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1. Introduction

The first high-performance large double-structure cloud physics experiment chamber
with dynamic wall temperature control in Korea

— (Temperature) -70 to 60°C, (Pressure) 1,013 to 30 hPa, (Humidity) 0.1 to over 95% Cooling tower

* The world's first copper-stainless steel dual-structure chamber built to maximize thermal efficiency & Condenser

Aerosol Chamber
Wind Miller, Furnace

Fine particle

collector
Cloud Chamber Vacuum-thermal conductivity material

Control system

[0 We constructed a Cloud chamber, Aerosol chamber, wind miller, a-h’d’Furnace in 2022'
[0 K-CPEC are continuously upgrading the cloud chamber until now.



Multi-purpose Cloud Chamber

ather modificatio

WEATHED
CHAMBER

e~

2.Weather/Climate: Latest cloud microphysics
processes for improving weather and climate
forecasting technologies

1.Disaster Response: Fundamental technologies for
mitigating droughts, wildfires, and dense fog using

weather modification.

Un‘srit,and»m hazargdous™
; ndefEn L

4.Environment: Microphysical basic technologies for
understanding the causes of hazardous weather
conditions such as fine dust event, black ice on a high
way, and aircraft icing

3.Industry: A performance evaluation technologies for
weather observational equipment in cloud and rainfall
observation fields



Design of K-CPEC




Design of K-CPEC

[ Cloud Chamber ]

Cooling System

Air Exhaust

Instruments

- Hydrometer 1011c and H,0
analyzer

Heater

—0
Vacuum Air

- CPC,SMPS
- PINE, CCNc
- OPC, CPI, CAS-POL

Outside Air Supply %

- 3D-PIV

Air Sampler
Impactor

Aerosol Chamber

Agitator

Vacuum Air

Outside Air Sampling

Drain

Instruments

- H,Oanalyzer, CPC
- SMPS, PINE, CCNc, OPC

Steam Supply

Humiditﬁ_y System

Dry Air Supply

Aerosol Supply

Aerosol F
Processed Air Supply

Designed by

C.B. Cho(NIMRY), J.Y. Kim(the whale Inc.) and H.K. Lee(NIMR) )

Wet Scrubber

Wind Simulation
Fan

The K-CPEC design integrates two main
chambers: the Cloud Chamber and the
Aerosol Chamber, working in tandem for
comprehensive atmospheric research.

The Cloud Chamber features can control
temperature , humidity, pressure, and
various instruments for particle analysis.

The Aerosol Chamber is equipped with
similar instruments and connects to cloud
chamber and a combustion system.

This setup, including a furnace and wind
simulation, enables controlled
experiments on aerosol reaction, cloud
processes, and weather modification



Basic structure of K-CPEC

= Cloud chamber of K-CPEC is designed as an adiabatic expansion type cloud chamber and has the ability to adjust wall
temperatures dynamically to minimize moisture flux from the warmer and ice-coated chamber wall.

= Cloud chamber of K-CPEC has a large volume compared to other expansion type cloud chambers with dynamic walls.

Outer chamber 5mx5m
Size
Inner chamber 3mx3m
Outer chamber Cylinder
Shape
Inner chamber Octagonal prism
Volume Inner chamber 21 md
Outer chamber Stainless steel
Material ;
Inner chamber Copper (Cu) / Stainless
steel
Range 60 to -70°C
Temperature range Static stability margin <+0.3°C
Dynamic stability margin <+0.5°C
Range 1,013 to 30 hPa
Pressure range
Margin of error <+ 0.3 hPa
<45 min
(-70 to 60°C)
Heating/cooling time
<45 min
Cloud Chamber g




= Aerosol chamber of K-CPEC is designed as an reaction chamber and has the ability to adjust a pressure

= Aerosol chamber can apply for monitoring an aerosol in the air, supplying experimental materials, and
reacting test of aerosol

Air sampler

. Cloud chamber
Impactor

Aerosol chamber

Size 3mx3 m
Material Stainless steel
Range 1,013 to 30 hPa

Pressure range
Margin of error <t 0.3 hPa

Aerosol Chamber



Detailed Internal Structure of the Cloud Chamber in K-CPEC

Outer chamber

Outer layer of Inner Chamber Inner layer of inner
(sts304, 4t) chamber (Cu, 4t)
Insulator

Door of inner
chamber

Door of out
chamber f
Round Cu pipe
tube
(bot1~2)

Support beam
for inner chamber

Entrance of refrigerant

o
.Exit of refrigerant

= |[nner and outer layers of inner cloud chamber are made of a copper to improve heat transfer
efficiency and a stainless steel to support chamber structure, respectively

[ s B - s m . - N _— e O . - - —_— P - D



Advanced measurements
of K-CPEC




[ the various observational instruments installed in our cloud
chamber and the specific particle size ranges they measure.
[0 we have particle diameters ranging from 0.001 to 10,000
micrometers. This covers everything from the smallest nucleation
graupel ce aggregates particles to large rain droplets and ice aggregates.
o coarse"”"‘e‘ e NN - CAS-DPOL system, which includes: CAS (Cloud and Aerosol
| Spectrometer) and CIP (Cloud Imaging Probe), capable of measuring
particles from nucleation size to coarse mode.
- CPI (Cloud Particle Imager), providing additional measurements for
larger particles.
- PINE (Portable Ice Nucleation Experiment) and CCN-200, which are
specialized for certain internal particle ranges.
- Welas OPC series (2500, 2300, 2070), which effectively cover the
accumulation and coarse particle ranges.
e = il 1 i s i - CPC-3750 and SMPS-3938, focusing on smaller particles extending
dameter um| into the nucleation and Aitken modes.

* range of internal OPC SOURCE: Miloslav Belorid (NIMS)

casH
CAS-D

POL

CIPH

CPI 1

* PINE A

* CCN-200 A
Welas-2500
Welas-2300
Welas-2070
CPC-3750 -

SMPS-3938 -

0 our cloud chamber is equipped with a variety of sophisticated
instruments, each targeting specific particle size ranges, enabling us
to thoroughly analyze cloud microphysical properties.
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[0 These technologies allow for detailed study of aerosol-cloud interactions, including processes like
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New point 4: a SS estimation research using three different instruments
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Application of K-CPEC

1. Weather and Climate

2. Weather modification

3. Industry : Development of observation instruments

4. Environment : Clouc
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1. Weather and Climate : Cloud physics ( Homogeneous Freezing)

Table 2. Initial environmental conditions for homogeneous freezing experiment and warm cloud experiment.

Homogeneous freezing experiment Warm cloud experiment
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Homogeneous Freezing Experiment:

Conducted under conditions of 890 hPa,
-25.0°C temperature, 84.38% relative
humidity, and 340/cm?® ammonium sulfate
aerosol concentration.

Observed trends include decreasing pressure
and temperature, with particle diameter and
number increasing during the freezing
process.

Warm Cloud Experiment:

Conducted under conditions of 1,000 hPa,
18.5°C temperature, 81.64% relative
humidity, and 340/cm?® ammonium sulfate
aerosol concentration.

Observed trends include decreasing pressure
and stable temperature, with consistent
particle diameter and number properties
throughout the experiment.



1. Weather and Climate : Cloud physics ( Heteogeneous Freezing)
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(Before experiment)

[0 The experiment shows ambient aerosol distribution,
decreasing wall temperature, and expansion, with pressure
and temperature changes monitored over time.

[0 Ice particle detection and imaging reveal changes in size
and shape from -22°C to -35°C, highlighting Ice particle

~evolution during the cooling process.
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Temperature (°C)

Welas
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Ex) Cold cloud formation experiment using the mixed INs in ambient air and environment Unknown aerosol

« T=-15°C~ 26.7 °C, P=640hPa ~100hPa, RH=100%

Ev——Tvy

Setieg, (o~ e Wl

_ar oo ||

Observed Maximum size of Ice particle is more than several hundred micrometers

- This is a video of Ice particle observation during a cloud experiment.
- Some ice particles were observed undergoing the collision and coalescence process



] This experlment alms*‘fﬁ“evafuate“the effectiveness of the
eri hnpromotmg cloud formation
u‘nder various atmospheric conditions, which is crucial for
.weather modification efforts in arid regions like the UAE

~

Number concaniraion (')

dNlogDp (o)

2. Weather modification :

[Powder Type]

New cloud seeding material(NaCIl+TiO,) of UAE
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Cloud Seeding materials

[Burning Flare Type]

Figure 4: In order to initialize
the Fast-SBM microphysics in
WRF model, the flares were
burned and analyzed in wind
tunnel at 10m/s wind speed.

Figure 3: Total of 15 CaCl:
Tarhunna MK1 (Cloud Tech-
nologies GmbH) seeding flares
were installed and burned dur-
ing the field experiment.

a) Tarhunna MK2 flare burned at wind speed: 10 mys b)

Aerosol chamber
(Buffer tank)
V=21m?
P=900hPa
AP=80hPa
RH<2%
Total particle yield per flare= 3.180+16

RI=0.965
% | \
Valve 10°4 ’,
58 injection(2.5L { 3
ection{2.54) SMPS { \
. 10 ] | '\’[
CPC ! I /
o %0 100 150 200 250 300 { - - il ——
Teme of burning [sec) 10 10" 104
Dilution system Peoirerion)

— SMPS-3938
—— Welas 2070HP

AN/DiogDp

1L/man

30L/min

cpPe (factor x1000)
| | 1Umin | SUmin
, L OPC
filter - E
Ny — Wind tunnel —
3Umin
flare I
Varsaibie e o - | < 83824Umin [
10m/s

. Figure 7: Setup of the wind-tunnel experiment and measurements: emission rates using CPC3750"

(TSI) (a) and size distributions using SMPS 3938 (TSI) and Promo 2000/Welas 2070 OPC (Palas)
(b). A sample of undiluted aerosol was injected directly into the aerosol chamber for size distribution

analysis, while diluted aerosol was sampled for emission rate analysis during the entire burning period.



3. Industry : Development of observation instruments

EX1) Test of Frost observation Sensor for an agriculture EX2) Test of Fuel humidity sensor for a forestry

Result of Observation of Frost sensor

\
vf"«l y ) ;) W
e

&,
TR AFOS LWS Voltage(mV)
A

Balow0t ‘ . =W
Surface Temp,(SU31) < Dew point Temp. )

Observed
Frost
image

frost

Tim

[ This experiment demonstrates the gffectiveness
of the frost observation sensor in detecting and
measuring frost formation, which can be crucial wildfire prevention.
for various industries including agriculture,
transportation, and meteorology.
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0 This experiment tested the performance of the
Fuel humidity observation sensor for monitoring
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4. Environment : Cloud scavenging for air pollutant material

OM@s
' 0 .ﬂo y VOCs
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0 Secondary particles
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4 "/”/\ i o llyash (507 NH,/ NO))
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!
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The dlagram shows how poIIutants from mdustrlal activities
are captured by cloud droplets and removed from
the atmosphere through precipitation (Liu et al. 2018)

 Initial condition: T=-8.6°C, P=875hPa, RH=63%
e Target condition: T=-15.6°C, P=400 hPa, RH=100%
» Injection materials : NH,SO, => 700 #/cm?®

801: 432,525 [39239) 002: 284.363 [48358]

uuuuuuuuuuuuuuuuu

505: 264,437 [39239]  [809: 524.677 (40:40]
: 46583 Time: 6:51:54:105

[104: 300,557 (12312)

Time:

[0 This experimentshows an very simple example of cloud
scavenging for air pollutant materials such as NH,SO,

0 Inthe Future, we will test a lot of different air pollutant using K-CPEC for cloud scavenging effect



5. Field campaign : First observation of ice nucleation particle(INP) from Korea to Artic

PINE<

Aluminsom, thin walled
Vacuum chamber
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ARAON : the Ice-breaking Research Vessel
Korea Polar Research Institute

Porma Pure, MD-100-245:1

2"~3t Target Area

Now, PINE is mow to Artic !
Arget Area

' Korea
periods : 24 10 July- 31 August

We will research for our field campaign on the
first observation of ice nucleation particles (INPs)
from Korea to the Arctic.

Using the PINE chamber, we measured INPs on
the ice-breaking research vessel ARAON.

Our campaign, conducted from July 10th to
August 31st, targeted areas from Korea to the
Arctic.

This study helps us understand how INPs
influence cloud formation and climate

https://www.youtube.com/watch?v=kl 0QzfuQlzs

In the future, NIMS will launch a new pilot research project of intensive CCN and INP
measurements from Korea to Artic with Korea Polar Research Institute and

Pukyong university to understand the characteristics of IN and CCN by latitude zones

in the Northern Hemisphere


https://www.youtube.com/watch?v=k_oQzfuQLzs

Future Plan of K-CPEC




R20 plan
Co-Work plan

Application of Numerical Model for weather
modification and weather/climate

» This initiative aims to foster global and Cloud Chamber Application
= Develogment of iew perameters of DS local partnerships to advance cloud Uliternational INP Netiwork

- Verification of precipitation enhancement experiments H _
physics research. ( ”
International

- Comparison of international

[ 0t P e chen || it e e s " _cloud chamber techniques
p— T —
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r.% \ ..,-m'ms" \ CO Work New Seeding Materials development
i'l‘fﬁ ies A Experiment
AL :.] ! g I f Research for weather modification
e Y AT [A—— \ P at orm : :

i lsennon 0 I ! _technique using cloud chamber
K | of Cloud chamber

& — Experiment

- Basic cloud physic research for forecasting

*QOur platform facilitates
international collaboration
and open-lab access

and climate change using cloud chamber
- Development of weather modification
O pe N —I_a b techniques using cloud chamber
- Improvement of cloud chamber effective

operation techniques

- Comparison of weather sensors in cloud
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