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A Study of the vertical velocity and aerosol effects on cloud
formation using quasi-prototype experiment of cloud physics

Shuichi Tsuchiya, Masaharu Okada, Tadashi Yamada

abstract

The purpose of this study is to propose a numerical model of rainfall considering the effects of
cloud microphysics and aerosols. In order to compare the theory of cloud physics and the phenomena
occurring in cloud, we constructed experimental facilities with prototype scale using the long vertical
shaft of an abandoned mine. Using this facility, data such as temperature, relative humidity, air
pressure, updraft velocity, cloud particle and aerosol particle consistency have been observed at
different height. In this shaft it was found that clouds occurred before the air reaches the saturation
level. We observed condensational growth of water vapor from vertical distribution of each diameter
particle number. Through the experiments, we found the new type mechanism related to occurrence
of clouds. The following results were obtained; 1)The result of linear relation between updraft
velocity and amount of cloud water was obtained. 2)The result of Logarithmic relation between
solution consistency and amount of cloud water was obtained. 3)The result of Logarithmic relation
between supplied aerosol number and cloud water was obtained. 4) Too much supplied aerosol
number and solution of consistency lets increasing cloud water restrai.

1 00

goooobooboboobooboooboboboboboobobobobobooboboboboboo
goooboobooooooboobobooboooooboobobobooboobobobobobboboboDbo
gooobooboooooboobobooooooboboboboooobobobobobobboboboDbO
gooobooboooooboobobooooooboboboboooobobobobobobboboboDbO
gboboboooooboboboboooooboboboobooon

2 Jgooobogo

0000000000000 000 Fig. 100000000000000 425m00 5.5m0000 2.8m
coobooooooooboboobooooboooobooboobooboooobooooboboobobooooooobboOobboOooooo

*0000000
foooooooo
fobopoooooo

_15_



gooooooobocooboboooobo

cooooobooobooboobooooboooboobooo
OU00o0oO0oUuoUooooUoOo 2000000
O000o0oUooUoooOoUo 300oouoo
oooooobooboboobooooboooboboon
gboobooboooooboobobobooooooao
g, gbgooboboobooboobooboooonoao
gbobobooooobobobobooooooo
gbobobooooobobobobooooooo
gbobobooooobobobobooooooo
gboboboooooboboboboooooo
000000000000 100%00000000
10.9°Cooooon 13.1°Coooooooooan
gbobobooooobobobobooooooo
cooooobooboboooooooboo

3 Jggpooog

00oo0o0oU0o0oooOO0ooUoOon 18mOo
2mHB3m4dmOI0000 6000000 0.3 um
cboooooboooooboooboobooooobo
20030 110000000000 10[g/L] O 300
[g/L]0 200000 (NHy),SO4 0000000
O00Uooooo 0.05pmO0OO0n 300 3600
[count/em3| 0000 7000000000000
goboboooobboobobbooobobooo
00000000 3000oooooooon

4 J0OOO0ODOOODOODOOD

0000000000000000000 (d>0.3
pm) 00000 Fig. 2000000000000
00000000000000000000000
00000000000000000000000
000000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000,00000000
00000 10pmO000000000000000
0000000000000000000000O0
0000000000000000000000

~t

SUATRICERE L /o BRI e
77—y R R (RO
B> T5—

A RURIEE AT Onse (48D

- RERNRERER

/J ‘77>@%)
| )

5.5mx 2.8m

Particle Counter (RION#:%Y) llej

MMRICEE LEBIBSE | v

Particle Counter (RION#L%Y) [\ —

L #e e iU S (Onse t4E8D) | Tr (=38
i — KR A M

SUEICERE Lo BN | T >

AR bR IRED

Particle Counter (RION#-ED

@ 03.0m w157
v L

‘Ii <]

Fig.1 00000000 O00OO0OOOO

500 (NH,),50, 24.Nov.2003
fiec]  3ofiec) I0pec]
400] 10pL gL gL
o8mis | 10ms | 15ms | 08mis 1.0mis 1.5ws 08ms
300
200
100} 'pm"‘ L-I'ﬂ!:_"“"'
- U Do A\ omsl
8:00 10:00 12:00 14:00 1600 18:00
NH,},50, 25 Nov.2003

200(1cc] 200(/cc] 200§cc]

12:00 5014200 1600 18:00
500, : i, 50, 27 Now.2003
1200fee) 2a00fjec]
400[ 3001 3001 30091 | 30091
15mis 1.5mis 08m's 10mis | 15mis || 0.8mis

AEROSOL NUMBER(d>0.3um)[Count/cm’]

8:00

800 000 1200 1400 6:00 78:00

TIME(JST)
¢ —fim = 40m i
ToP Sm  —— 2gm —BOTTOM

Fig.2 0000000000000

_16—



gooooooooooooooOooobooOoOoO0ooOoOoOoOoOoOo0oOobOoOoOoOoOoboOoOooboboOoooDoboo

EREE1.5m/s

[++]
(=]

3 BEAKE lﬂ&i&ﬂ‘fﬁb
0:10[g/L] 30[cm’]

~1
o
T

coB888383 0588883883

E bttt - A:10[g/l] 90[/cm’]

o 7ot _ - E 60F 4 :10[g/1L) 200[-’crn3])‘ ]

s LREZ10mS E 505 > :300[g/L] 2400}/cm

2 S | WBEB:(NH,,S0,

E g4m :

o

2 et i 30f ]
T T T : :
WIBE T (NH),S0, 3 S
ERE®OSMs +H 20F ;

BARE I!ﬂxiau'ﬂlr—
0:10[g/ll] 30[/cm’ 10p y
A:10[gl] 90ffem? 3
<:10[g/L] 200fcm’] 3 oF ]
&> :300[g/L] 2400[/em’] 0'5 . "
Pt L I 1 1 L L = A
50 100 150 200 250 300 350 400 LRAEL 0 8-1.5m/s) I‘_
I70YIVERE (d>0.3um)[Count/em’] I70Y)VERE (d>0. mm}mmnm
Fig. 3 000000000000O00 (d>0.3mm) O Fig.4 000000000O000O00000 (d>0.3
0oooooo mm) 000000000

5 JOoooobooobooooobon

0080mOIO00000000000000000 (d>0.3um)000000000 Fig.300000000
00000000000000000000000000000000000000000000000000
00000000000000000 18053mO0000000000000000000000000000
00000000000000000000000000000000000000000 d<0.3umO0000
0000000000 d>03um000000000000,30[/cm®]0000000000 32mO00000
000000000000000000000000 d<0.3umO000000000000 d>0.3um0O00
000000000000000000 0.8m/s0O0 1.5m/s0000000000000000 (d>0.3 um)
0000000000 Fig.4000. 0000000000 30[/cm®|090[/cm?®] 00 32m 0 0200[/cm?0
2400[/cm®] 00 53mO0000000000000000000 74m000000000000000 1.3
0000000000000 000000000000000000000000000000000000
0000000000000 000000000000000000000000000000000000
000000000000000

6 JOUDoOO0bOo0obOoobooboobooobo

0000 08m/s00 1.5m/s00000000000000000000000000000000 Fig.5
000000000000000000000000000000000000000000000000
30[/cm?]090[/ecm®| 0000 18m O 0.5<d<1.0pm 0000 32mO053m,74m 00 1.0<d<5.0 um 0 0
0000000000000000000000000000000000000000000000000
0000000000000 000000000000000000000000000000000000
000000000000000000000000000

17—



gooooooobocooboboooobo

af WHEI7 OV )VEREE:30/cm’] 3
BilRE 109/l
TR (NH,),S0,

—_

90y/cmd
10[g/L)
[NHJQSO,

w o

o

—

w

n

-

o

LRI (0.8-1.5m/s)IC L BT 7 O VIV EREDIEINE
(=]

‘.::i- -
it} ] i
3 MNEBE ] 10 I~
32— ;gg[og,.uira] O :0m ¢ :53m N 101i- I
b 4 :18m < :74m e .
of (NH,)SO, O ‘32m : 10, sk
L\ f\r
1§ 10 “fehpirn”, )
8:00 10:00 12:00 14:00 16:00 18:00
: ! Time(JST)
0 - 10 — 03@um)<d —— 0.5(um)<d  =---1.0(um)<d
HIiE [um] —-- 2.0(um)<d — 5.0(um)<d

Fig. 5 000000000000 O0OO0OO0OO0O0O0O0 Fig.6 00000000O0O00O0OOO0O0OOO0O0000O0
oooo ooooooooo

v goboboooooobboooobobboooooobo

000000000000000000000000DO0 Fig.60000000000000DO00DOOO
ooboooooooobobooboooooboooobobooboboooobooooboboobooboOoboooobboOoboboOooooo
coobooooooooboobooboooooboooobooboobooboooobooooboboobooboooooooboboboboOooooo
0000000000D0000000000000D0D0O0D000000000000000000 d>2.0[pm]
oobooooboooboobooooo

8§ JOUOboooboooo

200l00000000000000000000D000O000000D000O0UDOUOO0O Fig.70000
200l 0000000000000000000000000DO0DO0O000O00O000O0OD0O0O0O00O0
goboobooooobooboobooobooobooboboooboobooooobobobooboboboboooo
00000000000000000000000000000 NaClOOOOODOOOO 1lm/s00000
gooobooooooboobooboooooobooboboobooobobobobobobobboboboDbo
gobooooogoooooogoobobooooooooboboboooobobobobobobobOobUoboo

18—



goboooooooooooooOoo0oOoOoOoOoOoOOoOoOoOoOoOoOoOoOoOoOoboOoOoboboOoooDoboo

T T T T T T T T T Nﬂlﬂzqﬂ.L T T T T T N,.Ol’@@.@i
5 - ; WEBE EERE
8ol |o Amﬁfsi% 1?{3,?3 J sol LREREOSMS |, 0 Tsiore
5 j(NH"} 250“ 200[g/L] A (NH4),S0, TSI3076
L 4, 4 . -
¥ A :NaCl 10[g/L] & O :(NH4),S0, 7 # 22 b

Es) 0 :LiCl 10[g/L] £

E D)40" — -
E 70+ 1 £
- -]
5 %

o B 30 :
H 60F E ﬁ
8 =

™ 1 200 ]
=} =
i 50F 1 i

10t -

4 1 1 1 1 1 1 1 1 1 1 i L | L 1 1 1 I 1
8.5 1 1.5 0 50 100 150 200 250 300
LR ELE[m/s] A RRE /L
Fig. 7 00000000000 Fig. 8 00000O00D0O0OO0OOO

9 JOogoobooobooobooon

200200000000000000O00O00O0O0UOOO0DOOUOOOULOOOODDOUODOOUDOO
00 Fig. 80000000000000000D000O00O0O0O0O0O0O00O0000O00O0O0O0O0O0OOO
0000000000000 0000000U0000DUo0o0ooOoUooo20200000000000
TSI3076(TSI0 ) 0000000 ODOD000D0D0O0O0O00000000000000000000NONOOnOO
00000 Fig. 900000000000000000000 d<20[pm]000000000000000
0000000d>20pm| 0000000000000 D000000000000000OOODDODOOD
goboboooooboogoboobooobobobooboooboobobooobooboobooboboboboboobooboon
OooTSI376000000000000000000000000000000000000000Fig. 9
000000000 TSI3076000000000000000000000000000000000000
gbooobobooooood

10 J0O0Oooooooooboooooon

20030 0000000000000 0DO0OD0OUOUOUOUOUODOUODO0OOODLOODOODDOODOOOODO
Fig. 10000020030 00000000000000000000 (TSI0)0000000000000
0000000000000 00000000000 0.05pm]000000000000O0OOOOO00
cobooooooooboobooboooooboooobooboobooboooobooooboboobooboobooboooobboOobboOooooo
cobooooooooboobooboooooboooobooboobooboooobooooboboobooboobooboooobboOobboOooooo
coooooboooboobooooooboobbooboooobooon

11 000

J00000000000000l)0000000000000000000D0D000000000000
gbooobooboooooobooboboobooooobooboboboooboboobobobobobboobobobo

_19_



gooooooobocooboboooobo

ML B B B B R R M | ¥ "] RMMQDZ— 70 T - . iND-\dm
3] TR TSI THEIRM]
10 YR —O— —O—
T 10 e e 2 ‘
3 1 E
Sk E
€ . f 1 Es0f 1
o 10F 3 i‘
O 1 %
§ -1E E pa)
10 F i 1g30F 1
2 | 8
N107F 3 %20- W R: (NH,),SO, |
H i ] tREE
[ ESFELE0.8[m/s] :
107°F B a-(NH4)2504 R e
P ABREE:10g/L ] 10r O:15Mms ]
_4 i 1 al s 1 sl lllljlll L 1 " 1 2L L L 1 T
10 =03 07 1 2 0 1000 2000 3000 _ 4000
RIE[um] W T 7 OV LR E count/em’]
Fig.9 ODO00DO0ODOODOODOOOOO Fig. 10 000ODO0O0OO0OOOOOODOODODO

002)000000000000000000000000000000000000000D0ODDDO3)
gboooboobooooobooboboobooooobooboboboooboobobobobobbobobobo
000000000000 000000004)00000000000000000000000000O00OO
gooobobooooooboobobooboooobooboboboooboobobobobobbobOoboDbo
gbobobooooobobobooooboobobobooooboboboboo

20—



