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S BMZEZLTHMET S Z LITFARTHS. TO L5 RAEFRICESE, RMA
L DERARLET—RA Y POELEAST HEINFEB/OND. £LT, RERTH
WHND X AMONIFEITE-T, BRARLE—AV PERFETHILNTES.
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ThiE, BARE
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C, =
L7 da V dt

EREND., BRALET— AV MEHBAT 2 Z0HER, HRERIMEOBXIS/AEWN
EEIZANTHHLBZONEE, DEIARSATICKEP CERNT L EICH, =0
FEREDTHD I LR L TRILERDS.

Rt 6 BHEOREIEK L L TEEAFMCIERT2ETNVE LTHETE S bORAR
Wiz, BE, RATRENIANMCESWEREARE LTRED ZRRET55ERE b
5.

1
D=5p CoAV, = Vy|(Vy = Vi) 2232)

TIT, pREIEE, V EEE, V), ZREmoRE, ALESCBRIThEHE, C)
AT 2RARETHSD. TNIEREDSER L TWAM, (DX REESY b v
V,-Vy LT, —Ed, 1ZE—ERESEZHFOZL, HBWIL, QN DORAOT
T, KERBREZEDRWT, CoLADHL LTHBFHENREL S X 572 tumbling (Eliz
LeBbBETT D) a2 LEc@RerveRsd. BEOKFERICH B IETHRE
PECIUTEEETAZ LRBERNDIFLEAPERTHEN, EXIBFEIHEDCE
DZEMICERT 20ELMIH L TErRTRWENE— AV MokoTBIERIEh3 Y
ROEIED, DE—RERIZD> TWARERNIC Lo THH Zh 32 61E, @WhicxtL
T—EDLEBEFRERSOIEMBRIESNSE. LIEB-T, FOXIRABERTHENY S M
L2, ficDXREARDE, ZORMCHTIMETINE TRENIZIZRENT
WV, L, ERERICLD L, 7T T7RT 4 OBA, ZTHMRRBENZIREEL
DHREEL>TWAZEN I PR Z, IMRIOEARER T Z OBHABEID ATV,
Lo T, BEIZL>TEULBTREMOH AREDIL umbling BB Z T3 AR LTX
WTHAD.

H2.2.3.2)HBFK Y LB, tumbling EBZ LT3 & T EHMICHRAERFTRO DB
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dVy _1

CpA
dt 2 p_;"'vw_vﬁff(vw_vbf)_gk (2.23.3)

TIC, GRENMEE, KIXSAEFMOBMRZ L, miEBEHOBERTHS. fih
B e ME 5 25 ER223NC LV PEDEMINT A —F CLAImDHREKET

%. tumbling B Z L CWAPEICK LTI O/TF A —F Offilk, FEACER CHRE
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HHETOERIIHTIREEBL, ST 2HNRRAREOWMOFHEIzE LV L
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V, =V (T2 & &G W OREEHE & M3 505808, cifgiT,
BiR, vy F, SA47, R4 5L LTIX0.50, BBEIZHLTIX0.33 Dfix &
DL LTWAMNRIE, A7, KR—N7z EORFEHHIEIC R 5 c=0.50 X b hlzh &,

4) FHRFER

AL K DTREOPEF & EE LR LB 28870 77 ARXR 5) wd2bh
T3, ZOTal T AMIEBEORERDETNVE VA ) NVAEOBREKE LTERTEH
B EMBIAATEY TA—F 2 EATND. AAEBEET 535 2 —F LREHO
EHOMMEHEZA TS, :

K223DCRWTV,, & V I EFERTE XS, MEV, iLEE 2 2OEEOME L
TEHEzxbND. F1iX, EXRNREEORBCLIRETCHEEERTRENRS. $21T,
BAEL 2 B0 EERIC T 2 EEBOROBHEE TH D, EXEERCZBVTV, 25K
R HERIICERS]THINTEY, #HHEI ST ACEETh TS,

#2231 (R[] LK 2232 ITHEZABRIERTA—F2E-T, K223.1 IF&END
7 A Y B ERENC BT BEMBERSR 107 ICHY TSRS OBERST L 1, I CTR
6) ICXIET D, #4771, 1, HI (R1BR) OFEEIIH LT, REDOBIKFHE Vima
BHASN, F223211F7 2% CLAImOBEEKELTEXBA TS,

#2231 REHEMEEEROHM (CUE91LY)
BRKEHRR,
wy | | DRAR B | AR | |
(mph) s (mph) m/s (mph) | FEREm (fi) =) mb/s (psi/s)
I 103 (230) 21 (46) 82 (184) 45.7 (150) 83(1.2) 37(0.5)
11 89 (200) 18 (40) 72(160) | 45.7(150) 63 (0.9) 25 (0.4)
11 72 (160) 14 (32) 57(128) 45.7 (150) 40 (0.6) 13(0.2)
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6 gksSAF 1275 (diam) X IS' (length)  49.56 73.6 07 20 07 0016 00033 154ffs 92Rs 23 fus
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I

2

B Reglon® - 200men % ’

Home e N\

[€2.23.1

B 26 V24 122 120 118 116 174 112 110 108 703 104 102 100 96 04 8% &2 B0 B8 6 b1 52 B0 70 76 74 72 70 G4 66

R[] & 0 7 A VU A AREIZBIT B EMBIRER 107 ST 585 S OF
WICH YT 5 3 oD MDA 2R3, ARlhi B (TR 66~126 BE), #HElhiTmE bk 25

~49 )

224

6 4 (&) -BIH 1-7fT 3. 14-52



UL
gpl—  CpAfm = 1 mlkg <—» Cpdfo = 4902 (@D __
1 mfs » 3.28 fi/s

Y (i)

10 1B 3 & 10 2 3 B w715 26

'-c;%d {m? fkep)
2232 flixDEEOTA T LT CoA/m OB E LTEHEZONREB DK
S E DOEAL.

INHOHATCRUTORERELA TN S,
< EEOHRH MRV, 132,235 & (223.6) TRBENB.

V= }r— V, (Sr=R) (2.23.5)
V= % v, (B r<w (2.2.3.6)

< BT EGE V, L SR A EEE V, i RO X 5125 2 B[S0k 7]
V=050V, (2.2.3.7)
V,=0.67V, (2.2.3.8)

F BFEEIER 2233 DX ICROPLFREES LABEFARSIIIEFZELTS.
c EEOROBEEE V13K 22330 X 5 I xlOESMICE 5.

B t=0 12301 DR MAE X0) = Ry 4(0)=0, 20)=40m, Vix(0) =Vigy(0)=V(0) =0
ZIT, xy 2 3REDOELEEDEFIT, Vi Wy W ETREN Xy, 2800 O T
BHOEETHD. (=0 BT HEEORMIEEMOFEICHB. 2471 D#EEPT
CpAlm=0.1 DREEH TRAE SN IcBBFOKFERFER 2R 2.2.3.4 (2774, £223.2 10308
ENTEREDOHEESNOFEEZET TH D, £z, 223206860507 5KF
HBE Vimax bRT
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X 2233 WEORMEDKERS

112 .

HaiEh - x
ftwh - y

P kil
-6.3 500
2234 FHEINEREDOMBOKERER (0T m)

5) TR O B KK E O RREE AT

EENE T MIITHEEERS EN 2 OT, RICRENHEEM O CREY DR AK
R Vimax PIBEEZWRD L IRRAKROH I L THD. UTTEERTIRI—AITH
WT, 2TORERRK 2232085054 7 TIEHLTHVWLNELOLRILTHS.

(a) PIUISMF x0) & n0)

CpA/m=0.001 & CpA/ m=0.1 THHEM x0), NI L THLNFBRE 3MEME &
2233 Y. RPORENIBARF A L BEOBB HFRMOMEOFmEZRT. W™ OHHA
ENF R AE ST 2 LB CrA/mic X WL, CpA/m=0.001 TIIALiE(c),
CpAlm=0.1 THBO)& 225,
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#2233 % QYR X0), y0) W5 3 BB ORI ATEE Viina (0/5)

@y
tm)  (m)  Cpd/m = 0001  ChAim =001

(@) O«- 46 0 7 62
®) O - 2 0 15 89
© O - 0 -6 51 67

(b) MHE S A0)

X DL, NTA—F CrA/mHE 2.23.2 DPROD SBBEMBICHE LTV AHEAI
B Vi I3OIIE EBELS 2B L 2 BITMEL RSB, LvL, RS EAE0ICRL TS
F A =% Cr Al mHBERD S BIEHBIZ RIS L TV BIBEITIE Vipa 13X 20)ICIXEF L2V,
(c) TR O WA

el ZiE, BIER2 LI Lo TREMPHEOPFICIM Y AT HIBE, MMEERY o L
IRBIEEL Y SL7c2< 72 3. MORENETRH CHE, HIHEE S Y oo L s
RLY bPMEER Y v TRWEERE 2D T LXK 2234 1T Vyy(0)=0, Vir(0)=0
& LT, W(0)=0, 10, 20m/s DIFADFKERETRT. Zhickd &, CpA/m=0.001 Tix
Vus(0)=10m/s DE B Vi (0)=10m/s DIBEE LD b Vi [T 22T B,

(d) EBEOWMOBEHWEE V,

PHALTE X(0), O LT, EEDOMOBENEE V, B4 310200 T W™ 3Hgm L
YWD LTe 5. 7ok 2iE, x(0)=46m, 0)=0, CpA/m=0.001 DHFE V=0 72 5L
Vimax=25m/s £ 720, K 2233 15D Vyner=Tm/s (ZDEE Vi=3lm/s) LV b5,
LA L, x(0)=0, 0)=-46m, CpA/m=0.001 DHA Vimx=25m/s L 721D, £ 2233 1LH B
Viima=31m/s £ 0 b 725,

#2234 flix OPINEEIZHT 5 TREID O R KA TEHEE Vigmax(/s)
CpAim = 0.001 CpA/m = 0.01

0) () Vi (0) Vi, (0)

m m ©0 10 2 0 10 20
@ O-—- 46 0 8 9 20 @ 58 S
®) Q- 0 -23 35 45 35 6 5 50

(e) MOFDEF I
ICHR[8] & SCR[ONTRBEN TV RMDET /ML, T THOTZFE R B—EBERDE
FNEERRSTEY, BEANICHEP DO E & & bICEBIICER R, XM 3 L
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RELTWA. bL, ZOEFABREDRARLIE, ST AREGOEEOFHEERIT
EEAEDOHE, 2232 X0 BB 252 EBTRBUTRENTNS.
MADDORBFEEBIE, K223 TRENIEE LY HIF LAY OEEORESIZR
WTRBROEEORFMOEE VI VB 25 L5 RERLTVWA. LER-T,
M2 %  OEE R A W83 5 B AEFEIRA ODBF % 5 H 3 = D OR SR O AR
AR/ E <2, REHOEEIIR 2232 DMLY bR VB 25, EROHE
HEOREITHQ23.60)THELNS LY BBV EEI LR TVWADT, Rl - ORIz
SWTHEIRZ LD XY E HMAET LTV, EORER L L ORED OEE b iR

15 (CTHR[S)).

AT X B R OB E OREREOBIZEIZEE L TIESTHR[10]2 5 3CR[1612 BB S s
VM. ANSI/ANS-2.3-1983 ¥ (CCHR[17) CHRR EN=REMOFEE 2 E 2.23.5 27T,

# 2.2.3.5 ANSI/ANS-2.3-1983 ZEi#fE (STIR[17) {0 R S M= TREMD O fe KA kB 2 2617 5.

B JH
by (pounds) 320 mph  260mph 250 mph 200 mph 180 mph 150 mph 140 mph 100 mph
SRk 4,000 H5mph  100mph S5mph  7Smph 65mph  S0mph 45mph 20 mph
U4 RTT L 1,100 & 850 ft 800 fi 600 ft 450 fr 200 ft 180 fi 100 fi
_ 750 100mph  75mph 70mph S0mph 45mph 30 mph 25 mph 0 mph
(W 14 x 30 700 £ 440 400 fi 200 fr 180 ft 100 ft 80f Cf
NCES

Source: Extructed from American National Standard ANSI/ANS-2.3-1983 with permission of the publisher, the American Nuclear Sotiety.
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Evaluation of Tornado-borne Missile Speed using a Translating Rankine Vortex Model

O Tn GE EhF, FEREE IR T 1646, eguchi@criepi.denken.orjp
A B, PR TR T TSR T 1646. soichiro@criepi.denken.or.jp
REL HEH, MhWE FHERER TSR T 1646. yhartori@criepi.denken.or.jp
Frofd, P, FHEERER TR T 1646, hiromaru@ecriepi.denken.orjp
Yuzum 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 accuracy are numerically examined and discussed.  Furthermore, the results of tornado-bome nussile 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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TR - 5 2 S A ST A, &I, FFEFE
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AT 52 SOV Tl T 5. 4TI, BEWRE
OEAERRATFE RO L BT L0, FEREEE TR
b2 B HOWGERT 5.

2. HEETOVETTILEHERAF—LA
2.1 MRS
(a)FELR DR,

R L Bl - TR 7, TRl S 7 R il T
EFMETH. T OB EGE v, Bt
# ¥, R VL E Simiuand M. Cordes® & BRI Fosce
ERTS (Figl 280 |

V.=af(r), V,=bf(r), V.=cf(r) (la.(b)(10)

=L, W5 RS, 375 BaERL, [EEE ek
PRATTGE V, % Bk L =i A I A=V, BFo
A TE#RIND,

Ly if 0sr<R,
f)={ B @
-R—"'-Vm if R, <r
7
ZIT, riERPLDOMRE R, 2T R GReOACTR
AR L DY) |, VTR ERETH S, ik, X
R TIEORR wEGE VD KA e Ao s - LT 7,
PERSNTHWAOT, ZOHER, Alla-le) T =12.551.23
[CREEL, AR him e i L 2,
il =0 THEAPLIRAICAET 2 hok L, fEOBES
TR ORBLZI RV GET S L, B 1 (2T 588D
RSV, OFEER S ura)idAtlalc). Q)7 ¥ B TFo L

IThe s,

u —a(x -V, t)-by V.
v =L oy snx-va) |+ 0 3
w . cr 0

IEL, iRl H Ok BT TR 6N D,

F=4 ’(x - V,.,,.')l + )

Fig. 1 Planview of manslating Rankine vortex
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Vo=V, +V, ®)
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b" 1 GUEE—E) EThoRsh e LTERT S LEET
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Table 1 Computational condition of three types of tomadoes

Vo [ms] | Vp[mis] | Ry [m]
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Table 3 Computational condition of tomado assumed for a nuclear power

plant site
Vp*mfs] | Vplms] | Ry [m]
84 16 30
* circumferential speed
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R L. "
80 Er""ﬂ. -

A e

v [mis)
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=& Rankine model (present study)
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Fig.5 Maxinuun horizontal missile speed in variation with Cpd/in for
tomado assimed for a nuclear power plant site shown in Table 3.
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