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Numerical Simulation of the Accumulation Zones and
Hail Growth Trajectories in Hailstorms

ZHENG Kailin and CHEN Baojun

School of Atmospheric Sciences, Nanjing University, Nanjing 210093

Abstract A three-dimensional hailstorm model and a three-dimensional Lagrange hail growth model were used to do
further study of a hailstorm occurring in Xunyi, Shaanxi Province, on 28 July 1997, which was found out that there
existed an accumulation zone in the storm in earlier researches. The modeling results showed that: (1) embryos
were formed in the accumulation zone, and the accumulation zone was also the area where embryos accreted in their
early stages, however, it was not the main growth area of these embryos. (2) Only when there existed millimeter-
sized embryos, can large hailstones form. Moreover, the larger the initial size of particles was, the larger the final
size of the hails got and more large stones formed. (3) The trajectories of large hailstones in each experiment presen-
ted a simple down-up-down manner, and interestingly, the motion of larger embryos showed some similarity to the
growth of hails in classical supercell, however, embryos of classical supercell started from a zone called “embryo curtain”.
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Table 1 The maximum updraft velocity, and the maximum supercooled rain water, graupel, and hail content in the hail cloud and

the corresponding locations (X,Y,”7)
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Fig. 6 Graupel production rate of various sources averaged for the horizontal domain at each level at (a) 12th min and (b) 14th min (see de-

tails about the various symbols in Appendix A)
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Fig. 7 Hail production rate of various sources averaged for the horizontal domain at each level at (a) 14th min, (b) 16th min, and (¢) 18th

min (see details about the various symbols in Appendix A)
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Table 2 Growth parameters of the maximum-sized hailstones in eight experiments
= Doy /mm Ny N, Dinax/cm Ko Xo/km Yo /km Zo/km tm/min  R/mm - min~
R1 1 0 0 0.72 2862 35 40 7.0 20.7 0.299
R2 2 18 0 1. 27 217 36 40 4.0 18.6 0.578
R3 3 58 0 1. 54 2865 38 40 7.0 18.7 0. 665
R4 4 100 0 1.73 2865 38 40 7.0 16. 9 0. 788
R5 5 161 0 1. 98 3306 38 40 7.5 16. 6 0. 892
R6 6 206 2 2.12 3747 38 40 8.0 15.5 0. 981
R7 7 234 4 2.25 3747 38 40 8.0 15.1 1. 027
RS 8 273 7 2.33 3747 38 40 8.0 14.7 1. 043

IE: Do: WIREIRAY EAR; Dinex

s DNECREIRITEAE; tn: M DoB Dy B KIS R HKE (R=dD/d0) s Ko: FORIKE BEIR %5 5

Xo+ Yo. Zo: ﬁ%kﬂkgﬂﬁ@ ﬁ@ﬂﬁ?ﬂtﬁ{ﬁg, Ni. Nz: fi@ffﬁhkﬁﬁ%ﬁﬂ lem, 2 cm H‘JEHMQE °

MYAE AR F] 5 mm LA F I, B vk RE
REREIAENZ 2 em DA b, JFH, BIERL 1 em DL EAY
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Hb IR VIORL I RSB, S T8 L R UK B 5k
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HA B8AKE T 1 em DL b, & ERFEY 0. 3205
MR R 4 mm B, A 100 MKEN T 1 em DL, &
BB 17205 MIERE] 6 mm B, A 206 K|
lem LB, 3.6, HA 2 MR FREAKE T
2 em VUl B AR IR R AL T 19 ROBE B, B &
PR RIKE R Z . B T8 ) R VKB b A% Al
Ko
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Fig. 8 Representative maximum-sized hailstone growth trajectories

in eight experiments projected on X - Y plane, Y - Z plane, and X -

Y plane
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Fig. 9 Spatial and temporal distribution (shading) in (a) X di-

rection, (b) Y direction, and (c¢) Z direction for the growth rate
for particle No. 3747 with initial diameter 6 mm. The black
curves show the locations (in X,Y,Z directions) and the growth

rates R (right ordinate) of the particle at each time
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Fig. 10 3D movement trajectories for particle No. 3747 with initial

diameter 6 mm in expt R6 (three specific locations of the particle
A, B and C are also marked with its corresponding time into the

modeling and its diameters)
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Mt A (Appendix A)

Cleg: ## % 27K (Accretion of cloud water by graupel)

CLch: PKEHE % = /K4 (Accretion of cloud water by hail)

CLer: FN7KAHf Iz 7KK (Accretion of cloud water by rain)

CLig: Bl Ik i1, (Accretion of cloud ice by graupel)

CLirg: VK MR AT K A i@ (Accretion of cloud ice and rain
by graupel)

CLrh: pKEM% R K34 (Accretion of rain by hail)

CLrg: #cAH R K3 (Accretion of rain by graupel)

CLrsg: FHhfiE A /K 42 B8 (Accretion of cloud rain and snow
by graupel)

CLsh: K& RIS K (Accretion of snow by hail)
CNer: = 7K H s # 4k i 7K ( Autoconversion of cloud water to
rain)

CNgh: # H3h# /b i{vKE (Autoconversion of graupel to hail)
CNig: K & A 3h 4L 8 (Autoconversion of cloud ice to grau-

peD)

HNUrg: Wi/K[E LT i # (Homogeneous freezing of rain to
graupel)

NUrg: W/KFFZAIE R (Probabilistic freezing of rain to grau-
pel)

MLhr: yKEFEEE B 7K (Melting of hail to rain water)

MLgr: #mtfbIE B r 7K (Melting of graupel to rain water)

SHgr: Tl A /i /K i BB R 7K (Rain water shed from grau-
pel)

SHhr. PKE A 158 Y5 52 W9 7K B A B AY T 7K (Rain water shed from
hail)

VDvg: &G FE (Vapor deposition from graupel)
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