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“Warm Cloud" Hygroscopic Seeding Process
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Hygroscopic particles
(A few micron size) act as CCN,
activated and readily grow by

vapor deposition
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BRIMNTARGE

MRI CLOUD SIMULATION Background CCN Improve..’ment oj.' detailed (bin)
CHAMBER microphysics model

Growth of cloud droplets
In an adiabatically expanding air

Hygroscopic seeding experiment

/

Development of

Sample analysis using
/ Electron microscope

nu
Bin-type cloud
physics +

Seeding processes

Quantification of
the hygroscopic
seeding effects \\
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RBES —T 1 VMR LEFE

O Salt micro-powder( MP)

NaClif#i (b i
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O Pyrotechnic (Hygroscopic flare )
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Seeding agent MP method
Tested particles
MS10 TO MP
(Ako Kasei) | (Ako Kasei) ( Israel )
Peak Size 0.7um 1.5um 0.3,2,15um
(Spectum | (0.3-5um) | (0.5-20um) | ( -30um)
Chemical NaCl NaCl, SiO2, |NaCl, Si02,
Components CaCO3 Ca3 (PO4) 2

composition | wt %
NaCl 95
Sio, 3
Ca(CO), 2
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Seeding agent Flare method
ICE HF

CacCl. type Flare
KCIO, 70%
Included Mg

KCI and CaCl2 rich
D>1pm -2 Mg dominant
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“Advanced Study on Precipitation Enhancement in
Arid and Semi-Arid Regions”

Seeding Study. "\

2016 ~ 2018
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Tested seeding agents

Silicon Dioxide
( AKO KASEI Co.)
Calcium Carbonate
( AKO KASEI Co. )
Tricalcium Phosphate
( AKO KASEI Co. )

Sodium Chloride
( AKO KASEI Co. )

MP Israel type
( Rosenfeld et al. 2010 )

MP T-0 type
( AKO KASEI Co. )

Hygroscopic Flare
(Ice Crystal Engineering)

Yes

Yes

Yes

No

Contained in

Contained in

No

SiO;
CaCOs

Ca3(POs);

NaCl

NaCl
Caz(P0Os4);, SiO;

NaCl
Caz(P04)2, SiO,

KCI, CaCl2
with metal-oxide

2.65

2.71

3.14

2.16

2.19

2.19
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REFE
Al FRE ERINIE

1/1000 MP method
Aerosol dilution I Flare method
system _ged H H
f | sampling nozzle —
Aerosol el
.- . Buffer Chamber
,—+— diffuser-nozzle e Experimental
CQO | Duct fun
MP T
Rotating brush (/ )\
f Type generator == || gMPS CCNC CAS
RGB-1000
HF Sampler OPC Welas
high speed fan
APS CPI

pr X . 7/
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R

Particle
generator

CN conc.

=y
o
o

SS or Number Conc. [#/cm3]

CPC , SS

0.1 * y T T T T T
“ 14:30 14:50 15:10 15:30 15:50 16:10 16:30

| $8=0.2%

1.0 1

DMT-CCNC

0.8 A

CCN conc.@SSw

0.6

Activated Fraction(AF) o4 1
AF = CCN/CN Z: 1 .

Critical Dry diameter: AF = 0.5 200 400
I DMA [nm]

CCN Fractiom
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WEEER (F&H)
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AsianDust
ATD
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(NH )>s04

llite
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CaCoO3_10/11
CaC03_10/12
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Ca3(P04)2_10/13
Ca3(P04)2_10/14
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RSERF —T 1 I RER

dn/dlogd [cm-3]
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HAEMYE (V77L02R) EFVOMR

Droplet conc. (cm™) R.H. (%)

Ice conc. (cm'3)
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Yamashita (2013)



[FR 28 EZAthiAZEAR - tAFRER] T7OVIL - & - BKOBEVEAICAT DFRES

Summary
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