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3 E : LC (Weight of Lifting Charge)
MBR=% : GR (Gap Ratio) = (fHWiEfE — £ - EOWEfE)  (EWrime)
B WR (Weight Ratio) = (E - 20ERE) / (HHER)

2.3.1 FIHOHE

(1) FEATE « B O E k5

LiiE 2g IR (30g~12g) T3 HELZITH. DL X DYHEDOWE % =ik
BT ANDATERNTTo7e, E2ABHIT L EMONLREMENEHTLH, £
b, O FICERBIND, EOBEOMREOEEIIEICENTHE T v, £
T, EBED BIZHENT L ZATHE SN EDMNEZ R RICLTEZNL S
mOE S ETOEDONE L AR (EOBR) X0z E L, FoNE
1£0.09m, EX1X0.75mTH D,

fii fe 7z Table2. 1 (239, £H. BRMTEERE 5L 3 5 EIEBIIHREIEAR 7 &
DT LD THDL (DT —ROWT BT v 7 4 VORIEITIT> TH7Z2WY),

Table 2.1  Observed and calculated muzzle velocities of No.3 shell using the
90mm ¢ mortar

Run No.3 Shell Mass Diameter Lifting Gap Initial velocity(m/s)

no. (9) (mm) charge(g) ratio obs. cal.
1 242.3 84.0 30 0.129 135 141
2 241.5 84.3 28 0.123 122 128
3 236.6 84.0 24 0.129 132 137
4 239.9 84.2 22 0.125 82 81
5 240.0 83.5 20 0.139 78 76
6 241.9 84.0 18 0.129 89 92
7 242.0 84.1 16 0.127 83 87
8 239.1 83.7 14 0.135 88 90
9 237.0 83.6 12 0.137 70 72
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10* illuminant 255.0 83.0 10 0.150 73

11* illuminant 258.0 83.0 8 0.150 57
12* illuminant 250.0 83.0 6 0.150 30
13* illuminant 250.0 83.0 6 0.150 23
14*  illuminant 241.0 84.0 6 0.129 33
15* illuminant 241.0 83.0 6 0.150 34

* No.3 Spherical Shell with IHluminant

Table2. 2 12, WAL 25mm, B E 460mm OFTH:E (Fig. 2.2(a)) 12X 5 10 B EMH
EDOFHEROERZ/RT, IRWT, Table. 2. 312, AL 20mm, %S 361mm DFT
B Fig. 2.20) 12Xk A 68 48 25 BEHEOHEEROER LR LT,

Table 2.2  Observed and calculated muzzle velocities of stars using the
25mm ¢ mortar

Run Star for Mass Diameter Lifting Gap Initial velocity(m/s)
no. (9) (mm) charge(g) ratio obs. cal.
1 no.10shell 9.517 22.701 0.40 0.18 27 26
2 no.10shell 9.065 22.318 0.70 0.20 57 56
3 no.10shell 8.308 22.353 1.25 0.20 77 80
4  no.10shell 8.846 22.626 1.50 0.18 86 92
5 no.10shell 8.346 21.756 1.50 0.24 103 113
6 no.10shell 8.924 22.410 1.50 0.20 106 111
7 no.10shell 8.475 22.045 1.75 0.22 91 89
8 no.10shell 9.244 22.166 2.00 0.21 117 121
9 no. 10 shell 8.589 22.511 2.00 0.19 117 138

Table 2.3 Observed and calculated muzzle velocities of stars using the
20mm ¢ mortar

Run Star for Mass Diameter Lifting Gap Initial velocity(m/s)
no. (9) (mm) charge(g) ratio obs. cal.
no. 6 shell  3.770 16.686 1 0.30 80 86
no. 6 shell  3.791 17.175 2 0.26 116
no. 6 shell  3.742 16.917 3 0.28 131 148
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4 no. 6 shell 4.084 17.441 4 0.24 167 264
5 no. 6 shell  3.310 16.561 5 0.31 145 423
6 no. 6 shell  3.847 16.666 6 0.31 190 443
7 no. 6 shell  3.705 17.112 7 0.27 195 890
8 no. 6 shell  3.908 17.126 2 0.27 119 141
9 no. 6 shell  4.002 17.535 2 0.23 138 131
10 no.6shell 3.520 16.179 2 0.35 134 167
11 no.6shell 4.070 17.482 2 0.24 121 129
12 no.6shell 3.751 16.706 2 0.30 126 155
13  no.4shell 1.868 13.373 2 0.55 93 192
14  no.4shell 1.838 13.299 2 0.56 83 149
15 no.4shell 1.836 13.160 2 0.57 104 142
16 no.4shell 1.984 13.813 2 0.52 104 236
17  no.4shell 1.813 13.161 2 0.57 90 149
18 no.2.5shell 0.893 10.342 2 0.73 65 215
19 no.2.5shell 0.847 10.508 2 0.72 40 187
20 no.2.5shell 0.898 10.418 2 0.73 39 249
21 no.25shell 1.070 11.088 2 0.69 90 206
22 no.2.5shell 1.026 10.966 2 0.70 79 251

(2) B¥E - MREROYEICE JIXT2E
Fig. 2. 3134 L G B DR Z Ml EREILZ L > TE LD TH D,
AR AN/ S WHIPH T, MIRIIRE < T Y X3 H L BREIFRRA~ DR D
HAIAECTH D, £, HFEEL & (2¢) 1L T, MERORLDEIZHON
THERAMEZHEEIET S & Fig 2.4 (TR T X 912, HERROBAD I, PRI
N9 D 3T B A7z,

13



250
¢ No3 Shell GR=0.12-0.15
® Star for No.10 Shell GR=0.2
200 4 A Star for No.6 Shell GR=0.3
)
@ A
E150 f,
> A * o
.-§ . .
210 | *
— - . .
.© A g ., *
£ . .
S - .
50
= ¢ :
0
0 10 20 30 40 50

Weight Ratio (M/LC)

Fig.2.3 Plot of Initial Velocity vs. Weigt Ratio for Shell (No.3) and
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Fig. 2.4 Plot of Initial Velocity vs. Weight Ratio for various stars with
different Gap Ratio. (Lifting Charge is kept constant)
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Fig. 2.5 Plot of Initial Velocity vs. Weight Ratio for various shells
with different Gap Ratio.

Table2.4 Experimental data by Kosanke, Shimizu and No.3 Shell

No. LC | M EE® (& W | HE |[GR |WR v

® |@ (mm) (23 (mm) (m/s)

(mm)

Kosanke®
3in_Spher 28 135 66 79 510 0.30 | 4.82 80
4in_Spher 28 350 95 103 610 0.15 | 12.50 65
5in_Spher 50 620 119 129 760 0.15 | 12.40 100
6in_Spher 85 1140 | 144 154 760 0.13 | 13.41 110
8in_Spher 155 | 2700 | 193 203 910 0.10 | 17.42 120
Shimizu®
1 37.5 | 530 115 123 895 0.13 | 14.13 80.7
4 375 | 435 114 123 895 0.14 | 11.60 110.2
6 37.5 | 340 115 123 895 0.13 | 9.07 127.3
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7 375 | 250 | 115 123 895 0.13 | 6.67 169.2
9 50 540 115 123 895 0.13 | 10.80 114.2
1 25 540 | 114 123 895 0.14 | 21.60 100.2
13 37.5 | 545 115 123 895 0.13 | 14.53 1111
15 375 | 555 | 114 123 895 0.14 | 14.80 92.1
17 37.5 | 565 110 123 895 0.20 | 15.07 90.5
19 375 | 262 |82 123 895 0.56 | 6.99 242.4
21 37.5 | 550 114 123 362 0.14 | 14.67 101.2
24 37.5 | 650 121 123 895 0.03 | 17.33 131.2
25 188 | 272 | 82 123 895 0.56 | 14.47 108.5
28 13.1 | 210 70 123 895 0.68 | 16.03 954
29 75 1310 | 113 123 895 0.16 | 17.47 112
31 75 1060 | 113 123 895 0.16 | 14.13 149.6
34 75 805 | 142 159 1190 0.20 | 10.73 114.9
35 75 560 | 143 159 1190 0.19 | 7.47 153
37 100 | 1080 | 141 159 1190 0.21 | 10.80 1134
39 50 1075 | 139 159 1190 0.24 | 21.50 438
41 75 560 139 159 1190 0.24 | 747 107
45 75 1070 | 142 159 1190 0.20 | 14.27 103.4
47 131 | 2115 | 174 188 1190 0.14 | 16.15 121.9
51 75 1585 | 145 159 1190 0.17 | 21.13 845
53 75 570 | 142 159 1190 0.20 | 7.60 106.4
54 75 600 144 159 1190 0.18 | 8.00 104.8
No.3 Shell

shot1 30 242.3 | 84 90.0 750.0 0.13 | 8.077 135.00
shot2 28 2415 | 843 90.0 750.0 0.12 | 8.63 121.88
shot3 24 236.6 | 84 90.0 7500 | 0.13 | 9.86 131.62
shot4 22 2399 | 84.2 90.0 750.0 0.12 | 10.90 82.31
shotb 20 240 | 835 90.0 7500 | 0.14 | 12.00 78.21
shot6 18 2419 | 84 90.0 7500 | 0.13 | 13.44 88.90
shot7 16 242 84.1 90.0 750.0 0.13 | 15.13 83.06
shot8 14 239.1 | 83.7 90.0 7500 | 0.14 | 17.08 88.13
shot9 12 237 83.6 90.0 750.0 0.14 | 19.75 69.67
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shot10 10 255 83 90.0 750.0 0.15 | 25.50 73.00
shot11 8 258 83 90.0 750.0 0.15 | 32.25 57.00
shot12 6 250 83 90.0 750.0 0.15 | 41.67 30.00
shot13 6 250 83 90.0 750.0 0.15 | 41.67 23.00
shot14 6 241 84 90.0 750.0 0.13 | 40.17 33.00
shot15 6 241 83 90.0 750.0 0.15 | 40.17 34.00

I.V.* Initial Velocity
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6 Pressure profiles at bottom and 2/3 height of the mortar.
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Fig.2.8 (a—c) Pressure at the bottom and middle of the mortar
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Fig.2.9 Examples of the pressure profiles observed by four pressure
transducers
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IEREICHEE TX 5,

Table 2.4 Observed initial and calculated muzzle velocities of stars using the

20mm ¢ mortar with 4 pressure transducers

o Calculated muzzle Measured
Stars Lifting ]
Gap velocity(m/s) muzzle
, charge : , , .
Diameter ratio without with velocity(m/s
Mass(g) (9) . .
(mm) correction  correction )
0.986 10.682 2.0 0.71 254 66 78
4.780 17.696 2.0 0.22 146 136 129
4.757 17.696 2.0 0.22 169 154 135
4.199 17.067 2.0 0.27 145 115 114
4.699 17.553 2.0 0.23 155 134 135
4.155 17.737 6.0 0.21 414 255 233
3.916 17.420 6.0 0.24 361 227 209
3.607 17.041 6.0 0.27 422 249 213
3.644 16.737 6.0 0.30 394 219 209
3.632 16.795 6.0 0.29 388 221 200
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Fig.3.2 Setup of the pressure and motion measuring system
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Fig.3.3(a) & Fig3.3(b)iZ/~d,
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Fig.3.3 (a) Motion of a red peony star for No.2.5 shell in the transparent
mortar with 0.5g LC
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Fig.3.3 (b) Motion of a silver crown star for No.6 shell in the transparent
mortar with 0.5g LC
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Lo,

Fig.3.3(b) DEEL(10)IXE AR b B OB 7 Th 5.
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BENRZIED T D, BT EENIL ERND, TOHEHITIMESN D,
ZhuE. KEOBRBEAR A A DRI X D EHNNEIIERT2HETH D,

EIRET AN AZIZE VIR LB G SRR 2 RO Z RO T,
KEORNIES 71 7 4 EEER OB Z Fig. 3. 4(a-g) IR LTz, KTIEES
7a 7 4V EINEEICHE L TERR LTS, F O Z-exp IZEDEE OHBRD
FHETH 5,

Fig.3.4 OEOEBI OB Z B3 25 &, MEENRKEWGE (F 21X,
Fig.3.4(@a~b)) Tix. M#EEEBPEHTES 707 VB E— 7 282 1AL T
WBES>TNDZENGND, MBRERN 0.3 F2E TlE. Fig.3.4(c~e) 4 4EIin
BB RNITE D O B — 27 BT, S HICHREN/NS L 725 & SIROBREER
WREH G, IEGEBNEE D (Fig.3.4(f~q) . BAETADRNIZL > T, £
BT DIEINT, EEFEINHA AR T RBFIT R D EEZBND,

Table 3.1 Results of the experiment with transparent mortar

Star Star
Star | Run | mass | diameter R LC | oMV oMva” Fig.3.4
(g) (mls) (mls)
(9) (mm)
Red 1 |1.083| 11.079 | 0.62 1 27 25 a
peony 2 |1.100| 11.064 |0.62 1 25 22 b
for 3 1.114 | 10.984 | 0.63 1 28 31
No.25| 4 |1.033| 10.635 |0.65 1 30 27
shell 5 |1.102| 11.026 | 0.62 1 27 23
Mean 1.086 | 10.958 | 0.63
Red 6 |2722| 15.035 |0.30 0.5 39 36 c
peony 7 12643 | 14.894 | 0.32 0.5 28 27 d
for 8 |2.836| 15.324 |0.28 0.5 34 29
No.5 9 |2899| 14914 |0.31 0.5 42 38
shell 10 [ 2.802 | 14.692 |0.33 0.5 30 29
Mean 2.780 | 14972 |0.31
Red 11 | 2921 | 15.079 |0.30 1 80 79
peony | 12 |2.911| 15.019 |0.30 1 88 90
for 13 | 2.705| 15.223 |0.28 1 75 78 €
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No.5 14 | 3.003| 15.053 |0.30 1 89 94
shell 15 | 3.201| 15.815 | 0.23 1 87 96
Mean 2.948 | 15.238 | 0.28
Silver | 16 | 3.612 | 16.921 | 0.12 0.5 70 77 f
crown | 17 | 3.518 | 16.424 | 0.17 0.5 67 72 g
for 18 | 3.714| 17.161 | 0.09 0.5 74 79
No.5 19 (3912 | 17.292 |0.08 0.5 84 95
shell 20 | 3578 | 16.291 |0.18 0.5 67 79
Mean 3.667 | 16.818 | 0.13
Silver | 21 | 3.74 16.826 | 0.13 1 90 107
crown | 22 |3.964 | 17.037 | 0.10 1 96 115
for 23 | 4.092 17.48 0.06 1 108 132
No.5 24 3.71 16.804 | 0.13 1 101 125
shell 25 | 3.317 | 16.509 |0.16 1 83 99
Mean 3.765| 16.931 |0.11
* Observed muzzle velocity by cameral
** Observed initial velocity by camera2
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Fig.3.4(a) LC=1g GR=0.62
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Fig.3.4.(a-g) Examples of pressure profiles and traveling distance of the star
in the mortar
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Fig. 3.5 Plot of Initial Velocity vs. Weight Ratio
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Fig.3.6(a) Typical trajectories Z,, Z, and trajectory of the star in

the mortar.
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TERTILENTES, Z2C, A FEOERERETHS, M u, Z FZhTh
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t* EAEX [ TO RO I X OE S im B R t,, 2R HMEITIFE S
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Fig.3.6(e) Estimated Trajectory of the star. (ref. Fig2.9(a))

30000
~ a2
% 103 7
E 20000 P
E §ooz %
) o -
5 10000 S D <
) "0’ 1 0.1 ":l‘
< =
0 0
0.06

Fig.3.6(f) Estimated trajectory of the star (dotted line). This is
obtained from the data shown in the Fig, 2.8(c).
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Fig.3.8 Estimated traveling distance (dotted line) and calculated

trajectories Z, and Z,.

Table 3.2 Calculated and observed muzzle velocities

Run LC (9) Observed(m/s) Calculated*(m/s) Calculated**(m/s)
shot 1 30 135 141 135.5
shot 2 28 122 128 122.7
shot 3 24 132 137 130.8
shot 4 22 82 81 82.2
shot 5 20 78 76 78.0
shot 6 18 89 92 88.9
shot 7 16 83 87 83.3
shot 8 14 88 90 88.3
shot 9 12 70 72 69.6

Calculated* Eq. (2.3) and Eq. (2.4)
Calculated** Eq. (3.1) and Eq. (3.2) with Cond. (3.3) and Cond. (3.5)
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4.2 FEBx

4.2.1 #&¥h

SO ZERHR R ITHKAEK (BR) L0 AF LT, AW EDORE L% Table 4. 1
\—Ea—g‘o

Table 4.1 Diameter and mass of empty shells

Number of shell Diameter (m) Mass (kg)
2 0. 057 0.024
2.5 0. 069 0. 044
3 0.084 0.070
4 0.112 0.141
5 0.142 0.209
7 0. 197 0.477
10 0.272 0. 920
4.2.2 HEE

BRI T2ERFEALE DR T K OFEF PSS TR ED H % T EREZIT - 12, %
THOEONE L ORI EEE &5 45 A (FOR. A VFC-100 SB - }2 (X PHOTRON
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it 5 5 EOZEKIRPURENI B ARG 2 AV CllE L7z, BWIR o BR ik X
1.05m X 1.05m G, JEGHX Im/ s ~20m/ s O#FFATEZ LN D, B & 225K
WER%Z Fig 4. 11T,
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Fig. 4.1 Wind tunnel and drag coefficient measuring system
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ET Do IFFHEROZEKIGID, Z RARIZHE L, B O 225k HID Dy, 22 B0 &
FINTRD 5, BB EDOZELEIRECIT, &’ 4.1) ZHVW TR BN,

Ds

L = ad?U?

Co=77
274
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4.3 FERLFEE
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CAET—TETHD LET D L, TR ¢ &% PR, 2hzh, X 4.3)
ERX (4.4 TERENS,

(Y

1 (a+bu]
t=——In
2 2,.2
h=—t In(a by )
20 a (4. 4)
b2 = 2P1 ¢

Soim. =0 proge 4D wpp
Pt 2 B RO RIS T 2% THBEA AT 5 L Fig 4.3 DX 912725,
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Fig. 4.2 Plot of calculated falling distance vs. time for No. 2 empty shell

H V% T OBRMERHZNE T 5 Z LIZNETH 5, AL O A B TG
IRFfH] 2 . FLEREE B v T 320k & 22 RIRBT O 2 L 72 W —ERRE O BAR 0~ B3k
Too EBRICRWTIL, BEREIZZ U v 700 L THE TS, AR R —
BRaETANATIZESTc, TELTHATHAL —NSHT, WATIX, A
— hARA 2 b —EDHREEZ R T D K& Rl L7,
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EOE TR LT U IERME TRV, % FBARERIZA X — FARA > b
£V 0.2m FCHIE ST REH & 2RI A B L 7o R oo B hvk T iES) SR
XCHIE Lz, 5t 2 5 EOHIE L2 TR % Tabled. 2 (252 L 7=,

Table 4.2 Falling height (H) and time (t) for No.2 empty shell

corrected t,,(s) Average
H (m) Ceate
Run 1 Run 2 Run 3 Run 4 | at same H

0.0 0 0 0 0 0 0

0.2 0. 202 0. 202 0. 202 0. 202 0. 202 0. 202
0.4 0. 282 0. 286 0.290 0.294 0. 288 0. 286
0.6 0. 346 0. 350 0. 354 0. 354 0. 35h1 0. 350
0.8 0. 406 0. 402 0.410 0.414 0. 408 0. 404
1.0 0. 450 0. 450 0. 454 0. 458 0. 453 0. 452
1.2 0. 494 0. 494 0. 498 0. 502 0. 497 0. 495
1.4 0. 534 0. 534 0. 538 0. 542 0. 537 0. 53b
1.6 0.574 0. 570 0.578 0. b82 0.576 0.571
1.8 0.610 0. 606 0.610 0.618 0.611 0. 606

4.3.2 BENTOHM%E FER

ER D22 K HRPURERC, 13 Fig. 4.3 \Z/R L72 & 9 (ZReynoldsEa DB TH 5, K
Reynolds#BUIxt L TiX, CyldRe & LTI L, £ BEES RIS ET S £ Tldda
E—E LD, BRARTE, CIELV/NEREE TREICTRY, ZH LB
(E—EE 2 PR,

2 5, 4 5 LONS FOMEES AW BHEE FEREZBENTITo 72, % FREH
IZA X — RARA > FvD 4. 3m - 22, Am OFEH T CRIFFIZ 4 HS CoRFREENE %2
1ToTee WL DDDCZARGE L Txthind 2 % TR & IEME & FHRAE O 2= DO 1E
RAZs A LTz, ZDf|%Table 4.3 12507

Table 4.3 Observed and calculated falling times (T,, and T,, ), and

calc
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standard deviation (Std) for No.2 empty shell when C,=0.7

H (m) T, (s) Tour (8)
4. 30 0.994 0. 967
4. 40 1. 006 0.979
7.90 1. 367 1. 346
8. 00 1. 375 1. 355
11.50 1.673 1. 666
11. 60 1. 681 1.675
11.70 1. 690 1. 683
15. 24 1. 954 1. 970
15. 33 1. 969 1.977
22. 40 2. 456 2. 507
Std 0.024

Air density = 1.205kg/m’; viscosity coefficient of air = 1.81X10°Pa * s
kinematical viscosity coefficient of air = 1.50X10°m?-s™

Shell no.2: mass = 0.024kg, diameter = 0.057m, density = 247.b5kg/m’

2 545 B NS SR R O E T RERE & FH RO Z O ER 2 % Table 4.4
IR, AT, 25, 4 5 LO5 SR RICR L TERZENCZY 0.7, 0.7
KMR0.8DEEH/NINTHoT-,

Table 4.4 Assumed C, and calculated Std

No.CD 0 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
2 0.172 0.096 0.072 0.048 0.028 0.024 0.042 0.066 0.091
4 0.119 0.072 0.056 0.041 0.027 0.020 0.024 0.037 0.051
o 0.146 0.094 0.077 0.059 0.043 0.027 0.017 0.023 0.037

4.3.3 LA NV AEURAEME &2 B TE LT K EOHHER L
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ZERHEPT 2 B R L 7K B O Z2 PR IR OB SGm a0 e 8 T AUl Lo T
HFzonsg,

3

dv
—— = -m m F
dt d
(4.5)

o

Z
t
ZZT, zIdhE EmE AMEAES T OEE, m, g, vIIENETN, EOEE,
HOIEE, EO LS/ THREETH D, FITEICEHIERERITHL, G5
mix LS FREICRHET 5, FITIRKTHEZ 6D,

= vV

o

F::%¢%”ACDV2 (4.6)

ZIZT pacs A G IFZEREE, LR, EXEIURETH D, S HITE,
XA 2 EkRe DBESE LTHEZ BND, Fig 4.3 IR LIZEIZ, (4.6) Ko
IRV A VZE (Re < 1) IZTWTH AR =7 ZOHERENO LA LK
BowmeE L HITEmLA VBB A6=0.4 ~EBT 5, &Elofts
AT E L CRORXDEA S5 88,

Co _04+24 (4.7)

E
BRI (1<R;<1000) TOEER{E L O—IZHEN & 5, EBZE G R, <1000
OFEI THEBRME L BV —F 4 ~9 2L L CSchiller - Naumann (1933) ®ir{L)
AN 59, Fig.4.312, R EUTHT 2 4. 7)AKLNNME.8)A L Kr LT,
C, =%(1+ 0.15R2%") (4.8)

E

ZITE, BAEOEEREAHWEEHE TERIVGONTZI— t RIS
IRRITC, & (4. T~8) KUz K vR/=, =720, FHETIL. @ 1) 0. 4 137R5%
BLLT, CuetBWNTAIEIZLE (IADNN—R LR PR, 4.3.2 ©
TEIZ AT, ARWEHUREE S 2 517,
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10000 ———— Bubbles in liquids

—+—+ Drop tests in liquids
—o— QO Drop tests in water
—/A~— /A Wieselsberger, Tunnel
—&— @ Lunnon, Spheres
—B8— [0 Towing in open air
—0—< Naca, Towing in air
—>— X Sphere in W.Tunnnel
Oseen
—e—Eq4.7)
——Eq(4.8)

1000

100

0.1

0.01
1.E-02 1.E-01 1.E+00 1.E+O1 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07
Re

Fig.4.3 Cp —Re plot

4.3.4 R IR

JEIA FEBRIC & > CHIE Sz 5 B EDCIL 0.4 ThoTo, ZOMITHEM%E
THEBRTHELILZ 0.8 LD/,

b, WS ONDOFIETRD DB EORPUREAE Fig. 4.4 IZF L iz,
KD FreeFall o7 —# 1%, (4.2) KIT L DFER. “2 5~5 5713 (4. 5) X~ (4. 8)
XEHWEREETH D,
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Wieselsberger, TUNNEL
—®— Lunnon, Spheres
—8&— Towing in Open Air
—<&— NACA, Towing in Air

2_GOU (Free Fall)
—&— 3_GOU (Free Fall)

4 GOU (Free Fall)
—4&— 5_GOU (Free Fall)
—— 5_GOU W.TUNNELC(AIT)
WLJ —8— Sphere W.TUNNEL(AIT)

Cd
L4
/

* 28

* w\"‘&vyvxl"" T o2

o AT TR 58

o

4 3%

35Kt
0.1
1.E+03 1.E+04 1.E+05 1.E+06 1.E+07
Re
Fig. 4.4 Cd vs Re
4.4 Fro

JEK EDZEKHEIZ RO D721, HERZE K EOFIEREE T ER, EEN
TOW TR OERAFERZIT 572, LA IV ZEUEAT % AT 7R ORE S 3 BE
FOBRPIREMEE LWHEBEEZ R Lz, 72720, BEOHSEIC OV T, &5
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5 fEshiE (2) FIHEHT bz B2 OBk
5.1 IZL®IZ

BEE5, BBEREOUBF LY | M2 5 20BRFUREZRDOD Z L2 AL, &
WET, BREEROEB OB OWT, BIXIE, HAKY 2 I KA E» DK
H ST RBERE O IE I HOW T ORFSE,. K. L. Kosanke K& TUWB.J. Kosanke?®) |2
LB ENTEEDOEAREEC OV TOHE . Kosanke 5 K. M. Mercer®
IZ R DFTHEKEONEHEDET b, 72 ERRA LIV TN D08, REERE DR
PURBIZ DWW TE K LTl E T2,

5.2 FEBR

5.2.1 Ak}

FRRIZ T B ITZURIER. (BK) otk Sre, B ORURER R AR S
() WOLDOTHD, HHOGHITIL 2 FHTHATZ,

5.2.2 HEE

B OEFPRBERFE . 28 P A TIABERF . IR e O iy, mdEE e
47 A% (FOR.A VFC-100SB % 721% Phantom VR-V4.2) ZMHWTHIE L7=, H
ERGHORE SIIE U TIFED L X & Az,

5.2.3 FIE

BAZE SR CORDFREREIMEFEREO RT 7 M F v =N TITo 7,
MHEW Bl Z @S, HA =T Trik L7, SUKERRHCEEE S A T % L)
S, BRBERFRD 2 R0ek LT,

BEOIHFERITIRED L 51T o7, FIGROEHICAKELES L, FEE
BEIZEET 5, MANGEIEEG LiAAL, 20 LICEZRE T, SKEOHKEE
FUKBIFEITHRERR T 5D FPBEARIC UK A A v F % ANURIREIZ @R 7 A T % b
H¥5,
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5.3 Mt & EL
5.3.1 R OBAMZE K T ILPRIBERF ] & A TIABERF

295,255, 35,45, 5 FAN6 FEHOE 71T A, fLET A, R,
WRIETo vy MOSRIET VB O IERBEEBRRE R 4 Table 5.1 12727

Table 5.1 Mean and standard deviation of the dimension of stars and the

stationary burning time

burning
shell  numb. mass (g) diameter (mm) )
Star name time (s)
no of exp.

Mean std mean std mean std
Pink peony 2 4 0.975 0.028 9.98 0.230 1.201 0.245
red peony 2.5 5 1.148 0.021 10.69 0.170 1.005 0.067
silver crown 3 4 1.716 0.036 11.84 0.130 1.602 0.069
red peony 4 5 2.192  0.243 13.41 0.230 1.462 0.099
violet peony 5 4 2.493 0.493 14.30 0.040 2.365 0.054
silver peony 2 5 0.830 0.032 10.18 0.128 0.780 0.050
silver peony 2.5 5 0.965 0.097 10.78 0.350 0.874 0.076
silver crown 3 5 1.743 0.079 12.27 0.187 1.677 0.078
silver peony 4 5 1.940 0.057 13.47 0.085 1.149 0.018
silver peony 5 5 2.753 0.139 15.19 0.308 1.309 0.045
silver peony 6 5 3.840 0.073 16.88 0.242 1.473 0.022
Blue peony 2 5 1.012 0.099 10.34 0.413 1.470 0.168
Blue peony 2.5 5 1.183 0.109 10.72 0.310 1.578 0.044
Blue peony 3 5 1.679 0.089 12.16 0.115 1.831 0.115

(1) BEOPABERER] & BB 12 KT T ERR D2
Fig. 5. LRI 7= A RO L ELIT x5 PRI PRBERRR & SRR e E D~
2y N Thb,
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E 1.2 6.0 5
o 2
< 10 1 950 ¢
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06 | —o— mean burning time 130 §

(&)
—=— mean linear burning rate =
04 ‘ ‘ 2.0

5 10 15 20 25

Mean diameter(mm)

Fig. 5.1 Plots of mean burning time and linear burning rate

vs. mean diameter of silver peony stars.

FUT T AR OBRBERFITIZIT R DER L AT D, SRR X —E Tl <,
EEEO¥N & WA T D,

(2) B OFEE L YRR e T
O & kST 5 RO NELIRREEEE % Tableb. 2 ([ZF09, 2 DORRPABEE L
IR OFEIEIC X » TS 5,

Table 5.2 Kind of star and mean linear burning rate

) mean linear burning rate
Kind of star

(mm-s™")
Blue peony 3.4
Pink peony 4.0
Red peony 5.0
Violet peony 3.0
Silver peony 6.0
Silver crown 3.7
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(3) MWEF—ZDNRTYXx
EOEE, ERLOEFERBERE OMEEFR AL, WET —X DT Y X%
FARAZ 9 B 72O FH I Lz, fE% 1% Table 5.3 1232 L7,

Table 5.3 Relative standard deviations (std./mean) of mass (m), diameter

(d) and stationary burning time

Star std. (m)/m_.,.  std. (d)/d_. std (t)/t...
Blue peony  For no.2 shell 0. 098 0. 040 0.114
For no. 2.5 shell 0.092 0.029 0.028
For no.3 shell 0. 053 0.018 0. 063
Pink peony  For no.2 shell 0.029 0.023 0. 201
Red peony  For no.2.5 shell 0.018 0.015 0. 067
For no.4 shell 0.030 0.017 0. 068
Violet peony For no.5 shell 0.014 0.003 0.023
Silver crown  For no.3 shell 0.021 0.011 0. 043
For no.3 shell 0. 049 0.015 0. 047
Silver peony  For no.2 shell 0.039 0.013 0. 064
For no. 2.5 shell 0. 097 0.032 0. 087
For no. 4 shell 0.029 0. 006 0.016
For no.5 shell 0. 050 0.020 0.034
For no.6 shell 0.019 0.014 0.015
Mean 0. 053 0.018 0. 051

EOEEITERD 3EICHHITH, LIz -> T, BEEDEBRFZAIIERZRDOZ N
D 3ETH D, ROEEDOFEFEAMELER AT 0. 053, TEAEDZH 0.018 D 2.9
FCTHo T, BREEFFR DN T Y 213 BEOBEZEDOZN MR 2T bk 5,
PRIEFRE [ O SR RHEHER 2213 0. 051 T, EARDZ L 0.018 TH o7z, ZD%E
130.033 TH Y | ZAUTBRBEBLG & REEAIE OB DT Y FITFE LK 9,

(4) FTITH D2 ORREERER
TR THR O R & F I REETR O B OBRBERF] A Table 5.4 (27,
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Table 5.4 Frying and stationary burning times of stars

burning time (s)

name shell no flying stationary
Blue peony for 2.5 2.272 1.578
Blue peony for 3 2.932 1. 831
Silver peony for 2 1. 260 0. 780
Silver peony for 2.5 1. 468 0.874
Silver peony for 4 1.932 1. 149
Silver peony for 5 1. 900 1. 309
Silver peony for 6 2.420 1. 473
Silver crown for 3 2. 944 1. 677

Burning time on a plate(s)

o0
*®

0 2 4

Burning time fired(s)

Fig. 5.2 Flying and stationary burning time of star

ZEHT BT B AV B OPRBERF IR FZBR TIEE ILBRBER R L 0 Bdrole, &
L, RN EDKRKIBEE FiF 5720 EE 2 55, Kosanke® 5%, 222
FTHI BT AL LIS, Bt S e O HAUA 2 70 CRE AT
LTWOEREEZRS TS, @ERAT 2R8EH O 2ITEKFIT L > TRB—H
WERILEINDBEN D L ER LT,
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5.3.2 K& ORREER OER) & Lk

(1) ZER BT 2 EOEE O
HIZREE L 23 L IRELIZFT B 5T b - EoE#) ATk 6.1) <

5
T#3ns,
-%=——ﬁﬂ"£LWW
dt 4pstar Dstar (5 1)
E e
du

ZZIT0 U b, 8 0 O Daw KROCIE, EFN, BOME, HRATHH.
HAOMEEE, BREE, BOEE, 2OEE, MOROZESEIFRETH D, B
FEuIEN EHICERHTHEEIETHD, LT

k — 3pair . CD — 3:Dair K
4pstar Dstar 4pstar (5 3)

REOEREEWmEIIRFME & BICET 508, BOBEEITRITHE L&

RE LTz, L7eho> T, ZRIEFCtd 2R (5.1) OFLO 2T, ZEXIEST
FRERC T L, BOERIIKEEIT 5, fm. ZOHEIFK (=C,/D,,.,,) (ZHH]
T 5, KiZ, FHE SN 2O Z B S 72BN Y TEH L5 2 LIk > THE
bivd, BEOERD, TRORITRH ORI TH Y | B OFLRBERFH O 5 A
Eha, b, Gif, KeD,, 253 (5.3) ZHWCEHE L,

(2) KomEaEE
A SN B OB 2 B S 7CIBNC Y TIZD 5 Z LIk > THRLNT K
FHAEE L FEHES R D—8 & R, L LS
bivigipole, —BEDORBWES

-

X 32 EOFTH FiF R 25 OBAIC
PEDOEENEEN TEHH -7, 1 EIET — % 23
E WA OB % Fig. 5. 3 IR T,

NZ2=]

N
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100 | 60 K 00000 -,
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,_go _EO 40 |
o 60 T30 | ¥
40 1 . -
experiment 20 experiment
20 | caleulation 10 [ calculation
0 00 : :
00 1.0 20 3.0 40 00 0.5 1.0 1.5 20
Time(s) Time(s)
(a)good fit (b)no good fit

Fig. 5.3 Examples of plot of flying height vs. flying time of star

BUED & Z A, HEMEOEWGE IV MR | BT DR M EITk D
e Thb,

ARFFEIZEBNT, 2.0g OEREFAWE 5 BEHOEDEZ L TR E
5HFETHRBETE T, RATHITRBERS Il L7z, ZOBRBEOHIETIX, BREFOED
JE D D EDRZERGL L O R L FTHR O MRS R BORMHA KN TERPo722
EICEDEEBEZLNDN, FERIN TRV, MOBEETIE, BOKRKBI V-T2
PHZ . END S FOTRITIRF CTRRBBINT,

Fig. 5. 4 TS MO RWGE ORI T 20,07 1y s Ofl &=,

—=—No.17
—%—No.18
—2— No.19
—>*— No.20

Cp

Time(s) Time(s)
(@) Dgao=16.8mm (b) Dgao=17.6mm

Fig.5.4 Plot of calculated C, vs. time. LC = 1.0g

ZNHDCE WA TOFHE SN BNIBHIME S BDW—8%x R, LiL,
RFH D TIECIIAN T Y RN REL o7, £72 2 DOLLECEN G LT
(runll & 21),
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(3) fIbBFen-EoE#H0ET ALY
WEIIT HHIT b REoELKFICE T NIk O FIRTET Mbaniz,
O FERERI T OZFR Y TIEHOIZ L > TK 2RO E LTk 5, =
DKNEHTZ D0 E D kB35 (Fig. 5.5 (a)),

80
60 |
E
L 40 | S
(]
T star for no. 2.5 shell
20 *  experiment
calculation
0 |
00 10 20 30 00 10 20 30
Time(s) Time(s)
(a) hvs t (b) calculated Cp vs. ¢t
120 7
100 6 [
T, 80 5 | Cp = 04589t + 0.2864
E 60 4 L
s Q
5 40 S 3t
o
3 20 2t
_20 0 | | | L
00 10 20 30 00 05 10 15 20 25
Time(s) Time(s)
(c) uvs. t (d) approximate line of Cp
600 80
60 [
400 f ?
T =
£ % 40 f
X ©
200 r T star for no. 2.5 shell
20 * experiment
estimation
0 0 L
00 1.0 20 30 00 1.0 20 30
Time(s) Time(s)
(e) approximate K vs. t (f) hvs. t

Fig. 5.5 Model of the motion of a star in the air
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@ X 5.2) &KX (5. 3) ZHNTKED,,, MNHCEREMOREHE LTRD
% (Fig.5.5(b)),
D. =D

- 2'r °t (5.4)

star starQ star

Z DS ECHI IR LTI 223, K23 722 LR T 03K
x< b,

@ C TFHATEEEE D /NS W & BRSPS T D REN/ NS WEN ST
5o BN ERAT DT OGEITIREN T EHEN/NS LS 72DHDT, Gk
Refi] o> 1 REAE Tl 9% (Fig. 5.5 (d)),

@ C,DUTLLEMEN LK R R EZRD (Fig. 5.5 (e)). T EDITE
MRz k25 (Fig.5.5 (),

Table 5.5 Experimental conditions and results

Dywro  LC U, Dia. of fit C,=at+h h,,. (m) Come (8)

o (mm) (g0 (ms') mortar to K a b obs. cal. obs. cal.

1 13.4 1.00 98 15mm yes 0.4589 0. 2864 72.5 73.7 2.490 2.529
2 13.8 1.00 15 15mm no

3 14.2 1.00 31 15mm no

4 14.0 1.00 218 15mm yes 0.05674 0.3032 162.7 160.7 3.792 . 702
5 14.0 1.00 36 15mm no

6 13.8 2.00 15mm no data

7 16.8 1.00 168 20mm yves 0.4267 0.2546 126.3 126.8 2.760 2.964
8 16.4 1.00 168 20mm yes 0.4143 0.2599 1256.7 127.4 2.807 3.002
9 16.8 1.00 156 20mm yes 0.3782 0.2619 121.5 123.3 2.782 . 024
10 17.0  1.00 144 20mm yes 0. 36 0.2592 121.5 118.0 2.975 . 109
11 16.9 1.00 168 20mm yes 0.1909 0.2688 145.9 145.3 3.313 . 469
12 17.3  2.00 217 20mm yes 0.2805 0.2374 163.6 165.1 3.185 . 390
13 17.0  2.00 217 20mm yes 0.1896 0.3047 159.1 158.5 3.393 . 505
14 16.7 2.00 241 20mm yes 0.1044 0.3066 170.8Y 185.1 2.357 3.782
15 16.8 2.00 205 20mm yes 0.1069 0.3494 155.2 155.5 3.410 3.571
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16 16.7 2.00 265 20mm no

17 17.3  1.00 165 20mm yes 0.3442 0.2699 130.8 131.6 2.972 3
18 17.3  1.00 158 20mm yes 0.3485 0.2845 126.9 127.6 3.124 3
19 17.6 1.00 165 20mm yes 0.321 0.2823 135.6 134.4 3.228 3
20 17.6  1.00 180 20mm yes 0.396 0.2632 135.9 137.6 3.176 3
21 179  1.00 165 20mm yes 0.0208 0.3017 171.47 172.2 4.104 4
22 17.5  2.00 256 20mm yes 0 0.15 22.39  365.6 0.092 5
23 18.0 2.00 263 20mm yes 0 0.15 21.7% 364.9 0.088 6
24 17.6  2.00 218 20mm yes 0 0.15 20.5%  332.8 0.100 5
25 17.6  2.00 256 20mm yes 0.0822 0.3242 170.2 192.9 1.956 3
26 17.6  2.00 271 20mm yes 0 0.15 20.29  365.7 0.080 5
27 179  0.25 60 20mm no

28 17.3  0.50 90 20mm no

29 17.8 0.75 135 20mm yes  0.4597 0.2359 115.2 113.5 2.896 3
30 17.6  1.25 180 20mm yes 0.244 0.2836 149.5 148.9 3.540 3
31 17.8 1.50 226 20mm yes 0.0097 0.3193 171.1Y 201.9 2.112 4
32 17.5  1.75 248 20mm yes 0.0125 0.3788 170.87 189.0 2.488 4

. 208
. 190
. 278
. 254
. 266
. 980
.016
. 900
. 876
. 840

. 024
. 378
. 312
. 056

Note: The data with underline are not really the maximum height and the time
to maximum height of a star because D) it went out from the sight of the
camera before it arrived at maximum height @ its burn interrupted and the

rest trajectory could not be recorded by the camera.

FER 7, 8, 9, 10, 17, 18, 19 KN 20 |27 D B OYIMAEAELD,,, ., FREAGEEH
FE ., MOEEELCZTable 5.6 L L7z, ZIUH DT A —H Zfio 7,
B D I v B3 R M OVl i 1 FE B2 ) $ Table 5. 6 1ZF0 L72, 2406 OFE R I,
Table 5.5 |50 L72BIHIME & b5 2 E N TE 5, FHE SN2 8 & F2H
R & Dl A Fig. 5.6 (2T,

7 S HRBURILC, DR B I TR & & BTN L. Z OFIHHEI BN 5 23
0.26 Tholo, BUED L Z A, ZOBGOHBITH LN TRV,
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Table 5.6 Experimental conditions, mean calculated parameters, and

calculated and observed trajectories of the burning stars

\ D.iuro T U, LC C,=at+b h, m t,.(s)
0.
(mm) (mms™)  (m s™) (g) a b cal cal
run 7 —-10 16. 8 1. 49 159 1.0 0. 395 0. 259 129. 1 3. 163
run 17 -20 17.5 1. 32 167 2.0 0. 352 0.275 137. 4 3. 167
140 160
120 | 140 r ooy
100 | 120 ¢ )
G E 100 |
\é 80 r No.7 £ g | No.17
© 60 [ No.8 o No.18
T No.9 T 60 1 No.19
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Fig. 5.6 Calculated mean trajectory and observed trajectories of burning
stars with (a) D, = 16.8mm and LC = 1.0g, (b) D, =17.6mm and LC = 2. 0g
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6.1 [ZL®IZ

JE K E ORGP EDF 5O MR LT, AR 2R 4 E 2 i A5
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D, 3 IRTTIEMTIZAT » T, F72, 1EAKE T, K. L. Kosanke & B. J. Kosanke®
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6.2 FEBR

6.2.1 Ak}

S8 K FANZ KRR SO KTE D 3 B8 0 M EIBHHIR LR 7 2o
b0 xE MW, B3 E LTI ARAKIERAS o B/ Rk Z v, K
FERRIZHW 3 FHKEDEE, ERLKOEHETEZ Table 6.1 12777,

Table 6.1 Mass and diameter of shell, mass of lifting charge, and initial

velocity
Run no. Mass (kg) Diameter (m) Lifting Initial )
charge (g) velocity(ms™)
1 0. 255 0. 083 10 73
2 0. 258 0. 083 8 57
3 0. 250 0. 083 6 30
4 0. 250 0. 083 6 93
5 0. 241 0. 084 6 33
6 0. 241 0. 083 6 34
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3 FE Kk ERFT G I3E0E ©, ~HEZ Fig. 6.1 1287,
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v L__Lifting charge with
v electric match

Fig. 6.1 Dimension of mortar for No.3 shell
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Camera 1

139.23m

Fig. 6.2 Locations of two high—speed cameras
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6.4.1 EHFEA
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Fig. 6.3 Three dimensional coordinates of position vector
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ui: V— Wi (6.5)
L7=MNo T, MO EEET 5K EOER HFREAIIrcRans,
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dt r,
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Fig.6.4 Trajectory of flying shell (Run 1)
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Fig. 6.5 Trajectory of flying shell (Run 2)
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Fig. 6.6 Trajectory of flying shell (Run 3)
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Fig. 6.7 Trajectory of flying shell (Run 4)
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Fig. 6.8 Trajectory of flying shell (Run 5)
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Fig.6.9 Trajectory of flying shell (Run 6)
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Fig.6.10 Observed and calculated trajectories of flying No.3 shell (run 1)
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Fig.6.11 Observed and calculated trajectories of flying No.3 shell (run 2)
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Fig. 6. 12 Observed and calculated trajectories of flying No.3 shell (run 3)
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Fig.6.13 Observed and calculated trajectories of flying No.3 shell (run 4)
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Fig. 6. 14 Observed and calculated trajectories of flying No.3 shell (run 5)
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Fig.6.15 Observed and calculated trajectories of flying No.3 shell (run 6)
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Table 6.2 Muzzle velocity and drag coefficient of the shell, wind speed

and wind direction

Muzzle Drag ) Angle between
Run. velocity coefficient Wind speed directions of wind
(m/s) Cp (n/s) and coordinate x
1 73 0.53 5 225°
2 57 0.53 10 -110°
3 30 0.99 7 0°
4 23 0.71 4 10°
5 33 0.67 7 8°
6 34 0.63 8 -80°
6.6 F£L&H
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fit. p.14-27. 1959 4

3) K.L.Kosanke and B.J.Kosanke, “Computer Modeling of Aerial Shell
Ballistics”, Pyrotechnica X1V, p.46-57(1992).

4) D. Ding, M. Higaki, Y. Ooki and T. Yoshida, "Computer Modeling of
Flying Star Ballistics, J. Pyrotechics, Issue 23,pp.1-9,Summer 2006
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