<IREKT DNENOHBREEL T HZES)NT A —F DEREIZHOWVT>

8BS CTHE 0 OB EFR M @< Hix, BED 2R IZHFTIHOLE L, 08
BEHFERSDFE LYV NFThB LTS, D,

FzépCDAVZIVD+VZ|w- -+ (2)

i T,
F:%ZEvV AN, p: ZREE[ke/m’], Cp : FLAIKE,
Vp : OKF) #EEEE [m/s], V;: ShEEE [n/s], A : KEHEE [n’]

ERETRSNWDF LV AL BEND, BERKMBRKT 520E00E, UTORKITLY
HEFTX B,

X CpA 2g 1% (&
EPCDAVZIVD +Vzl >mg & Fs pVz|Vp+Vg| \8)
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1 ZBHING R B
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F 7=, BERRMOREE S FHERI(RE L - EEEEBRNICB T 5 8E 5 HEEIZ
B+ 5BFRA* T RUR 2 D Vi b,

VZ:%XVRm:SOJ(m/s)- .+ (4)

Zhiab ez, X (3) IZR1DEEZRATSE, LT Xoiz725,

CpA 2 2x9.8
D > g

m pVz|Vp+Vz| - 1.22X50.7XV1002+50.72 =0.0028 (LY #C)

Eh b,

Thbb, 2OFHTT, RETH0ENIETHEH T A—FOREIZ, 0.0028
EEEENS,

—7F, 3IDHA FPIROBEMTHD T v 7 DEHNAT A—H|T 0.0026 THY,
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ERBEEL Y /S, TR, EOENNRFA—FEHTH NIy, R2ITRTHE
BOFETTIERELRY, 22T, HA FERO N7 v 7 DZESI/RT A—%0.0026 &
RFINCTRET 20BN OHWEEDES T A—F LT 5,

BB, BMEBIZIXESNRNTA—FL, ZRZHAPERERCLIIREZFOFTENLS
REBMETRTHERIBEIETHY, ERICTRRTEEZES T A—FH30.0028 LLTFD
MIEIZOWTIE, PIHIE (R IR S 40m) »HFELARVWI EZ2RLTEY, #
HICEPNTEIEPZELRZNZ LEZ2RLTWDDIT TRV, 272 L, #imicBErhi
MERERICLIBNECIVBELELERATCIOEANRT A—FICL MMt EHT
BLEWTEBILENHLENNRT A—F80.0028 L FTOPKIIBHEZC LV iF LS -BR
MICET T LBEBAONDSTZH, RELLRNWEARTZENTES,

UEXY, ZEHRFA—50.0026 ZRKAEOYMEELTHZLIEIRETHDHLE
% B

K2 REBESEHITRLEEORMN

R EHEGE (Vo) 22 bl BREAREE  (Vra) ZREE (p)

100m/s 15m/s 85m/s 1. 22kg/m’

#£3 HA FEROREMDLESRT A —F R UOREE &

Mk OTERE B 7 SR arz JY— MR =l 2 [

) RS XHERE REXEXRIT | REXEXES | REXEXBRIT | RS X@EXET
vl 2X0.05 4.2%0.3%0.2 1.5X1X0. 15 2.4X2.6X6 5X1.9X1.3
B (ke) 8.4 135 540 2300 4750

Lf 8T A—F 0. 0057 0. 0089 0. 0021 0.0105 0. 0026
FediE & [m] 22 47 0 56 0

7 : Simiu,E. and Cordes, M.,NBSIR 76-1050. Tornade-Borne Missile Speeds, 1976.

4. BHNRG A—FDOHEHFHEITHNT

8 J)RT7 A —Z1%, A FOSEILERHS ROKEIZE T 5 EERFH O DDORFM
% 5 % % NUREG-0800(1996) *° |ZB|FH S TWE X 22 L, LLTFTOR (5) ok
BOEHLE,

CpA _ c(Cp1A1+CprA;+Cp3ds) | (5)
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m: Rk OEE, c : F7£E (0. 33), CD1, sz, Cpg : RO AORETH Y, FLOK
BiIRRpiiRic LY, LITOoR4DERY &5,

F4 FORMOTRNRK

TSR Cn Co2 Cos
Bk i 2.0 2.0 2.0
L RIR /LS 2.0 1.2 1.2
0.7 (MEHm) 0.7 (MEHHE)
7 2.0
s 1.2 (FEFHmE) 1.2 (CERWrE)

2B, A, Ay A IIRSEBOBREEGETHY, L, W, H 2ZLEFhREDOE X, IE,
BE & LR, ASLXW, A=WXH, As=HXL Th5D, 7=7FL, HWRIcOWTiE, L, WH, #
RIZOWTIEE, DWH &35,

Co122.0 Coi:0.7 (FIFEMTH)
o Cnt2.0 1.2 (EEHE)
H—(p3:2.0 \ A
i & As Cil. 2 Cps:0. 7 (M)
C:2.0 7] Ao 1.2 ()
CD2:1. 2 anzz. 0
BTN /LN By & Z 37NN

B IHEILERT : [hk 21~22 FEFRFHRLEEBRAEN (FK 22 F£E)BEHICLD
BTNl ~OF B BT 2REMNE), MITEEANRTF AR EBHIBECME
RAREEE, FR234E2A

¥ 9: US-NRC: “3.5.1.4 MISSILE GENERATED BY NATURAL PHENOMENA,” Standard Review

Plan, NUREG-0800, 1996.
%10: E.Simiu, M. Cordes: “Tornado-Borne Missile Speeds,” NBSIR 76-1050, National

Bureau of Standards, Washington D.C., 1976.
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BHNRFGA—FIZLBFEHEBHOHEITOWT
TR DH|BTEEIEIZ DWW TIE, ZEH/NT A—ZH0.0026 LY KAVIIZL VBT LTV
N, FOEZLHFORTFHEIZOWTEERRERZ2 7 X U BTETIVE LEBAIZESEFMIZ
ER+TAHEHERDE (ERd BE14.1d) ITERAT 8 HE0KEICL Y, MERET
o7, WTFICFOREREREZTRT.

1. EHEES THE 0 DBERFKD @ < ShE 5 mmks D7 Fy
AR (2) KDLEh, UTTERIND,

1
Fp= EJOCDAVZ]VD + Vgl

L7 o T, REHEE 100m/s ITBITAREFRMOFE LY AL, (4) KRVUE2 LY,
Fr=3467C,A[N] » » - (6)

2. M EICEIN=HEICH DB
F, :g,oC'Lal/}_j.2 « = oo (T)

=%,
C, : i ETOBHFRE, a: i ETORKEE[n]

L7=2oT, ERICE2DEHZRATS L,
FL.=6100C.a[N] = - - (8)

PUEEXY, (6) XA (8) KXV BRSFHLRDTDOEMILTOLEY,

FoF. © 3467GA>6100Ca © %> 1.76 = + +{8)
L
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(9) ROFHRYTIIEDNE D PEfRT 5 71-DITEERRY OB 2 7l L 72
ERFT LD, MR (BERd, BE 14.1d) OBHREESR ULRHNEZT-2,

A1 LY,
Cla=0.2XdX 14. 1d=2. 84

CHREHENS,
3 S

CoA=0.33(0. 7X14. 1d X d+2. 0 X d X d+0. 7Xd X 14. 1d) =7. 1d?
ThhHhI b,
CoA/Cra=7.1/2.8=2.5

Ly, (9) KEW-T, Lo T, (3) RiTHEIZCEI L TWAHEEDZE E&H
ELTIRSFRIICERATE A Z 039005,

0.8
Cp Q?D—Q\e\o
0.6k
(=
Rep = .30 x 10°
.4l ' Lid = 1412
0.3 Qi
Wﬂ%h
0.2
B
0l
0.0 ! !
0 L0 X 30

Fig. 3-19, -Eiffect of distance from ground plane on the drag and lift coef-
ficients of open circular cylinder (length/diameter = 14, 1)
normal to flow (¥ = 90%) in supercritical Reynolds Number
regime

AR 1 HEOHE»SOE S LB HHREOBEEF

¥ 1 : Wind Field and Trajectory Models for Tornado Propelled Objects, EPRI NP-748,
p. 3-23, 1978
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BIHE 2
FEH R 7 — MBS BEERN & DLk
BHIRT A —FZERNWEHROFEE ERERRIZOWVWT, [RBTFR—LAX—VCRE&EO
BEERA T — VBT AHEERRICERENTWAEHBEEZNSR L L THEBEEZ{To -,

ST AEBEL LTIE, RHMFAEORENORED LA TEMNHIRAE (LS
e

&1 FHERROFET

28 FjoR T Rt
Resictn E&M] | #h | BSh | Bkl 7
CoA/m[m?/kg]
FEHE (BFV) 4.89 1. 80 1.47 1760 0. 00699

- F2 L~y (BGE 69n/s) (28T 5 3

69m/s IZBITHFEEREF L LTIE, AIFED (3) KLY GA/m>0.0059 L7220, RAE(E
FU)IFEHIE L, HE ERLFHELE 2D,

Zhizw L, AR —LOEERRICBON T, TEHRHERELORERIESISB] &
WORREKE - TRY, EHNT A —F OFHEIZRTFAIRFHE L 22> T 5,

«F4 L~yL (BGE 100m/s) (281 5

100m/s (2B B EEBE LTIE, GA/m0.0028 & 729, EHE(ES V) ITFMLE, &
T ER5FM L 72 Y, FEECEEREITA) 320m & 725,

ZhizxtL, BEA S —AOHEERRICBVTIE, TEEEMT+HA— ML ZEPRITS
5] EVWOHREHEHERSTEY, EBHNRT A—F OFHEIIRTRIZLFHE L 72> TV 5,

PLEnG, ZBHNRT A—F &2 AWERBIRIIZOWTIE, [RETHR—LX—V|ZR8HOME
HA 7 — VBT 28 ERT & Ll U TRSFRRRERICR D LY TE 5,
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AL 3

FRWEE (SE W) (2B HRFHEICOVT

BERIZIVEO LR WEICH L TEEREREZ B OREHE TEEIZONT
Bt L7,

1. FHESRME
YENEEICL VR L, TORMMNL t=1, 3, 5, 10 PRICEEIERER
THRGETRITZITV, TRENORKRME S AEEZEH L,
WEOHHMEILE S 40m & LTS,
BEOHEITER1LITRT,

F1 FRYE R O EERE T

HH M E AT A
B KJEGE [m/s] 100
B EEEE (/s ] 15
B KRR AGE [m/s] 85
e R JEGE 44 [m] 30
72 R B [kg/m’] 1.29
EIEEE (/5] 9. 80665

2. HERKR

ZBNNRT A—=F (CA/m) EWpEDH EIZET 3% % TIOE LR RDSHERE % 57l

L7cfEREZR 117,

FRITEERER L7235 E ORE L RORRKEEZRT,

—7, AEERE MBI 2RAARY ORE S M OEERE IV A FIZHEV, & 2

WRT L D ICKEFRD 2/3 DEEICREL TS,

K2 WREMKPOZES/NT A —F R UOFECEE

o BHNRGA—H K B $h B BT
Bl Coh/m [/ k] (/5] [/s]
izl 0. 0185 62 42
A 7 0. 0057 49 33
FRRLS 0. 0089 57 38
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K1 #EEEE 100n/s BEOREY OEEF MR IEE
Pk, AFEEICAWEREEMOSMEREL, T FURmETVICEIT 5 EEREOEERICE

T % EEHBEORCRMHMEEEZ Vb EE->TWD Z L b AFHRIZRTFHTH S
LR TE
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WRITEE. 9
Ex BV IS AR EDE X HITONT

ZENRTA—ZPEB LIZENL, EERFEGELE 7 XU RET AL LIZGEITE N
TERNLHRE SN REDAERT HE NI TH DL, FORFEICHOWTIE, HEIZHRES
NEAE (BERd £ 14.1d) Ofm»60®R S LS HEREOBRERNLESFRICEHR T
HILEMRLTWD, (RFHEE3.8HIH 1 )

L LBEBSEANRTA—2PEE M LRI OWTIEAE, ZEhh b SR
KMERT RN TH DT80, HEROMET RN H DI L CREBS LI RE2E
Wi BBRICILERM (VA Y —u—F, RV 7%) [CHEREPICRE ERD I L 2EE
LieRRERL, R REME®E) 2EET22LLT5,

HUFR IS (TR RE R A3 20 WM B 20 U TR L3R 2 4 2 BRICIE, AT A—X
POEH LB NICEYNRRERZEE LR (BAE) 2EH+THZLLT5,

LU FIZIRFEERATIC BT D AREP L RO E A2 =7,

1. REAERZ R 59HIco0T

FRUBH LR & L CARBAHEM 2 KT MBI T, (1) Rk 0 EESND%
NG A—F P DEM LB LT, MEB0ORE B0 27 L7 ECxtfe £
T5.

SEHRFGA—RILLBFHDRERESFE>

BHRTA—F VW THEEERD LI IZTH2EFEHEZEHL, BEL VI KEFW
BE TRE ERnRE) LHET 5, ZOLEOERD ERE DS (= (BHNRTA—F
NHOEHINSEEES) — (BE)) & %A &L, ERERHAMES LTEHL,
FEBBHIEXIR OB EIT 5

HERKMDZEN T A—F DED 0.0026 LR HBOERBEZn 458, 2& LAY
AQIFLUTO (1) XKo:tBVEHINS,

Qv =(m~—-m)xg[N]- « + (1)
FE
m~ : FBERKS DZEHRT A—Z 78 0.0026 L7 HEEOEE[ke],

m : BERKM OB Elkel, g : BHIEE

ok, BERAEREZ T OFUVIRTTAL LEEBEOEEREE 100n/s 2B 5EHO
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T DIF LRz /13T A—4 0.0028m/kg TH DM, RFICE L2 2ZE 518
T A—4 0.0026m*/kg & L TFHHl L, XBEEIZOWVWTRBEHRT D,

Bl L TR EAE (&K 4.89m, 208 1.8m, &% 1.47Tm, H& 1760kg) DHE,
UTFTOR1IDEEBVENNRZA—EZNPLOEFENPERENS,

#F1 —BRERERHEOEN T A—EZNBHENDE

i) [kN] - .
_ ) ) : 5 == T — — Bho FhD
gan | B | @ @ | ER | #h BERUSESN ST | RERRSENST | woe | mase
Wl | [l | @l | Ckel [ Ci/mlnz/kel | A—2 0.0028[n/kel | #—3 0.0026mke] | (0" | "1t
DA TN kN [kl
FE | 480 | 18 | a7 | 1760 0. 00699 25.8 29.1 3.3 336

ERREY, —RIBFEHAEICLWTL, BLEEHESES T A—F0.0028n°/kg & L7
BEEHEL, BFEEUEZEH AT A—F 0.0026m'/kg & LTZBEITH VT, £ 3. 3kN
DRBEHZTNDZE LD,

REBEFIEX R E L TARMEEZERT 2PmICO>VWTIER (1) XXvam e
WCEHINDEFEAICR L, EXRICAWSEREM (R 7%, EEMo Cy o2
NVE), BEM (BESES) ROER (7o h—=RL ) [2onTid, 1.0 Lo
ETHNITH ThHDPEFHIC 2 UL EOBES RIAA THRET 5,

2. BETLHWEHIZONT

FREBH LXK E L TEET 2RIV TIE, ZBARTA—FINLEBLIZENIZ2
BFEOREEZEBEL, MREMTLHLETEH, TOBZFELUTITRT,
<BEETLH2WROXMRTEOEZ X >

BREGE 100m/s BFDZES )T A —Z bR LRI TER 3. 831 D (6)
KELVUTFO LI ITRENS,

Fy=3467CpA—mg([N] = « - (1)

T,
Co: LAMRE, A: RKEHE, n: BERRYOER, ¢: ENHIEE

7o, EEYWEREH - FFRICERLL-BRAFELVREEL-ZENEILUTOLE
DRSNS,

Fr = =pCrAgVp” — me[N] + + - (2)
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T,
p: EREE kg/n’] (=1.22kg/n’), Cg : BIREBIZIERS 2 A5 %,
V, : #EBE (n/s) (=100m/s)

PE-T, BARLUTIZTRENRS,
FR=6100CeAy—mg[N] » = « (3)

FRBERLEY, ZBARTA—EZNLEH UENMRESFAICERTE A8 (1) K
B (2) REVKEWBEESTHLD, UUTD (4) KoL Hrizh b,

Fy>Fy € 3467CA—mg>6100CA—mg & %>1.76' - - (4)
L

OEETA2WADODREFTHLTF = v h—T 1L — h L DR

ERky, (4) XKOBEHRIZOWT, EETA2HRLONREMLE L TEISOHEVMRIEDF
2y H—TL—hF (BEELm @1 2m, EX0.016m) ZFIICEHTALLUTOLEEY &
%5,

DQZEHRNT A—FZ O NMEER EREFEEDOHE CGA (22T
FxoyhI—TV—MIWKRTHAT=, HIAEE 3.8 EZBRBL, GAZRDDLLUTD
EBh s,

CpA = c(Cp1A1+CprA; + Cp3Asz)

WIRTHBED, =2.0, Cpx=1.2, Cw=1.2 ThdD., £, A, Ay MITEFRENF =
v H—TL—h3EOEBTHAHT=H, CAIFLLTO LB,

CpA=033(20x 1.7 x1.2+1.2 x 1.2 x 0.015 + 1.2 x 0.015 x 1.7) = 1.36[m*]

Q@BEEFTEIES - FAFTICHE L 7- BIRERTEO R N5 L BREFEOHE Cl IZ2W0
<
JEAFREL CUIILL T O 1 OBREETE 1454 2B R LA T 5.
ToR 1 X0 BEAO%E 1.0 OERAT 5 0. 5a=0. 5X2XH=0.015[m] TH B, G
U T LB RES,
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P _1x&m5+05xL2—&m5_05%
B 1.2 ' 1.2 e

£7-, RIIBBREOEBE THL-D, &=1.7TX1.2=2.04[n*] LT 5,

CrAx=0. 506 X 2. 04=1. 03 [n’]

B2 PASHEIOZEY) (FiThRICRZRITIES. Kl R2RUKRSZAVWDEDET D, )

A+ EBREIICDVTE. R
DEGEICRAZRTDER

RBREBIULEWET S,
]2 [EEIREODCpe
B LimEf L D 0.5amfElsE, i (T8 F 2 5a1E L4 oo fEls
- T
Cpe -1.0 -0.5

a BEHD2EDHBDOSEWITNHA/NSRBE(EA m)
1 HERAERE 1454 5 (GREY

D, QLY CGA/ CeAeZROB ELUTF &5,

%:ﬁ:llgz. .. (5)
CrAR 1.03

LieioT, (5) A (4) XEMAT720ITiE, GA % 1.76/1.32=1.34 {FLL L &
TOHMERD D,

— XN [ RT A —Z2 OFLH R REEmREORE CAl (Z2oWTIiE, EERESGD
HTORKYOZEB 2R T 5 - DI RS LORKREEEL SEOFH L LTND
Z e, IRPEICEWTE, MimomE/ S BHashs, —F, BIREBOAOHE
BERA LT\ 5 TSR EES - R L /- BIREGT OB ) FE L BRmE
O Clnl 1220 T, HEPEKTHLBREOHEBEEZEA L TV B728 CoA/Celg 73
INEL BRI AERAIZH B,
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7, BIRICBREBEOKREWFz v h—7 L — k (& & 10. Om, 18 10. Om, /& & 0. 015m)
ZHEELEZE LTS CA/CrAr=66.1/50.1=1.32 BETHY, LEHEOF =y h—T1
—hEIZEREL RS,

UELY, ZOMOBEET AR THAT = HI—F1—F, TL—F L 7IZ21T
b, [BHRT A= OF AR E REEREOE GAl 2o\ T TEEY T EfEH - R
(ZHEHL L 7= BAR AT E O JE /) {72 & BIREEOFE Celel DBIFR CoA/Cefe>1. 76 7=
Te®OITIX CA ZRTFIIC2MEETH L THAMRT A Z L 2MRL TSI LbE
ETHWROMBREIZOWVTIE, EHRT A —F O 2FL EOWE % RiA A TExE R
BEICTHREERBL TN LD LTS,

BB, SBFH-ICRAETIEETHAIHRIZOWVTIE GA/GA> 1. 76 ZiE7T-3 1 E 57
ZHERL, FH— GA/CAr<1.00 ¢ 25 L00RHIIE, BEEZEHAATA—-FNLEE
LIcBENDO3fFLT52L, BINICRELTWbDLT S,

ei2L, [EEDNBAET HAEELRHLHEFICHBE SN TV DLEEITOWVWTIEL, B
FEREEMO b, JEEMEIC CHEERT 2L L5, b, SEEWEICONT
%, A4 FIZESERTFHICROREEFMENSREZ <225 TACLMHR & LTEHLE
&, 8815N/m* THH M, {ERT HRIEZEMEZRTFAIC 8900N/n* & L THIHT 5,

UTFICv vy h— BB BT AREENEL BT A—FICLVEH LIRS
DLFEREZ T,

<REENREATHHEEOREIZOWVT >
100m/s DEHRIZLAKIEZEIZHOWTIE, HA Fick b & 8815N/m> Tdh A AMETFHIC
8900N/m* & L Cali4 5. LLTFIZEEFIZRT,

#3 wUR—AEBDENNRNTA—ZIZLAHEN LI EERED L&

. - ; - " i% 1 [kN] I
X 5 % P20 = WEEGE
5t RSB RS )RR N [ EhA s | GEERECE | ean
3 : et =k BIEN BN =
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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HAREMED B DI OV TCHUICWELZRE L, REPEXNREZER TS L00HE
ORI 53 [F— EFTICH LS 5 AIREHEIIERD T/ha b D EEX TS,

T4 BB RIZET D xR E
B 1L X 5247 fn YR EDE 27
ZBRNNT A= LR UTCENITHL 2
REMEEZEMT D5 H0 BEOMEZTER LWE GERM, EiE
Bitt, BEEM R OEREOHRE)

2T A B LT- RN L 2
EETS b0 (RUEZRA LA
’ s - N e AR

WA RiES SFEYIZ L= i
BET S 0 (UERRAT St Y) | SRR
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AT R EL 8. 10

HEERZY 7 RUOHGREERT I TOREIZDONT

HEMERTY TROYRERY TR, vVAr— 2770 CHRABAINLTERBRLIZEGED
RERRHR M ERBZS (EHl R THEFUNOHE ] ORBETFFERLVERE
THEY, REMBTIEIZ o FUrBETAEZHWVTER L,

KIRVER2IL, Va— UV THRBINERELEZGEORERRIR KD EE
2% THE] RO TEHLUSOH R O Z L ICREHLREHREOTE, HE, £
NTA—F R ORBEEREEZ T,

KIRVR2OR LY, EFEFRVTRUOYRER-Y 7%, [HEHH R =
WU OB © 5 LREEHESRKELD BERAE KX [T UAT/IE] OREK
BERENDS, I1DLEBOWHRET D,

=L, 8%, SHIIBETHY, TAEEORTVERAHEINSGZLIEIEFET
iz, BEMIZENWT, BEET20ke L VEBWVWEMICOWTIX, FATIZREGEMEZ
ToTAKAIGE 2T 2E0EHE2ERT L LT 5,

65 (HEH) -BIE 1-1RA 3. 10-1



=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 (DF7) 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
FEHE (I=/,>3) 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
A T2 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
AR | 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
bT w74 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
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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
Fryn—Y— 6. 28 2.20 2. 41 4380 0.00517 282
HHE 1 9.53 3.15 3.16 20800 0.00223 134
k2 7.13 3.05 3. 37 10140 0.00365 231
ERE 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 | &3] | 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
EEET 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
a2 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
11 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
Je = S 0;:72 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
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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 28T 250 0.01911 402
T LT NR12 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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H2.2.3.2)BFK Y LB, tumbling EBZ LT3 & FICEAMICHRALER RO DB
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NEBEMBIAATEY TA—F 2 EATND. AAEIBEET 535 2 —F LREHD
BB OMMKEHEZA TN, :

H(@2233)TBNTV,, & V I3 EERTEH A5, MV, i385 2 >OEEOME L
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R EHRR,
pIBERN Y TheEE SUE T Emb
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CpAim = 1 mPlkg <—» CpAfw = 4502 1/ib

80—
1 mfs = 3.28 ffs
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2232 flixDEEOTA T LT CoA/m OB E LTEHEZONREB D RK
P DOEAL.
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< EEOHR A MRV, 132,235 & (223.6) TRBENB.

K:é;n O0<r=R) (2.23.5)
v=Bay (R r<w) (2.2.3.6)
I

< BT MEGE V, L SR R EEE V, i RO X 5105 2 B[S0k 7]
V=050V, (2.2.3.7)
V,=0.67V, (2.2.3.8)

FBFEESIER 2233 DX ICROPLFREES LHABEFARSIIZIEEZELTS.
cEEOROBENEE V13K 22330 X 5 I xloERMICE 5.
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(c) TR O WA B
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O YO i gn
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(&) BOFDEF I
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RELTWS. bL, TOETARELIBRGIE, SiEd 2R OMEE DS RIT
EEAEDEE, B2232 X0 B 252 EBTIMBUTRENTNS.
MADDORBFEEBIE, 223 TRENIEE LY BT LAY OEEORMESIZE
WTRBROEEORF M OEE VIiZhi VB 25 L0 5 RBERLTVWA. LER-T,
M2 % < OEEY R A B85 5 B AEFERA ODBF % 5 3 = D ORF R O AR
FAEMENIDAES < RY, REDOFEEIZR 2232 DEL Y b2 0B A5, EROHE
FRORBEIHQ23.6)THELNA LD BBNEEZ LR TNAOT, Rz - ook
SWTHESNRZE DXV # HEICHE T LoV, FORE L L TRk o8 &

1% (THR[S)).

AT L BRI OB E OREREOHIZEIZEE L TIEik[10]2 5 3Ck[16)2 BB S s
VM. ANSI/ANS-2.3-1983 ZHE (SCHR[17) AR ENEREHOBEEEE 2.23.5 57T,

# 2.2.3.5 ANSIANS-2.3-1983 ZEi#E (STIRR[17) {0 R S M= TREMD DR KA kB 2 2617 5.

BE: JaH
by (pounds) 320 mph  260mph 250 mph 200 mph 180 mph 150 mph 140 mph 100 mph
ER 4,000 H5mph  100mph  95mph  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
_ 750 100 mph  75mph  70mph  S0mph 45mph  30mph 25 mph 0 mph
(W 14 x 30 700 £ 440 fr 400 fi 200 fr 180 ft 100 ft 80fi Cf
M

Source: Extructed from American National Standard ANSI/ANS-2.3-1983 with permission of the publisher, the American Nuclear Society.

228

6 4 (#5) -BIH 1-7fT 3. 14-56



(f+é# 3)
BARANERES 2013

BES U VIBETIVICK 2EEREYEE DT

Evaluation of Tornado-borne Missile Speed using a Translating Rankine Vortex Model

O iTn @ EPor, FTERIRER TR T 1646, equchi@criepi.denken.orjp
A Ba—Bh, SOl TERBE 71T T 1646, soichito@criepi.denken.or jp
fREL HEH, MPEE, FHERHERT- SR T 1646. yhatori@criepi.denken.or.jp
Fo ok, R FHERIERE IR T 1646. hiromaru@ecriepi.denken.orjp
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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# ¥, R V1 E Simuand M Cordes® &[Gl UL FoOR T
ERTS (Figl 28 |
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=120, W5 RS, 4375 BiERL, EhEE vk
BATRGE V, 2 ARk LI I =V 1, BAFo
HTERIND.

(l1a). (1b). (Ic)
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f=1 % @
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;
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Fig. 1 Planview of ranslating Rankine vortex
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Table 3 Computational condition of tomado assumed for a nuclear power

plant site
Vo*mfs] | Vp[ms] | Ry [m]
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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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