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Fig. 1 The variation of Agl nucleation rate vs time
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percentage, curve A,B,C,D,E is corresponding to cloud
concentration 5000,2000,500,200,50 cm™?

and temperature —20 C)
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Fig. 3 The simulation results of Agl nucleation rate tested by cloud chamber

(the simulation results at water saturation condition (a) and 98% relative humidity (b). x— coordinate: temperature,

y—coordinate: nucleation percentage, curve A, B, C is corresponding to CSU, 96 m® and Bigg cloud chamber,

curve D is the experiment results given by Davis (1973))
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Fig. 4 The vertical distribution of physical variables in one-dimension cloud model

(a, b, c and d illustrated respectively the vertical distribution of vertical velocity, temperature, water super

saturation and cloud variables. Curve A, B, C, D, E is corresponding to cloud, ice, snow, graupel and rain)
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x [ ] S5 ] - 400~ 1200 min, H SR FEK Iy 72. 47 mm,

5 Xt m Agl ALHLHI

2R T ANz R G RN 23 (8] 51
A ANY 5] 3 Lz SlR AN 2 T R R M 9 R R
—MERERIRGE. MHEERTRG ATH H A
I G P R A 4 AT A T ) oIk R o A HL K
F R — T (B DD 0 AR 45 1 — 1 O
Mo Agl A FE X 2 KR G b i A8 FE AL
a7 EARBIZ AR Z IAE AL I DA fil R 45 L3R

VR4 1 A R T2 7 X B [ S T AR (A
ABEAT 5
5.1 #RXEN

AR R4 B F B (CAMS) = 4k 5 Xif
T B R IR AT 3 7 T T TAE. FEIFIR Z
B AT S X I AT T s A T K
Agl AL R4 P9 25 (L |30, B & 7 ik 17
Agl AL S 5 11 Rk



13 XITFEAE . AL AR A A0 1 5 A0 BB S DL 5 37

5.2 fEAEMEXE

FIF 1996 45 6 H 10 H At b X 19— WK K& 1t
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OB H A LE BT BEAT I 17 ISE g P BRI R e 2
BT 7050 AN 12) BB RHR 2 T 7500 (>
1 2 3 08 T NI T R 78 H B I 0 46 100 s 1)
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20
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2 15 18 21 24 27 30 33 36
grid

6 B4l 21 minCa) A 24 min(b) (15 3% 10 % 5 5 % 4

Fig. 6 The distribution of echo and stream after simulating 21(a) and 24 (b) minutes

# 3 BRI GHR =)

Table 3 The seeding effect statistic in convective cloud simulation research

G5 ARG O% RO kg CFEIRECO RO (min) RO BEREGD BEEE GO
1 — — — — — 691 384
2 23~25,28~29,6~7  3.0X107 0. 60 21 4 800 93
3 23~25,28~29,6 3.0%107 3.45 19 1 959 346
4 23~25,28~29,7 3.0x107 —2.19 19 1 875 331
5 23~25,28~29,8 3.0X 107 —7.83 19 1 913 362
6 23~25,28~29,9 3.0%107 —13.46 19 1 861 354
7 23~25,28~29,6 3.0X107 3.45 21 1 1178 314
8 23~25,28~29,7 3.0x107 —2.19 21 1 1046 335
9 23~25,28~29,8 3.0%107 —7.83 21 1 947 346
10 23~25,28~29,9 3.0%107 —13.46 21 1 848 390
11 23~25,28~29,6 3.0X107 3.45 23 1 1137 329
12 23~25,28~29,7 3.0x107 —2.19 23 1 1188 315
13 23~25,28~29,8 3.0%107 —7.83 23 1 1087 346
14 23~25,28~29,9 3.0%107 —13.46 23 1 975 368
15 23~25,28~29,6 3.0X107 3.45 25 1 832 282
16 23~25,28~29,7 3.0X 107 —2.19 25 1 991 285
17 23~25,28~29,8 3.0X107 —7.83 25 1 1043 281
18 23~25,28~29,9 3.0X107 —13.46 25 1 873 345

5.3 BUNS S
7 O A T A% A BIL T 180G DK & B 7 E Y 2y

A s W FATAT LA LR LN A (DAEXR =
Hh R4S TR 45 T RS A9 A R T R0 ol B R DK
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Fig. 7 The vertical distribution of ice crystal numbers produced by different mechanism

(figure a,b,c.d. the experiment results of case 003, 004, 005, 006 in turn from left to right. curve A is

the total ice number produced by Agl.curve B, C, D, E is corresponding to the ice number produced by

condensation freezing, contact freezing,deposition and immersion freezing. curve F is the condensation part)
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THE NUMERICAL SIMULATION OF AGI NUCLEATION IN CLOUD

Liu Shijun
(Shandong Meteorological Institute,Jinan 250031)
Hu Zhijin You Laiguang

(Chinese Academy o f Meteorological Sciences, Beijing 100081)

Abstract

Generally, the mechanism of ice — forming process by Agl can be identified as deposition, contact
freezing, condensation freezing and immersion freezing. The total nucleation activity is the sum of contri-
butions from different nucleation modes. In 1995, P. J. DeMott etc published their dynamic chamber exper-
iment results, in which they identified the effect of the four ice —forming mechanisms and gave out the
quantitative results of them. In our research, the experiments results of P. J. DeMott etc were applied in
box model, one—dimension stratiform cloud model and three—dimension convective cloud model. Results
show that the dominant ice— forming mechanism in different clouds is quite different and explain the reason
why the nucleation rate tested by different cloud chamber is inconsistent. The detail demonstration will be
given in the following part.

In box model, the nucleation process of Agl in cloud chamber was studied. Its results included the following
three parts: (1) Agl nucleation activity is depended on cloud droplets concentration and cloud holding time. The
cloud droplets concentration and the cloud holding time is quite different in different cloud chamber, so the nuclea-
tion rate tested by different cloud chamber is extreme variance. These results have been approved by the Bigg cloud
chamber, the 2 m’ CSU cloud chamber and the 96 m® cloud chamber. (2) Just as other experiments showed, tem-
perature and humidity have notable effect on Agl nucleation activity. Normally, if the temperature is lower and the
humidity is higher, the Agl nucleation process is often more effective. (3) Though the nucleation rates tested by
different cloud chamber are different, the normalized results are quite similar.

In stratiform cloud simulation research, the one— dimension cloud model developed by Hu zhijin etc
(1986) was used. In this model, water vapor, cloud water, ice crystal, snow, graupel, rain and their 18
interactive actions were considered. Besides these, variables involved Agl nucleation process have been
added, and then the simulation capability of seeding Agl in stratiform cloud was obtained. By the simula-
tion research of seeding Agl in stratiform cloud, the main nucleation modes were found. Owing to low up-
draft and long resident time, contact freezing and immersion freezing play a very important role in Agl nu-
cleation process under stratiform cloud conditions.

In convective cloud research, a three— dimension cloud model developed by CAMS was used. By the
similar method, the model was modified and used to the convective cloud modified research. Results show
that condensation freezing is the dominant nucleation modes in convective cloud.

In conclusion, humidity, temperature, cloud droplets concentration and cloud holding time are the
main influence factors in Agl nucleation process. These factors are quite different in different cloud envi-
ronment, so the dominant nucleation mechanism is different in different cloud conditions. These also ex-
plain the reason why Agl nucleation rate tested by different cloud chamber is inconsistent.

Key words: Agl, Ice nucleation, Numerical simulation, Cloud chamber.



