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K3~-5 (b) WFHYHEE Ve D2HEI XEFHNOAMERI. R°=0.968 T
Eve WEBHRHEGFBMR D &—HF %, R =1.01 8LV 1.22 Tl LU EER
T. G. BEHROFAL (HHEL OEKFEFRED T 2 R Afh 2 SR 2 5EK
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07?2 _Theory

C , N B8
(Lor‘mnor bosic flow)
I gl [ I

0.1
| 10 R* 60

(a) JXEhk (7=0. 5) OEYHEEDOR W& SFEIL
(R*i~RoWldE®L A /LW XEL (3-3) )

] B=0.06
R* R*
\ 00.968¢2.13
— *1.07 ©4.25
Ve \ 01,22 ©9.06
TR ©1.43 021.9
L o
\ —0
0.5 |— -
o (0]
- \\
\O
- m\m e§°
— N\
Tbeory DG
~ R"=0.968)
AR S

(b)Y FHEEOTXENME (7 =0 WLHNIREE, 7 =117 IKE)

H3—-5 FHAuAHMEYEE (6=90" (FRHE) ;
ROREE R BREAFTOMEERR )
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N) Dle. Vo BT EEHFRTEDPT S, R =1.43 TEANLAILT. G.
THREV. Pod (RHEEHEH) CMHA (R iEn) SRR RERH
NEDTC. Vo BT EFHRWTHMAT S, R*=2.13~9.06 CIIR DY AIH
Us 32 EREBHFEILUR. ARE OFEGRBKELS R TREI LY
PROFEESMCED <. R =21.9 T ZFHhRBO Ve 8 0.5 LVKAX
RIERTT 2. HHEL OEEIRBA 2 <R3,
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3. 4 EAFXEHEBOTEFHICL ZE

x%mm<ﬁ®§$ﬁ&ﬁ8;v%®\b{/»fﬁﬁk&ﬁ?%%%@ﬁw\
TS&&Bmxofﬁmxéwmﬁi%mﬂmohfﬁw%o

i3—2ﬁ@ﬁ2&ﬁh®ﬁﬁﬁﬁm$0%m<ﬁ@&i%ﬁﬁmohf\B
=0.06 B&XU0.14 OIFE (T. G. WHEM) « ROV L =1.006 DL (T
IRVBRBE) U 2B UEDDTSH 3. RKFDve~vsBIU v, . B
=1.006 DB EDEARWEBTH S, ZD5Bv. &8 UK ves vie volds Bk
é%@&ﬁmﬂ%n%n4\3\2®\17?>ﬁﬁﬁﬁn®ﬁﬁﬁﬁwﬁén
%\ﬁﬁﬁﬁmmﬁﬁi%%ﬂ&ﬁiﬁxﬁﬁﬁﬁﬁ%ovu&ﬁbk%mwwé
D ZOYENUERPPREHMEIATORVESERK TS 3. ZTHhoxe
NB3EIRANLILT. G. B (fs) WT. G. PR ERPLEATH S
P OEITHE (fu ,ve) BT. G. BRBEII I VBREBRECHEL CHA
SM<ETH 3,

B3—-6u. RI2—18WWRUk&>RETHE OERERE (HEEE) &
REOHBEBCTHREHE BRI BABESMEL. BHRE2MAEEA (CCF)
DFEED eI, BAOTELHRODVTRULDDTH 2. FHHD £,/
m(B=mM\m=5~8\@2—18)8&UfMMIUHwJ%\m=5,
B4—-5 (b)) WUT. G. AEFORETHY. ve/m (8>0.4 ) Grow
yﬁﬁ@%@%%““ﬁ&%oT.G.ﬁmﬁmﬁﬁlavyﬁﬁﬁ%mgé&
ORZREERHERIERRU. HRAEKET 2 HoBY MU TAT 32
&ﬁﬂ6n6o:@%%ﬁ@ﬁ2ﬂﬁﬁh®%%(mmm)&@U?&%w\@
L2HWhOAPEE2AHEN & VKX RESREKIESRY. UhBoTT.
G. BREOEE 2RENOFE. §id (H2-18) Uk&> . BHFOL
IRVERBOZRFND. 749 —@BRCEMU . REFEOBRKT. G.
BHRCEU S EITHRBOEELED 3 FMRHERLUTVIEEI 60 3. 2O
s HE2HEHENOESERKBOES7 AXY b (F 2 @I T 205G
%smm)oﬁw\?mbéﬂﬁ%miu%:mﬁno%@m@kt&@mkg
KBBEVIKIingd Y OMEHOEXT. BURKESIHBEAE, Lo
SORHEE2MEHRIMOAMNKIEL 3 2 RENORER. HE2 Bikh O
iﬁ:c:il‘j%lﬁ?)ﬁﬁ)’é’@:?ﬁ(?ﬁh@ﬁé@l:ﬁm?%é:%:’c6&%75)6“625%0
Mﬁﬁ>m4®m7vyﬁﬁE%®%éu\T.G.ﬁﬁiumhw\17v>
ﬁﬁ@mnmﬁﬁﬁﬁm$0%@ﬁWﬁw\B<m4®T.G.ﬁm$U%ﬁﬁ
wﬁmgé&ﬁﬁ@ﬁzHﬁﬁnm%%%~ﬁm¢0%ﬁﬁ&ﬂ&Dksm@ﬁ
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FX3—2 HARBEPOTXFHICLI4EE (B=1. 006WYavors

—kKayaodo'"OFER; fsUANAISALT. G. #§, fu&veld
EITEE), fhldANEEI 2 Zh TR RS EAFRE, voldipE
PIER BT RBEAREEE  SPWANAILT. G, HOEALHD
¥, mBRRAT. G. B (B8=0. 140EE) LI IIVIE
RIEBHRH (B=1. 006DIFAE) WEUZEITHEIOBHE, msld
EALDANLILT. G. fOER (B=0. 06DBEH) WEU
ZHEITHEIOWEER, Suld¥ AW EH DL

B 0.06 0.14 1.006
Value of f Value of f 1/ Value of ¥
fer 1092510015 (7)[13157001 (3)
fs | fs2 10.47+0.03 (?)]08550005(2)
(Sp f3  252520005(7)|0435%0015(1)
fwr (2982001 (21{2.69t005(6)| |V0]0.602002 4)
fw | fwe [4.402 001 [21{225510.0255) |y |14 10.42£0.02(3)
(m) (m) )
tms) | fw3 04851Q025(1)| |5 |0241003(2)
f fH1 Q76 £0065(14)
H
S| fH2 30010.015(=0)
V3| 0131001
T4 | 0.382001
by
L5 | 0.20£0.01
Up |0.06(=tp / 4)
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0.49
i Spherical Couette flow
:3‘\\\ { fwim Present (8= 014)
fw/m 0-4 |— \‘ [ fi/m Present (8-0138)
firm 0 1 Ww/m Yavorskaya ef al (1980)
bwim |- \\E\\:\h scr Circular Couefte flow
B AN ? wwh King et al. 1984)
Wwm [ CC?\\
0.2 —
[ ! | ] | l |

0.1

K3 —6 EITHBOETERE (MAHEE) L9 EF oK (fu/mids
=0. 140HEHBR « ANAILBHEIWT Sy (N=2, Sp=1
~2, m=5~6) OFE; 1/ miEB=0. 138DHEITHER
WRIOWT (N=4, m=5) OBE; vv/mdB>0. 4L
JERBIEOHZES | wu/ mEHEE 2HAFRAOHEACY ; N
BRT. G. HOELE, SeWANAILT. G. BOELNOK,
m i TR DEED
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FIBEBIEEESC CIIREKEVERTH %,

K3 -3 PADOEFEHEBOEBEBLUTOEBL 4 )LV AKILR" 2.
EHO=FOTEFHROVTEY. T. G. #BFEE (8=0.06. 0.14 ) DIFEA.
BERL A JVZABIEDOR <=1 (FhEH Rec=2760. 880 ) BV TERT.
G, WPEUSD. HhBEFRBRAFEOLODEELH N B ABSHE LS
2higb. BEXRBIHBPETICESIHIDE. BRRTLILZANLILT. G.
8 (fs1) BFREISL=0.06 DR*1=1.09 (Re=3010). p=0.14 @
R*1a=1.13 (Re=99 ) DL X TH3, ATV VEREE (8=1.006 )
UV DBERT. G, @PREYI. R1=Rc=1 (Rec=460 ) BLTE
VIOERREHE (ve) BEON D, REUZOERBEHEKE. 27X VERBERE
NOREFEREUSHUAAMETHHCLZDDOTH S, X oHIdh 3 &
DRI VIEREE (8=1.006 ) OBEBBETI. RBRBIToREKL 1/
NABURCESETOINTOR BHET. PLLALOEARBREBRDO>H TV 3,
—7+ T. G. BREOEBBETE. ANIILT. G. #8 (fss) BHBL
THEABILRUEERRRBRERS 2D, EEXHBHEBLUT (—EOFHE
FALBREBEUT) BERBEHEESESORVREH (8=0.14 DEH) . »
BBV T LT 5O EARBREORHEEARVR &M (8=0.06 3 LU
0.14 DIFE) BEET 3, TLLIIVERBEOEEE&R OM<HAL4AE
DTOEKBBBTEBR ST LI, T. G. BEEOBESUI2BUTTLY
RUVBRRBRERERTHROV,
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K3-3 HAFFEBOEBEEBL A/ LAKLOT 2 FHc L 248 (8=
1. 0O06WdYavorskayaos ' 'SOER,;, R*GEBL 1/
WAL, ROc@BERL AL IE, RiaaxdEREBRIFoLEAL
A NVAELL S fs3ANSINLT. G, #, fu&ve~vldiliiTH
B, ThldB AR ZhThERTERERE, vi~vs&veldd
BOERE BT RERREHE, 8=0. 06, 0. 14, 1. 0086
DERLVA I NVABRec L EFNhFh2760, 880, 460)

B=006 B=0.14 5=1.006

R f Ri f Ri v
RY=109 |fg Riq=1.13| fo1 Ri=Re=1|p0
Ry=1.14 |f¢p Rip =1.49| fco Ro=1.14 |11
R3=1.19 |f R3q=1.71|fso , fius R3=156 |1y, Vs
R4 =1.33 |fsi fw1  |Rob=193 |fs3  fwr Ra=179 |1,
Rs 7137 lfsa.fwp [Rpc=280 53, fyp R =191 |1y vp
Re =139 |fsz,fwa |R} = 505|fs; Rg =196 |Lalsla Vs
R <1.43 | s R4 = 610 I - X c) P 2
Rg=3.8 gz:dim;zouoﬁgﬂ =10.5 [Ty, fws . |Rg=224 |vaia
Rg= 6.2 | fso R5b =14.2| tha , fw3 R9=2.43 |V,
(Rmex=22.4 )  |Rs =19 FRZZZoﬁizoﬁon) (Rrox = 35)

(R pax = 99)
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3. 5 AAADEITOI X FHWC &k SHHiE

FHiZ2, SHWHOT XDV T. FELEHOEMER >V ICEHIHBER
REYY BIRUMBBECT OL 4 JIVABELRLEV. I AOHITHT £ T
HRE->TEDASWHET Z20DPRDODVTERT 3,

RI3—-7120=90" WBYZ2KMI X FhhDHEIA A EFEDEL
B, Yoo ERDEED. TEFHRI>TEDESKHBETINERLLDOD
TH3., EPofiohzL>C8=0.06 DEAWE. B=0.14 ® 6.10SR"<
10.5 OEETRI WX REELSHOBK (—ROBERHEILHAZ LAY 3)
BRI ST, MLEBHRESEIRK (ROTIE) » o EBHEER. BRESER. 8K
FIZCONEFERYICHEITT 3. UB>TL=0.14 TROIWLFELSHBHERE
TEHEHEE. T. G. BREC—BHRHAETERV. COLIIRBIEMBEU 3
FTRIELOBHEPEOEREZHIMZTEZ I, SHEOFETH 3,

H3-8RHEEEHOEMNE (IAX) ODEGLRITHCHBBEER 'S 4R
(f) BRUMRBES® zOR W LBEILY,. F2FLUREI>TEDL S WHHE
TE3PRRUVEDDTH S, LI VEREE (8=1.006 ) DFA'S . R
RIToREBRVA JVABER nax T THLLAREMELIEY (RREhTOLR
VB, R*nax=35 TARK0.5). dR=1DFLERH A ARBALIZEU &
VB B oHohBL3KT. G. #BEROBAW. 4R=1 (z=1) OoXf
A AREEN B=0.06 CER*sSR"<R'e. £=0.14 TWR"219 O&EHEHL
RhTwb, 2. B=0.14 TUNAAD. EITARAPTOMR ( 6.108SR"<
10.5) BRoNBH. B=0.06 TURLRIFAREP>DHAADELD (R"
Z2R%) BWRONBIRE, WA ADEITOT X IR LZHEBELL, AR
DHEFEFYVDOREREDVTIE. 8= 0.06 Tt 1.37. B =0.14 T 1.93. 8=
1.006 TIX 1.95 &FEXoh. BEEDWKRELIREELD>TH S,
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] 1111‘{.1_({ I Lol 0

» ©0
10 ]

3~-7 d&EhRk (7=0. 5) ONPLKFLOEMBEOI & FHhic &k 240&

AR

(6=90"°

(FRE) ; RIi~R o WEB L 1 VA% (£3-3) )

R "RR.  B= 006
R
_ B=006 !
- e aR (fs1)
- o AR (fs2)

v AR (2fsa-fu)

FMl3—8 NAADOEITOT XTI LB (0=90° GFra), 7=
0. 5 (FxFhk) ; 8=1. 006l Yavorskaya
HUD DR ROy ~R BB L A/ LVXELE (£3-3) )
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3. 6

ol

AETE. E2EDL=0.14 KB|EHVT. B=0.06 DFADT. G. WK
BEROWT. ZOHFBHIANY PALBBBRREU S AOELERKE DA
ADEITE. FENELX LI >TH MWL UL, FUTB=0.14 BLU B =1.006
DESEEBIBIERLY. PAOBFARBBENF ADOEITHT & i
K2 TEDRIRHET EZHEDVTERE V. BohhERBRI2FOES
VTH %,

(1) B=0.06 DIFBAWIHEEANYT Pbe WRANT P BHERKU CHEEANY
PIANEELU KR WRANT P UVBEIBT %,

(2) 8=0.06 DIFEOPELDOEFEHEBBLIUBHL 1/ LAKLIZDV T,
K3-2BIUR3-3DERLE 2
(3) B>0.4 DI RVERBREOBE LI/ VERBHREAICHEITHE LU
2. <04 DT. G. BHREOBFEIRNRT. G. HCEITHHBEU 3,
ZUTREFEOEITHESOEIEIHE (MHEE) UiiEOZhiV A2V, 1
HHEEITHBOBHERERIE. ¥ 3PP IEIBRT 3,

(4) B=1.0068 DIFERBREIToRERDOL A J LXK R nex=35. &
EZA39NTOREBET. DLAOEFEHBIRDOIATHS N, 8=0.14 ®
BEUEREBOHERBLU I VY MDD, £ 8=0.06 DFGIXEELEE
DT LD RD. BEEARFEEIBOhRBROL A4 VLV AREHBEET %0
(5) B=0.06 DIFHFWWIH EEEE. EFEE. BAL. LEEBAEEHY
WEITU. 8=0.14 THEURKI . DLEOEREHERD & BRILERCES
ECATORERESOHEBBROINR V. UhBoTIDEDIRFELH IR
THIRFUT. G. BREO—BHRBAZR TRV,

(8) B=1.006 DHFAR wsx=35 RWBLTHRLEBNF AR (AR=2z =
1) REFEURVHY. 8=0.06. 0.14 OFAWELEHL R*H 3.8, 19 T%
BRAA AREWLIES 3. B =0.06 DFEERARAFTAREDP SDHA R
OERPBR NS, B=0.14 DFAUNAAD. EITRAPTOHBEBRE >N 3
RE, NAADEITOT SR & BHESZU W,
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s A EE MEIT UREN IS5 K U EE TP Eh D~ U

4. 1 %

ot

AAADREE. REFLEBL2EDTVIBEETH %, WA ADEEIZDOL
T, TOLAOEFEBREPERCHHUVTHIAADRET ) EEX 3 HR
BRLandau®POHBEBLU 2. 3EOHLALOBERFHRBBHIE UL
ROITHAADBRET ) &EXASREREINRZRuel le—Takens
BORYFUFDSEEOOHEABHM SN TV 3,

BONEARERZLRIANAEE 2 HARELIE. iiECURSAZTOER
WRITENPSPREIATVSE 2D 28 gips, §id (X1 -1) Uik
S EITHE (wu) CHEBHEHA (0n) OZOORKEHRBBBMU L BT C.
FOLEROAF X (ws) BRLET 2. ZOBAOETHRHEE (ki) &
EHBHER (v o BRD) B BONMETRERZICBL CHVAEGEIIRL
2 pre—turbulent ‘flow &UTHESEFEHIHh. FERCHE
EhTHBEE U, UhLUCheABOAREHEL2RTHE2HKEN (8<
0.4 OT. G. BHFE) K20 T, BITHHERCEUTHTDODURENH 3
U2 QAT BRAFSEBCEUCTE T RIMEBRL,

ABTRT. G. BREERS5L=0.138 DFAFRDVTERT SIS, 0
GENKEBRBEEZIL O HEFNICLEREISEALANAILT. G, BERET S
U DT, BEH2ARTENTRONZ &S REITHEBDFEE EHARSHEKLES
CEBTERV, UMPUHEIE2KFEN T, HE2HFHEHDOEES O L REE.
RHAOBEBOOEELFRCKY. RO RBOE—-BHIEZF RN ZOTID,
COF-BHERZHATLE. EITHRHHRLERES/RESB oL 3TMEE L H
3, |

FTITHAROBEBO LRKE2 LT RERR2ITo oL ECT S, B E T S HITHRE
BEBIUEARBBRNEONRZOT, 2OBMER. HhomELBLUL -
fﬁﬁ%%imévmwﬂm%—Fﬁﬁméwémmbkoa:@&ﬂ@%—F
fre . RRER (Rh oL B LU L —VFEEENEOHER) b .
WENY — Y REFEN I~V %Y Ia2Lb— 52 ETHB. DX CHE2AY
RhOBELOHEBERPOHRTIIER IV, FA45—WEWCHEBUR, Fid
FEDT. G. WRICEU SEITHSEEARBRRIIBTEOL /T IER
BHRIUWDEEZODVWTERU k.
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FRXTITOWEOE— FRFL. EANRCUEE2M0EHEh g 28 (o
UDRITHhhRHOLAUTH %, WBOE— FRFOEN L. HR2AYEL
DIFA WHN Y —VREFANY -V OBBEBRRERT I3 L 29 BLUKE
DWOEFAMONUHENE VW ERAWPT A LU, ROV ERHRIR
RIEDBHIEYD ZHoke FRNTUIHIDOEWHRMNAT. AE2HY &L
DEARIERI W RAHEEEARREBEACMATERANY - DY Ia L —
YareRiTidZll, BAUHE 2REL BT 23T AHSO B LRI REEOBR
ADPEGE2AEHRNOBGEBIEET 3 2o PRT A EREBHN EL
T HEDOE—F BT 21T - ko
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4. 2 RBRREBIUKGE

KERREBLIURRAEE. 2. 2. 1HOBRhOWHRILB LU L —VEEE
WEDZELREALAUTH S Y. FHhOoF—FHRHH U THITHHRARE
BHAEBRR /22D, LA JVABOEOMERLER I 2,

RA-1TEARBRTHOUERA. AKFEER: « Re v TFEHB. BIUHEH
OHPILBERDP SBLERL 1 VUV AB R BFT. WROOEEKELS LU,
NEOFEOLECHEEZ2. 2. 1HOZEELABE TS, AETIAMNET S
EITRSWMBREEFARGBEEEL 2D, R* OMERER 2EILIXERYR" %
BEIEED. VEUEBITHRBREEEARDBRIBE o> h 2HRIE. R U
HRELETET. ThoDREE R OBBREFANR, EBITHHOKRLEOHEM
W XRE2FBE (H2-2) K9RDL. BRANY -V ERINIA-FY kK
O FRRFES AURRELEAOERTER TP . 4. 4. 2IHTENR
B &IWRRDE,

KREREBG S EITHRBOEARFHE £+ BIUEHBBEK I & A by
T+ FRAVERERBRBLU L —FREEANBER S UL T4 HETE O E K
BEBFD oRD L. —HEITHRB L EDIBHY T IEER (AHER) WKBT3
EHAREY 2’ LBOm. k. fi. fQWE@EMS. 4. SHTERS &
SURDR, R =2.2 TRT’RBIBI. 4. 4. 2IHTIHERS LD ICRRE
FRUBTIRRALFOERFELHBRNEBRT EIED > RD k.

EBITRS B AUEARIDOIRIE. k. R RRERCBG 3 FFENH
OEHREERFTY o R Ize
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#4—-1 pB=0. 138DGADKFTTELERL 1 /LA (FEEB= (
R:—Ri1) /JRi; LA/ NVAHERe=2nTeR12/v)

Radius Clearance|Critical

Inner sphere|Outer sphere| ratio |Reynolds
Rl(mm) Rz(mm) B number Rec
76.89+0.01 | 87.53+£0.01 0.138 9500

Secondary
flow

Toroidal
cells
(N=4)

Ma4a-1 BKBEHEIT (EABN=4) OREROKE, Yo (O
M, @ENEWAY;, al—i1, als—il1lsBRIFEOANME
FERER, i2—a2, i0—-a0, i2s—a2sEREFEOHME
EROBER)

]
y =3ﬂ/2'
~<—Rotation

Ka4a-2 LALEN/HEHEm=4,/50#ITHHIERIWVT O2EuftEE
(R*=4. 33; a2~a2sidNkbtord, KiAg (K4-1)
1 ~50BFIEHROES; o W70 A EE)
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4. 3 EITHBORRERE €~ VK

AHE. LA/ LABDZOMERLBBIEE I LI VB h 3 HITHED
RO (HBNY — Y DEFFEHERE) 2. ShOu kB L UL —¥K
LAREDOHERBR OV LI hR2DERUTIToRBBOE— FEHF (BN Y —
YDV Ialb—vary) EEPoHLHRT S,

H4-13RRT. G. AOLLBENBADOE2OBREEL T OFFENE
CHOWSRBORENERT,. BRRT. G. #IREU 5 561MA H LT HE
B i2~i2s5.a2~a2sORFTCRULEAN. B LEOBERORMEN K
HAPEIAL jO. KEA (60) AHOBRIEH ST 3,

H4-2W. LEo4tL (N=4) OBRRT. G. BRBELAEOEKMM5
OFNATEITREDE U T EITHBB/RIOWT BHE+HSHBRT. G.
i+ ZRFEN) ERokE B, RXABLFAEBE (KI2-2) 2IToTHER4K
—HORKRALEEFEERRT. HMFOQUERRER BV T, WIROEIZH M
By 3K NABETHS, Fh1~5 (=m) OBFUEEITHEOEIES I (
HAEROEEARIE—H) RENT 3 L2202 BOESTH 5, EITHEEER
DIO—-ZAF—F (BOBPHBOEEL2RT) UHHE2HEEHLOBE 3 &
k. BRT. G. HOELLBNLETHBOBEmO2HOEY (N/m) T
REN%B, HI4-2UN/ m=4/5DHEITHEGB[HEERUTVEB, KT a3
o (B=0.138 ) HUTW. R* PZOMERER RHEYRBETSZI LWL,
THR2/4BIUAL/6DBITHHARLBIZEWTE S,

FAUMRTEBREN/Mm=4 /50 ITHIFBRELC DV THEMEERT 3, 20
BhEREIESFMEEL. UTOE BV CH%. TR 2BPSRsEFT—F
DOMELE. R*=dR*"/dT HRTOAY -k, Wimme r 12 pigH
URKtERRE. Tc=Ri1 (Re—R1) /v 2E{RUTRIHLTVS) TLREX
¥ ZORR ER"sO—EEIZED (FI4-6)., ZIZITR's. R°2ZhFh
2.88R"s<4.4. R°R210° QKNP WHET L. R* =R sT4/ 6 DHElF
HBPRMDWT RO S (R4-7) . ThHoR® 4.4 F Tl L
RIELE. N/ m=4/6Hh34/5\070-A7~ b OBEBBRIY. H
HOEITERBAE BB Ih 3, TOHELIEIR 2H4.4 o BB LRSI
TREE32ER A0, 2.55R°S7.2 OBETHIT 52 L BT % 3.

N/m=4/50EITESHHRLC DV T, BN BEERCTHRE UL FF Bl
HOEREE (RBRER) »offh. REBIURRALjOKXEA 6; (t, @)
DORMEZELEHA-3WRY. j=alB&Uals (MTREK) OWHAELE
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70 s

Ma4-3 TFHHEEECSYIETRIGOREIIL GETHESEHFRIOWT (R*
=5. 19, BAEHN/EHm= 4./5) ; jEaRE, AL (X
4-1) ;R (WKL) & OrRLE) WRERL (O, O
O/MEFRTUIEZHER; 1 ~00BFUHOES, 1 /11, m/
T EITHB O E 0 @& E, BRI

0,
2 70/ m

3

A

N

(10:1:(10 _A(pj

HMa-4 EHER[RSTIETHHOEDREBOBER (¢’ WINTD K
xHd B HUES BRI R, @, W45 J W33 2R A T ;
49’ =@’ —;’ UEEONMEE, Aj, 21/ miEITHED
ThENRE, #E)

A(/)j
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WEAERMURVYE, ZOMHMOKRM. BiALE. Fh o O8/NE BELLUE
BUBRT LI, ThoDEBEMBEREEBR> N3 DD, X TH U B
1/ fi. TIEEHRIESHUTVWS, ZZT1/f1 31 HOEPEREZRDHE
FRIEBYT A0ME GEBRE €. f EITHESONBREES L T HAE K
BTH%., VB> THE2MHFNRHLOEA 2 LA SOoNmREhER (

K4—-1D al—-il, als—ilsER) ¢AmxEhLhER (i2—-2a2,
i0—a0, i2s—a2sHR) OHEAVIKRBLTWS, LEUVEE2KED
T EBOLIRXCBONHEHRNIEROA KR LOREE (al1&als) BiE
LRV, Fl4-3H0Om/ f1 WKEFDS (=m) HOHEBERELERYT
ZET. EiITHESOEEBAMEHIEY %5, K4 —-1DOR" =5.19 OBRAEm/
f1=2.21 LB/ B30T, EHEHEHE. 1/m. 10.452 & & 3,

BEnz é:i»%ﬁﬁiﬁﬁi}/\’}’—.‘/ti\ \3% 2 HE RN O5 & & REmEOE KR
MHtEEREb., NROBEHMIHL YT 1/ m OHEEELE CHKO &L S whE:
FEIEBHONS, UhkB>T. #ITHEESE D ZEET 3BER (HER)
KEESHhRBIRFCHU TH. EITHRBNY - @#HLEUVU TR 3.

A -43DRIREIEURBITHEENY - OBERIZ2RUEDDTC. #
. 7, (0’) = 8;-0; (¢’) W, HERZBFIRHEBRAL] (al
Calsldik<) OKFEAG,; (¢’) OEHETH 2., 2T, WEHE. £
e’ RINRTOjRMUTRELRIANAEE (A#ER) TH3. HPDA;
GETHESOIRE, 2t/ midER,¢i’=0’ —Ae," BB EHUTHDLS
WEEBIhRAMNABE (FER) THEROERAMIZHEATS (Ae;’ldle’ &
@ ;' DRIMEE) .

DEWEITREOE - FENE2ITO 2D, LEOBRERIC BT IEHREAAR
RINTIRET %0

g (9’) =8;—6; (¢’)

=AW (@;’) =AW (@¢’—A@;’) (4. 1)

CZCW (i) BEBNY —22RTENT. XKREZ2HEURTLERS RV,

W(o;’+2n/m) =W (¢;")
BERREEREREHUT 2o {1/ mOAFEETHET ZOT. HigEE e’
KEREEE o ORI

p’=¢—2nfi1t/m (4. 2)
OBBBHILT 3, N (4. 2) 2 (4. 1) ALATBZ LRIV, BRER
ZBYBEBREA 5, (t, ¢) BXKRO& S LEYE 3, |
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i (t, o) =8,;—0; (t, ) =AW (9, —2nf:1t./m)
=AW (op—A¢;—2nfi1t/m)
=AW (p—2nfi (t—-A1t;) /m) (4. 3)
CCTAP; =0 —@ld. IRNTOjRXNTIEEAUABEQEZjRHUT
RSN ANAERe; EOMEZE (RRER) € MISY 3HEROMHEE.
A9;i’=¢’—@’s WUV, FhAt; R EOREREt & OREET.
LREOTERBRUMEEAQ  EOBRB>XDOHBRB S 5.
Ap;i=—2n f1At; (4. 4)
CTTW (@;’) BIEH#HK
W(ep;’) =sin (me;’)
ERETHIE. X (4. 1) BLU (4. 3) WELEHL
Fi(@’) =Ajsinlm(p’'—A¢;’)]
BLU
; (t, o) =8;—06; (t, @)
=Ajsinm(ep—2nf: (t—-At;) /m) ]
(4. 5)
bl
RA-2UHA-3DHFHEIEOVT. B EOMNEE A t; & TR KRG
ZAQ;. BIAUBITHBOZEMBRER. 02 =2n1/m. R¥T 540,00
BIRUEBHDTH S, CCTAL UNKA-3OEFMEI>RD. 2hiexdd 3
Ag;lds\h (4. 4) RKYVFHEUTRDR. FhEEHUAQE Qe UL (
A9iea=0° ), IXRTD jOMOEADHLHZELL0.128 O (0.128 ¢y )
WHAU, ZhIFERELRV, HOR ODBAEDBIHERRBETH 3,
N/m=4/5OEITHBERICOVT. R* 2HEBHEEILIELIZADIE
TR OIRIEAce. EREHEY (MAHEE) {1/ mOELR. ThZEhE4L-5
(a), (b)) WiRYT. Aeld4 -5 (a) WRT LS. R Ofmex Uk
BHUR® B2 THRERS. a0LSADKEED. ChEABOMEmMERT. &
BBBERZOEEITHEBHERV. JTO—-LY—h (BOBEXRBTHEY
NAFHDE—F RRYT) BETHBER (MWT) »RAER (MT) &
B3 &iiHET 5, COXIWEITHENC X ZEKEAEOEME D < ABKH B
ROBRIZHUTHEU. RhBSkRUEERBREBEERSIBER. 8=
0.1 (B2F) TRohRBE. ¥ROLEANAINLT. G. BRL3ERHD
BRI D CELBA PR OBAREH UTHBU. BhBakhUVEERBREEL
RABFE. WHBLEDOTH 3,
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*K4-2
/S m=

EATHWEI M OAIAEZE GEITHRBBHEIWT (R°=5.
4/5) ; J(iqufn w;&.ﬁi (@4'—1) ’ At.i» A(pjtiﬂgﬁ;&

19, BILEN

R

BRIOZTh T hIFRINY, RREGRKAEE, o) =2 1/ midiETEIoER 2
R
j 10 a0 L] 1 2 a?z
Source | Sink Sink- |Source | Sink
Aty 0 0.0177 | 0.0546 | 0.0116 | 0.0372
AP} 0° | -299° | -924 | -197" | -6.30°
AP /92| O |-00415-0.128 |-00274 |- 00874
3
\\\
\\
Ado [ AN
T
_ \
\
A\
A\
g 1 | | I\
3 4 5 © §7 8
(a) R (B=0. 13 BDOMEITHEBEHRIWT (N/m= 4/5)®%A)
MMWT ,m=06
0.49 —
" ° 000 IOWT 'm:S
_f_l %0 o :
m [\ & Rt
045 |- N oo,
L \\\\\' °
B ’m=6,‘\ m=5 | mw T SN ,m:5~6
. 1 | I l | 1 I I
0421 5 - 10

(b)@ﬁ%ﬁﬁ(cm(%%ﬁ%@@@%ﬁﬁﬁﬁ#%)tom(b—wﬁﬁ
HWEER) W8 =0. 1 38OEITHIHWHEMWT (N/m=4.,/5) OEA

 OENEB=0. 13 8DXEHAWHBBHEIMWT (N/m/ k=4/6,/-1)
DG, ~HBEKEELL=0. 140HHBER + ANASILBHEMIWT Sy (N=2,

m=5~6, Sp=1~2) OiF4a)

M4 -6 EITHEOIRE & EEREEE (MIEE) ORWwL5%ik (NIB
RT. G. OB, mBEITESHORE, KEEANT A—¥,
SPEANAIAT. G. HOELFOEK)
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MA4-5 (b) OEHEREL f1./m (8 =0.138, m=5. ETHEEH) &
R OBARHUTHST 3. 2hiedUThis (M4—-14) OXBRBBRD
& (B=0.138, m=6) i&. f1/mPR &ELDBRWAT S, A, did (H
2-18) URWBIERR - AN4 I LEERRE 3 ETHBOBS (8=0.14,

m=5~6) d. RFOEAREMUTIf 1/ mPm=6 TUHEK,m=5TLEIT
3. DEOZEDHSEITHRBOEEREHMIE. 70— LY~ ABHE GEIT 3
Wi ERERBEE. WHER - AN ILEER UTod. BEmBEUTHA
d. R RHUTHUMETELT 32 & 856h 3,
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4. 4 EHABRBHORRER

AHEENOTRIEBLUL — P HEANWEORED 6. BFMEOFRER Y
(4. 4. 15) BLUEARPORE (4. 4. 21H) 2HOHWRT 3,

4. 4. 1HTE WhOE—-BEHLFHUTCEABRSRRLE S 2D, AK
EE: (LA V) OLRRE LT RMERREITV. COREZHEFANS,
4. 4. 2HTE. MERRTCH/ONLEHAHBBHEOKE (AN Y - 0%E
HARHERE) By BMhOTHBILBRUL —FHAXNETHL M IZT 5,

4. 4. 1 FEHBRBORERNY

WhODOL 4 I NVZAERBRETIBEBICBEVT. R* 2ELo#BEMHCLREXY
256 BT, G. BEMATANAILT. G. BBERETIZOT. HE2
HEHEN 2O TRONZ LD BREFARB L LU RV IO, 22 THEFARKE A KE
LD HA-BRWRTEOUR ZHRTHONS Ts I Tl—EDOMESE.
R*=dR®* /dT=R"s/ Ts. THAKXE., T>Ts TItR" 2—F@R" sl
ROMERREIT oo CITCTsEMBERETZHE. Th (=T -Ts) I
BROKRITCH S, Ts,Th OREAr -1, TOBEGERABSEERT. 2%
BHRUTREA TS,
MERBRTHEIWZT70-LY - LAERHATE EHREILT S 8. +H K
MRARCETREKEVRVLVHZIBROTO-LY - L RMET S, M4 -7
CDEIBRBEROTA-LY-LARBRERSOBEREBOTRUEBDTH 3.
FfOIMMW T BRI ¢ 3 ERABRBET (BR+EABBBRRT. G. H+=
RFEN) T ThRBIRHIZIER. R's2FhFhR 210°%°6 1.75
R*s$2.8 ORURBEThE LV EBHMdN D, MBRS1 0% D&M
TEANASAT. G. MBFELE (OITS, MWTS) U. EHARBIB> L
Vo FHOMNMWT +MWTIIRIA -8D L ~FHEINHHE OBEIZIL N RT
KIOW. B (t=10837.5 BRHY) ORBBRTEAXRGHRHEIMWT &
ETHERRMIWT R ERHN 3T —- LY - LA TH %, CDLDIWHHEH
ORECHEPERINSBZE. OAHE2HARAFEN TEREIATVLRY,

DK S, MERBTUHIO-LY - LABERITEEHREILT 5. H4
—QUTOHALESRS TU-LY - AOKLE. R 2100 OEMEES
KUR $107° OENEROHAL OV TRT. ZOEDSHS NS &S
ERHEH (MMWT) 283200 LERNE. SMERR LYV 2ELLOBRE
ROIT (N=2) P34 LLORKAKRIT (N=4) \OEBRIEIXE. X
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-
: — Th
, R=Rs
R
o dR*. . - RS
—-R"ET_ = Const. Te
9 T

F4-6 MEEREY (ROWNER, R sWUNEEZEDOD—FEDL A4 LA
o, TWRER], TsWEMEFR, Th=T— T sAMHEK DK

I WT
51= Y
* OMWTHIOWT =5 9

R L ]

s [T MWT

l“:‘o O LODOAJE 3
., g OT(N=2)
-1.3 -1 05 .% 0 03
oglOR

Ha4-7 RONERBRTR =R sBLTEBHRIEIZ IO -LY -4
(XEMLETHEBBFEROWT (N/m=4./6) , QENIETEIIBRIMW T
(N/m/k=4/6/—-1), QHEEFAFSHEFRIOMW T &EITHREBEE
MWTHRAERANS DO, GEBRRBHEAT (N=4) , OCENRRIAEE
OIT (N=2), OHUGEHBIA ANASLBHIWTS (N=2, m=6,
Se=3+3), HEIRWKR ANAIALBHEITS (N=2, Sp=3+3) ;
NBRRT. G. #OoLLE, mdETHITOKE, kIEEFANITI A—H, Serid
ANAFSNLT. G. BOEALNOH ALFEH+iEER)
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05. IIIT . IOMWT WT

3 lwwmmww LA WMM i

« LILMWT
Uk

B

SO c lOO

H4~8 L—yHEIHLAICET S RDEAOHLL BROBYEL (R =
2. 64 ; EREBBHROMWT (N/m/ k=4/6/~1) &it
ITHRBBRIWT (N/m=4/6) $REHAS)

o % -
R 5100 -6 >lOO 6
HIWTS Gé IIMWT
N=2,m=6| - N=4,m=6,k=—1
Sp=3+3 - T
p 0] TTIWT
g N=4 ,m=6
a. p
]
LITS -~ I1T
N=2,Sp=3+3 N=4
Y : A
LIT
N=2
[1B]

M4—-9 MERRICBIZI0-LY-LOEMEL (1BWEREKE,
I TWEERARE, MW T WETHENNEER, TIMW T RS ERE,
ITSWERK - ANA I, TIWT SIEIEHES% - AN4 I
W)

FX4—-3 4tV (N=4) OBRRB\E» SR BUFHIC LEIY RFEDOT T
— LY -4 (OTERRER, OMWTREHKSER, N
MW T +IOW T G EFEHER CEITHEBREIZECHA S b O,
OW T WGEITHRERER, NIBRT. G. B0, mldidiTis
D, KBEANITA—H)

Reduced tramsition Flow regime Flow state
Reynolds number N | m k
| — TIT 410
1.77 TIMWT 4161 -1
TIMWT 4161 -1
2.64 IE%¥ e
- 2.80 IIWT 416
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NAISLT. G. @ (ITS) 2REIERVWIETH S,

REEBHIORBPS. GMEBRLZLOVS>RALELOBREFE (IT (N
=4)) BRohhE. ThEVR" REBHCLAEIELEAIRD. F4-3
URTESRXEAKY (MMWT) BEo6h3Z eBMdhk. ZOBAER"=
177 TEITHRBOREL ARCHBZEHAN TN (IMWT) . 2hi VR HE
RIHQWER =280 THEHEAGHAS (MIWT) . TheHUTHZ2AGR
ROBZE2V . FTRIEFAORVEITHENEU. ThLVR® BEXTH
CEITHE KB ERA BN 5,

4. 4. 2 EFAESBHOEM

ZHEHORERZHMRZT S LD, 4L (N=4) OBIKRT. G. BRE
AR RRESYE., FIFEFEB LAURRALEAOERSERELIToR. N4
—10 (a) BFTFHENEOERSEIORA -3 LAFRUTRDE. HOK
e WA jOKRIEA G (1, @) OREZEILRRY,. BhsMioh 3 & Sic.
al&alsB2BBRVERKRE. WAL W 1/ f=7/ 10T, KNS
ARDSFH (HOBFSOLWX " HZ20 L) »oEESS/NOEEE (CHED
Fe#) CELT 5. S THERAOBHOBERE—ETRRL. SEHOHERH
FHEOERLIVDARZVE., ThROVTRRITET 3. AKE2AEHELOES
289, FAI-RoNmE (HEFLhIAMIZEDP D) EhERBE
SEED G FEHBIHEILT Z2EMEINTVEH, HE2KENATET. G. §
ONMERNER (M4-10i2-a2. i0—a0. i 2s—a2sEHR)
APV TR, HAEHELER (a1—-i 1. als—i1siER) vRABLE
L3 %, REUVHEERIWVEROAR EORERa1Eal sit. EHAORVE
THRIOHEE (H4-3) LABZEALETHURL,

Bl4-10 (b) UBRRXBL2FOEREFET. TORMEIBLIERREAROHE
ER 1HOBBERTSZRM. 1/ f1 . TH3., ¢ =0 3B FHRE T
PEMRDIEBSFHRERSZ L =0DRENY—ViE. t=1/fT=7/f
THBYT %, URB->TRIA-10 (a). (b)) OERER»S. R =2.2 D4
ORBRERLCBI 2EFAHBEH £ &

fa=11/7=0.39 (R*=2.2)
t5xoh%, CZTF1=2.73 TdH 3,

BB & > CRESBEADOSFHORE L. BESSIOFEFOREL VD
REVLDT. CHARDVTIBREULSFANE S, F14-10 (a) ORWH.
PTRAKJHUT. HAOBBEOFTROBHEZBEBBEESCHNEUVLEE L &
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Secondary flow
.\,,[ f(\wf\.,v\
For01da1 cell’

Al [\ A SRR, :
\v WWWMM iy

Wave No 3 or01da1 cell

s rd 12 16 5, 2,165 4,3:2-~1 65 4
90 [ o Q‘ 4 Mu \»f‘d"“‘"\' W 'ﬂ}y\f\%m‘{’f
[ j=ils T TS/ £,=T/f— Toroidal cell
100" Pnd e AN AN
- ?Uﬂ/ | ' \ﬁJUﬁﬂfﬁz
S j=als I l : Tloroidal cell

" 8
(a) FHEETEIC B 5 REZEL

H4-10 RBEARLBTIEFARDORREIEL (EHEHHHEOMW T

(R°=2. 2, N/m/k=4/6/-1) ; j (=i2~
ils, a2~als) WY, Wi (K4-1) ; 1~60%
FREOES, H, "THOBRWZThEFLEERE, SFEH, 1/
WEE OB ER, 1/ fligEHREN)
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—<=<——Rotation

(b) RREREC BT ZREEL (@ ETT6AEER)

H4—-10 ERERKBGAEAROREZEL (EHEPEHHRIMWT
(R*=2. 2, N/m/k=4/6/—-1) . j (=12~
ils, a2~als) WRH, Bidg (M4-1) ; 1~60DHK
FREOERS; H, T HOBEWSEHhELEEE, SFK; 1/ 1f
Wk o EERE, 1/ f WD
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FThid. FHOEKIBA; BLURHBEOBRR t-; CHERBEOBRL. Zh
FhiXl4—-11 (a), (b) D&%, HHOEBUERALOE/NHE
UL ORDRIEZIMBET. XX TCEL SN 3,

Aj=A;+A;jsin [2rnfa; (1 —-Ata;) ] (4. 8)

tri=tej+ETrisin [2nfe; (P—-Atr;) ] a. 7)
CCTA;N trldEE. A Tr 328 (FEHA) OBIE. fa;s fr;l3TEH
IS8 A tajw Ate IIBRAERE L *OMEAETS 2, KI4-11 (a) B4
U (b)) oMo 3 LW, BITHHIEREASLVEEST (BHEESHR)
UTBY. ZhoDEFARME. 1/ fa;B& U1/ fejs WEDIWRTI /225U
Vo Ukeds > TEEEREOWTKR (J LB’ BRY I,

fa=fer="f>2 (4. 8)
R OTHRILBRIC LN, fOR" B BA3HRHNY -V LFEOR =2.2 ©
BELEERUTH»Z30TC. R (4. 8) GR® REMHRIHKITZIEEL >h
3o

K4-120. H4—-100FHABRBOKEINY — Y ORBEIL (RRER)
2. MERTRUVLEENTH S, ChAURBRERRZBL T/ f=7/f:1D
FRIFRCTRE UV ARRE2FOERSE L. MERREBTIILRLIRD
Shlee t=0DEINY -2 B t=42/f1 THRTSDT. BAERLB
SR REEABIURIBRBEAVPER>REHA) BHE

fo’=f1/42 (R*=2.2) (4. 9)
THABh, £1=2.73 »BFOMEIL0.065 &7 %, ZZTfa’s fr REKR
B BTN EEEH. AREEHOSEEARKE T, Thot i
D f2’ORK

fo’=fe’="f2’ (4. 10)
DOREBRBREILT B EE. RRERZBOVTHRYET SR (4. 8) OBBM S
SMTH %5,

DERBEEIWORBEAMOMEER A da EULDe TTTAG=0 (&
SV ke BBELUT21 ke ) L. SO HOEIEEHORIMEBE
UTHAZ &, T RODBBENENDNOFEHBOBY IFUS EEETHEZI LR
BEYWT %, $hAda=n &id. BESHOEELEFAOCHEBERELSFHTL
B8 TROBVEEOHVIISFEFHTHVFORBIYBILRUFEETSH 3
CEREW®T S, ABRCBEBESOHRORERBEAMOMEELAG LT 0T
Adr =n&ll. ERUBBAOBOBOIBEREBENOBETHO. TORL B3
REUVEEDBEROETH S EL2EEHKT 5,
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OZ*%%———>tFj
() O O <O-

)

X4a-11

DQQQ\QIWG%
Lls-
. W

3=12
e

f\f\/\gz/

QWO

Wave No. 10

0 4 t'8

(a) IR KEIZEAL

%/fé%

j=i2"

az

il

a(

- Wave No.

(10
) A s T
= *32165[*321W

(b) HmROBRHZEAL

IRMREE B K VRIS EN (EHAFSHRHRIMWT (R =2. 2,

N/m/ k=4/6/-1) ; j(=i2~il1ls, a2, a0)
IR, Whag (B4 —-1) ; ERUERS (O, @F1) O&/NE

FAUL WL dh#%
h g,
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o' —~—Rotation

ZTT ™

¥ I
4 3 2 1

[Wave No . —- T

- O

0
6 3 l 7
6 , 3. ;g(_zB_)
VN j“%ﬁ
\/\\S/\\/\ s, _6—;56“(%
N A RVANY AN ARV > “—:lE*(“—“ii

Bda-12 EERERRZSGIEARPOFMEL (EAFPH/HEMIMWT (R*
=2. 2, N/m/k=4/6/—1) ; ¢’ WARNAEE, 1~
BOBRFIMDES; I, "“HOBIETHhELEEE, ST,
1/ f2 GEFBEM
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H4-12RBVTEEHHFERVOLBFER/DORER, ELSEHRIIVOHEW
RADHERERTOC,IRKEEFA L AIHBEFAORME BELVY (Ada =AdF) o
URPo>THBIG - RO, IKEBEFAEAEBERAPER > L EAROUHEERA S
teThilEHahI

DAda=0Adr=N9
&%,

HH5KE. ZOHEDPOMEBN LB T ROBZOHREHSEOEFABORHAZER
2nk (KWEH) T30 mBEOERFOUEZEREE2HEELOEE
U CRIBELVEEZONSDT.

Ap=2nk/m
2B CCTKIERBEALBREBERADPER S REFANY - 2RI N T A
-5 TH 3. A

Ada=2nka/m. APpr=2nkr/m
EZBAXON B, T Thas KrldENEFhIREEHA. FHBEAOEFTANY — >
RRIBENIA-ITHS?, DEO3IRAD S

Ka=kr=k (4. 11)
DRILT5.E4- 12058 FEE»> SEEHOBVOHEPSFH (3 XAda
=n) THADT,Ada=LAdr=Ap=2n1/6, 73, UaB>Thka=ker=
k=—1 &2%, ZZTks kas krRASE2DOU0RLORBREFAV @’ O&FN

(FIASHEBEAVLEHED 1. 8. 5. + » ) UBITIEZHLSTH 529,
FhOTELBRCLNE,MOR" BT IHHNY -V BR® =2.2084
BERUTHSZEMS. N (4. 11) R REBRZEITSDDEER
o> B,

Fa-13 (a) g A (4. 8). (4. 7)) FOA;. A;j + Tej~ T %
AOWT, A=A /A 1BLU T =Tr /I EERINZ T THIEEEHAS
JURIBBEFAOESGR. MA4-1 10EFZHBELDVTIRLRLOTH S, K
DI EEEAOTVREBBEALIV DEHAOESGPAE VL, —~FH#EKE2H
HWiEh (CCF) BWT. Gorman&é&Swinney @O IEREROHE
RELBEBYZHERY 2T+ LLACHEL. TORFPS> k=0 (m=4~5)
BIRUOK#FODHZEEOEHABEHICODVT. TriDF - (FA4I9—HONMXE
RO CEBHEBIHESHATORVOT, jIPHBIF—FEUR) 2
oo Bl oXIoh 3 kDI, RHBEFAOEAURR2KEhOABEIE2 BY
mhEVBHREL,

Ra-13 (b)) WX (4. 6). (4. 7) TORMH LORMEEA ;.
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12

(a) EHOEES (A, TrilEThFNIREEY, BRKEFHOES; CCF
(H#EZ2MAEN) Gorman&Swinney @O OER)

0.3

AT, -7 N -9
T~ FJ,//S// AN -7

At T

AtAj o

O B \(D/ /
*O.l@/////l | T\\\\%
0 11 az 1

11ls 40 a

, 2
J
(b) FifEZE (A ta;, 4r; B FLFNIRIEET, FHKETHORLERE taio
& DOREE)

K4-13 REEFAEEXRBEAOMBE (FEALHFFEIOMWT
(R*=2. 2, N/m/ k=4/6/~-1) ; j (=i2~

ilS, 32, aO) l;{ll}({jj, g&i&)ﬁx (Ea_l))
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Atei . RA-1 1 0EFHBRODVTCRUEDBDOT. BERBIt 2 taio (
Ataio =0) &Uke R (4. 8). (4. 7) D3HEIO>NIZ LD, Ata=
Atr (jIIER) DFEBAL tr WEAMNMBERDOT. REBSEAOK (SFHH)
WERAKOHEL2FED. —AHAta=Atex20.5 /T, OBABLEB TR IO
Ty SFHUSNDMOBEEREZRD. RI4—-13 (b)) hoMioshsd LD, ERE
HFROBEFEUNU CHRBEFAONMUIARKEFHOZL L VH0.25 (=0.1 /
f2=0.7T /1) EATWVS (AtaxsAter=0.1 /f2) UDUZDHIIHDOX
LRINEVLDT, SFHREIBEEROERE2RFED. i hil. SFHRIEFHE
HELOVDBBERBKEV, ChZHUTHE2MHERAOES 2. SFHRIF
HBEIXODHERB/PEIWD (Ate5ALex0.5 /T2FEZONDB),
M4a-14W@. N/m/k=4/6/- 1 0EAHHBRMBERINZ1.77s
R* <2.64 O#H (K4 -3) CEBT3BMEARK. £ /m (EoEExEHRE
BLU T (EFHRHEE « BoUWR T 1/ f26R* OBRBRERULDDTCTH 3.
fi/ MBIV 1/ f20fHIE. WhOFRILBLUL —FEELLHED & RD
fi. feBIXUmMOEISHEUTRDE. TZTTiv f2OBENEANT |
WONT = (Pu(fi)s Pu(fe)) . 2B X FHNOMTELE CRIAM BEE
G, TEIHEE7) THBUTEILUVEE., f1. fOEGHEMECERRIC
—ETCHo ke HEREREUIRODLI SR L&HRBATIHEILRILU. FO
BREARNTEAZ SN B,

f1/m=0.455+0.011 (£2.4 %)
—HEAFBIKER OBARHUTHAL - 140 &5 REILU. ZOEEKRR
THExoh %,

f 2=0.387%0.009 (£2.3 %)
Fhf1/f:DFEREBERATEL NS, R NI SFOELBUAZ L,

f1/ f2=7.03£0.30 (4.3 %) (4-12)
DEW. FHRIEBR OV TOULOERE2EIE 2HH R OGS 2 & Hth#k
UTH&ED. HEIE2MHEAFRN TREFAFEHRRD (f1& T 0ZEBRMHLY — 4)
KBOLT. f1 /mB1%BORBRBEUNTR RERRE—TETHoL (¥
USZAoh7miZiT 3k OBKEUTH. RBRBEZLVAXL (3RBFE) X
ftUs f1 /mER" - N, mBIUKOINRTWHUT, 0.34£0.01 (£2.9
%) THEAGOhR) . THhIZHUVEE2KENTE. LEDf: / mOEILE (
0.011) AN PLSEEE (A f/m=0.0008~0.0016 ) XV KZWLDT.
fi/mPR" REFRLC—-EEEZEL >RV, 22 THER2KENOEEZE
W ($90.455 ) pEE2 HEHRNL (§50.34 ) KV KREXLOIE. B3 -6 Tk~
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fl/m I f,/m e
0.45F

- /5

04 =t
fz “‘W
0.38+

' N DR S

Ll
5 2.7
1.7 2 o 2.5

7

7S

L
/%
/

6.0

R ENENE

B4d-14 HARYOKMUREKKER OMR (ERHEBSBEHRIMW T
(N/m/k=4/6/—-1) ; 1/ mGEOEREREK,
BHRIBEL, 1/ f B EARIRECH T B EAKFEREDLL)

zd-4 m/k=6/—-10FENAHEHO#H T (CCF (HEHE2AFHRNL) W
Gorman&Swinney @®®QiER, CCFTWR =10.5
THEAESBFEE, Relation (EFHREASEKMOBERR) &
4. SHILK B)

* |

B rimjk { NI R f fl/m £, f Relation

_ 1.77 12.73010.455 (0.3870.066 |¢' - ¢ _
Present {0.138) -16)-1] 4 ~2.6410_.066t0.011t0.009i0.018fZ £,-kf;/m

: ol 705 £,= £,-kE /m
ccF [0.133)20|6(-1|20} J 2| 2.03 | 0.34 | 0.21 | 0.55 (%= £)-kE)/
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REIRXBTIERTFET I LI VERBHRIhOVZEORDEEL O N S, BH
Fl#E f: ROV TE. OR2AWELO f OENBR" S &HIHHACHEMmMU.
EHARSH RSB O 23 BARBUN20%THo 2. 2HhZHUTHE?2
BKEhDf2 E. LiBOLSWARY P UHREE (A =0.005~0.01 ) D&
WTHEILT BDC. R MU TEE—TlEEEB3E¢EL N3, 1/ f0k
KOV T, BE2AFRMATEINTOIO-AF—-F (N/m/ k) CR"
R UTHBRCELT 22D o b REKE RS k. —F. BHE2BELOEAW
ZTOXOLRGRBRVY. HHm2HFAFENEEAKR KHEL TEILT 5.

RA-AIARERTHON M/ k=6/-10EFAKD@BHOBER. Th
CRAIUM/ KOEEZFHOAZB2APREIhOBEEE L EHRRT,. XhoKdh
B3EOE, T 2HRFEhOEFAHS UME2 ARNKLOBEA LV DT > LELRT
BHCHN TV S, ORRCBI IEFARHEYE 2 OEZ®REOR (4. 42)
(fe’=—fo—kf1/m) Zfi. fou m. KOWEMERAT B EW LD
W, COEREZE2HRATRNOBALEUIHEEREYT %, TOMHIEA. 5
TR % &S L%E@fz’@ﬂﬂ%iﬁﬂ@ﬁ2ﬂﬁﬁﬂ@i§% (f2’=f2—-k
f1/m) LHHET Z2DSTH 3,

Rand“) ZE#HBHRICETIEFAHBIBEO & 5 2= BRI O B2 435
HERFHT DI, HHEROBEEMNBHEOZEX EHVE, U TH 3 HEN
BUHERROEWEIBHFINZEFH LR, Gorman&Swinney@2®
BHEHEZE2AHHRIM BT, ROBEAR2ED 1 2BHO_ERPO 7O - X F—
P (m, k) 2BRRU. ZhollRandDFRE—HRTIELHBEL TV S, [H
B2HRENRZBOTHRUNDEZLOEFARBAF - P BEEVTHET 3D D
UVhRVD., ARRTEZh2EVHICEUTERD - R,
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4. 5 THEEE DT - F AT

AHTE. HTHIWVZEARBORRERE D LR, WD E— FHEIT (
EFANY—-YOvIalb—vary) 2175 £E—F@FR. BE2AEHELO
BaeE UL U Ehbh e~ FBIFCEU TV S, OE2ME0EA W
BRHINFAREEALEBEFARMATY I 2L -V aye{Tohl B LU
HE2EFHI BT 3EARDOBHERHBMOBRRNS. g2 HEFh 0
BLUMHETIZERHIDRUEEVWS ETEEVD 2,

EARSOE- FRIFEEITO> 2. HEHERCBIZ3HOKRE. BAsi (H
4-1) OXTEAOG; (t, ¢’) OE#ET; (t, ¢’) 2RADLDIWIREU
&3, |

gi(t, o) =8;—8; (t, ¢")

=A; (t, ") W (L, o) (4. 13)
CCTORFIETHY. A (t, o) W (L, ) BELFHIREEHA
I BIRE. RIRBERT SHBNY - V2RI TS 5. LBOREWR. B
2HEFRNRZBOLTSWI f t 3O PIT o EEHHREBOE— FEITC LR
T3 REUVAE-FBITTHRENY - V2RIEAKELUT. Swifto
BDRHVEW (¢’) ofb iz, W (t, ¢’) 2HV3, 2OHEHIE,Swift
OWERU LEIRBEALDEET 5D TH3. A, Wit. ', fe’B%h
ThiciREH. FRBEAOCEHAREYK (B#ER) THZ0OT. KARBR LR
Fhidzoe R,

A (t+1/1Fa", @©°) =A; (t, o),

Wt+1/1f’, ¢’) =W (t, @) (4. 14)
THOWA;, WIRHBP2 n ORI TRINERIBRVDT. RABEILT 3.

A (t, ’+2n) =A; (&, 9’),

W (t, o’+2n) =W (1, ¢°) (4. 15)
DER. Swifto“POEE2MHEHRNOE—- FBIFIZUEZBL. Aj, Wi
MUTENENGIEA o, dr2BAU. KRDE S RIRET 3o

A (t, o) =a; [2afa’t—0a (@’) ],

W(t, o) =wl2nfe’t—¢r (@’) ] (4. 18)
CZTa;, w ZFRMBP2 nORHBEK TS 5. X (4. 18) DA;, WHR
(4. 158) 2RI DWW, KABBILZURT TR L.

o (@’ +27n) —do (@’) = 2n ks (kr€Z) (4. 17)
CCThoWBY (Z) THY. BFDURBRE T3 DEFOALF 0D
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YRFEODHRTVS. KEEHA. FARBEHAOKEH R ODVT. AUAB2 1/ m
OB SWOEFAMONMEA G4, 4. 2HTHENR LS K
Adp=¢p (¢’'+2n/m) —¢o (¢’) = 2nkp/m
EREBDOT. X (4. 17) WHRNT 3. TZTTEBENIA— kold. GitHA
GoP22n RIFEVTRHRO2IEDS., R ASI CLRUVROXOHEWRSZ
EWTES,
-m/2<kvEm/2 (kv€Z)
DEIW. drlDVTO2ED LS RIRET % 10,

dp (@’) =x0 (9’) + koo’ (4. 18)
ZZT '
X0 (@’ +2n/m) =xp (¢’) | (4. 19)

R4 18). (4. 18). (4. 19) . X (4. 13) ALATHU.
F; (1, ) EERRDED>WRSB.

i (t, o) = a;[2nfa’t—xa (@®’') —kao’]

ewl2rnfe’t—xr (@’) —kro’] (4. 20)

MERLE B IEHEHE . REEALBEEEAOT A 2 UL KA
B (1, ¢’) ODRBETHZ0OT. RANOBBRBMILT 5.

g, Ct+1/F2", @) =8; (t, @) (4. 21)
UlBoTH (4. 20). (4. 21) BLUBEKa;, wORMIEL Y. KR
WRE 3.

fo’=1ip2"f2> (iv2’€2Z) a. 22)
F; (4, o) WEh2n0FBETRINEIRSRVDT.
gi (t, o’+2n) =8; (L, ¢’) (4. 23)

BRIV BRTHERSBROB, 2hid (4. 19) . (4. 20) BIUBEK
aj, wORMEL VESCELOONS. §; (t, o) W, X (4. 22)
N4, 20) ANRATARZERLY, $LO2¥DLID >RXERY 3.
g; (t, ¢’) =a; [2ria’f2’t—%xa (®’) —kao']
swl2nmnir’f2’t—xr (@’) —keo’l (4. 24)
MR ¢’ E RBREER o OMOBMRN (4. 2) 258 (4. 24) ~RAYT
BIEWRLY. RREARRZBISKREAG; (t, ¢) OXEHET; (t, ¢) &
D2E¥DLIREFEOINS,
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g (t, o) =8;,—0; (t, @)
=a; [2n (iae’fe’+kafi1/m) t
—xa(9o—2nf1t/m) —kaol
cwl2n (if’f2’+kef1/m) t
—xr(9p—2nfi1t/m) —keo) ] (4. 25)
RBREAREBTIIEAREE f2, fa, fridFLFLT; (t, ©) (EEEH
CRIBBEROTHRZEVEHKRIEA) « A (t, @) (UEREALERTER .
W (t, o) (FIEBERALZ2RITEE ORBEETH3DT. RABMILU R
hidroizbv,

; (t+1/1f2, ) =8; (1, @) (4. 28)
Aj(t+1/fﬂ; §0>=A1(t) (p),
Wt+1/16, ) =W (L, ¢) (4. 27)

UleB->TH (4. 18). (4. 19). (4. 25). (4. 28). (4.
27) BLUBKa;,. wORIEX VXX BRE 3,

fo= (ive’f2’+kof1/m) /ine (iv2€Z) (4. 28)
fo= Cive’ f2’+kof1/m) /ioo

=1lip2fa/1ipo (imn€2Z) (4. 29)
fo=f1/1i12 (4. 30)
fo=f1/11w=i12f2/11p (4. 31)

CZT. XN (4. 18) THAThEx (¢’) . X (4. 19) RERT LD
Rt /mOBEHEKOEE. CORMHEREET 3. X (4.
30). (4. 31) LBIBi12B&UR (4. 31) BFZ i BBKT
RINhIE RV, TRDB

i12, i10€Z (xo (¢’) BEM2a / mOEBKOES)
RANRGEGEUTx (@) DEBOEXE. LBORIMOERKBRIRED
Ty 128 i DI BETHI3DLEBRV. RiBTB2L3W2i1:& i 1R OF(L
WU THREBHBEERORVOT., o (@) UEHEEBZBAONS, §; (t,
@) Aj (t, ). W (L, ¢) I 2 ORI TRINIILRS RV B,
ChEX (4. 2). (4. 15). (4. 23) LvBBEI»DON S,
F; (t, o) X (4. 28) 28 (4. 25) \RATBZI LWLV, Ik
DEDLDIREKYE S,

g; (t, o) =a; [2nincfot—xa (0—=2nf1t./m) —Kkao]

wl2nirefot—xr(@—2nfi1t/m) —kre]

1.772R"<2.64 OEHEHCEUSEFHEE (X4 -3) U2V TOERRER. R
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(4- 7)\ (4. 8)\ (4.-. 1 1) S (40 12) 8*0%4—4\ Civ—)g’
DEIRLEFEDBN S,

kv=k (4. 32)
fo’=f2’, fo="f> (4. 33)
f1/f2=7.03%£0.30, m=6, k=-1 (4. 34)

M#IZARR BTG IEHEEE £ DEWRDV T, R°=2.2 OEARERLE O
HEEEN (4. 4. 2IH) o, f2’=1f./42 (R (4. 9) ) LRD>H
W HHOR TEHBEOEERITZIT>TVRVOT. f ' lRE>TLRL,
U VRN OEHEBRC LWL, OR B ZHIHNY -V BR =22 O
BeEtEEHUTHZDT

fe’=~f1/42 (KE) (4. 356)
ERETCES, AN (4. 32) ~ (4. 35) 2. R (4. 22), (4. 28)
~ (4. 31) WKRATBZEWLY. iv2’, ive, iop, P12, i1pldZEHTE
hDoO¥D&LSRE 3,

b2’ =fp’/ f2’=1 (4. 36)

ive= (ipv2’f2’+kof1/m) /£

= (fe’+kfi/m) /fo

= (1/42+k/m) f1/f2=—1%0.004 (4. 37)
iop=1dpefo/ fo=ipex—1%0.004 (4. 38)
i12=f1/£2=7.03+0.30 (4. 39)
i1tn=1d12f2/fp=112=7.03%0.30 (4. 40)

CCCA (4. 37) DipeBIUR (4. 38) Dimlt. ThEFThRX (4.
28) BAU (4. 29) TRENWTOLZEIDIRBETRINIRZROBROLDT.
ive= (ip2’f2’+kof1/m) /£

= (fe’+kf1/m) /fa=—1 ' (4. 41)
BLU
ipp=1idp2fo/fo=1ipe=—1
CHBEETN S, XN (4. 41) Woxpi >i@EEDION S,
fe’=—fo—kfi1/m (4. 42)

Eleite, iW@ELELR (4. 39), (4. 40) BRI ISR FECEY
EWRGRBRVDT. xo (@) BHIBULAIIREREEZEION S, LENST
xo (7)) BER2HFHRNTSwi f t““’éi)‘ﬁi&btiomﬁﬁﬂ2n/m
ORI X (4. 19) ) TRV,
O%lgﬂh@@ﬁﬂZﬂE(“h@F%’é@%2Hﬁv“h@%‘*tﬂ:&b&')o 3 (
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4. 32) DKRDOVTOERBIUR (4. 36) THEx 6N B ir’ DIl
Gorman&Swinney®@®®Riko>THEshOE2HERILOD D E—
5. UHUR (4. 39) THEABN B i1:8LUR (4. 41) TEx»
N5 ipeDEWE. 2X¥RRTER2AFRNOESR @2 E—FHURV,
f1e2=1f1/f2=9.67
(m=6, k=-1, R*=10.5 (XFADOKZYV) , HE2HEHEHL)

ioe= (ipe’f2’+kof1/m) /fo= (f2’+kf1/m) /f2=1
(BlE 2 HEHRN)
CZCi12DEER (3B3AN, m, K) WKKFEL 2D, gidolElk2 Bk
hOBELARTECEETURVOT. HHE2AFHELOEED X (@) WE
BTREDIERS R0,
SwiftU“2asid, BEK2ARELCBTIm=4, k=10FFAHHOIE
BEFAHUT. xa (0’) %

xa (@’) =int [me’/ (27n) ] —-ke’' (HE2MHEEHI)
DEIREAM2 n / mORMBEBERELV T NT—ANT PLOYI2 L~V
ayR{Toke COXHBEEIHUTGorman&Swinney @i}

i1e=f1/f2=1.68

(m=4, k=1, R"=10.2 (EH#AOKEY), EHR2MRHEHL)
DERBHBTBY. i 0FRBRBEURORVOTxr (@) WEKTRITH
RV, UhBoTLiBOVYIal-varyidxaea (¢’) BEBEBDOLD
PREVIHTEATRL,

DEDOKE-FRTERE24. 4. 2THTENRBRER BT 22D,
xo (@’)y dp (@), a;, wh HE2HHRLTREAD BIToR LD,
RATIREU &K Do

Xo (¢’) =Coj, o (@’) =x0 (@’) +ko’=Co;+ koo’
BLU

a; [2nfa’t—da(e’) ]l =24+

ajsin(2nfa’t—Caj—kao’),
wl2nfe't—dr (0’) ] =sin[mo’+w;+

' Wisin(2nfe’t—Cri—kro’) ] (4. 43)
ZZTaj;, 85, Cajy Wi, Wi, Crild EBTH S, KEE“2 W LEiZD& S K.
xo (@’) BEE (Cop) LRELVALZERXZD2VTADERTLRVLNE. Z DK
EBRYTHALVHEPE. FidDOT &L TH %5, BEHERLEBIT AEHKRIEA
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i (b, o) W (4. 22), (4. 43) 2R (4. 24) ~KRAT3
CEWRLY. BKARND&LDWERE 3.
gi(t, o) =[a;+8;sin (2niae’fe’t—Ca;—kao’) ]
*sinme’+wW;+W;sin (2nir2’f2’t—Cri—keo’) ]
(4. 44)
ZTUTRRERLBIIEHREAT; (1, o) . KX 4. 2), (4. 28)
231 (4. 44) ANRATBZEZED. RRADELDWCRE 3,
Fi(t, o) =[a;+8;sin (2nie2fat—Cai—kao) ]
esin[m(ep—-2nf1t/m) +w;+
Wwisin (2nirafat—Crj—kereeo) ]
(4. 45)

R4-15 (a) UERERCBIZIEHKRIEAT i« (1, ©) OBEIZEILE
Y. RIFOERBU. RIAa—-10 (a) WRULEKTHEAO o (t, ¢) OF—%

DOTERBREAAD. 30 (4. 45) REZENEHRAEMMECH.. 22T,
fa, ko mDIEWA. 4. 2IHTENREE. 0238 (4. 41) THEAxBH
2EEHV. oWFEBVE, FUTRK (4. 45) D aie. Ais, Caie,
Wie, Wia, CrieDEll. R/NEBREMEL LV OX¥DLID>RZRDS>h 2,

ai0=0.933, 8i0=0.419, Caia=3.73,

Wie=1.33, Wie=1.48, Crio=2.19 (4. 48)
Hhoxiohd k2. BEURBRAR LI YIa2L-PUTVWE, H4-15
(b) & N (4. 44) THEZXohBFie (t, ¢’) DYIalL—VaYyrEiRE
To CCCTf2’, ko, mODfEE4. 4. 2 THENEE. iv2’WX (4. 386)
THAohBEEZHV. ©o’lf0.675 1 TH %, X (4. 46) OfERHAL
ko 2OV Ialb—-Vayi. Ml4—-12RFUREBNY -V &Y Ial
-pPUTOW 3,

H4-16UEHRRCBIIEARER R OBRERY. Rho V.
VEIOF -9, 4. 4. 2IHTHERE L1, fo, m, kOHPEHER FHLELIKE
(4. 35). E—FEFPsBOhER (4. 42) "\RAT B &LV
ROz, MHEDT — Y OHER. KERX (4. 35) REEFHBBEF LT AN
JPUEEOBEE R (4. 35) MY BAT./42=0.0001~0.00028 & U
N4, 42) x93 (1+1 k! /m) Af= 0.006~0.012. DEDHICEU
LbDEHBxoh 3,

HMA4-17W. Ma—-15 (a) @BF5. X (4. 45) THEh BB
RIEUHHR (i=10) DORDBENT-ANT PP (f) & ZOHADOL
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= Simulatiéh AsEXperiment.
0 1 2 3 " 4 5

(a) BREROTFIEWEWCBT 3BHEL (RHFUEERRBRE (QF1) NOX
(4 . 45) X&BYIalb—vay)

» | | Qﬁ' ‘*f—“'Rotation ’
[

;“*Wave 65 ¢ 4 7 9 1
S 2O j 1

O ¢t

Ot”\//\\/”\fh\~<5\/h\!/f\*6%T
%_Tl 0= W~ 2

o | | L
O‘”/“\/f\¢9/\\v/h\v/\;L\—ffr
2

(b) HEROBEXERBL2F BT ZBMEL (FEEX (4 . 44) R&BY
Iab-vary; o’ WAHAMAEBE, 1/ GEHARM;, ¢ o=
0.675n)

Direction of time

—

Ka-16 HFEHFHOYIalb—-var (EFRAHFPHBERIMWT (R*=
2. 2, N/m/k=4/6/-1) ; 1~60BFIHDOEST;
TEN, THOEWEERERTFIEHE, STFR)
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009 —Modal analysis

£ -
0077 /\'\'
QOS[ Aegumption |
1.7 ? 2.5 2.7

Rz‘%
R4d-16 ERRICHBGIEHARDMHEE (EFARDHEEIMWT (R =

2. 2, N/m/k=4/6/—1) ; VEI, VERLZhEHIFE
N (4. 35), E—FREHIN (4. 42) WLBEDR)
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'(fl—fz) —(f-+f2)
| :&T } I a | I |
S el :
Ay i~ o —
las_v sz ]
:52 ol :
—9~ 1 | 1 Il 1 [ ! | |
107 g 5 £ 10

(a) E—-FBITHERPOY IV - PINRANT PV (FEAY -, B
FRERMUESSHKEOREL =1 0)

£
ol l T I T

vz—f I lf '
LT | (B ) ,
\v4

M‘WWWM

6 1 | 1 | l
5

0

2
— B(f) V7s
l —_— {
=

Ol
-

(b)) L—WEBERXANT L (6=90° (FE), 750 (FHERFE )
Ma4a-17 ZEHABRBHONT AN b (EARGHHFERIMWT (R =

2. 2, N/m/k=4/86/—1) ; f1, f20FhThE
WEOEA BB, EHABHEEO
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—FHRHELMNED 6 /BRBEEAKXNT AT ML PL(f) (0=90°. 7%
0) 2R UEDHDTH %S, MHDONT— AN P LWRIFITEUSBERKOE
2RT. REUEhOOHEBEAFRBONT — DM, FHDANY bILTH
E¥ %, 10DADIJRD2VTOP (f). BLUH=90°. 750U84D
PL(f) OF -9 24 UTDd. Lt AROERBE Wk,
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4. 6 &

o

B=0.138 OT. G. WAHREOHFARBLT. NEEHRKOLEES Ly 32
EWkY. ME2HFRATRON S &S RETHREBRE EHRDBEREES
CEWTER. TUTHNOTIES KU L —FEENIT R > U L8O € -
FEIIZE Y. 2ORMERHO PR UE. SoROE2ANRhOES L OHE
RPSPRTZIERXLY. F4 I~ BWRCHEBU 2. REREOT. G. @K
RAEUZBITHD EEARHCRE TELEOL Y RV ERERhORERL SV
TERUR, BohREREREOXDOLEBYTH 3.

1 BETEBRDOVT

(1) RVZOMELBR ZBEYIZH/ET ST LW LY. N (BT, G. B
CAB) /m GEITHBORE) =2/4. 4/58K04 /6 QRIFHREER
EBBIENTE B,

(2) BRT. G. BREUZEITHHL. BONHEIBLUNHEHELERD
P SR EDRM. WAL (REUNREOREA i=altalsiti<)
DRIAA DI IIET B0 EITWHELR | CHEU LB S AL o5, ¥+
NTO | CHUEBREES (EARRK) f2o,

(3) WEHEORITHBOEIEL. R-OBACHUTHELT 3, ZUTR &
7. 2THREBTERY. J0-L Y- AGETRBERD > EERBREEE
BEHT 5,

(4) B35 ORITHI OEBE B (KIHFEE) 3. R-OBARNU THED
T 3,

(5) HEURTIO—LY =k GETREBHR. EHESBRS L CHDER -
AN FRHE) REU 3-ITHEE. REPAC TS, REHUTHU G
G EEASER O (Rt N

2 FEHBEHCOLT

(1) R*EEPORsET—EOMEALER TLREEE. ZORR BR sD—5
ERXFEONERRICBVT. R” 2102821, 78R"s S2.80%HwBETH
@ N/m/ k (BANY —VRRINGIA-F) =4 /6 /~ 1 OEEEHE
REBBIEDBTES,

(2) BPBEAORELHED. BEWCRESAIRENESh BN, 2Ok
SRR, HHE2ANKATEREIATLRL,

(3) BARBRBILERNE. R°R10°OBMERR & >T 2L LD
KR D 2 AL OBREREANOBBEECXE B2 ETH 3, |
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(4 ) HE2ARNRNOBARNESBEFAORVEITRENREL. TOHR"
BERTHVITEITEECHESERASN 2 5. i 2REL OB L HBTH N
EITHBORE L FKFICHK 3,

(5) ERAHRHU. ABE2ARNFEhOBE LA REXFHEFAEY (BR) &
HADBERSREEFALKT,

(8) ZEHDES (FHEWHTZEHIRIBOL) . REXADOH BEREE
HALOKEV, FEBEHAOESE. ME2MARELOBESLIAE L,

(7)) EEAL FEBEHAOMEZEN. OE2HEYHIOBEAEHET 2, T
BROBEF 2N TUHEBRORERSFRIIEFOHRRVBAZIVLSE, HE2H
HEHWh TEREONEREEBEE ZOHERRBAE L,

(8) WOBPIHREAHB {1/ mMBR OERKEEHBL., RRERRRZ—TEER
SEE2ARHRL OB EHEUVREIDERT,

(9) ERZERCBUIEFARABK 2 URWCHUTEFEF—FERV. RTEEd
WHRHKEMT 3Am2MAERhOBESEHEL RMEmER I,

(10) f1/fUR" OEREHUTHEEL. R-EHUTEPT 3EE2 MY
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