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Development of New Diffusion Cloud Chamber Type and Its Observation
Study of Ice Nuclei in the Huangshan Area
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Abstract In this study, a high-voltage ice nuclei collector and a static vacuum water vapor diffusion cloud chamber, which
were developed by the author, were combined with additional atmospheric ice nuclei and meteorological element observation
instruments to simultaneously observe the constant ice nuclei and meteorological elements at three heights of Huangshan
area from May to September 2011 and from September to October 2012. The results show that in the study region, the
average number concentration of ice nuclei is 18.74 L™ in total nucleate mode, 0.79 L' in condensation freezing nucleate
mode, and 0.79 L™ in deposition nucleate mode. The number concentration of ice nuclei on the Huangshan area declined
with an increase in altitude to remain higher in spring, moderate in autumn, and lower in summer, attaining the peak value in
the afternoon and the minimum value at night. The number concentration of ice nuclei observed in this area is lower than that
in the northern parts of the country. The number concentration of ice nuclei on the top of Huangshan Mountain decreased

with an increase in activation temperature and increased upon supersaturation. Moreover, the value increased with an
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increase in wind speed, mainly from the southwest to the top of Huangshan Mountain. However, the concentration of ice

nuclei on the top of Huangshan Mountain has been more significantly affected by aerosols transported over long distances

from the northeast direction, which mainly created large particles.

Keywords Ice nuclei, Cloud chamber, Nucleate mode, Number concentration
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Fig. 5 The model picture of static vacuum water vapor diffusion chamber built by the authors
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Fig. 6 The filter photos of the (a) ice nuclei and (b) counting picture taken by the software of static vacuum water vapor diffusion chamber
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Fig. 7 The change in number concentration and standard deviation of ice nuclei with height on Huangshan Mountain for different nucleate modes
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Fig. 8 The change in number concentration and standard deviation of ice nuclei with seasons on the top of Huangshan Mountain for different nucleate modes

5 00— I TR > 03
= # @ 2 ose|— LB ® 2 ox /j\(f)
= 2 A/—_—\A £ osf - WK o
B2 § o g 020
£ 4 g o= %
ﬂ; 3 ow L o
i;i 9 —o— TR X g;g I ote —o— IR
m M — W ﬁé 074 g{ 014 —— W
L ._A_.u.”%‘ . /072 T B oopl P, ._A_.u‘”b‘? L
00:00 06:00 12:00 18:00 g 0000 06:00 12:00 18:00 00:00 06:00 12:00 18:00
JExC A Elatu] Flatfi]

Ko BILRFAREE . AN FERZANLE KRR H A2

Fig. 9 The diurnal variations of ice nuclei concentration on Huangshan Mountain for different heights and nucleate modes



SR BT B P OGS B DR oK (K I

2 4]
No.2 SU Hang et al. Development of New Diffusion Cloud Chamber Type and Its Observation Study of Ice Nuclei in the ... 393
25 _:1/ .......... o~ 02
o~ 19 D/D/D\ﬂ i 08 (]:)/D/E\D 2 o019 Z)/D/D\u
2 o T EE ® o1
i - /0% £ on
2 i _“ﬁ/\ g 075 /\ § 0.16)
§ 16 ) % 015
L %ﬁg 070 % §< 0.14 R
H 4 ¥ e ——HZE g o8 -E
o~ L —— KT " e 012p o A KE )
00:00 06:00 12:00 18:00 g 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00
JegE it iR JEs i i JegE it iR
10 BB FEZET . AR RO A4
Fig. 10 The diurnal variations of ice nuclei number concentration on Huangshan Mountain for different seasons and nucleate modes
100, i e 10
— N=0.0046exp(~0.388<T) = 10l ¢ — N=0.00003exp(-0.496xT ) o — N=0.00002¢xp(-0.489xT )
ER —— RWKZEORIE i == RS KAASSE e —— R
= R=099 S R=098 " R=098
w1 § ] § 1
2 X &
X 3 ES
1 X o N o
= & &
O £ o 11N - ORI IR A
o 26 24 22 20 18 16 14 12 10 B i3 00" 26 -24 22 20 -18 -16 -14 -12 10 -8 0ot 26 -24 22 20 -18 -16 -14 -12 -10 -8
TEAGIRE (°C) TR (°C) WATLEE (°C)
B11 3 L THAS R AZ AR AL KR 25 5 B T A S P A8 A
Fig. 11  The change of ice nuclei number concentration with activation temperature on Huangshan Mountain for different nucleate modes
R PERE M S K SRR M 25 Rt b
Table 1 The comparison of observation results of ice nuclei number concentration at different locations of China
Hokig (LD ik
s LI i (] Il —15°C —20°C —25°C —30°C
1 1963 4F-3~4 H Jext 1.0 4.8 43.1 — G2 SE, 1964)
2 1964 4 3~4 A Sz =t — 11.1 — — GREIT4E, 1965)
3 1964 1F-3~4 H PR — 6.1 — — GREIT4E, 1965)
4 1964 4F 3~4 H LK% — 8.3 — — GREIT4E, 1965)
5 1964 4 4~5 H HAR 2.8 5.82 14.80 102.20 (TEZMEE, 1965)
6 1995 4F- 3~4 H Jext 21 78.9 5332 — QR4S 2002)
7 2000 7 8 H FA 35 0.85 6.77 73 207 (FUHMBEHE, 2008)
8 2001 4 8 J TR 3.43 31.3 127 297.7 (IR, 2003)
9 2003 410 A TR 26.3 474 76.1 1424 CHZNE4E, 2006)
10 2011 4F 5~8 H JAINER — 20.1 — — (W55, 2013)
11 2011 4E 5~9 A LR 9.9 21.38 72.14 137.52 AL

T I IR RURE ) IR AT fE e KUK A% 1) T 22

KL — o LR DR UL IR LR AL T A I
IR ASVKAZ IR LA, 3K 7T R B 7 i X i 37t
AR R UKL R R D, e 7 AU
B, ARV R 2 AT K. M 21
TH£C 22 B L O TR BE 5 T 20 28 60 45
AR AL b DR ORAZ IR EE , 3K AT RE WA i
BT TTHR SRR AU AR I A AT 3 2
FIAEH

4 HLXRSKMRESSKFHRIXFR

41 BHWXRSKERESEHELEEHXER
AR KUK R N R L —. A

H 5 L Bigg BRA = % ) BATHE AL I ) A5 /KA
T 2L TS VK EORE . Beah R4 Ak
VKRB0 FE R AL A UK R B0 FE AT & &1 11
gt T E LTSRN LEIK Y, L VR 2 1%
AL 5%7K TS AN, BEEAZACHLE] 5% 0K T i i
FIEAETT s AR ACHL DK AZ B0 B bl 3 A i F
ARAG DL . AN A U e oI 2 S AZ A B
B UR A RZACHLENE R B EAZ AL, BEAE TS AR
PR T, VKBRS R 8O ABRIC, XY
Pruppacher and Klett (1997) R R —2, H
B A2 BT 1O HO A v il X AR A R
FREAUA IS B OK, 3X 55 e il DX KA Bk B 4
B INAT K



KA B

394 Chinese Journal of Atmospheric Sciences

38 %
Vol. 38

Fletcher (1962) 8445t RS0k S HOK S 5%
RN Y /AN W
N=4AXexp (BXT), (1
Horp: N BRAUKEEORE (LD, T2 iR
(°C), A, BAZBH W% A0 3 1l L THA ]
A% AL A 4D K A% 5 I % A e B 1 AR A G R
TG, FESAGRIATALG, Wk 2 frs. M
FHATCUE e SO L TR AZ AT L 0 2 5K
552000 AFZRUETE A ED AR I 25 AL (RN B
BE, 2008) 3, HEEEURES R IZABAERZ AL
22 FRMEKACREEARI L

I PHELRE 1 2> 205 1962 4 Fletcher £8P W
M&ER (Fletcher, 1962) AHAL, 5 1l M X PU A AL
FLIRIE F ARl B 15 2 2 3 R A b X &5 2Rk
i, EANF LD AN[R] I a) PR AN R] 46 3 22 A K
X ] g I e G 77 R IR SR BE IR 22 e i AX
BRI Ko
42 HWWKSKZKESFELEENXR

TG AR S e B ) KA KA Bk 1) T LA
F2—. B 12 g E LT RIPLEIZ R T RS
UKAZ AR P S R B G &R, AN T LB B 5

Table 2 The comparison of ice nuclei-temperature spectra equations in different areas

MR 2% 3k b ALK S 3
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Fig. 12 The change of ice nuclei number concentration with activation humidity on Huangshan Mountain for different nucleate modes

20 ] N
3 NNW NNE
16 - 351 y=1.02x+7.94 (b)
1 R=041 -
12: 30F - .
81 waw ENE 2 25¢ "
g 4 % 204
S 01 =
s 1V E ! X 15
= 44 B 35 X
= B 30~35 B0+
84 wsw ESE  mll 2530
121 B 20~25 st
] [ 15~20 0
' %éo:l(l)s 0 2 4 6 8 10 12 14
20 SSW 3 SSE C10~5 R (m/s)

B3 ST RS B R UK BRI R

Fig. 13 The relationship of number concentration of ice nuclei in condensation to wind direction and speed at the top of Huangshan Mountain
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Fig. 14 The relationship of number concentration of ice nuclei in condensation to wind direction and speed at the top of Huangshan Mountain
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