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§ 1 BT, TOWRDBNMSKRBINCIIMADE D ITIES T 2 TELRER B OR AT <
DT EHTFTIREE & T LTREL S EHI L, AMNTRIAB I ZOEBNER/-5 Lk HE9 5
DTHBLLERWMTH B0, 3y EQHNHMANTE, YEOEELEMIROTEL XU
BB DBRFE & S HRHBOHIFHOTIEICR 5 L 3 2 B8N0 EMBRE N TS, BicEH
A% O TR ZHCAMED & 2 TR EC A DM R ER 7 — 2 215 5 120K, BiE
iz s TRE 2 KkhIicsE LAl S0 D RERDFHRR—BICERBHTH D, MEEE T
B e lic, HELOATEBICFRZTEST EMNTEZ XK, HEORVMTICEL
THEPOF LOFHEEERT L LENDH D, HxdFROTBEERET S Lick>TCO
EfAEER LD ERABICEDLT EBBNENB.

F AR OR L D ICIHERANERARCLEEL O XRERBEAREOZFT I TS
“flow visualization DRFEHIFIE" O—BEE LT, MOEIROD visualization T kD THEE
FREEDRAOHEEZHOLIC LE S ETIRADEENHPFEIN T 3.

§ 2 KRB DO TOHPE, ERBANTTEONIEET R MT, BIZHETNEHR
DE LN EEBRENTN A,

§ 3 REBRMBICHABBEIC ONTORM TS 5. ERICHER S NIMITIINKEFEZL
IKEEEBRFT (RRERZGEEEWE) FRBKERER “bhrdE” (K& T ZOELHT
BIROFED TH 5. 2K 11.655m, Ex CREEHRAD 11.50 m, 18 (F&D 3.00 m, ZEX
(RIFD 1.80 m, &M% 9.5 T, E#Eh#i7 + —+w 45 bhp, EFHEEAMRE 8.5kt (4.4m/
sec). FERIIMIMA24E 6 H19H & V21 H % TREMLFREERISOHME&TERLI N

HAOHRIZ (D) BRENOHEE a7 4 v, (2) HAOHEX, BXU (8) %HO visuali-
zation @ SHBKIKRESN, (D) KHLTRENE LY bE</ A—2—LORBADY,
(2) g LTREGRIDER B S e, ENEH 20 REE T 0 — 7138 (RIZEBER 23
cm, /NSem) iKHEEINT, BKENRBERERCRET S LICLDT, MERELER
DETHREFTLE ST ENTES. B) KBLTRIA M 72 MEOFHEIcEE, TvtLvt
A Y DOKIEEETNICEE, 47FHicdd Shico M SEKhicEl & ¥, FtKOETE
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e M9 & H BT

BT AL LRI DOTRAEOEBELHALPICT L EAFE L.

§ 4 320X UTEHIRINIEROBIETH 3. IBHRIZA/NEEFCTHRTEED
OYREZR U IMARRICHEICRE L, HEINEL O FUERAREIC L. FA8xy
b, /) A—F—, BETLER DS REHE T NEMREZR U, BET 0 7 4 VI3MRK S r BT
THEEXN, ZTOHREIR ¥/01 3 U/tne: O|RTETHIPNATOS. 2720 ¥y BIMEEE
KT NIERICR DT/, 6 RERBEOHRE, » BHHFN REEEITHAN
MOELSHE) OWHE, Uner 1X ¥y #ED 1 OBRAECRIZEABBETOHREEELI N
%, ¥l 67D DB 2B CRANOBRZHEICR T UTEHIOFEMEAIE L, iR
WHEHC L 2ENDOUEDRER P S RD T LML M Dz, MEEEEL OELNLIRAER
RIBEEOENKEZED, FRBESAD ¥y OEBELICET VY » VIELOHERIC AN
FNIIRARHEKT 5. MOBKD visualization i€ X 2 HEDER, WML SEAH 2 2
ADEIEROHMBERSEET 2 &, BIUMARERFRIEKERILR I NS C EENHRE
ni.

§ 5 BARXDOKTTHS. FxDBRUIFHAFRD “Ohd &’ ERTNHERETE
BREZRD I &ERBRNT, EAMMETRIOFHT 2 + & UTEHE S AR OERD B Hh
DI DEEF TEREINTE, THCDTFA V2B UTHL L EZDIAIERBE LT DR
Mans, i nicBIREREKEETHE “HEL” (BHEH 45 T) ik 3EROEH
KW UT, BEBERRENESZ I2C EEMEHIN T A,

AEDERIC L DO THENENTEFO BT 2 EREREZE S ERLT LR S
TR, DIL, TREBRCHECEMSELEFT THRENSHERERNZC LIEREIh
B, DL HIEHEEMHMN ETROBEEBIE I TS, (1) BEEE LOBEREOE X
12, REOMELZHERUMEERE AR LTER L DERESVC L. (2) #HET 17 4
iz y OUTREIOBLLA /6 BELS FiENC &L () BERABADENDE X TMHA
FEICENE, FMBREVERENCE. D) BOENDEATIBOEIILEE 0 7
AV LEDLONLERBEOES L3Z—HI 5 L. (5) EET I2MOERIIMDOS LA
ICELED % 2 KORHEROMBH S S C &, (6) HeE 3 2 M ORIBEFR AR R O PRI R
SoflvicmEntTe & (1) MEERFCRIKERSMESN B & 125 (5), (6), BLT
(7) DHEEHNETEFHB ICRAOTEN Ui/ NI X 2B OER (85
TR, 278, WMAM2E) LRAK—K L TR LR, BOTERTINE DOLEbN 3.

M =
§1 X k&
§ 2 MBS (FERE)
[2.1] Bmexw, [22] #E, [23] #2
§ 3 EMFMOREE &HE
[3.1] ZE=EfpeEs, [8.2] #ESe7 rvofta, [3.3] Ahofz,
[3.4] #¥ o visualization
§ 4 SEMFRIORERLEEZR
[4.1] m@odiRBR (En), [42] #HESe 74 rvo0itHl, [43] #EhoWz,
[4.4] #¥ o visualization :
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85 & 9 U
ERE (£20%)
FOE, WS ICEREOHE G830

§1 F 2 & &

JUMNR SIS 1B FERTIC 3500 TRARD 4L SR BE R D S ERIC o7 B S E IR R & DR ZZ T T,
“EMC BT AERBORE” L0 BETEBINTO 2 VEOERNATER, KEOMKRIMICH
ET 5 3 RTOAKERBOHEEE D> b,Y #ir, (1) HYRECERBESHAIET 557, H
LEERE 7 0 7 4 vORIE, BezhzE i UTERBMEokE. (2) HRABADOENORE, &
KD &b EFEAT RN E BERBACRE T ZENLOBHRORE. XU (B) HEREZAT
%o flow pattern @ visualization. D] LD 8IHHIL DT, BELHIZEER &0 SO TR RE/SHE
Fics T, HERZLGHEICAEL, £hohoBoniclReRe UTRlRENZOERER O
1L ET25DTHS. IMBEAERCHAINTO ZMMOBRPRELIZTETITH O,
ZOFESROEBICEL L, BOEFIC DN TEHEENS Revvowps B LU Frovve HOEDS &
FROTHEDIEEZRDTN S, THIMAT, KEDRLBRRFMC L OTRESHELEY,
ZHRUIEORIEIORAEEICES ETOE LOERERT. ZOLEHTT2MbIITHEMLEE
5, pitching, heaving, 2 S OEICEHTARERICES T TOR(EAETS. ThoTNTOH
BEEICT LR, ELSFELNVIREE, RONLFEBITCABRULNER SN TN T ORI
LOMRELTEINTEE. Fe3HRENE, [TRELEPHAS, DR T OMAEEMEE LT,
EEHCERARZEREBES LICBDIOEFLEL TRV RN ED, 2hiRehe LT, HEcons
EARED B EEFERORABICET 2 ERABEMERET 5 L2hEREIVE, CLAERDE
RBEZERFEIZO R SQE T2 OHE Lic S JURBEEER LKL TS LIKRET 5D
Bkt EBTOb0 L Bbhs.

FHROBRBAOEESN GEE 07 4v) 2RADHBR O TRHCHEL/zDX Baker TH
33 HREHOC b—EEEHL, ZTHEMNT Snaefell (F¥ 315 ft, §E 39.5 ft, KHLERE 20~
21kt) BXU Ashworth (L LR UMERET, 400 ft, 52.0 ft, 9~10kt) @ M2 T, MEMHE
(Ashworth OFGE»S 87 ft M), ki (Snaefell CE L 196 ft &), MEME (Ashworth
TRERULL 304ft oF) THREDEET 07 4 vERE Uk, HOEERERIERKD Plate III %
FU IV KEEDHENTNS. ZORETHICEETNEC LR, BET 07 4 vh “I” (-in per-
fectly fine weather, with hardly a ripple on the surface of the sea, and only the lightest of

the winds) & “ULiJ” (--- the weather was very rough, the vessel rolling and pitching) &

) DTHICZEOLOAEVED, BCHERBE WAHIARERBER2ET 0L TS, EH0 “Efiic
BOBERBOHA bLOEHRIKBRLTWELE .

2) TZiHEIEHEEl AR IBHEEEEEKT 3.

3) Baksr, G. S, Ship Wake. and the Frictional Belt, Transactions of North-East Coast In-
stitution of Engineers and Shipbuilders, vol. 46 (1930), pp. 83-106.
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HEBOHEZROTIELATNBEL ETHDOT, COAICEUTAREOSEED LA, FBRET
B ER RS LD B

AULFEADHABRBOT, RICHERBELE M OO TEHE LzDid Prouaska TH 3.2 JHIZEX
410 ft, g 62.0 ft OFROREMNSE (£E® 8/4E) AT pitot-log ZE D A1) THER BRI OHE
SEERE Uk, BREMEOVER 14.0kt XU 12.6kt ThH 3. EROKEILERKZ O Fig. 11
ELTRENTOE Y, EETNEC LIEEROR—REATRE SN 2 DOB/KTTEET 0 7 1
NMERETFOMENRLNEC L THDT, Prouasrka B OERE UCHMOETHREOZER (15
3BEEER, fihid 3 EMLI EEE) F/2id trim condition OREZEH TV B MHE L TRHZL.

PIE Baker K& & Promaska [t#&, MOIMICILEDT T € —EF2ipkhiczE LAz LD
FHRE LD, TARONIBMDODATUSLREEEHT 52 LBHRRODOEBBDTHRTH 5.
Ui LIZ235, MMEDEDERRBICONT, ERERLSZVIZBANTEHESS ORI, MMEOLD
UL DA (ZOEE—FCO S C ERARTEROGNED, FHI2FOMEL D SRBICEZOME
DHBCELEHEPTHB) TTEIRIBETUELETT 3 EMBRMTHETH Y, TORDHIT
ARICHAE DT 5 &0 IRROFRITERNITEL, ThERBEOFLOMELERRTEC &0
WEDFMEILBZDITHRDITDPETH 5.

ZDDICT A BME EOTEOERICR NI 2L LTS, LrbHECBEIE5C L0
TR OWMBABRRMEL, © 1 —E, ARBESOHUBERRICEET S LEFE L, R
OREEBLUEBETOMRET X M §2IFELIBNENTN S, Fk L ORMBICHESTREN
A TCEMBRBOAUEERTE D HEEILTT, TOETHELEDTOEDTHSY, KBRENTII—
EHRT SRR U REZ OO RIEEE %, TROMKICERICEE U LEHT LcEs,
B LTZOBESESCERINETHAIDP LN DT EILDNT, BPIEOORREREI L3528
Mot WNAZBESHRBEKERERE “Dhrd&” KL24500ER (BR4246 719, 20, 21H,
ERIEREARREBEREOHME) 132 5 LKEEBATH RO IBOFHT R FEW 5
ETHY, “DhTE” OHEABZOLOERAETILVHLD, BBRENDE LTEMBINLEED
RSN ETHER VIR L THRE T NERREUNB O NI D ELERP DL EOFEBELA
FBLOHNTHY, BERERCOERBBEERT TS LILLDT, BISHESHEINTO ZRKINR
EMEFRICE LTRIZE T RS BN OBE, ZTOMECOOTERIEZOLO, K UTHRELEEE
FRE5ET2008%2 ODBNTH DT,

WELZTHIMATE ST &3, SO EMRFRICHEFO flow visualization [CBEd 2 IHH
DPHYKRESTHETEDANLNTNEZ ETHS. ChidBEEER L TORENHE X CELLDOH]
EEETZOBERICUT, £ ERNZBRCETS. EREANEOHAT T, Whold, g

1) M#E—, G.S. Baker 0%k (1930) it 3/~ b, ISANEHERFSE, £35S (1959),
pp. 58-60,

2) Promnasgka, C. W, Trial Trip Analysis for Six Sister Ships using a New Method of Anal-
ysis, T'ransactions of North-East Coast Institution of Engineers and Shipbuilders, vol. 78 (1962),
pp. 417-444,
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flow pattern, ZAEMHDOFERLEIOTCHRRAZZEIICLED 0 SRLBHNE FRFERELTH
DIHNRERTTE I, Z0RDCRBRNICARZEES &, BEHEEE L TIEBHERAT
% &, TOME L OFEBTIEONTONS. BREAZICE - KRB0 Ed E/201 2T
H3. Fx3EMAEIZRNC, flow visualization KR % REEWEICH LT BRAI42EE LD 3
ERC O DT RERETRBOBRPEZI TOADTH B4, ZOMEDCLIEBE LT, BETTER
BROEIEINTO I EMORKOERE LU BEEHEICT 50, EAMEERLTREED
flow visualization OEMZHFHT S5 LLDFDIDTH 5.

DUTHEDOABROBI ZRND &, FIRDOTEL §2 TRADFHUEEDF—RS v P THLIRBED
ERECTOWIET 2 MEDOWTENS. § 8 TRERCHERINIOKERER “bhd&” 0T, &
WHE T 07 4 vORIE, ENOFHAL, BIOHRKED visualization, DK~ Iic D0 T EBREE DM
2BRRB. § 4 TREDSBOERIC LOTELNIRELRNS. §5 ORBFRCNEDTF R bhb
Eh NIRRT 25T ORISR TH 5.

ERAEKRD B, BELHEROHEAZR (CHEBEO UMK ZREKEERFERRE
%19, RAERERBEZIC, i Dl iERACER LU TTE2LHNE_HECEREOSH
BEHET D BRAEREZBE LT, BAERED S BHEERIRT 27 7 v 72 HEH UCoBKIERZ
HETEC EERHEL, TOBMERE—BSOKECE L. CRIIRKERESRES JCESEHK
Wi b NIOKERRAERRERSRT, TEAEAROMEFBRCLS DTS, LB ML
LEF2RETES. T OEMREFTER Lo RBIZAETEMK T EREEEAE—BHIEOE
K, BB IDDTHSE. AEILIEIZO MEBREMEKRICDIOTELABRIEBEEZR L.
Hic, AR UTKRIBIFES 3MBHETENTO 3 BANEREFRERAL, FBABRLTR
T LD THIREZ G IOMMRAE I ERREE S (SRAZTERENERE LFR=58 B &
5. Bt bROC &, AMEDORBEORTESBIFERBEMERIC LOoTHbN L. XFEE LY
NNAEEBROMEEICK LThLm S B3T3,

§ 2 mBEOMEERR (ERD)
2.1 BEW & F &

M Cl~Nc kS, ENOMEOT LV ELNIERBBELT, EES o7 v, IhoO%
X, EERPELT, TOWEEZHSHIICTE DI, MEEE FEC LR LicY b —5, BIEIHE
B, 2 OMOREEEEME REEDO KK, KOBRCHAZEIHELCEEL LrdbBEBceh%
BOE~EHSESC EMTES LS UHEERNG 5T &EANIEE 155, |

ZD12L LT, ERATLRITREERECRESY, ThRLOTCAEEELZEES S &M
LD TELLONS. HERENEEPTC LRI DTIAR T ZOBRENZEAIHES L0 S
B, SMic LT ULpERATERSD LV S REEEHEE DTS, ERFRIOHEAILTS
XD T, NIMIC LB FHRT R " 2R T2 EBUBERT EZTDLLEETH DL, NEHR
BB RERTHEC L2 LZRUT, B RBEROEF & LTEREHRL D bECEBEFN2H
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M OJh Mt 9 &

% 28 &

WP EEBYEEL . BN, F2RICH~ ORIEICIEZFAERE 28em LU 15¢cm ORAE
OWHERZERT. UTChoxELRL “KEEME", “/NUFHE" ELIERC Lied 5. & OffE 28cm
#15cm ORFHEOBRBSRAE LI, BEE CERICHERTIRENTOOTTHIZRESRE L.
BT 2MAECR O SN BBICE S IREELTRD3 2h RS (B3R, (1) Wizsik

E I N

% B o # %

B mm, @ A,y (BESSmm), @ Kk (5/167), @ 25 7,
BOKFE L@, BAKALME 28 ww TEROBIRAIZROERY >
BEANESF (§32 (2 8], HILBEIXER. X LERCERALLES DK
R OXI3RBEARTVERW,)

55 '

B4 mm, @Fa%y F7 (B3 5mm), @& b (1/47),
@3y 7, BKALHE BEAE1IE 28

O

M B R OB o B %

<V

ol

«—F
e=mH —D
BOIR BRICHH -V mHEhoFE)

Kt @ 1 “ba
TE (Bl
OHES, AL ®
W EEN” (B
28) ERT. @
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DEYBKES D, (D Cr—BORFAEHNE, (9 BEbE</ A—K—BEOBAKAY
TREZEH LI LD TANI L RKORENRT o —TIIEATZKOEHD, Z0F o — 7 2R THRE
@, 20N F. cnS0NEMEET>TREE ZOLFIS BIEHNZ S LT 2/EAEEOTH
A5, COXINEANCH LTS ED X SIKIEH T2 03D T EREESRETH 305, ELY
ToOREBERE LT, ARICTRECREEBISHE L350 G &, MR EHTCEHOTERREEES
HEHETEH H L& FlLKBRICERAIET, BEIEL EOREONCETHABSPET A b
L7z,

[2.2] % B

HANR EEESEHL QTR “BI&H%L” £v)) WHIRREED BB RTbOTHS. 70
cm X F (2TEH T REED) OABKEEFIAL, ScmX5ecmX5mm D7 ¥ 7 v E KT Kl O P
KHPOAEDT 2 AR OMNE, £HICER 28cm ORMEE EMECEHELY Ficz o icfEK ¢h
OARDEED) ZHETHREZ LS. KENOLKEIZK 60cm T, OHmEMRE XOIMEIIIZF T

®

AN BROWMHAKREE (EESIEEL)
OF z4v7Tny 7, @QFEHEE (HWHEE 2010X107¢/T, @EHEET v
Ay —n £0.5%), @HERTE, OQRER, @BE ©7v /v, @
K= /) A —%—, k£ 7 (0.4kW, 100V)

D) FRPETREDKOEKRBEBRBETTH 5. T OREL S/NEER ORI RAHEEBES.,
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KETICHBH, ZOKEREL 20 HE 30cm ORET, 1QFOKE (W10m) whTitHis
NSV, REOTERMRICIERT AHKEDOHBL DT A PTRELLTELTZLD. KEBL WIT
Hic “B0” E0 D) BROBAIE, B EEEREERMECHOMT 2L EMNCOREE DG T
»5. ANOBAICD, BREEELT, WOFERHAOEPOHOTH L +vDF =AY Tayy
TH LI DRsC &ic L.

Wi e T S H 2 MOIMRER (BRI & LT, $E KORERICHE L TR L2 RD K D IR
BERUAEERAR. (1) S0 BESNIEROIME (B lem) [TEEME~A ¥ FERITEERD
Licdbd. (@) K : AhdESKH 3em ok EER Uk ER>7-bD. 2055, (A) 30
emx35em O 1#HE, (B) 80cmX15cm, 30cmX20cm o 2 MARER Smm %31 CTHRET Tk X
b, XEERHKELTEDLO.

[2.8] #k 7

NOFHANITEIC L DTHEL S n— FEVDEER M YV A—F—TRIET ST LIt kDTITRD
Ntz BB, 0— FevOREIAI DG 12BY -V OERENAE 7 ) v VORFEgN & LTRIDL,
g L L ClR &€ 5. HBOMWAT 300kg % TORE LOTEDOTNIEND, x OWHF A b
TIREARFEN 400kg BETHBDT, EREZLZABNHOEELNS. HELHESRDOER L
ORERRE, 3IEBMUNTORBRRE L 2RAF L EZBIUE 2 RIORT. BROFHUEEEM»DIC
2cm LREFED D &, TOREMBRLICHENFIIE D& UTRENIZ (=/4)X(22)?X1. 033 kg =393
kg THY (HKEER), LoREREILEBETIT, HTKRIOS2 3 DOHE4ERKRE, JITEEMNS
BEBEREERTBDEODTINTH B .

®lk B B 0 B E (WEXRE)

# E (ke) E B X 10°
0] 0] 0
100 196 196
200 395 l 396 T
300 596 596

w2% BOE OB X B LW R BRE R (CKERE)

. AN
o # ® W = N zﬁl@) HURP | %
7 mwm HIOD A7 B (kg)
1| & I Ll mz x| 805 | mTAER#sSS
Bl, BECEERAT | 5 A Al D K5
2 | seEBEAND SLEX Smm | @ £ 360
3 12 k& A U 2 i B U| R E 275 HEFKRKRERRD B
4 | A®WA ([2 21 3B) |2 © A U| R E 355
AWRA, ZHICETY 7 . — - ) N
5 S5 E B EEEE AN D 2 @ Uv| ®A = 253 HTKBhBE B
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WICHE VM HIRBROEE, HERE T4 L OMOERILRIIEL 20T, HOIEDHELLT,
e OTIEER L BB, () RicET 2 T AEICEPOBRE T A0 TEET 3. Q) T20
RREEEID &5, (3) TLD/MIERIDES. (O BiRETLREOHEME GBIRBR. 82, §
BRICIPMAM LR LI KRV FTH20 rHfGEANS. (O #EUE R KETHES 1mm
BEOEEANS. RBROEREEIHCRT. COEEMORBBY, AMEOERIEE DY CEE
BEERELTEODBBRDIDRNTHE L OCBONE. CORBETREOLBE TIE, BRBCEAT
PHCEALTHEONESREDVETECENTERLDLDT, BOHEDIDELDITKETD
FTRIUTBLCEENRBEEELI, L L “bhd & ERTIOEVIEDIKENOZR I DITY

3,

E3E KFEB DB IR BRE R CKERR

5 B1HG | Bk S
- =y N D Ve A
% e ® W O?sSmm)(meE) (kg) W il
kel D
1| g MInL|[MIkL|6sx cgg| iy tBimly
RY F T N,
2 | g CHEN S AL AR
B, FECRERNT | o -
Pl emibtans | P £ | Bk |SFTRE
. BEMECD | o o
43 ©w @A U Fange A F 167 F T & E
. — 65 ¥ T 4% % 65 ~ 85
5|A#® B M E R E esprmomy %
6|5 c B v TREOB ) 5 b | @ = o E
— — 70 ¥ T & % 70 ~ 77
T AR A OB R opmvmy X % =
g | RIRA, REICETY 7 " B - - 80 ¥ T & & 80 ~ 93
¥y s EEBEANS 93PI LMY T R % s
51 BB D K 75 % C % & 75 ~ 90
9| A# A 5 Bk ooplrmomy X % s
KA, EHEHICETY I — 95 ¥ T & =& 95 ~100
0|5 s mmmeians | B £ | B E hooprmomy R % %

HF ORLZBLWIOR—EHRNEDODH LT, BREOEBLLOIKEMNEROREAT2~3 BERE
B (WBEIKELT l~1.5kg) ZERELT IR 0S,

GBED) “bbhTE” ER LU 2oRTEbhE “BEN ERE FILEEOER £ B3
&, BMREECHINCEVILDERI &S (RERBIRZH, BER 1Scm o/ NEESRTEZS)
—BRET B L, LEBEC/NUMICET IR, £ L dMER 4m/sec jTxid BKIERICIE F
SHABBEBODEITH S, F2—THELTZORSFOEHSKENRCIE, Meil &I —DBAE
ZROMATHEIOTEA S, MEAF EOMMIBBBIERZHERT A L0IFELDD, TULARE
O L ESME L DFEEARICL, KRNOFEREY, BEEEOETE2S D TRADFIHKE
NS IcEbh 5.

1) BICE<BZX3IC, ThOoOBIIEDHERCOWMAIRRCEBLTIEXTEREINZ D TEDT,
“OHTE” 8XU “BEA” OEBRTRETINTWARVL. % “Dhd &’ ZRTX (4) OI#
ZHLULAEKRBERE 1 ERMEODOICEICLOTHEAIN DT TH B4, Thd ORI O HE
RED LR nDk,
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WA LK RY T L& D1 S F o — T ORENE LHFKE E O/ DER “bipd & ERTIIL
m BETH DL, “BEL” TRHZ2m Lol chds 10m %z 2 ERRIIZ OBREE 4L
ROTEIRE., TOTELLODNTRE2ZH|TETHLIBRNEZ DD TH B0 LBAEICE~NHE
BIIABEF BT RESERSHATEESTHE GEMRTIRETRE) YHEY L2 ThDT, TC
TRRICHEEET 2.

§ 3 EMEHAICEELAE

A TRARIOERICHEAINIO AN HDRIERE &L, Zhbic L 25HAJE S 2RERBIGE

NG, R UELNIEREB LT ZNIE OV TOZEER, RATRU{HEBT KR &iKd 5.
[3.1] =B ERIES

HEloxRE LTHERAI MO, JUNKERPEIOKESER (BRMERETTEEIRN2508) FiEk
ERAER “hbrdE” ThoT BHELIBIUV28R).Y ZoXi#itlk TioRTBLV TS, £&F
11.655 m, E¥ CRMEEHRA) 11.50m, 8 (RFD) 3.00m, #Ex (H#ED) 1.830 m (MEKEREITFO
IMAIC ISR AE DT H B), EHEAER 9.50 T, FH#EEthiEF « — ¥ 45 bhp, EESEAEE
8.5kt (#§ 4.4 m/sec).

BEDTHICSERM O Revvorps $ & Frovoe &2 HELTHS. 4REESLLLTHOLE
x2E0, REHS U ELTRO 2 DOMEEET 3. (1) 2m/sec (IRMADRE Y D flow visualiza-
tion KT ABAAETEOCELTE, BEORBEERT S HICC OREDEIEERETIE D)
(2) dm/sec GEEZ n 7 4 VB ITENOFHBIC Y DT, Xk 3.5 JhE 4m/sec D fipz A
7z.) EREMEMRE v RERGEOBEKOEBER, MECH3REDFAMEL LT 23°C THof-.
T DIREET MK DERIEREIIRIE 0.92X10-0 m?/sec LHEEINS.D TN b DEK JHELT Rey-
Norps ¥ UL/v i3 (1), () D4 Firki 2.5X107 X 5.1X107 ©H Y, %7 FroudE ¥
U/V'gL (¢ WENMME 9.8 m/sec?) [k~ 0.19 XU 0.37 TH 3.

5 XICSERM D7 E” ORRERELREZTIC UTRYT. COBRRPSHELMIRE ST “bhd
& e VRSO chine line TH SN/ 12T PEOKRE B LOFHESNER, <hé clif
cut OMEMEL SRS, A, B, C, DIGHEET 07 4V BIUHNOFUEEE LIcXTFA Y =
v, E QO visualization iIcR Ukl e &M LI 254 v a v ThH 3. <D bH#ESGEE
WLz AiCR), ALCK, /% Bi(K), Ci(K, 7N, Di(K), D:(/N) @64, EhzEflELs:
Dl AUN), AR, N, BiUN), Ci(R, /N D45ETHESH BESBIY 4 BB OMAGIE

1) %24, §4 [42] &R,

2) BEBIRTHXOKDLIICTLDTHTS.

3) GorpstEIN, S., Modern Developments in Fluid Dynamics, vol. I (1965), Dover Pub, I, 2,
TaBLE 1, p. 5, D% ¥EAKDIE 1.025 TH>TED .

4) WEEA(K), D;(UN) t®ELAEDE, A, SicEZE28cm o kBERE, D, SicER 15cm
DNEERAEEZF L LEERT S, X UBSRCBALEZRLOEREBOPLNEEZRLT
W35DT, ERICEHEETZXIANEUNE LLMEIR, ThOOELENETLRRABR S v—TORIE
DOBERSDZT 2ICERD. A—SICKNOBEREOTLORHUEDHEREEZRZILDTH S, RLE
O Ay A (x) OFWICKELTE, 2°0FBHLOMBEICHEL T3 cm BOBRELAD LT L BH
FINTWNWA.,
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E 3 (ERME) 11. 000 m
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EHE R 9.50 T
ERBEATET 1 — 45 bhp
K S 8.5kt
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EORWE, SBLU6R RLMA BIUMEC ROFT SNIRENEFENE Y b (D) %
AT, BRKPHECE=a/ X (VX {28mm, F3.5 %) MMEHSHLY

BRI ERPORREFC OO THBICA WA 3. BRAARIES Thm ORI EINC R &
BMRSOOREREERTH 5. 6 ALOH—FF] B3, #R3END Lo eol. Fk:
Wiz OE 20, AT 7 ERE Ol 2 EE LicEbh /., {E>THRAOEE T v 74
VEIER P U, 6 B 20 H—4R1 ¢ BI 3, %¥I3JLDE Sm/sec BETHi4 I HEMSRA .
g bDE 8 HE Im/sec THEMRZ, Midd»icb pitching L. 6 A 21 H—4-F] : §ikI3E,
HLBEHRDOME 4 m/sec, JEFEIZHEAECHA THERRASV. £ 1.

CRUCE UTHRESHORMERKRD & SicfTisbhrc. 7220 (K), (N BEROBIETH 5.
A(CR)—19 BARTATYE. AL(R)—19 BAFRTHRE, A.(N)—19 HE#, B,(K)—19 HF#, Ci(K)—
21 BRI, CiUN—19 BFEEH, Di(K)—21 BFaIHYE, D.(N—21 HAF&kikE.

—JFEIENORERZROBEY. A VN)—20 BFFTHRYE, A(R)—20 BF#%, A(/N)—20 BAH]
%3, B.(N—20 HF#, Ci(K), C(/N—20 HF#.

PIEXREDICONDT, FHREEIE RO R, SLhOFHIZ SN OB T ithh
72N DTENTH A D, flow visualization (320 H, 21 HOHH], BLU 21 HOF#, MhdiEh
TN T BRJICE A S i,

[3.2] #ETa 7 4 v

TEEREOERBOE I FAICET 348%, H20REHICERBOEE T 7 4, ZRETBIC
1804 7 (UM% 4.0mm, KW 2.4mm) EFAE L FIEOO BEE 0RF /T 9KE, JIS T4
ZF6mm O b—F1RLEMLIEOEILRN2ED HEENE Ly P2ABL, REVEFDEy b
(BEE 9AR) 1 28em TR, /NEWFDEy b (BREE 10K) & 15em BRITFOHROMITE
%,%né%ﬁﬁﬁmbwk.&ﬁm%ﬁéhtﬁ&Eﬂ%hvb®%%m,%6E§%m®£&6
BHT, 8ILR&ENT 3.2

INSDORITRENTVNE LI b—Fldzy PO IFBSMICTROMAT SNTED, MEEE»S
BEEICKLK 30em B 16em LZHHENICSOBRELHELZHET 2L S CEDOTN S, ENE
oy MCEUTEDL, MOPREICEREI NI EE </ A —2—FTL=—NVEEL ZDOT Ehh
3. v/ A—Z—DEMIIEZERY S TRESNARN 2.31it OHEEF ¥ vov— (GBI ik
INTVT, TOF ¥ Y NN—DENEMBETZCECEDOT/ A—F—DKEEBEL S E X ICHT
BLENTES. BET 07 4 VAIERESKRORERE 12 IRINTV S, =/ 4 — 2 —RDKIEH

1) Kth75yvaZfALi.

2) #H6 THRT, KTEREOENEOEIXTRAMEEEICEE LeBOTETE D, 41N
FHINTHBOTIDOFTHERTFDEDSIDTCO ., H15 16MROBMRKETICODVWTDH T
DEBIFAULTH 3. TEFEIBRLTHRAB 0—~7IKLTD, FOEBIEROGLNDIEIC 10
cm PIEREHTHWIOT, MEADEBENAKEVWHEBEZFOTVIHH TR, ThdokikeMEER
EOEHER—BICKICH AN CEEBLEDTL DAY RTLEITNED, TOERTRLORER
WET BT LiC L.
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B L S, QT L%y FV,
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@4 T L REr—T 1L
oo fd, QOREr— 7V,
WA S LEEKD Y 7,
@ERIO AT EEKT v 7,
@EEKF = — 7, QR

© \&° D 2 >

HUE B = 5 & ¥ N — (BEE
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library
ノート注釈
library : None

library
ノート注釈
library : MigrationNone

library
ノート注釈
library : Unmarked

library
ノート注釈
library : None

library
ノート注釈
library : MigrationNone

library
ノート注釈
library : Unmarked


EMic BT BEABO GB1H) 29

Qe %, REE, Ok
B @74 Y, OR%
NRAS (e=—n8, EX
5m, #4}E 25mm, WE
2lmm), ® E=—nseq
7, ®< /s r—%— (F7
RE 1274, £31.2m, 4
% 8mm, K&E 6mm),

D2y 7, @BREF v v
— (2. 1it), @K R Y
7 (FEEH 1072 mmHg,
P& B 18lit/min, 100
W’ 700 rpm)) 5‘—/}( N
47 (4R 7mm, WE S
mm, v=—r), @ #HK
EY S (~y F 10.5m,

@\ 100 V, 60cycle/sec, 0.4
kW)

Il Ir

i

@ ®

FI2K EFE S o 7 v W EXEORE

BHIBTORSELENDED, HATTHRELTRE LI EMIL, BHEFEAEDEEFNRBIC LK
Ui, BE9IZBELREXEZDICHERINEKEY S, 10 EERYTE HEF v v/N—, 11
3=/ A—2—%BEOLEE, ZRLTOS.

[3.3] &t @ #l E
MEERCAHYBRBOIENEEINICKRE, ©ET3C LILEDT, ANOBEEEEMTE,
B THROENOEET ABOES ZHE L TRRERBOES 2ED 5 &0 S HINT, BEROAWMRNR
SEEFAEE, BEL. THRBEEGOFREHRNOFHEDBTHEORNCEDT, BEEADMRSE
BEEZENVIEEEFALLLOT, HFAZhLTa—TREE 7Tmm, EE 50 # OBKHHFED
2L 2 KD[ SRR 60° DRETHMOAbET, B—FEWNicd s 3 ROFMBSTFFREDIELIT/

VEMG LT B DO TH 5.

HESE OBAERMRE B L0 &4 — PR by 7Yy VERERERL 5 13 5 X0 14 OFRICR
4. 20T R4 — PR MY T vy VD 2MICHEARAETNTE Y, EhosED & SEBRIEERE
CiRIz B DS, BdiESBEEN THRAOFNMELT 3 &, 2R U TRIBOFESBALIEE
RETZ, ChERE LU TERRERA v o /7 7o ELE T 5. F15 16RKE 7Fo—
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TEBEANRONG 27D ORBEHREEH NSO TH B, BB IED EFICEIDT y HEOEZD
ACHESFERBICTES LK, Edo7o—7104k (F2R114K) 21HicEld, Lerdb2Ro
B AaUEEEVICEHTIEDT, RiRTEXIEHRTRRCEE L, K, N220+y M &
FEL, B RAFIROKXNOTMRIC LD TREEEEICIR O 5. 72 B4R Tl itaEE o
FrVANVBOBETIOR (FHBIULE) OFo—~TDHb, Kb A THRKICERS L.
RIC T DESRFBEFHC X BENOWER DO TBNS. BITRT, v BFEHEOEE, v BEFHIH
DOENDERSY v IREEEEICET CERICERLRS, W BMERECEELRS ET 5. kiR
ORIERE L, &7 0— 7 OXESMEREICEET, 2 RKOHMESTHIAEREICETISENI
b0, BEO2AROMMOETAHD 2 ESBROFANEROTME—KT 3L ICBONT SNDT,
HELIZ ORI X DT, Tk BLUEIOD ¥, W RSKIZELT, HOTERIOAETE,
v RSy, BEVBIRMAREIC T CERICEA B HROENOES, sk shic ciss. Ll
TRIZENDEE, MEMEE, TAVF—RRS M, O THRERTLOTFETH 5.

WU BBHEEFICE AL WEZE
OxW, @#h, QBB Tv—7

EEI12ZEERERA v YOS T T, "A— R VT o OBEL, EREEEE, 13, 1413k
RRE, INEOFMRCEZEINLEANBER T o—72y b, BEc 15 BEARNERS 0 — 7 0%ku
(Y03 ) THB.

[3.4] #¥FD visualization

iAo flow pattern % visualize 37204kt & LT, 74 L4 ~ fluorescein
CyoH 1,05 DM Y — FIRIKIAERZRNZ? hidF+ VD EHCBETIZ 2V /A TEE,
BH Dy 7 %2BOT, MEADE X743 VicRETEEIN/AR 3.5mm D/ ¥ Frhicl

1) ZZTERENIOR, lECKTIFEHEETHB. Bb X, ¥, z FHOEE R utw, v, w
THEZbNRS., BHEOTETCR 2 X 2 23 U E NG HLED, 4L HEOLEDEAXDESIC
Bl CORFTEFE2HETCLANDRS.

2) aVFVRINIBIUOARRKEESRALERERTE O,
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®

320
N

(1) 9 ) ~BEEBN, ¥4 cm, @
=z TNFVEAVEER (BR

= = 101t), @a 57, @4
e . / 0 7, OBFAESHLALE

v Y0 \‘/ @ \0°

2.5¢

@) o4 TraFhEEHL
L& oFM, BAr mm

T 7 @) ~4 7Ry o mE (B),

175t i 7 Bfimm, 2 3@Exy4y
= : ; (3) = = VEE, E5NER

L

2 E3

# 18 % W visualization 3% B

&Y 4PN (ER 2.5mm) 5 Hkhicgs Hd BEH XN T VA VA VIR
REERTS. RELEKORES LUEKBOBMEIIE 18 ME LTHiANTO S, BRI Lo THkD
TS i fho pattern |3 HIRCHIK T2 LRI, 35V H#45=av F (BLEALVY X

f2lmm, F4 &) BRO8IVYANATTHRESH. B2 16138%0 visualization I
SNIR 1 7D 1 B A TS,

1) #SEBRA.
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§ 4 EREHAIORRLER

FEC IR TR LB L AR ER K OTHE SN EET 0 7 4 v, HOhORE, BLUHRR
O visualization QEIFEEIC, BONIHERE, ThICHT2ETOEEEE, TOIF T2,
7o72 USEBRICSE B 1 B2 EP LTERLETERIN L BEO T X MEOWTEDRIIC—ET 5
TEELED.

[4.1] WEOHRERR (S

FEERE TR ON I RAROEEERERIC DV TIT § 2 Wit L Qaldeds, ChZRTHTLIELK
T Lol a2 Re b D LMW 2 C LM TERODORDMTH 5. ZL THRAELTIEHE
B2 570, BREEEOMACEE UREHESEMMTEESC Lick>T, ZOHEET A
FL7D FEARORTOR, WHEAERAEIE €y + 235 LB ONE L TOMET X FOFET
b3, ANBEACRIKORNIFES DTHRE LA 2D T (CHIZEHIER LU TRERDE
CERFEATER), BREFTHATEHEL, WhOENZZT 2HHMOMET R MITETR
V, TORR 0L ORERVESOBRIEEDCEEMON. MLTTDOT A FOER, Fox DRME
U7 Bik B JOZ OMBEER, PROEBCOBEORE X LHE L OMTE LTRIESZDENE
EUBBC LRI N

a4k LB EERT X P OHKR

@ s |7 AT
&5 % B o B H % & i B T Mk R R
(m/sec)| (min)
1 WHEAERAMER (BE 15cm) | RA4%C T4 v a Y 4 5 RELL
2 G £ BRE4BATFAyavd | 4 3 i
3 WMHEMNEAABER (HE 28cm) | ML RF4Y Y 3 5 G E

(FAWS O EF 2R 710~720mmHg TH o k)

[4.2] #HE7o7 4 VO
MEEIED L ATENIMLTONIABSERE ¥y FREFIRT LTS, 2L y=0 ik
REWCES. ¥y BEOZRTRELHEL AT, ReDRICHY 2 FAREEFHL, #2T

1) HERCZOIICEAKDT, BAZ “brt &’ EROBEANLT I T 7Y 7Tk 5 BKER
AEBITHELERB L. TREARFENSIVCENEEMEREXEY LA, To0RKThbhL
“BEI” ERICEWTE, TI/T7 7V /HRERESRBER LEGRED, “ODhd &’ ERTCITEHR
BOkD, BKEXIED “96<0” Tiikhbhik.

2) HBLAEEWITIEDIC, BRBICIBELOBMICAHTHEHLAEZLE VA YEHTTH—CHZ .
“bnd & ERTEFEVWKCLTZOI A YRBIRIOBSBEr2EThE D, %HEHD “BEL” =
BOBICRINAERBEZ DOV A Y RBELEDDI L WIS ERERR UK.

3) BESLATOBKER LOFBEIVELIARD, #OTEOBER ELAREAS, OB 1 2D
LHBRARUETHEH I I LICK S,
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BESa7 4 vERRKE T ERAEETHS. L LEREREOHER ¥y MICAOTRIE—ELR
EINZONEBTHEPD, ZADOENE Ly b T, 20 1FB/MUD 1 A720 THEZH-EFTIT
3T & Ui, MILHEZRET 3 DRABBAROE S y=30cm, NREROES y=16cm D1
AIPGT, ZORMICRZOMENZOEEFFRBELTOBEDERET 5. L L—RiICHITEICR > 2
IR UTIRIROBEFHASEK 2.0

op _ 2
By oru?, 4.1)

TTIC p BHE o WKROBE, » REEOME, v ZVERETHS. Bb vy BiETERENMGE
BEH B & TOEHNDER pocu? ORRETH B, 1720 ¢ BERBOESR, w BERABNME 0=20)
Lo u ofETcHs. Hb p BEREAET ¥y KADTES LA —ETH S0 HREDHENNEZE
& o DEETHZEZAONS. ¢ PMEEOKXATELZC LRARBNS, §2DOTLKRIPT
B®9&LT MOES L o#fEEhid, 6c i3 0/L ORELISA. ZL T o=20cm, L=12m
LB 0/L=1/60, fEOT LOREICH SBEVH AR — LY ML E ST LIRBIBHEETH 5.
RICERTNEC ERENE Ly PV ROMIHAOMETHZ. MEADDORT v v+ VERHOK
ZEWCHAD LT2RSEFEAHZ20NED,? MNSHELEOFEELELTS. BRBONIMIC
X HICNZ CTHEE secondary flow DBIRAMEC DT, y MK >THRADHAIWRELL, #©F
LbEF Y Yy VIENOFME—B LIV, DX D12 EOREENTFHEDOHMEREST ZDICDS
FLHCLRLBY COARBELTRFEADERI V—TONTS, HROLOFAEZAETEZLIY
P EERERTZRESHIOTH T NED, SEO “bhrTE” BRI LT, EAEOKFREZR
HICROETHAEZIE—RI L3 LV HEEREZRALL. COHIKBAINIBEENEOREK
ETBHEERICRMED 3 LERTHETH B NED, Paxkaurst LU GrEGory € LAULH &
F—EHDZHFERN yaw KLU TBD TRIET, HRE I —E T 20 ORENBBEDOHSICEL
BEBI05 B UTTHBC EDBRENT B C LIRS, EAEROMTHHICES <%
HE A — Y MCILE A THA D LBDh 3.

FOR @) BE @ cpEREoES 83, [8.1], HHEINER THHllIh/EE o7
AVERT., ELChOD 2FEBUTHAL O BLURNL @ REARB BT /NEOFEE £ v
MT X BRIERSERICET 5. (D) & Ay SOHEET 07 4 VERRTETEC LB ADTERLE
bDTHOT, BELSHOT y=11cm HE 12cm QLT ATHATDOTE 4 BERME Unex %
B, ZOSMUTIREES—HEIRE (ROXKEE) U iKAp>T#HiREL L TOWLDERSC &h

1) GoupsTEIN, S., Modern Developments in Fluid Dynamics, vol. 1, IV, 45, eq. (8), p. 120.
A OWEIRTERBICHLTERT RETHE I, T THHROPEBOEELZRELZOREW
THHZODT, BEROZD ZRTDOHEFIL2PVWTRL .

2) TORKOWTENEBEEMFIHITERELIVROBEHOEEER/R Lk, TTRDULTHE
2ETH. mhEE BOKBROFmHEEL secondary flow iz 2WT (CRFEE).

3) #Atkas pitching R E OB ZTA S &, BECHEhokEEHICL 3EERE 2T 3.

4) Rosexmeap, L. (ed.), Laminar Boundary Layers (1963), Oxford at the Clarendon Press,
X, Experimental Methods, p. 593 £ F.
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SEE U o WIS Z CBER CRAME w2 AT LiKidd, FEICRAER (2) okHieiy vy
P VIRENIATICES R LP 6N T, BEE & OB EERERNMNRET AT LKt b, 19
B (1) BERE;DSRTF VY y VRAAQHEM ISR ZR LTS, 285 20X (2) Rt XS
Upaw D5 Uy EETOHEERTC LRYREHMD, MSEABOESHRERES (CTTRRDOER)
| RHATREANSNDT, ZOEIOHTOHRT V¥ + VIEOZIZ A LBRALTIO. BB ty,
Eouy LIRRZHELL, BERIERABABROTMEICE LV ERQUTELRA BN TES . i
DTHEMINC, U DS Upar ENRBREUTHERBONMGLERTS. LIELIDERCIZS 77 DFH
LDIBELTREBETOERIBEENZOT, ROLIKUTHRE & 2iHTIEEREZE
MO EMNTES.

5 =J: (1— u )dy. (4.2)

umax

T 61 U=l ERBED Yy DET HDOT, TORHDMEIIZ 7T =4—2—%FNTEHEL
fo. HW5RIFZOX > LTKD LN & OETHS. FIOX (2 HE (7) Tl EE B XOTEE
BRA Ulnew Y/01 EVD WRTLTRUI, 72205 H (8) BXU (B), HIB A, BXU G
HORETE, A—ATANMNIBRER OB CGEEY 07 4 VOFERMEIIE L. Chicdk>TR
& DFBRMREIEE VLTV AT &, BLUENEORHRN yaw OREN S EEAHI T
TEREDNHBENCIERINIZDDOEEZIONDY £E19NERTORL TR, BERIB LT Z
NI XD MOBIEF OB GHEE T 1 7 4V ORERHRICTE ERDNTHRNE S TH S, THIZES

1) A, &, #I9K (3), TAERBRAE LT 07 4 VOEBCRARAEIRRESL 2O, &
EEEPENEREB O ¥y OEBES L D LBERINS.
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BELE |Unox(m/sec)| & (mm) o/ (mm) 8y (mm)
Ar (R 3.99- 110 88.0 10.8

R 4.10 95 87.5 13.8
A,

(R 3.87 100 88.5 13.4
B, (k) 3.98 100 97.6 15.6

@) 3.92 130 110.4 18.1
“ o aw B | 107 207
D, (K) 3.90 160 116.7 27.6
D, (/) 3.94 135 116. 4 21.5

L=/ A= 2—LDMABEDRICLBFHUIRNTREOAPOEIFEIhTLESC LKL B0
ThHH.

WOSRICRLICDIZEET 0 7 4 VO ERIBED S #/tper =1 KHAIETS ¥y OBELTHAED
NIBERBOES 6 mm &, WMEOHMBZEAL TRNVCETICEPNIERE R LT 1/7 F5:A
CEDTRHEINHETROERBES ¢/ mm LERKLT, TOMHFICKENENT LEFTH
DObDTHS. ZTDMIUT Unaxm/sec BRI (4.2) & FANT EREET 07 4 v XD FREShcH
PRE 6, mm ZdHERA L, 2720 & OHBERKROARICLB.Y

-1/5
8 =0. 37(ﬂ) x. (4.3)

14
T v=0.92X10"% m?/sec, x IZME TR F.P. i 5D /KB, 3R OFIHEEIC TG
THELDTHBD, CCTREPCODEZDED Unex 2LV, T DEHIM DI O ik E T—HREC
JEHBD2TOEHDELILT.2 ACK), CiUN) E0BBDEKIT § 3, [3.1], H22 28RL T
ZERD.

[4.3]1 & h o W&
&x @@Uiﬁfﬁﬂﬁ%% NIHNDOBPIEFER 1T HE20ICRT. EORESE EDTD, IMARBEEE
TREBIRIBOK & HRHOENEODTERE N, ZOAMUICIET ETLA DA LS FEAsE
WoNB. KEHEIC FEROERET 0 7 v SHKLT, Chb 2 BEOHRNOFIEERE, HAE
DHHEZDAMDRF ¥ & ¢ VWO L ICRBHIELTO B C L0555, TNORES 5ED
O (ROMED ¥ I 1356 RITRI B,
—RHIC T B — T DN B BERPEROMEIC EDTEDD (FHHEAYN S WERE

1) GoupstEIN, S, #ijH, vol. II, VIII, 163, eq. (65), p. 362
2) MOMEEELLhELDLABNTHIOLLEDPNLIN, AEOERTIBEE EMRICRET
BT LWk AOR, AEE6FE (H42) HWE1BM.
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A, (K) 3.23 3, 34, 85, 155, 245 ’ 34 < 57 < 85

B, () 3.20 5,12, 19, 28, 40, 55 l 55 << 6"

C, (M) 3.40 lamamwﬁ\ 55 < o”

C, (%) 2.70 ’ 3, 34, 85, 155, 245 l 85 << §” < 155

L) T EEFBRICANZI IR SRON, CORBRTIVEROEE R 2T9E 4m/sec DFIFAIC
Bondhd, BEREAORENSEZT, DI EbERNETEHRCIZDLDOMERRLEL
Bbhsd. FENOUEERTEOLEOEEOREIT § 3, [3.1] Kl XS4 ICABEAILD
BETH O, BROKRCIZENOEEIEETIE, ZHIBERBORAZR LT EIERDE
NOTGIC—RITHEL, HORYLAELIKEFT S &5 RARNSEN OB SLE I NIRRT TH
3. BEEITHE20 B S hicitiic L5 &, HRABOMIORELDFCIESOBICRRT S LB
bhd /4 XPAOREREFAMNENEEL V. ROTAEIOENDOHEIC B XX T HEEHIRDOE
BIIEDH TS, WEDHROBITCELTRIBALTHELEZA BN SO LAbh 3.

[4.4] #%¥K D visualization

IMABIRIC TE AHOBEI DV TIE, BCETFHSXORAPEREROBERERELIA?
NI U TEMOBRRMEEE T 3 EE2RAN. EROEESII/NENT 7 Z/kETOREIEER & Big
b, BENZBEANTEEVC L, BEEONEIROERICHRBINSC L, BROKLDL, BHEIC
IBEORE, Sx0rpicERZ L RETES. BCAHOERTI, LHon s U FEIREe
THolT & Ry oFiZgied 2t &, FREE L TORIWNE PO EFIKLEB), &
feT VA VA v ERDNEKEFEREOR (7)) —Y) THOT &, FORAPERLDTHITLE
BB EMTEENDRY UL LABRKIZBEBIV8 I YANATRXBNT—T 4 W ad>
SROEEZTD. (1) BEREROHN (FIR) 135 &S EFCREREICRDTERH~EY, Z0%
DB OEFECTETERED. (2) PEOTHOH EHSihih3EER &L LR TBRRERL, 21
B0 & 575 3 LHEROEEETRT. (3) MAMEEZEY 5 LMEOTRH 5 5otk LTl - HsERIi
WAT, PR DA ICEENS 1 ADBASEDNE. (4) MKEHFIC TR I EROELENE

1) #B6XOMED, MENLIXECYBEST THEPICRTIAATHOBENDH DD DT,
BROFEEZT CHET YV ERE TR L.

2) BMFEER, KAE ROHNBE (1), SEHLWERFY, #£27% (1967), pp. 1-15,

3) GER) “HAEL” ERIKELTE, 7rirelyPitonsnsrhtafr A LE. LORE
PO RBZL, RAVEDLIBTINFL 4 VYRELDRERFOLI ICEDNS.
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RIREHbDTHO, B, #HEFRBEENE, </ *—2—, HAMFHE!, flow visualization Fi%%
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Pllick>THLME LD, “bhdE” FZRic X DT EL Nk BRSBTS MRAIR TS TREE
Thy, WMENTHS LbRIIEON, ZOYTEHRRBTIL LIS DEE {OMBT, SHBHMT
REOTR, LrdbEdIics (DUEATHAEET U LERBDTHRLCIEZTHAD. TOL IR
HER U TETROFOIEEINETEERODEI>THB.

ETHEET T 4 VEHIP OO P ER DR (1) BRBEOEIIBEEREABLTRESD
TbDEREDBLBNEITES. 4BHOERICHLTS, BRBOEIORERZTRTICRCOLD
B EERNTRARZNTHA S, (2) fiE, secondary flow HOEEHSH 5O CHIEM T HIE
TRIEZThED, FBIORCRIWCEESHE (1D ORRCRESTERICH SHEABDZhEEL
3, BEEToT7 4V EBCRESN TS HE YT REMLVBGLA /B HELS ROFL LD
T, FOEULERENE LS cBhhbD

RICENOREP SEMI DB 1 (B) BEREBZROT, —RICENLOR S MEREICED
2, FIMBIGEOERED. (O BOELOEETIEOERE, HEVo7 4 vhoEHIND
BREOES L133—KT 3.

RERICHEIRO visualization 5 1 (5) EET MO HEKIZ MO S LACEL DU 2 KOEHE
RoOWPS25. (6) EEPOMOHEERIL, MEE O RUBE»SHDICENT I ADERER
5. (1) MEBFCRFUKERSERENS. DL

23 (5), (6) BLY (7) OHREENETEFHE LU RADOEME L /2 /NEUKIgIC X 2B =R
SR USRAETEFRR, $278) LRAC—KLTOAC LRMBCERET S b0 LEbNS,

INCAEHD BT L;, Fox BIBBIERERTRATE, K, BIORERTEOLLIIREMIE
BhEBREEDWN & S 5 EET 5. BVLERIEEE R BB S LU MES R RE S EE O
WARCREEL, MEEAICHI DTS REBRELEETE ol AHERE RRGRIHEET O
g, BIUOEELUTENORMEAEY L. EMREERIEREROHBICE . ZOMEF A~
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o TRk, SO, B3 ML 0k WA EBEESHA LTl oo
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2 .1) 7r¥s GoupsteEIN, S, ®ii, vol, II, XI, 226, TasLE 17, p. 516 2B R.
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Measurements of Boundary Layers of Ships
The First Report—*“Wakasugi” Tests

By
Toyoji Kumar (Professor), Jun-ichi OkaBe (Professor),
Fukuzo Tasar (Professor), Sadatoshi TANEDA (Professor),
Masaki TAKEMATSU (Lecturer), Susumu INOUE (Assistant),
Masakazu TATSUNO (Assistant), Hiroyuki Honn (Assistam),

Hajime Amamoto (Assistant), and Iwao YamasHITA (Assistant)

Abstract

In Research Institute for Applied Mechanics, Kyushu University, a research group
was organized, supported by the Grant-in-Aid for the Special Scientific Research from
Ministry of Education over a three-year period from 1966 through 1968, in order to conduct
a series of experimental investigations entitled “Measurements of Boundary Layers of
Ships”, of which the following is the first, preliminary report. (In the followings, as the
“boundary layer” we mean the “turbulent boundary layer in three dimensions” unless
otherwise mentioned.) )

In § 1, it is stated that because of the very limited term to be devoted to this research
project, we have to confine our present objective to a rather small field of study connected
directly with developments of the technique and the equipment suitable for measurements
of boundary layers of full-scale ships, although of course the purpose of this research as
a whole should lie ultimately in contributing to the progress of naval hydrodynamics by
furnishing it with those fundamental data in relation to characteristics of boundary layers
formed on ship hulls, which might be collected only by measuring various quantities sig-
nificant in boundary layer research for a great number of ship forms as well as of navi-
gation conditions. Furthermore, it is added that in order to obtain by ship measurements
experimental data of boundary layers detailed and reliable satisfactorily from a standpoint
of modern hydrodynamics, we had to invent some new technique of attaching instruments
to a ship hull without injuring it, instead of an-experimentation in which a pitot tube is
protruded through the hull (see e.g. Baker, G. S., and Promaska, C. W., Trans. North-
East Coast Inst. Engineers and Shipbuilders, vol. 46 (1930), and vol. 78 (1962), respec-
tively). Desirably our new installation should be such that it might be displaced quite
easily from one position to another on a wetted surface, so that measurements at a number
of points can be practised without so much difficulty. With a view to solving this problem,
the report continues, the sucking-disks specially designed for our purpose were manufac-
tured tentatively. )

This section is concluded by a short mention of the so-called flow visualization ap-
plied to a real ship wake. This project, initiated in connection with another research
program, entitled “ Systematic Studies of Flow Visualizations”, to be brought into practice
in Reséarch Institute for Applied Mechanics over the period 1967-1969 supported by the
Grant-in-Aid for the Institutional Research from Ministry of Education, aims, as a small
part of the whole project, at clarifying by a visual method hydrodynamic structure of
ship wake including that of separated flow downstream of boundary layer.

In § 2, the detail of the sucking-disk above-mentioned is explained. Also it is out-
lined that the satisfactory result was achieved through -the performance test of the disk
carried out in the laboratory.

Descriptions of the test boat and of the measurement equipments are found next in
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§ 3. The boat put to use in the experiment is the Wakasugi, a wooden launch engaged
in fishery investigations, belonging to Fishery Experimental Station of Faculty of Agricul-
ture, Kyushu University, whose important particulars are as follows: length overall 11.655
m, lerigth by the rule 11.5m; breadth 3m, depth 1.3m, gross tonnage 9.5t, main drive
being a Diesel engine of 45bhp, and designed maximum speed 8.5kt (about 4.4 m/sec).
The essential part of the test was performed during June 19th through 21st, 1967, in the
sea area off the coast of Tsuyazaki Machi, Munakata Gun, Fukuoka Ken,

The objectives of our boundary layer measurements were confined to (1) the veloc-
ity profile, (2) the intensity of turbulence, and (8) the visualization of the wake. For
the experiment (1) the sets of pressure tubes and the manometers were prepared, and
the hot-wire anemometers for the experiment (2). A sucking-disk was equipped with a
set of pressure-tubes or that of hot-wire probes, and through attaching it (the larger one
being 23 cm in diameter, while the smaller, 15cm) to the hull by a diver, we were enabled
to make measurements at an arbitrary location on the wetted surface. With regard to the
experiment (3), on the other hand, it was planned to elucidate structure of the wake by
observing the motion of the colored water ejected into the sea out of four orifices bored
on a copper pipe wound round the boat, through which water solution of fluorescein
CyoH,,0; was made run. '

In § 4, results are summarized of these three kinds of measurements. Namely, the
sucking-disks, both large and small, behaved excellently by sticking fast to the surface
and making all the schemed measurements successful. The pressure-tube sets, the ma-
nometers, as well as the hot-wire anemometers showed altogether fine performances, The
velocity profile in the boundary layer was measured at six points on the hull; the result
was expressed in a non-dimensional form u/u,,, vs. y/8,, where y denotes the distance
along the normal on the surface, 6, the displacement thickness of the boundary layer, u
the component of velocity in the longitudinal direction (namely, the direction to the length
of a ship along its hull), and #,,,, being the maximum value of # on the axis of y; prac-
tically therefore u,,, may be regarded as the velocity of the stream on the outer edge of
the boundary layer. Incidentally, at two points among six, a large disk (equipped with a
large pressure-tube set) was exchanged for a small one (equipped with a small set) at
the same point in order to verify the reproducibility of our velocity measurements. Out
of the turbulence measurements by means of the hot-wire anemometer, on the other hand,
we may conclude as follows: turbulence in the region adjacent to the hull has a large
amplitude and a low frequency, however as soon as we enter the field of potential flow,
turbulence dies out completely., Finally by virtue of observations through" visualization of
the ship wake, existence of two vortices, separated from the boat sides, extending down-
stream indefinitely with the general flow and rotating in spiral forms (in opposite direc-
tions to each other), and formation of dead water region right behind the stern were both
established. ) :

The paper comes to an end in § 5: by stating briefly that the new technigues in-
vented by us yielded tolerably satisfactory results in the “ Wakasugi” tests, it is’ pointed
out that the purpose of the present experiment, undertaken as a preliminary work toward
the development of navigation measurements of full-scale ship boundary ‘layers, was ful-
filled to a certain degree, and that besides miscellaneous faults in parts of measurement
apparatus discovered in the course of this trial provided us with invaluable data for the
preparation of the next experiment, practised as a matter of fact after forty days using
the Nansei Maru (45 tons), a fishing training ship of Faculty of Fisheries, Kagoshima
University (the details will be published as the second report before long).

It was not necessarily expected from the beginning of the trials, therefore, to arrive
at definite answers in problems of boundary layers of ships, and in fact the scope of our
present measurements, both in quantity and in quality, does not justify us in drawing
conclusions with full confidence. However, bearing these reserves in.mind, the items listed
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below may be regarded as temporary conclusions from a point of view of hydrodynamics
connected with full-sized ship boundary layers and ship wakes. (1) The thickness of
the boundary layer formed on the surface of a hull makes no great difference between
the value worked out from the formula of the boundary layer of two dimensions along a
flat plate of an infinite breadth, neglecting the curvature of the hull altogether. (2) The
velocity profile may be approximated by the function y!/5 or y'/6 better than yi/7, the
so-called 1/7-th power law. (3) The intensity of turbulence in the boundary layer becomes
larger, as we go nearer to the hull or to the stern. (4) The thickness of the region in
which intense turbulence is found to subsist may be considered as the same approximately
as that of the boundary layer defined through measurements of velocity profiles. (5) The
flow separated from the boat running straight consists from two vortices rotating in
spiral forms. (6) The separated vortex from a turning boat flows out obliquely apart
from its inner side in the neighborhood of the stern. And finally, (7) the dead water
domain is formed just behind the boat. Incidentally, it should be remarked that (5),
(6), and (7) are completely coincident with the results derived from the model experi-
ment in a small water tank performed a few years ago by Tawepa and Amamoro (Bulletin
of Research Institute for Applied Mechanics, no. 27, 1967).

A full paper written in English covering the contents of the first and the second
report together with the forthcoming experiments to be made in 1968 will be published
after the whole project is completed.

.

Figures and photographs

Fieure 1 (page 18) Large sucking-disk

Figure 2 (page 18) Small sucking-disk .

Fieure 3 (page 18) Sucking-disk (forces acting upon it)

Fieure 4 (page 19) Testing installation of a sucking-disk (schematic figure)

_Fieure 5 (page 23) Lines of “Wakasugi” (also indicating positions of measure-
ments)

Ficure 6 (page 25) Large pressure-tube set (side view)

Fieure 7 (page 26) Small pressure-tube set (side view)

Fieure 8 (page 27) Large pressure-tube set (top view)

Ficure 9 (page 27) Small pressure-tube set (top view)

Ficure 10 (page 28) Small pressure-tube set (bird’s-eye view)

Fieure 11 (page 28) Vacuum chamber (bird’s-eye view)

Fieure 12 (page 29) Measurement of velocity (schematic figure)

Fieure 13 (page 30) Measurement of turbulence (block diagram)

Ficure 14 (page 30) Measurement of turbulence (bridge circuit)

Ficure 15 (page 31) Large turbulence-detecting probe set (side view)

Fieure 16 (page 32) Small turbulence-detecting probe set (side view)

Ficure 17 (page 33) Measurement of turbulence (theoretical background)

Ficure 18 (page 34) Equipments for wake visualization

Fieure 19 (page 37-39) Velocity profiles in boundary layer (1)-(7)

Fieure 20 (page 40) Boundary layer thickness (determination)

Fieure 21 (page 43) Vortices separated from ship (hydrodynamical constitution)

Proroorars 1 (page 45) Wakasugi (courtesy of Fishery Experimental Station, Kyu-
shu University)
PuoroeraPE 2 (page 46) Wakasugi (in Tsuyazaki harbor)
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52)
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53)
53)

54)
54)
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55)

Attachment of a sucking-disk
Attachment of a sucking-disk (boat side underwater)
Pressure-tube set (attached to boat side)
Pressure-tube set (attached to bottom)
Large sucking-disk (equipped with large pressure-tube
set)
Small sucking-disk (equipped with small pressure-tube
set)
Drain pump (for a sucking-disk)
Vacuum pump and vacuum chamber for manometers
(from left to right)
Manometers (upper portion)
Direct-recording oscillograph, Wheatstone’s bridges, and
d-c power supply (from left to right)
Large sucking-disk (equipped with large turbulence-de-
tecting probe set)
Small sucking-disk (equipped with small turbulence-de-
tecting probe set)
Tip of a turbulence-detecting probe (magnified)
Part of copper pipe for ship wake visualization (showing
an orifice)
Data of turbulence (1)
Data of turbulence (2)
Data of turbulence (3)
Data of turbulence (4)
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59 | PHOTOGRAPH 7 | Large sucking-disk (:-- large ---)| Small sucking-disk (--- small ---)
59 | PHOTOGRAPH 8| Small sucking-disk (-:- small -.-)| Large sucking-disk (--- large --)
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