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Abstract

In this study, we introduce the Korea Cloud Physics Experimental Chamber (K-CPEC), a novel apparatus developed to
advance research on cloud-aerosol interactions. Designed to overcome the limitations of existing cloud chambers, K-CPEC
features a dual-structure system with precise control over temperature, pressure, and humidity, maintaining accuracy within
+0.3°C, £0.3 hPa, and +2%, respectively. The versatile design of the chamber allows applications in meteorology, climate
science, industry, and environmental studies, supporting research on weather modification, climate modeling, weather
instrumentation, and pollution control. The performance assessments confirmed the capability of K-CPEC to simulate diverse
atmospheric conditionsand meet the essential requirements for cloud formation experiments. This chamber is poised to
enhance the understanding of cloud—aerosol dynamics, and contribute significantly towards improved climate modeling and
prediction accuracy across various research fields.

Key words : Cloud physics, Experimental chamber, Atmospheric science, Chamber design, Weather research, Climate
modeling
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Fig. 1. Schematic diagram of K-CPEC setup, illustrating the interaction between the aerosol chamber, cloud chamber, and
various measurement and simulation components.



-

960 x

o AMREH, ool2E 2 771E 75 A T2
Stool2E dxte] 7] BX & U 55k EAS
BRI LEY L o222 HE oo]2 &S
TEEo ohofel & 24 Rk, $5)S 243}
o] 15 FA5kE o 8Ht

K-CPECY] oo 2E M= t)7] 5 T 9o &
AsHe TrFSt oo 2E JAHE MEF3lo] oy 714
Efglsty B4 F B2 #= T =4

oft}, o] W= -5 FAol T ollol2ES TFS
H

o

ofelzE
SEEL
A gaeo] Al Aol ool 222 AP AL
sfol, 449 BAL 28 Ag o B9t YA O o
o222 o] FHlol ek, o}2 o) A ool
2o FEWHR o 5stel 75 B4 Wast o o
2 gt oflol =& H s S o} F57]0k AR slo] <)
of FEH Ei BHsHE 220] Az A Ho] o
Agelold & 4 ik old FEA AL 71
e FEAET AR A Fo] uet A
QA7) RIS 7)o o] Aagre] A
| P8 YA REES BEste] 2137
9 HgFOoEN Het HIHQ AFHS7]

T

o9l

oL
i ore

)
brlo =2 fob it e @ nZ 1 oox B odle x©

o N ol

=

Al

-1

W fo o

Q.I,
_I
39,
v
<
9
il

v

X
R
o
&
)
)
)
1o

o i
e
<

2
}3‘1‘;
J

oo

Rualr) 24 5 YA et T3t 27t
al

&4 71718 SO ARE 5
© 4

N
=) EJI
=)
E‘ -
»o m

5 I =)

o 1
)

2 my ox

ol

FFE AAHCRE BAT 5= Qlrt. o]
U FxE 5 =de APA oojzE
< 715k, H7] § FE-ololzE deago] v
Uss 2o AgsH A2 5 =5 g
bAoA B tileEore] HHE2
ofelzE0] 54 4o 23 o] WA §laL, o] o]
2550 H7|2 ke ol 71827l 2lsi B4==
75 9 71stel tigt 9 3 vl sl 29
S 7F AT, SHAIRE K-CPECE o0& E A/ ol Al
HE o]59] 7)Aot dFel His T o= 24 D
& Qe =W Fd 9] Al metolt, e 7| &R
ofofl Mk =7HAQl A4l K-CPECS] E8<= &

SERE
o B @A77} olFold 4 9l Aol

T

J
il

2 - 719 1] - Miloslav Belorid - 754 -

AW - ol - 2 - o5

rlo

%

2.2. K-CPECS| REMH 47 71&

o] FEAH O] HBB 71E 02 FolxE0| 5.0 m
x 5.0 mAAZ7: 7.5 m x 5.3 m)2 A5 9
sloh, M AHg B2 3.0 m x 3.0 mel W2
Bope] RANE o] FolA(Fig. 2). TEHME
SUS304 28|91 270& AbgSto] AztE glon, 917
2= GG Haoksh] 915 200 mm T Bel
det B gadE Agstch BEE R-507 9
R-23 WHhE AFgstel 7004 +60C7H] L5
912 §A15H W2 % 7k AARe 253 9t o]
AP chepet 714 24 AGAGIA Adsl] 918

At

£ Qo] FEPHE Yol ol 5720} of
AARoR THY BE FRBE, 15 GYT ool
Zo| Joarge ABAoR A7s] 9Iat A4
olt}. o]l TAE P F T WA e chag
7 272 FUabA Aelg 4 A ek, T2

5 TR0 b upg o] g5t
o 2ot 7I9he FAISHL I PO H BAA
A U5 $AS Beshs g Gt o) AW B
glo], el A MAISHE & wstel o)
Guiste Faskstel, ehgael 78

Aol §AITT. 7 7ol wiEHEe W o] A g
u



U A O FEEUAE 7S A0 FEEUAEAN AR A 2 G4 e 24 29 961

Quter layer of Inner
Chamber (sts304, 4t)

@ Entrance of refrigerant
. Exit of refrigerant

Inner layer of inner
chamber (Cu, 4t)

z Round Cu pipe
tube
(bot1~2)

Fig. 2. Structural diagram of K-CPEC depicting the inner and outer chambers, refrigerant flow pathways, and detailed
components such as support beams, insulators, and copper piping for thermal regulation.

Z| ol A= o] Qlo] @ dgo] 54 47tol| HF 5 A
L& gith o]F ol e Yo 2 x
A 24 £ 9lon &
SHA] HAY 3 4= QA AAIsHT

Table 1014 Eot A 41 554 o] A7} A5
< sttt 59], TEHE AU 2= 2 Uy
A& Yol ohFet 205 AT 5 == AAE L
ok 5 Y 20 FUEE +£0.3°C oJWHE F4]
sl L. 2 5P AIZEE +60T oA -70T 2 Wst
Sk H 451, 2k A5 A7 QA FLsH -70C el
A +60T 2 Hstot= b 458 Wofl 438 & 4= oA A
A=t ol#gt 2% ¥sk= 100 m3 9F 0.98C 2]
H| &2 o] Folx|A| AAH Zo|t}. o] L5 <] Yzt
Al o] WAl 9 73] WZhEALS: ALgSte] QF
Aol FYTt 2= 28L 75 oA St 12 WA
2 R-5077 R-23°] AgEH, 221 duiEe
NOVEC 7200°] AH-Hct 71 Aol H9E 1,013
hPadllA 30 hPa7tA 2, Z-5H el Alo] HHE F3
gt 719F 2Ho| 7hsstnt. olH g /Y 2E S F

3 75 @4 oA ot div] 2ae 2AR
Ak 7H5EE A9 60 kg/hr2 AHT 4= glom,

7lolle 2"-E AR E AHESte] 7550 o] F ol

Bt A EAY AL R U 2 Ase
sto] 54 Adof BlaS2<Ql Hol qich ofof wtet
20239 =R E = U gEE] FEE FHAA 4
715 A= WS At 7hs AlaES )
Adstoiet. olef Zol okt Alo] Al2"HE Sl &
s 5 A el adh BT 2%, 7Y,
SE 202 AFE o len, Al a4l Za

pE e A

2.3. K-CPEC2]| ojlo|2 S U F-57(et 3t2 4A|
71E
ol2EdH+= AN I 15 4 oo=
& AeAES A A 8 A A F 5
Uolth(Fig. 3). Table 25 R, oo]2&H ] A¢
T 7Ee2 271+ 97 3.0 m x 3.0 m (BA=7]
43 m x 3.0 mE AAENCH, FA 12 mm<]



J

962 At - A 90] - Miloslav Belorid - ZH-Q -

=
ox
rlo
&
ol
ok

- o]An] -

BN
ol
ok
o
ol
e

Table 1. Specifications of the K-CPEC, including dimensions, shape, volume, material, temperature range, pressure range,

and heating/cooling capabilities

Cloud Chamber of K-CPEC

Outer chamber

Usable size : 5mx5m
Realistic size : 7.5 m x 5.3 m

Size
Inner chamber 3mx3m
Outer chamber Cylinder
Shape
Inner chamber Octagonal prism
Volume Inner chamber 21 m?
Outer chamber Stainless steel
Material
Inner chamber Copper (Cu) / Stainless steel
Range 60 to -70C
Temperature range Static stability margin <+0.3C
Dynamic stability margin <+0.5C
Range 1,013 to 30 hPa

Pressure range —
Margin of error

<+ 0.3 hPa

Heating/cooling time Inner chamber

< 45 min (-70 to 60C)
< 45 min (60 to -70T)

Table 2. Specifications of the aerosol chamber of K-CPEC, deta

iling its size, material, and pressure range capability

Aerosol chamber

of K-CPEC

Usable size : 3mx 3 m

Size Realistic size : 4.5m x 3.0m
Material Stainless steel
Range 1,013 to 30 hPa
Pressure range
Margin of error <+ 0.3 hPa

SUS304 Ad Aoz FA= o] Qi 7| Aol |
S EH et 2ol 1,013 hPadllAl 30 hPa7kA] 7t
5ot XFHILL Alo] HBE ALgsto] oA X
A=) AA BT ool 2&H] Ao ofo] ME
2] AIWE|(Air sampler impactor)7t X =] 9lo
o, o] & &7 FVEHE o2& MES A
sto] LEAHZ YT S ot o] FXE Fl
7] F clol2E9] EAT IE0] 5 4 rlAE
G AdA o7 AE 4= it

3t S2(Furnace)?t ¥571(Wind tunnel) Al
2 FEAE S} oo 2EYHE H& trfol &
= 4 A AR Hlok 5710014 TEelXl vigo]
32 Yol v fY AAGET =F "3 E 250
mm X %°] 250 mm) |t F4°] 100 m s =
SHA & 4= Qlth T4 QIHE Alo] WS Fo

0]

o 1n

=]

eE

N
o]

2o QA=Y R BEARE 75 94 WA
o Bela 4oagE FYsh Aot b 7]oidiet
FEgHe o2 BN FYH 23 FUE 5
o 22t ARE S0, B Z2te] ARES 4T
B RH ofol2Fo] T A4 L Bela S
HAl GES AAHOE BAT 5 oIk ojgf g
594 2L TEELS AHA ooz 3
2 FBoka, h7] F FE-ll2E 4oAgel vA
Uze B AUshl 978 4 A= gt

w
my
i)



A0 5=
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Cloud chamber

Fig. 3. Illustration of the aerosol chamber of K-CPEC setup with an air sampler impactor mounted for collecting aerosol
samples during experiments.
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(a)
Pressure Decrease in Cloud Chamber

—e— Cloud Chamber Requir.(50m/sec)
1000 —e— Cloud Chamber Vacuum Pump Cap.

800
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Abs. Pressure (hPa)

200
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(b)
Pressure Decrease in Aerosol Chamber

—e— Aerosol Chamber Requir.(30m/sec)
1000 —e— Aerosol Chamber Vacuum Pump Cap.
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Fig. 4. Pressure decrease curves for (a) cloud chamber and (b) aerosol chamber, comparing the required pressure
reduction rate with the actual capacity of the vacuum pump over time.
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Heat-Up Rate: -70 to +60 (°C)

—=— Requir.(0.98°C/100m)
60 1 —@— Heat-Up Rate (-70 ~ +60 (*C)) *—e o oo o oo

40

20 A

—20

Cloud Chamber Temperature (°C)
o
L

—40
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Time (min)

(b)

—m— Requir. (0.98°C/100m)

60 —e— Cool Down Rate (+60 ~ -70 °C)

40 1

20 4

—20 4

Cloud Chamber Temperature (°C)

—40 4

—60 4

—80 T T T T

Time (min)

Fig. 5. Temperature change rates of cloud chamber for (a) heating from -70°C to 60°C and (b) cooling from 60°C to -70°C,
showing the actual rates compared to the required gradient of 0.98°C per 100 m.
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Fig. 6. (a) Chamber wall temperature distribution at 48 seconds showing initial cooling. (b) Distribution at 309 seconds
showing continued cooling. (c) Distribution at 1,068 seconds showing further cooling. (d) Distribution at 2,700

seconds showing final stabilization.
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Fig. 7. Temperature variation in the cloud chamber at a single point in the chamber center for (a) a set point of 30°C and
(b) -60°C, comparing the measured temperatures to the target temperatures over time.
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Fig. 9. Temperature profiles for the cloud chamber during (a) the heating cycle from -70°C to 60°C over approximately
2500 seconds, and (b) the cooling cycle from 60°C to -70°C over the same duration.
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Fig. 10. Pressure stability and control results in the cloud chamber. (a) Pressure variation around the set point of 500 hPa,

Fig. 11.

showing minor fluctuations with a measured pressure range of approximately +0.3 hPa from the set target over
300 seconds. (b) Pressure reduction from an initial value of 1,000 hPa to a target pressure of 30 hPa, illustrating
the controlled descent over 500 seconds, with the measured pressure following the set pressure target.
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Temperature and relative humidity profiles for two different experimental conditions in the cloud chamber. Case
1 shows a temperature of 60°C with a relative humidity of approximately 10%, while Case 2 shows a temperature
of 40°C with a relative humidity of 95%, demonstrating stable conditions over 100 minutes with minimal
variations in both temperature and humidity.
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Table 3. Performance test results of K-CPEC cloud chamber, summarizing the temperature, pressure, and humidity contro

capabilities and accuracy under specified conditions

Measurement item Specification Note Test result
Range 60°C~70°C
Targeting . C<403° 1 point +0.3°C@30°C
point Static Brror range: <£0.3°C at chamber center +0.3°C@60°C
Error range: 12 points + o o
Temperature Full scale  Dynamic <+0.5°C @ Vertical velocity at 10cm distance from the ;8iég g 282
- 5ms %, Temp: 30°C,-60°C chamber wall -
Descending time Within 45 min (+60°C — -70°C) 44 min 32 sec
Ascending time Within 45 min (-70°C — +60°C) 44 min 33 sec
Range 1.103 hPa ~ 30 hPa
Error range: 1 point 0.2 @300 hPa
Pressure Targeting point 4 ’ +0.3 @ 500 hPa
+0.3 hPa @ 50 hPa, 300 hPa at chamber center £0.3 @850 hPa
Descending time Within 10 min (1.013 hPa — 30 hPa) 9 min 48 sec
Range 10% ~ 95%
Humidity Error range: 1 point +1.3% @60°C,10%

Targeting point

+2.0% @60°C, 10%, 40°C, 95%

+1.9% @40°C,95%

at chamber center
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