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Discussion on Catalysis Areas of Precipitation Enhancement with Artillery Shells
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Abstract One of the important problems in precipitation enhancement with artillery shells is to confirm the pa-
rameters of operation and the distribution of catalysis areas. According to the theory of grades transportation, the
maximum diffuseness radius and its time are calculated for the single and many artillery shells. The catalysis areas
are simulated by using different eddy diffusivity coefficients, azimuths, elevation angles, and wind speed with differ-
ent Agl concentration thresholds. According to the idea of equality angle, an operation method that cannonballs are
shot by repetitious operations within 180° against the wind is proposed.
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Table 1 Number of shots under different elevation angles

/K

A WRIEE L L) WREERE 10 L™
45° 21 45

50° 19 41

55° 17 37

60° 15 33

65° 13 28

70° 11 23

75° 8 18

80° 6 12

85° 4 7




134 E LIRS . R ISR X AR

No. 1

WANG Yilin, et al. Discussion on Catalysis Areas of Precipitation Enhancement with Artillery Shells 49

126.9 s BURZIR . PRI KU IR, R AL TR ik 52
M DX SRS 225 [ A — ] 5 A P9 52 0 B ) i 2> 3% 2
2 T AEATR] KGEE R Agl e 2 B {ELIE» XoF i 2 —
MR R ], e R, AR 3 15 3
BORISE] A AL 2, AR 2 25 g i fe] 4 S
Fe Akt Ta] e B e B BR . ARl 5 R AR R

TESE BR A . — FEAtE v A 2 Sl (7] 458
Ny 5 min) » FEBTEA BRI 25 S (6] HLFEA T 22 48
PRV BRI 22 0 HAE Rk 23 ) 7 TR S8 I 2 4
VEMVAT: 55+ LIGKEIXEHE DCEA T Z2 0 fi A iy B 19
Mt B AL

%2 REIRERR X L A AL 1
Table 2 Catalyzing time under different wind speed and con-
centrations

A /m e 57! Agl ez /L1 HEALT ] /s
5 =1 115.8
=10 53.8
10 =1 57.9
=10 26.9
15 =1 38.6
=10 17.9
20 =1 29.0
=10 13.4
25 =1 23.2
=10 10. 8
30 =1 19.3
=10 9.0
Time/s
50 10 3§0 6?9 llIOO 15.00 1800 2100
40t k=20 m?-s”!, u=10 m-s"! (a)
301 1 1 | 1 1
20 o
.
1.0 °
a\% 0.0 :
= o
—1.0} o
—20F o,
—3.0f
—4.0f

0520 45 70 95 120 145 17.0 195 22.0
x/km

6 HEMEBRELX

PRI R 25 T 5. Bl h 24
MO, ZEA=20m’ «s ', u=10m-=*s ',
sy 65°, HCAGIWREEEI(E N 1 L', —48 46 0
RSP 13 KM, [ da g5 B B BRAE 10, 350,
699. 1100, 1500. 1800 Fl 2100 s 7 A< [r i 215k
I X IR AL FE S . 78 10 s B, T a5
PRIEWE L, PR AN, PR EE . MR
() Agl R ANAHIE . 7RIS Y [A] B, 9
1L W REOES— . TEREIPERTR 10 7
RS S, SY HUNTE] N 699 s I, BRI S0 X I 1)
AR, B T&MERZm Agl ki +A &, 4
GLR Al R 1 L4 H DX IH 2% (R I (1] L B A M
SV J3E IR N 52 W) DX T 2 ) IS )G, K — A
Kl da ] IVERERF, 71 2100 s IATSA BN BRI
SN X IAETE

HHE=20m? + s !, u=2m-+s ', {ff
65°. DL Ael¥RBEERIE A 10 L1, —48418 4k 28
I, B 4b GG M 10 s, 75 s, 150 s,
240 s, 320 s, 400 s, 500 s 7 PAS[FEIAFZ] Agl ¥~
FRGRES 52 ) X A B AEAS . IR 4 AP0,
P IE 22 56 A Ml D7 ¥ 77 A= 1 1% Fsf 522 i DX s 7 B[]
B XSGR Agl ¥ ik 2% mAM
ANEIR, IREIRKAE G BN, HEHXK.

Time/s
10 75 150 240 320 400 500

5.0 -t .
k=20 m*-s”, u=25m-s""! (®) |

40r

y/km

"~

=05 1.0 25 40 55 70 85 100115 13.0
x/km

Bl 4 AR KA B (B AP RUE AR BRI D) . () ¢=1 L1 (b) g=10 L7

Fig. 4 Simulated horizontal catalysis areas of many shells (the values in the figure indicate the maximum concentration of catalyst): (a)

¢=1 L7 (b) ¢=10 L7}



S 5 OB & M OR 15 %

50 Climatic and Environmental Research Vol. 15
e DX 3 23 1 AN, HREIE A 46. 7 km® ([

7 BT RN X s R Rt EiR 5b). W 4 B, T BRI DX S8 B P

TR BRI e D B T R — SRR
THE S B T AgDR K i By
TL VR 10 LA, B Ak 5% m X 3k 223 i Ly b
o 4 AglRy kB 1 L I, BRI R R
DI 3R 3w AR, B {E O 98,6 km® ([&]
Sa). M AglWi Ty (E Y 10 L1, BEmS

x®3

BRI EA ARG E . 5 45 H X
D W s 55 ) DX 1 v BRI 52 B 2 45 M X
P b B R X AT AR S TR . R
3 25 th A TR 9 AR B AN R KU O
JO7 P R B 22 5 1l J7 S8 A B g =10 L' IBE

P56 3 SR L 56 26 46 AT A 2
RRREE,

miny MEY. NESZMEXERTRR

Table 3 Comparison of the eddy diffusive coefficients, wind speed, and affected areas

T HOR A u

N [ £ T 52 M) T AR e

/m? e s /mes7! 45° 50° 55° 60° 65° 70° 75° 80° 85°
20 10 32.2 28.4 25. 6 22.9 19. 2 15.9 12.3 8.6 4.6
15 45.1 41.8 38.0 33.5 28.7 23.7 18.1 12.6 6.7
20 59.5 55.3 50. 2 44.3 37.6 31.2 23.8 16. 6 8.9
25 74.2 69. 0 62.5 54.9 46.7 38.8 30. 0 20.7 1.1
40 10 15.0 14. 8 13.3 11.9 10.1 8.4 6.5 4.4 2.4
15 22.5 21.4 19. 4 17.2 14.6 12.0 9.4 6.4 3. 4
20 29.9 28.0 25.3 22.5 19.1 15. 8 12.0 8.5 1.6
25 37.2 34. 6 31.6 27.2 23.6 19.5 15.1 10. 4 5.5
80 10 7.4 7.7 7.2 6.4 5.4 4.4 3.5 2.4 1.3
15 11.0 11.0 10.0 8.8 7.5 6.1 4.8 3.3 1.8
20 14.5 14.0 12.9 11.2 9.7 8.0 6.1 1.2 2.4
25 18.1 17.3 15.8 13.7 11.7 9.7 7.5 5.1 2.8
100 10 5.9 6.3 6.0 5.5 4.9 3.9 3.0 2.0 1.0
15 8.6 8.7 8.3 7.3 6.2 4.9 3.9 2.7 1.4
20 11.7 11.5 10. 4 9.2 7.9 6.4 5.0 3.6 1.9
25 14. 4 13.9 12.7 11.0 9.5 7.9 6.0 4.2 2.3
5.0 T '2 1' T T T 5.0 T '2 1' T T
= g = | — . _ s |
4'0_k20m s, u=10m-s (a) | 4'O_k20m s, u=25m-s (b) |
3.0t 1
20} - T |
1.0} 1
g g oo} ]
- EN
_10 L 4
—20} " ]
_30 L 4
—4.0} 1

05 20 45 70 95 120 145 17.0 195 22.0
x/km

& 5

—0520 45 7.0 9.5 12.0 145 17.0 19.5 22.0
x/km

E AL KA B A (BN AR IR D) . () ¢=1 L7 15 (b) ¢=10 L7

Fig. 5 Total of the catalyzed areas (the values in the figure indicate the maximum concentration of catalyst): (a) ¢=1 L™'; (b) ¢=10 L™!



1 TUABRSS ;AN B R AL X AR
No. 1 WANG Yilin, et al. Discussion on Catalysis Areas of Precipitation Enhancement with Artillery Shells 51

8 NN ESRY A

FELL B vP e i s e N AR T B
o A A 790 e B 0 P 5% ) A o i T T R BN
R85 X3 1) A8 Ak 6 A A 2ok iy XA A KA 52
S BRATE M B — A5 AN B AR M X s 3 4 IR R
W RIA AE BT nT AR AR b o B 30 A 26 =
B 2R 25 BRI T 1 R 37 AR R 5 B XL
g

FRPEXT I 48 B2 AR 2 R =i ) A 3R B0
WHELERE (FC%. 1996) . i d R ETE
10m? « s 'DAFAY Y 40%, 10~20 m? » s ' 2Z[H]
M 302, Bk, —BAE 2R o 82 B o Rl
ity HCRECATH 20 m® « s "B 40 m® « s 15 X
MR, fi i HR BT 80 m* « s 15y
100 m? « s 1,

9 IhE

(D fEEE AN TIHMAE A, 2N TR
VKBS = EARAFEAE I VK S RO AR S B RT R T
FRAEE RIS, i i B R Ek k=20, 40, 80,
100 m* « s 'BF, AH A Y BUGF HWKE ¢ =1 L
REME, BT R KY R AR AR 289.6 m, ik
F fge K P8O 42 0 B 1] 2 51 & 699.0, 349.5,
174.8 F1139.8 s, #HL Agl ¥ 5 Hfk &% ¢=10
LN BIE, R BekEE 2 134.4 m, ik
B 5 KA B A2 B 43 ) 150. 6., 75.3, 37.7
F130.1 s,

(2) MRERE 2R T R, fE2 R
SRZ AR PG B0 AR R R b = R A A
s RIS AE S Agl 5 K BRI 52 0 X 35§
AHTEE 0 JEL B B e P o, 300 X B P R A A 1Y
DU R 45 A JL 5% 7 5 Ry A R R 23 S )
LIS REZ o (N A B E AV Ry (RS o
HAEAT 2R, LR b X AT 2 kAL
SOIETEHR

(3) ARSCEEF AR HOS itk r 04T T
WL ER T, A I 38 Nk e MV . H R XA [
23 (8] b e B AL R TSR .

SZ XAk (References)

A, 2001 R N TG mIALE . S0y ik st [0
WSS, 12 (BT 10 -13. Hu Zhijin. 2001. Discus-
sion on mechanisms, conditions and methods of precipitation en-
hancement in stratiform clouds [J]. Quarterly Journal of Applied
Meteorology (in Chinese), 12 (Suppl.): 10-13.

FRZAEY. 1995, MU TN AR ML 2= )2 AL B sk iy o [0, 7]
M4, (1. 35. Kang Shaojun. 1995. The analysis of position
and bomb number in precipitation enhancement with artillery
shells [ J]. Meteorology Journal of Henan (in Chinese),
(1) 35.

2, WHEIEE. . 5. 2003, AT BH ST ML SUE B
5 [J]. KRAFRE. 27 (2): 212-222. Li Hongyu, Hu Zhaox-
ia, Xiao Hui, et al. 2003. Numerical studies of the practical see-
ding methods in hail suppression []J]. Chinese Journal of Atmos-
pheric Sciences (in Chinese), 27 (2): 212 - 222.

HZ8G, XUEERS, FMomk, 5. 1983. XU = Hh s VB K i L 571
P B [T, R42F, 41 (4): 415-425. Shen Yiming,
Liu Guifu, XuHuanbin, et al. 1983. The problem of diffusion of
point source in the convective clouds [J]. Acta Meteorologica
Sinica (in Chinese), 41 (4). 415-425.

HZEE. 1994, =iy i (M. dbat. |Sgedifiiet, 48
-51. Shen Yiming. 1994. Diffusion of Catalyzer in Cloud [M]
(in Chinese). Beijing: China Meteorological Press, 48 - 51.

HiiZ4g, AR, M 1996, RRB PR SR U] ™
R BB (2): 1-6. Shen Yiming. Zhou Lin. Yin Yan.
1996. Turbulet diffusion coefficient in stratiform clouds [J].
Journal of Nanjing Meteorological College (in Chinese), (2):
1-6.

Tk, AR, FEIRR. 1999, FEIRTEE K M L S b
M [J]. K%, 25 (6): 39 - 41. Wang Bin, Yang Weijun,
Tang Renmao. 1999. Radar application in determining launch pa-
rameters of rockets or anti-aircraft guns for seed clouds [J]. Me-
teorological Monthly (in Chinese), 25 (6); 39 -41.

T, FElEM, 2R, S5 2004, ] E A 0 2 A
WFMEBER O V] KBS HEEMHR, 9 (2. 619 -
630. Wang Hong, Lei Hengchi, Li Shuyan, et al. 2004. The
seeding experiments of severe convective clouds occurred in the
Tibetan Plateau [J]. Climatic and Environmental Research (in
Chinese), 9 (2). 619 -630.

HRET XTI, 1997, NI MRy BoEsiyl 1. o
THR4, (2); 31-32. Wang Hongyu, Liu Wanjun, 1997. Nu-
merical simulate of diffusion of catalyzer in precipitation enhance-
ment [J]. Meteorology Journal of Liaoning (in Chinese), (2):
31-32.

FAHE, B 2002 mAANTHE GEE ElSHWET
(0. WdE<4, (2): 7-9. Wang Liping, Luo Dejian. 2002.



S S T (N A 15 %

Climatic and Environmental Research Vol. 15

52

Design of parameter in precipitation enhancement with artillery [J]. Acta Meteorologica Sinica (in Chinese), 60 (2): 205

shells [J]. Meteorology Journal of Hubei (in Chinese), (2): 7 -214.

-9. PESE R B R R AL 20030 TR MK S LR DI LR
A%, EBER, {2002, SRR Z T OHLIR 2 AR A [M]. dbst. SZihkt, 198 - 201. CMA Department of Sci-

WEEsE [J]. KL%, 60 (2): 205 - 214, Yu Xing, Wang entific and Techniological Development. 2003. Post Teaching

Xiaoling, Dai Jin. 2002. Research on simulation of effective Material of Weather Modification [M]  (in Chinese). Beijing:

range for cloud seeding by aircraft within super-cooled stratus China Meteorological Press, 198 - 201.





