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Abstract: On the basis of heterogeneous nucleation theory of ice crystal particles, three types of ice crystal
particle models were established with nucleation-shell structures of ellipsoid, hexagonal flat plate and hexagonal
prism. The extinction, absorption and scattering efficiency of these three special cluster-shaped core-shell
structures were numerically calculated by discrete dipole approximation (DDA) method. Under the same incident
wavelength, the effect of effective size on the extinction efficiency, absorption efficiency and scattering efficiency

of core-shell ice crystal particles, the influence of the intermediate uniform mixing layer on the scattering intensity
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of core-shell ice crystal particles, and the variation of Mueller matrix elements with the scattering angle were
calculated. The numerical results show that the extinction coefficient, absorption coefficient and scattering
coefficient of ice crystallites with three clusters of ellipsoidal, hexagonal and hexagonal prisms show different
trends with the increase of effective size. Under the condition of equal size, the scattering intensity with the
change of the scattering angle and particle shape have close relations, and compared with the ellipsoid and
hexagonal flat two cluster core-shell structure of ice crystal particles, core-shell structure of ice crystal particles
hexagonal prisms forward scattering intensity, the largest scattering intensity curve along with the change of the
scattering angle oscillation is more obvious. According to the distribution of the Mueller matrix elements with the
scattering angle, it can be seen that the scattering direction of the hexagonal prism cluster ice crystal structure is
the most obvious, and the forward scattering intensity is the largest. The Mueller matrix elements of the hexagonal
plate and hexagonal prism cluster ice crystal structure are relatively spherical and the deviation of the ellipsoid in
the backscattered field area is more obvious. The research results of the thesis provide support for further analysis

of the scattering characteristics of complex ice crystal particles, and the research and analysis of the scattering
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characteristics of various complex geometric clusters of ice crystal particles in high-altitude clouds.
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Fig.1 Three special core-shell structure ice crystal submodels

BA% 7 5 M K OR8N A JZE BT 5 203 50
nFilny, 225 30K [12] it 5 IR A6 ¥
R B T S A A X, A5 B ATAZ e 4540 DK SRz 1 e R 2
SRR ZE BT AR A

n :{kxni+k‘,n)2_ -1/2 (ni+nf)—

| —

X n MnJ3 5 o A 2% 1A Joe W P 1) A% e 4
Fa VK R 7 1 SN R A AT AR Bl e, = Re(m)

n n,
fn, =R H /H\: k.= - N kv = - o
F n, e(ny) E Tt ny) ot ny)

SR A ST A = 1.06 pm, HEEE L Pk R
S5 B A 5 2R 4 0 Ay = 1.75 +0.44iF1 ny = 1.300 5+
1.69 x 1070, J43 AT A5 AR B —pK iy 2 R o B P R IR
RT3 Fn = 1.566 4,

2 RERISHERE

21 #HEET

H AR T vk R T IR RN — | 8505 2%, 280
B FEAFLNPRLF LIRS PR S ke iigIk
H R T RO RE B S A A UK AR T
) FRCT R 1 32 R - T AR BORE - %85 B 1 5% T 5 10,
F Cluster-Cluster Aggregation (CCA) f&75! # <7 T4

20190545-3



ISk A2

%94

www.irla.cn

% 49 A

B 2 JIT 7R 19 6 Fof R SR i ATIES A% 50 45 1) 1) DK 1 A
B RS T2 B IR 2 SRR 10 A 2H Y K 1]
T, 25 R AR K o 545 L AU (U BROE
INHEF RS AR B R g AR . e TR —JE AR
OSSR P BN ST A5 A8 PP DK kL T B A AR 4
B [R), 19 23 8] 23 A AR ]

®» & ¢

(a) 2Bk ] (0) 2PN (o) 2PN ABREER]
RILVKERALT BILVK bR BILVKERRLT
(a) Two ellipsoid (b) Two hexagonal (c) Two hexagonal

agglomerate ice
crystal particles

plate agglomerates
ice crystal particles

prism agglomerates
ice crystal particles

o A

(&) 10MHERHL (e) 10D7SMPARIAT () 10175 ftkkER]
BRI UK dikL T Bk KL RILUR AR
(d) Ten ellipsoid (e) Ten hexagonal plate (f) Ten hexagonal
agglomerate ice agglomerates ice prism agglomerates
crystal particles crystal particles ice crystal particles

P 2 6 R T eSS M vk kL T 7R ]

Fig.2 Schematic diagram of 6 kinds of agglomerated nucleation core-

shell structure ice crystal grains
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Fig.3 Core-shell structure composed of ice crystal grains
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Fig.5 Scattering intensity of ice crystallites in three clusters of nucleate shell structures is affected by the intermediate mixed layer
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