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In Tohoku University, different scale model experiments were carried out in order to clarify unsteady
flow fields and pressure fluctuation characteristics in the cold leg piping by means of visualization
experiment and pressure measurement, respectively, and to investigate the scale effect. The visualization
experiments were done by using 1/15 and 1/7 scale models while 1/15 and 1/7 scale models were used for
the pressure measurement. In JFY2008, the visualization experiment by PIV measurement for the 1/15
scale piping was carried out using a double elbow geometry, in which Reynolds number was set at 50,000
and 100,000. Besides, shakedown tests of the 1/7 scale model were conducted for the case of a single
elbow. To check the soundness of the experimental loop, such as natural frequency, the inlet flow condition
and total pressure loss coefficient, the visualization experiment for the Reynolds number of 320,000 has
been initiated. In JFY2009, visualization experiments for the 1/7 scale models with the single and a
three-dimensionally connected double elbow geometries were carried out by varying Reynolds number up
to 1,000,000, and detailed flow fields were observed under the inlet flow condition of almost fully
developed turbulence. From these obtained data, effects of the multiple elbows on the flow field were
assessed. In addition, the pressure measurements for single elbow flows by using 1/15 and 1/7 scale models
were performed by varying Reynolds number up to 400,000 for the 1/15 scale and 1,000,000 for the 1/7
scale, respectively. Pressure fluctuation characteristics were examined in terms of power spectrum density
of the pressure fluctuation, which have been provided to investigate the scale effect on the characteristics.

In JAEA, a numerical analysis method is being developed to evaluate the feasibility of the reactor
piping design. For this development, in this study, the validation of the flow analysis method has been
carried out using the experimental data obtained in Tohoku University. Numerical analyses for the 1/7 scale
double elbow experiments were performed using the commercial thermal-hydraulics code STAR-CD. The
analyses showed that the calculated velocity distributions were in good agreement with the visualization
experimental results. It was confirmed, from these analyses, that the URANS analysis method validated for

the single elbow flow has applicability to the flow in a double elbow.

Keywords: Sodium-Cooled Fast Reactor (SFR), Elbow, Unsteady Flow

This work has been performed in JAEA as a joint research with Tohoku University.
*1 Department of Quantum Science and Energy Engineering, Graduate School of Engineering, Tohoku
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*2  Department of Quantum Science and Energy Engineering, Graduate School of Engineering, Tohoku

University (Presently, Tokyo University of Science, Yamaguchi)
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L D) THAEANEREMIZIR LS b2, =/AREMTIIRHBERE LD L
Ao Dd, FL2BHTAROEAY EICKIT S 2 BEHZ VRO ANARESMIZ, AR Eo<
WZHEW 2 BEH = VAR BERI OB EN KR E 2D, ZOMESAILIX 2-32 127779 K 912 Re T
iz E A E RN, FFEUA Y @mk 752&EiW$TM®@EﬁﬁiIW$%
RIHEEDORZ WAL 720 . ZHUCEI L CIEK 2-33 12779 X 912 Re #t, 0D~0.62D F TOAL
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BEIZLDEWNIIFEAERWER L o7,

23 FEH

1/15 KO 1/7 fg R EhakBrdt@E ic X 5 af bR 21TV, Vo Z VT LR O 7L LR R
SR DAY D FER % fEAT LT,

1/15 g R Bk B 1 & 2 AT ERRBR TlE. Re K2 5.0x10°~1.0x10° DV > 2 B FUIs 2
B DE TN VRIERORNEZFI L, 1 B3 VR OR35S BfERE I & 5 B2 [m] 16 36k
(R HHIR) 2 SOOI TS Z ENTRETH D Z LN oT-, £, FIEE ST E
ST 2> O R S AU 2 RS & VAR AV O kAL (Dean iff) (2 X AHERHREL TE
0. RIS AR & e I UL S EE R I I MER S LR C PN R & < R LT
<, TERHAARNOENE L LTiE, 1 BHARIZLARKEE 2nd = /VAROFRZIRIZ LD
FERIEMNIAET D Z EnginoT-,

1/7 #E RITERBREE 12 L 2 iR ERBR TIE. Re 207 3.2x105~1.0x10° O EG AU 31T 53
B T, VU NARRE T LT IREKRTO 1 B H = VARIERITIZHBER AL, ¥ 7 Lo
RRR T VAR RIZ AR FBEBI A UL TN > 7 R L, 1 BB bR T oo i B [m] {5k
X EWENC Y 7 N ARERE AT, OF ) XTI VRS CIERIBEEE AR AL TRBY . o
L ZRIMNDIRLS 2o TWNDH T EEZRB LTINS, B ZXBNDH, HBEEKOKRE I Z&EiwT 5
XA % RN ZFEICEHT 2 0 ER S 5, 1 B H /LR IO R CRERS B S d,
CAUTH RS & AR OFER CTH v | BERSE T b FIFEEIE) D O HIE 2 S OHRER O THL
NHZERHALMNIENTZ, £To. X7V VRERRO 2 B B =)V CrErBE XA U3 hERE
DAEL, ReFUZ L DRERBWVIRNZ L b 0ot
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3 A—ILKRLT 1M RV 1T fiaRABHBEEIZCLSD VT ILTILAR
KRDENZEERITEHER

31 HREREERUEH

1/15 i R Eh B s i 1o iél—ﬁ/ﬁimm AL, X 2-1 1R E BRI X 3-1 DR
BRI A fAAIA T 2 & TIT 9, JTEZEMERITILFNE S D PGM-1KG (AIE f KJE7) 100kPa) %, 7
_5Hﬁ_ﬁKDTME@VW?1:yFﬁﬁT*&W%VXTANK%O&UUT#%@J%
> F NR-ST04 Z VN5, JEHZEHEITX 3-2(a)D L 912/ 4~ b (short socket attachment) (T &
STHEEL, BLEICEIT 7 ¢ 2mm ORZE L CHET 5, Lo LEEE A— R LFHALAE O H R
BV, BEOY Ty MEAENTFHLTLE S EITc >\ T, K 32b)D X HRAT LA
RO/ A 7 (long socket attachment) Z I L CHIEZTT 9, B 7V » V¥ % 500Hz, H
TN E 65,536 sk LCHIE L, BRRSIIOEST —# 2@l 7 — VU =284 (FFT) % i LE R
FTIZ 31T 2 J £ S 5B REIE OO JEN AR 24T 5 o JE N AMER ORRENLE 2[4 3-3, 3-4 1T d, =/b
AR OFBER @R T D ThHAINMNBICZEO® o —2EE L, [EHES) 42 EASIZEH
%. Re BOHHIL2.0X10°~4.0X10° Th 5.

1/7 #ig RIGENFRERIEE (2361 2 Z8hAlE R & 1/15 fg REER & FIER DO FIETIT O, X 2-17
R iR S 2 X 3-5 D FHR B 2 ML A e, ) HaER © [RIERIX 3-3, 3-4 1T7R
TALBICHRET S, Re % 3.2X10° 705 1.0X10° ORI T SRR AT 9,

Nz T, BBEESFIRIC I T Idelchik™” OREBRFER & RIERIC, RIEBRIRIEO LA /v gk
fFHEDH IO TIHRGET D720, EHESOFNEIT 5, JENES G T /LR B 3D LU=
JVIR R 6D IZENEIE TN 90° T LT 4E o, FH8ERRE L TW\WoD, 7Y VK
L 500Hz, V7Y T E A 65536 & L. J[IENEWGROT —Z ZRFETFH L, 51T
U B 4 SR OVRRAA 4 SRCENREN L LI b DA ET) & LAeE R RR A T
B 5,

3.2 AR
321 YUTNLIIREENELRBRHOES

1/15 #E RARBIERE 123 T Re=2.0X10°, 32X10° &8 4.0X10°, 1/7 #E REBREE I BN T
Re=3.2X10" L TR4.0X10°~1.0X10° % T 1.OX10° LB TH > > 7 VR4 FE IR IAR % B
L. ZOREZREGE LT, TOREEIK 3-6 [IRT, KIZH D L 5 ITHERFE CIEAMTETHL
HRBEEICB WD THRICE LA AV ZHITBN T 4y 1 i&~ﬁf%0\%mmn%®£mb
BEORBRER O LIFFE BT AR L o, BRI BRI IRA AR I
iofwéﬁ\%%ﬁﬁﬁf@%%m\%m&n%@ﬁ%%%i@bf#ham#@wﬁ%mb
TW5, KikBr)s SUSE TdH 5 DIZx%f LT Shiraishi & OfERIZT 7 VVETH D0, WNEEOH
ST DWW TIEARFERA 3 um F2E . Shiraishi © OFRRIVEIEE D= HIFIZ0THY ., EH6H TN
ENDOVA ) NZEICHE T HEROPEEREE S (17 pm f2EE) LUTFO72D, iSRRIy
EEZOND, L, /RO EFR O OE S ORIER & A AR ER & T Shiraishi
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LORBRTITFEMEINTNAZ LMD, Tk s TREBRICENELEEEZDND, ENRE
NMEFEARE L 2DIEEENBELLERT 5720, KRBROEENDTMCELS ol tE X
HZENTED, Fio, BRI TIE o OZALPMOREEL & R TRENZ ENOREIN AL E
ThHEBZDIL, ZDLDITOTNREMEREITL > THAEICZEZNRE L TND EEZ B
Do ZOFEFRNG, BEEFISICEB T DA H W A REBEEE O YRR I NI E N D T EN
TX 5,

322 EANERBRUZOHEME

HITE S D ZEBHRR 5y D RFNZEALIZ O T, 1/7 #ii REBREEE T Re=3.2X 10> ¥ 1.0X 10°12

B BHREHLRBERTOLDOEZNENK 3-7, 3-8 (TR T, JEHOEEHPIT Re=3.2X10" |
BT E1kPaF2fEE, Re=1.0X10°TH 10 kPa FRE TH DA, AL R S5 b - HEER O
WEOLLGHT (FBEER L OO T EMWEHT TS5 &, WTho LA 2 LRIk
WTHHBERORBOH G COEBMPREN ENROND, ZOHFTHRHICHBEFEIRAN OIS
il (07 ) IZBNWTIEWL DNDESTOAD AL 7 (IO T HIZELLE—7) BRbb, Z

MUCB L A A K E S EBT2DICHE0BINS LT HERH Y Y, ARBRICBOTHHA
D ANA 7 INBN DG FTIIRBEEIN TH D720, HEHLOEENIC L2 b0 EEZ NS,

ZNBESOWERINT — X I FFTAE 2 i3 2 & CIEA LB O mll @R a2+ 2 & R8T
XN, BONDENETH ST =AY FVERE (PSD) 434 IR BREEE O B A RE K & Eb
NOEFOE—7 BB TLEW, mAER (RBEERORKL) RO BERERERELZFMT 5 2 &
MTERY, X 3-9 12 Re=3.2X10° (Z1F 5 & HIE A CTOIESZE) PSD /A vt KD,
I E Z DT (o)-(h) &ZNLSOEFT ((a). (b)) TIEDAMAOIRBEIL D Z L3 mnb .,
DOF Y BIREBEMEN RS Z ERHEINDS, TIAVRTRIICEIT AENEENC OV, FHIEEE
f8 K OV O T CRIBE I R SRR R 9 B SR I BN B % 2 & 28 Shiraishi 6 O#F5EY 12BN T
B 522> TV DA, R X 512K 3-9 TIERBREEOEAIRE K E Bbh 2850 —7
NHO ., TOFWEHRIT L Z ENEFICRETH D, 2T, HEEARIEEZ B R 2D
WL T OBEZRA AT, £, ZARMIVUCEBIT DIENEHNII DOBRROFERHHEEZZD
b, HEEOBEAIRE L RAESR (ELGES L ORHIEER L) ICERT 2 0O TH 5, EEEE
%@mAi%£W% HWCIRIET 2 B2 b, %OTA@@wiﬁﬁrmﬁ%L#%MTw&
WA, FAUXIREFRFICHIIESN D Z Enfiff b, SHESIZBT DIETORERSIT — X
@E&m(%%ﬁ%)KmTiDL#%LULOKLT%%mTO;®Ufw W MRL S < 4
EEARBCGER T2 EEZ6ND7D, ZORDERY RS ZENTEIUR, o E 1A H)
T2 DD IRIEB LR O FREAER R O N I1X T Th D, T T, MMIERID O b RIBER ik
HIZERT D ENEEBDR 72 WVRER TOT —X e\ 7 757 Rr—42L L, ZRaEAHER
WCBTAENT—2 b2 LEI< 2 & T“”ﬁé%ﬁﬂﬁb KXol EEETEbEERT, Ny Y
Iy R —42E LT, LR ANZETAEM (0° FHE) OFETT7 —2 280, LLEO#RE
%X 3-10 DT — &_ﬁbfﬁotﬁ%%l3uhﬁﬁ‘lﬂ%%%ﬂ®%@ﬁ&wﬁﬁ(@
(b)) TIHEEEAEHE COL -7 ZT X THEATVWDIIERBDND, £, HERD D HEIK
((¢)-(h)) TIiTM 6 Hz FHICHB e — 7 3L B4, FFICHEMI 30° OF —H# TE—27 DR E INEE
MO TWD I EWGND,

4 3-12, 3-13 1T Re=6.0X10° XX 1.0X 10°1231F B /8w 7 75 o NI A Hi L 7= F J)Z58) PSD

_12_
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O3Ai AR T, Re=3.2X10° OHFA LR U L 912, FIBEREMHEK TIT Re=6.0x10°, 1.0x10° TZNE
AU 12 Hz, 18.5 Hz O BB EE N BN D, a2 BRE . B D, FEIE u, Z FHOELF DX
TEFRINDA br—ryb (St) HIZKoTEET 5 LK 3-1 OLHITRY, WThorA /L
AT HIEIE St=0.5 L 725,

si=/ P

u

m

()

FIED R 2 2T D FEIC BN T St=0.5 BE DL ARE v — 7 235 4ET 5 Z L 13K Shiraishi
SOME Y 2T LOEROMB Y ITBWTHRB S TE Y, LER>T, ARBRTH LT
1258 O BRI BB > D OMBHIC Lo TRAELTZ B D TH D EBEX D ENTE D,

WA, 1715 s RERBRIEE COE WEBEEIC DWW TR S, Re=2.0X10°, 3.2X10°, 4.0X10°|Z
BT D EWERTOESLEE) PSD /5%, 1/7 fig RBBREEE & Rk Ny 7 7T 0 o R % i
L. K 3-14~3-16 |IZ/"T, NoZ7 7T REFRTLL 07 Ml (= ARAEEHE) & LTWb,
VT R CORERLFE L, FHEEORELZ T RWERTH S (a) 45 HHIL (b) 0D Tl
TIEHMY 27— Z 3RO, — THRIBEDREZ T 2 58k Tl E 7 m +30° Of7#E Tl
ERE—IRALBR, 00 OMNETLDLT L TIEHLINE—IRNREOND, E—7 OFEKITE
X% Re=2.0X10° TI% 17 Hz, Re=3.2X10° Ti% 25 Hz., Re=4.0X10° TiZ 325 Hz Th D, “N%
MR TETHDLA ha— b (St) B L TEHTLHEE 32 DL, WTFhoLA )
JVZETHITIE St=0.5 L7820 1/7 M REBRELE & [FARICKIBERER O ORI L D2 b D & &
ZHN5, —EORIESTITRE L Z5 10~100 Hz O#iPHTZ OFEEmIC L 2 By —7 i
L B D= NEET D, V15K REEE TIEX3-1, 321077 L) ICiFEA LD ¥ —iZ
M ASA T L CTERBICER SN TEBY . 2N ZO&EEKRERICKT 5 EEEE— 27 OFRIK &
LTEZOBND, K3-17I2HI31 7DE &% L=80 mm, 170 mm & 28 % /=W D £ 7125 %) PSD 45 Afi
BT, ZORNy 7 7T RABRITHE L TV, KD lEOSMANRRKRE B D 2 &30
Do RMANA T KD ENER CHEBEEEDNEREC TVWD LB 6, TRt —mIc
BIpoTBONY 7 75 FIEEEZ L THHETERD T b EHEHITX 5, L., W
VWAL R T 5 BB S & N A IR T 2 b OILER DS B L 2858172 5720, W& ORI
FHIZAELSOWEEZ SN, LER- T, 1/15 M RARBEEE 12 T b FIEEEE 2 & ot
WCERT 2556 OENEBEKRBEO E— 27 BFEET D L0 Z D,

323 EHNEEBREORT—ILHR

AIEIC R LI L 9 1C, v VNV VRN O BRI IR O ThH D A b r— i
HNTEEHDHTENTE, WTHDORER, LA /L ZEUZIB W TS FHIBEREED & OB I
O EEBE AT S=0.5 TEIN D, TR BEIEBRHEICONWT AT — W K HEN (R —b
R 1T nE NS ZENRTED, Lol HBEREIET—HL TWDERZDOREIC DN TIEEE
BENHDREMNH D, = Z TEHNEH PSD ICHOWT HER AL L, Kl %1772, PSD DK
TALIZR AU R T Y TH D,

PSD

1 .Y D @
3ms) -2
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Z 2T, PSD IZJESZE) PSD OfE [kPa® - s], p X OHEE [kgm’] Th D, BRTALLLER
Zh L. FRCHIBER I X D E DA O Y — 7 NEHE TH > 7=/ Rt 0D @ 30° | 0.4D O
30° .0.75D @ 30° (ZTOWTEFLEFUH 3-18~3-20 (=T, bl L 7= D13 1/15 #f§ R D Re=3.2x10°,

1/7 #5 R Re=3.2x10", 6.0x10°, Re=1.0x10°D 4 5T %, K TILESIZE) PSD /5 Ai % > v — 7|
T HIOIET — X IIRRINT — 2 % 85 Lic b OFNE % FFTALH L, 55 7-E 1A H)
PSD # V¥ L7zt DEHAWT WD, b DG, BRILHES) PSD IFEREBRIEE DO A 7 —L
AV NVABUIE D TIRE B L0 E D Z R0 . JENEBERBEHEICOW TR —
IWHRITAETeNWE S 2N TED, ZHUCED, FESECBT 2ENEHRELRETH
HZ ENHIFEINS,

33 F&H

1/15 KO 1/7 K RENERER AL B2 L AR ERBR 21TV, ¥ v Z VT VR R R O K
FRHG R ONE S ZE B VE 2 AT U7, MR BRS8N T 30 HREEELL 0D Re B T4 E /1R 425K
M—EERDZENHDY, ARBRICBWCHLBE IR ZMRT s N T, o, JENE
%ﬁ¢:owf REREEE O R 7 — v Re BITBRAR <. = /UM O FIBEREIR & OV O T ik

(R CHIBERESR S D O I X D LB 2 BN AR N EBO SRR EN BN, T Ok
ek L72 ) 8) PSD 3 AIEB BV L —ET 2 Z &3 ho e, RRBRIZEIT 5 Re L 1/15
i RAE 8 2 FH 72 3B Tl Re=2.0 X 10°~4.0X 10°,  1/7 g R 4E{E Tl Re=3.2X 10°~1.0X10° T
DEEEID ML Eb/hE0nD, KRBOMEETH D, BETIRICIBWTENES) PSD 751f
XA — VITHRAE L7\ &0 ) [E SR BRI ARRBRRE R 2 S £ CoME T & D alRert %
RELTWE EE 25,
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4 BITNITILKRAEZRI—IL LT 17 HERRENEERO IELZT

41 BFERRUEH

T, RBIRO X TV VR R O 17 #ER BN 2kl 5 & U T IR R & ki LT,
Re #% 80 17 (CEHiiiik 3.84m/s) DSMFOfENT 2 £l L=, STET V&K 4-1 12777, T—/L R
L 7R TR A LR D 64D FIICTVRBIEET D05, AN TIIRIS4E LTV 5,
BLAENAITRBR L A U< 126.6mm TH Y, —/LARMEHLRBREFE L 057D TH D, F1T/L
AR SD EFilZ ARBERE L, 82 /LARD 15D FiiaHBOERE Lz, BEE— A v 3 2@ T,
y+a BAERY 2 fiE  (25~100) IEFFICINE D X HOBREL., 045mm & Lo, A > & 283k 43
HTHD, fifir=a— FiL, STAR-CD verd.10 & /=, TS 2 5 4-1 ("7, ELIEET VI
RSM, EEHEXOXHEEBER(LIZ MARS (1.0) & U7z, AT, 13 MR A > b L JHEE
(H—o L RIKR) OARGEIRER " 258 & U THEESNT-MBITFE 'Y Th b, iRz 05
WREE LT, ZA LAT > 7°0.5ms TR 12 R OB PERRHT 2 Tk L, IR -2 O Wit 4347 % B H
T HEIIEEOK 10 BEOT— & &2 iz,

ANEFEEE, AR ELLR (5B o s A & L,
1
U=§que(1_i)9 (3)
81 R
T, riZERL L OREE, RIZEEETHD, K42 12D (351 /LR AH 5D
W) ISR DMHESA R, MR L T IR T A SO TR —E LTk, RN T
FREILMICITWHRNTH D Z ENbond, N AN D SLRE X, W ERmED 5% &8 —ich
217,

42 fETHER
421 FEST

X 4-3 1255 | /L AROHFLETRNEE X7 hL (BRRE) 273, /AR IR W TR
HImAAE U TEY, ZO/REIEITIT /VAPLETEL TSI Ebd, £, miuIFEEHHE
ZHLTWAZ NS, X 4-4 125 2 2/VROPLEEHNIEE N by (BEE) 257,
Bl ARHOERERUTL, FH2 o AREHAOWNMIZEWD THEEBITIAE T T DR, ZOHFPHILE
1 TAREHE L TSN ERbMD, 82 TAREOIENTYH, A IEEEEE2A LT
WoHZ ERNbND,

X 4-5 1255 1 = /LR FIROPEI G PS40 (10 FPRHIEE) A3, ARl P92 s ¢ M6
WotAb L7t Th 0 . M IAE BEARTHE L L TR Y, -0.5 EEEM . +0.5 2ELEEMIT
&5, 0.18D Tt TlEL, BEEITE S H O CTRBHEREZ B HBHTETND 2 080N 5, 03D F
HOWENAICEB TS &, WMRELSFHRERTHD A, T (-0.5~-0.3) O
T2 K& SFHET 5 2 Edbod, ZORFTETEIT, 2 Wik HIBER A BV AT 7= I 4E
LbeEBEZLND, B THE01C (K 4-7) . RBRE iR LT, MU 2 WAL 2 50 < 5746 L
TEY, ZHUTHEWVEEmEIEE (-0.5~-03) OFfmitHEz KEFHILEEEx b5, K 4-6
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(25 2 =LA FIROFATT it o4 (10 BEEE) 27397, 0.18D K TR 0.62D Fift& H12, BE
MRS &5 D TR R 2 RS HIHE TV D Z B bind,

[ 4-7 \Z55 1 =LK 0.2D FUEOWiE N D 2 IR & Wi a2 o & — (R 1) 2779,
fEHT T — S 1%, 8~9 WD 1 BROFHETH 5, #BriL Re=1.0X 10° KMDFERTH S, K 2-27
2L, RBRIZEBUV T Re=6.0 X 10° 5 & Re=1.0 X 10° Stk TIXIEN AR FEETH 5 = L AR E
NTEH ., Re=8.0X10° LEORBHER D Re=1.0X 10° &L FETH D L E X LD, ITICE
W, HIBERER D OB SRR D, fRHT TIRL B 1 /LR AE U 7o B0 358 2
TORRNANZEF > TWD 3, BB CIIfEGR T& 220, 7o, T TIX. AL Mz h - TR
AR (BLF, KEFEHEID ) @ 2 Wiiduix, WA mizm > TREEHEIYD o 2 diiil & bl LT
FRVAY, BRBRCIL O OWIVLIARRE Ch 5, N ORREFHEI D @ 2 WL, FEREEOK
90% & R S =28, FRBRTITHI 60% L FFl S TR Y, MRNTIX 2 ki 238 < FEl 5 2 &8
Do T,

5 4-8 1255 2 /L 7K 0.2D T O Wi N O 2 IREAL & Jieat 7 el = o & — (IRpfE1E)) 2R,
51 VAR D 2 VAT NS D BRWVEERIE A U TR 0 3B & OBEEFSE
O DAL BEAT D, 1T AR TFHRER UL, ST 2 RN &2 B B 0 38 < 574 L
THEY ., EHFHHEOK 60% & 7> Tnb, 52 =/LARRNMNCIE, &1 /LR FiO% 1 /LR
&R <, T MR ORI & 5, fET Tl AR TIiXH 2 DS URSBIEE S,
HIEEN AT TWD Z 20805, X4-91252 /LR 02D FiROWE N O 2 R OB, X
4-10 |Z55 2 =/L78 0.2D FiROWrm N il miiiE = o # — OBRRHEZ <3, IV 2 &kiii
MR 725 & ZVRNEIORHEIE AT L LT o Tnd 2 ERnbnd, 2 WRIRNBTEL 25 &
VAN OB X S22 5 Z 083 bhd, ZORNOEMIX, 0.05 #2(20Hz, St=0.65)F/E
Thb, ZOFEFRNBNENEBOER LoD EBEZLND, £o, RO 2 KLY, =
JVARNRIOGEIE A L B SN2k, RAE LT TND 2 ERNbnd, K4-111282 = /LR
6.4D TIROWIERN D 2 it & = > % — (BREE) %277, 2 2 =LK 64D Fif
1%, JSFR ® 2—)L RLU 7B DR 3 TR ALY 5, KL, #2 /LR 64D Fitick
Wb, JERFREAHERF SN TEY ., 83 VR TIERKZ BB LB A LETH D2 Enb
N7,

INHORER LY TR A BIFICHBHR TR, Ho L ARRERREZ SR E LT H
L 72 URANS fEHTTRIEDN 2 B LR (KRS e A el LT,

422 ENEE

B4 4-12 125 1 =/VARNICE T DENEERFAEZ RS, 00 KONE30° OFENEE;T, hofr
BT HERESRoTWND, ZHUEL, 00 ROE30" A7 i TFBER T < FBEIZHE S i
FOEEFHEOEBELZIT TCNDLTDEZLND, K413 128 1 /LR 02D N+ 128,
2R, 00 KOE30° [CBWTENEHNKRE S 2o TW0D, Zhid, B LR 1/3 fi itk 0,
3FECRLIEHETLR 17 fiRABREFR—-CTh Y, HEHOERT 2 EE2x 65, JENEEL,
0° 2k b K& <HKIE£2000Pa TH Y, T/LHRN 0" OESHEE L G LT 10 5L EE o> Tn D,
B 4-14 12562 =)L 0.2D FiDFENEE 2R+, 51 T/AAR02D Fis R, 0° LURE30°
WZBWTENEENRKE S eote, B 1 T/AR TR ES 2 =LK P CIXRN 22 55, FfE
EDENEEBNEL D Z ENbhoT,
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B 4-15 1255 1 =/L7R 0.2D FilZd6i) 51258 PSD 27~ ¥, £ 8.5~12.5 B 4096 ;5D 7T —
2 X 0B Uz, RSO 0° . £30° TiE, 19.7Hz (St=0.65) & 43.2Hz (St=1.42) |ZH
s — 2 NRLND, Flz, HEEEO LEENALEIZB T 5290 [ZBW\W T, oy —7
NEFTIIH 20 MER RS, ®4-16 12552 /LR 02D FiicBIT 5 ESZEE PSD #-1, 0°
30° ICBWTC, BT ARTFRERUEL, 19.7Hz (St=0.65) & 432Hz (St=1.42) O — 27 HNK,
HILDHD, F 1 TR T E R L TEOHEBMEIT/NS VW, 2LV, 19.7Hz (St=0.65) &
432Hz (St=1.42) OFWEBISIE, FH1 AR EZREKE L TWDZ ERRBEND, K49I1TRL
7= 912, 19.7Hz (St=0.65) O BRI EIL 2 IR EFRWVHBEIN H 5 L E 2 b5 73, 43.2Hz
(St=1.42) O EBA I OTWEBLZIZOWTIHEF THY | SBRORFAVRMETH D, 3ET
R LT K DI LR RR TIE, HIBEREIR D & O I AL 5 FBUE B E0E St=0.5 TS Z &
DHHITWD, X TNV REROMENTTIEL, 1 AR TREOE 2 /LR PRV T
19.7Hz (St=0.65) O Bl EREAE S 7-, H LRER & ol U<, BEilE i e - 75
K& LT, MBERNRARDZ &, K47 F 48 IR L2 L ) ITHNTIERBR L 0 2 kiih 258
< L) FHMEiT 22 ENEToND, SHBFMT DL T VT VR EROBRBAE R 2K, BHE
RETEAT O BN H D,

43 FEH

17 #ER 2 Bt VAR EER & et QU IR E T ARNT & Fhi L 7=/ . AT IR O BEm 5 & 5 6O 72
TV TR OV AN & BAFICHEAIGE/R 2 2R Lz, 2k, Mo L REVEIRREZXISR &
L 72 URANS AT FES 2 Bem VAR ISRICE I FIE e F 2 M8 Lo, AT 0. 6 1 =LK i
EE2 T VR T IR R 508, FREDENEENAET L Z E0vRENT-, 7=, ISFR
D=L R ZEE DR 3 =LA ADITAHSAE (5 2 =LK 64D Fift) IZBWTH, JEEs
MeEFFSH TR, 83 = VAR CIHER 2 BE LR BLETHH Z 2R LT,
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5 G

AT, F R U I AEHEHIAAEYED 1 IRGE 2 —/L R L VRS RN O 7RI E 2 HiR 3 % 7212,
AR 20 AEEEIE 1/15 ME R ENRBREE [ 2 AW o A LB 2 i 5 & L bic, AT — A shRE
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