JAERI-Tech

U REED T VOREHEREICET KRR

HEREAK - BH - EBESY - HHFT

BEXRFHAME MR
Japan Atomic Energy Research Institute




ALAE—Mi, BERETHHSEFRAAERHIAH LTV AHRHEEE T,

AFOR &b, ARFEFIIFETHIEHREMITITHRR (F315-11 F3gEMAEIR
WA BT, BELBLASV, 8, TOEMHAEARTHABEREH Y7 —
(F319-11 FmEIBHIRHAA HARBETHHFFREAN) THEICIAERFENR T B 45T
BOIY,

This report is issued irregularly.
Inquiries about availability of the reports should be addressed to Research Information
Division, Department of Intellectual Resources, Japan Atomic Energy Research Institute,

Tokai-mura, Naka-gun, Ibaraki-ken 319-11, Japan.

© Japan Atomic Energy Research Institute, 1996

MERRET  BARFIBIRER
El Rl @0 & B e o ED R




JAERI-Tech 96-028

AU wiREENY o VO mEITIERE MY 5 KIER

B A BLF R S SR ZE P I T s TR0
REER - BH & -k At
HH F5

(19964F 5 H29H %#)

TR 7HE12A 8 H, B - RHBERTEHOSEBMETH LA LoD 2 REGHRIIS
VT b ) ARERERATRAE L. R 2 REGEREICRE S WSR2 L OIS
PR LA L b O Th LA, FHEOKRIZEREIC S ARBEERSICIZDDEELZLNT
VW, BRFCHE, BESERWTRETHEERO "YA e P T ARAVEIEE - Ry Ry
7+ — A Dk BERTHIZET S /20, BERY = VOREIEIRIREE T 5 KEERL T
720

B, DAL GEEF Y 2 UABE SRS 2 EOEELRFICOVTERL, &Riltw/
Y- by 2 VORENT — FEOMBERUEMEEICBITLRE T A -y OREEHELMIL
A

CCERFRRT . TA9— 11 SRS IRE B G AR 2 4



JAERI-Tech 96-028

Water Flow Simulation of the Flow-induced Vibration Phenomenon

of the Thermowell in the Prototype-FBR "Monju”

Yoshinari ANODA, Takeshi KURODA, Masaya KONDO
and Hideo MURATA

Department of Reactor Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, I[baraki-ken

(Received May 29, 1996)

On December &, 1995 a sodium leak event occurred in the secondary heat
transport system (SHTS) of the prototype fast breeder reactor (FBR), Monju,
owned and operated by the Power Reactor and Nuclear Fuel Development Corporation
(PNC}. The direct cause of the leak was a break of a thermowell installed in
the loop piping of the SHTS. The break of the thermowell is now believed to
have resulted from the flow-induced vibrations due to vortex shedding from
the thermowell subjected to a crossflow of sodium. The Japan Atomic Energy
Research Institute has conducted a series of water flow model experiments on
the flow-induced vibrations of the thermowell to contribute to the post-facter
analyses of the event conducted by the Investigation Taskforce on the Sodium
Leak Accident in Monju which was established by the Science and Technology
Agency (STA) after this event.

The experiments were performed for a wide renge of experimental condifions
including the condition corresponding to the operating condition of the Monju’s
thermowel! and showed the relationship between the voltex shedding pattern and
the vibration mode as well as influence of the damping (stability) parameter

on the amplitude of vibration.

Keywords : Karman Vortex, Flow-induced Vibration, Monju, Sodium Leak
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7Y . VrEs THRACEAFEOEDFEFICREL DI bbb, K49,
4.10 IS RERAI Y B AL R OEAUCTE A H M OEMIGERK O LLBE 739,
49 L h, Vis2 IZBWTLTORBREKONFRREEFIAKEL 2L L, /2,
RE/RT A= FHRKRECREREFBIT LI EPFHLPTH S,

4. 4 MEEILE

Ea.11k K412, ZhFNType-A LType-B BERFII BT HERITiAEL 7 = )V
SR OIEEIRIE GERHRRHRICE AT OMEETRT. Shhid, B
SHRE (47 (b). K48 (b)) LMEUTHBE I L Db,

oY

4. 5 JEHEEANRZ MWV

4.13 (a) I Type-1 REBAEDO RN FMEM OB REA Y Fiv. 413 b7
B HFAENOEERARY P VE, WTRHERITHEZ /ST A —FIZLTRY .
AL, MAeDFEMEI Y- 7ETERLEN, ey o LTy PIRTW A,
FIRET. 1K 4.14 (2), (b)iZType-2 ZERIE. B 4.15 (), (b)iZType-A 3UERIK, B0 4.16 (a),
(b)Y Type-BERER R D P F7 181N K TR ALICTE A AL DB AR MV ERT .
[ 4.13 (2) 75 . Type-1 HEREOFMN I OIREYIE, Vr=18~21 Tia L& LTEA
REITH 2 200 HzTHEE) L TH Y, Vr=2.7~3.0 TILBEEED 2 ORI Tk
BLTWAIENbhd, £/, Vr=24125 1) UBBHERIIH . BARIEK
LIBEEBO 2 EoERBESFEEOMS THRA T WA, /2, K413®) &0, Vr
=2.7~3.0 TRENCEAFTMOERRSEBRL T0LIEPRLLTH S,

R TTI A & FBRA O TIRE B CIE R e QBRI 417~ 42000 85 T
EDWIBHIR S D, fE, BIREVER CiRERER T BB EOEARER L DL
THLTVE, Mh Qs F#pLfiL, st=02 () LAGE L7258 Ol R
HOELERLTBY, QLFERLAAHEIL, 20 2E0FERERL TS, 72,
I B EREI I 51T B IRENT — F (REM LA MIER) 23 L7 Type-l
REEOSE S, =24l KERED 21 L HIRL. MEEBATT Y 7 1 L O E

e
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FLTWD (4.17) o Type-2 RERADE & L FEFEIZ, Vr=24~32 BT, &
BT 2f SUHEL, BREEES Dy 24y LT wA, &5, Vi=45 L ETHERG
AMEEEE KIEL Twa Db h s (1X4.18) o Type-A M UType-B BRI DH &
L REIOZEA (V=14 D E) ot THEHELEA St= 02 O 0 5 ITFTICY
7 rLTwAE, BL, SREAO IR E CEAIRERIC—HL TS (X419,
X 4.20) o

4. 6 Wy —

B4 IRVEHE 4213, BRITHE Vri=1.8 L TVr=25 2BV T, Type-1 sUER{E
BoomiehFrb—4% - L—F¥— MEZI - TUHRIL LD TH L, T
FR, @iE. Tz MERPLH3IcmEDO KR E L —Ry— FTHEET L., TE
FHLDIFE (145, 176085, ASA800) . (b)id. 7 = L mEROEEEZ L — %
S MTHEL, ML DR L, BEIIEITHTICRESRIBE SN TS, K5D
(D:EEE) BATHILTWLD b S,

HH 43~4.51F, BRICH A V=2, 2.4 RT3 128 W T, Type-1 g e 6 i
ENBBNRY =2 5T Ty AINIHECLoTTRILLAZLDTH L, BEEHDE
BIRIPEIE Ims T, A OH FICEHAEATYWS, BE 43 LY, Vr=2 DI
HFREmAEELTHY ., v VO AEREEFRMLTWE 2 Eibhrb, 7,
Vi=2.4 O (5 44) | XHIBICL > THRATEHREIASE L, vi=3 D (BE
45) . FELMIC X o THACEATHORIDAFTEL TV 2 EFHEEI N,

4. 7 HEEBEROTED

DEnXHic, 4 BHEOBBKII OV T - BRBOEREFR43~4612F L
Bz, THLOFEIZEVT, TIREER REEE. K4.13~4.16 DEMDFHEE
Ay WD HHEE LIz, B, EREE - FIZowWT, @h Az 471~
FACEAHROE S 7oA 7O - LB LTWVAS,

(1) Vr= 20 BT, wilic & )i S i A oREIEET 4,
T OIREN O EEEUAEE Y  VOEARBEIZE L v, AERTH WA
Tid. Vr=1.3~1.5 205620 & ) IREFEG L 72,

(2) VrE2T RiRICBVT, REBI L VEESNIENVAFEORESRET 5,
Z OIRE O E BT EBEED 2 fFIZE L v,

(3) V=27 B#EIZBWT, Ks = 0.19 DAL, HIFRISRERED 2 5, i
FULS A TN B B O REN S A L. A, Ks = 082 DFEIE, mn
EAEHEOIREIZEAS TS - 72,

P
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ARLTWwS (B4.17) o Type2 RERMEDZ S HEFEIZ. Vr=24~32 2BV T, &
kAT 2f MR L, BEEES TRy 2 4y LT A, E 51T, Vr=4.5 L ETHERGE
DUERE S R L T 02ba 5 (K4.18) o Type-A X UType-B RGN &
. HEEIO SR (V=14 BLE) (2t TWBEEE AT St= 02 O 0 HITFATI >
TRLT0nA, AL, REEO IR E ICEAETGRIC—HLTwE (X419,
54 4.20) o

4. 6 Wy —

B4R HE 4213, BRITHE Vi=1.8 R TFVr=25 2BV T, Type-1 SAEIE
Bloomidhfrb—% - == MEZIoTUHRIL LA bDTH L, T
FI, @it. Yz AERPLHIcmEOKERE LR — FTHEE L, T
EHEDIE (14.5, 176085, ASA800) . (b) i, 7 = VEmERDEEEZ L —H3L
S NTHRETL, ML X DR L7z, BENIBITFAICRES R SN TE YD . 5D
(D:ER) BATHELTWALDY b5,

BB 43~451F, BERICHE Vr=2., 24 BIF3 128 W T, Type-1 RERED & it
KNDWENY v T Ty AINIECLoTHBIELEZL D TH L, BEEMDOR
FRIPEIE Ims T, A DS FICHHEPNEATHYS, BE 43 LH, V=2 DR
MRRRYREAELTEBY . Yo VOMNAFRREBERHLTWAZ E2%bhb, 72,
Vi=2.4 O (EH 44) | XHBIZE > THIFEHREYSEE L., vi=3 Dl (5E
45) . FEHEIE o THANICEATIOIREAFEE L Twb I EEER SN,

4. 7 FERBEEOTLD

PiFo X Hio, 4 BHEORBEIISDVWTH - RBRBOERE LR 43~4612F L
Bz, THHOEIZBWT., FRFEHECBEEREIE. K 4.13~4.16 DEAMOEEE
Ay P SHEE Lz, B, FIREE—FIZoWT, @hAmEikEhiz 471
WNCEAFEOES T 70 ATO-ERB LTV A,

(1) Vr= 2 FT#IC BT, W#Hlic & ) i S zmi A oREIEET 4,
T ORE O EREIIEE Y  VOEARBEIIE L v AERTHWZEERE
Tid. Vr=1.3~1.5 25620 & ) RIREFEIE L 72,

(2) VrE2 T HiBICBVT, BEBI L VRS NENAEOREFRET S5,
Z OIRENO BT MBI 2 fBITE L v,

(3) Vre=2.7 BBV T, Ks = 019 OAIE, AT EISIBERE 21, i
U IR E R ORI R L7z, —H . Ks = 0.82 Dimaid, it
CEAFEORIEIIMATH -7,

5
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@) V=45 Ll E T, KEEIZL VRS NRIRICEE ATMOIREIRAT Ao
C OIREVD B EI BB RIS L v,

(5) HAHIEIEEORIGIE, WE/ T A —F OEEEZITRT Vv, KERTIE,
Ks =0.19 & 082 DHEF LT A LHERIREFH L 11005272

6) EiFE () DEREOFRIESBHROERICLE L2 LNLVE EE-TWaEE, BR
DFERIZE > Ty 2 VOREIREEASERICET L, £ 212 Vr 2585 R
WZIEEINT AT RS S S, TOHE, (Q)~@) ORBEIER LU TREEA &
B EEMESRAET D,

A

SBRAOREL CEROERIISTY . BT NIy V=T U r s ) WLWH. S,
K. . EMEROB S, L) EHROBERT b,

SRR

1. Karman, T. von, "Ueber den Mechanismus des Widerstandes, den ein bewegter Koerper in
einer Fluessigkeit erfahrt,” Gottinger Nachrichten Math.-Phys. Klasse (1912) pp.547-556.

2. HABSZEW, BRLTFERE, A5-99.

3. King, R., Prosser, M. J. and Johns, D. J., "On vortex excitation of model piles in water,”
J. Sound Vibration 29 (1973) pp.169-188

4. BB, HBEHIC L B REROREN ICoWT (PRIEHESE 3E) —100% M =IKED
WE (70 3) —. (PK8EIRSHMNY AT 75— AHK)

5. B0k, AN IS X AR ORI oW T (hERE 4R - SRBEELRERE
CELEITORY -, (CEERSEIA1IBANYAZ 7+ —AEFH)



JAERI-Tech 96-028

@) Vr=45LE T, ZKEMICL RS AFAICESFNORGPEET S,
Z DR OB EIGEEEEIIE L v,

(5) FAHAHREIOIRIEIX, BE/XT A — 9 ORBEE TR T v, RERTIE,
Ks =0.19 & 082 DB E TR T A2 L BIIREFFH L 11003272

6) LI ) DWEORBIREOERICLERLAVE FH > TWAEE, BR
DERIZL > Ty 2 VORBRAETHEAEFICET L, F00 2 12Ve A5ERNY
WS AT RS S D, TOHE, ()~ @) OREIER L TRBAZE R L
AR AT 5,

s

KBREROBEREROERKICH-0, BFHrTy=7) 7 (k) WH, =S,
KN, EIH, KEEROBNZEL L DEHROETKRT 5o

SCRK

1. Karman, T. von, "Ueber den Mechanismus des Widerstandes, den ein bewegter Koerper in
einer Fluessigkeit erfahrt," Gottinger Nachrichten Math.-Phys. Klasse (1912) pp.547-556.
2. HABEF W, BRTFEE, A5-99.
3. King, R., Prosser, M. J. and Johns, D. I., "On vortex excitation of model piles in water,”
J. Sound Vibration 29 (1973) pp.169-188
4. BBk, VR L B IRERORE 2 oWT ChEESES 38 —100% ZRED
BWaE (0 3) —. (CPK8E3IRSHMNY A 75 —AEH
5. B, HADIC L AEEITOREICOWT (RHEEEE 48 - XEBELIEIE
CELETORE—, CEHRS8E3IF18HMY A7 74— AHEH)
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4) Vr=45L0E T, REBEICL DERENHEICERFHORBTIEET b
ZOREIOEI BT BB EIZE L v,

(5) WM HAIREIOIRIEIL, WE/ ST A — 5 OREEZITR TV, KERTIL,
Ks =019 & 082 OB ZIRT L L RAREFKL L 110k 272

6) FE Q) DEFORIEFEROERIILER LAV E Rl Twaa, B8R
DERIZL Ty 2 VORAREBAERFICET L, 40 2 10Vr 25K
I A AT EMY H B, TOHE, )~ @) DREIZEIIL TIREIAR L
T B REMEDET B,

2k

RBEDOBERCEROERIZH), RFHxyro7) 7 () LHE, &k,
KW, M, RHEROBIZHL. L VEHOET LT S,

JCHK

1. Karman, T. von, "Ueber den Mechanismus des Widerstandes, den ein bewegter Koerper in
einer Fluessigkeit erfahrt," Gottinger Nachrichten Math.-Phys. Klasse (1912) pp.547-556.
2. BABRFRW, B TEEE. AS-99.
3. King, R., Prosser, M. J. and Johns, D. J., "On vortex excitation of model piles in water,”
J. Sound Vibration 29 (1973) pp.169-188 _
4. B, WD L B BEFOREICoWT (PHEEES 3 —100%i BRE D
et (F03) —. (FHEFEIPVSHNY AT 7+ —AEH)
5. BB, WA DI L AEEST ORI O WT (RS 48 — SREELERA
WCELTTOMF -, (PHRSEIR18HNI ALY 7+ —AHEH)
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£3.1 E—OTARHERBRR (Type- 1B k)
Type-1 BR{F TUTEA 100 1.0V/100 z
HEOFRE A7 0A—5 %EF Amm DT HRETDEAVY)
D FiAmm CHI CH2 . CH3 CH4
7.88 0 -0.005 0.008 0.008 0.002
7.73 0.15 -0.486 0.485 0.061 -0.060
CH2"CHI 7.57 0.31 -1.015 0.987 0.106 -0.124
7.42 0.46 -1.545 1.493 0.100 -0.168
7.26 0.62 -2.045 1.985 0.114 -0.193
7.09 0.79 -2.584 2.488 0.228 -0.303
6.96 0.92 -2.963 2.982 -0.158 0.088
8.57 0 0.054 0.024 0.038 0.045
8.45 0.12 0.489 -0.416 0.110 -0.008
CHI1"CH2 8.30 0.27 0.987 -0.932 0.164 -0.044
8.16 0.41 1.475 -1.429 0.202 -0.072
8.02 0.55 1.985 -1.852 -0.092 0.232
7.89 0.68 2.487 -2.301 -0.248 0.410
7.72 0.85 2.981 -2.975 0.382 -0.225
2,83 0 0.009 0.009 0.010 0.005
3.70 0.13 -0.191 0.076 0.492 -0.482
CH3 CH4 3.56 0.27 -0.296 0.028 0.984 -0.991
3.42 0.41 -0.431 0.018 1.493 -1.505
3.27 0.56 -0.377 -0.202 1.997 -2.036
3.14 0.69 -0.746 0.046 2.498 -2.543
3.01 0.82 -0.939 0.087 2.990 -3.054
6.89 0 0.012 -0.004 0.017 0.006
6.76 0.13 0.223 -0.069 -0.429 0.482
CH4 CH3 6.63 0.26 0.393 -0.101 -0.974 0.975
6.49 0.40 0.623 -0.183 -1.380 1.473
6.35 0.54 1.011 -0.420 -1.850 1.970
6.21 0.68 1.183 -0.448 -2.338 2,478
6.07 0.82 1.240 -0.365 -2.809 2.965

EROKDFEFEIZCH2H L CHIOH
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*3. 2 EH-UTFLEMRRER. (Type-AiREHK)

Type-A sABRK T T A 200 0.5V/100 u
HEOHM [RA 70 A— % EM Amm O3 AR DO AV
DR AHmm CH3 CH4 . CH5 CH6
7.7 0 0.006 0.008 0.006 0.004
7.69 0.08 -0.225 0.247 0.058 -0.009
CH4"CH3 7.60 0.17 -0.459 0.488 0.099 -0.013
7.51 0.26 -0.720 0.745 0.022 0.104
7.42 0.35 -0.934 0.977 0.175 -0.013
7.33 0.44 -1.185 1.233 0.201 0.003
7.24 0.53 -1.423 1.480 0.246 -0.005
6.49 0 0.008 0.008 0.008 0.006
6.40 0.09 0.242 -0.224 -0.025 0.008
CH3 CH4 6.32 0.17 0.485 -0.465 -0.036 -0.017
6.23 0.26 0.743 -0.720 -0.010 -0.083
6.14 0.35 0.990 -0.954 0.170 -0.301
6.06 0.43 1.244 -1.202 0.217 -0.386
5.98 0.51 1.489 -1.443 0.262 -0.468
6.55 0 0.008 0.008 0.010 0.004
6.47 0.08 0.027 0.004 0.244 -0.237
CH5"CHS6 6.37 0.18 0.032 0.015 0.511 -0.507
6.28 0.27 0.035 0.028 0.755 -0.754
6.20 0.35 0.008 0.070 1.003 -1.002
6.11 0.44 -0.075 0.168 1.259 -1.247
6.03 0.52 -0.171 0.280 1.489 -1.462
5.55 0 0.012 0.009 0.001 0.003
5.47 0.08 0.019 0.004 -0.238 0.240
CH6 CHS5 5.38 0.17 0.007 -0.022 -0.479 0.480
5.29 0.26 0.011 -0.040 -0.731 0.736
5.20 0.35 0.258 -0.299 -1.005 0.980
5.11 0.44 0.343 -0.398 -1.269 1.239
5.03 0.52 0.411 -(1.476 -1.512 1.478

EE KO E)FHIZCHA% 5 CHID Fib)
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#£3.3 EN—OTAHAREMREER (Type- Bilkik)

Type-B :AERIE 7 v T A 200 0.5V/100
HEOAFR R4 702 —N KM Amm U AEF OB VY
o) FAmm CH3 CH4 CH5 CHa
8.49 0 0.006 0.007 0.006 0.004
8.31 0.18 -0.231 0.243 - 0.027 -0.027
CH4 CH3 8.17 0.32 -0.476 0.488 0.029 -0.040
£.03 0.46 -0.728 0.740 0.009 -0.030
7.88 0.61 -0.987 1.001 0.016 -0.048
7.74 0.75 -1.227 1.245 0.046 -0.087
7.61 0.87 -1.473 1.491 -0.011 -0.042
6.78 §] 0.006 0.006 0.005 0.004
6.65 0.13 0.250 -0.243 0.064 -0.053
CH3"CH4 6.53 0.25 0.495 -0.496 0.114 -0.087
6.42 0.36 0.756 -0.755 0.170 -0.140
6.30 0.48 1.000 -1.001 0.228 -0.189
6.18 0.60 1.244 -1.250 0.302 -0.252
6.06 0.72 1.499 -1.506 0.352 -0.292
7.14 0 0.006 0.009 0.009 0.007
7.01 0.13 0.031 -0.012 0.248 -0.239
CH5CH6 6.89 0.25 0.053 -0.035 0.478 -0.474
6.75 0.39 0.085 -0.057 0.751 -(,749
6.62 0.52 0.117 -(.083 1.000 -1.002
6.49 0.65 0.137 -0.099 1.249 -1.255
6.37 077 0.153 -0.112 1.497 -1.509
3.97 0 0.006 0.006 0.040 0.004
3.84 0.12 0.050 -0.047 -0.237 0.242
CH6CH5 3.72 0.25 0.084 -0.083 -0.475 0.498
3.59 0.38 0.089 -0.092 -0.715 0.747
348 (.49 0.142 -0.152 -0.954 0.990
3.35 0.62 0.189 -0.204 -1.206 1.251
3.24 0.73 0.260 -0.279 -1.432 1.486
EEOKOTENF MIZCHAA & CHID FH
£3.4 EHEDE, WEEENT AR F
Type-1 Type-2 Type-A Type-B
B A RENEL T (He) 200 120 250 240
IR FER 6 0.05 0.07 0.015 0.028
34 gt FF B3
HLR S RE 0.185 0.585 0.574 0.574
m (kg/m)
MFE/NT A —F KF* 0.19 0.82 0.17 0.32

*1¥)

BENTA—F (K=2md /(pD")
p L MEDOEE
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#1.1 £ B £ #
PR K
mE (C) 20
FEE (Kg/m’) 1000
HE (m/s) 2.0~ 6.4
LA VX Re 10°~3x10°
7 = LAME T k(mm) EfE: 422410 B ¢22/410
(KB HEER) F&:317154 £ X:0/154
HHE ZR PYIE (mm) 1 1% 3 3
E A RENEL £, (Hz) 200 120 | 250 240
WENNFA—F 1 Ks 0.19 | 0.82 | 0.17 0.32
* HMIENICNY T ETE
£4.2 AL 0EERM
100% I EAER | 100%0T & 55k 40%ii B 3UER
(200T) (3257C) (485T)
LS T RUTL
wE (T 200 325 485
ZE (Kgm') 904 874 836
WE (m/s) 5.0 5.2 2.17
BRI (m/s) 51%107 3.7% 10" 3X107
LA /X 1.0%X10° 1.4X10° 7.2%X10°
R ITIE* 1.95 2.1 0.86
*7E) LA/ VAXE  Re=VD, v, ERILHE I Vi=V./ D
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#4.3 EBREFE; Type- 138K (f n=200Hz, Ks=0.19)

No. [ifi # [MEXOC | WEWE (AR ERE RS |-
V(mfs) PR VE® |, Bose ® (Hz) [€—F

4 2.4 1.2 %EEJJ& L

5 3.0 1.5 59 0.20 200 te b

6 3.6 1.8 67 0.19 200 12747 | xFERR
7 4.2 2.1 74 0.18 200 1747 | WFERE
8 4.8 2.4 83 0.18 |188,7201 T¥7 4> | ZHi@
9 5.4 2.7 94 0.17 | 94188 +; ;z;;_ 2 HL i)
10 6.0 3.0 95 016 |95/100 | 17717 | wmi

+7OAT7U—

*7E) ERITHE C Vvri=V. LD A FEAVEL St=fDV
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£4. 4 EEREER; Type-2iREfE (fn=120Hz, Ks=0.82)

No. @ o |#mEAor [W@EEE (ArEor EIRBH | LR
V(m/s) WEVr | f St (Hz) T F
26 1.8 1.5 35.5 0.20 REN e L
27 2.4 2.0 46.5 0.19 119.2 fe s>
38 2.88 2.4 59.3 0.21 120 174
28 3.0 2.5 60.2 0.20 121 1547
39 3.12 2.6 59.9 0.19 120 174
40 3.36 2.8 60.0 0.18 120 174>
41 3.6 3.0 60.1 0.17 120 1r74y
42 3.84 3.2 60.5/74.5 | 0.19 121.5 1r74>
43 4.08 3.4 80.0 0.20 116.2,7122.8 fe 2
30 4.2 3.5 82.0 0.20 1177123 | $&E 2 L
44 4.32 3.6 84.0 0.19 | 11551232 | 4>
45 4.56 3.8 88.0 0.19 | 11551237 7BR70-—
46 4.8 4.0 94.0 0.20 1145,/124 | ZBA71-
32 5.4 4.5 105.0 0.19 112 yuERA 70—
33 6.0 5.0 111 0.19 i yaA7a-
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£4.5 EBRER; Type-AREE (f n=250Hz, Ks=0.17)

No. |iff MR WA (A bV E iR B B EIRED

V(m/s) IR Vrok | St % (Hz) E— K
120 2.4 0.96 47 0.20 | PRE e L
121 2.64 1.056 52 0.20 i 7 L
122 2.88 1.152 56.5 0.20 REj2 L
123 3.12 1.248 62 0.20 By L

126 3.36 1.344 63 0.19 250 (2
127 3.6 1.44 63 0.18 250 174>
128 3.84 1.536 63 0.16 250 A4y
129 4.08 1.632 70 0.17 250 1274
130 4.32 1.728 77 0.18 250 174
131 4.56 1.824 81 0.18 250 1254y
132 4.8 1.92 85 0.18 250 I
133 5.04 2.016 87 0.17 250 1254
134 5.28 2.112 92 0.17 250 f¥I4r
135 5.52 2.208 94.5 0.17 250 frI4
136 5.76 2.304 102.5 0.18 250 ArI4
137 6.0 2.4 106 0.18 250 174>
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F4.6 FEREE: Type BitE{Ak (fn=240Hz, Ks=0.32)

No. [ = R |WWEEE (A Poob) E IR E) ) LIRE
V(mn/s) T Vr ok | f £ St % (Hz) Fe ¥
87 2.4 1.0 46 0.19 REN e L
88 2.64 1.1 49 0.19 fREh % L
89 2.88 1.2 55 0.19 B2 L
90 3.12 1.3 59 0.19 B L
91 3.36 1.4 62 0.18 238 Tk >
92 3.6 1.5 60 0.17 238 fr74y
93 3.84 1.6 61 0.16 238 1v74
94 4.08 1.7 65 0.16 238 1rs4
95 4.32 1.8 74 0.17 238 134>
96 4.56 1.9 78 0.17 238 1754
97 4.8 2.0 81 0.17 238 154
98 5.04 2.1 83 0.16 239 fv74
99 5.28 2.2 90 0.17 239 ¥4
100 5.52 2.3 95 0.17 239 L
101 5.76 2.4 97 0.17 240 1vI4y
102 6.0 2.5 104 0.17 240 154
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