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NOLUTORUNRWEES. RFTA)ICEHTS. BEXSFZ7OTFTHREICHEL
T, GBXS7TRAKBRELABS (XA ERFTOsw)NFEET I EPEATE
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AENBE—F, IV TAHARETELALAKBOIBALL->TERLL, KKEZXF 7D
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Low void fraction
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25 /DR TRENBEHERLESDTH S,
()< 5SS (R3.9(a)) 1 & F0AHE Do pE S, BEEEHIZH 0 Tl b Al
AETHAHTHY, BEAECKANSHEEL T 3BEIHET 5.

@ BHHH (R3.9(0): BEEHER EIEIE—EDa 2B THAHTH D, B
W% B & B — RIS RS LT3 BRI ST 5.

()BT A% (M3.9(c) BEOPREHFEE A S Lol £ RTHET, B0
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UEDSOOBANHAT 5 ERARBRRERICR L dONK310T S
5. HH0RS+, ORS- i, o, 0EBHAXGHZNZNL SHSH, BF

7 Mmm T mm
(a)SA:Saddle-shape distribution (b)TR.:Trapezoidal distribution
(jg=1m/s, 1=0.7m/s) (Jg=3m/s, 1=0.4m/s)
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0.4F
5 0.3F
0.2F
0.1

100 10
T Mmm

(c)BU:Bullet-shaped distribution
(Jg=10m/s, =3m/s)
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SGTRUBHEESHAETAIBRRRAI IVHBRTEIEA4RZL TS, K3.100
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Pﬁﬁ@ZOK%ﬂTﬁE?B.:n6®200ﬁﬁwﬁﬁ<6%%$ﬁzﬁ
)5 EEPANFETS. ChOoDHEBARIIIKFTLALLKKERATO 7' o7 4
WRINOGEBET B E, jRUGMNNS OEBICHFAET % Prp B 13K 3.3(a) 1 3 i
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Pguy:Most frequently bullet-shaped distribution appearing region
Pga:Most frequently saddle-shaped distribution appearing region
Prr:Most frequently trapezoidal distribution appearing region
-:BU, +:SA, O:TR

A:Annular flow, B:Bubble flow, H:Huge wave flow, P:Plug flow
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BEDHRAEEMRIECTHEZS TRORFAORAS NBLAH, WOBIAER
AORFHORILOKRTFVBEZICIRETE 5.

335 BHEARASITOFEHKRA FE

BZRERS T DFEKRA Ry, D EWN Ml % K317 T, @,sid 5430.1m/s
RU02m/s TR j,D#m&EHITHRICHMT 50, 52%03m/s Bl £ Tidj & #Hic
EMUTRREEZBE LLZBIZBDICELS. 3003m/sU EICE VT, q,0&K
1302~ 03TH 5. P RAREEFT 5,03, jOEMEHKITKREA-TH
D, COFHRIHREVHBREUEDLIEHL—HT 5.

K31l WHKZT7OFHEL PR
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3.4 HBMERMKORAEEE

K312 EMBRERE TS S, UTORRTRRT 27074 VROR
BEBAEEM(a) ~ (dy) TRT. T, RPOP, HRFARE 7 E 2B~ 3 %Ik
GIICE-THE SN LTS 7R, ERBRRVBRBOFHBEZR LTI 5.
B, P OHEBR LD NIV RUOFEBIT, #FRT 2FHEEIERT 5 H
WTH5.

K313iCHBERICE T2 To 740 VKOFZZKEHICRT. IFIZBWNT,
SHEUDEBENZELEEZXS/ HRBERUF L8 EEZRL TS, K313
o, HRBEOFREBEIASONIFHEUTICRUS.

KT H=01m/siEHT 5. j,=3m/s(K3.13(d1)) B UFom/s(K3.13(dp)) 12, K3.12
DORBPFRERCERORBLTEIEHTHS. JOLIBEHITEL
THHRITI2EHER, OO TELETRATREEEFLTVS. $LEBKEON
BIZiE, ZLOEBEGEL TS, JALOEHFIKBL TR, MRKRIER
CHEEARESSEMIEUDOBETHIRENSS. BERERUEEOELIE,
MBI #HHT A2 RELBERERRIZ VEHBELAAESITELZEAEN
Z . j,=10m/s(K3.13(d3)) TiZ, HIBE DT j,=3m/s(3.13(d1)) & T 5m/s(X
313(de)) THERTARMB LB L THARLD/NIL LTS,

RIZjH5=05m/sIZE BT 5. j,=5m/s(H3.13(c1)) 37 Z 7D S HIRBE R DB
BERGEOZHBHTHS. ZOXHTREERELERIL, BEXS IV HEFEL
TWa. HidE®mM (FHRAD EEBELTHEBIERENTEMN (EHEAMW Z2/FLT
B0 HHOARICRZ OKBHIBEINS. j,=10m/s(K3.13(c2)) TIX, KRN
BEHROICETRIAREL> S, £#FTH L ABDLBRAEEORR A
TELDETERTHS. BREORXVHARETE, ABKZ OKANFE
LTWB I ENHERTES. j,=20m/s(KI3.13(c3)) i3, HIBBEHI SBRRMADE
BEANEOEZHTHS. HREOESZ/NS LY, BENEPLITETRS
HEEbREIPEHEINLL. L, XFT2L:08EBLHET S EH SN
KHRBEOFNRBEERIARZVIERSGME. £, SHERBEOBEGEOEI /NS
{IE-TWN 3.

7=05m/sPl EIZHB T, juORICH I HREOERIIASNIFHOEE
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7=0.5m/sDFE ELIFTIIF—TH5. §710bb, 75 7HPOHARBRENDOELE
REEDEMH (K3.13(a) R (W) Tk, HRBRAZLEEEETHI & &,
S[BARATDIERICENTED, ABKEZORBEETATLS. i j,=20m/s,
G=2m/siCHE VO THRLTWARMBEHI I 7T HA DT HOCKHETERINIH
BOREVHRBETHS. jAENTI2LEEERIRD L, ESARBEOERTOXE
INE 18 % (K3.13((b2))
BSREOEREZFMEBRT 21D, MBI RLAETo 74 VHOFT
H=05m/siCEB LT, 3B Il THREL T3 B EH, HuXR FH;O K
RKU7ZTo 740 %&K314(a) ~ () ITRT. K314(a)D 5, HIZEEHN TmMm B E D
ARATEHEEFELTWS. £/, HOAFICEETIKRBEIIERBIIZ 4
L, BEOEBICEABL LI ERGNE. B, HOEBMICEWNT, # X3
THERYI2FBRE (HPICFTRT) MEETES. I7HKEI KR40
RERIHRBEOBHERELELBELTTSRENIEDS, CORBEIBHOER
BARFHFUCENBROBHLTWE1HIC, ~BHIKEREIOALIDEEZ

Continued Continued
B
)
?
(b) (c) (d)
p=10m/s jg:20m/s jo=20m/s
5=0.5m/s 7=0.5m/s Ji=2m/s
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ohb. £/, Hy(R3U4G)IKFEFNTH, ZLOXBAKKATMEFBITHEFEL T
5. [IBERABICREBLORBRVELEL, AT 3. Hs(K3.14(c)) ZEE /N X
VWHRETHSD, CORBBEICEFOCTLIIBERAAICEIZOEBRIEFERAL, &
HUBRMEEZEL TS, HOAMBICOARBRVPEEL TS, ZOHEHEH®
BmLTHIE.

K31B3OBMEDIS, 7S5 7REARBROFRMAELTE, BaNhKREl, #H#
HABHREZETAHABEIHA LT B I ENP LN/, TOHRED
KREANHRBORBHKRE W ST B70HDIT, K3.13(a)) F O FARBEHeZE T K
RRLUILDDEH3IIMAICTYT HOKBEAEREIHLOLTEANTED, 2Ok
ROFEAETS. TLEEVMmBEOITHEEB LTSN, Z0oHhiid£ <
DEMPBHINTVSE. COASOBRHBOB I ITHAKY 3B OEBIRT
AT EIS, [IBREIBLIAEND Z EICL-T, BIA-TRENERI N
TWhasEEZEZOHN5.

35 RARVEARRENKEVEHICETLSIRERE

HEXDPOEZSFHAINTELHBIBERXBRH DO —D2E LT, Hewitt 5 DR B
ABHORH 2. HOoOBRIEENWT, SIRRUVBEEXEDOREIKREWHZHETIE
Wispy annular flow EMIN T WA REBFABRPHEET 5 I ERRINTNS. L

X 3.15 Wispy annular lowD EE R U X 7 v F
(a):Collier, (b):Delhaye &)
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U, COBFEBICEIARERELZRLILBERIZDLO TN, FERTEKEN
DEBBEICLBRTyTFPOTICEETIBETHS. £/, WTHhOEENS
LAMBELHRBICHEET A L3 TERL. ChRELIETOIRRILK ST,
EBEMEIZ{OKANEET IBEICE, ERNORAHELTHRICEET S
CEMBZTRORDTHS. H315iICiE, COHEBICKEIEIEEEZIY 9 FOD
# & U T Collier & U Delhaye 5@ DEZH S5/ Lo b D% R T. Wispy annular
low DB E L TR, BEBICHR-THREIFLEL, TXIT7HICRKRELEEKD
3R (agglomerate) DFHE T 5 Z & WHewitt SUNZ K-> THEBIN TS

EEFMIIAET S ERAEICN /2. 22T, A TR IOHEBRO o074
NWHZERIRTAHBIEICELST, EPSIEBLEALEXBATHS2OHBORE
BELHOMIITS.

Wispy annular flow IR i3, ZEBRE I Tidj,2Tm/sU £ Ti»1.5m/s Ll L D%
HICHIET S, 22T, ChoOEBHEIKBT 27074 VRO M 4 R3161C%
3. K316 5, Wispy annular lowDFHMTHAA X ITHORELEEDOR
(agglomerate) IR B ICIIHE L T 69, Wispy annular lowDEHK T T 5 7K &
HBNVEHRBERTHEI E0G0 5.

3.6 5%

EEEALSKB _-MHBICENT, #BLSAE/BE VI 2RO TCRKMEL T A
MELL. COFBMPOK[KBABOT o 74 VHAEHEL, ZhilAoN38H
ZHONITALELHEID, RHBEDOHMET, UTOKHRER/I.
(WERBEARAEO 70 74 VREZHEPNICRRL, KBRVBEDANITOHED
ZAWLIE LU THBRTIEEKRDODEAIIODWWT@R UK. COFERBICBEBNT, LD
BLEREHEBE LU THERVPHODMTKRERETH 5HAREL. 4490.1n/sH 53m/s ¥
TRILSHBATEI ENBELSMITH -T2,

Q7T 7HITEIEToI4IVHOBENS, BEXSTDOTHBIIE T, K
RS TRICEEPEBELCEBEEINEET A EXNPALNIIA-. £, K
BZS7HAOMBEFERS FREOEMAMNIH»S, BEIXZ7RICENT, i
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BAHRIKARAS FBWBITE2HEEE RS FERFZRFZ—EHE2RTHBEINEET
5. INODEENIS, —HOKBKZASTFTEBEERT IR, [EXZ 7 PEHK
EBRT A/ -V, BRBE/ -V, K/ - VRFMEFR A FEB /-2 0D4 DI
XaIns I EPRHLNIIHET.

¥, BEE/-0RIE, j,08MICH-THEML, ZRKR300mmiZdET
5. %W/ - vOEIE, jy20.1m/s ~ 0.3m/s T3 j,0 WM& FHICHRITH M
0%, ph04m/sPl ETRjEXCHEMUTERELEFE LLRICBPICELS.
BHE/ - VOEIPBRREAFETAIRGEHZ, ARENVPHRLED LS54
—¥%3 5. Fh, BRYV-VORIRBBERIXIITHNOBERIIHT H8EZX 5T
FAOKBEOHMEELBHFETE I EVPLNITHE T,

BIL, BEZ T T ICB I A2RIFORL FROERFMSHESGE, R

URBEOIDOERICHPTETE, ChoPHBTIRBEHEZHBICL .
BT/ HEIPOSHARBE~NOBEHEBICHRT AR E, HEIKREL K
BREMIIEIZCOBRZEFELTVLS. ELABRKEBLOKBEEA LTSN,
CHOoRK[KATMOEBICELA4H LTS, jhBMT 5 & RANERA 1S H K
PHERTIN, VBICHMTAEERIINICNBEH, FHARBEORS,
EREEULTL B, e, 75 7RO HRBR~NOBBERMNEOEHT
2, BERKEL, Bo2bdTEHhTEhALE-FAEBELE T AHMEN
HIRT A5 ENPELDITEST.
(4)Hewitt 52 & - THEE M IE#H X 11 72 Wispy annular flow SHIBIZXH T 5 &ZHO
TuI74)VKERRL, COFERICKEIAKKBAABEEZH SN L. ZOF
R, ORBERICIE, Wispy annular flow DBBE XN TINBHRITFOKE
HBEARDORIKRBIIRELEETT RO LTRSS I/IRELIHARRRTH S
ZEMBHOENIELT.

& E Xk

L. HHEOEE, & Fh, =% & PEHREX BKEH, mswk LF
RUTHBREE-ZHEDO S/ RICBIARBABO T 74 0iIldH 505
R, 8RB S 2R IUE, 62-601B(1996), 3474-3480.
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SE _HRORBIFHIT, TORBAOHRENENORELZRIRITIZ 12D
W, MBAROHEBEIII->TRAIBZIENRASNTVS. FIZEREDOHIEIC
BFOT, BA»SHAOEBRBRIZI->THERINLKRBHEABRVT LARK &
TERRTRRESRASTVEIEPO D, ENORBEBRRENWI ENGD S
oT, [IMBM-HRORABELELSEBETHDHICR, LARETRIEICE
MR VPATRTHS. LAL, ROV ARZEFREKFRICHT S LD
PEL, TREICHLTEZOLDTAEL. BITRRORTHECET S HE
EFIMBRELAETOLATEST, AHLAPRZ .

RORBHEEDOZPONMNTITEHOTHS. £F, TREKEISZ Turqil
REZFHEHICRRALT, REBEDLBELZHOIKTS. COFEROFT, LF
FRUVKFRTRASNTVWEHELT, 22075 7HBEEBIFRT S &
E, SN DHEBORMICAMRETHAD TRV EIN . 7+— LIREHIERT
BIEEPHOMCTS. Fh, THhoODFHEHWUERIKEBLT, Y5 7H#
BET+—LRBERICB I REAREOKHITDOTHHMICHLS. Bz, 7
FUTRMICBIBRHRGIFIA - EFERRBOZTNSGEHETHIEICELT, 7
SURORMBELRETRESFAOEBIIDOTHEIKTIHOTHS.
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42 SERBOTOTq4IIZHLI BIEY

M413TRIRICBITIATo 74 VHERKBITR LD THS. 18FH, j,=2m/s
Th=2m/s &, j;=0.03 ~ 2m/s T j=3m/s D&M, REHBEEHEIZRT DI,
HEBAZALTERLTVS. o074 VICEONBRBMEL ;T LITUTI
w5,

KT 5H=01m/siCEEHT B. j,=003~5m/siZH T, HRELTWLIHEDOER
ERBEIEBEHNHEUL TS, LI, jd5m/sU ETRjOBMICHE-TES
BB LTINS, j,=20m/sTHHALTBHIE, H3ITRLLERKIZE TS
A—ORBEHETHRLTOVLB LA BLEERIEMULTNE I EE, £
BETCARTHORZEMBERERL O ERARICEY S e AR ERERVFBRNE
PLTBIEDS, LadEBTHALHAMTES. R IORBEHITIRR
BIIBTHENZS. —Fjom/sUU TTHRT 2T, CedEBEHELT
HONTREVRENWI EDS, HABOBLwIIKBTAETHD, THodD
FHICETL2RBHEAIBAMBRICBT S EELZSNS. j=02m/siITHBINTII,
G=01lm/s EHBELTHOBIRIRES LT, j,0RAIHESIBOESD
ZALDHKFIZ, j=01lm/sERM—TH 5. £/, 57=01m/s RT0.2m/s T j, A¥5m/s L
TOXBICEWTHRTIHRER, TORWMIZIFLAERAEGTATHREL
FHEND B.

AP0.5m/sIZ BT, 5,=0.03m/s R 03m/siET I /M THS. [T 73
EHRMCMOEREAL, LREOTF-SKABEFEUPL TS, j,M1m/s Tl
BRIPE/RRZ 7R3BEINT, HREVLEERZLTHRBICEMALL TS, j
Rim/sU EICENTj,0@MIITT2RGORAEEET S &, j,Wlm/sHh 5
2m/siICHEMT 2 EHESBMT 325, j,0%2m/sl ETRFICHEFIj,0BMIc
HoTRAPTrHMBHS. HERICHELALBRIBESETHTON, BEIKK
272 % %M (jo=2m/s) i, SAHOWEH FHEELHARBOEREMIIFELLALS
FHE—HTS. P In/sHS510m/sICBETHRELUTWAHIE, BROKEI
POFMBETHBEEZOLNBM, j,=20m/siZHBVTIE, j,=20m/s T j=0.1m/s
THRLTWA L HEBEAVERERETIHEOBCHERALTNE I &0 5,
HBRRREBRRAEOBEHERBR THEEELONS.
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H=1m/s T, j,#%0.03m/s R 03m/siT 753 7R TH B M, [ 5 7 DEK
35=05m/s CTHRTEALKBERAT T EDLITNICENL-T NS, T0bbL, j=1m/s
IZEWNT, 5,=003m/s TR ERMITHDERTRH B0, [MEZXZ 70D Lk
EEMIZRD, EMIREEREFE LTS, j,703m/sTiE, [EZXT 70 L
R ETHBEORRNEUTHEEBEZ T 7PHAL TS, D LS iiEx
DKX/EZZ THHRATIBBE, [IBRX T T7EBRIX T 7TAORMK E DB E
EIBEAELTHS. ChIKBET2BMEB3BTHMIIBERS. ;P Im/si 375
FHREABBROBBETH Y, j=2m/sTREFOREOEAREN T, LT
HBICEBB LTS, 0 2m/sBl EICBVTHR, REVEEEFT5HAMRBEIH
BIBEINAIEDS, ChoDEXHRERERICBTSAEZLZONS.

A0.Im/sD S1lm/siCHBNT, HREIFIETFETHIK[BORBICERT 5 &, 4
01m/s R 02m/sTRIFEAERBEITEL TV oD, 08I0 KD b
M3 2LHARBREIEBLOKEEFETSHLIICL-TNS,

71=2m/s T, j,=0.03m/si3KWHTHS. [IRPZEOTLIIIBHHLT
WEMN, CORERj=3m/siiBITAK[BRICBEVWTORETHS. LEAMTIE
[ARBEAAEHFICEZSFEETIY, TRETREPFOMECSGHT ST EDVE
KHISNTOBEW, j=Im/sTRTI7RTHS. £ AN, j,=2m/s TIFEEMAI
BAEBRS EEBBRICE-THVKEXZHBEIN, AI-TRBEET SR
NICEALTVWS., FRERIIKBIRER ZHOJBETATHS. ZORN
EENANOCBETIE, ABLILRBTH-%. TOLIBHBRARDOHT RIS
BOTRBEINTHELST, KRFRICL-THDOTHLNIZINABDTH 5.
To 74 VRIKALNS LEOFEMLSOZORMNET+— LW EHRTHI LT
. 74— LHOREHEOHFMBASHTITE TR U 5. jW5om/sICHEMT 5
E, BUBBKZRS ZREBRL, P75 7RICEALLTNS. DX, j,0%M
WHE-T TSRO OMOFEBHIER L BRICBUO TS 7RICBITT A0 Dl
BOEMAIL, TRELZITRELS LARRUVKFRICEOWTOERRES N
IR ELDTRERBRRTH S, j,=om/silB0T, [KKZF7OBRICE
HT5&, ZLOKBERT TR THEMIMHOEBREBELTEYD, j 2 Im/sUTOD
T3 TRICENTHRATEIEEI I T ERRUESREREZAL TS, —KIT
ERRICBNTR, TREHMKMHNOREZA T 70APEERT 50, TRETEIX
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4ICR U I RBEORBIICL T OEREFETIRMKR T /AHRT
5. j BRI HEMTEE, EPOBPKMTERINCH RO HBEHEE I
U, 7p=20m/s TRHIMENEK 2L ITHRERIEBL TS,
#=3m/siTHBNTR, ;2 Im/sUTORBBIRBRTH 5D, j=2m/s T, &
POMEICENT, MAZHEYUIZHOFBORENBEIN, 7r— LROEH
ZELT0AS. B EMT 5L, j=2m/sODHEERRITT S TRICER LT
WA, COTITTRICEVLT S, [EXZ 73 THRAMIMOERERFEL T35,
PRicxte o 74 VOREN S, BBERIKRE, 22075 7k (G,
BIm/sUA T DTS FRER E3m/s YU LD TS5 THER), 74— LK, BRERK
RUBRKOEGEH 6 DOHEBMICHEHTE L. H12RBEABRKERT K
TARBRK, BREKAR, Fil 7+x— L4, HIEHREKZLTPRZS S /ET
H5b. 2207 T HRBABRZNTNPLRUIPETREINT VS, HEHBT S
DS, PLEBEKEZ S JNOBKICHTH2L8EZA T 70EE (UTTRIX VYT
BELHRTS) WNIOVHEHETHD, PpEEB TR IV y TREN K S O HEBII
B3 5.
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Jg m/s
A:Annular flow, B:Bubble flow, F:Foam flow, H:Huge wave flow, P:Plug flow
(1:Low slip velocity between gas slug and liquid phase in liquid slug, y:High slip velocity),

(O:Experimental conditions
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K420 5, 22007 7 VHEBOMICI 7+ — L HBEHEILIEEL TS, F i
TA—LREPBOFECRBEAICEOTUMBRLL L. HiZ, ARBEHES
NELEHERHIIRINKBERTSH 5.

TRRICHETIUXROWRRREFERT 272D, KAFRTHSH KB
ABEEREDODHRICL--TRHEINBR EOUEEK43IITT. KFiREHENX
DERBOWICIE, EHIESKRBHKRNETRTES L, SIASNAEXBROFE TN
HETPICREINTVS. SIS XEE, EREAHEEFHITR4L1ITTT. K43
Do, ETOLOATEXLVWTNOWEIILENTD, 7r— LHERERT2O0F
FURBEVEAET A ELEBROVEIATHEY. 75— LARBEBIT Yamazaki &
D KO T i2Slug flow I TdH %, Barnea b O # KO L Tidintermittent fAow 58 1
WKXIEd 5. £/, Py @I, Yamazaki & @ # K Tid Wispy annular flow 8 3 12
fLE LT3, K4.1D 5 Wispy annular low ZFEFT I TOWAHA X I 7HDOK
Z LA DB (Agglomerate) ZIBIE INMTWLI EH 5, I O #HIEEIE Wispy annular
lowE BRNUTAMETHBHENWZ B, i, M43 6L MNR T LT, TR
BB THBOhARBHERNBRRIT, EREGEVHEUL TV L2DS T,
RESCRRB-TWBIETHS. ik, KERUANATRERBBEROH N T ESN
NOoDHNDOBRBEICL-THDOLADIZ, BRI R[BFAEBEN
EBICEETETVROIENRENLERDIDTHSEZLON 5.

4.3 T3 VROREEE
4.3.1 HBERASTHAOBEIZHTIRERSTOEMNEE

TR, KSBEATTEREZA T IBRBICKRE T 2R NTH D, HHikEE
EZNOHBEHEERLRBHTHS. LIL, CORNBEI[ERSTOEEN
FLLWEE [IKRXS7ER—HE THE T % X % (Cryptosteady system)
THBEEENRNRNEABIENTEXS. BEXS THRNOBEDOFEEE & W
HFEHRA FPREEZNEN YR P& T 5 &, ATEERICE T S E L ORE&R
BRATERINS.

(1 — ogs)(ugs — ugs) = constant (4.1)

Bk, BERRBTHAEZEELT S,
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1072 107" 10° 10°
Jg m/s
: Annularflow |, B : Bubble flow , D : Dispersed flow
. Froth flow , FF : Falling film flow , Fo : Foam flow
: Huge wave flow | 1 : Intermittent low |, P . Plug flow
. Slug flow , WA : Wispy annular flow | WW . Wetted wall flow

K43 HROMEEAFETHONTLEBREARK O LB

F41 NH43THRHLLBSURICEITEEREZH

No Investigator Fluid  System pressure Tube diameter
1 Sekoguchi(1973)(1) | Air-water ~ Atmospheric 26

2 Yamazaki(1979) ®) | Air-water  Atmospheric 25

3 Barnea et al.(1981) ¥ Air-water 0.1Mpa(Outlet) 25

4 Crawford et al.(1985\"| R-113 0.2Mpa 25

5 Present study Air-water 0.2MPa 25.8

59



ST EZMPFHOKRAS FREaEB S, ZHTPHOREDOERLEZRATHE

£9 5
. a
Uy = =& (4.2)
K@D EMA2)DM S
(1 — ags)(us — ugs) = (1~ &) (4 — ugs) (4.3)
= ji = (1 — &)ugs (4.4)
H BN
Ul = (6 — o )ugs + (4.5)

(1 - als)
BREZS THOK[BOEERIEZAT 7ORBEulELWERET S &, ug
Radj A AVTKRRARTEINS.

Ugs = JE (46)
K@) ZERBVTRHUNEZEFEH®Z B &
gy = (]g + Jl) — Qsligs (47)

(1 - als)

GIEBEZARBERE LV TOBEENOHBONDSFAM PROBRIT— 5 OFY

CAALKBABO IO T4V SHERS /2B L, BRERXS 7OEH R
A FREBEWMTEHT A EINLI-TROONS. [KEXT T OEEu,l3BE W
HAR—=IWVKTy P2 YOERIOSBOEICBRLIFEEAOCTREINZESR
RZ2STOREOFHEEARNE E, RUS)DOSBERT IADKEDEHH
BEusBHTE2. K43 75 7 HBEBICB T 5u b 5B X7 7 DEEDOFH
WHu, DBEFRERLALDDTH B, wH3m/sUU T THBPLOREBITHE LTI,
Tpelduk D BNE 0D, HBVIRBIER~TH 5. —H, wl¥sm/s LTH
BPuDEB T, T3 O ITuy LD RS, \
K[EZS7ORRE, BEZXZ TROBRBOFEEE 8K F 70RE
ugs DKM EFHEICHRTE. TUDL, upu-w, <0DFETHE, [HKZXF
T EHRBICMOBRIZED, #ilup—w > 0DHETHIR, TRACLOERE
ET3LEEZZ00%. H41ilH VT, j=003m/s T5=05m/sDFH TiT Lk Ml
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= & vo05 151
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Uzs M/s

M44 BEISTHAOBREDOFHEEEIEIS 7 DOREE DK

WDKK RZ T Y, =10m/sTj=3m/s TR FTHRMWICMDOKEZX S I BRI
e, THhoDEBIIE N AUy —wldFNEFN-014m/s RU5.0m/sTH 5. -
T, H41ZE W THAONTKER T VORROMEL, BREZXT THOKEKED
FHBREIIHTERMERX T TORE (R yTHE) ups —w S BET ZH0D &
HMTE5. UTTRPLOEBRAER Yy 7HEHE, PyOHBEER Y v &
EHRBAEHKRT LI EICT S.
—“HRICTRRICBIAIEERX I T OREEu I RBFTMEEELETSE, KA T
HEZoh3.
ugs = D'ugs — 0.354/gD (4.8)
CIT, TREEXS 7THOREKOREESHICKETI2BERHTHD, — &
WIZIU EOEAETS. E1HBREKZXS A3 BREOBEREE (LER
BUTBRATREOPLHMOREE) #R2LTHD, F2HRIBLEPIZEITAK
B2 T7OLEARBRETHS. RV v PBEEug —uldXU8) M SRATEINS.

Uge — Ugs = (I' — 1)ugs — 0.35+/9D (4.9)
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ERXN S, RUGONEVCEHFICE T, wd3/NESLRBEHDRY v &
ERATHEHY, ;b0 308 M X-TuyutHMTsE, RV yTHEREA
MNHIEICEMAT S, K44iZB 0T, wOEMICHE-TIVy THENREAMSIEK
ZTH50R, COXHIUBBICLIE2bDTHS.

EREBICEOTR, BETHRAKMOKER S /P EBEINS. COEEAE
ZVy TRENOGEET S E, ERAECEOVTRBLEEFCBITIEIEHKRT S
OREFTHILEABRORBARER—THEDIL, KU T T OREu, KT
Ay P HRE ugs — s FRATRINS.

ugs — ugs = (I' = L)y + 0.354/9gD (4.11)

R@IND S, LRERICBIZZV v TFTREERyOBEICHOIDSFTIETH 3.
HoTEADS, LEBRTRTRAKMNOBREETAIEBEATIFOHNHE
TEIENEHETEXS.

4.32 BRUYYyTEEEHSICET IR EREHEE

KRV y 7REFEBIR, [SBEXST7ORRICAON S EHD 54D D FHE I M
SHEINS. M4s5iCMAFE I N4 DD HEIE (Prr, Prg, PLuR UPp) 2R T & 3t
I, SFEBICE T AT o074 VRO ER46ICRT. Uk, Ras5FICRLIER
BR46ICT O 74 VR ERTEHETHS. UTRET o 74 VRIZA o 5 R#
BB, ’

FEBP(R46() SHKZT /R ERAMUP LA A2 LT RSB ERTH
D, LRARTHRAT I T -SKALEUOERERF LTV S. HEZXS/NOK
MOBEITRANE L, EHERAMMELS LTS, K4TREE RS 7 AO A
T EBMADOK[BERT T DR y TREDFE B uy —u, £ CHOBEHERFES
RLIEHDTHS. HFOHKSEFEPORBICEITEZRY vy THEEDFH
BTHD, ET—FICRBRAVyTHEEOBERENGH T RINT NS, Pr®D
FRICEVTR, Ry THEZAOEERLTE D, wOHMEEITbT I
EmdsMmRrsonsd. £, BEEZEMLOFHBLEEL T/HNI .

FIRP1g(K4.6(b)) : H47ICHWT, TOHEBICHITBZ RV 9 THEEDTF — ¥ 13,
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Pr:Low slip velocity region
Prr:Taylor bubble and Taylor bubble like gas slug
Pps:Gas slug with similar shapes at leading and tailing ends
Pyy:Unaxisymmetrical gas slug
Prr:Fluctuating gas slug
Pr:High slip velocity region

K45 TSI HROBRAVyTEEFRHRICET2MaBINLEHE
O:EBREH OF46ICFTTo T4 VHERRT 55%H

EROVOHTRIATWLS. wOEMITE- TR Yy 7HEEREML, AL SE
DEICEALTNS. H4.6(b)IERY v THEEN0.05m/s EFBISNIWVHEETH
5. [EZXZ 70 LHARCTHRAUOBHMIIFEUOERKREZRLTE D, F.OME
BEHET, BRMATEPNAEBLTNWS. £, BEXS7AOK/BEIE RO
FEICGHL, [KBROBEPrOBEBTHRTIBEER S /EHBEL TS .
[EZTTORR (R— W KTy TOEBMARLGAE) EXY vy TREOBERIL,
ﬁﬁixﬁ7"W@Eﬂ@ﬁﬂ&§ﬁﬁh&ﬁjﬂb\*ﬁ?ﬁf‘éncf, JMER T T RLDR
BItBTAEFHEANLSOTBIIENTES.

7 =[(1 = cus) ™2+ 29¢ (1 — ) "2 (ugs — ugs) 2|72 (4.12)
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Ka7 BRVyTHEEFBIIEW IR Yy 7HEOFHE L BERE

T, (RRERXFZT7DOEEDODOER, nIBUIE T 2REFR—IV Ty
7 gREAMEETHS. RAIDD D, (ugs—us) 20N NI ECD D FH 018
MTE RELSENAT S, TROLEEERXS FEBRIFBALBRICESL I &N
HBTE5.

HEPLy(R4.6(c) : REZX T 73, (MHRBRTLELRHEIEZFLIRBOLLTVS 4
BPH5. RhoBHBERICLS L, [IRXFTRIBREICEREE/MIE S L
i, BELEHAH-TBH LTSI EBRINL. L. KRBT 70O
ERBEIHBEHR-LEREF LTV S, 47150 T, 2 O HEHE I b0 HE
EHEUTHENGEIREVADR Yy TEELZFL TS, XH412)0 5, £oi
[EZXS7OERE, RV yTHEOKRMEIREI VLI ECEBELTLE W
25 Fl, [IKRZXZ7DORIBMLOFHEBRTHALNS D EERRLTEL BH
BOHRBEDODIDONZB L. BEXAS /NOKEOHD, MMOFEHRICHRT
BEZS7EHBRL TR DI,

HIBPLr(K4.6(d) : BADOERDOKEZX T /O HRTAEBRTHS. Ka7ilH
WT, COHEBTREERENEFICKREL RV yTHENEDORHK RS 7 &
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HOKEZX I IDBBRELTVS. Z0RHIZ, BAOEREFTHIIREZXT 71
HIRT B EEZOoNS. COFERBFEFTICHKL, T3 7RVOHRBERKS S 0
Ta— LRNDEBHEBTH S ENZSB.

Pua B SEB TR, TR 74 RICE T3 HER S 7AEOKAD ST D
SHEITL-THRIR —VEEES PRS- VITRBIT 5 &SRB KK X
ZUNECHRT S, HlAREKL6G)DEH Ty >uTHERD, [EZT
TRABOBEBEIIERTTIBREZAS IACHEALTEEZRS 7O LRBICBERE
HEUIETWEEEZEZONSIN, BERXS 7O LRBICIK[BOEEDOFVH#H
BEIROALY., CHICET 5 ERIT441HTIT .

433 BARAUYTEEBEBICATISERAEHE

K48(a)vd)BRBR Yy TREFBRICEIZKEATO S0 74 VHDH %R L
7HbDTHS. BRAVyTHEREFRBEIHBHIC, [IBEX S 7O THRE IS %
B, THRHECHOBREELTVWE2HO0Z(HBALTVS. £/, K4EZX T
TRLORBEEICREORBHLEFEL, BRELICBEFPARUMITEEL T
5. BMERT TORNBICBTIR[EMOBEETEL, FHRS FET025~03BE
DEEZBELTVSE. —BIZ, KA NBOXBHTALFGREFLIRLZ LD,
COMEBEICBTARS PREIEHEID BRI EINITKRELAS. HIZ ITK4.8(d)
DEHICETNTE, BEXSTAOEFLNICEITSHRA FEIZ041TH 5.

44 TZ3UTRDKE/INT A—4

A TIRETERICBIATS7THOMB/NTA—FIZDOD0THERBEZN, 22
TRTBEDORSA—FVELEROZITNG EHET A EITE-T, BBH N
DEEBIIODNVTHOHETHRLBIEET S

441 BREBY-—VEBREYV—VDOEX

49 3BEBR Y — ORI OFYMEL, L j;0MBRERLALDOTHS. U h,
ERFRELBTHHIT, TRAEZHEKREH, EFHRIZBREOMTXH L Tx
L.

TRBRHRIZEWTR, @Ry TEEHERPyICEVWTERBENBEEINL. Py
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K49 LFLEBRETHRERCBIIBEHE/ -VOEIDOEEK
U.LB®, D' TBRR

ODEBPEET 5 502m/sRU3m/sKE T ERRE TRIRE DK ZITD &,
FTRBREIZE T BLu,iE, j,23m/sOBE, TR0bLT7+—LREOERERITE,
LRKELDbDOFMCEN. CHEITRATRENOEAT I HFAVERETD
EXABWRIBIHTRNERA—-THEHEELZLONS.

K410 ERARETRIBICKE I BB/ -V ORILuLjOBFEERLILD
DTH5. BR/—VIKBOTHPyOFEBICOABEI N, K4100 5, Ly
RTRAIVLLEAROAVBEL EbME. COEBERUTOLSIZEZ
515,

EBIBLBWLWT, B#HR/ - VOEIR, BREXS /NOBEKICHT 254X 5
FRADOBEBED B EE | ugr—we | EBRELTOB I ENPS M. 2
T, LERETRECEIAIOMMEELLET 5. LARE THRRIIEIT
Blugs—us |AHAILCTET. A5, LRAKETRECSTIZEBVEEHICAR
TEALIHIW, BHEOT—72#HEBRTXHLEL. Han1d o, TREDOPyEBIC
BB ugy—ue |1, ERBCEIIA—ORBEHEOZNS EHBEL TS
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ENGHDB. TDRHDIL, Luld THRRID S ERROTNES NS LHET
BIEMTES.
TERROPLHBIZEWT, 7o 74 VROBRBRUVBEXS 7TAHDFRA KR
DEWMAMIHIS, BRY -V ABABIIRET A ERITEAL-72. TOH
MARLND SERT B &, PLOFERICE T 5| uyy—us | B ELRBERETRED
Pe B E B LTI, HoTPLEBICENT, BKEXZ ZICRAT 5 5K
25 VHBOREZ, [EKZAST I hoR[/REBIALERIIBEITI TAREK
ERNICEDR[BEERTHIHEBLEER TS ICLELHSEEZRF L THAL
HTHBEEZEZLND.

44.2 SHERXSTDEE

TRRIIEIIZHERT ST OEEu,IFHHORI4ITR LI, [EKZX T 70D
BERRA R, SRS IRUBEZS7OEISICHBRTIROEENL S
SA=FDIDTHY, LRERICEPOTINAZHETIXADBBEINT L 56,
LhL, TREKSOCTRIOLIITHBRNIEBELALRSG LS. KR
THBEHEAFR— IR Ty T2 /Y ERANBEIENL->THEODREVWIMERS T
DHEEER/AIIENTEIELE, BBEAREBE VTILE-TRDON T
KA FREERACTHEEX S THAOBEEDOEFHEENERIIKDON TS I &
Do, TRIFILBIAKEKZRAS VORE*HET I2HERELZRET 5.
TRACETEEHKRT FOE Bt RMU) THEINB ET 5. £ (48)
ZHEWT, BEREIR S u s U TOLIIKRET S.

I = a1{5/ (g + D ¥{5/v/9D} (4.13)
ws = az {1/ (Jg + )} {5/ VaD}Y*(Gg + 71) (4.14)

IIT, a,a bkl mRUNBEBRBERNOREINDIEHTHY, hox
EBRHERDPORDILBONFL2TH S, £427T, BEXV vy THEERBEPLITH L
TIH2HDEBEHSNEZONTWVAS. TSR EZNENPDEBEEINUNDH
BAZHIET 5. [ER S 7 D& EDORBR M, & HEE B ugeea® LB E K4.121T R
T OMEMBBINUAOBRETERMBEEL -HLTAS.

RIKEZZ TOBREICHT 2 RBFTEAOREBIIODVTERET S, AKX 5
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~ Jgt = s (4.15)
Ugs — Uls

Qg

KR (48),4 B RV LIYDP OB ON D upe by, ZEHND I LI KT, M HEE
T&5%. H4151IXEBRHD 5K & N fom, & HEE Eoyeeq® LB AR T HEMITE
BEEIHBEHNRS-HLTWE.

Tl T AR SHNORELARETS2DI1IT, H416K ERFBEETRRICE Y
Bak T EWRT. Nk, FRAETH M4n/sU LB NT TS VRN R
T 5%, p004m/sH LIt e AR L. ERRETRETR, AR—0j
TH-THDT IV RERENZj,0EEAPLT LSHE— TR D BMIC B
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444 BEIASTIZETLBAORS FEDQDFEFRADH

THRAEICEIEEERS FRORBHO KA FRal DEEF B, K417IC
TULEBESHERBESHO2BHOEANFEEL, LRRTAONISSE
AHEETRETIHERLTOLRY. CoBERE, ARV TREKZS S
NOK[EITBHESBICZS 2R TALDIE OEGHEET S, TRETIE
BEZS 7TAOKBBEPOLCNEICTHTLILDIISSEGANRENT, ”H
EaHPZDEHBTHRTSIEEZONS. Ak, [KARICBLTS, KA
FEO¥RFHASGHERILARTEICOoESH, TRETIRTHEELIHREET S
EBBOSMIZINTLEY,
CHhoDRADPBEINIRBEHERLBIIRT. EEREZFHICENT, &
PEAHBATIRAAREZIB TR A LA DO PrEPRyOEBTH D, KX
Vo 7HEFBRICEOWTINOOERALHEBTRLUL. H45I R LK HEZ S
TORPEREOHIEEAB E, PLrOHEBOD L @ Pr&, £ PR UIPLrD
B Py & BT . AT, Pyl B Pra I R LT B

T mm r mm
(a)TR:Trapezoidal distribution (b)BU:Bullet-shaped distribution
(Jg=0.05m/s, 5;=0.4m/s) (jg=0.5m/s, j1=1.5m/s)

K417 BEZXZ 7B 2RHAORAL FRORKEF ST
HELoNB200E
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Pgy:Most frequently bullet-shaped distribution appearing region
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A:Annular flow, B:Bubble flow, F:Foam flow, H:Huge wave flow, P:Plug flow

K418 BERXF7ICBW2RFOKRS FROERFAZHICALND
ZRAOHREAR

4.5 T7F—LFEOREIESE
451 FOJ4LIZHLNBEH

T ARRARITHCEET ABORBORE I L - TR 5N 5 ik
BTHD, OBRBICI-THRENAASBKAET+— IV I/ RBERT 5.
R41913, 74— LHROTO 74 VHAERLTVS. RE ST EESD R —
ViE, EHEOBENTOBE ,ENEFE A FROBBTLEar B H IS
SHOFEE Fu,(=j,/ )BT, BHLEBICRE LD THS. K419
KBNT, 74— v/ RAOHRRE, BHICHET HHBICH SN 5 HEE,
ERBEMI Lo TRE>T NS,

M4190) PB4, ENER-THEAT I HEOES ZEMHRTH D, BN
BOB5—WANELBEE, ERLOEAFATKAMORBES 3% <7558
FAA5N5E. Tr— 3 VvV RARMBOEEELBELTELS, 100mmAEBL S b
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R420 74— ARIKBETAIEZHCBIZEBERTDO 70 74 LK D H

DHHBE LT 5.

B4.19(b) Tid, (a) EHBELTED/NEL, KDELDT74— I VI RANER
LTHEELTVS. ChoD 74— IV RBEEMERORBRERL TS,
¥, ENRIKFETA I RBEORETICEOCTDL, NILK[B@OHEMSHEML TH
5.

H419c)IicH W Tid, HEEIOSHIIZTITMERICL S &#IT, B2D T4
—IVI/KRRBOREIDEDNIL A>TV S, WEEZIZH6mmTHH, 0
NBICREZ{OKBIELELTN 5.

B14.20(a) R U'B4.20(b) 1F, 74— LR TH S5 K419(b) Ej LT NIRRT B %
BHITKI 570 74VKTHE. ChoDEHETR, BHAMKSHOECKE
NEHETHI+—LHOBHAZELTREST, I3 7HTHE. COEEDI L,
THx— LM EDLDDTHROCEIREOEH, A RKLLVEE Tjh L5m/sh
52.0m/sDEHEICUOFELELL L.
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4.5.2 RMEBNNTA—F[ITHLNDHEH

Tr— AHRBEAR, EEEBRUEMHAOE—IL KTy PAHITHT
PERTHEAZBAELTNS.

K421 E 74— L HmDBHIRT 25, TH 5152 U3m/sic BT HHEABEEZTR L
HDTHB. BB, 7r—LbREKBRROITSITRERXNT A0, &R
FHEBICEVWTESAZEATRLTVAS. 42105, Tr— LB TE#H
FEARMIIFOKELNI EXa0 5. T1hbL, ERNEmMICEITSEEN LR
BIZBLEALHDE-HRETHEENZS.

M42 3 ZFDOEERELARLLLDTHS. ji=15m/sKR2m/silHBNT, 7
STHRDS IT+—LBRICBR TS LEEFOEBHEISBICRL THEIENGNS.
hid, TSR TREER I TEBRERS IRRBICKRE TS, W5 EH
FHICKEBERLHIHERET A, REVEEXGEZHD. —FH, 7+r— L
HR419D0 b B LI, BEHERRNTHS0, EEEHR/NINWEE
2503, LAL, j=2msRUBm/sIKE T 3 EABKO—HOREIZE LTI,

x10%
2 - —
Bubble Plug Foam .
flow flow flow 7 m/s
g v v v 15
> 6 O & 20
A 1k © O e 3.0 4

—dp/dz

10?

Jg m/s
K421 K[BR, T2 7 RR I7+—LRICBITIBEGR OB FEYHE
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TA—LREBEIRA—DOZEZGHHHEEEL TS, Z0Z LT, ZEEHD»S
KERET+— LHEOHNETI LR TERNWIEEBERL TS, -7, &
NSDORNEHFNT2HEICE, RABECHTIHERENETILENHS.

T, THERIIBOLT, ABEBEEHBI»STFTA b7 Vs HOFTOMRIC
05mEBE TRV FTy T2 VS EMOMFIT, ROOREBEEZHEL L. K
42313 74— L (jy=2m/s, i=2m/s)IC KT AW E ELE R — IV F T v SO REH T
EROBEWM A MEAOHERLTEY, ZRKKESGHMOSOEELEERL T 5.
TA— LR TIRAREBEM A RICKR-TIEET—ETHAIEN G SE. £, ZOWR
BEBIBVT, BR— L FT7y P v O NEShAHEEE R - F 7y
TnOBRINES AR ARICERTERLIZLDOPRIUTHS. ZORNS.

0.5 fresemsmmmoremcni st ) e
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7.5 A e Aa et VY N N e A L o SRS PV WD SNV

8'0 NWWWWNWMWNWWMW
8.5
9.0 n
0
0 Time s 4

M424 T4—LWMICBIBZBEEFR—INV Ty THEORSHMEILDF
(Jy=2m/s, j1=2m/s)
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nDBERFNBEORKMIL, JBEREHBH»S T A M7 VaVDHOETIEEAL
ZAELTOVROVEHEBLTVLS. H4UHSEBERNOKR A THEEPRE H M
EDEHITEMALTVEZO0 2B I ERTEXRVDY, aRUnD BRI EEN
REBAMICIFEAEEAMLTOVRNWEVIFER, BICER49ER LT T
A ERRS (608) KW TERLTHBESIALZIENS, H419TRL
SBEATREISHESGHOINSHVERTERSL, ChdB¥TFX eI Vay
DEVHEBICE-TERELTLAAEEIREVEZELISNS.

4.6 R

ZEHTEBRICELT, BB8LS5BBEt Y E2HLWTREOBEEEZREL, U
ToEmER”RTT.
ODTFTBRRECEIIZBERABAO 0 74 VEZIHEMICRALT, TREICET 3
REHBEDEBELXTPHONMI L. £, 22003 VHBAF EINSOBIZ T 4
—LERTIHLANERREET A IEERR L.

(220D 75 VHERIE, BEZS 7B 3 REOFEEECHT 584K 5

FOMMREE (RVy7THE) RKEENRS. T48bb, 1D0HFRX Y yT
HENNZL, ADEAFETIHO0RLZ . H1PO0HBEBRY vy THEENIE
Thh, RKEVWZRVyTEEAZFETHIHEBTH 5. BXVyTHEFRBRTR, K
B2 TORRRUVRY vy THREOREINS, BI4>OHBICHIEFINS
CEMBONITTIEST.

GVBREE/ - VRUER/ -k, @RV yTHEFBBIIETEHESN L. T
BRCBEIIBREE - VORIRFLAROZALID BELY, BR/ -0
EIRERAROFNREN ENPLMIU-T. T, [IFEXF TOHEEICTRIT
THESAOFZEIBEERBICENTASN, TREOHFVEBERBII/HI

TENGoT. B, WEKXS 7OFH RS FRIZALND LERARETRED
ZRINMNINT EE, BERXRSTICEBI2RMOAA FREO¥EEFT WA/, B
EafsimBEDO 2BETHY, LARTHEINLSSEGHFIHERLI N
CEMBHOoNITIE ST |
) T7A—LRICEBIZFHFMEIToTI4VERRTLT, REBECASN SR E
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ozl £/, 74— 2K, BEAEMIFIFOTHE I E, ZEEHH
XhbDT/NIWNWZE, BITREHR— IV RTPyvTER~I KTy TOBEZRTIBEE
DR FRICEBEEAEZEMALBVEVLIBEEBF LTSI EFRNWE LK.

& E Xk
1 HHEOEE R T¥0OHE, (1973), 180, BB 2.

2. Sekoguchi, K., Mori, K., Kaji, M., Nakazatomi, M. and Shimizu, H., Interfacial
Profiles and Flow Characteristics in Vertical Downward Two-Phase Plug and Foam

Flows, Chem. Eng. Comm., 141-142(1996), 415-441.

S HEDOEE, & F£ih, =& H, FEREX, HKES, mis#k LH
RUTHRAKE _MHEO S 7RI/ BEABO T 74 MIIHELNS
B, HEARBWMZIWRE, 62-601B(1996), 3474-3480.

4 EHERE, AH £ BEE— HHEOEE KEFHI2ROWR (B2, KiEH
DEBICRIZTTKRELRETHEOEE) , BRABWFELRXE, 43-370(1977),
2288-2296.

5. Yamazaki, Y. and Yamaguchi, K., Characteristics of Cocurrent Two-Phase Downflow

in Tubes, J. Nucl. Sci. Technol., 16-4(1979), 245-255.

6. Barnea, D., Shoham, O. and Taitel, Y., Flow Pattern Transition for Downward
Inclined Two Phase Flow; Horizontal to Vertical, Chem. Eng. Sci., 37-5(1982),

735-740.

7. Crawford, T. J., Weinberger, C. B. and Weisman, J., Two-Phase Flow Patterns
and Void Fractions in Downward Flow Part I: Steady-state Flow Patterns, Int. J.

Multiphase Flow, 11-6(1985), 761-782.

8. Nicklin, D. J., Wilke, J. O. and Davidson, J. F., Two-Phase Flow in Vertical Tubes,
Trans. Inst. Chem. Engrs., 40(1962), 61-68.
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51 #E

FEHELFROBARBRICE T, BREROEEOHEEREIMOFEE & LB
LTEDLDTREVHEEFTAIENRALVOHRICL-THS I AT
5. COFRZ, HRBRETIE OBRERILEFEL, ThoXRUIHEETE
BLTWAZEEZEBERTEHDOTHS. EI3ERXRFVIRLAKEFEDO /D
T4NVRIZE T, HRENRERTHIEHICENT, BERXI 7550 E U
DBV HEFLTOLBRIENBEINL. COLHINREHELUEBLET 2R
BROREBZEBRIT HHICE, BVHAURBEIKEOT, KEROEE, 12
LDLEEDIHIUBHOBEKMUNHAL, ChoWEDOXINEEELRKRESRL
TBELTVE3DD, LV BEETOLENRD .

HHEOSIE, BEEHEFRCEOLTHmmOBAXBIZ12HO K-V Ty T+
VHERODMT B ERNL->TEBERERE IR ERPLEBEGH S -2 H
BL, HREBEOBEHLZEFWEH L BENEH ST TEAZTh—FERLL
@), F/, 2350mm OB X BEIZ25mm BB TIHD K=V KTy T v 52 FE
L, HIRERV LI EBEOEHO—FHARLTERLLO., Zh oo R,
BHEROBREHMEDEZEHAAEELAOCTRAELLAOTORAATHS. L
AU, HREBERICEI2BREROEFZZENICHEL, WoHDIKTEHXTIC
BE-TWHED o7, T, TREIKEITII2BREROBZEREHICO>NWTIE, £
CHoMIIFIhTLAL.

XETHR, LARRUTRRBECBENHEA-NV Ty T2 Y 2#EHT 52
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LR E-T, BEHOER, HBEOILENELETHEF-— IV FTyTDEMS
HOBREAET IR (ROBREMBRBR EHT5) 2R RNICERL, &if
BEHACSOTHRTIREROBEH L, ChoDBREROBEICHSI HE L
EROEMICHEZSNIFHOOLHONMNITEHOTHS. ik, HRBEROK
BEIRRRELHEBT I ERNI-TIOVRAREICL LD, BIRRCBITBHERD
HEMEEROHETRAL, ChICAONARFEIIODVTHERT .

52 BRUBOBRZEEEBORTAEE

BRARORZEMBEEF LR RTHIHEELLTR, #K, K-V I Ty T ¥
KE-oTHELONIFR =NV IFTyTORBRINEEEZ, K-V Ty HTE
KERTERRTAHENANSNTE A0 (Zhidkicil~ 3 F Rk & X5
THRHIC, BRBREERRELAIIE). COXRRETRINIHEE, KH
(BEEEE) ER— NV IFT7y 7 CAEEHE) CVIEERTERRIND LY,
PIZERA— DR (UBRTRBRBENRTZ) 283758 HOBAKRNRIIEE
TREBITLIHES, ChoOKRKROBEBEIBBAMICRL-TERRINE I &
K125, f-T, RECERULLIBEMORBROEREBELOCEELRET S &
BTERLOREND S,

CHIZHLT, FUERBB I EICKR— IV FTy TORHEAHE2RTRRET
3, BEROEE I Db THREROER, MBREFLEEMNS LN TES
(CORTELZEBBEERRELMFITE). LorL, THERBIITI DI
BHESBRBEBRBICEXTHSNILTEEHEC, ZHOMNERERT B4
B2H5. AFETE, smmERTRRW66EGDFR—IV KTy EH S
TEWRE-T, BHMEETERTIHEERA LK.

K513, LRABOBMEBREVCBRRBERICE T SHEHMEED K-V FTy
TOREHMGHTORRHAE, CAEABIRRIALIBERADO Po 74 VK
DHAEZHEHICRELEBDOTHS. F— LV K7y TORZEMAHORIZ, FAE
BZICE T 2R -V KTy OB ARASHERBAARICEXRTRRLALDD
T, BREERPTL T2 DICAKABHOHERHBER E4ns & L. BF TR
— K7y TnDOREZIEZRTHEAHLZ LD, THEBHABICHTS2HDT
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Y, TOMOBAIE T EDRr —VIZLTR—Ths. £/, RFDS, HEK
UDRZAENBRBEOKRKZRS Y/ HRERTLsHIEAKEERL TS,
AMRICHEOT, H5IERTEINWKR—IWV Ty TORERISHGTORRNEE
MBI HORZEMEER (UTTRHECIKOKRZEMKEREKBILT
5) EMTAHIEICT S

53 BEELERRICBITHAEARBOBRERED
531 EOBZREREERICHA S S5FH

K515 6, SBRETICHBAXEALERTE2HEMFORVEERE, 2o
DBEEROBICH-THRED D VRBEELPBAINIFHOEEAER (FI X
HHFOE) REEINS. #XL S, EHOBRVEKEARIEREZ S 7, MK
RUU&IEBICHIEL, FEHOAVKEEREIBFEREHFINTEAD. K51
OB LI, EHOEVEMERIT, FHOEAVKEREIEBE L TES & #
BOAEICKEL, REOKAREFHELTHD, O EZHBEHFITITVLEENLS.
UTFTTR, FA0BVEARIEAEE-THOREHBREROBELZITL, &
ZHBICEVWTHRTAKAROBHEE, CHhoOHAROREMEH IS SN
ZRMERMOALIEICTS.

T j,=40m/sICE BT 5. ;=01m/s RTF0.3m/s DA, HEKDOHEOH, S #t
BHLRRETHD, HRL TV 2EERILeOEETHS. LA L, j=07m/s
T, 5=01m/s R 0.3m/s THEINZ Ui D EAE L FIIHEUOKRE S LEEE
FHL, LedBlBEHUMTE AR (BAIED) Oftlic, THhEDdEE, &
BRCBEENHICREOEER (FIAEH)BFICHREL TS, Sekoguchi &
OHEDICHNT, Led i) bEELABENPRSVERARE ULTHAKED
FEMBEOMIIINTWVS. #-T, COEREKRIIARBETHS EHKTE 5.
G=1m/s T, j=0Tm/s THEINHRBELLAES LB ENULORE L
BEAZETIHARBEIEHETHEL, RhiERBHATI TV S,

Je=20m/siCE VT HRERIC, FOEMITH-THRI ZBEERICKANS OGN
5. 5;=01m/s R T0.3m/s THBMITBRKTH Y, HRTIEAERII LD A
THHH, 5=0Tm/s TR Ls I EB L HW T 2 WER (B A ED) OMic, 2D
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BERIDDHOMNIEE, BERVBESIPASSERBEEHN TS 3 K430
BIZEH)PHRAL TS, jj=15m/sTi, HAFEB LR TN ULDOHEE
CHWERTHAHMBEEIC, BEZRF 7 (FAES)RHELTHE I ERT
D74 OHRTES.

KK@ﬂ%¢K%BT5.ﬁﬂmw@%%®ﬁﬁwﬁﬁhfﬁ7mxﬁ&§
RFROBEBEBIZHIEL TS, #-T, HELTLS3HEERD, ZOEHR»S
CedBLIREMIET A LR TERZOM, j,=20m/s TH=0.1m/sil % THE X
NH5LEHIABREARICEIIHE -~ ORELZFTHIHMUEREF LTS &
"o, COFHICEFOWTHELULTLWAREKRD L2 BB THEEEIL NS
#=03m/sTiE, L) 8lBEZBZONSEAER (FIZED) EINLD bERE,
BERVUBESHIREOCHABEEZ oN S HER (FIZATH;) PEFLTH 5.
IR0 Tm/sL E TR U 8B ESBRLIRENIVEERBZIBELRL, AREEE
ZOoNABBEROANDBEINS. ji=15m/sTid, BEORHOEHIME & HITHK
XS T DOEENRT O T4 NVHNOHERTES.

Je=5m/s T, HOEMITH-T, BE, BRERUVBESNVELZ2BEERICELE L
TS BRFEPABETEAZ L. LAL, 55=01m/s RF0.3m/sICEHT S &, HEL
TWBEMAERIL, j=10m/s T;H=01m/s RP03m/s THREINDL L& HEELD b
PRONTEBEERNAREINI EE, j,=10m/sTH=0Tm/sICE LV THEL TH
HFEMKEEARCEBTRATEAALTVE &N S, HRMETH S L HIT 5
:tﬁf%%_mmhmu¢fu,%WZ?ﬁﬁIﬁ%ﬂTﬁﬁf%b,75
THRTHS.

UEoZERICEOVT, £, FREAVESOEVD S, BFOREBMEREBRK O
MEICL->THRFEE L) BLEOHNEZT-EROMERFPICHEDTRT.
L L, LEOHNEETIHEOHININEZ TR VLWRARDIELET . A
id7,=10m/s Tj=03m/siCHF VL THR LTV 2HEERWIE, £FT 2HAMBEH&
DIERE, BERFERMNIVLD, Ll EEDOZALLDIRAZL. 20
LI RBEROHFNIHE, BERVEEEEENICIHNT 5 LITX-THT
IRBENDSD. CHRKDOVTHETEIEWTHLIERT S,
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5.3.2 HREDEH

UTTR HRBOBREMBBHIIAOAZI/FHICIONT, Ll il DK
MWOoBLMNIZT S,

RTHEEOHREMEMICEETS. LedEABRIRILOBBICHSEEDE
BIILBI/NEL, ERFLsHEBOERERIEUL T3, BIRBIT KT 0
REVWEHETREBIE-EOHEELS->-TBEHLTLEN, RN 0&H
Tk, BEARE(EAISTHBHTIHAMBEIHRATS. fZE, j,=5m/sT
H=01lm/s TEEINSHRBEHIE, BRAKBOADOMEIZE W TRHE & HICHE
BLULE MBLTVLS. HORZHMEEROBENS ZOBBEEZERTS &,
ETHUAXBMOAONECENT, KEVWEHEEFRELTHEREEZRAI IES
EHIT, BEBETLTVLS. CHREFOERTICI-TRENSZITHEAN
NBBY L ThHbEEZOND. Z0%, REVWEREEEABRNT S I &
KE-THRBVHERL, CHCE-THEELHEMLTNS. COBELIS L, 7
BREROBNEVCHH T, BARBEOEEH S VB EROEMLLEEFEICHEEL T
5IENHSHTHS. jRUGVNSIVEFHITIETNT, BB EHITHRELEZ L
IEIZHAMBEIBRTZIEEABRAEN, CHRBOBZHEERIS LW S
DL, BEOEERNZHEETH1.DIC, HECLFERDORRK UK
HRTbNEDTHEEEIOLNS.

RIEROBZEREAII DN TERS. jy=5m/s, ;=0.1lm/s & j,=40m/s, j;=0.1m/s
WHBRITAHARBE LS EABEMICBY T, ChollAoh3RHELUTIC
BB,

B5.2(a) i j,=40m/s, j;=0.lm/sDFEHIZH T 2 HEORZEMBEBHEL R L b
DTHY, HALTVWHHEERILeOEETHS. 5206, LedHEEoH
ERUERIZ, BEEEARNSZVEHRET 2864 RE KRB A IR —
THhAFHERALTWS., £/, "=V Ty 7HERXEOT, LeHEEDOHE
HUTTRHEHEEETZ) ORI, BHELARNSPIZVERET 25464 K
CEEFEE—~THD, BT 2HARBELBE L THMIERERLTLS. &
—VRTy7HBICECT, LedBBOBRRSE—-THEI L3, #HEDOoR
450mm DB X EICE N TR RBOIIBLTHEHIA TN 3.
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K5.2(b) i3 j;=5m/s, 7=0.1m/siCH I HHEDOREMBEBR AL AR LALDDTH
D, HE LTV AEAMIERETHS. RPFOWREEBRITH T AN
ZHICENI N BRICHE SN2 BEFEOUBT 2R L T5. K52(a) &K 5.2(b)
OHEIS, HIMBE L HEBEEEL T, BERVREL, LB OEER
ERNSZ0EHEL, BREEEICEAIBADOBH LTSI ENGD
5. BFHOBI L HEBEEBLTEL, BHROBVESLILIIAERE R
LT3,

MMEPEHOBEAD D, BT EREETIRHHMIT, FHERLEBRND S
WRBRHETA2BBREEELEENDS. HRBICBNRIN T BHEEDE ]
BHEREO LA LI B EEEREDLELIDOLICEHTS. HRFEOHKIRE
BREL ZOFREDVRAETNABEROBHEIEET IR THEET 5720, H
BREIZCOBEAETHLEICHREERICEMASIELANOBE TS, M
BLEBB T 2EERINEINLE FREOBTEI»OHBEINS. J0D&
XOBEHROEEIARMBEIZIIERA—~THY, HREISEN S ITH->THRET
5. LedBBRIDIICBERLAEET IR THEET S LFAL,

54 EETRHRRICHRITHAERREOFERES
5.4.1 BOBRZEREFERICH S SHH

K53 TRAOHMERRUVBRAFERICE I 2 HOBEREBRICKBER
HOTO 74 )VRERZLLDOERKENIIRALALBOTHS. Bk, HFODS,
HRUDIBUTTBRZBEHERRT 7, BMEERVT LI EABERLTNS.

£, jo=40m/siICEHT 5. 5=01m/sRF03m/sDFHTHRT 5 FHMAER
3, HE, BFBERUEENEZER~THS. COFXFHFIEIELLFTTRLEL
REBBRABREICE O THBHTERREARTH D, HRALTHWH3HERIZI LD
BETHE. LU, 5i=0m/sicBHTIT, 5=03m/s THE I N LD ELEK L
FLUORKRERZEEAF TS LeHEE (FIZAED) O, THEDIRE. K
BRUEESOREVESRE (A2 EH) BHBEL, 3515m/s TEHREN K
ARTRBICBBE LTS, j,=10m/s RF20m/siTHBNTH, 5OEMITHEST,
L) BN ERTH2EHI S, RENFEHORBIEALLAONS.
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Je=3m/sEL FIZH VT, jOBMICH-THEE, BERUERNVRZ L BKE
MICBETA2BBRIPWE TRV, j=83mn/sIKHBENT, 75%03m/s A L THH
LTWABEERIE, HBEEEIDEIOIREICHOHMCHRETHSLEWVZ 5.
7, j,=3m/s Tj5=0.1m/s K U jy2%0.03m/s £ 0.3m/sIC BN THEL TV 5 HAEHR
3, E3BETBRELICHBHLZLLIEABLEBELTERINRINWI LD
I, BEDUEDEBELDDIAREVIEDL S, HOBEMBEEROBEIS b
Mg odEbe ) BT BEEIONS. UL, CHoO&RBTHET SR
BEHENNIELZILDOTHS.

5.4.2 HAREOHE

THREOHMBRERILEERICKS Y, HRTIHARELZHRTHS. U
TFTI3HAEBTTHREOKEERRNT 5.
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B5.3I2HBUT, j;=0.03m/s, ;=0.1m/siZHB W THE L T 5 K (F L IEH)
BRERFESVZICNSISNREZARETSS. THABETIICH-TE
CHHBROEMABZMOFEHR THREINAFBEELIEBE L T/HhI . T2, 20O
REBERHFICBTARBELT, AERBLICIHBICBHEINIBEEICREL
BFRREBIBOZAELLBELTHEY. LELORKEERET 5 HBE I ,2# 1m/s
UTORHIIBNWTES(BEINS.

RIT, jy=3m/s, j=0.Tm/s THE I 2 HMRK (HAIEH) 3, HERIEIHF DK
SRR, o074 VRIS ERRBEFTICASCEPLIBHEICETE-TH
5. ZOXDMHRKEIT,=3m/s, 5=0.Tm/s R 15m/sIlE VN TEZ(HEINS.

F 7, jo=20m/s, ;=15m/siCH N THET S EME (FIZITH FHENEL
CREVHRBETHS. COLIBRHRBEHRIGPREVEBFBIZENTEL
HBELTHWS. BREEPRESVEBERCLD, FRRBEDPLAEEZTRSIDD
bHBELTWLS.

HREOERICEHELTLERREEKTSE, TREICEOWTHICRAEZEZINS
IINBRETHARELLGICRZINIERTOHEOEHRKEE, LRHATHRAT 2EANR
BREUBLUTHHEOEND I, KBRHEMIEREF LTS, AREOER
BEBRDXSIT, BEEOBRNSAPVEIHHFEELEZEICHEL TS, Hd
BVRBHGAREINIHREVIHEBRTI2EHFICE TR, FEBEOHBAHAE R
ERRELDBEDLDTHUL, CODICEMABTEREFTAHMBEIHERL
TWaEZBZOoNS. LHL, jRUGOREVEHICHEOTHES 5 HMKEI,
BHOBHERTIHEBELIEREBLTED, LERICBIIRA—DOHESHE
THHRITHIHAMBEHEBHFEU LAAEREZE LTS, £/, EERIIBOVT
JRUGDNZIVEHTRREVAEEHLAFH-THEH T 2HAMEIETELTL
e, TRETERIOLIDAHRBEIEILEAEAGALL. THEFHEFEOH
BEENDPITOWIEICERALTWSEEEZONS.

55 &%

EELARRUTRAOHABRAKARIRRBRFRICENT, BEHE K -
K79 T2 o3 E2HOCTHR-— IV FFTyTOEBGHLZMNELL. TOEHRI» S,
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BEABAOEROENAEBZZICIEETE IR HMEREOROREMEEN £ 2K
MICRARLT, FFHETHR T REROBHEHEW S MNTT 5 E3IT, HIHRE
ELgYABOREMEBHIIAONIFHEHONMI LA, B, EFERTE,
Ced BB BHICHIEELEROZAZ/NI 0D, HRBIEHEICERE
ZASHUPOBH TSI LEE, CORBROEAMAZFEREZBRND 5 W T HH
THIEEFEIIHEL TV A I EMHSRMITH . £, j,RUGN/NhE 0
EHCEOT, HRBIRESTEEESGEE-TBE TS LO00HRT S &
L) OW N A ARCY A

TEBRIIBOLWTHATIARER BERFERICAONIHFHNS3DICK
HNEh, Thooh TH RO/ NS 0EHTHRI SHRBRI EAFRELEL
THMAIEREFE TS EXRICHEZH /NI 0N, REGHPREEHTRE
FMEBYULUBHEREREF T AARBEIHERE TSI EERVE L.

& E ik
1L KAz, HEOEE, BKXS, PEREXR, ZELAKK - HROK
RBEREICBE T 2%, BABMFERIRE, 53-493B(1987), 2800-2806.

2. HHOFE, RAEKZ, Cognet, G, AAEM, \BML, ZBELFIKZ
HMRICET2BEROEF 5 — 2, HERBHWELHLE, 53-493B(1987),
2807-2813.

3. Sekoguchi K., and Takeishi, M., Interfacial Structures in Upward Huge Wave Flow
and Annular Flow Regimes, Int. J. Multiphase Flow, 15-3(1989), 295-305.

4 HEOFE, & 5, tHE MTEE, mEHEX K ZHKOREK
BT AR (B1H BORNEHERBNEZTNIIASN L), BAR

Mo 4% 5 SCSE, 60-573B(1994), 1716-1723.

5. % FEiG, MEHER, RIB F, PEAEX BKEE #H40FE, #AE
THRABE ZHEOBEKICEIT A2HE (B 1#H, FOoOREMEREN & HERK
D5HHT) . B AR E R SUIE, 62-601B(1996), 3459-3466.

6. 0 BE, BBAILFOHEE, (1973), 180, EE &,
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6.1 #E

B5ETRERRRUTRACS Y2 HOBEMREEROBRES &, HAKRK
RUBRABBRICE S THEAT 5 RAEROBEMER IS S h 5 BHICDT
FRETor. UL, BRBERG Usd Bl E vk BEROEVEERE, #
NEBBATT OB LB, BHOKBEERT 5 b, N5 0RESR
DHE, BEROBAR =V F Ty P E 0o R EAT ST 5 & 2
I, SRS A EEAEROMEE RIS 5 LABETHS. $i, B5E
BT, BOBEMEEROBEN ST, MEERET 52 ENERTH
CHERDEELE. SO BHEROMEARET A BEIBNT S, @
B e Ce S BB OBEAEERNICH ST 5 - EIc EoT, £ ORI %S
NTCh O DBERDEEAHGT 5 o & ATHICH 5.

BAEROBEETROICHEBLTFRE LTI, RESICE-THbAL MK
MEEOMEONSS. chid, HHEREBTTRELI2HO K —I1L KTy
P I koTEBENB K= KTy T OBRAES S5, RN 2B O
K= K7yl VAT I30RBELAABHAEN TSI EICE-T, &
KROBEARD L bOTHE. L, WANIIEEMNCRESZES ¢
BBANBEB S, MEROREAELCMETBRHICR, BEVBRIK
BB THAROBEEBH T 5 LB ETHE. CARBEN T TRA
(WD BOBRAF— L F Ty P TORABTHS. £, B5ETH
NPk ST, GUAEICEHERS 7 HRBERT UsS Bl E ok RN £ 4
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BN TOWEEGFOEVEEROMIC, BHENEETS. #-T, EHOEL
BEROREB NI A —FITASMIFHREHEONMNITHLDICE, CHOoDHK
BRREFERERNTHZIENLETHS. LHL, PREVHEICEIT S HE
T, BB 2BUAPEFEGORVBEERHETHLOD, DL VEBEFEEERTDH
5O00EHNTAIELEFEFEZETHEL RVBAAXKBICECTHARDES % 8
EITBHIEINE>TINSA2KHNTHLENH B
AKETEIRNUNERENHITOE2HEMORVEER (BEXF 7, BIRERUL
DI ORBEEENICHLDICT ADIC, ChoBERE LICERMT
ZEES (EBEREHRT ) #HMH T2 HEOLERETE2H0THS. £/, i
INTEERVEER ST I THE2OD, 5 03EMHE, CelddlE -7
THHHhOHHIRZ, BEWHER—INV Ty T2 YDhoBONE K-V FTyT
BHROOTRAEBTRVEBAREETS. 2D, L) ABEOLI LEFO/N
SVWETIE, TOR—IVFTyTOEIOCBRBICETHA EHMTEZ2H, 27
BrHOTICKHETERBINAZETEORESVEARKE TR, BKEXS 7 LIZIER
—DKR=—WVIKTyTE2EFTHH, BREXSF7EHRBEEABRICKINT S &
BTERY. H-T, ARRTRHENORBAHSHTEERICHNETEZ LI ERBL A
HEBE VY OBEERNS, BRI S 7 EHEOHNET 7. ZOHBHHEIIOD
THHETHERT S.

BE, ARETHEELARLE TREEZR-TVEN, KETERTHIHNER
WFNORBIKFE W THIRBICHEATE ), CITREELARENSRE
LTwl 5.

6.2 EFEIROMWMEFE

6.2.1 BRUROFARBOMEFE

F WKROMBEBET 5. WHROMLBIE, WERNICHEET SHEE
BB HENRELOND. CORERE—OREEET 5 HARICH L TIRA
An TS 50, HRRO LS CHMOREEET 5 HARTE, 0N
HA2b-THERORBZETZLNEEICNS. T, HEZXS 7O XS ITKE
BEAR SN CEERICH LT, MEESETENNRANDS. 22 TK
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HETIE, A= NV FTyTOREBSHRIIHLT, 5K — IV FTyTOLEL
BEREL, LEVWEIDDIREVWFA -V N7y TE2ET 20 HBEREROE
ATA2HEHBEED. COFETREROBEAE THRIMMBH 2 0 L HEK R
SR ENTY, FHEMBEEABFICRETES. XERKEME T 50D L &
WER, BARKEANEERTIEFORBVHEERERNAS(CHMETEAREE
INELKFTHLENRHZY, COBBNFEREROPTHEORIVHDOEREIC
MELTLES S EEBIONT L. #-T, TERKREBRT 2 RMEB & HRIZ
MHINLBERIZODVTE, BHLTINERETIZIEDMLETHS. K
METRIODLIN2BREOME T oA 2HEA LK. COFEOFHEMAEUT
W d 5.
REHBREBEZHBICBT AR -V FTyTORERMBERICH LT, BLOL X
WEAEZ THEREMBUCHER, LEVWEELTEZEAENOEHIIHENT
MEINTKR— NV Ty 7TORZEEFEHELEREATHIENESTHS LMWL
7o K61 H R LR ZEHBEERICH LT, EEOLENWEIZESHTH—Ib
N7y 7O _EALMBAB L. bOPKE62THY, BAOHBR A—IV KTy
NLUEWWELDDBREVWIEEZRLTVS. CORDOEIKEEROFELERT
KROBTH-TREINS. K61ERK620LENS, M62ICIIHMXEA % F#e
TAHERRKMBZEIMV) EHIZ, THITBRRINS BEEOKE OIFER O G
KEREHRT S A IESV,SV) P HHEINTNBE I &G 5.

6.2.2 XEIROKBREARZE

FERICI->THRREFICHE SN 3 XEKE, ZAEAERKOEDMMYRT

BEHMOKRMEMET AL L-TRETHIENTES. COHEZ, K6.2
WRLURERKO—H2HE LARKEIRUR64EHWTHETS. AL, I
SORICEVTRB TR LUAEBEINICKET2BREILNOLRKEKROER
THHEBARLTED, ERIFAOGEHLEMBLTHI(BARZR LTS,
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E RO IE B & O O

EHRKOEEM T LHLL THUORHEMB T A2 HEER6IEZ A THEXS.
HTHEDLEHRMOFR— NV FTyTREMEICT VT, B ENICEKO ERYO
WIS Bty tots, o (T THHRAMBOMBAEFRI EIITH) £ L, RIZ
EHRBBMLHOFABALSEEAMNOBHRERTOERBO IS ITHBE LT, &
MombE, HBEIRLITHRAUOR—INFTyTHUEMBEZTES D, H50IE
BRPBEERTAIEINI--THITOMENTENINBLETHET S.

BERAZEREBRRLUEWESICE, TOEKPERT S, H50ETHA
KEOHOKESZTEAMOBHOMBMNITZIS. LAHL, BIRIXENRKZ
BT 5HEICE, COFRRPIBRLTOVANZ 22 DoT, EHRAOHKID
PR TERLLANIEELHS. FIARKE3IIE T, ko HRBLLE
HMOMMBIE, ADMBIZE D TSVINSVUIRININTSV,OEBR ORI L
THDIC, BBOMBLFETEU LTS, JOLIAHK/ITRE, AR
POFEROETYWORE (HHDOBE) PHRLAZEFTTHRMICHELEILRL
Ko, BRI 2XE SV 2908 LTS BROEEBMNOGHI RN
FeElA(HFOBE) AOBUERMOGHEMETS. CORBEITLLT,
SVl IS N BSViATI VBT Z EMNTES. ABEICHLH S SRBOME %47
HT ER LT, EFHEMRMVIIKBRRINESV. 2] DT I XRTOHFME O
B ELS ETENOKHOMBEIT) Z &I &-T, EHKRO ERMICRIKR X
NAXMREYOBET ENTES.

ERROFER O&EO M

Ke4allEFHEMOBTHEMOKHOMAUBERELTT EOBTRMOK—-IVFTy
THEMBICENT, BRAZ X032 FRICEKOTEM (LREMAD O
MHEOMBAEZRNEL, REZKEBEOHK AN BT HMORH EMmE L
T{. 4B NT, th SHRELARIMOMB L, CHRITH W TSVDSV5IC
BN XN TSVsOBHBORELNHEERT A7DIC, REOMBEIBETIAL
5. COBE, CADPOERKOBFEMOGKGHE (RHDODR) RO S ET LR
AICHBEEELAENS, SV HSVAYI DL TS DESIRBUEEA
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DEFMEMMT S, AEOLEE, IXTORBMHBDOHBAITHLTITH C
ERE-T, EEROFHUISHE SIS XERELORT I ENTE S,
TARTOBRMROEEMEBHEMUORILOMELIKRT 5L, BAXHMOAD
POHROETERLTLWAEEMRIFAMOKBIHLAEMBL, Choilk-T
BRENTHREROFERB L ERIKET 5.

BERBEO7ILIYXL

BWBEMETABICAVWATZNVITY X b %, BROEBEMIZIKG65(a), &
BHE65M)ICRT. ChoDRIZ, H2HBBLOME (RPDO) o, RO
ERETHAHEERLTED, AMOABRIER—IV Ty TOMENE %R
U, BABRRFR -V FT7y7OZEMGmEME L ERAIIHELTNS. K
OMIBZBEEROELEFEBAN, MBBEHOFEEHREBATHS I LEERL T
5. 7, QIMEMOBERT, MIKET 330 THD, BT 5 L5 KRN H
AHEBERABRETARICEAENS. BHETREVWI EERLTNS. Bz,
ZHREDLIUNRBETH-THINWIEEZERLTWWS. ih, MMEUBIR
HRELTVWBHE (HHP0O) ORBICETI2REEELTLAOICKL T,
BLIHHEMELAASHLTNL 3D THBE0I HICE NV TMMERUBE &
57, BICHHAMT TR UK.

TR UHHOMEL OB RPZEMAMICHIET 5 K (8 L) ITH T
2M, MRUBOHEHTAREEZHAEL, 1~80FXHOWTHITHESET S 0NET
MENns BETHEHENBERINSE, IPORANRITMELZOHODAEIC
EBEINS5WMWEHM LT, TOMEICBHTHEHIT, 3~5UNDEHTR
BREBRTIBERFOMBICHT Z2T, BETHLENEREET S
BT, BTONIVWEAEPEREINS. BERINIGHEIPIREINS L, &
WIDWBDO S EFORENRAESIN. ROBHIVREINS. COLHEE
DBETIEICL-TRAEGHEPHLTES. Ah, FRELTB®IMITH T
58 HBEORELPNTNOZHICOIHAALAVEAICE, COMETERIMH
KRLUTHWE D EHWT 3.

SIT, BMEMAMBLANSBEANT I LI TR NS XERE YV K
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(b) Rear of main wave-vein
Be6s5 BEROEHEmMURTBHEMCEIAHHEMBEOTILNITY XL
M:RAROEEER, M: BEKROFAERTH L, BrMEMOER, B:
BRTRAYL, O: HBELTWRHHE, X FiuGHembl, ToE
BB LR BRoBBoE@®ELT

THEZHHET . K63IIH T, ADSBETORBOERIING65)D 1D
FHENAVSON, ADSBEETHAMIIERE L T EHICHIBIH->TMED
KEIRZITWL ZhIRE-THBICR - THER O FEAEFEEIN O HEE I ES
NB7DI, SViZSVa SO ET I ENTE 5.
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6.23 BMETLIHBROEIEIRO B &

ZOERKIB ELZOFEICL-THEDPAIETHS. LHLL, FEIHEUL
RBEBOERRLEODTHEL TCHFETS2HE, FRHKMAICILSVHEL
TOFR—NVFTyT2EFTHHBPIELELLVEEVEAICEFEET S 0%
G ARBEHOFEREA LT REDONLIEAOERRE L THBINS Z &
5. CORMEEEB#T DI, I NAcEBRAICKERE (K= F
Ty7ORBOMICKITIBNED BVEETHINEINEREL, BREIEFELET
DR ZORBILR-TIKOEEREZBEHOERKICOBT 5HELHEMAL .
LU, CORETR, ZAO0EBELEEBELFTAHAAEOL S, BIREOE
BROPMGPEINTLEIENSOBEVELS. £2 T, UTORETHEEDR
mAERE LI

HHHANICETLEERAOR -V Ty 7OEMSHICERT 5. EEIK
RNDOHBFR—IVIFTyTHEMEBICEBNT, TOMEAPO0E L THEEESMIC
FEDREIA2ETIRERBMTHF-—NFTyTOZEMAHAEREHUL, B5
NEBMEEZZOMBREISA RNV Ty TOEMARETS. COoHREE
ERoTEMMSERMUETRDS. —RI, FERLICEFEAETIERORIZ
FEROBRELBELTHa/NI W0, BRAXHOEI N EERK ELO/MX
EROBERBELTESRIINE, ChooRBREIBBINT FTHRKELXQ
TRERIUBROAVPBHING. FERKOEEFHBENTIOAEIPEN S
FERZEALTOAE, FERKRANICEBEIEETIEHKL, GEIFPEISIE
AT BMBEBARBEE L. REXBMOEIELTR, BELHVTHEHOE
BRICHOET MO ERRICE IS HEEDDHIE L.

BEVLBUXBEEICE-THFETAIHEICE, BEICBR-TIXOEREKE
BHOEHWRICHEET 2D, BEIGBAXBATHSPICL2DEELEWES
WiE, HEVNEAETAREBICEUTCUTOLIICRE L. &9, BHXBEOA
OTHEELTOLAREPBUXBEATHERTS2HEICR, g2 DO>DK
ROFTTRMIEETI2ERKZLERWOZNICERNEINLXEBERTH S &
Z, TRUWOEREZHET 2. iz, BURKEOEH I SEENHEL, HEDL
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BUXBEOHOETTHEETIHAITIE, 2BIN 2208 KROP T LHEMOD
BRIETROOERIOBE INAIERTHEEEZL, LHRMWOBRKEHE
T%. BARBAATEENPERLHBERTAIHAICR, RARBBAENIIKEL
REZZ, BHOTERICGEZTHIT L.

BEOMBICEVT, EFRKOBEILETH S, TRKOME IR, £
BEEZRAOCBOHETEREREAMHE LTS FHEROKEEREKD, ZOHIEBEBDTS
BERAEXBELT, TXRTOFEREBRET S ENI 2REBOLEZIT-7C.

UEBRI-EHEROMEBFELEANT, K61FB3R620HEICHLTE
BROMB AT HERIR66TH 5. £/, UFTIKERRKROMB HELEHHE
KEEDB.

L BEAR -V KTy TORERFEHENEKRD 5.
2 LEWVWEELT, REROEEHEBZERET 5.
HBAKMOARIKBVT, GHMBHEOMEAZMET 5.

4 BHRHEOREBESOFTRHRADOE DN SIHIC, HMes5@)ICRLELT VT
JXLAICE SO TEROFERNOKHAMET 5.

5 BIAKEMOHOINE T, WHEMHOMEAZME T 5.

6. HIMHOHBEAOT THHDOENDDOH SIEIC, H6.50b)ICRLATIVT
VDXL ESOTHEKROBFEMOBHEZME T 5.

7 BAKEATER LTV AEREMRUTEMOBGREZMEL, THhoTH
ENCBBEROBFEEFERBELEEROE 1 K@ LT 5.

8 HEXEEMICBETAHIIEA632HOFETERT S

9. HEEXEHEMICH W2 HBOTBRERERBMORES LT, BERIKRNICEE
ODHEEARAET . BAXBMATERLARBENEET S5 EICE, 1XOD
FEREBEBOEHIKICOHT 5.
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K66 FEihkD R EREKER DG (j;=Tm/s, 7=0.3m/s)

6.3 ETEIRDFTH X
6.3.1 BEXST EEDHBE X

MHINTERPNBEERZ S 7 THED, HAVEHARBRILs D EEE

WoltBTH S0 DHFNE, BEBZ A AEBE T (SS-PEP)MSHF 5N 5 K[ KA
SGHOEREM V. KT ERROFEBOL AR LIt HORKREBBERERKIC,
BEBZALAEBE U YOREEIOBLONETo 74 VK EAEETRLALBDT
H5.

BT, M INEEROFEAAOCTEEREZTRMIEEL (KPP DA
M), BBEZAREBE VYOREMEICEIAFEEKOABRBEHFEZKD 5.
RIS, COBBBETICENT, BBZALERE UV VOESIS, BEAT M
WEE L THWAKMEPERET AN EILERET S, BEAWICHESE L 2K H
PEETIHEICE, COFFEREIBISHIETEHOTHD, #FIZIOKREFOD
BRICEOTHERE LAKHPHERT IS EICRBEER T 7ICHIGT 5 EEKT
HbHEHMT S,

BT AKRAMOFRARAET 2 HEER63EHVTHMET 5. K68iE, & &
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Flow —>

Axial distance

BE & BB OB N F ik (,=10m/s, j;=15m/s)
S: &R 7, W (A8
A BB, 7 BRESAPBNREABRATS2OICET 5 EH

ElM (ZIITRERCABBOEAETRLET S, i=1~7) PRHE LUCHORESL L
NS TICHD->TEHRINMICRLEZLDOTHD, BHLIZEMHE, EHIFEHEETRL
T3, tDEEFRERLERTILDICHF T LBEETHS. £F, t=11lF T
S[AHDRLEEZRD B &, i=2~v4&E10B. TNOSDMEBEIZETNT, t=2ilF 1T 5H
DIREAXAERT S L, =2~4EBK[MTHSE o, tFN1E20M TR B A I
HREUAKHEPEETSEHANT 2. £HRERICEVLT, BEAERICER LK
HMOAGFHET S EHMANCEEARPICRHTERT. RIZ, t=21 B TMEN
SOAMEBARETS. Thid, MORLAGE=1)LHEzHE L AKMEIFET HMUE
DI, TNOEBBELULAMEBILEFOVTHIATHA2BSICEI[MENHEAICE
Wolc EZZ, BMETAHNEDN ORI LEERTI2KMETHAERLTHDOTH
5. t=21lF 0T, i4XBELAMETHHI=5P[METH 5729, t=1Ti=2~
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Radial direction
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K68 HEBEZAABBE  HTICLsERLILIMOBRE Hik

4L BB LIEK[MEE, t=2TRi=2~5THE2LEHMTS. ST, i=TKHBLT
b, KHEVPBRANTOVEN, t=1lFETHIK/MEERL TR NHIT, Zhid
WIS 28R EHTF L TERT 5.

LPROLEABBAMICEDIRT I EICL-T, t=83TRRild3L4D, t=4T 2
=3~V EDMNENERLTHASJMEHMINS. t=5Tlt=4LERT ST
i=3&i=5RU6D2EAHFHETS. COLHI, T 27MVEREFELET S5
BT, COhOoDOBMAEBH TS t=5BVTi=3KHFEATIKMTt=7F THE
Fel, CITHERTS. —H, t=S5Ti=sRUVCIKFAET A Ft=9% THFKE L,
CITHERTS. COBE, t=1Tid2~4ICHEALACEMIIt=9F THEEL T
5 EHMT 5.

HHELUCKHEBHERTSE, BRUAKOBAIE 2 K[IAMONME 4 F1 48 E
ELT, BULZOLAEEZTVWERELAAIHEERERT 5.

EBEZAREBE UV VOGBS OHERELAKHOERLEABELRREZNK6T
FD@IETEYT. @QIKBVTODREIIES LSS HEELLEXTHD, |
ORBEEMPESEL TV E I EERLTVS. H67ICH T, KNSR
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ROBBEEF IO TERTAI[MEABERL TS LDICHEER S 7 EHE
S, BERAWRHEICES U TKENEET S LDICELHBEINAHTH .

632 TEROERE, BBRUBRKE—LFZ7Yy7OREFE

Re7h o, EHEKOEE, BERURERF-NVIFTyTOREHTELZEXS.
EEIEERE -REBICL->TEREUL, TERKIBAXEZERT 50
WHERIRE T CBHUXBOERXLY Su,=L/7TRKD. BIEBERRF—IF
Ty 7T RERAITBE I BREROBEBANRIERF—IVFTy nEBAKEICE
WTHEELEE L.

6.4 #EHR

BAXKEALZERTAIFETORVBERORHEZEENIIHN T HcHIT,
NoXRERMELICERET AN (EEK) Z2HETIHELZERRLL. 20
HEEBHNTAHEUTORDTHS. mF— IV IFTy7ORERFHMEEL LS
BELT, THEIDDBRENVF N KTy T E2FTHAHRBEZHEROEFEEFEE
ETB. COHEE (ERK OEAMRVERMNOHHZME LANS, BRIKH S
WIERBHIhSZEREBREL, BAXHOAYOPoHOETERL TS
BiIREEBERETHIHDOTHS.

Flh MEINCEERPIBERIS ZICHIET S 00, H5 0 EBEICHIE

HomoRRFIERI OB ARICERT SAMTEHFL, ERT 5MOH
BrxboTIhoxHIWg s HEEZRILL.

&35 Xk

L. RAE¥KZ, HEOEE, BAEE, PEREX, EELAKK -HROK
HRREEICHET IHE, BRBHEFRIMLE, 53-493B(1987), 2800-2806.

2. F% IR, MBHEA FERERXR, BKXE fEsz #HEO0EE, KK
“HROBERICET AR (F23, FERIROBB AFEL I, B AW
LW E, 62-598B(1996), 2423-2429.
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7.1 #E

ABETHE, ETE6ETRELALERROMB FEEINFEL, EE LR
MICETAHARBRRCBRBERICERAL, ChoOHEHBTHIRT 2 HIHKE
RUOUDEBICHIET S ERIROEE, BERBRUERF -V FT7yTiIlE&oh
A2HHOIIOVTHRLS. COBERICBNT, TEROBELHIBEOBEBRRUZ
NODHERGHERRFT-—INV Ty TORBHRERBIZCL-THEHRL, 206
KAHELNLHBMEE LI ELBEORBMEBAONIITHEHIT, THhASDEDOH
MWETS. LHAL, HREE L BB REFETIRBEZEHEO—HITHVT,
NODNIA—FOHBILIBFMA LTI, HRELULTWA2EIERES 3
BULsO2EBEOWTNTHADEZHEICHINT A EVRBELEZHENEEL .
WoT, REOWBEHICRET S LU, BHINAERRIERES 5 0
BLIEBEONTHICHIETE2EMD S 545, 2F0EBHLEEER%E
FRMATCHNAEOBPLE LT,

REBTIE, LEOBERIEZZ32DOH LVHBFECODOLTHRELTD
BbOTHA. HIHOHEAREDSIZWE, HAKHAVWIRE NI A -FTOHIE
W EREE LD, BHRLUBOEMEIABET S L, LER/NROKIZED
BLEBERINTTAERSHL. WFAKLTS, K ELLSELBEOR
HMeRELLEBORE NS A —F 28I, XEL TV 5E~D EEKRAIE H
BTHHD, 20V LB BETHI20ZHNTILENHS. ZDOLHILHE
MICHTAFHELTIER, ZEEFNED LI DODTHE 73 XIG4RBEL T
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5EEZ50%. Inoueb@3, MEFHARAS FROBRIIFERNS 7 7 X7 5
HED1IDTHEKFHEILL-TI IR ET L, RB#HBEZSHL
RETE, MBS TA—FELTHOEXRNNRRZIA-FITHHRE, BHEK
URRKKR—IWVIETyTE2RBIEEL, CHODHERICKFHELZHRL T,
HBELUTWA2EPHRETH S, H50EFLe2ABTHE200HBZ1T S
LbOTH 5.

Fr, COHNEOERABRICESVLT, BERS 7, HREBRU L&D LK
PHBRTIRBEREH ST ZEEI, CHhSHRBERET I 7HAT
BRELOBEERLTARLAFHLAIRIEABRELETRT S, BT, X2
SRHTH-THARBOEE, BRERRUVRRK—INVIFTyTIH NG
SMICT B EHIC, FIRBIKBIZINAODONNIA-FOFHELERFEEL,
BAEZZTRUELsHIEABOENSL EHET HI LICE-T, THNSOEBKRD
MEEWARICT S HDTH 50,

7.2 ERROSHFER
721 BELHRBEOERERUVCALOBRESFICHONIEY

FHEROFDS5631HDO FEEAAVTHREZA S It T 2FEREBEL,
MEHD G LI EBITHIET 2 ERKLZTEZEN L. B713, TORKIC
HTB2ERRKICELT, #EwEFEB\OBRETRTHERIIIOASDERSH
AHELIBLOTHS. BH, j,=2m/s &3m/s R jy=5m/s & Tm/s T j;=3m/s D5
BRI T 7HEHI2RI T THEARBROERTH O, HMRERHBRA LT,
HHENBHBALTHEDODODTNIVHETH- DB L. BRSHEIAD
10~2000mm, u280.7~70m/s D T N T EHIC0FE L, 2B IhF
HBICE T L HARELERDZIDOTH 5.

Jo=40m/siICE BT S &, 5=0.1~04m/s TIu, EADHERSH IS HERZRL T
B0, \EH150mm U FIZAHLTWA. i, upyE OB S, u i3 BMm
LTHbHhEoHMLTUEN., ChoOXHEHBYTRRBEERTHH, HH
LTWLWAEKELeDEBETHS. LA L5j=05m/sTid, \OBERFHITET T,
71=01~03m/siZHB N TH LN Ug D EMITHIET 5 #9150mm LLF D 434 1l
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2T, M150mm U EISbH B HPHRLED, 5=07m/s TRAD K 150mm %
BEULARERDOLHIZEAL TS, \OBBLHILHZONDE I D LI N
BBy, DFHITHENTHAELN, 5=0Tm/siE VO Tidu ¥ om/sICFET S U
FDFEBOREIBLE-JITMAT, THED by ORENWEIARHF LG
PHBE LTS, v EXOMHBERICEWNT, MRH150mm Y £ TH S HiZ, \VEH
150mmE FTO UL ) EBEEHE LT, \OEMITHE-Tu 3 RS WEMT 546%
NHD5. gRBICHENT S E, u L OERSGHICEVWT L) ELEOTHIET/HS
72D, 7#2%1m/s Y ETEAMF150mm U EOENXEHIZHE->T W 5.

AP 150mm Y ORI, LB EUR U TEBRUEZENRES NI E &,
EOSBILKIAROBREMEER OBEICHEN Tj;=40m/s T;H=0.Tm/s DFEH T
BHREIHBAL T RIED»S, CHOoDHIHRETHSIEHITE S, £
7o, BB E D EBERANEw OBENRERT LI L E, jOBMIZHE-TLES
HENEET S —F CHRABAUAL T B end, MREE U ai
BEOERLLIETHHENI I ENTEXS.

Jo=40m/siZHF N T, jOEMITE->Tu, EAXOHBERRER I A S DRSS M IS
AONTRBHEEAZ, ;RN 15~40m/sDEHICHETHEATE 5.

G 10m/s LT T, @B > Tu, EAD BB R R I H S O HER 5 4 it
ZALTHRFEHBTE L. LU, 4205m/sHU EIXEWTHERT %I, j,
OEIMIHEI R UNOBBAHICHZONIFHN S, BRBETH S LHN TS
5. §1bb, 5=05m/sICEEH TS &, W3 10m/sEL T TIEIAD B3 53 77 13200~
400mmiIC E— 7 2 FDHEBEHO ST AR LTS, j=15m/sTRIDHMHIC
MATHEOmMmIZ E— 7 ZFHO4MBHONIED, j,OBMIT K> TADHI 60mm I
E— %2206 NKEL LTS, LRORERRN S, j,=40m/s T 5=05m/s D
FHICE T AN mm U TOSHEETIHEGCLOEBETHE I EVHL M
WKHoTWBEIEND, je=1bm/sICB O THER LIS H60mmiclE— 7 £ /KFD45
ML 2EBIIHIET 2D TH S, F Kjh10m/s LTI 4 T 200~400mm
KE—2%2Bb, j,215m/sH ETIRj,08ME£ITFHMBNE L H-TH L R
BERETHSEHMTES. MAOLNEFHHROEA B u Il THEE
TE5. £/, 10m/sUL T Th20.7m/sl ETHE LT 5#IE, 5=05m/silH
SHhAHMEFEELEBELTAIFIER—-TH5H, A0 BHEMLTEI &0
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5, INLDEFHICEFOWTHRLULTVL2HEIEHREIFETHEENZLSE. 2O
R, BOBIIRUHEOBREHMERBRROBEIIE T, j,=10m/s T;=0.7m/s
BRU15m/s THRTAHEIERBTHE LI NI EEMBE LTS,

JoM10m/s L T THM04m/s U FORHICE TR, H7T10HEN S TiE, H
HUTWIBEOBBBEEHBICT S ILEAFZ TR Y. ERORERICH T, B
WFEONIHI50mm U ETH D, Le)EEOAIHI50mmU T THo7z. TOEHE
NS, STNOSDEHICETANOSHERSTT S &, j=5m/s T5=01~ 04m/s T
2, HRITIZBEORFIHMBETHZ E0AB. —F, j,=10m/s Tj=01m/sid
CedBEBENPEREZLB LTS EEZONS. CHODHBIBRIELSEILE
TAEOHZEZRBEBROBRICISGHEFCTEIBOTHS. LhL, 20
D FH, #1211 5,=10m/s Tj=03m/siZH > TiE, H150mmiZ E— 7 £ F D45
HTHHI LS, HRBELLHDEABEOGHLENLR D H-THEROSHFEER
LTnadEZZo605. AP150mm L L2, 150mmE T4 U )& EH
T BEZZ RSB, LEOERBICBENT, B L LD ELBEOHETEE
RUBHORRA—ILVFTyFICBENTHALNEI &L, THHEBREL
THHTAIENEEZ LW EEZ OGNS, ZHICBT 5FRITTIHTIT .

722 BRAR—LFPZ7U9TORELSFIZHALNDIEH

K72ICHRRE =V KTy Tmee DB S EZTRT REINTOSFHBRTLIE
W—TH5. j,=40m/siCFEHT S &, 5=01~04m/sTiF Ua D EBWIZ LB HIE
WO THBH, j5=0Tm/sTiE, LI EiBRITHET Bnme02% F.00& L
DI, MmO EICE — 7 £ FOFH LGB NHRE LU REROSH %
ELT0S. uy LNOBEBESHIIBLTH, j,=40m/s T 5=0.7m/s D FH T3 W&
HOFHENBEIN, Chol3ThENHREELELeHEABITHIET 2 &N
B S o70. 8o TipaePHERZHFICE VT, maeW03BHEIIE — 27 25D
SHERHBRBICHETAEHMTES. gl BT HEMBEE Ued LK
BEBULAIASGHEER LTSI ENS, ZNSDOHE RNl BT HIHENRE
WoTWBEWZE. i lm/s Ul ETIIARBICHET 2 HIERH DS HICE/LL
T3,

Jg=40m/siIZ BT, FGOEMITHE I nme D FHIZH b N EALIE, j,=30m/si
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BOAHIZEVTIE, j,=20m/s Tj=05m/siZE N THRE®HDOFHVFELEL T
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