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Tab.1 Comparison of the maximum range of 37 mm anti — aircraft gun with different
types calculated by this paper and provided by the manufacturer
83 JD -89 7
O — :
R /m T AR MME/m ARE/ % HEE/m T RKERMME/m xR %
45 9 438 9 596 1.6 8 706 8 814 1.2
50 9222 9 331 1.2 8 509 8 543 0.4
55 8 812 8 866 0.6 8 057 8 095 0.5
60 8 191 8 190 0.0 7 456 7 462 0.1
65 7308 7 298 0.1 6 633 6 639 0.1
70 6 230 6 191 0.6 5656 5 626 0.5
75 4912 4 877 0.7 4 466 4429 0.8
80 3407 3378 0.9 3084 3 068 0.5
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Fig. 1 The calculated exterior ballistics trajectories for 83 type (a)
and JD -89 type (b) projectiles at sea level
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Tab.2 The maximum shoting range of 83 type and JD -89 type

projectiles with different angles at different altitudes B{I:m
B 50° 60° 70° 80°
e *(Ek?/yi
i/ m X1 X2 X1 X2 X1 X2 X1 X2
83 0 9 331 9 331 8 190 8 190 6 191 6 191 3378 3378
1 500 10 337 10 436 9 226 9212 7 001 6 988 3 844 3 817
2 000 10 774 10 869 9 544 9617 7313 7 306 4018 3992
3 000 11 706 11 727 10 464 10 424 8 017 7 941 4403 4 344
4 000 12 824 12 723 11 502 11 367 8 816 8 687 4 877 4757
JD -89 7 0 8 543 8 543 7 462 7 462 5 626 5626 3 068 3 068
1 500 9535 9616 8 527 8 452 6 483 6 397 3538 3494
2 000 9 933 9 989 8 859 8 798 6 786 6 668 3709 3643
3 000 10 809 10 842 9 689 9 595 7451 7295 4103 3990
4 000 11 815 11 799 10 648 10 499 8 247 8 010 4 556 4 387
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Fig.2 The trajectories of exterior ballistics based on direct calculation method for

83 type (a) and JD -89 type (b) projectile with 60° shooting angle at different altitudes
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Tab.3 The revisal statistics of the maximum shooting range for 83 type and JD -89

type projectile with different shooting angles at different altitudes B,
_ Ik 50° 60° 70° 80°
i/ m dX1 dXx2 dX1 dx2 dX1 dx2 dX1 dx2
83 7 1 500 1 006 1105 1 036 1022 810 797 466 439
2 000 1 443 1538 1 354 1427 1122 1115 640 614
3 000 2 375 2 396 2274 2 234 1 826 1 750 1025 966
4 000 3493 3392 3312 3177 2 625 2 496 1 499 1379
JD -89 71 1 500 992 1073 1 065 990 857 771 470 426
2 000 1390 1 446 1397 1336 1160 1042 641 575
3 000 2 266 2 299 2227 2 133 1825 1 669 1035 922
4 000 3272 3256 3186 3037 2 621 2 384 1 488 1319
T dX1 X2 43537 B He AN S A (L5 20 1 e KSR T T IR &
®4 ETHEETHEZEN S AAMBERRBASE . ARHATREEARKSE
Tab.4 The maximum shooting range of 83 type projectile with different firing
angles at different altitudes based on the direct calculation method BA{if .
IR E/m 50° 55° 60° 65° 70° 75° 80°
1 500 10 337 9 867 9 226 8 210 7 001 5535 3 844
1 600 10 431 9961 9 253 8 294 7072 5592 3 882
1 700 10 523 10 050 9 335 8 355 7139 5 643 3914
1 800 10 616 10 150 9 437 8 457 7 208 5 695 3947
1900 10 703 10 225 9 498 8 513 7 262 5 736 3983
2 000 10 774 10 290 9 544 8 570 7313 5778 4018
2 100 10 839 10 362 9 625 8 637 7371 5 827 4 048
2 200 10 911 10 440 9717 8 722 7 444 5 887 4083
2 300 11 016 10 540 9 811 8 806 7517 5944 4122
2 400 11116 10 635 9 899 8 886 7 586 5999 4 160
2 500 11 221 10 737 9 994 8972 7 659 6 057 4 201
2 600 11322 10 833 10 085 9 054 7729 6113 4240
2 700 11 417 10 924 10 170 9 131 7796 6 165 4276
2 800 11 519 11 022 10 262 9214 7 868 6 223 4316
2 900 11 614 11114 10 358 9292 7935 6 278 4354
3 000 11 706 11 217 10 464 9377 8 017 6 335 4403
3 100 11 816 11 307 10 529 9 456 8 077 6 408 4 445
3200 11 939 11 425 10 640 9 557 8 164 6 476 4483
3300 12 049 11 532 10 741 9 649 8 243 6 539 4 526
3 400 12 174 11 652 10 854 9752 8332 6 609 4 576
3 500 12 299 11 774 10 969 9 856 8 422 6 680 4 625
3 600 12 419 11 890 11 079 9 957 8 509 6 749 4 674
3700 12 534 12 002 11 185 10 053 8 592 6 814 4 720
3 800 12 643 12 108 11 286 10 145 8 672 6 864 4764
3 900 12 750 12 220 11 393 10 244 8 757 6932 4 811
4 000 12 824 12 337 11 502 11 344 8 816 7 001 4 877
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Tab.5 The maximum shooting range of JD —89 type projectile with different firing
angles at different altitudes based on the direct calculation method BE{if.m
TR T BE/m 50° 55° 60° 65° 70° 75° 80°
1 500 9 535 9123 8 527 7 609 6 483 5113 3538
1 600 9613 9 198 8 577 7733 6 542 5160 3573
1 700 9 692 9274 8 648 7797 6 584 5208 3 606
1 800 9771 9 351 8 721 7 862 6 642 5 256 3639
1 900 9 852 9 430 8 794 7927 6 699 5 305 3674
2 000 9933 9 509 |8 859 7994 6 786 5 354 3709
2 100 10 016 9 590 8 945 8 061 6 844 5 405 3 746
2 200 10 099 9 672 9023 8 130 6 909 5456 3782
2 300 10 184 9755 9 101 8 200 6 975 5508 3 819
2 400 10 270 9 839 9 181 8272 7043 5 561 3 857
2 500 10 357 9924 9 262 8 345 7111 5616 3 895
2 600 10 445 10 011 9 344 8 419 7 230 5671 3934
2 700 10 534 10 099 9 427 8 495 7 287 5727 3975
2 800 10 624 10 188 9511 8 572 7 345 5785 4015
2 900 10 716 10 279 9 597 8 650 7 403 |5 845 4 056
3 000 10 809 10 371 9 689 8 730 7 451 5905 4103
3 100 10 903 10 464 9 773 8 812 7570 6 027 4 141
3200 10 998 10 559 9 864 8 895 7 641 6 088 4 184
3300 11 095 10 655 9 956 8979 7713 6 150 4 228
3 400 11 194 10 753 10 050 9 065 7787 6213 4273
3 500 11 293 10 852 10 145 9153 7 862 6 275 4319
3 600 11 395 10 953 10 242 9 243 7939 6 338 4 365
3700 11 498 11 055 10 341 9 334 8 017 6 402 4413
3 800 11 602 11 159 10 442 9 426 8 097 6 467 4 462
3900 11 708 11265 10 544 9 521 8 169 6 533 4512
4 000 11 815 11 373 10 648 9617 8 247 6 600 4 556
4 5 1B (3) IRl — 5, B2 44 5 32 1 T 8 , K
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Revisal on Safe Firing Area Map of Weather Modification Operation Based on Altitude

WANG Tiantian, YIN Xianzhi, LI Baozi, HUANG Shan, DING Ruijin, LUO Han

( Gansu Weather Modification Office, Key Laboratory of Arid Climatic Change
and Reducing Disaster of Gansu Province, Lanzhou 730020, China)

Abstract: The calculation method of particle external trajectory of 37 mm anti — aircraft gun was deduced, and the method was widely
used to simulate the ballistic parameters data under the standard atmospheric conditions at sea level in the field of weather modification.
The results show that the air was thinner over high altitude area, so the flying resistance of shell in the air reduced, and then the pro-
jectile had a longer range. Therefore, the revisal of elevation must be considered when drawing safe firing area map at weather modifi-
cation sites. The difference of the maximum firing range correction between the direct calculation method and ballistic similarity theory
calculation method was smaller. Both of two methods were able to accurately calculate the projectile landing point in high altitude area
and improve precision of safe firing area map.

Key words: weather modification operation; safe firing area map; altitude; external trajectory calculation



