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BITRAISHD Z 83 % v, LA LIEED 2 FRAT bbb LT HEOERIZOWTIZELE
ZRTDULEND L, HAEOEMIZOLEFTHAOERE vy AAICELAEIFEZ L2
DERD, ST, HAEKAOL y>0 OWMEHELTEFE ., AL {EERADOE y<0 D
BHEESMEL EE2 S, MEIEAZHAELTBY, ILHARELLOREELD
T, HHEERDENZRIFA L TH L, Lo LEHICHCENIERMICHAT 20T, &
MAFHEA LY ¢ B EFREICROMBEISVERT 5,

¢=—(g/L)X (2.22)

2L L REHOEST, (< L &L & (2.22) REHHFERCT. BARDRE w=
JOIL THEXBNB, L=h+h/2 LB EE, TRIERE (2.1) 5T 2,
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EROEHIIy>0 & y< 0 & THMAHZOT, KRt bbLERHEADIZEIEIHL
e IRITHDERAEEZTTH S, L2 LIRBAERNIEIH FTRX (222 THY,
ARSI \/o/L THDZ LICERFULETH b,

DEDZBEERG. Y2y } 75 v ¥ ORDEHTERBADAME TEBE SN2 EERIE
A oN/EE s ¥ 7 AORERD O e 2 2BHEYHEICHBT 250 TH 5, il
i) MEFENBEOEEEREILEL I LB L VIl P b o TERIFS 120 48
DOBEERLTWLEBEHOEBTE S,

2.8 IREINOD I IV —{HiGHHE

RADEERE ©E 2 5o
¢ =+Xcoswt (2.23)
BRFHy>0DRZELET D, ZOLE y=0 ODEEFAOENZEE « FAICIZIZIZ—
BT
Ap = 2pgX coswt (2.24)
THb, COEHNEILZEFTOBTESCOWTIR LABDEY T, HEALE s =h DF
RUEIERROLHIT2 5,
M = —e1.X cos(wt — ¢1) (2.25)
ZZRBIRE ¢ CAHEN ¢ BERMERLRIER ECHRT Y, BEHESFEEIISTR
& ¢y =0, ARIRBIETIHE ¢ >0 TH Do m DIRENIF/21CR (2.21) OWLELRET
Bo TOWNMEIZ L o TR LM E ICARXOT % RiT 5,

F= :l:pgelegX sin(wt — ¢1 - 452) (2.26)

Z 2 e = wPulAy/ag® THY | ¢y = wupfg TH b,
7 (2.23) DIRE)E LTV B AR (2.26) OB T 3 &, 1 B#AS - h iny 548
B A X —idxR b,

j!%%th = —ﬂ'pgélégxz COS(¢1 + ¢2) (227)

6 & 3ETHAEI LIS, EEITALF— #ﬁM?%%ﬁiaﬂ@+¢g<orﬁx
bihs,

2.9 IRENFRAELER

DEDBIIZEIN 2y b 750 ¥ BEICHLELREMRD 121 cos(¢y + ¢2) <0 Db 5
ZEFHELhE o, TNEERBRELEBTALD, R L u &) ¢ & ¢ BED
IR T B E2HRE, DI L ¢ B LBOEHBMFTEFANTEHETE S, ¢ 2K
DAHIIHEANVEICRE L E A TOEROREE u, 2HAVENSL, ZhiionT
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b LB OEHSEF VTRV IERPCRE un D z=h TOEEEVDEZEETE, T4
PR

1.2ug (h > 0.72b/a + x,)
Up = ZG(h — $p)/b (2'28)

up (h < 0.72b/a + z,) '

I T ug BMERALDEE., b BMALOIR. ¢ 3 TO0.11, 2, = —0.41b/20 XEHEDK
BERTH D, HHET VO v, WEBKADMETIEALRE vp LY KELRoTL
FHo CHIEWHEMICERELZVWO Ty PR &y L LTz, L2ATHRENES
RAE L ITTHE,

uj,

m—i (2.29)
B S 2 lE LK (2.29) 25RO u, #HENC, R (2.28) P HKDI u, RHENICE
BEFM215D LD 1Tk D, MENFEEITE—H L2 VEAER (2.28) BRELLELTH
5 LS, ¥ DRBERLIZOBAEREIEEL TV RS THE L EES S
DEIREFREV, up, WKENWEZAH TR (229 DIEHI AN S R HHAL L THREREEIR
KT HREENOZEDEZONS, RARIOEAT TIIERANTORAEDOEHIZE
AT TOHHERTIIL b, LPL2ODHETEKD: up, BEF T TFO—KE ht
TWBHIEPLIITHINUEOERIIATHLT, LT T up 2RO BITIIN (2.28) %
HwapZ bEd s, FARAOME Z2WTHE 10mm OBEICE-> THR<RAS,

w = +/g/(h+ hs/2) 1T (2.28) XA L. HHEFNVERAVTRDALIEEN ¢ 2K
216IC7R Yo h=0 T 2b bt LITBVTIE ¢ 120 THBH, hfug RELLBIZD
gy WML TV o ¢, DRMEEZE 2170 e h=0 Tl w = +/2g/h, = 2g/un T
HEWPD ¢o=wuyfg id 2T, 7/2 (90°) LD KEV, ¢ i hfug PREL R BIZONE
DU OITHEMN < [ 2.18I1T4% ¢ + ¢y T o MADLEN 270° DR DO E LOFIROEIRH
cos(¢; + ¢o) < 0 DFEIRFEH = FH /127,

B 218 THERSREORBRERERLARLOREDIToTnb, ERTIREIFHEELL L
ZELT cos(r+ o) <0 DEHEFHLTWBEI LD TP D, BICIOEMEEH LT
MTLFIRBPFRLE T 5 DI T2V, RHRHREIMER IS T RV F 2R Lo X
BPBRIIVF L EERBEEIROND, HRTAVF-DOREST ¢ R e iDL
Bl 5, 6 BEEDOHSICHBIT HDT hfug REL BB EBRIZINEL LD, ¢+ by
BTN L AT OBETERTHIREI 2 RE LixbohbEZ N D, &b
LYy b7y Y ORETIIEBICL N DEBRENDERIERLTWAE I LN ELKE
THN, TRREBRFELIC—BLTYS, 28 ¢ + ¢ 1 hfug DWEINL EHIZES
WRECRD, 21800 o LB FEVWE A THURIRLELZH/ZTH. T2 Tl e
IERICA S, RRIEESPRET A LIZEZONE W,

Pk, 2880 L3 VX — B EREHEREEBOLEF Y 2 L (HBTEEL0T
H5b,
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2.10 BHEXOv > T OFRIRRME & O S

Wy 7 R THREICEZET 5 LM & FEEHRAFIRIT LI 1 o0EHRSZ, B
ATy 7 1] SREREOERZ LRV TRET S, HBIAT Yy ¥ 2720w Tidng
RIREIC L 2 EHERRTELARPIONNZANEF -2 H/B L TWEELTHFDRELE
CHBTED 6l CNLER—OEETY 2y F 75 v ¥ FRETATHEMEIIOWTIRETT
bo BHLOIRENIC L 5 y > 0 R EDEESZOWM, HAWVIIFNIC X D HAICRE2T -
ER L7271, AIROEEET NV TRO BRI EFE> CRRTEHE ENL, 27 LE
PiZf & L,

h an
F=p fo U (2.30)

N dC/dt LIZIZENMAR, Thbb ¢ XD 180°~360° M AHINENR TV 5 6, IREICT
AINF-DPRBENDZ LD b, TONAEBNE R 2.101257R T, ARENDT 180°~360°
ERADR MRS LBNFBIROFERTH 5, ERICIEEIFEE L7 hfug B/hEnE Z
ATRAHENT 180°LLT T, CoONIMHEE 2 RE S0 TR HFICEESES, T
ThLEAT Y VI BEBBOTT NV TCHREFEBIIODVWTERERELEbh W, &
DZEIERENEDBRI Y 2y V75 v ¥ REOEREZELIO NN L 2B L
TWib, B, Vxy b 77 v & RAERIIN (2.26) DAL EDICTOHBER LTV S,
LAPLINIE hfug P2y b 75 v ¥ BAESBEEL O (2.26) OBMEICEIAHEY
TobhEL, FWEHOBEEZHTADOTREV,

2.11 HEE=EOMIAER

IR THHELHELREL D, TOKELHT A RAEMLMEEGELEE 2.200257F,
IR OMICOT SO, Thbb =00 n OMNHEE 180°LF 2, ThiifFs =<
FTUVEIELWE LTEREMOERER TS o 72 0AHEY ¢ OMEZ 0l o/ 2 LIZHHN L
TWb, EBRME g, BN LAHEENRZETAIOTE 1 ERB LW ILE 2BRIZL 5,
THEDREE n, ORBOMAARFEEERTRDLZERTEL Y, LhL g, 25 %
BIZRBLTwD e W) ERFRELAREORER ST g, L0 IE 2055 00° Bh i b w
IR 2ITDBITRERD S, FYLSRER 0°DH Y Il L DLEL LN,

G DOFEEI LM EBRZOREITE 26 TR LA LS ICHEMIZ 90BN, LT
BoTHESBVLELARBIC B0 REYCT RV F— DA SN B 50 & IR ETAIRE
PEITVLEARRICHLZETHY) . COREZOBENBRESN TS,

2.12 #5
WEICHZT 2 L& FEWROEARRE [ Y=y b 75 v 2 | I000nT, Z0RHEK

RERBL L AN FHBERB LML -0, HEHEOIRIE. NHBEYHRR, WAOE
Bx LM OB THRIZEVHESERTWA 2 L, BEMABOREHZIFOEFTOE
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AL A LTV B & E DR S Lo BIROBRIC OV CRET BB EF N kY
SEERE B LR, TSR CRRATE B 2 L AT 12,

S5, REEHICO W TR %172 /o WERREMREESOBENC /55 I8
BT E RV, BEHNEICMEE, FHCRBEOTHEIRET 5. FHAEEE L
TIEBEL TV A, WEANIRDT 5 & & 2 2 I OBEFTN, UK ERMIE
DBETHEMENS S Lk, 00 L THAOEHESIRENS, TtV xy
b7y 5 ThB, WALRE) L WREE RN OMATE & . HEMERS b RN A RE S
TORABBNORND 5 R R BT L X, ER O IV F—ERPEL k5o SO
i, WHACHEE L RAD - REMEE TR E HEDRAFROLAD 200 T, EB
SR RHATESLOTH D, .

D

ZE

(1] TRAESE -3 B &R WA ] 7 SRk, SR ETRoCE, 60-574, B(1994), 2014-2021
(2] SRFEISHE- B B 304t - A =] - vRAME S, B ESIRICE, 61-582, B(1995), 517-523
(3] Nyborg, W. L., Acoust. Soc. Am., 26-2(1954), 174-182

(4] AEE, BRFESHRICE, 48-433, B(1982), 1692-1700

[6] Abramovich, G. N., The Theory of Turbulent Jets (1963), 75, M.L.T. Press.

[6] TRAMES 3L B 54 - AT, M FS3a0E, 62-594, B(1996), 541-548
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Figure 2.1: Test tank
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Figure 2.5: Measured data
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Figure 2.6: Jet-flutter
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Figure 2.8: Phase and amplitude
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Figure 2.9: Calculational model
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Figure 2.10: Streak lines
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Figure 2.11: Amplification ¥Y/X
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Figure 2.14: Generation of level difference

by jet of finite thickness




PNC TY9602 97— 004

Calculated uy, [m/s]

4.0 T T T T 117 T T
20} &
1.0 -
i <
<
05 ¢ b= 3mm |
o © 10mm
A 20 mm
02 ] N N N | 1 1
0.2 0.5 1.0 2.0 4.0

Measured u;, [m/s]

Figure 2.15: Jet velocity at surface
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Figure 2.19: Phase lag of force -
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Chapter 3

HERENFERARICL I BEHREEILHED
}=EY |

3.1 HE

BEFARET7 M2 LDEZET T MIBEWT, BEICL 2REHZIIBRENDOI
BIRELSTEMIC R A Z L oA BRI TV b, FICHNIELIRIREICH 25461
EFBREPRES ., REBHEROERIC TENZB.0IFEO T 5, EEEBOKR
)7Ly b RERE. KBS T ORI ~Toms $1FE~ 2 EFET LN 25, B5F
DEFM & 2 BREFEIIETRICLDITY | HF4 L REREPLEREKRICET 253
FHRESNTVS [7] LPALEYMSL, KRE_HRCPER AR CEAWICEERLME
WHETATREL e, FICEHREZEFEE LTELRIL, T# L, 2L OHHTR
b, LMFBR z i3 L&, EFHSEHICHL THHASMTIE RV,

#7k O B TR EIZ BT 5 FEELE 2 K- 72095121 Walker & [8] DK TR —H HEE
FREEDVD L, INITEEEREE TICHERZ FITICEHN ST, WEaTEIcHEE Lol
MBI OWTIRE 21T oTwh, LA L, S0FERTZHAVWAEERIT 2V,

AT, BEHEE (KEAH) KBW THEKRESTHFRERE F v, Toms $hEI
Lo TERDFEENF RIS ND DPEBRMREL TV, A A =X A2 BATLENND
AL EBEMELTVS,

3.2 AWMEDHER |

I 1T COKRWALES b, Toms HRIFRES 220 ORMEE LTHROE AW S
HRDLPIFETAIEFEF oD, RELAZFHET 572010, AR TIRUTIIC
RYEREAT L 2720

EERI HHRE CKEKEUBSFER) LICSEFNAERZ FTIOEE S5, B
0 B EBE R EEEAHIE S WA LIS L 5P RET b, ZOWELD & MK
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ELTEHIL . KEK E B TR ORHURE R OER D S HIRE ST OMERNS
ABHBCEMNICES X B,

- KRR AGEKH ITIAGEKER .. BAFERT IS S Tl s S heE T, wE e
THH S Y5, ZORIEE T OBRREELME L. B R EOERES %
KD, Toms IRV FEELIK 2T 282 L 525, BB, Thid Walker 5 [g]
LREIBRDERTD 5,

3.3 SR TBER

3.3.1 BRFBEROIER

EBREUOERFEE TS, 75 2F v 7 BEBICE X - KERICHFRIROESTF (F
D7 79NTIF IEYSFEI0007) BHAHR. 4 FRIIEBES S, $BLTVAH
BEEW-> <D ERIZAT B, 2B, FERIZBYT 5 BHFREORER . 10~100{wppm]
ICHEShTWA,

3.3.2 WYikiE (RERD)

AERUIBOTERBERAOHE 2R IR -8, FRESTFREROEMENORE %
BB LT R0, M3.1 KERERT, 8. WEIIEY 1 VAL I —REEE
HEtz Az WTNOBFEICBIT 2EIIFIT—EEERLTE Y, Bl kEk) o
CFE LYy fE> T, $HIRE ST OMERMN (0~200[wppm]) i2 & ) BFROERWEESIZEILL
TRV, ZOFfERIE Rosehart © [10) DEEER LR Uitk 5,

3.4 B

3.4.1 EEBREBRUEER

RREESHFHER 3.210T1 o KEARUBESFHERIZ. KX & 1200x600x300[mm] @
TZINVEAMEIERGNRT WS, EFRF AR Y 55 8% (2 5.0mm]) TEph,
FORATRE 2 5 1/2D(2.5[mm]) CEZE &N/ Ao snD, F/-, BEHEEOK
B &7 FBE (100[wppm]) BAEE S > 7 12E 2 bh, KEEE T ICRTICRE S
iz 7 0V (R 5.0mm)) 2 HHH END, / XVOFUGE T & OFEEEE 5.0(mm] TE
BINTVD, BHIEROEEE L —F—F v 75 —ii#EE (LDV) #HVTHE L,
2B.LDVOL L—H—HF & LTHEERPOBB T 52T L THV -, 8BET A, K&
K, BRUBSFERERICH L CHHEEVISES L-RRTH L2 ENESHE . HEE5ER
HROLET TR L7zo ABLRNY U — 7 (AR 0.1[mm]) I DHEFTHEIC 10[mm) BRI~
THY., 4 AARFHEFTRICE o Twd, ERIL I ICBIT 2B 2K 3.312 7T
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WHOTHALDDIZ, ¥ 7 FTHICLEARB LMY — P 2B L b2 s 2,
MOXYVEEZRLTHIILD, HHOMNPHL EOELE LTRZ bhd, BFIC
GEFEOH AT AV, Tz, Wi BREEOMEER TR T 5729, Ar L—V
DY—tR%ES VI TEIY, 7 XNV 2 AEMTEICRE L, KIS 60um O F
CRATHECLY), WRLBHREDETRILT 52FE0TEL, HTHRIFIINVET
F /1 X7 (Sony DCR-DX1000) iZ5C&k L. IEEE1394 1 ¥ ¥ — 7 = — A% v, EiEF Y
INTF—=Far¥a—FIZYAAT,

3.4.2 ERER

SR LERHIAERER KEXKRUBSTFBERINENOERSESE ( BEZVAHE !
29.7[m/s](Re=10000), &% FiEE : 50 [wppm)) ICBIF A EBRERERT, REOHETF%
B03.4 42, MMNEBORRFF—yBI%H3.510, SHICHENEET— % % FFTABLT
ROTBEBANRT P VERIBOIITR T, B3 4ICALNLIHFITREOMEELRLTED.
AEK & BHFEROEEBIROZR BRI L L X2 T b, AKEAEE OISR
CANTHEBFAZECOIHN LT, BFFERERE LOWKIE, BN E CEMMICRL
PRBILZoTVE, REBSTFERTRERNIAL THL/00, Lo L) 2EEE
MOERIHRSDTFOERMHDNRICLE2bOTHEEELZ LN,
BAUNEEOAEREE (H35) PoEFIFRMCILI2BREDEVVEELTES, B
FEBEE EOEIBAEKRERET 5 &, FHHEFICL TR EER IR TBY, /X
WHHERSHBICE, EHOEREIE LRSS, HEOBRFCR OIS EEEROZE
i3, WAEBHORFIBA T MV (K3.6) b RoONS, KBEKDEFEARSZ b Vick
LTESTBHROBER. SRAEERSIET T 225, BERREESEHENT 2 Ln)
HMeF-o>TVbd, IhbDHERDL OEFTFEREBHEHICBY 5 BEROFREELG
HlEhTwaeEILNE,

KRR ILARERER AGHR, S5 FEREKE N ENOEREN (I ATE : 1.8~
2.1[m/s|(Re~s 6000~ 7000)) I=331) 5 ERER T WEORKTF B 3.712 ., WALEET—
5 %K 3810, REDOFEESFHZHE 3.9 FNRT, WAORKT (K3.7) ICEL T
ERT LAROEAAR b, BATHEROBEOFFEIL LI ShTwd, Bhig
g (38) ZREALESTFHERTCLET AL, B5FTFER - WA LOKOEEDFH
EFETLTBY, RARIFEHESIC L CTHEHE 8D T 40.7%. 16D T 22.5%IZE L
TWh, [3.11,3.11 I OEESA (K3.9) %/ ZVEDOERICHT 5 FEiE Uy % B
WTERTI L EESA L RT. B, Zhid Walker & 8] LRI UBHEETHE, 2h
LD LY, B FEREROFFEEMLE THE, REQRESKE (., SAMPTEWE
B> TRE I ENDB B, F7o. MEEHO rms BV % FWEAOTFHWE U, T
AT L TR EIAEE [ = VUl /U, D57 % € 3.12,3.13107R T BLIEREST (B
312,313) kA&, MAEETESTEREROENREOFET LTS, BHF
DHERMPENEESFOELEFIERILTWALELONE,
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3.5 E

EER L, I QRO REALFEICE VT B 8IRE S F13 Toms 38 % 548 L CELK % 14l
LTwaLEILNE, £2°C, E¥DOLI) LB TEROMIH 2174 > TV 5 D0RE 21T
290 T ERI L > THRES FAREORIL 2 TVAHI LIEHER I,

EERI THE LICHEE LI, EBRTANEEELOTIEL L, TAMOFKN., BEE
M, SORERFTAEREOHEMEBOERIHEL L THObNE, BEETABEIRICL -
THRAAIIIIR O Nz AMDPE N T RE S, BNSERF AEE TR LTH
HELWCHEYL b E LS5, HREBFFEREIRE LSS LTHEY RIZLT
Whe DF N, BRAAERDP SHEEIIN S ENLENENKEKEESFIEHROES
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