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ABSTRACT

ABSTRACT

There is few direct reference on ship wakes duo to military secrets. The
characteristics of ship wakes have been studied from the Second Word War in other °
countries where the main research is focused on the acoustic and geometrical
specialty, along with the formation and dissolution of bubbles in wakes. The action
of bubbles in wake acoustics is another subject investigated.

In this present paper different properties of ship wakes are discussed and
summarized. The acoustic theory of bubble film in wakes is described in detail in
order to compare with wake optical properties conveniently. In addition, light
transmission through water and influence of bubbles on scattering of light in the
ocean and etc are mentioned in greater detail too. All as mentioned above is focused
on providing an intact reference for possible readers to a certain degree, and
comparing the light specialty through pure water and sea water and bubble film
conveniently. By the comparison, the research growth and development will be
accelerated.

To accomplish the study items systematically, high-speed photographic
technology is used in researching the bubble film. Kinematics and dynamics of
bubbles or bubble film are estimated, distribution of bubble in water is roughly
cognized.

The optical specialty of ship wakes is investigated in two steps: firstly,
investigation, on the bubble film produced by bubble worker, is taken with the
scheme designed by ourselves in laboratory; secondly, investigation on the real
wakes in situ is made with the under water system made.

Based on the experiment of first step, physical model for light scattered by film
of bubbles is established and related calculation is made. Comparison with the results
of experiment gives that the model is applicable and has definite error discussed in
the paper.

The main research work and the creative ideas in this thesis are as follows:



ABSTRACT

(1) “The development and measurement of ship wake optical specialty” is the
first-time task in the country.

(2)During studying lots of references is obtained and fixed, different specialties
are discussed for the first time. The acoustics of bubble film and kinematics and
dynamics of bubbles are made out systematically.

(3)Physical model for light scattered by film of bubbles is established and
related calculation is made based on the first step laboratory investigation, and the
rationality is supported by comparing with experiments.

(4)Schemes for lab and detecting real wakes underwater, used in practice and

approved to be reliable, are designed and manufactured by ourselves.

KEYWORDS: Wake, Bubble, Film of bubble, Optical specialty, Illumination,

scattering
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T EEE H RIRASI I K KR BIE TXE5®R, SRERRE 104
HRKMRE. SEARRMAISI NN, SRADRRMEFERRSE, £2
FTELRMEBFENIER. ERMNEERNEIN. A—BEEALHRS
£ETHESIERGNNBERREREXS, FHEEETIERN I 1244,
FERMMIEFIE 5 13.0ft. ANXEIERE, BREJVIRAES BRERSNE L
REATEERE, 5RURHSEENKE. TRERENZWH=LFE
HARKKR.

BUREREHEARI,. SETEAOMAKERERI RN RITERZHEL
= K IES R R R R I LR A LS

1.3 R EENEES

X T ABERMKE, BEERTRKEERESN, MH, BRFIAA
HMERSERRINEER EENX . BENEENEZUEERNEZYER
&, ATENRRKFREKRE, AN TFXERENREES LhH k.
SEEFAMERNFERZ RN FREEEER, XTRMETE. ELEN S TTEN
MEFHNRTEREESREESEILH—3L.

131 RAMRER

ERENEREBREETI— T T RRNERS £, XMHELTE
BB —MRER SR, WIRENER, RIEEEER
Ao ZFFUNME 1-3 Fim, BRPNREOEEN AN LRREE, ATH
W, DUETUER EFE 5 FRH K. BRENEAMEE St ER 55850
ERAARRRORN, EABEUAEORAERELE SR 0 FERE. 813
TERRTTAAN TR F R, X R TR TN, B %S
R A EBKPBIN GBI, XMER TR 8K A7 B S 1k
ANTHSERTT. EEERNRESHERT, DREANATEER, M
HiXBf BT Mt R 5.
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—! —lp, —
— R —
Undisturbed Boundary Wake
ow layer

Velocity structure
K13 BiEED ~ER

FERAZEK S AAT B BR T X FE I = £ KB LASH , B MBI = A OB
AT HESINERARTEE, ERERESE AT, XA N B AR R KL
MEX, —ENEERFETHTRENSSHAZENERN. TN T/KET
HIVEKRE, HEHENIEFETERRKEFERES . H T 4KEMEMENEKE
FEEEHERN T, BRERN KK FFE— N SHAEN. HENRIERS, £R2ER
MR ek B B Bk v & SR R R [mEE.

X, FEEAER BRI E LR ERR: — D EJLAME IR 4 R,
BHEIRA PR Cslipstream), & & SR HE R BERE T A B I BB AR K, ARE R,
PREEMG A, RHTHREREMEENTEN. PRNRANEELSHERE
LR RASIEEAERE, RIEKEMENEEEESUETHERINHES
RIRAER S, XTHEKBET S XHIRE BN,

EMETEEER, ST/ THREKE, XERRNRTEAERIGES,
ERFFKERREL N, ERRPEMTAREEETEAS, BH—A 0
BB (FRA patch size), {FfAIRT IS EH-RHE M H 5, (B &M E LER
AR . FRERAEINERBERASEE, WTFKERRFEKEILRE L
MRHERENELS R .
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F—8 BRHSR

ERFARSHKENREEEZHMRFRAIFRES, XEFHITL R
EREARDMIEEZFTUL/DMREETENREONE. BERNEE
BEEETKEMRE, NE 001F MEETUTUHBEHIZE TR, T£E
EBEMRRFEZLRE (the U.S. Navy Radio and Sound Laboratory) FI1E & #175
MAZHEARRENEERYE, ERTUNENEE4NEESERETE
FTRRABCS I EEEEEENEE.
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F—% BRER

SHMAEHSNEEAKTELN, 2B ERERNEEE B 50f £
R (REALXRERZR), ERMTUEARIRNYIEH, XEERTES
HERXX R RSB R B EMAREY . ARESENKT, BEHRES
SEMRNRIERTE, MERIES, XMHAENEETURNTEE.

—MMREBATHOATF, BRL 30 FHEETEM—ERNEH A
30,000hp, T E{ERTEFTH K BEE AT RINABER N 20 FHERMER, EX
FRIRRIEOLT, BEF®HN 0.015F. EASHELBAT, BETHELEE
AN, BRARER/NE B ROK AT BERE A E R G K. SR ZUBEIR T IR B Y
B BE B TRUMEER A, ERKPMTRRAZENRRNATSHE
K5 R ERKHEEESEA.

HEFRLEN 200t ANEIFEEMEERETEN, MRKELSTI
KREEW, ERRFIIRE—ATNENEES.

B 1-4 BXMEHHA— M EGREL R, WEREA—LEEMA 8. 15 04
RRHHTH, AN, REEENEEMNIFOERER. A5FH, 48K
RVt A2 B8 73 A0 T PR MU B EL B KRN 40 F R A O BOA K AL, RT3 o]
ReRE VT AR T M. T RVERMEINTSIERN, BRTEE R ERME
BESE K Rt O BE B 7= A

AHERXNMEERTURINRENEESE 14 BRI REBEY
AR, FEHAKNRENEETMAENEE, RT—RERTEANERERR
EFR—HERKEL. SABMNEBHE, ERAUSMIEERERIUETE
RERENEFCR EEUGIRIENERT, ARRESHREREERE
I

1.3.3 3 B Aw 3 B3 5| A2 8 BH

EAETHGKEHE BT ZX RO FE R LW, BRREETAEE
MR TKENFE LS EEENRA NS . WEEKFHANRATLEH
SREMEARRER, WeBEHRSRAR RSN T RPN . BRAN XL
HIRSTR AR R E 2%, ETAFAAMFRmAE —SENER, TEAHN
SR I 1E HE AR 0 A BT BB L
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B8 Ri#E

BREBLRES AFEE— N AHEE, B o+ de, MABRKGTHERE
AH—ER e, BREFIREN L. BKA AWTFHEER, 55 x H7mESH
J&, B S FIEMBENREAR | LKEE LA#AR, E52MER » 1F
TR LG, Bl

I, =‘;k710 (1-01)
HPrREH, ERBTHERNEHE TR,

IERTFH kS Ac X FR. ZEIELHFNAKER, S B IR A
=, ARG URESH 2%, S W& SRS T L8 it 5 5 5=
38, X—RESTEN k ME1E R, MEHNERE, EEEETRE S Mg
SER, AEEN S MEBT E TR MEEEER .

RSN R BT EEREN BT, FTUTUSBMEE S WE—1ET
drdydz T M dp IELCTF1E Acle, BEXNRRMETTR TS B8 B 4735 10,
WREEE BRAEAL. EEEU A ER S A TIEEGE » MESE, Fos
B x HTREER x MR AT RIAIAIEN 4 7/ 4, BMETEEERN, &
M Acle FeLl—T0 cos (4 7x/ A+2 nfp), XE fEFEWIE, W JE FT A B
X S R BH FREELTFE—RMOFEN, FUFER (1-01) Rk
kETREH

k= B’zﬁ (I f—i—cco{4z%+2nft)dtdydz] (1-02)

Sy
x x . X
<:ct{4717u +27ﬁ] =cos47rz cosZry’t-—sm47r-i sin2zft (1-03

(1-02) AMBRATEEBNRL A, FHHMENATYME, BHAXR

cos 2rft =sir? 27ft =1

coLfisin2aft =0 (-09
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F—F BiER

AFRER TN AR PH. X8 L ERN

k=B’2—’ I j%csix{4 %}irdyd%z +B—f I gco{mg}adyd%z (1-05)

BT X BFREE N 10logh; HESTKBRLET N FRER, (1-05) &
H=fAEiuatl s s, REFFNET 1, fUE

= 4;2 [ I j%dxdydz)z (1-06)

= Acle ERST K AN —FE, ZHREXATLUR LS

_ 47 (ch P2

2 e
H V 2R RKMER. 7ERX (1-06) (NEERSHHFH— /N8BS 7—7F
H, ZHcESEKMERHIXERDERN, & X3,
1331 REB A

7R (1-05) A FsRiHE & SR E RSB FI K R R BT . 5 TRk
WE, B Ac WIESEHIM RS, MR, HBAKEN TR
EFETHNXIIRE. BRASSEENS AN, HEH 8/ X,

(patch size) FIREZRUHAEE, ZEHZ LARE o()RER, SREE

k=

_Ac(x+{,y,2)Ac(x,y,z)
pG) = Gy

(1-07)

XERFIRIF BT, WEHAROFHE x y. z EHEFS, WoRFE
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F—8E Bk

SR x ALY, X—UBETUETFEET R L, TR o ()RERR
T SRRDFTT . WRIZMBIEEKR, EEN r MEZ AR 4c EIE 7R 2B
Ky, ETRAERE, BENTRE, oBETFE; PRELEEXEN CE,
CEEE o F—/ME, BREWRAT 13 BRoRNERES. MERH 0(9)
5 (HHFRAER, WAAUBEESHRE mRER.

MARLEHEZBRR, TR (105 TURFH o ( HWEE. HFEH
RAEN B, IRERWT

_167* (AcY , sin@z¢ 1 2) ~
k—jf(c)pr@x—jaaz—@' (1-09)

oV ERESE KGR, (Eh—RER, TUES
pO=e" (1-09)

BE—REARANFTE (1-08), RHE

(1-10

ELRERT, Bk ABEINTFES A, 48 0B E— T 2B

TE/NEER 0.6in. 0.5F BISEIT AR R — MR EE, EXFER T, bV
AR 3X107vd, X—EFRR GRS RS m 5 & MXEETRELH

45k
m= -1

BB T m 4% 4X107/yd, IFFE T MBS B, W mE
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F—E Bygd

R RS EUR N RS RS R B 5

BRBME XA R BRR, 4 H B B BRIES N BMEBUT (KR
10yd & 30yd %E+ 100yd & (S RMAGEER . ISR T ), k4% 10%yd
(5EMEARRE-30db HEER). BEX#E—ARBNBHRFEGESE DN, E
kﬁ%ﬁ%%%ﬁ%%ﬁﬁ%ﬁ%%E%ﬁ@%&&%ﬁ%ﬁ%O

1332 KGR

LR 347K A B & B AR R T 5 1 A2 AR « X% 0 ELVR FE 35 2 %
NMEAEZR, HARGEERRE, BMAXNDINETE. KT, WEHRE
EEN x B v R 4, WHRE (1-05) RSN,

ATHEE AT

_[sin(471xﬂ,)dx [[p.dvdz (1-12)

WRENEE y. 2R, BEEBRENMRSHNE. v 15 yz FERRS S
TRERSIZFEERE: TANZ, RAKT )z PENRELRETEA
FEERE, EMERENT, Fik, FEHLEITERE DTS w 8 TR,

7t San Diego # Orlando MM B 5% 4 RE—BH, SHEEMM LRI E
T, FENERNEES. WEMELER—BIEE, EEMWE LT ERHN
AU T SEBR B AL T AT LA N3t

1.4 BUE LT

B 1-1a, b, e\ d\ e IRREMERE K ZAKXERRFIRF FEEH R .
XLEE 5 B8 HIKZEAL USS Moale (DD693) A1EBELATHA A ERER, H
TR E M 16 F 34.5knots AT —NEE T 3 IRELE L IRABHIB A HAT T 247,
FTUSERBR—FFHHE. TEANSELENRERAHSTHEHE.

HEBRZEEMRERUY 50 ERASEITF, N RBRURXNEE,
X—RETE 40~60 FZ 6, BREE ERE STIEARIKBOCR, XLEIUR
WMETER—MER. —MIBEEEHIERXNBEREITAELN 20 &, EM5
BRER—EREEL, REMBERNKERSERNSSRERK, FEHERN
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F—8 RAKR

LR 1 BERNAERET, X—AEORIAHSEMNMEELX. RMS0T
M50 ER 1 BEEERNNRNEEEMAANE SAMERZARENENES
MBI, AEA 16knots Y, X—BEEAN 65f FEEBATE, ZEELAA
280ft; X—FEEMIALH A RN . MHEEARRREMAZ RN, BE
HERMEEE, BRUANAESRT, MEMEEET 100yd BEEEL,

ERUIEE NI ERS. RAE | ENEER. BEROAVIEEIT AER 1-11,
g FAIERMEF.

MZERAEIRERMEBEESRET —E0EE, €8 1-1 FERH,. B
BH/NTF 25knots B, WEMEREEEMENERE MEENZLULKAERN
Wit FEEEBERIEMN, ABMEWERERE. JHEZL 30knots BT, KZEM
BRRIMAEEENRM, HROERGHRIET .

RZEMAKEE K REM L, KRR ABRERIEFHUN.

BEWRAM (PT boat—patrol torpedo boat) HIEFAFMERET EEFTK, B
TRAMTEET RSN S, mERLTHRERELIMESESEL, EHER
FIRT LR 1B 5 .

EXEEBEMEMBESEELRE (the U.S. Navy Radio and Sound Laboratory),
R EIZFREBCHR Z AR B/KE R KRN RRET TR, Ehge
RBIUET T RGHIHIR, B2 7T RERWEENGREE SN R A8 EMAER X

NFKEMAR, BTRHTENELRREE. JEH R SEHENA I EMAL
TRREEEHFIRAN, ANMEHEEREEESH. YEMENESRE
Zh, FERANMAENANSTE-BMNRE, AMUEBRNENES
FEER, NaHkSENEENENSEBETRABRTY. LB TH
REBIZEE, EHERTHENERTHSERRKRE.

ATMATEERTIEES, MEMGSNERRES . KHERTRERSS
R—ANEH, BEER, S TNRGEIEH, NENES N RELERR
FOHERT. SRAMEZEESIUTN, BEINNEMEREEE RN
Pt T .

ERTRER 50 2 500t BEESTERE, FIXE R OTERRT the Jasper (K
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F—E BiER

B 127ft, PZK 12ft, BKTEE 23ft) MER, FFESENESRE (f#) 5 Fx—
ESY

w=w, +0.0625vt (1-13)

EEw NERMMER —SMEE, v IBE (fUsec), r R (sec).
R E TR B RS, 18

l‘—j‘f =0.0625=sina (1-149
v dt

HP o ARMIALMBAEZTA, ST 35 F. WFIAIGEN . BEEAirgs
o, BRAGHEFALS0E. —#2AEENESRUTEEHTHANR
RIZEHIERMET. AR (1-13) F wo KIEEE N wo=10f, X SMEER—LIEHE
BT, EEEABIE 5 MES AL, the Jasper HIRFRERELTE 2~2.5 {E IRk 5
. RMZ—-XKEBHNERESE —FHINERASINESREAMN, FHAs
HFREIZEEE (the Jasper J§) XTRE L | EHZFFA.

JE BRI B R 1E W B BE B M I R I 3T 1. — NA MBI TE
MEAF BB RS ERET, BLERT, UESEFRAERNE
ERMERN, MHAZLHEREREDTEERBOBSIEN, T8
2, BRUZHNEER). BLERERESHELSTE, FEENSHETEH
&, B RIETRE A E LA 2T

RABEEZEETMRAEE S HNE LOANFRELE HILY, XEEHS
REHEXR. RIAZ R RIETIENEL RIIVIES A R BRI, “9TUh 2
HTFIAAEGERN . ZEWRRTMMKER, RIT F BB,
WIARTENTIT TP AR AL, ARTE IS /KB AR SR O AR 3 N 0 B B e AR X FR i B
. ZIREREEZE, BERAHER, SXIEMKBRHBT TN, H—%
EINT AL R, X—HNSNEMERTRBRON T AL — A0 E
MBI R R EBRMA20 18 B (MARE 125ft). 4R A B R 2325 54 3%
B, RRBE LA RARNZARERROEGRER, BRI ERIETEE
SIEXRX— 8. iFER—ITATEERER RIS HERER.

STREMKEREAMANETNERSA, FONERREESBEREEZ LA
2.02, T/MEKEREEHRNRE, SEREEZLNAN 4, RIKE —EE
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NMNEREEHRREZMN—EHEMRE 4000yd bWABK; S THRERNS, BRE
EHEEEENEMEE®LK.

FENZXENNBRELIETNER L. FRATHESEUNEN, B
REFBEERMUETEKEL. FARNLIONE. £ 1-1 ESHEUENE
RILARESH.

ATHKERRESHM AL E7R 5. NDRC (National Defense Research
Committee) F MBI ZFHRMATKE R 3098t B — L7 G B v /K FE (fleet-type
submarine) MEHHIT THIR. AHEEERELETHTREES 60, 1EiEx
WRELJy 486t FRARIREE 35ft N 5.5knots. % 1-2 £ MRV A S VL
Fl— R 387K _EBIERELL Tknots ST HAB R MUSHREIES 13 &1,

RI1-2FHRAEEE 450yd 3 A2 B 5 4 608 100 F M B B9 LR,
—# S JWEHE (S-class submarine) Ll 6knots Si4TH, HKTERMKEAR
1000yd (JREE 45ft). 235yd (R 90f). 100yd (FEE 1258), IR FEH T
SN EN BRE BT B E S,

x1-1 RAERE

USS Rathburne USS Hopewell .
(ex-DD113) (DD681) USCGC Ewing
Speed in knots 10-12 10 13
Thickness of wake in feet
for average distance 19534 23.1+36 13.7£3.3
astern of 400 vd
Range of thickness in
feet 12-16 10-32 8-20
Ratio of wake thickness o N
10 ship draft 1.63 1.85 1.52

MR 12 MEEERE, — Bk By RUIE 5 5.5knots FH9 2,
EEERRT 100vd B EEER. TABUNKIBEE Yy 67yd, HLETEG B s
SEEEUT, FUERHETN. JE SR ORI FI AR R0 0 [ 4 92 7K g
USS Trepang MR ¥ #E4T T 82T, SRE-SERTHENER. ZERENEE
REN 60ft, #UE Sknots, TIEREES 6008 REEKE. BiRiZp =z H—x
#, U\:‘:\:frﬁ%EfiJrﬁﬁ%v)ﬁIﬁ%ﬂB@{bﬁﬁ#ﬁaﬁz,ﬁz; BIEIARE 48ft 5 R
RIKKE 600t 2t 48/600. BF 0,08, ﬁziﬁxﬁ&?*ﬁﬁk@%ﬁﬁ%%%&%ﬁﬁzﬁﬁaé@
AIBE, BRIE—E L —Wia s ke
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F—= B

R 1-2 B BRI BE  B v i

R 1-3 KE_EHEKEN R

Dlst.jmce frcfm Wake top Depth of wake Distance astern Wialka batom
periscope in R . . depth
in feet bottom in feet in yards .

yards in feet
67 39 70
100 0 27 100 32
117 0 40 145 24
152 0 36 180 29
215 0 31 300 26
315 0 25 480 18
319 0 28 660 26
350 0 30 800 21
450 0 23 950 22
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