with the velocity w, m/s during T s, then it changes the direction
to Ox and the velocity to u, m/s. The relations between coordinates

k XPO(E;’]’Z)

Fig. 1. Coordinates in the 1st stage.
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Fig. 2. Relations between (&,7) and (x,y).

are shown in Figs. 1 and 2. A plume is emitted from a source whose
height is & m above the origin.

The concentration of a puff C; which has been emitted at the
instant ¢ (0=<7<T) at the point Py, »,{) be

Ci(Er 7]5 C’ T):qdf Fl(Ey 7]: C; a, b; 7") 1):

where ¢ is the source intensity of the continuous source, so qdr is
that of the instantaneous source. a and b are defined by eq. 5) or 7).

The concentration C, at the instant ¢ in the second stage, due to
the puff centered at P, is given by

CZ(my ?/, z; 7, t) =j:d§j.jmdvj‘iwcl($y 7]’ Cf T) F2(x7 ?/, Z, E; 77: C’ t) d& 2)'

So the resulted concentration due to the puffs emitted during the
whole period 7' is given by

Ciary 2, )= def atf dnf C.Fide 3).

The functions F; and F, are given by next two equations:

(E~ur7)3+92 h+g

e @ e T 2/ hC
Fe 0 &= L (Y 9,
a1 =q(pauc+e 4" —1) } 5)
b= QB(SDB’UqT +e"¢BMT—1)

(x—& cos 0+7 sin §—uat)?
- %

Fﬂ(x) Y, %, E: 7, C’ t):: azzbgﬂ' €

(& sin 6+7 cos 6+9)2 Ltz -
e " o 1,3 6),
2
az=qA(90Au2t+e—goAuat_1) } 7)
bz:qB(SDB/th-I‘ 6'¢Bu:t_1)

where qu, gz, ¢4, ¢5, are the diffusion parameters which are shown in
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A, Y4, ¢B, QB, h and £.

Table 1 and I, is the 1st kind modified Bessel function of the order
Table 1.
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According to the above equations, we get
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The ground level concentrat
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*) In this paper the numerals 4.78(—2), for example, means 4.78x 102,
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Approximated calculation

As the parameters a, and b, are the functions of 7, it is very tedious
to carry out the integration exactly. So we integrate the egs. 10) and
11) approximately by putting a, and b, instcad of a, and b, where

To-_—‘?/]l:_l‘ (l1_u2t coS 0) 11)
When 7,20,
e I o,
blozqﬂ(goBulTo_i_e‘gaB U1iTo __1)
and when 7,<0
Ay ="by,=0 13).

Then we get approximately for eq. 9),

(La—ust sin §)2

— e Udn'l’ax

C4= C4(w’ Y, 2z, t) Uy '\/alo +a, (b10+ b2) \/

ke p (2vhe ) 1 w, T+ ust cos 6 —1,
<ot 1 (ot )y Lent (TS
(st COS 0L
eI‘f< v ay+a, )] 14),
and for eq. 10,
C4,0:—"C4(x, y, 0, t,) — g~ a1°+a' (lg—ugt sin )2

Ui G+ Ay (blo +by) Vr

) e'??ﬁ_bn—%—[erf<ulT+j;iifo—l1) (uzi/cci)sﬁazll )] 15).

In these equations, erf (¢) is the error integral which is defined by

erf (¢):727r:ffe’“” du 16).

Results

1) 6=180°: We calculated the ground level concentrations in the
cases of =60, 100, 150 m, T=1, 2, 3 h, stability parameter {=0.4
(stable), 0 (neutral), —0.2 (unstable), ¢/u,=1 and u,=u,=1 m/s.

The time changes of concentration are shown in Fig. 3 and 4.
Contrary to the concentration in the case of continuous plume, it
changes remarkably with time, and it becomes noticeable only during
a certain period, exposed interval 1. So, for the air pollution problems,
the quantities, dosage D,

D={ Cit o.h=5555] Cit .5
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Fig. 3. Time changes of concentration. T=1h, h=60 and 150 m.



86 J. SAKAGAMI NSR. O0.U., Vol. 26

0.1k £=04

|
10 15X10°% t

(a) ¢=0.4

0.1k ¢

1
0 ) 10 15X10% t

B T=2h
{=-0.2

|
20X10% t

(¢) ¢=-0.2
Fig. 4. Time changes of concentration T=2h, h=60 and 150 m.
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or mean concentration C
C=D[i=| _Cat)2

are essential. However, though 2 is infinite theoretically, it is finite
in practical sense, and there may be some ambuguities in determining
the both ends of the interval. We assumed that the ends are the
instants when the concentrations are 107* of the maximum concentra-
tion.

We show the relations between Cn.., C, 2 and #, together with
C. which is the concentraion of a continuous plume. (Table 2).

Results of the cases T'=1h, {=0: h=60, 100 and 150 m are shown
in Fig. 5a, b and c.

As a representative case, time changes of concentration for T=1,
2 and 3 & are shown in Fig. 6. When 7T’s become longer, the curves
donot change in the main part and only extend themselves their latter
parts.

Fig. 6. Time changes of concentration for T=1, 2 and 3h.

2) 60=175°: The ground level concentrations were calculated in the
cases of h=60m, T=1h, (=0, u;=u,=1 m/s; x=100, y=0 (I,=—99.62,
1,=8.716) m and 2=1000, y=0 (I,=—996.2, [,=87.16) m.

The results are shown in Fig. 7. The graphs differ considerably
with those in the case §=180°. The values of C are shown in Table 3.

3) 6=90°: The calculation was carried out in the cases A=60 m,
T=1h £=0, uy;=u,=1 mfs: £=100, y=100 (1,=100, [,=100); x=100,
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y=1000 ([;=1000, [,=100); 2=1000, y=100 (},=100, 1,=1000) and x=
1000, y=1000 (1,=1000, ,=1000) .

C
X1073

2__

0 1 2 3 4X10% t

Fig. 7. Time changes of concentration for #=175° and 180° in the case of
h=60m, {=0, T=1h and x=100m.

Table 3. Relations between Cpax, D, C, 2 and @°.
T=1h (3600 s), h=260m G=0
8 () x|y ]| cpop D (ch) 4 A ()

180 | 100 0 2.55(=5) | 1.47(-5) { 1.57(-5) |3700

175 | 100 0 1.34(=5) | 6.36(~6) | 6.18(=6) | 3700
1000 0 2,07(=5) | 9.94(~6) | 8.73(-6) | L4100

100 100 | 1,27(-12)| 1.65(-12)| 4.94(=11)| 130
90 100 } 1000 | 1.20(=12)| 4.69(-5) | 5.76(=6) | 260
1000 | -1200 | 1.00(=5) | 3.75(-4) | 3.99(-6) | 330
1000 | 1000 | 1,16(=5) | &.b42(-4) | 4.65(~6) | 350

The results are shown in Fig. 8 and 9. The exposed intervals
become very short compared with above two cases and the values of

C become consierably small (Table 3).

Consideration

1) The value of u, affects the concentration and the length of
the plume in the first stage, and that of wu, affects the duration of
the exposed interval and on the value of dosage, but does not affect
C.
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C
X10-°
12

10

| ] :
0 50 100 150 200 250
s t
Tig. 8. Time changes of concentration in the cases of §=90°, h=60m, =0,
T=1h, x=100m, y=100m and 1000 m,

X107°
C 12 L Y""IOOO H=90=

x=1000
10—

l | ]
800 ~ 900 1000 1100 1200 s t

Fig. 9. Time changes of concentration in the cases of §=90°, h=60m, {=0,
T=1h, x=1000m, y=100 and 1000 m.

2) In the case when 6 is nearly 180°, the concentrations of conti-
nuous source C, are very low in the region near the source, but those
resulted in the second stage are considerably high.

8) The values of C in the case of 175° are considerably less than
those in the case of 180°. Only the difference of 5° affects remarkably.

4) When 6= is nearly 90°, the exposed intervals become very
short, and the concentrations become much lower.
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