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Introduction

We have reported on the concentrations of matter emitted from
a source in the atmosphere when a ‘flux-zero’ level exists above the
source.” In that paper, in order to elucidate the effects of the ‘ flux-
zero’ level on the vertical concentration profiles, consequently on the
ground level concentrations, we treated quantitatively only two dimen-
sional cases, namely the phenomena in x (leeward) and z (vertical)
plane. However, three dimensional phenomena are more important
practically, so we investigated numerically the problems for a point
source.

Formulae

We assume that a point source is at (0,0, 2), and «, y and z are
coordinates leeward, cross wind and vertically upward respectively.
The concentration is given by the eq. 7-31) in the former paper :
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where ¢ is source intensity (unit/s), » is wind velocity on the level of
the source (m/s), H is the height of the ‘flux-zero’ level, K, is the 1st
kind modified Bessel function of the order zero and .J, is the 1st kind
Bessel function of the order zero. j’s are the zero points of J; which
is the 1st kind Bessel function of the order 1. qu g5 ¢« and ¢z are
the diffusion parameters” and they are shown in Table 1.*

* In this paper, numerals 4.78 (—2), for example, means 4.78x 1072
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Table 1. ¢a, +/Qa, ¢ and gg. h is the source height

[ h D Ja, %s 9g
0.5 14,78(=2) 4,26(1) 54.20{=2) 3.50(-1)
10 4,78(-2) 4.26(1) 4,60(=2) 2,93(-1)
20 4,78(~2) 4,26(1) Be71(=2) 2,86(-1)
30 4.78(-2) 4,26(1) 4.77(=2) 2.83(—1-)
50 4.78(=2) 4.26(1) 14,80(~2) 2,78(~1)
<! 7 4.78(~2) 4.26(1) 4,81(~2) 2,75(=1)
o | 100 4,78{=2) 4,26(1) 4.,82(~2) 2,70(21)
150 4,78(~2) 4,26(1) 4,83(~2) 2.69(-1)
200 4,78(=2) 4,26(1) 4.84(~2) 2.67(-1)
300 4.78(~2) 4,26(1) Lo8l(~2) 2,64(-1)

0.5 1.48(=2) 1,56(1) 1,10(=2) 5.30

10 1.09(-2) 2,18(1) 2.46(=2) 1,02
20 1,01(=2) 2,37(1) 3.00(~2) 7.00(=~1)
30 9.7 (=3) 2.48(1) 3.29(=2) 5.65(=1)
50 9,2 (=3) 2.62(1) 3.79(~2) 4.41(-1)
ol 70 8.9 (-3) 2,71(1) 4,02(=2) 3,80(~1)
100 8.6 (-3) 2,84(1) 4,27(=2) 3.39(-1)
150 8.3 (=3) 2,94(1) 4.,40(=~2) 3.08(~1)
200 8.0 (-3) 3.04(1) 4,63(~2) 2.93(~1)
300 7.7 (=3) 3.23(1) L.75(-2) 2.78(-1)
0.5 4.50(~3) 7.59(1) 4.25(=3) 3.48(1)

10 2.12(=-3} 1.59(2) 1.48(-2) 2,87

20 1.80(-3) 1.88(2) 1,98(-2) 1,61

30 1.61(-3) 2,09(2) 2.34(~2) 1,14
] 50 1.40(=3) 2.38(2) 2.87(-2) 7.55(=1})
e | 70 1.29(=3) 2,57(2) 3.30(=2) 5.78(=1)
100 1.17(-3) 2.85(2) 3.70(-2) 4.59(=1)
150 1,06(=3) 3.07(2) 4.20(~2) 3.57(=1)
200 9.8 (-4) | 3.40(2) Lol (-2) 3.18(-1)
300 8.8 (~4) 3.66(2) 4.78(~2) 2.79(~1)
0.5 1.12(-3) 2,77(2) 1,30(=3) 3.73(2)
10 2.52(-4) 1.24(3) 7.20(~3) 1.18(1)

20 1.78(-4) 1.73(3) 1.10(-2) 5.19

« 30 Lol (k) 2.14(3) 1.40(-2) 3.21

o | 50 1,11(~4) 2.77(3) 1.93(~2) 1.69

70 9,50(=5) 3.30(3) 2,38(~2) 1,11
100 7.90(-5) 3.93(3) 2.95(-2) 7.22(=~1)
150 6.50(=5) L,.88(3) 3.74(=2) 4,50(=1})
200 5.60(-5) 5.54(3) 4,28(=-2) 3.41(~1)
300 4.54(=5) 6.83(3) 4,78(=2) 2.94(~1)

The ground level concentration on the x axis are given by

-—1“&*62‘22 2 KO(ZW\/ AB.?v Jb(j”/\/H
T Au

G= ) TGy

Numerical calculatiom

We calculated the ground level concentraions in the cases : stability
parameter { is 0.4 (stable), 0 (neutral), —0.2 (unstable), g/u=1, h=50,
100, 150, 200 m, H=50, 100, 150, 200, 300, 400 and 500 m (h< H).

The shapes of the vertical concentration profiles at every leeward
distances are similar to those reported in the former paper, though
the absolute values are different because the sources are line in the
former paper, but they are point in this paper.

As one example, the profiles in the case hA=50m and {=0 are
shown in Fig. 1.

If we put for ground level concentraions when the height of the
‘flux-zero’ level is H as Cx, and when the level does not exist as C.,
we get the relations between Cy,, C. and 2z and they are given in
Table 2, which are shown graphically in Fig. 2-1-a~2-3-¢c. In these
figures, 1, 2, 3 denote =50, 100, 150 m and a, b, ¢ denote {=0.4, 0,
—0.2. Furthermore, the relations between Cg,/C. and z are given in
Table 3.
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Relations between Cgo, Co, H, { and x.

Table 2.
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Continued.

Table 2.

(9

oo (0)

O o

* e 5 8 s o .

et OV

N o o o, 7,
O\ D0 DD - O
CNERLCRLL ML)
St Mt Nt St e et S S
NNMNO 0 -
QNN J D OO
ANV NO N0
e % s s e e e
A FTHOO N

(h=150m )}

%o

500 (3.33)

N o e o
ONONO NVNVNO O
FES b r bt
N et et e S S N
NN O -0
DO DN IOV
“nNo NI
RN

vl e e N0

-

400 (2.7}

U
OO0

ANt S e N e N et

A

31 [ Tiatatiatoatey)

300 (2)

s o o~
OVOWO NN NN
LR UL AL
e e

N0 NN

11111111

N s

317355”3

NSO N 00 MO O

s 0 e 2 3 0 5 8 »

N0 0 HONO TN

200 (1.33)

o o
[0.0: s AT RTARVRTORTARTY
DU
R
NMO D=0
DO O H OO ™
HIO NI AN
IR

At NN~

P N
O\D D-\0 0000
DR
e
Mo N N
NN OVE-0 N
FO NN M)
“ e e s e s

317-488 [Saral

A S~
O\ B D000 D O
ORI
A St o o M
oSNNI MIAON
QB ND F AN
VR IINMT
AR EERT

39171117.4

150 (1)

N i
O\NO-D\O\0\O O D=
DR LU LR O L
e N N N M a2t Nt
VWO NN NN ON
O SO-0NONO O VN0

H (h/h)

X

C

150 m

¢ h=

- P —~ -~
= © o © © o
~ = ON\0\0\O\O\O ~ DNO\O\O\0\0 OO OO0 - D
161118 titi11 1 LR L
e e R
3 SN0 NS N0 @O Nty VWO O I
[ O\ AIND DN HOHO AN O A0 N NN\O
Q O IJFOWNO O\ oW v nMm 20 MO0 O
REEII0 ¢ e e s e e * s e 0 s s 0
NN OOV Hredmnne e NN N
- — —~
-~ O A O o O A A~ o~
wn N0 \0 WO  ONDS\O\O\ON\ONO  ONGD DD D D O B
N Frr e ttt e v DU L L L
o o M o e A i v N A e e e e S
~ Q MO AN OO0 O AN QW AN DO N0 \O
FON N0 O I3 S NN MO Mot~ O MAIO N —H N
[=3 oNO IO IO MO M NRNO ©\D ©\0 H MO O I~
S v e s e e e s e s s e e s e s e e e s o e e w
ny AN MO\ 0 el NN HOAE NN
— —_
O A O O o
— 1 D=\ \0 WO \O  ONDNO\O\O\ON\O OO DO DO O O
[ UL N U R R L L L L L)
~ e e o e St S S N
- NN O NI N0 OO0 JTON AN MO0 NN T O
o NV O MNO = O N O D OD OO MNO N N AN N
H] O ONOVOVOOWN QAN O VN0 Ny MNAO O NN F v
=3 RN * s s 2 e s e R ERIERN
8 N OV O e AN AN 0NN
N
—~ — —~
Hf —~ © o O e e O S
wn i OO N 1 NOSOO\O\ON\O O\ DD DO - O
K~ I SLEL e RO A DR
“ e e et o N M e e e N e
~] — AHO OO 0O\ O HWNN T A N A A
INQOWNHO AN D8 DY SO OND 00
[=} ONOHN MO N O MWNO Nt 00 SO0 I D
= RN e v e s oo e R
[ AN N AT IO AN N IO T
o
] —~ —~ -~
[ 4) O A~ O e~~~ O A,
D0 NN  O\NO\0\0\0\O 00 00 O DN\0NO DO
-~ LR L LR DR R RO N UL L R L
) A s NN N A N o e e e e et
~ OO Mo -y 0 O TN OO O I NN O\ DO
0 OWO O\ FONAI-NON oo S AN
[=3 T e MO N oA MO NITNNAHNM
S o v v e 6 s RN I REREERIE
[ OO NNN ™ AN NN DO N Rala i Lia¥e X SR gt
—
N
0 /0000000000 | 0000000000 |OO0000000O0Q
—~ [HOQO 0000000 [ 0000000000 9000000000
NIVOO0C000Q ! NFVOOQO000 |NINVSO0OSDOSO
=) HNIOOOQ HANJIOOOQ HNIDOOQ
N T - N
~N
Ed .
A - o
o ]

200 m

d h=



NSR. 0.U., Vol. 26

J. SAKkAGAMI

100

X pue I ‘°H) u29mjoq SUOlIR[IY

=2

woG=Y4

01

"¢ 314

10

~1,-01

—1-01

Omo
~—1,-0t

s-01

—{.-0T

-0t

—-01

°H)

—1:-0T

X
w00t

¥

0

0

=2

s

‘wog=y -

10

70=3
wog=y

-0

—.-0T

- leH

°HD
—e-01




101

On the Concentrations of Matter Emitted from a Source

Dec. 1975

x
w001

Z20—=3 ‘WI=Y 0-g

0T

B

I

-] erH

7 TQM

1 ulOH

omu

- mIOH

"ponunuo) ‘g ‘814
0=2 ‘WEOT=Y q-g

X
w0 01 I

T 1 |

woor=y

s-01

~1.-0T

~1o-0T

—1-01

amo

~$-01

WHGOT

7'0=2 ‘WeoI=Y ®-g

1)

10

70=3
w 00r=1

a-0T

] nlOH

—15-01

—1e-01L

::U




NSR. 0.U., Vol. 26

J. SAKAGAMI

102

2'0—=2 ‘wQsT=y9 °-¢

X
wHOOT 01T I 10
{ ] | 6-0T
1 mlOH
0 N} —1.-0T
o
QQV
QQ%
2 101
%\//«m\/ 9
20—=3
w 0gr=Y -
ha mlo.—..

X
w00t

‘psnupnoy g 814

0=2 ‘wQsT=Y gq-¢

10

wosT=Y

501

—1.-01

!Io.\OH

—1s-01

ite)

—1-01

7'0=2 ‘wQsI=4Y e-g

x .
w00t 01T 1 10
1 | _ o-01
ot
- wlOH
Q
Q%%
QQV
QQ% —1s-01
QQW
Q%N”Q
y0=2
wosT=4 °HD
—1,-01



Dec. 1975

On the Concentrations of Matter Emitted from a Source

Table 3. Relations between Cpo/Ce, H, ¢ and x.

103

h (m) 50 100
g |50 100 |1s0 {200 {300 {400 {500 100 {150 Jz00 | 300 | %00 | 500-
(: ‘\\(gii) (1) [€2) |(3) j(u) [(6) |(8) [(10) (1) [(1.5)](2) (3) | ) | ()
X
200
100 2,771 1.36] 1,36 1.36] 1.36| 1.36 )
800 2,154 1,02} 1.02{ 1,02} 1,02 1.02] 1.02 2,411 1,171 117 1.17| 1,171 1,17
1000 2,15} 1,014 1,01 | 1,01} 1,01} 1.01] 1,00 2.23(1.08{1,08{ 1,08] 1,08} 1,08
0.4 2000 2,271 1,02 1,00] 1,00 1,00 { 1.00{ 1,00 2,14 11,021 1,00( 1,00] 1,00| 1,00
4000 2.58| 1,18} 1,01| 1,00} 1,00} 1,00} 1,00 2,27 (1,17 11,02} 1,00 1,00| 1,00
8000 3.401 1,671 1,191 1,05 1,00 | 1,00 1.00 2.57 ] t.55)1,17] 1,01} 1,00} 1.00
10000 3,881 1.921 1,32} 1,15 1,01 | 1.00| 1,00 2.751{1.7311.28) 1,04 1,00{ 1,00
20000 6,431 3.24 | 2,15 1.62] 1,19 1,06] 1.02 3.82 12,54 |1.904 1,31 1,10} 1,03
50000 11,7 5.86§ 3.91] 2.93| 1.96 | 1.50} 1.02 6.30 | 4.21{3.15} 2,14 ] 1,60} 1.33
200
400 4,541 2,18 12,18 2,18 2.18 (2,18 2.18
800 2,271 1.05 11,06} 1,06| 1,06 1,06} 1,06 4,18 12,02 2,02 2,02} 2,02 2.02
1000 2,20 1,01]1,08{1,014{1,01]1.,01] 1,01 2,95 1 1.42 |2.42 ) 1,42 ) 1.42 ] 1,42
o 2000 2.331 1.04 { 1,00 {1,00{ 1,00 1.00{ 1,00 2.1511.04 1,00 1,00} 1.00} 1,00
4,000 2.761 1,29 | 1,04 {1,001} 1,00} 1.,00{ 1,00 2,29 | 1.21 {1,02{ 1,00 | 1,00] 1,00
8000 3.88] 1,93)1,32 {1.11] 1,01 | 1,00} 1,00 2,64 11,63 |1,2211,02}1,00] 1,00
10000 4.50 | 2.2 | 1,52 [1.21 1,03 [ 1.00] 1,00 2.8511.82 §1,3u | 1,06 ] 1,01} 1,00
20000 3.8812.58 11,951,361 1.13{ 1.05 4,09 12,72 12,03} 1,39 | 1.14 | 1.05
40000 4.80 | 3.60 { 2,40 | 1,81 1,48 6.88 {4.59 {3.44{2.29 {1.73( 1,42
200
400
800 2,331 1,05 { 1,00 | 1,00 | 1.00 | 1,00 | 1,00 5.7712.80 | 2.69| 2,68 2,68 2.68
1000 2,401 1,09 [1,01 {1,00 {1.00 { 1,00 1.00 3.70 1 1,81 |1,71] 1.70] 1.70} 1.70
-0.2 | 2000 2,810 1,32 11,07 {1.02 (1,00 | 1,00 1.00 2,29 11,20 }1,04{ 1.00{ 1,00 1,00
4000 3.69| 1,81 | 1.28 { 1,09 | 1.00 [ 1,00 { 1,00 2.35|1.37 | 1.08} 1,02 {1,001} 1,00
8000 6.14 | 3,07 12,06 | 1,59 | 1,21 { 1,08 | 1.04 2,99 11.92 {1,43] 1,03} 1,03} 1,00
10000 7.401 3.70 |2.47 { 1,88 [1.36 { 1,16 1,08 3.30 12,18 {1,631 1,18 1.05] 1,00
20000 6.90 | 4.60 [3,42 [ 2.31]1.77] 1.48 5.29 | 3.52 [2.6L ] 1,78 | 1,40 | 1,21
40000 8.90 16,67 J 4,45 ) 3.34 ) 2,67 6,31 | 4.73 ) 3.16 | 2.37 | 1.92
a h=50 and 100m
h (m) 150 200
H [150 [200 [300 [yoo {s00 [200. [300 [u00 [s00
G /h) (1) [(1.3) {{2) [ (2.7 (3.3){ () |(1.5)|(2) }(2.5)
x
200
400
800 3.05} 1.50 | 1.50 | 1.50 | 1.30
1000 2.49| 1,22 1,22 | 1.22 | 1,22 |2,95 | 1.45 | 1.45 | 1.45
0.4 2000 2.,12| 1,04 { 1,02 (1,02 | 1,02 (2,14 | 1,04 [1.04 | 1.0L
3000 2,18} 1,16 11,00 {1,00 {1,00 |2,13{ 1.02 |1,00| 1,00
8000 2,36} 1,50 11,05 ) 1,00 | 1,00 | 2,27 | 1,16 |1,02] 1,00
10000 2,460 1,65]1,11 {1,01|1,00 }2.33} 1,26 |1,041} 1,01
20000 3.07( 2,27 11,48 | 1,18 { 1,06 | 2,74 | 1,72 [1,28] 1,10
%0000 4.63( 3.47 12,31 | 2.74 | 1.42 {3.80 { 2,52 {1.89 ] 1.52
200
400
800
1000 5.88} 2,87 12.86 {2.86|2.,86|2.94 1.45 | 1.45 | 1.45
0 2000 2,34 1.1511.12 [ 1,12 1,12 | 2,14 | 1,04 | 1.0 | 1.04
24000 2,19 1,18 { 1,00 | 1,00 { 1,00 {2.14 { 1,02 | 1,00 | 1,00
8000 2.37) 1.5311.06 | 1,00 ) 1,00 | 2,26 1,16 [1.02 | 1,00
10000 2.4b8} 1,68 1,12 { 1,02 { 1,00 |2.34{ 1.26 {1.04 | 1,01
20000 3.13} 2,32 { 1,52 | 1,20 | 1,07 |2.78| 1.39 {1.36 | 1,12
10000 4.761 3.57 12.38 [1.79 { 1,46 {3.92 2,61 [1.95 [ 1.57
200
4,00
800
1000 2,25] 1,13 1.06 | 1,06 |1.06
-0.2| 2000 3.36] 1.82 | 1.55 |1.54 | 1.54 | 7.85| 3.79 { k.21 | 3.67
4000 2,30] 1,39 {1.04 {1.00 {1.00 | 2,53} 1.27 | 1.16 {1.14
8000 2.531 1.71 11,16 {1,03 §1,00 (2,33} 1.28 {1.,22 | 1,00
10000 2.6 1,84 1,23 |1.05 1,00 |2.37} 1.35 | 1,08 | 1,00
20000 3.42} 2,52 11,67 11,30 {1.13 {2.75] 1.7 |1.30 | 1.11
40000 5.531 #.15 [ 2,76 [2.08 | 1,68 [ 4,051 2.68 [2,01 | 1.62
b h=150 and 200 m
- .
Considerations
The values of Cy,/C.. are large when 2 is small, and they tend to

1 as 2 becomes larger, and then they become larger again when
These retios are larger in unstable conditions

becomes much larger.
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than those in stable conditions. The large ratios near the source are
not essential, because the values of Cy, are originally small.

On the other hand, when HJh is 1, the values of Cy, is large, but
when HJh is more than 2, the valucs are nearly 1, and it shows that
the existence of the ‘flux-zero’ level does not considerably affect the
ground level concentration. Furthermore, as it has been remarked
in the former paper, the vertical temperatlure gradient which occurs
ordinarily, can not be regarded to be such ‘flux-zero’ level. We are now
carrying out the investigations about the diffusion phenomena in
such temperature profiles in the wind tunnel with thermally stratified
layers.
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