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#3 wUR—AEBDENNRNTA—ZIZLAHEN LI EERED L&

. 3 - " i% 1 [kN] I
o 5 + PTG i HEERE
5t RSB ES | RR N [ EhTA s | REERECE | ean
: : et =k BIEN BiEN =
v = 0. 65 0. 65 0. 01 32 0. 00888 0. 758 2. 640 3.4

PlEX v, REPERRIZENTIE, EONRTA—2PEEMTHEAITH L LS
% 0.0028m*/kg TIE7Z2< 0. 0026m*/ kg & fRFHAZZE L= LTS HIIKR4A4DLEBY TR
EffE#EZERT 500, TBRETLHIHO (REERAELRW) ), BEETLHILO (RE
EREETHAEEDHY) ] O3 ODRFITHITHRHELZREL, RHTFRMICEAETE
RV AL L T Z & & 75, ok, ERORBEP LRIz WTIE, L&E
ICTIRRTERE LB OMBRHEDOA TR, HIFY OXMRHEIZOVW T HEYIC
ZELAMREML TNV ZEET5,

BB, KEZFHICESE, REMNEMEEERT 208, BET 208, [EENEAT
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BERENDS, I1DLEBOWHRET D,
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=1

HEHEOMER =L OREERIC >V T

NG A —F

e 3 = & [m] 1 [m] S (m] H & kel Coh/m[m?/ke] e Hi FE A (m]
pA/mim=/ kg

FTHE (242 1) 4. 89 1. 80 1. 47 1760 0. 00699 313
FHE (B4 2) 4. 58 1. 74 1. 46 1310 0. 00867 329
THE (2423) 4. 40 1. 69 1. 48 1170 0.00928 335
FTHE (7F21) 4,41 1. 69 1. 50 1280 0. 00857 328
FTHE (DF22) 4, 40 1. 69 1. 50 1190 0. 00920 334
‘HE (DF-3) 4. 40 1. 69 1. 50 1200 0.00912 333
FHE (DF.-4) 4. 84 1. 88 2.10 2040 0.00751 321
FHHE (VF.5) 4. 84 1.88 2. 10 2050 0.00748 321
FHE (DF.-6) 4. 69 1. 69 2.24 2350 0. 00624 304
FHHE (DF27) 5. 46 2.15 2. 57 2880 0.00718 316
®HAE (DF-8) 5. 49 1. 88 2. 90 2770 0. 00756 321
FTHE (7F209) 4. 40 1. 69 1. 50 1180 0. 00927 335
EHE (A1) 4, 24 1.69 1. 53 1170 0.00917 334
FEHE (~22) 4. 69 1. 69 1.98 1960 0. 00693 312
FEHE (A 3) 4. 80 1.69 2. 90 2770 0. 00642 307
FEHHE (4) 4. 39 1.69 1. 54 1270 0.00873 330
FHE (I=/521) 4. 68 1. 69 1. 87 1740 0. 00752 321
EHE (I=22) 4. 69 1. 69 1. 86 1660 0. 00787 324
FHE (I =,423) 4, 68 1.69 1. 87 2140 0.00612 302
FHE (I=s3224) 4. 69 1.69 187 1730 0. 00758 322
FHE (SUV1) 3.76 1. 67 1.70 1000 0.01024 340
EHHE (SULV2) 4. 61 1.79 1. 71 1500 0. 00845 327
FHE (SUV3) 4. 56 1.78 1. 67 1450 0. 00852 328
FHE (SUVv4) 4. 90 1. 87 1. 87 2250 0. 00641 306
FHE (SUVE) 389 1.47 1,72 1040 0. 00847 327
FHE (SUVE) 1. 64 1.82 1. 71 1500 0. 00858 328
FHE (SUVT) 4. 59 1.79 1. 69 1470 0. 00853 328
FHE (SUVE) 4. 76 1.88 1. 85 2080 0. 00674 310
FHE (SUV9) 4. 90 1. 87 1. 90 2130 0.00683 311
FHE (SUV10) 1. 36 1.79 1. 56 1470 0.00782 324
FHE (SUVIL) 4,00 1. 69 1.70 1200 0. 00904 333
FHE (SUV12) 3.99 1. 69 1.62 1040 0.01012 339
EFEFAE 1 3.39 1.47 1. 51 720 0.01130 344
i E 2 3. 39 1.47 1. 51 720 0.01130 344
T BB 1 20. 10 7.50 8. 25 58120 0. 00430 256
FrrFHI 7.26 2.29 2.83 7050 0. 00409 249
Hor THE2 6.93 2.31 2.82 6650 0.00418 252
M THI 7.63 2.30 3.05 10000 0.00316 204
& FE k2 11. 05 2.51 3. 31 24910 0.00193 104
[ A | 4. 69 1. 69 1. 98 2750 0. 00494 277
bZw 22 4. 67 1.69 1.98 2700 0. 00501 279
b5 w23 6. 18 2.18 3.02 3460 0. 00739 319
A | 6. 45 2.31 3.20 5750 0.00493 277
b v ¥ 5 6. 90 2.32 2.76 6350 0. 00431 257
FF w26 11.93 2.49 2. 66 8960 0.00321 207
FhT w7 8.21 2.46 2. 50 7410 0.00418 252
S w 28 8.21 2.46 2. 50 5140 0. 00602 300
w29 8. 22 2.46 3. 08 5180 0. 00677 310
7wy 10 8. 22 2.46 3.08 5180 0. 00677 310
T w2 11 8. 22 2. 46 2. 55 5040 0. 00622 304
T w12 8.18 2. 46 2. 56 3880 0. 00806 325
hF w13 8. 21 2.47 2. 49 4870 0. 00636 306
7wy 14 11.98 2. 49 3. 41 11730 0. 00446 262
k7w 15 8.17 2. 37 2. 94 5120 0. 00650 307
3R (hRY) 8. 99 2. 34 3. 03 7410 0. 00494 277
SRR (KE) 11.13 2.48 3.07 9890 0. 00464 269
AT HE A 11.92 2. 49 3. 47 22590 0.00233 142
R THS 11.99 2.49 3. 56 24750 0.00218 129
R T HEHB 8. 79 2.49 3. 16 13050 0. 00291 190
k7w s 16 9.91 2.49 3. 63 9700 0.00475 272

64 (BEE) - 1-HAT 3. 10-2




_— ; . - . y TLHNT A—F SO
e B £ & [m) 15 [m] & = [(m] & & (kg Cok/n ot/ k] e i I (m]
T ow s 1T 8. 44 2. 49 3. 32 10620 0. 00357 227
b7 w18 8. 38 2.49 3.36 10680 0. 00355 226
Fryna—Y— 6. 28 2.20 2. 41 4380 0.00517 282
B 1 9.53 3.15 3.16 20800 0.00223 134
k2 7.13 3.05 337 10140 0.00365 231
B 3 6. 50 3.26 3.17 26600 0.00130 56
7 B 3 16. 61 2.98 4,99 48215 0. 00202 112
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X2 HEHBUNSOHEOER Z L ORBERIZOWT
K £ x [n] Bl | &) | B2k *C’Lif‘f’f._? 7 45 25 B (]
pA/m[m?/ ke
W 0. 80 1. 57 1. 05 1440 0.00172 85
5 B 2 0. 95 2.09 1. 30 4290 0.00092 34
B3 1. 40 3.90 1. 76 5040 0.00194 105
EEEA4 0.98 2. 09 1. 55 1690 0.00266 172
7ol 3. 08 9. 20 3. 46 95505 0. 00049 15
HEEMD 0.98 2.09 1.55 1690 0. 00266 172
it 1 1. 53 3. 06 0.022 911 0.00344 221
T LT INR ] 4. 50 3. 50 2. 50 1735 0.01360 354
HEEE 6 0.98 2.09 1. 55 1690 0. 00266 172
EEMLT 1.18 2.45 1.83 2750 0.00229 139
B 8 0.70 1. 55 1. 24 820 0.00312 202
EEHEO 0.98 2. 09 1. 55 1690 0.00266 172
r—7 K5 A1 2. 40 2. 40 1. 17 3050 0.00247 154
SEBHELO 0. 98 2.09 1. 55 1690 0. 00266 172
FLnTIE2 1.92 1.85 2. 64 500 0.01783 395
Wt 2 6.11 1.53 0.02 1480 0.00421 253
EEEL 0.98 2. 09 1. 55 1690 0. 00266 172
B — K 1. 01 1. 39 1. 41 1500 0.00211 122
EEbE12 1. 74 0.88 1.35 1170 0.00286 186
EEML3 0. 65 1.48 1; 11 670 0.00328 211
T TR 3 1. 94 1.94 2. 16 600 0.01336 351
F—7TNF7 42 2.01 2.01 1. 00 1330 0. 00400 246
r—7 NN F5 43 2. 42 2.42 1. 16 2650 0.00286 186
r—7N K7 44 2,42 2.42 1. 16 2270 0.00334 215
i iR 3 3. 14 1.15 0. 08 2280 0.00111 44
EEML4 0. 88 2. 04 1. 61 1780 0.00241 150
HEELS 3.87 1. 60 1. 40 3190 0. 00256 163
T LT INE 4 2,23 3.15 2. 67 1700 0. 00831 326
T LNT RS 2.35 7.25 2. 45 1480 0.01809 396
EEML6 1. 62 0. 88 2. 04 1780 0.00242 150
i 4 3. 08 1. 54 0.22 802 0. 00441 260
Wik 5 3.08 1. 54 0.22 802 0. 00441 260
il R 6 1. 54 6. 10 0.021 1900 0.00330 212
k7 L 0. 60 0. 60 0. 90 245 0. 00388 241
Wt 7 6. 10 1. 55 0.022 1823 0.00346 222
i i 8 3. 08 1. 55 0.022 911 0.00351 224
FLAnThE6 2.35 5.45 2. 45 1150 0.01832 397
TEHENE L 0.77 0. 86 1. 38 220 0. 00850 328
2ean = A 2 0.77 0.86 1.33 220 0. 00850 328
Wt 9 1. 53 6. 4 0.022 1700 0. 00385 240
EEELT 0.70 1. 55 1.20 820 0.00305 198
Bz BE 3% {1l B 6. 00 5. 00 5. 60 14000 0.00432 257
HH AR 10 1. 90 1.90 0.18 5120 0.00052 16
ZEFN = AR 3 0.77 0. 86 1.33 220 0. 00850 328
2e = A 4 0.77 0.86 }::33 180 0.01038 340
wEEMELS 1. 08 3. 33 1. 31 2360 0.00263 169
TR 0. 65 1.49 1. 11 670 0.00330 212
MR 2. 00 2.00 0.008 260 0.01021 339
iR 12 1.20 3.58 0.01 340 0. 00840 327
TLNTINET 6.15 2.30 2. 50 1570 0.01483 367
e = A S 072 0.92 1. 34 179 0.01055 341
SEBHE20 0. 65 1. 50 0. 95 580 0.00344 221
2 SeFF 2. 44 12. 20 2. 60 5500 0.00519 283
B2 0. 65 1. 48 0.95 580 0.00340 218
T LTINS 2.38 7.36 2. 62 1870 0.01519 370
T TR 9 1. 85 3. 63 2. 60 720 0.01922 403
B RE22 1. 48 0.65 1.11 670 0.00328 211
2y ) — kiR 0. 66 1.35 0. 20 410 0.00209 120
iy | 0.62 1.81 1. 46 170 0.01814 396
LA = 2 1. 30 1.30 1. 00 180 0.01573 375

T
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o ] ] - , ZhHRT A—F
7 e ¥ £ & [m] i [m] S (] & & kel Cok/n ot/ k] 7 R B (m]
Z LT NELO 2. 47 7.20 2. 68 1400 0. 02061 416
MAlA 3 0. 64 1.84 1. 20 150 0.01828 397
LT ELL 1. 25 1.26 i 250 0.01911 402
T LT NRL12 1. 84 3. 64 2. 45 800 0.01661 385
T | 1. 00 1. 00 1. 00 2000 0. 00099 38
F LT NS 7.25 2.40 2.90 1400 0.02140 422
2T+ 2 178 3.10 1. 90 1320 0.00727 318
Hi Ak B 4. 70 2.00 1. 00 3000 0.00355 226
227+ 3 4. 88 2.27 2.15 1600 0.01092 342
T 3T 3. 893 2.10 2. 225 3950 0. 00360 229
B @ iR 58 % 0. 85 1.40 1. 90 450 0.00802 325
T LT R4 6. 00 3.06 2.08 2000 0.01228 347
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Source: Extructed from American National Standard ANSI/ANS-2.3-1983 with permission of the publisher, the American Nuclear Society.
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Evaluation of Tornado-borne Missile Speed using a Translating Rankine Vortex Model
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Yuzuru Eguchi. Soichiro Sugimoto. Yasuo Hattori. and Hiromaru Hirakuchi.
Central Research Institute of Electric Power Industry. Abiko 1646, Abiko-shi. Chiba-ken, 270-1194 JAPAN

We have developed a numerical model to evaluate velocity of tornado-borne objects or missiles where wind of tornado
is modeled with translating Rankine vortex and an object 1s assumed to be subject to drag and gravity forces in a
manner similar to E. Simiu and M. Cordes (1976). In this study. effects of time integration scheme and time increment
on accuwracy are numerically examined and discussed.  Furthermore, the results of tornado-bome mussile speed are
compared with those of the previous studies where tomado wind fields were defined by scaling an LES result obtained
for a small expenimental apparatus, to discuss the effect of the tomado wind features on the missile speed.
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Fig. 1 Planview of ranslating Rankine vortex
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LTI Fig20) i ot

10° -8— Constant acc. explicit method
e | inear acc. implicit method -

-1
10 - g
i
-
-
- ’—

Relative error [-]
= =
3‘
A
\

001 01 1 10
Time step [s]

Fig.2(a) Relative emor of position. xy47). of an object subject to umiform
wind at /=10 [s] m vaniation with time step
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I
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s I /
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Fig.2(b) Relative emor of velocity. 1447). of an object subject to uniform
wind at =10 [s] m variation with time step
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Table 1 Computational condition of three types of tomadoes

Vo [ms] | Vp[mis] | Ry [m]
Tomado Type-1 120.6 313 457
Tomado Type-IT 1073 268 457
Tomado Type-Ill 849 24 457

==*="Tomado Type-I (Simiu&Scanlan, 1996
~mAm= Tomado Type 1%

100 =siik= Tomado TypeIIF"

—o—Tomado Type-I (Present study)

=== Tmada Type-1l
=== Tomade Type-III

0 0005 001 0015 002 0025 003
C A [mike)

Fig.3 Maximnum honzontal missile speed in vaniation with Cpd/m
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Table 2 Computational condition of three types of vortices

Vo* [nvs] | Velms] | Ru[m]
Vortex Type-1 82 21 457
Vortex Type-IT 72 18 457
Vortex Type-Ill 57 14 457
* crcumferential speed
100
L ]
* ’/‘F.-—:-.Ar—.a
—a
E‘ /’,—f—"—f !"""'-‘4 'y
E 60 / —— =
E i lr_’_‘.___,,.---1!"""""-.-M!
= (;/
40 |- V.

=—=—Rankine model (type-IIl)

20 | ® | £S wind field (type-D¥ |-
? ® | FS wind field (type-11¥

4 LES wind field (type-ID®

o i 1 |

0 0005 001 0015 002 0025 003

Cpd/m [m?/kg]

== Rankine model (type-1)
=== Rankine model (type-Il)

Fig 4 Maxinmumn horizontal missile speed m variation with Cp4/m for
Vortex Types-L I and IIT shown in Table 2
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Table 3 Computational condition of tomado assumed for a nuclear power

plant site
Vo*mfs] | Vp[ms] | Ry [m]
84 16 30
* circumferential speed

v [mis)

20 === ES wind field” i
=& Rankine model (present study)

0 001 002 003 004 005 0.06
Cpdim [ /kg]

Fig.5 Maximum horizontal missile speed in vanation with Cp4/m for
tomado assumed for a nuclear power plant site shown in Table 3.
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