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Study on Diffusion Regularity and Operation Design of
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Abstract: This article gave out the diffusion calculation model of different seeding ways such as antiaircraft-
gun, rocket and plane, based on the analytical solution of cloud seeding diffusion in clouds, and studied the
diffusion regularity and effective range of different seeding ways. Farthermore, the paper examined the
calculation scheme by using a flight seeding track caught by satellite, and discussed the problems such as
adequate seeding flight designing. The main conclusions are as follows: Taking antiaircraft-gun as point
source, and using single antiaircraft-gun for work, the operation range is found to be only 0.5 km. So, it
would be better if we take multi-shell for work to keep concentration and diffusion range, and the result
can be improved largely when nucleation rate is raised. The works of rockets and planes are regarded as
line sources. The widths beyond threshold value one hour after seeding are 7 km and 6. 6 km, which can be
taken as the basis of multi-line seeding flight interval. Single line seeding cannot reach the requirement of
sufficient catalyzing. Impacted by winds, the diffusion area would disperse or overlap when using ¢S’

seeding way. So, the ‘8’ form flight route design based on wind velocity can make the target area get
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adequate seeded. The cloud seeding diffusion calculation and work designing software developed based on

diffusion calculation model are convenient to calculate the diffusion range, concentration and evolution by

using plane, antiaircraft-gun and rocket in real operations. Besides, it is effective in designing the seeding

ways for different target areas, and the results are direct and clear, offering assistance for actual operation-

al application and seeding designing of diffusion calculation.

Key words: cloud seeding diffusion range, point source, line source, removing source, plane seeding desig-

ning
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Fig. 1 Single shell point source diffusion concentration profile g(x) cross x,» y,» 2 evolution with time
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Fig. 3 The cloud seeding diffusion concentration planar of 16 shells arranged

as 4 X4 which interval is 300 m at work

(a) the concentration planar distribution after diffused 2 minutes, (b) the concentration

planar distribution after diffused 4 minutes, (c) the concentration planar distribution after

diffused 10 minutes, (d) the concentration planar distribution after diffused 30 minutes
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x1 NHRLZREYHAEMETAEKRENY BEE (LA km)
Table 1 Antiaircraft arm single line of line source diffusion width of different

concentrations in different time (unit: km)

5 ]/ mi BI{E W 100 m— 3 B e BE 2 10° m 3
i 8] /min
k=70 Fl1 35 m? « s ! k=140 1 70 m? « s~ ! k=70 1 35 m? « s ! k=140 1 70 m? « s !
10 2.1 2.8 2.4 3.3
30 3.2 4.2 3.9 5.2
60 4.2 5.6 5.2 7.0
120 5.5 7.0 7.0 9.4

— B EF ML R RO L 2008 5 km AR AU SEE T IA 7 km JE 29 77 km? - 2 4 fl
Th NS ZE AL XTI S=LD+x/4D* X FIMIERET 10" m "o BIE 1 h )5 1 BOKHT A 2o
WD ONTHCRERE) A LA D 9 5.6 km ORITFEL AN ARSEEERTIA 7 km EREZY 77 km? P B4 Al 7R I
52.6 km* ;5 LA D O 7 km SRR AREMLA Y HTF 10" m 7,
3.5 km*, XML 7RS4 L il A ds-T AL

TG — T IZ KN AR WL 5 BN Quna = 6. 67X 10" m RN E KA 1R K
B 3 J R H F A RDKCE ISR —2F U 556 ] RDY BUAE A% (R FR : EIE/556) PR Qupn =
B IR B2 O 250 k', AL R EE R AEX —  L5X10" m ' HEAT I A5 B L -h R
25 ] A, HUR B P 2 AT 3K 107°/250 km?' = 4 X “EFE-556 Y 2% IR AR T HOR BT & oM
10" m " A4 AL H i (1 h) e R E D 4 X RN T 35 10" F1 10° m* i AY ) T T8 BE L A0 2 FT
10" m° GBI E R ERY . BI7E 1 h 5 1 BUkHE .

F2 "EBEXH-PREXTMEE-SS6 BETEELRYT SRR ETARERENT #EE (24 km)
Table 2 “Yun 7 plane-zhongtian pyrotechnical flare” and “xiayan-556 flare” single line of line source

diffusion width of different concentrations in different time (unit; km)

B Jy 101 m BV Ty 10° m?
P B} ] /min k=70 Ff1 35 m? » s ! k=140 f1 70 m? « s ! =70 Fl1 35 m? + s ! k=140 f1 70 m® « s !
IS 5T R 4T R 4T IS 5 4E

10 1.8 1.6 2.8 2.0 2.4 2.0 3.4 2.7

30 3.0 2.4 3.8 2.8 3.6 3.2 4.8 4.1

60 4.2 2.8 4.8 3.2 4.8 4.0 6.6 5.4

120 4.8 3.1 6.0 2.8 6.6 5.4 8.6 6.8

240 6.0 2.6 7.0 0.0 8.5 6.8 11 8.2
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10 m s by =70 i+ s BIEVEIE D 10° mo0 AR AR T . R T AR 7
BN 6. 6 ki, CHL AT 1 b BRAGROAEC b B TLEOR X O R S A
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i;fmg 200 K " 3.2 TRTFHAS G BLE BT HRE A
L SRR KBLR B 22 L 2% B 5B AR o — A AT KT . FEERE T35 10
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Fig. 5 Single line of line source operation
domain concentration and range in

advection evolution with time
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Table 3  Single line of line source operation domain range and time in advection of separate time

Pl (8] /min 10 30
AR S B d/km 6 18

AL Ad/km 3 4.8
fiEfL B Bt At/min 5 8

60 120 180 240
36 72 108 144
6.6 8.6 9.8 11

11 14. 4 16. 4 18. 4

&L WA BE o Ady/u AR R dy 2R L AR
B Ady /us HARBEE R, L Ad N fiEETE
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DX, PR T AR b S N 5 0 2 R K VRl
R 258 CHLIR B RAT R — 2L KL AT SR 2
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Fig. 6 Parallel lines of line source diffusion
concentration vertical profile evolution with time
(The vertical axis same as Fig. 1, the red dotted and
solid line is the threshold value of Yun 7-zhongtian 10°
and 10* m—*, the green dotted and solid line is
the threshold value of Xiayan-556 10° and 10* m—*,
and the orange dotted and solid line is the threshold

value of rocket 10° and 10* m™?%)

) B S5 RN L IS B0 A SORE AL (R B SE RE
3.1 km, B S5 Z AR 3.7 km, (2)%] 1 h, DA
“ia L R R R A XER I8 B AT S AR Y AR
WS Y HE L Al 3R 3] 19,6 kem X T K i 97 HETE
FBIBE K, AT Gk 210 2 ks X T 5 4E-5567, [A R U5 5%
WRBERL/IN 3 25y B Z B A — 5 1Y) 5 I A [ B
HFERAAE 1 km, (3)1 h ZJ5.3 07 0#
A el A DX 4 38 B A Ak A 1 R vk RE L R A
Sx X B FE N R PR . E AT I 3k 4 O U]
PIARUEAE — 8 7K -3 Bl Y L — BB ) A 4 2 PR R 22
SRR FEAEL

3.4 TRTZEBERZRT BRANEE

TE)2 R 5 B KOE KGE S B0 F Bk 4] 2 26
R FE TR BN R R R B s L Rk
Qupaky 6.67X10"m ', IKE N 107 g P HLR
B by=140m? « s ', by =70 m* « s ', KA IEE K
6.6 km A [ B 220 4 Ak DX ) 407 5 RV B 43 A 4n 1]
7R

B DL 3 4% 17 Dk e £k VR % 808 1)L B HL 10
min [, R 20 08 3 AL X P HE 60 min I, 28 (7]
e BE B SR KL SR B 100 mo ., 0 Mk B AR AR A
HRVRBEWBA BT T R AL T I B & 5. 3
B 120 min B, 3 A Ak DX ] A R R R 22 1 KL R
F) 10" m*RL b AR XBGE B B 5], R LR
5 S 5 B VA B DX N B I L S 2 2R A HUE
TS PR A DX E DA RN A RO R 1 e I 2 N 22
AR RE KA 2. X 5RATEBRE L b A B
FN ) — A X REAY H0 5 % 22, HRe % 4 5 1
A RBAEAH BRSO v

MNHE T £ s R E S TEIE CAT AL B 6 km Ab , AABE
BT 10 min W2, A 3 BE& N Ad/u(Ad, 10
min I B2 3 B Ay 98 B0 B BE W AHE AL . TR R 9
km/(10m « s ') =900 s, 7EE K47 AL & 72 km
fb, MBS ELTF 60 min B A A 21. 6 km {435 [, B
2160 s (B} B i Se g fiifb . an R T i fb X 2 50 km
B » W 28 358 1 4510 VT A Ak B B R 50 km/ (10 m
s 1)=15000 s, TITE 3 WHFVEREH T, S5 FBR 25 S Bk
WAL B I BE 45 T8N T 2160 s, BIFE 5 T Al {4k i)
Bl 43.2% o QARSR A 5 UCHBE A 4 4 U S92 B AL
B BT 3K 3760 s, B nf g f B Be iy 75. 2040 o iR
L X AT R 2020, B4R H 5 U CAB U 1
MR AT 35 20% X 75.2% =15. 04 %, % BT ZL4%



%8

JRBRZE S W M L R R RBLAE AL S HOSL E AAR L BET  F 5 975

R A TR A Fo B T R R A IR o7 B8
72 km J5 1 DX 2 4E R — 2 AR B T LLE
18 52 B 48 T R0 LG PR LR R R vy

10 min
60 min
120 min
1000000 180 min
240 min
————— Zhongtian
fAr e rocket
————— Xiayan

10000 — \ ‘H H\

q/m”

100 — ‘

0 40 80 120 160 200
HHE/km
K7 BRI ZLCHHETE X
LR B 3 A AR
L PBIRFE 12 @ iz - K 10° m—3
1 e BE B LK L 2k B LR O B AE-556 K ALAY 10° m?

V1 e RE (K 48 5 R 2RO KT I 10° m Y ik BE BB 20D
Fig. 7 Evolution of operation domain location and
concentration distribution after multi-line seeding
(The red dotted line is the threshold value of Yun 7-zhongtian
10° m~?, the green dotted line is the threshold value of
Xiayan-556 10° m~ %, and the orange dotted line is the

threshold value of rocket 10° m~*, vertical axis same as Fig. 1)
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Fig. 8 Horizontal distribution of single
point remove seeding catalytic

domain in static cloud
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Table 4 The comparison of single point remove seeding and line source diffusion width in different time

Y-8t E] /min 1 (10)
HE B Y/ km 2.9
LRI YL/ km 2.7

t3(30) , (40) 5 (50)
4.3 4.9 5.2
4.1 4.6 5.0

=N WWERROWUO
oSoOUVnmoULMoOULMoOWno

K9 #ik s XAHEX %)
5 ) A A6 XK P 23 A
Fig. 9 Horizontal distribution of cultivated
flight single point remove seeding

catalytic domain in static cloud
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Fig. 12 The case of Shaanxi diffusion diagram
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Table 5 Comparison of seeding cloud track length simulated by model and observed by NOAA satellite
BB AB BC CD DE EF FG GH &1t
K/ km 23 54 63 43 66 67 82 398
NOAA 52l /km 25 83 56 37 61 50 / 302
% Bl 05 P51/ km (kS 70 FT 35) 26 58 68 45 74 70 84 425
3 S/ km(k g 140 F1 70) 31 67 72 52 73 61 88 444

xo6 AARTENERY HZFLHEEES NOAA TEXMLE R
Table 6 Comparison of seeding cloud track profile width simulated by model and observed by NOAA satellite

4 BCAT 1] /min 77 74 68 60 55 46 41 30 24
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hr "J‘—T::/“ ot 1()3 3 /k
B ”Wr%’”“g o moEm 7.2 7.0 6.8 6.5 6.3 6.0 5.8 5.2 4.4
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