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Fundamental Studies on the Low-resistance
of Swimming Fish

Yoshikazu NARASAKO

Abstract

It has been confirmed that the body-resistance of a living fish in water is far less
than that of any fish-like-formed rigid-body.

And according to the hydro-dynamical calculations, between the co-efficient-values of
their frictional resistances, there seems to be a difference of 1/10 order.

In order to clarify the process of this resistance-reduction, various resistance-tests
were carried out, with the use of a lot of models, by the author, basing on the hitherto
ascertained view-points, namely: ‘Passive Fish-skin Effect’, ‘Slime Effect’, ‘Slotting
Effect derived from the Gill-cover-holes’, ‘Active Fish-skin Effect’ and the ‘Caudal-fin
Effect’,

(I) The Effects of Passive-skin, Slime and Slotting on the resistance-reduction

Having got a hint from Kraemer’s Dolphin-model, the author measured the hardness
of the bodies of living Scombroid and Frigate mackerel, and made models of silicone
rubber having the hardness similar to those of the two fishes,

Some experiments were made, in order to make a resistance-comparison between the
rigid and the flexible models, at the Kagoshima-University Circulating-water-channel,
within the Reynolds number: 0.5X105~9. 0105,

Consequently it was confirmed that generally there was little difference between the
rigidly bodied model and the flexibly bodied one,

As to the effect of oil coated on the surface of the fish-model, it was ascertained that
the fish-oil which was used usually, for example, a whale-oil, rather increased the
resistance than otherwise, with the author’s failure in confirming the effect of slime —
‘Toms effect’ by polymers,

And concerning the effects coming from the opened or the closed mouth of the fish,
and from the opened or closed gill-cover of the fish, respectively; the expected slotting
effect by jet-flow from gill-cover-holes was not recognized; conversely it was ascert-
ained that the resistance was made rather larger by the effect coming from the opened
mouth and the opened gill-cover, )

Basing on the view-point of respiratory movement of fish in sea-water, the calculated
velocity of jet-flowing from the gill-cover-holes was found to be quitenegligible,

Consequently, the effect of slotting due to the motion of the gill-cover holes on resis-
tance reduction was fixed to be negative,

* W ARSI/ (Thesis submitted for the degree of Doctor of Agriculture at the
University of Tokyo, Dec. 1975).

& gt T 2pgusz (Laboratory of Engineering of Fishing Vessel, Faculty of Fisheries, Kago-
shima University)
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(II) The effect of active skin on resistance reduction

Furthermore, the effects of the active fish-skin generated by the harmonious motions
of the scale-plates, or the influences of the quasi-harmonious-motion of the body-surface
on the resistance-reduction were investigated.

For the realization of this, referring to the experimental results obtained by Frank
Essapian (1955) on the living porpoise, the author prepared a two-dimensional stream-
line form model, called active skin, the both sides of which contain series of scale-
plates undulating two-dimensionally with various periods.

The resistance-tests were carried out on the following two cases: the first case in
which the scale-plates of the both sides were fixed, and the second case in which the
scale-plates move quasi-harmoniously,

Furthermore, it was clarified experimentally that the model-resistance could be made
decreased when the series of the scale-plates on the both sides move quasi-harmoniously
with a proper frequency and with a proper phase-difference kept between Starboard side
and Port side and the process of resistance-reduction was examined through the flow-
visualization method,

The author found that the condition of maximum resistance-reduction was to be shown
by the following experimental equations, with the effect of active skin having /2
phase-difference kept between S, and P..

Amplitudes of scale-plates, Fore part —> Aft part (gradual increase)

¥V = 0.0994-0.546 N
Amplitudes of scale-plates, F, —> A, (gradual decrease)
V = 0.015+4-0.648N
V : Advance velocity of model (Body Length/sec,)
N : Cycle per sec. of Progressive wave by scale plates

These equations have a close resemblance with the following Magnuson & Prescott’s
experimental equation for swimming velocity of Pacific bonito in the oval fish tank in
the Marineland of the Pacific, Palos verdes, California,

V =0.4914-0.639N
V : Swimming velocity of fish (Body Length/sec.)
N : Tail-beat per second

Therefore we can assume that the swimming of any fish is being carried out while
the fish is managing to keep the resistance of its body at its minimum in the water,

(III) The effects of Caudal Fin on resistance-reduction
- To ascertain the effect of passive caudal-fin, the resistance-test of cylinder with vinyl
fluttering-fin attatched behind it in water was carried out, while in order to confirm
the effect of active caudal fin the swimming motions of fishes in water with or without
caudal fin were examined,

As the result of the above mentioned experiments, it was ascertained that the maxi-
mum reduction ratio of resistance was gotten when the length of the fluttering fin lay
within the range from 3d to 7d (d: diameter of cylinder),

As the result of the latter experiment, it was assumed that the effect of caudal fin
mainly contributed to make the course secured in the swimming motion of a fish,

Therefore the effect of the caudal fin was fixed to be quite important one in giving
the resistance-reduction capacity to the motion of the swimming fish, as well as the
effect of the active skin,

As the important factors in giving the low-resistance capacity to a swimming fish,
the author proposed the effects of active skin, of caudal fin and of slime, in this order,

Especially, the former two effects were considered to be largely contributive to the
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resistance-reduction capacity of the swimming fish body in the water, which perhaps
may be due to the suppression of eddy resistance which is to be brought forth by the
combined mutual actions of the active skin and the caudal fin,

Through these mutual actions, the formation of the boundary layer might be prevented
and the flow-separation could be avoided, too,
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CHBZrrfote. ThhbA v OHAREEEOTh X ) BECR VDL, H5 Wik
4 VA OFRBEBEEFRRBGC X TREECE VD), FOMhnThs 5 LERLL. i
BOHET AN D LEBRLESNEDONE Z L RBEL IO Gero (1952)” Th - TH
S LIy A, I<RADPITIOZ LEHEHLTN3S.



54 BREXFKEFHBCE H25% F25 (197)

COREDERIISHITCES FTRERFCAINICLITE LRV, RROBERITHEOHE
BRI TO®EY ©h 5.

%ed, BEROBFIMEERFCOZLOTREVA L WHIRROTIC, REOFKIL DO
&, 2 FAEORIG L OO KFEFZELZ R 7% L LTk Kraemer (1960) O#Xhi%h
5. BIANDOREEEMLUTHAY OLFE bl SEOBEMAREELY OB CED
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CANTRE LICRBRRFAEOLEXEHATE Y, EATKREE TR LIHREZEB T3,
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% LEE 3 EfficEmL,
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W, ThRBRTY ) 3~ = A CHEEBRARIED, Bl BEEO LBREBE - 1.
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X% Fig. II-1, Photo II-1 (a, b) wiR$. FAREBEEL L TCUX7 o5 Gl THEHEK
BH (B 3.00m, B 1.0mXx0.6mX12&) 94 Y Ry HRIALHIS BHe— —CfF
Beldsd. EAEAATOERAKIIN 2m, K& 0.60m ThH3. AFEEELLCIVE
A, B ACR 2 EARTHEET LT e +—%E &, Geber REH KRNI (Fig. 11-2) &\ ie.

AR OWMEDMAOTE—EILEHEE, [, EICRT2~5 BOTMBERIRHRLNSH,
BAMOBRBMERHE T AL MEI H—L AL TEXLLWEETSHS. (App. Table
II-1, p. 162)

o-2. BIFEFEROEER

ERCHEATIAOKREIXERLT, £ 0.340m KO 1.000m OB AREORBIGES
BRI AGEIC L b o) (Fig. II-2, Photo II-2 £f8), trip wire 0% 25E L /v
WA OWT EBREFiote. 4 trip wire ZELFRED 7= DICF3 LD ThH 5.

thil, ZOEYKE T ERATREROKRE SORME RED 5 WhiEAROEHHEID
EM LB ERLOTRRHEL RT3, PREMIEXY L, X% B, BEX%1 21,
edge effect O MBI B 2BLAELZ T3, HRABEEITIAMCE L=0.340m, L=
1.000m woWTEhLh 3#ksudt 6 e AE L. ThEoxEE L, B, ¢t % Table II-
1 ©RL, AR ETEOBRORES L Fig. [1-3 i3 #PT S XXHH F ik
PEKAER, Les RO Bos NIFLAE (2 2 TIXFROFHRE L 3) ORISEEKOTE b 0 FEl
Ths. Fig. lI-4 2. irds, MiEFIROLER L T2 DL THCHFEDOH A 1EHDIA
%, Fig. 11-2 %0° Photo I1-2 OBIIC R TV & 5 ICEE#E b FF e, LT
L=0.340m ofFERTX 0.5mm¢ D trip wire %F(¥%i2>H 0.017m @ square station ®
MBI ERY A L=1.000m DA G 1mm¢ o trip wire % gk 0.100m OfEE
CHR D fF e,

ST ERERERICERY 1, LIl REBSELT OB 2RDTEFIK LKHE
GOEH R 28615, ZFOMEY Fig. II-5(@~1) @R, o KOEE, V 2UH v
REPREERE L T,

BEEEHREK Cr ROV A /X8R R, X

L

R, R =7E

Cr= 7205V * v

TEHINS.

4 Fig. II-6 (a~f) OFROEH R, DEBRELHR/N_FET fairing L, HoJKITl
U TEBEEHREK C, &RDB L, Fig. 1I-6 (a, b) 0L 51ind. KRLZFOMHEIIL edge
effect REEFNTWEH0b, @ B ORRZWOEH R 0FERX LY, ACLEXRTMATS L,
Fig. II-7 (a, b) Ok 5 iC 2 ®RITTh O OBREEFGK C, 238bh 3. Fig. 1I-7 (a, b)
ZRT L=0.340m DFEH L=1.000m DFE P trip wire {4 & D Ko BEEH R C;
{3 Schoenherr line?® » ER X FATICEH L TH 0.002 L EDICH TR Y, trip wire &1L
WD Cr 13%0 line X ELHTWE. FBA EDOFEETAEDO BT BN ICFRLFERD
Ay oFHNTEMBERBE TH 3 L b T\5AH Schoenherr line 23 ELFHER B ICHK 2 i
DEMLEY BHLLTWDE LT3 L, SDOZOFROEH OFhIL trip wire /s L OFEEL
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Tiddh 50 BRI REC BRR TR > TWaHEYEDLL, fi trip wire 201 5 L B
BHOW2 1L, LOEHLZT O L OFLEFEFNBRCHT W2 BEEDLT. #oTZ
DOEFAFREOT NS, 0.5~1.0mme EBED trip TIXBREIREB-TRL 5 & 5/ scale
(Blzif trip wire O¥ER, cm T2Hi order) FEOEAMTHEZ L dZEx bR LS. R
L edge effect LHEBIEESLE2 5 & AOBE O HH L LB 5 HE T K@ trip wire
RUTHSEEABC L 2 BB ORI D LB LIRS,

O-3. BEETCEAEEEEOERER

FAR, Ho5, AV ACOWTERENEA—TEOARBOBIGHEE L v ) 0—v I ABRlORMH:
a2 rED, EROMBERYT/R k. A 112 o#RIc X 3 LEWAEROThOH
T YPBEREC ELEREY £L T3 30L B2 TELIX2LVHD BUTOERCR T
trip wire # O RVWEBIZTS. ZOPEY ) 3~V T ADOEE L T v A —FE EFORETIX
MERRL2EMCH S & 5 BbiicoTHERZFA T2 b EMOREICAMEE - /o
ERyBEMmMLE. CZCEMOEX L, B B, B 1, REK S HKER 7, RLONED
AR T E, HDOJERE Les, Bez 2N Fh Fig. II-8 0k 5 CE@&HT5.

(i) FROER

TR OEIREY Fig. 11-9a &, Z0xE~HEw Table II-2 KRt ZZTPiRXsy
B —E EARRBIGTERTH D, P RHEEATERCEELY s V- EE13.00> ) a—v a4,
PRI wire frame THEBIN, FIHIBRITAC L 2 REEZ LD 5 7<) tin plate THEH
XhTw3a. Fig. I1-9b £,

EHRBROMREL BRTALL TR LRI BEBEGAK C, 2 v4 / VX R, OBfR% Fig.
I1-10 (a, b) @irk3. Fig. HbABER > THELAMALOBED, BIETIROEL & Bk
HEHROEIIIFRLIZELL, v4 /ARBOEWRITIE Schoenherr line XFA & —EHL T
WE. BEATRIGERE (V4 /28 R, /) © Schoenherr line X b2 b ETF 35
Efch 3. RLZOETIRERERS 3 edhEREZEOICHHEEITER T, XEHE
DFETAMEY T - T HRMENCER O 2 5 HEChH 5.

(i) FSDER

i (BXEM 35cm) o Lines # Fig. II-11, Photo I1I-3 (a, b) &, £OXE~F
% Table II-3 iRk$. ZZT S kv v d—H EARBRIGEATSHY, & XHEMEEHET
EEEXY s V—FE 13.0 0¥ ) a—v T aBTHS. ZTLUTHERTOLMEIMINGEAL
A%y S-C, §-C L L, WAL dFAVIEEE S0, §-0 L L, FhFERTOREL
THEERE\ A% S-CO TEbT. hERlEEEO Lines DA D B X /53R An
DBMNDOFICH 2 L EDOMBOBEHLIBAE—K TS L 5 ILEAK.

GRSCRB Mg %01 p. 78 £R).

Bl EOBRBCOWTEFEREZTo, TORKRYLET 5 & Fig. I11-12 (3, b) 0 X5
7£3. T Fig. II-12a 1% (i) © FROFEL A LBEHTEERCRAHEZB-THELED
HWHEDHBLTWE. ZZ0 BRrb RAED 3 DEHiT Schoenherr »EEEEHIE
X hkx, —FoD form effect 2395 = Lhip5. X Fig. II-12a RO b ©RT X351
AROEEFHAU TS L2, BT & ¥ b BEEBEAIRARENC L TEF S S
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&L Lo T 5.
(i) »YFrDEER

B Al (BXE# 40cm) o Lines % Fig. I1-13, Photo 1I-4 (a, b), 5(a, b) ic,
FOXE By Table II-4 wid. 2T K, Ko i3 7 v 21— EABBIGRATSHD,
K/-N, Ki-N (3 BMAEMcHREILY s 7V —FEN (N=16, 21, 23 %) © ¥ ) 3—v I »Hl
ChB Tt Ky Ki-N ik ZROEELHTEHICEotc Ky Ki-N D 2EORES
O THS. hOOBEIMRIOMEELALC B4, K KO Ki-23 OAXFE LA
XX COLMBEOMWEMAPBIEL, zhbk Ki-0, Ki-23-0 TEbLTZLITT5.

GAXKER Mg o1 p. 79 ).

BlLEOEEITOWT, RECABERE - HE L BORVHETOWTEREZITRY, Th
oy Fig. 11-14 (a~d) i3, Fig. II-1da RO b LIz OEEOTEREDEIC
X o> THRAMOBEC & - THEFOENBD LI, Blb ¥ A TR ARA O F
REFREE S NE T o TS, A Y AREITIIRBA LERRD LR, UL AHMEGE
B OBEHEIMENCHZ T3, S0z Li3gERRs b Bbhs. X Fig. II-14c ©
IO L EERENCWE LELREICL Sz L2iELx 5. Fig. 11-14d o X 5 KRB OK
EFXH 2R LCERT S L HEIOKWENEY, TMIHEECLZEHRD 7Y FINS
(o TW5.

(iv) #FEHHE (ROBHYERD £ FELHRRICE LdcbD) OXR

AV K10 ofaErfhoficEL &, JE 0.5m/sec BlLED & ¥ BESRARE
L5cm £ECSHN, F0OLd0EFMIEL bk, T TRAOHEFEERMOSE, BRERC
B BEOBELERL 1o ADEGEOLO EREfIiotk. ZORMERLO » Y AREY
Photo II-6 (a, b), 7 (a, b) &, EE~+¥:% Table II-5 iRk$. Lines (XY AEEMND
BEYERE-T LD L —BT5. hbHoRIGKAES K, K T X¥ya7—REN
16, 23) O ) a—v I ABOBMEER Y K©—N, KO—N THRbT. ThoBd
Hr@EErFAC 3. XEOH Y ABBEOERTABEE > TR LR THEFUIRA L
Bhihotcnd, BECIABEELTC ERELT/Rok. EHHEROMRY Fig. I1I-15
(a, b) i3, Fig. I1-15a 7 HERANE WL ZIXEERRE L 105 L & ICEHUTES
CHADEECH B4, Fig. 1I-15b @ X 5 CEBMOAE IARKE K785 LERAED <7 Y %
B, MAEECL - TEHEIELRY. O ehb, FETRGEOEIIIFEA L
FECEMFRTHE LELTIWEEbRS. X Fig. II-14a, d; 1I-15a, b # T % & —
BRICBEED R D HECHNTREDOECHEDHN, ThIBBDOAE INRKE W, BE
EHRK C, QEMBEREC X 5 BEEHR¥ LR Schoenherr line 105 78> TV 5.

O-4. REHREHROEE

BlE, ZTEBOERICHEVTD, BPRECAEBEMCRT Bl BiEgoliciii KERO
DL oo, B3 SEEFEE 13.0 TEFOERKRE 2 1ch’, B EDPOETH
D, HYAIEBMCIEEOE (23, 21, 16, 10) TX - T FRA LENREDLRFEAHMMA
R OB EMEN T2 TWE. CABIERWI TR S RIEOBEEARDOEL, #ims b sh
T\, BEREOIHDIATI oTch ¥V A KBBH, FCREYRWICAGTRBEORERT
b, HENSEDO LR, WEWCEIEREDOAZ Y0NS R5 ZLERDIETT, fAihd
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Rtk BEEOMICIAA SEROZERED LRI,

COEBRRRICOWT, BMEVER B CRELHETIS S5, HTFEETVIABLHE
PR L 0RO FMENRREINERETHL 5. ELOPLEZbh2RABEDODIO
DOEBAUITTREL LTH, ZOBMER > THREOREEY], YU THolhBENDOBRIC
PLLADBASTABZ LIXFETHA .

RRUHESE (v ) a—v T a) OFEERAECOWTUL, W& E01l THECHNhS X5
< LIS, T AEHEZAG, BCY s V-BEERZRELIC DOTHY, EEROLEADMENX
OB L R U CTERICHNIET2 3008 5 hIERERHTH - T, ik

YH cm/sec _ nect, (n=1~20)

ELIHEL cm

BE, 29 1~20 94 7 VERORBENOT CRALERTS L ) el s 221 R
WiXB D Rin B R B 0 b Eh L.

ZO &5 IeiRENE, ARECBLE D ORROMAZEDERCHFHTE 0 TH-T, EH
REEREHRO S I bTEHRCOWTI LA BEAE Lo LXK, £,
BEOBENEROBIANLEAIL IO THS.

m. % & % R

AE I cel®Xcad, HEER & Rosen. Cornford B¢ RFI N2 ALAE KIS
MK BT OpRYEETLERFERL, Kempf, Richardson, Gero ¥ tREINS
MRHREY BETL2EKBERRHKFLTCVIBRTH 20T, #1E II Cithick 5 S ER
HWOARRDEABAL EUREHEEOR—LTho1ctt, LEMBMRTHETIE®RLH -
THRDOAHEZEREOCRBEROREICE - TR, Bktho LBEHRRE TR, £
BROBRIFR CRBMORIFE LT (Fig. I1I-10 (a, b)), AMEE Y~ (Fig. 11-12a),
AV #x (Fig. II-14a, b; d) o FHEIT —C EHR EHT ML T2 EHaERS D fMhi
Toms #HFUTHbR T V.

ZOBERLLTHELLNRZ DX, HALCABNFHSMSLEINBEELTEY, BOTE
WO TomsghRDOFMH:L LT HbhZEITHREFRTHE 2L, FTEAKRTFTLUERE
BEYTHEC L, BEERRCZ LY LEEL CERARBORS, BHEE, BES £
BORBREICHWMINE MR L EHEThrotc LA bhE Z LiTiss 5.

o TEHEEDEBRBERY D - TELICADHBEIRETEL 5 5 0TIV, §iE I ©
BARIAT Y F OEEFROB, RNIA VA DO FEOBHAREEREL 3L, EHROERL
L COMMENRBIHCII R sRIERRY £ 5 ThH 5.

IV. Zpy FSHEB

MEHECRERRHEOFGILFHHEL LT, ROMEMSECKE (o y 1) 283, BTH
DEELXR EEOHERA~ML, BRIESEELEECH > T3 BB T. ZORE
REAET - LRESL, BAIWTC LItk B,

ROYD DA 2 1o KA HFLH DREMINZEOBMIC L2 2oy FIREF L L 5 Ik
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CHEBHEOBIMMC L Y BHREL I OTIOLTHEINE. FHIZhEROZOOHE,
Bl — ol d A DW kR OB R £, ARG DR LIBERREL, ZoKIT
Eyfa 0 EFLEERANC X 3 BAIHEER L 21778 - TRET L IC.

IV-1. S@EMNOWRELICOVWTOREER

BOFEEY RS & Fig. IV-1 @R L 5 £F AR TARKRWC Eh, BHLTHR
ZOThHbArEHIh, COBEOMEL L L THRO BT RERLTINRSS L 5 ICRL 2
2R, FRUTEED CORE L L EE OO BROMCITEET 2 BB L BRI S D
CEBE LTS5 & L a3fllo T3, WERECEL LD L RER L CEWIHEO L
FTRIEZODRY TRENNTWE. FOBRXIRHATGACEINCL 3 /8 XDOFROEICX
S TEZS. AL, ¥5, <700k 5 CRECK AT, BERUWTWIMIRZOZD
DORY TR ENTIR bTENCOYEE e E AP ATETZ Z LIRL DV BALTL 58K
CHEBREYTI VB L5CRLE. ADHE, HROFAMILWIELLER BRELEA
REER I ADOLERNEHCE L, BRI LKL ER S5 bl i Tk leidhudis
Bicvs. ZZREEALADREHLOR T v FIREEL HRINRENS.

XC Spoor (1946)** % 32gr @ &AD EBRMEMNERITL 23~25°C s\ T 0.040 ml/
min fHEECH D, BEEAE 1gr L 0.075ml THEZ 2 ERHLTED, ROWPEKDIL
B I AT 3 ATHED BAMEIEDCAD T X VX —% BACE HRIES L
LC, ¥EBIH 100 beat/min OEBICHRRZMER 0.175 ml/min %52 T\ 5.

N ARCE N3 BEOMIBMARIARE 760 mmHg, Wi 156~20°C T 6ml/l,
BRBERMICES X, £E 10, 20, 30m KEROHBED 100 m KEROWKTRL 4.6, 4.6,
4.6ml/l RO'4.8ml/l (V) —7 x— 7 B¥ES, 68, BREXFENITLEAN; 6.2, 6.1, 6.1
ml/l %o 5.8ml/l (HA¥, 2R, [&T) THRKA 4~5ml/l BETHS.

4EX 34cm, #E 730gr OV SCOWT EEREROBRERNERLHA TS L, HER
THAECHAT S LI NENnD

730 gr
32gr

_ 730
= (, 0029 ml/sec X 32

0. 175 ml/min X
= (0. 066 ml/sec.
Po CLELERRYHETIBAKERL LT

&OSGTI?/I{Se_é — 0.0132 //sec = 13 cc/sec

vk = 5L/sec = 170 cm/sec
e R AR A OB D E R

_ _13cc/sec
170 cm/sec

XREBOWKEZHEH T2 1od I EERFEOEE R 3.7cm 2 LT, IO

0. 0765 cm?
3.7cm

SiEEY 0.5mm bHif 5 L LERREHRIGT 2 BAERIT

= 0. 0765 cm?

== 0. 0207 cm == 0. 207 mm == 0. 21 mm
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13 cc/secx (-)0251% = 30. 9 cc/sec = 3lcc/sec

f-oT OYROERE 1em? /bl ke LTX 3lem/sec CTHS Thh, WIkEHE 170
cm/sec (IFRRIC BDEIVHEDITT 5 B EDOEI L » TBRERIKSFEEIhZ - 21T
th.

WICHE PR ERE 3 S DFE, 4E 1gr oW 11.580 cm? (Gray, 1954),

oz E 730 2r O ¥ 3T 8453 cm?

RoT VEBRYEKRTAIWAARYL LT 13cc/sec & by, BEXHRAMCEE
i35 WAk O TEE

13 cc/sec

8453 cm?
BTG Hughes (1961) Btk 3 & Tinca i ¥ D a4 BAEOBRE, HFEZEMIIC 0. 2mmx0. 04
mm &5 HEEOABNERINT, TOFERRARTN TP LES. 0w #FE T
HRAL V4 /v R, RHHELTRB L

= VL _ (1.5X10"")m/secX (4X10~%)m
T (1. 146 X 10-)m?/sec
=5.24X10"*

VA IR Ry BRIERIT/NE TR KA SRR E R I L BRI R S B o
RELDIS.
Fig. IV-2 WRT X5, &S 0.5mm, X 3.7cm OEBFAAEME

0.5mmXx3.7cm = 0.185 cm? == 0. 2 cm?

MoTHAY lom? DL ¥, HEHEHFTL 0.2cm? TEFOKREIE 5: 1 DHLics.

RACFITEc B bhs 2oy v 2BEHAD DC-8, B-727 #<c45 & Fig. IV-3 03@b
T, BHE H00cm 0L & Aoy b 2~3cm DREZX, -TEKE 35cm CEHI-HE
A0y b 0.15~0.2cm ¢7th#y 1~2mm O order x/g3.

SR LRITBOHEDOA T v MIREHETEEHRTRLDOVAL /A8 R, 2HELTAH
3.

= 0. 0015 cm/sec

VL _ (1.5X10")m/secX (6 X109 m

RoO%E R.= Vi (1.146 X10~*)m?/sec
= 6.545x10"*
RITEOBE
= VL _ 97.8m/secX (3X10-*)m
" yay 2.212%10°m?/sec
= 1.326 X 10°

HIHLWEO LV A/ VIBTIIBROME RS D, ZhHATH ROFEDR oy PRI EZD
BV A4 A XEEEOBBEFIEAC L b BEHFHEE S Tdiow.
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IV-2. MEZENSORE LICDONTOEEEER

$%, BYAREOBEBELFEAL, ¥ a—v 3 a&Fo TROYNL LREFEDHELH
MERNRRED, ZETBCLTHIE, BEEORBEEIYIES. HREo Ty SRO Y AHE
oI b % x OB OMEETL, HILOMARTHAL Lo REHLIhOAD » P ERE
ﬁﬁﬁﬁf%&t.FEJV4,NgIVﬁK%?IﬁK#K%ﬁ%ﬂﬁmﬁﬁﬁﬁ%<,%
LI D OERICL S =0y MRS b OROEEE R B Ul anc X TfTh S 5T
P mL .

IV-3. zov FHIROEE

EOYIH DA » K2 METLA BIRE M SN B0 WM L 5 20 v bEiREY, ROBEIKHFO
PEAERAO—E L LT, AKOThEAROHBRHISGH ORI LI, AOBECLSATy T
HEIRABO TN E B> T VA / VRBHBIC/NE L, KORHIC X 2 BEESIHAE
fod, BIEHRHEZ D L.

E OISR X B ERERBRICOVTIE, BHL Aoy MHREAET RN
CH 3 OWEN, EEEILEC, ORARCHT28E BEOME L 3RARMALOR
oD S Ko TEANBALTWS. Bkl BOFEATROEREEZHTS LR
Si k3 AR EETH S O, RS EEEEATEA QA OHEE & & > TEEZRIC
i6ﬁﬁﬁ&iﬁbbt@mm:D&%fﬁ%ﬁbﬂkbﬁ,:@%ﬁoﬁ%ﬁﬁaﬁb,ﬁ
FROERL LTOR D v MHRICHEL TRBEEHLGE L DI BB/

V. active skin O$hE (BEBEIEIREZHR)

B EOEFBROER L LTEL bR BEELYRL LRNLTE I, Mhd BEFOER
LHMFELES L5 AT RRB S C LR o T X CEHIRROREES ZRK
Lo b BEBIR R OBRETERRIC L b AR

AN B OEB TSRS ST, TARETEE LTEBE, HRAEAThOET
P HETA~DEB LI B LTt TV B DTIRARVA L W) RRPERRTH 2. FARICR
PEBEAECAY {hbE s L ¥, BASGORMLEO HEHERR RY OSMUITRO
FEED SRBCROF~ET () ORJTRPTE) L 5B EY AV B OBD
EAE LA CERY o0 TRV L W RER S 8 Y 3L0.

Z T EREYRETE B IR RTTABERAYEY, ZhicX - T active skin DR
wRRE LT

V-1. active skin &

EAEEOBRAE R R E SR B fodb D EITHHRE BN O — > D OFBA A4
FOBHTUIBOAE I LIIIFHELW L TFRELT, Bl fleiceR 1.00m, I8 0.16
m, ZX 0.22m O SRTISEEKERPEsfe. TOEAHAECIIER 0.3 m, B
0.1m % BrEkx 30 KAOHK, WEX 216 mmxig 25mmXEZL 0.6mm ZEWT 5
mm EERTEELTHS. TLTIOBRYSALEESEY, AEREICLE TES0.06
mm Qv =—VEETHELIC.

SGERINENC B A AR, EEERORBROBE RAECH - TEBLES XK,
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XEEWUDETRAEIEL DD LS fEote. (& Z02 p. 79 BE).

Z OERB OB AR XL 0.5, 1.0, 1.5, 2.0, 2.5mm D 5 WCRBIR & B4 IRE A2
HELOL S gL, BRE Bom ORERBWLRESL, 0L &0 MR L EEN
KB X 5wl Fig. V-1, Photo V-1 (a, b) 1% DA OB E 73

V-2. ERROFE

BDBERIRER I CTRARL, BHNEBRLIRET, ZBETERO BB E AAE0HE
L, FERTIOFE L OZBOEB 2 Tirbe, RIPRE TR L O S o 1o
RISHE T RIRIER 2 I BRI, ﬁﬂﬁ’\ﬁﬁbTciﬁﬁﬁ‘f*fifﬁﬁfz‘tm’u‘]ﬁ%ﬁvgﬁ&97{:,
FIRFIC BRI OV, BITRIMBEDOBBR L TN O TTELTRI L 1=

D) BHRE  EBAHOTHE EMAEOEESCOWTIINE I TR0 & %y
FIfCHE. Hitcc active skin BMMICHKEL 1EHMHBEEL, Fig. V-2, Photo V-2
R

BRI AW NE ORI DR 25 Kt (No. 1 438 No. 25 & BL2UKTL Y4 7 )

B A A8 fite s 15° (E%—) FEDOEBNTEE T X 51z, Lin b BIS5 bk 2 5 57

DEBIFAFZ 2 2.5, 2.0, 1.5, 1.0, 0.5mm 0 5 2DOBEEITIHERT 2 T S5ICBEIRFD
MR, EATAOHBENE (KR 1=48cm) AREMEXILEETNOESIHES 51
L. ZO@BMIEMCE  3h 2 S IRIERIT DB~ERULER L - 5 HOBIRS)
DERETIHZ 1D, ZRBEAMEBLHTSL10T5. LISRAMEL WS DIXEATR &
bE—RRT No. 1 SRR BACH e TREHRL, 4/2 O ifEE% 30k LT3 Dix
AR No. 1 BRARARICHNTW 2 BEACENO ZRIER/ BB LT3 = & R
RBULIADEE, (EBIfThOHE A No. 1 BHROBRABE AR 2.5mm ©ir? & 513
LT BHRO RESEKO ETHBE V' 2 EFAEO HE V 0323 0, 0.6, 0.7, 0. 8,

0.9, 1.0, L1, 1.2 /e X 5 /M T/=% X » s OBk =0 45

2 TRBRE2ITh ok, $ThbbmflRA4g, FEETNOWEDORLICONTBIRFEEL -
HEZOBRE 6.0sec 75 0.5sec ORWHAD MM CEBS B BEOERLHAL . = =
T V=0 3RERE (58D trip Bk 57) OHALERTS. ERENSTSEH
WAEOTE V ik 0.174m/sec 2+ 1.077 m/sec L% 7-. RWNTER & 135¥c A/ No.
24 BROBAFAE A 2.5mm Wigs X 51 §iAh bk A~A - T BRIFIER & BT 2 & 5
CEE, B oZATAOYBEACKEEThOESNHKS & 5 gL <, R D FE BB
BEOEATHEE V' HEWAGOWHEVDIHF 0, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0 &
Cied X5, A8 T Xit@s s sEOEER n' 252 TEREY Gt 20X 5L
TERARECHERY, ZROBREE - CrEET 2 R ORI~ P8 active skin
B 5 AEETESEFERC L0 L 5 P Br RET 12 RB LR ThH 5. Moo x
OEHOEFUIFICEH S hic ETFRROKL 2 £EOWS0 FEH e SEH 2L = L 1o
XoTkDs.

() WhoTH REROMWEY B TR dIITRO TELE 1T BiuLin b
W EFIEABREO RN TG 2 bR A2 - Fig. V-3 R+ 1 5 IR 4
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W lem HATRE 3cm 0R% @R KUER CRE) 2HAIEL  BHIL TRAT,
BEHRBR L R CEHET, SRBomss @,

XERRFRA IR B S I L 5 e 3 0 2 T3 B CARERIZE S A

Fig. V-4 W ARFEEEEBLTT. BECESE 8mm, £X1m Ofik BECHERE
0.5mm, X 40cm OBSKREF Y ZRCHFCTERL:. HEMCERBE YN TAME
DKEBIADIEL ZOE ASRMDOFY 7 8h b BT 5 KERRERNOBRID DD + v —
¥—35%. active skin R OEKPCHEE L TALHE KT B oA LI L TR
Cxy +L, BEKRAFOWM HROEE BRKOCEEBRE TH.

V-3. EEBROHFER

BREEOCRE BEBEOMBEO YELXHEANL DL, LAHMAED No. 1 @iRoHEE
BERRCLACL &L, BANCLIcL ZEOMEREYEL TERL, Fig. V-5 0k 5 iEHEc
HNUTEGMEDR /2 Ao THTRALHEY S0\ LRI = DEFEKT
WXFE 0.75 m/sec HEEDEHEIVINZ S HTWAE. SHIEARZDEITFED = Fihig Lic
5HBRELENRFEDIDBERDOAE JICHNTAROBCEERE L OTHS 5.

—REOWE V OT T WEBEITHE V' 223l 20 Ry Fig. V-6 (a~h) i©
T BREEOBIUL RO = L 2 h, ZLETHERAAR « /2 MAEE R IH37RA ¥ —F
DEXRTHLECRTAFERERTRERTWE. FhbiF e »T Fig. V-7 i+

—ITEROBEEDOFE L, EBIORE L M TESA 4/2 OMiEEEY b OHENE LR
HOHELY BHR NI HZ X 5 THY, BCBHREERC E OEMREETH 5. Fig.
V-6’ (a~1), V-7' [If4E3%E 1/2 OFELFTOWT BFEHE V' o B{bicsd 3 EHE
RERDIDDTHSZ. ZIAH»LBEHAB LK - TRIEZAE S LEHETHE 1D
ROKRYRRCERF W BIE Y T2, X Fig. V-8' (3fii8% 1/2 CRIEIFIH BB
WHLIGEDETIRIRL, PERAL 1HE L OLIKT, Fig. X b B{baick 5 TR
ETEORBERNR L Y AD L R Y BFERTEVEIZEOHET, BEHBIRIAZL, FHLT
W2 EOEL - THPbRTW3.

COBMERTIRCI N i R5 L Fig. V-8(b) Xv* Photo V-3 GCEHL L 5
T, BRSO AR I T 2B EE L2 FTR—THAICED, active skin 0ZhR A ¥|ET
BEERTIE (b) DABFRMAER RITCERAE Y THS = Lo 5.

() #ALL, (b) Dk« TARFRICL - T BREO HgnELIh 2 BeE s, RUTR
DRZ ETNER, EiH@EUY L) O, BREEEY RS ETMEEIGER T b0 Th 3.
Al (a) BALIEHD (o) HEEMEZETI. KL (@) TOBKMOTHIER,
HCRCTIHBHEEL N TH S 2, EEOAE IR TREAERRNZ L bR
ENREOPECL - T, HBHFCEBHLATERTSED, BROSEELHET 2 CITTEY
ThHdHZ et

BER IR AERE%D Photo V-4 (a, b) 1wiRk7. Photo % Fig. V-6'a TEREDEH
Wk ZICEITHEE V'=0.9V (EL #i# V=0.179m/sec.) DK TH 3.

Photo V-4a CR{ X 5 CHRETHOTMIL, ASHBEHFEMCE T, BREDIHER
AHREL b, AN bOER 30 cm OFTT 2~3cm (3 CBERIEBIE: L b £ ICHE -
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T3, XE&iigsT, 8cm OFFCES, MEHES W bhic. Photo V-4b (TE#RIE
B0 L OT, BEEHL D RERERDLWNcHBACTEACRL, REREIHI NSk
T3, XEER%EH 12,3cm OFiCESE, MEHXZ WHATHLII.

LR L THh% &, BRIEEER, B CEAROE MbROREDRT
~DOBERE DN, FOBRBERIKNEILBRoTWB LTS,

V-4, BEENORBSHIRDOEE

211 FCR~To X 5 BB B 2\ 5 B COABRE ORI BBRES OB
Rk E LFETE LIIEDORIh oL, F Bk ERE T BHC s LROREDT
BEMEECSHN, EFNERCHATIZLdbol. ZIEHL T active skin W
- DEBCIE Fig. V-7, 7 @R & 5 —RICERC /L5 onT, ZETHOHBEHR
RAEDBE OB, REEOMMEENLS LEOLRL YA (R EECHS. TOZL
2 bEz JuF, Kraemer o passive skin OER T ZAENFRLHN Lo Cln W HEIIL
K ETEFREST S LI EELEL b3, Lk L Cr Rk sd BILXE o
WO AAREC $EETho passive EEETENHLI 2 LRSTCHE) BETH
SR E L), REBR BROBHECAS L LS.

EAEHHELEEThORTE, BCBRIRERSIH, DBRANEE L IHE (RO<R
D EH TS ORERAE . EEOERTILERE, #ROKE 1/2~3/5 B REEL
o3 FTEL R ESELTWA), BHROEHL LTL, 11 BIRERE OB
GEOEET, BEEEOZRL LN, EEENThORAETHAE MR ERATTT LY,
BREDEN « WEBOBIMEERIcTo L, B2 LTEOX 5k FAETORERRSRBH
BHCRNTANTHH, FERABETE TR 70 ¥ — BRI DRVORNL, FEETh
PRI ELEETED HETHC L VRO T 34 F—L BB SR N E e ENEHD
WAL TL Bz (moving skin OF)E, Fig. V-9 (a, b) &) »3FLbhs.

a2y Fig, V-6, 6/ %I, BHIRIERMEIH2 LRI ~E - T ERKOSERHE L IcBE&D
BNEHERRTRMGL LT BRETROBDEBK N &, 0L EOWHE V L OBFRE
PN, RARD LS IeERNERI.

¥V =0.015+0.648 N GRBRDOHE)
V = 0.099+0. 546 N GREDOHE)

Fig. V-10, 10’ &M,

—H AR A CRBE RO Y Y A EREE R BE LI MagnusonsPrescott (1966)
DH|E LT, SRBOAF YT FEHLT 88 2cm/sec DHEFETHNICHE > TWkE, &
Bt b BEOKITES (beat ) 23142 HTHo 1.

¥kEE V (Body Length/sec)  B#SHITHE (8% beat $) N (cycle/sec) z @
il

¥V =0.491+0.639 N
DREARRS 5.

ZEDOERT, TELAOBENHEE V (B.L./sec) &L, BRETE OB AR (A

DEHY D O b RCAEY) % beat 3 N ©F L& 2iuE, Magnuson LORRLIH
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BRLBOTHELUTE L2245,

= DELIT AR OBRERAIC £ b KFERON S WHEHEE BRL THRWTV S Z L &R
W35 0L LTEDTEERNLDOTHD, MThicek, WkFORRPA VDI EFGERE)
YO BRICITIBOFe: BH 1T 5 7o, AR ETIIE B O£ BB B Bt -
TWB D LfERENRS.

VI. fluttering fin %D (J 7= HE DKk ER
(BEEOZHE)

FhOfBREC RN ICFAERTIECEE fin 22 ) D3 CTEARRLZITIR - 1l %
2%, AR CIIEBNERL LTADRBED L ) ¥ =— % fluttering fin & LTH
BB L v o, 0o, & B CERBEREZTL-c. ABEEIOHTRHE
DRTHEEMEEFNOLEHORIL LI L LIcbDTHS.

VI-1. RBROAE

(i) EHHE  EREBRO fluttering fin »oUf i FkED #iE%x Fig. VI-1 iR
3. ARZER 41cm, HX 3dcm OAERE, REXa—v (V=) THABEL
7-. fluttering fin (T8 X 0.06 mm O ¥ =—VETEORITIERIRTHS. [ 20cm, EX
! IARER d (=4.1cm) OFEHE LT [=0~15d (Z 2T /=0 ZAEOZDE) CE-T
B, vA4 IV R,=7x10°~8.4x10" OHEAT—HDOENERY TR Tc. XABELE
2ith o T fin %A D VEE] b AZE ANTHE R fin #AkFHMCEREICRIA IS
SOEFARBR LT ote. BRERCKIFTE =—VOEIDOHELTHNZHHWT I=7d 0%
# (FoCERBRIBZEL L) T, EZ% 0.06, 0.5, 1.0mm O=RECELIRIER
HELT-.

(i) FhoFElt BREMOPER®ES D, MhzETHRIILL, Zhhrd HLWiih
DHRROFBR, Wh BB XET 5 EHIOEIELEALTC.

A. KFERTEE (EFAE

EBREEO#ES Fig. VI-2, Photo VI-1 iKRT. ZOMOBIZFHECRNcz L &
RALTH5.

B. EH% (NUEAR)

o CEEEEY WO ARRIEE L B TEEBEOMNOBTCEHL TWA b THD,
EBREBEOKNY Fig. VI-3 @it ERERENORETIRE ~v741v, BEED
BoONFERUOEHER» LEH IR, Thitv—¥—2 1T, FHERGFOWR RO
Tl BEBERTHEAN. c0LEDLv A /R R,=1x10°*~8X10° Th 5.

VI-2. EBROER

Table VI-1 wF3 X 5 ic AEOZOEH X b b FESHHBCELRD ¢ =—vED flut-
tering fin %ol T A —FATEIUIED L.

Fig. VI-4a CHS /AL 51 EX 0.06 mm @ fin Tk [=3d~7d o FEHET HFLro@
E2RZE3 L, EHRPE (R-R)/Ry Zv 4 /v R, CHAILTHSE L 5R2 3. &
LEBRSEEOTT fin OBANLEZ | © 1/4 0 V BEHALFE 1/4 V-cut, ETHR
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< 1/2 V-cut n¥lh_ALE AN TERET/RoTchs, Fig. VI-4b (1,2) THTL 5 cut
B BEARIRLO BRI BHETI- &) Hieorb X REETCH- . fin 0%
0.06, 0.5, 1.0mm & ZERFECZE 2 ok & OEHE(UL Fig. Vi-4c (1, 2) »bH3 L5k
BELEHL ORI LT LI —ROTEDLT, MSBRORNINVETHE. SEOERTIX
HEBEE - fin 0GR BEHBRIBII AE WL 5 THS. Bk Fig. VI-4d tRTI5cE
& 0.06 mm D4EBIR fin AKFEHMIC 2em ECEMEIC 10 H5L, BECKELLICE
BTt o7, RV =—AREVWEHbE o) LTEHROBRIIALATHEAC L -
TIIFREOZDOEELE LHAREER L D ML .

R KFER@EER A3 RO FECERIZET KM OWEE 0.173 m/sec, v 4 I XK
8x10° Tfi/cbhtc. Photo VI-2 iRT & 5wAREDHRD L #Fi3 R,=8x10°, Cp=0.931
THLMACTH BB HEE T 5. X Photo VI-3 1tR$ 1 5 HEBAEPICE X 0.06 mm,
I=7d DEFRY =—VED fin 2o 7cs ¥i3 R,=8x10°, Cp=0.773 r7ch, FROXK
DL ZOFTHIME L LB L T HBERRBEAETBEL T Y, AMOFAEL /NI hsT
%. Photo VI-4 (a, b) X k& fin OB 1/4 V-cut, 1/2 V-cut ¥ ANIcHEDEERT
5%. BEOH, ZYUEoWMHCKT2THEUIKEOREROLEBICMEL TE LD HIH
iiﬁ@ﬂ%?&‘é i) o TRIILIsh - fe.

BHBEYAWCRAOTEERL, FAEox0BEERBHcmABOkEE MHERED
TEEEORA, WROMMEHERTE LN, ZEEHECHE? & LIXBEEN RO RARED
RECHERCHEETS - . XEERTHC Y =— VD fluttering fin ot 1T fin
BEOBEATERCETL, fin RFH2RHHLES X 5 AR 1.7m/sec Bl B L FFLO
Py —¥—2 LCOREONFOIEBENES L, THRILIREICK - 1. :

VI-3. fluttering fin SR DER (XHIAE)

—RCRhORTYERBEIND L, TOYETIITEORMIC X 2 BEES & YT iic
PEFAE B 1o dDITET B2 ENEROTEENMEATS. ZOFEBRMOBED/N I WHGE O
HERNT —BRCHI D E TR X 2 EAERFANBEEIIC X TED TRE W L2345
bhTWwa. oA Fig. VI-5 LRk 5 KAROBTECHIED fin %L b2 TR
Tk 3 ENEHEZBRSTHEA (Hoerner (1965)%) 23fTigboT\W54, v=—NVEO X5
REBECH D FH\» fin 2OTTHAEZERL XREbhTWieWn X 5 Th 3.

XTAEBRTIE Fig. VI-6 KRTX 5 C—RIEZON TV ARV 4 / VR 3.0X10° L
DRV A URER 8. 0X10°~3. 4x 10* DFTCHRED R DEH RIS 0.829~0.936 L7t D,
ZOERBEDOHELY P /NIv. ZREEROFED LWENRTRAS DL EL bR
3. FhOFFILINICLDONLEL THEABEEANTALS LHLMACEEELXECTWE 30
LHhlges.

Fig. VI-4 #% 5%  FAEAERBPc e =—VED fin 201 i, FAEDOLDOR: L b HH]
R—RA LT3,

BEEFEE U CEET 2 BROEHUL D=6maul (a [IFRDOEE) TEH % bh Stokes’ law
LLTabh T3, BIbERETECHATS. SEFRIE (Ri-R)/R, 2385 pl3
3 LRETS. ERTACOZERNDV A / VX Ry BFHECHHTS. %> T (R-R,)/Ro,
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R, DEBENERTELE 3 Z L L 3. BAZRE® FoCELWC MELTHRS L
Table VI-1’ @ 1) 0k 57 #EREIBONE. ZhBEER fin 0FE X oWk [=3d~7d
DFFIC VA VR R T 3 BHIRPR (R-R))/Ry DIEXHEHRKE S, F&» DR
Tw3. BB (Re-R)/R, @i O a OEINGIFFE L order L Abh 3 DIC, EROBEE
b DHEIHE—FNEL IR0 T3, BETHIETREOKA L TEIIRIBILNES
BRETHREOBHEYHRL LT EE LV L2905, KICHEBED @y Table VI-1A, B, C
DEIC ST, 2% Table VI-Y @ 2) © A, B, C wR¥. t=0.50mm, [=7d T
BEEIR fin X b V-cut fin 0 BFRAHD L 5 ThBHS, Fig. VI-db, ¢ TRT X 5 C4[H
DEREETILETRIRE V-cut & R fin OFL L OMFRY —HBHCED S & LT
HiET, SHBRFCEBAERRGEIEINE. FHL L UIXRBECRL L L VAYIHA
ZOFRIL, HOEX, B, V-cut Off, WHOALKLLY, BMoOFEKE, WhoRERES
DRI A—F—TEEBDTERVNEEL TS, .

FIREBIBCRET S 2 <Y BIICOWTUL, HRBBHEOFTRINTWE L5, v
A J VB 103~10° DOffTix

Strouhal % C = % =0. 20

ZZiE f: ARERcAT 5 ENIOEEMRK (cycle/sec)
d: AEER (cm), V: fii# (cm/sec)

Thh, ZDLERETIHILGO REEMT 4.3d L7523t &N 5. fin RS
2 3d~7d DFE, FHIOWREER 4.3d XX ZALEITHE 00D, BOKRKC L - TK
BESRSCBOER T 2 v x—2%, BNIh3d0rExhE, fin OFpRL LT, HBHO
BEC L 2 BRECHEOFRNEMTE L 5. fin 0F XA 7d DL ETIX B X 2 1R0EE)
IHIAF—RIRS SR TRL 7D, NEET L 2 BEEM I AZ /K- T fin OHRRRD
TEL0LELLNE. XRBHECKEDZ, EEBECHA»O VAR D AZEZ ANl fin O
ERTIE, VA ALORWHE L ) BHRDBOHA LD, TOEHICOWTEHE
ROBREBOET 5 & & CEHBANRHRS O TR A 5 b

BEDX 5T, SEMEOEBERL L TEZIIMAEETEIC L b o fluttering fin %
Exton, EEOARTIISERAKC RBHENOWTE Y, BRHCREE T3 RO,
AkEA SHFG, G bERIC 2 T oN T, RoTRELARDOFELY
WP THFD D LI,

BRIl EOFITH - 7@K fin 0FE, Fig. VI-4d ©3H2 L 5, FEOLOEHR
CHARTHFEL SEFHRIBED LR o1, BWED OMT “BERCEERFE LI 21X
K- TREERBD T3 LEIBRBTMEN TS, EROBEDHE, Wik B &
AORIRIESEIDOEROEE L LT LIMEL TWEWOT, ZOEBRERYD-TED
CREOBHRETET ZIRCTIT@hc. 20k 5 HEHROTiEEY TR T580L LTK
REMFEOTE” Rb 5. WHsr— 7T AL hair #ED D) 3 L KFEHIA 50 %
BAT5LR). ZOMBISHRECKRIEL, MEHRZEDICHETIIOLB L b 5
2, BRI OEXT 2 AOEMBL L BEEEEIDIL VO THII—IEH L L T5.
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VI-4. EYRICELS (GEEK) BEOHFE

I DML TR T BEXREBMNH CTEL bhich, ERORMEIIADEIEECR bh
2L5CABERLEICSEEMNTLHS. RoTHEBHILEARF- T, AROEIEENC KT
TREORE R ERTAN. BIHEIF BRI R © bR Fid I EeC £ 0Bk A%
WRLUICEESEZ2EY, ZOhIBXE 12~15cm D v 73 (Carassius auratus) 18 10 B
AN TERYThno e, EEHFOEMEY Fig. VI-7 WRT IS EF O LTHEE £
ZRE 2 ERRA LY 7 A CHA, RO KOHARELE (Fver 84, 10H) THHL,
RREEGH LT ONRL S CLTH 5.

Al @ BOERERLRZIO

@ HEHHEOLAEZER\ O

@ RBREOLEER O

@ HfE BREHRCERWICLO
D 4TI T, KB 18cm, {iiE Ocm/sec L b 60cm/sec DR Z D BEEOEE Y BH
BRIL8 I VHBECLVHEE L. 8 3 ) |/, & 0cm/sec~50 cm/sec, 55 cm/sec,
60 c/sec &R X FTEEEIRA 29sec. 8.5sec, 14sec EX 51.5sec T EiE =B BIT
THBEL, RxD74va%k editor #FAWTHEBRITL 2.

FoiER%Y Fig. VI-8-@ (a, b, c, c¢’), Fig. VI-8-® (a, b, c, c¢’), Fig. VI-8-® (a,
b, ¢, ¢’), Fig. VI-8-@ (a, b, ¢, ¢)) TR$. =2 TH Fig. © (@) WL NicAD
TR pere 5 MR OMER, (b) (XHFEIHE 60 cm/sec DRDMEKIRRE, (©), (¢) kkx
3MM, 2430 WHOAFEHOHM L editor 2F-oTEbLLIEIDTHS.

@n%HaE, W 55cm/sec {BE L h LTI hiED 60 cm/sec, @ 14 sec TREK
D20 %FOBDOHBLILINT VS, &Y D ORTRES ILONE & Fo.

@n%FE, Tk 55cm/sec L hFFLFLEih® 60 cm/sec, 10sec T, 20 %R0 d D HiFH
LIt T5. BD DD DOKRJIMENEILAE 2R,

@DH4E, W 50 cm/sec #fx 5 LI LI I hihd 60 cm/sec, 12sec T, 75~80 %D
RBRLMINS. RY OADENOCHLMBEXZRCTHERCARLERESHERL T 5.

@nH%E, E 50 cm/sec X LIS hikd 60 cm/sec, 10sec T, 80 BRI THD
WMOHLMINTWE. BRYOFLMINEVADHERCRRERES TSR MLIME
hTT5.

Fig. VI-9 3 %&D % 2T, 2k b —BERARAROECESCREDOFEENTIROERT
bz riE. —FEEORRIAFHOEXESCTNERERFEL L2 ThiEVL ST
Rz 5. BEAOESRELZNUEOBRARIDH 8 3 VIBE L1-d 0% editor whlFToH35
&, AR T, BT b EREORTEN 4/5 2B TERLCWIRWZ ERHLMA L o T,

1958 4£ Bainbridge v 7°4, =¥ <R, F¥Y¥F3D 3ECTOWTIERRL F-A OB
Vem/sec, @i Lem, BORITHERE f beat fi/sec & ORARERTERR

V= 1/4(L(3f—4))
#FHoT, ZOFHHEE 13.56cm Oe 7 OWkEEw Fig. VI8 @, ©®, @ @ Hox%
20 C, C' OBFRICOWTHRTS L, 24 30 HHEOEET,
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gEoRR LIS iR b7 B 3 B OB HER
cm

cm/sec beat $/sec
iE 1 9.23 59. 94 7.25
T % & L 9.81 59. 93 7.25
B # & L 15. 00 59. 90 7.25
WhE - BEERL 19. 62 59. 87 7.25

%@%Dmbtxéﬁﬁ%ﬁ@ﬁT,W%,ﬁ%ﬁﬁmm%ﬂﬁﬁ%&%%@ﬁ&uﬁbnk
b.X%ﬁ%ﬁm6mmmwxwww=%mmnmﬂb,ﬁbﬁéhtﬁ%@&ﬁ%ﬂ&m
&u,aw,&%%f@<ﬂvﬁﬁﬁﬁom@fu,%h@k%&%uﬁbbnkb.%L%
BOESE Y25 L, BEYR iRy HrEERE R Eao A FEERLT
WBZ Mo LHB. STERTTIE

o %1 byt s
cm =]
E 1 0 0
H o &L 0.33 0
B # & L 1.50 1.8
g - BHERL 1.60 2.0

Z#bﬁﬁOQ%abfuﬁoﬁﬁﬁK%%¢é:anw%,ﬁmﬁﬁﬁﬁﬁmﬁ%?éca
ﬁ%kbhé.Fm.VLgoﬁ%%%Z&gﬁH5%®ﬁ,%ﬁmboﬁﬁuﬁﬁﬁﬁﬁk%
&v,ﬁ%ﬁﬁmu%nﬁk?&%&%ﬁ¢uﬂ&htvom,ﬁ%@au}%@ﬁ%%(k
Dﬁ&%&ﬁfﬁ%ﬁﬁbﬁéhéﬁ%%ﬁ%(&D,ﬁm%ﬁKﬂ&ﬁﬁtboﬁ%E%m
baf%ﬁ%Tﬁ«ﬁbﬁéh%ﬁo%ﬁ%%Mtf@<:aﬁﬂﬁf?l?

VI-5. RENROEE.

Magnuson & DERF b b HEFHRKS & 5 IEHCRET REEOMITEEC, - THEDD
ZKwW?é.%ﬁﬁﬁM?hdﬁ%ﬁ%k%<ﬂﬁﬁ%k?a:amta.:@%ﬁ%ﬁm
ﬁ,%ﬁ%ﬁ@ﬁ%@%ﬁﬁ%&gwbr%ﬁo%%&%fatbﬁ,ﬁmaof%%OEE
3 FEREBICR TRTTRIC RO 3 BRETRL S5 L L THEARKCFSTH I LR b L X
b, BEED b MBI FEREERAC L ), BELCERSRIETE 2 Z 225,

BCET O VECEEN NI L 5 1C, BUMESER R TRME LT, BIGETRO BB N
(cycle/sec) ¥, =D r o V (Body Length/sec) L %A, MagnusonePrescott
DR UFEBOAF Y + ORGESNC 351 5 BAESITHEEA L EH beat 2 N (cycle/sec)
v, ¥euoEE V (Body Length/sec) & OBFRCED THEE, BUL T3 Z LIXERT
NEHET, ZI)BEOTEES LI active skin OFRE MIEHR €5 fdD HRR
BEFRLTWB Z LR85,

R AR Gk At BEFRECHRELEVCTRNEZTTD0T, BEFRORE
T B BITTERCE S HAREDBFT OV TUILADL IR
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VL. & & % &

EE T3 RO KPESIL BIGEBIC A TN S S M HEMHEC L ud, BE0ERR
BIX 17 (1/10 EE) 0Enb3 L2bh3. 1952 £ Gero 23% %, H< ATl ot-E
ﬁ%%amww.%<®$%,ﬁ%%ﬁﬁ@@ﬁﬁﬁoﬁwﬁﬁbfﬁt.%%&ﬁsnr%
TCBEFBFOIRCER LT3 biE, SFREREIC L 3 ELTIRAEDIEN 218 b I
5-l%mﬁKMHmr@ﬁ&ot¥%ﬁ%Q%VTZE%<®H%?@%&&V&E%%§
DRERDITH b EEFECT RN L ot 2 L1k, S0 X 5 e RBIEFRORI A% M
FEARURR T, ZTOFRECES & L AT RS 2 BELCHL 3 b DT, BEOF
o Il L FARMEGOBILBRBRCR TS, EHEIEZTRLIAC, dLAER »T
BGOSR E LB EATH o fe. EHIAEDOED OWIOBIALA, HoRCIE U TH
B ATeb 2 HA B RERICTIET 5 L B L Tish, 20X 5 IR EHN A THIC R
LTIERZ S DH E 5 . FHHDOEBITITH BB Y YL © FEOSMENKE IS &
F%%Ck%ﬁNt@%.C@I5&ﬁﬁﬁ&of,Kmmwr@%%%%ﬁomf%ﬁUl
DIERTHRAI L DBR, BRUENERINE DTS .

MBHRCOWTRZIEC MR TETELHL, EETILE LD KRB DEBRERH
HINTw3. FEOTL o LERTHBENRBELEIN, Bieg I Zcdfhi-t 5
ZREEDERLIEFFEBEEDODD, RZLOEFEMEEN HY T o 7o ¥ 5 308
Ths. HATFHEBRCLS Toms HROFERISHE DRECL > THEESH, dITOFE
Feichoohs. Tiebb BAFIL TOMERESNT JSEA R ABCELHRD B
D, Lind T OBEIMENKT pp.m. OECEHOBETHESR—BEHE LE5. o
TEDL 5 ERA TFHEBRCABEENETENS L YRCENIEL HIZEThHs. ZEOMEA
U 7e RO TER 2 o (5 B 953 B RUERE 0 e —(Lic 3 - 1-. LAaLED L 577Ez: Hiti-ok
ﬁﬁﬁﬁowﬁ.%ﬁ%ﬁ%bﬁﬁ%ﬁ5t$nﬁ%3hé&%f,%%@%%%%&%or
TOE EMBHROME & & 5 RTITPHI\. W, BOBE, BHEDOAFYACRTEO
MBS FAIEETRCHEE 52 T L& 5 %R (Rosen 04t (1970)) #BHATS
S XAnHOEBOBRKESFEEL B EETROERILY L MR O e
NBLDTRNZ LITHLNTHAS 5.

DA o T KB EEIL DR EHENBBO EHIC L 220y PHRICOWTE, FEhT
18 > TR DHEVR AR O WP B 2 A AR ARSI 0 SRR LB ER Y, EWR O
RERANC L B BER L h DT D EENRRL . COBEEEIR 0y MRE S
Eﬁﬁﬁoi%bbbmﬁtrvkb.%Lﬁ@%&@iﬂﬁ%abt WEIEBH ORRIC X
B FPRAEFREN B ¥k B D BIFBRR OB &\ o 1ED D ABRHICED 5 NE T » T, ZHE
BADILEG ) DEDIDIXRE Y |E D Th oD TRV L RE LTS,

active skin I X 2 BEZERFEOMEC OV TEEORKEC X U, — RV AR E R D
BHIEBRFOEIL D EL, (EBIOPEHEICL 2 10O TE D EHUIL AT HIE O Bk
RMAEDOHE LWBEABEDORE L D b AE L M3 EACHS = L ¥ Te. 40 Essapian
DBFET, BHCHEWHDOA NV ARBCHELTE L &, ROIBEOK TS, K BE~BFOROA
UL ICWORENEDONTNB DI, OFRMAEBERIC L - T KBEHYAEL LT L
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—FEAZFNETWE OTREVHEELDNRE. o TEARTRThE oL TR
3 Kraemer o passive skin #HWTEHEERKIoTL 5 2 L1, _LiC Essapian ©
Tv—ERREL B L, MCMArRHRIEENE BLTETR) T35 0nWRY —&ic
TEELEZ LR5.

ERIEBIEE DS E R R TEA OB WEHEI MR O TRICO KRR, D ¥ 5 L S, HR
Boflgt EILRORE) RBEABINTEY, XEFHGCTHHEEOERRRE LN DT
WEIRIR L N EL IR o TREAMENBBATE L Eh 5 LB, TOBFEYEL 5L,
Ann, BMhoFad Fig. VII-1 @RT X 5 ez 0 s HEETHRI % CRER/ T
RFEL, B CRERAL 05 & 5 REKEISMUDONITE (BE AaTE 4V L% 2
L TCEEDORI 2 ERBEOMEESR) THATPL bDLEL LIS, HoTLRLOEDOBIC
BRENIAKIBRELCE S TEROCEF~NRZVHINEZ 2 LICind. SR E2H - IcROBL
Fig. VII-2 (a, b) RT X 5 CHBHRACEI <2, BRAMOBCEMABREE2ITS L+
% L KON FIXARE L FAEO B EE Y T2 0T, BHFELY L UL, EbLIIBEHHIH
it LA L quick return &E&jo agu;g,g\jj@;gb%ﬁ: X bE& quick fTRETRIAA
HT, slow fTETHTIIEINE Z L FEHTS. TOLDHHEOBIE IR FHEIITH
BAEATITbhs L, BOREACEETNIAIES FCERAD ZREICH - THRANR
INBETHS. XBIXORITEWC 1/ 2EBERLY RH 50T, EHRETIL1ROBOK
1/4BER EROEHOWBICFSTE LIRS, DD, XEROK 25 B2E L RTH
ERL2BEFEOHRENARAThE LTS 5. FEiC Fig. VII-3 wRTL i &nlhd
HERCEIR, BN EECIED L S0 iC X Ao E ) Hy EPbEERE
BEE L Of) Wik htokay, KEahDIMA (L) THRA~FFUH I THES & 7x b BHUR
wRET 2 TREEAR S 2. XAKREdEHONM (BN TIREHR, BBEMIEHECERRY £0 L
WD KIRECEIULIN R REFIRCES T3 b0 L I N3. active skin #
Teldig O REEITBILEENAEZED FRE2MbT T ChofE T fFHARMA O X &L
TEGIHE) 2L, FCEEREMNEZEOMBAOSRIEHT, EFETHOMETHC X
hEHRACEVTROZ AN —RNBRINBL NIV ENER B LTS L, #
DEFC L > THNTORETS. ZRAKEEIECEELERLZELbI3.

ZEHEOERTCRAAEAELERETNIO BITROFBED b, BRIRERLYAT G DEAE~
IR LD TED LICHTBBAD SRV BR (REOLATILERR, AROKEITIE 1/2~3/5
RRELSEACSNG) TEVHEDHL, BEHRBRIBIKREL, BROBEON 2 E0OMHEL
oTW3. ZOEHOHIIL, FHROBREREDCITH DI CHEOHICI Y, BOEKHE
SHFEE TR EN KR FEEEEC TS, BHOIMITHRA~NRLEHINHES LS
LS IR B LB EHTELIV. CORSBMKIREERY ST HFL D B HF~NERT5 &
YURBROLE LD S, LVZBLDKERANRLHLBL2ETh- CHONOHARIIRTE
EhbTh5B. '

FEIXZOHED B/NEHEY R THEL LT, BRETEOBWEABK N &, oL
DFHE V & OBFREEN, BRIRERSATA»DEH~ RLEH, BERLICHECTHL,
ES A
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V = 0.099+0. 546N GEBOHE)
V = 0.015+0. 648N GEROBE)

BEzbhd e ERHLI.
z2pREy, BYEE Magnuson.Prescott 23 AFPE~< Y ¥ 5 v F O AKBEMAEAETH
BROANY Y AL TRICERR
V = 0.491+0. 639N
B Yuen p3xkx > # Y A L CTHRICERK
V = 2.053+0. 479N
AU F~F <ol THIERR
V = 2.446+0.567N
ol ViogwkERE (Body Length/sec)
N: BEERITHE (8% beat 50

LT L, EEOERTCHEYRAOWKEE L LiL V (B.L./sec), BHTETROBEY
B (ROBHN D 0 hbMiciHY) % beat # N B L\ & Zhud, 3L Magnuson.
Prescott R\ ME Yuen DRRULCERRNLBDTHELUTI Z L 25,

ZZ2OEBRA CIIBRRIEEEOHE, V- N EROBEMISEROHE L Y ZI/ & v, EiE
AV A+ (0.639) <20 (0.567) OFEOEMOLENLDHHD L 5T, ZIREROE
REDFFAMIPORCEZDO R EBOKRE ICHFRTIIOLBbNIE. FlZOKRAD
BEIE (N=0 0L ZD V OF) RXAVAR<S/uDFEDELD 1 ~2d/NhEIIBLAY
0 SEVDIRFEZEDERNPER CHbhES 0 WESTEs 0L, ERGERTEHES
NicHET beat HLUTHRATEHRS & L PREARB TN HERECLE 3D THAS.

Z OELIT AAEIROBRHIBRHIC & KFEADONIVEHELBRL TR CTWE Z L 2R
®BT330: LTEDTRRRENDOTHY, ML, #EkHORRA VAT EXGERE)
YOGBRTIT/ORERFFILT 2 1, FRIEETEERO R B BfEsiEi -
TWB D LIS,

BBORIAMD X 5 C—RIC XRTNALE b, HOoRBHEOMEMTLHLS. ZEAD
EHLO B bR EIREE L SEBREOTHEICOWTRNT 2. £SO EMIERL L
T, MhohcREHCE I N ICFAREBRPCELR e =— Vo fluttering fin % & H DU
HEBRE TR otck 25, fin OFA 0.06mm O ¥, EX: LT 3d~7d (d xFEESE)
TEABPVERAE S Bov A /AW ZBCH L TERMERS Y EDRVC e 3o 7. PR
W RET S A=Y \INCOWTUL, HRERAEHFED FT v 4/ AXE 10°~10° DORTIR
Strouhal AT 0.20 L7ch, Tk ERHETZMAIMMREL 1.3d, XFFIRET OIRHEEER
1% 4.3d 2732 2EtEdNB. fin 0RIRN 3d~T7d DOFE, KFHIOWRMER 4.3d 2k
THRADRITHE 00, BOXKRC L - TREBAESBESHCROER T 20—, RIXIh
h0rEZNE fin OFRLLT, WHAOBECL 2 BEEOHKOERN BB TE X
5. fin 0FEX 7d B ETIEC X 2 ROER - 2 ¥ —BRIRD R TR, XKE
WX 2BBEHNIREL Lo T fin OPHRBBITEE0LHBLOhD. BREHCRET
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ZBOBENT, FIH SEME, EME SIEFRC 5 oh T EROFFIRE S KR
Qieh, XEFETOEEERE KBTS, BEC@b/NILk5s. HEFTRTEK
EXdOErbBA~ELX43d ey, BHORELL15% (RORKKES LHEKEL OL)
DHEME L%, 4.3d OEJNTREKED 64 HCH L. ADOBED JITEVC LIXRMO
B ThENR ACEECIRBEROWTWS. FEERIHSCEBRD ©=— Vs fut-
tering fin ¥ LT h o CThr5E, FET5 <Y RIHEHECH UE S TESS,
3 LRI %5 bAFEBOTNAZE AN S RV V BTHALE AN S LR EOA
B L FRECE - E S ClEAES. EEOROBHETIL LROWAFA L ETRERD I’
MEC—ROPRLRETEXEIDLEDNS.

BLED L 51, SEMEOEBERL L TEZXMERIHIC L b o fluttering fin %
2 7m, EEOATIISEN AT RBHESOWTE Y, RIMHCRET 5 WOBIL,
EEIAIIRD, R TRELAEDHE L YR NS THEZ LIRS

HEEEEOER YL LT, RBEEEID L ) OBRPASLER, BHEYY oRTRAARELY
WA R Ll ote. WREECEENERE RERBRIERILVOR, AEDI oA
FEHNE L KO MERZTT CAERF LM SN El I AE< 85, BEHEITREZMI
DOFBE S b - CERS THRAF LTI 2 AOEIE LML TY <. Magnuson HDX
ERc B2 4 S EE I REE O BITHEW AT 5. 2 0HE BEORTTAY b ORPER
L, BECHBEERTEE S AR, LRI RAOETHMRSHENL LTERAL, £0Nh
REGERLEL\WE TSk EEYERETES. 0L FCYRAORE L FARICESN
EHOBARE EET. A0 R HRCBEIOEITH, FiiE active skin O%R B
R Bt T, ZOBEHPBROINEHDTHAS.

2E, HETHHOEBRESR) LUK T CAOCBML, ANHENIEYREL CREAGTRE
1/2~3/5 OEMc AFLTHEL h) ESrkEfcam e, TR0 BHH
gt - o C BRE RS L, WEFAMEE - T active skin 1€ Xk 3 B/MEHUIRRE 2 REFER
ZXFBELFEELOLDTHS LRV ES.

IRV — =D ARG Y v A4 KIBRERAE AT 38\ T, HERE—TRDE A Vb OBFTES)
#EEL 8 3 ) CHL, kL. Photo VII-1 2. B 4.2m, &, FEHN1Im T
LEERILL, TAANy 7OTH BHCWRTB LR, HED A vh LB THHEIRES
P, FOLDEREHICEN T LRNTE, A B XD bk S\ ErkEBEIRE < £ 50 cm/
sec T o123, Photo VII-2 KR 3 & 5 BEHIMUICH 2 =50 A\ itk (R@ 50~30
cm, 1§ 18~15cm, BX 15~13cm, §X 140~150cm) % kFRELAFEIE, AO<h
D EHOHE L ARCENC ETCSHS N SR TR DBRANETEREEY FOEEK LTS, Z
3 — D active skin T -C, FEEMICIIADEKESOHE L 2 ALETHC I 3K
EHEOBELELORL 5. ZOBLOMBIIBATNS L&, M, MRIKIR-T
W, ZIFEHEOIR LI active skin OERIRIBRAETH2 HRF~ER L IFEWCLD,
EEEOEMROBEIKFEL BB TE 5.

EXRAGOEEFECHETIMEORER, BREBWERORBWELDEL S L, ADEK
EHCDOWCTOBHEROFOESEE (HR, HH, B B%) COWTOmEEY, Sm¥
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HOREEASE L ERCHEF SHBERCHI b0 LELbRE. HCUFHDOEMCHE U THEDE
BTRShZA BRERELHEAL TRMMCRMECHES LEB2 & )it BElEotEs
EREDE DLV BEASROMROKRE IMBEL DS,

ROBEFEOBFOFRT, RERIFNEIN @O BXIC L 2 EBWERDRLEIT
WD Toms FHRICERE T MEHR L COWTUL, ZRENC RVTHEAECHETSS
COISHEAHRINL 5. BHEXFORADOEMORBYEHERYTI L LT, A
DHROZENOBE) EEEEMEROBE) OHEL HOA S I0WKEE L L L OBFRLEH
HL, ThhrLEABOEL « BOKE X « FOB I B ) EESPIRE LB, 29%
 OFEERDEF L EMOMETEIHFO BHEFLADEDO VA / VX E RISy
BRDOAE KOBREMEMEIECOTZ Z LBHKETHA 5. L TETRORE R I
TBEITHEA 7 =X 2% BFEIETOL DBl bif Kb wiiET 2 BEFEARER KT
BITLSVRESAROKEREYERTI L TRELRA Y. MESROERCOWT S
RO TFERYRERECRA L) XIREL) D BH X85 5 TH L BRI B
ENBHDLH/FINEFTTHS.

VoI  # E ]

BURRGOEEIEOBF L LT, BMREHR, WHEHR, BHFR, active skin o)
R, BEHRYIACHRI L TE I, RIFHRS O active skin, BEFOCHIEORE
ThHY, R ZHIELCEE L CREF 2R LCvs ot vas k.

FABEERFICOWTRRS & ATORBIMRAIR ¥ & EYRER K L OREE DStk
BT, Kraemer oAV » HEERINELTELL ZTOHKHE: L & EOBRRIM: L 28
SRBIL DY, IBRHOREFTHS. d LEEUOEL L WREDOLEANECLEETI
® passive EFBIEITEAREBICHbIS L ThiE, #B»TELxD Kraemer EEICHT 3
SERIDKMETE L, BMERFC L Z2EIROTEEDENTZLEL L 5. MEHRTCOW
TREFEZOERTIIREK LA, —RCETTFERDO Toms $HFRIC #H5 < EWHBMPDEHEIT
NFCEDONDODOHE. EHRCOVTEEZIBEAONLE LD A Ty bHIRAELLAML
Tohs, LR BOBEGEBNCTINT AR OBFRE X FAICER D AN B e OFEFRER L L
TEXDHEMERRTNE CTEEROLBI LR IO Thote. active skin WO
RERHRITONTIRN S & FH D DA BT KEEEEORRR, TiEEt, BHHSRERgs
DEEDORADL - T, WHEA 1m/sec BE, EHRIERD EEBOFNICHNTEREL
ERfEE LTUIRMIN T, RLADHENGEE Y - O BFIMHECH IEmELE Ly, <
R EHTFECCHHEETHRERACL Y BRABOHEBS 2B AT LY, BREDEN B
FHOBANMLERICT, FECBPBEACE T EEETEOHEETHIC L DIFBO T 30—
BRENES DI EAEH DB TE. Zimz T hh OXBGHEBCHoBE I X 28R
BHEAREDFIN D I L 2R RRARBEEFOBELRER L B2 bh3. HEv: L3
LTI 5% B BRI IREZ OMEAIR L 52, WESH TR AEAGHEAE O EET
NOETH L BOBE, ZEITERD Toms $EwMmL T HERDEIRIN S EEH
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DERCETSE ZLNTES.

0k AOEERECETAHEIFORERL, BHEBYFOEBWEILHOHELB L,
BOWIKEEICONT ORI RO % DOEBBFEICOWTOMHIEEN, SEENRAOHRE L
HEHFLSELAEWVESLED O LEL DR, ZoREY D LIRMCERTS & Thidkds
7 3 5 EIEHURAKREE B 5 WA FERTF LS VHERE Eid - KERGmEAOE
EHBRESAROKEREOHENHFINE. XEFTHERERARECEMALILY, B
EhbRHEE 25 ARNTH LWCEFIRVERBERIh2 0L LTHRLTRL.

E B

EEVEMRCAD MRS L D, BoZ0EFICY ) Kiplie: BEEE - BE%,
U THRXIERIC Y > T L\ EYER L BB IET & B o T RUR R A eR i 70 AT RA B
RCHATERBMORYETS. TCARERERBEE, BEBROBARKREE LRl T
LEBTE. SHLRERCH > TREGRG I 2\ e BEREB A KEFES A LIEEF,
NEBABBOWE « R R IR BB THKEEKR SRBROMKECRIBELER
T5. AR ZOHRO—IICHBEREMABXAEC L > T dhic b OTHRELRBCHL
L DRILZHEL ET5.
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KXy »—6EBEY LT3, RCZLH)HEFEREY> ) a—v T 2% UTBIETS.

Z OB ERNBERIROBEY TH5. b,

53 JIS. S AEEHEMEAL, BT BERmREFohEKRHE 28 BEAL PR L caty
DOEFHHMERIE 21T/ . AEIICR  HET 2 SHUREOFHEE 18.0 #187. (Table
(app)-1, Fig. (app)-1 £M).

WA RIER O RER B2 b RE ¥ ) a—v 55— TSE350-5RTV, inffi
%l CE60, CE61l RUEEREBHEE > ) a—v 44 TSF451-100CS 2 HAL, REHE
OEAZVER, ZTOBRE YY) a—vys<—BRCHLTY)a—vi+A4r 25%, CE 60 0.5
%, %2R CEERERETY « V—KE 13.0 #18/c. (Table (app)-2 £M).

WS L i 2 FRE, FAROEALEE) D AOOBAR (EREHLA) ROREOHME S A
BROY) a—y S a2AWTER, 2o THEEACELVWHAD, FEE; B0, S
TR EN LIORGERRAGEHE 7 v 5 —8 ) BRI FOBEEEAE >~ ) o—v o 28R A/
ot MBETOWTIIRIEIIARS, BEEIERORXIE frame AV DY) a—v oAl
DREMHEAL.
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z@2 active skin 05 L& Z DED
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R 1 LCetmtigbars L Fig. (app)-3 © & 5 KR EHETIIERACHT 2518 &
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Flow running behind the cylinder with vinyl flutter-

ing fin (rectangular form). ¢ 0.06 mm, ! 7d; ASA 200,

1/8; ¥V 0.173m/sec, R, 8.0x10°; I 3.3amp, E 20 volt «eeeeeee
Flow running behind the cylinder with vinyl flutter-

ing fin (rectangular form, 1/4 V-cut). ¢ 0.06mm, [/ 7d;

ASA 200, 1/8; V 0.173m/sec, R, 8.0x10%; I 3.3 amp,

E 20 VOLteeeeereercearserrassernssseanseensostassasnsernssonsssssssessossssassenssanns
Flow running behind the cylinder with vinyl flutter-

ing fin (rectangular form, 1/2 V-cut). ¢ 0.06mm, [ 7d;
ASA 200, 1/8; V 0.173m/sec, R, 8.0x10°; I 3.3 amp,

E 20 VOLE ceevereenserueeranssemniseensrieniecsnsiesisenscensssnsesesssssssnssansses
Arctic white whales and B.C. Tel pool (Vancouver
AQUATIUM), toresssrtessssssetsesrensatosssssantessosssossarasssssssssnnssssssssans
Swimming motion of arctic whale. s-eeseeeeeeererssirinrerersannnnnne
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L/IO_‘O\O\B
”
[] 1.5 /O/_\K
Q :7
%
[=]
o
T
(1)
K] 1.0 b\C
3 \
S . \
g \
° \
6 rS
Z
< oy, \
/75,_ \
\ E
4 = —
\
\ \
\
4 6 8 10 15 20
Reynolds number Rn x10€
Fig. I-1 The drag coefficient of various models as a func-
tion of Reynolds number,
A : The rigid reference model
B : Fully coated model with coating-stiffness of the
cylindrical section (1600 PCI)
C : Fully coated model with coating-stiffness of the
cylindrical section (800 PCI)
D : Fully coated model with coating-stiffness of the

cylindrical section (600 PCI)
{from Kraemer, 1960)
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with ocean water,°/o

Pacific

T T T T T T T T T T T T T T T T T T

barracud

“—4%— california

halibut
Calico kelp bass

Pacific mackerel

Sand bass

California bonito

P

n s V4 . " " " "

Friction reduction compared

=16 % 20 30 40 0 60 70 80 30 100
Per-cent slime in solution, °,
Fig. I-2 Friction reduction of slimes of seawater fish, when dissolved in ocean

water in various concentrations (from Rosen & Cornford, 1970),
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Fig. I-3 Relation between burst-speed and
- body-length,
>
®
@
o
v
B
b=l
@
D = const LV = const.
. . ; A :
L Body length
Fig. I-4 Relation between burst-speed and

body-length at the constant resistance,
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H ﬁ — Fixed current plates 1
I M 1 \ |
| 7 % \
4 Fixed current plates 4!
! — Observation pit at curved part il
I 1 I T a\w s
: : Wave suppressor ! lE = I :

_i I > —— - - :: e -1 ] - I l
I . . 1=
1 Wire netting frames o — \ } :
I : T T 1 il v/ I
: Observation windows Movable current Y :
H lates ol
1l I
I [
1 . 1
h i
I : 3
11 |L] Jre=sssssammssmmes s s e e ===
tEI=e i
V.S.A C Motor L

I kw

.8 = V_a—” 3 = s X
sovrsssrsen mesieriveies vossrsossore

A- A Section

Fig. II-1  The large circulating-water-channel of Faculty
of Fisheries, Kagoshima University.

Photo II-1a  Front view of the large
circulating-water-channel,

Photo II-1b  Paddle-wheel, feathering type.
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i

©
s 7% [m %W

550
19
L A -af=pe- L JLﬁ _Tx3
T T G
R [ T

=
bﬁ—_J
0O 00 O0OO0OO0OOO0OO 25

f——1000 ———— [ ead for balancing weight

Fig. II-2  Geber-typed Resistance dynamometer
and rigid flat-plate,

Photo II-2 Resistance test on rigid flat-plate.
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Table II-1 Principal dimensions of rigid flat-plates,

Model L B 4 S 4 Les Bep
(m) (m) (m) (m?) (m?) (m) (m)
P, 0. 340 0.096 0.008 0.0653 163x10-6 0.170 0. 0566
P, 0.340 0.071 0.008 0.0483 108106 0.170 0.0441
P, 0.340 0.048 0.008 0.0326 53X 10-¢ 0.170 0.0326
P, 1.000 0. 240 0.008 0.480 1192x10-8 0.500 0.142
P 1.000 0.164 0.008 0.330 66210-6 0.500 0.105
Pe 1.000 0.090 0.008 0.180 253x10-¢ 0.500 0. 056

Longitudinal section
( Fore &aft symmetry.)

|

———— —{

3
f~—as 45 _‘l

Transverse section
( Breadth, 24cm )

Y L
ﬁ:j l_,,f’

48 a3

240

Transverse section (Breadth 9cm )

s 1

T Unit : mm
Material : Formosan cypress

45 20——25 —|

90

Fig. II-3  Shape of flat-plate end.

! \
a oL
L Bee

|
Fig. II-4 Definitions of principal dimensions
of flat-plate,
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50r P,  o—o With trip wire;including sword
&—a Without tripwire ; including sword

a0l =20 Sword only
5 o---0 Flat plate with trip wire a
bt 20 o--4 Flat plate without tripwire
& L
[
(3]
(=
il
v 20r
("]
[J]
@

IO r~

o 0i0 020 030 040 050 080 070 080 090 100

—V m/s Flow velocity
Fig. II-5a  Resistance test result of rigid flat-plate,
50 e . .
P, o—o With trip wire ;including sword
&—> Without tripwire ; including sword

a0 o—>0 Sword only
E’) O---0 Flat plate with trip wire
& 3ol a---0 Flat plate without trip wire
(]
(%]
c
o
[")]
g 20}
103

10+

0 00T 050 030 040 050 060 070 080 050 100

— V. m/s  Flow velocity

Fig. 1I-5b  Resistance test result of rigid flat-plate,
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Resistance Rt (gr)

— -~ Resistance Rt(gr)

50f

Ps o——o0 With trip wire ;including sword
&—>a \ithout tripwire ; including sword
o—a
a0F Sword only
o---0 Flat plate with trip wire
20l &--4 Flat plate without tripwire
20}
o1
Ol —ic—00 03 90 050 080 070 080 090 100

— Vs Flow velocity

Fig. II-5¢ Resistance test result of rigid flat-plate,

150
i p, ©°—™© With trip wire ;including sword
&2 Without tripwire ; including sword
o—73 Sword only
IOO: o----o Flat plate with trip wire
| 4A---4 Flat plate without tripwire
%
501
0

Gi0 020 030 040 050 080 Or0 080 0%
— Vo5 Flow velocity

Fig. II-5d Resistance test result of rigid flat-plate,

T00



94

BREXFKEFFLE $25% F25 (1976)

1507 ps ©o—o Withtrip wire ;including sword
&—a \ithout tripwire ; including sword
o—->0 Sword only
:‘Z’ 100l 0---0 Flat plate with trip wire o
g &--a Flat plate without tripwire
[
(3]
(=
8
(1]
k)
& sof
0 00 020 030 040 050 060 070 080 030 T00
— V. m/s Flow velocity
Fig. II-5e  Resistance test result of rigid flat-plate,
150 . e .
Pse ©— With trip wire;including sword
4—>4 Without tripwire ; including sword
B—=a Sword only
2 ool 0---0 Flat plate with trip wire
x &-——a Flat plate without trip wire
[]
Q
c.
]
()]
2
@ 50t
0 00 020 03 040 050 060 07 O0B0 090 100

V m/s  Flow velocity
Fig. II-5f Resistance test result of rigid flat-plate,
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With trip wire Without trip wire
P O—O P O-——-0O
0.34" P2 &N——A 034" p2 A—-——A
G 141 %103 Ps O—0 Py O-—--0
g 12
g
% 'or
(2]
o gl /
Tlel D\\\i‘:—:—ﬁ == :;QL
s . S ~0~ o=
5 Schoenherr friction line —-——-0-
Slaf
bl
2k
1 1 1 1 1 ]
0 05 1.0 15 20 25 x10%

—+ Rn Reynolds number

Fig. II-6a  C,-R, Curve (with no edge-effect correction).

-
(@]

§ With trip wire Without trip wire

k¢] P4 O0—o0 Pa O-—— -0

g 120,103 100™pPs A——n 1.00m Ps A ——-4

E|o Pe O——0 Pe O-——-O0

™ 8

g O O— ———oq—9
EI / & pg = =T Os==fo—— -0 =0 ava
£

&

Schoenherr friction line

onN DO

M| 1 L 1 J
1.0 20 30 _ 40 50 60 70x 105
— Rn Reynolds number

Fig. 1I-6b C,-R, Curve (with no edge-effect correction).
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Coeff i.cient of

With trip wire Without trip wire
PI~P2 O——O (0340008x0028)  P| ~ P2 O----0

Pil~P3 O———O(: x + %0088) P~ P3 N ——-A

P2~P3 QI (+ « - %0023) P2~P3 [—-—--]

.- " Rigid flat pla
S 1o 9 plate
g2k
c
S ol
R
0
v 8r
© @ 6 -
€t o Schoenherr
QL =4 - . ~ [ —"
o .g friction line O -
==l T—To
[
8 | | ! 1 !
o} 05 10 15 20 25x10%

Rn Reynolds number

Fig. [I-7a  C,-R, Curve (with edge-effect correction),

.
With trip wire Without trip wire

§ P4~P5 00 (1.000x0008x 0076)P4 ~ P3O~ ———0
o Pa~P6 6——A( o« x «+ *O0I50)P ~P6A-——-A
% 12-x103 Ps~Ps p——a 1l & x + *00M)P5~ PSO-———0
(<] Rigid flat plate
TU 8 D_L\QA\Q—’/L__A
c.6
K] e
- 4 —_——
‘:J[ - T T T [ S
w2 Schoenherr friction line

. h , \ ,

0 25 K9 ECp— 35 0 35 59 %5 70 X 10%

—=FRn Reynolds number

Fig. II-7b  C,-R, Curve (with edge-effect correction),



2B EIKARR D IEIETUEIC B9 5 ERERIBR

97

— Lca —-l
17 v
I gy ;
I i ‘\ ,'i‘cn/i I
Fig. 1I-8 i

Definitons of principal dimensions of
flat-plate and fish body model

—® el
T 13.2 |

M 3 _j‘]'—r
. A a0\ s 413

. "

profile 8 section B-B
3400
—47.5—] E 475
L( E——
section A—A (Dimensions in mm )
Fig. 11-9a

Shapes of rigid flat-plate and flexible
flat-plate,

Wire ¢ 0.8 Tin plate 0.3t
o /.
%‘g?“-*“‘*—“r'*“r‘T .“‘T'“T'r-“,",”"'[ I
%7 i | I 1 | | | 260 420 473
N 177 SO VAN N NN VN S RSP S _4,/, [
yo LIGE |
—H200 2940 2000
3.0
334.0
340.0
Fig. 11-9b

Details of flexible flat-plate
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Table II-2 Principal dimensions of flat plate-model,
Shore L B t S [Z L B
Model | ottt | oy | i | o | o | (m?) m | (md
s .
L (Rigid) | 0,340 | o0.0475 | 0.008 | 0.0323 i 42x10 | 0.170 | 0.0323
P’ 13 |

20 %03

Coefficient of frictional resistance Cf
~

P o—o Rigid flat plate ( Hardness 100 )

P' o&-——-a Flexible flat plate (Hardness 13)

with fish oil,

8
6
4
2f Schoenherr {riction line
oo 05 6 15 iy 25 xI0°
Rn  Reynolds number
Fig. II-10a  Resistance test results of flat-plates
with no fish oil,
P o— Rigid flat plate (Hardness 100 )
P' &-——-a Flexible flat plate (Hardness 13)
- 221 x1073
O gl
g 18y
]
.% (-3¢
= oal
o
HE
2 1o}
s 8r
E s
L
.;__0 ol '
S| 2l Schoenherr friction line
001 a5 6 5 26 25 108
Rn Reynolds number
Fig. II-10b  Resistance test results of flat-plates
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A — A

(B: ,\\ — | =gl 2

‘ = i e

E

6 = E— Z

H H

‘ o0 % 1 2 3 4 L 6 7 [

a a

b S E— b

g 7z e SN c

== e

¢ o ™ - .

b M——— il b

y — —— 4
Principal dimensions
TBotgl {engtt: 8;22:‘] : = %\IL: :=§:~1~—Closed mouth & closed

ody eng . 1/ A A 2 i gill cover S-C or S-C-N
Body breadth 0.053m | 2 . L
Body height 0.073m | f(NNEH e FHEL open mouth & open
Ordinates apart 0.035m| ¢ 2aMIN = o i1l cove 3
Waterlines apart | 0.0lm [ g gl eovers0 o 5-0-N
Bow & buttock
lines apart | 0.01m
Displacement 0.589kg
Fig. II-11  Lines of scombroid model,

Photo II-3a  Resistance test on rigid Photo II-3b  Resistance test on flexible

model of scombroid.

model of scombroid.
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Table II-3 Principal dimensions of scombroid-model,

ore L B t S L
Model Sh 4 cB
Hardness| (m) (m) (m) (m?) (m®) (m) Bcs
s 100
(Rigid) 0.344 0.073 0.053 0.0473 310xX10-¢ 0.148 0.0361
S’ 13
Rigid model of scombroid,
o———0 S§-C Closed mouth & closed gill cover
Flexible model of scombroid Without tish oil
&-———A §-C-13 (shore hardness 13);
Closed mouth & closed gill cover
O———a S-C Rigid model of scombroid ;
Closed mouth & closed gill cover
Mo mmm ~x  §-C-13 Flexible model of scombroid With tish oil
x10°? (shore hardness 13);
4 Closed mouth & closed gill cover
S 2
g 22
c
& 20
0
]
e
] 16
c
2 14
k2
= 12
° 10
|5
s ®
o] ©
o
Of 4
2 Schoenherr friction line
o] - s
[+X] 05 10 15 20 25 x10
— Rn Reynolds number
Fig. II-12a  Resistance test result of scombroid model
with or without fish oil,
Rigid model of -ombroid
10 o—>0 $-0 Opgen mouth & cs:;en g1l oover
A A - Rigid model ot broid
24 s -co CI?'».seg| mceuth ; ?pmen qill mver
S — 0 — |3 Flexible model of scombroid
6 22r (shore hardness13):
Open mouth & open gill cover
o 20
o
c
B ]
R
(7]
o 16
o 141
.2
] 12+
&=
= 10
€ 8
@
@
] 4 e .
© Schoenherr friction line
2
0—or o5 T 5 20 L a—L
Rn Reynolds number
Fig. II-12b Mouth & gill-cover effects of scombroid

model with no fish oil,
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A A
z S 5
S = :
e 5 VA .7 €
. 19 \ '|\ '\‘ /_//‘ :.://’ A
e e s o i
W7 < i '
¥ V K
a I = a
b g S — SRE >
; — T e e B = SN é
——— AN d
d| A i d
e :\ —1 / // ¢
b = .
Principal dimensions
rincip ! 1on AT A oA —Closed mouth & closed
Total length 0.442m| & g B B[S gill cover K orKi-N
Body length 0.413 m| SEAOSNNTG  GTaE
Body breadth 0065m| EHfIE mak Epg
Body height 0.095m| s/ \\ ¢ ofiA--Open mouth & open
Ordinétes apart 004 m NN A = gill coverKi-0 orK-N-O
Waterlines apart | 0.01 m| YIS e %
Bow & buttock crededene
lines apart | 0.01 m
Displacement 1.15kg

Fig. II-13  Lines of frigate mackerel model,

Photo II-4a  Resistance test on rigid Photo II-4b  Resistance test on flexible
model of frigate mackerel, model of frigate mackerel,
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Photo II-5a

Resistance test on rigid model

of frigate mackerel
(twice the size of the model),

Photo II-5b

Resistance test on flexible
model of frigate mackerel
(twice the size of the model).
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Table II-4 Principal dimensions of frigate mackerel model,
Shore L B t S 4 L B
Model Hardness 2 3
(m) (m) (m) (m?) (m?) (m) (m)
K, | .10 |
—|RI8D | o400 | 0.05 | 0.065 | 0.0731 | 550x10 | 0.160 | 0.0452
K1{ 21
K, | 100
Rigid) | 9800 | 0.190 | 0.130 | 0.2934 | 4400x10-® | 0.351 | 0.0820

K34 21

Ki Rigid model of frigate mackerel ;

Closed mouth & closed gill cover

Flexible model of frigate mackerel

O~ ——-a K- 23 (shore hardness 23) ;
Closed mouth & closed gill cover
. Flexible model of frigate mackerel
L= Ki-21 (shore hardness S
%1073 Clos'ed mouth & clqsed gill cover
Flexible model of trigate mackerel
22 [P « K'-16 (shore hardness 16 ) ;

Coefficient of frictional resistance Cf
ry

20 R

Closed mouth & closed gill cover

12
10
8
6
4
. Schoenherr friction line
o 05 ) 15 20 25 w10°
Rn  Reynolds number
Fig. II-14a  Resistance test results of frigate mackerel

model with no fish oil,
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Coefficient of frictional resistance Cf

Rigid model of trigate mackerel ;

OO0 M
K1 Closed mouth & closed gill cover

Flexible model of trigate mackerel
Om———0 Ki=-23 (shore hardness 23 )
Closed mouth & closed gill cover

=103 )
Flexible model of frigate mackerel
-3 —_———- Ki— (shore hardness 21) ;
& Ki-21 Closed mouth & closed gill'cover
22 ] Flexible model of frigate mackerel
U * Ki=16 (shore hardness16 ) ;
20 \ Closed mouth & closed gill cover

Schoenherr friction line

0 05 70 75 20 p2 a—reL

Rn Reynolds number

Fig. II-14b  Resistance test results of frigate mackerel

model with fish oil,

Rigid model of frigate mackerel ;

O———0 Ki-0 Open mouth & open gill cover
O-———-A K-23-0 Flexible model of frigate mackerel
%103 \ (shore hardness 23 ) ;
5 2 \ Open mouth & open gill cover
\
\

Y 22 \
5 \
E 20
(1]
o 18
©
e 15
2
T 4 —————t A
=
&= .
s 12t
€ 10}
2
(5]
= 8f
=
3l e
o

4 -

Schoenherr friction line
2t
o 05 10 15 20 25 %103
Rn Reynolds number
Fig. II-14c  Resistance test results of frigate mackerel

model with no fish oil,
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Twice the size of frigate mackerel model,
rigid body, Closed mouth & closed gill cover o9 K2 .
9 Y . Without tish oil
Twice" the size of trigate mackerel model | A — B Kz - 10

tlexible body (shore hardness10) ;

Closed mouth & closed gill cover

Twice the size of frigate mackerel model ,

rigid body, Closed mouth & closed gill cover O———0 Kz )
Twice the size of frigate mackerel model With tish oil

lexible bod! hore hardness10) 5 = .o ____ ' — 10
flex élo(:eu mouth & closed gill cover * K2

20 [ %103
18

Schoenherr f{riction line

Coefficient of frictional resistance Cf
o

0 1o 20 30 a5 o
Rn Reynolds number

Fig. II-14d Resistance test results of frigate mackerel
model with or without fish oil,
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Table II-5  Principal dimensions of frigate mackerel model
(caudal fin, cut off),

Model | Shore L B t

; ! S | |4 Lcg Bep
ardness ) (m) (m) | (m®) | (m® (m) (m)
100
K, Ce.f) {or
ST Rigid) | 400 0.095 0.065 | 0.0690 | 550x10-% | 0.160 | 0.0452
K{ (c.f) 23,16 |
: w00 | f Wibommp]
K, (e.f) e ‘
7 (RigD 800 | 0190 | 0.130 | 0.2762 | 4490%10-5 | 0.351 | 0.0820
4 Ce.f) 10 \

Photo II-6a  Resistance test on rigid model
of frigate mackerel
(caudal fin, cut off),

Photo II-6b  Resistance test on flexible model
of frigate mackerel
(caudal fin, cut off).
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Photo II-7a  Resistance test on rigid model
of frigate mackerel (caudal fin,
cut off) (twice the size of the
model>,

Photo II-7b  Resistance test on flexible model
of frigate mackerel (caudal fin, cut
off) (twice the size of the model)>.
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Rigid model of trigate mackerel (caudal fin;cut off );'

o————0  Kit¢:h) Closed mouth & closed gill cover
Flexible model(shore hardness23)
o-——=-A ki'l) 23 of frigate mackerel (caudal fin,cut oft) ;
. Closed mouth & closed gill cover
[ Sy -0 «ki®!? 16 Flexible model(shore hardnessig)
y of frigate mackerel (caudal fin,cut off ) ;

- x10 Closed mouth & closed gill cover

O 20

3 8

=

[

w16

£

[

T2

2

T 10

-

5 8

€

@ N

L

£l 4

g Schoenherr friction line

o 2f

o 05 70 T5 20 25 <o’

Rn Reynolds number

Fig. II-15a  Resistance test results of stream-line-form
model,

0————0 Kz (cf) Rigid model of frigate mackerel
(caudal tin,cut oft-) Twice the size of model ;
Closed mouth & closed gill cover

5 O ———-0 K2'“"10  Flexible model(shore hardness 10)
' %10 of trigate mackerel (caudal fin,cut off )
Twice the size of model ;
18 Closed mouth & closed gill cover
16
14

Coetficient of frictional resistance Cf

4l
2 Schoenherr friction line
0 10 35 30 70 50 xI0°

Rn Reynolds number

Fig. II-15b  Resistance test results of stream-line-form
model,
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Ore Oral

Gill cover

Fig. IV-1 Respiration method of fish (horizontal
section of oral cavity along the body-
axis),

Snout E=T3> W =>  Gill cover hole

Gill

Fig. IV-2 Comparison between the sizes
of snout and of gill-cover-hole,

500cm ( 35¢m)

\ 20-~30cm(0.15-0.2¢m)

Fig. IV-3 Slot of air plane
(DC-8, B-727).
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Coefficient of frictional

Coefficient of frictional

resistance Cf

resistance Cf

§-C

Rigid model of scombroid ;

%x10-3

Closed mouth & closed gill cover

2 o-—--0 §'-C -13 Flexible model of scombroid (shore hardness13 );
Closed mouth & closed gill cover

22 ——o S-0 Rigid model of scombroid ;

20t Open mouth & open gill cover

18

S'- 0 -13 Flexible model of scombroid (shore hardness 13 ) ;
Open mouth & open gill cover

:: Schoenherr friction line
0 Of 05 10 15 20 25 Xios
—Rn Reynolds number
Fig. IV-4 Effect of slot due to snout and gill-cover-hole
of scombroid model with no fish oil,
o——o0 Ki Rigid model of trigate mackerel ;
Closed mouth & closed gill cover

26} x103 R o--—-0 Kj-23 Flexible model of frigate mackerel (shore hardness23) ;
2l \\ Closed mouth & closed gill cover

\ ——& Ki-0 Rigid model of frigate mackerel ;
22 3 \ Open mouth & open gill cover
20 .\  ®---# Ki-23-0 Flexible model of frigate mackerel (shore hardness 23) ;
18 Open mouth & open gill cover
16
4t
12
10}
8
6
4 4. .
ol Schoenherr friction ‘line
) 05 015 20 25 »1s

—Rn Reynolds -number
Fig. IV-5 Effect of slot due to snout and gill-cover-hole

of frigate mackerel model with no fish oil,
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-—JD:

== B oo
s i - & 3 |
160 : o e ) j
: \ Cam
25
- ST
r Section A—A [~ ° o3 oem Q] T
ST 10 1 Scale plate || T’
| jie— =2
[
i Ball bearin
oo 1
s, R IR
- T o ] of ! IEEEREE !
||l||lv|::::::ﬂlll= I EREER 8
SEERERERRRERERERRRRRIVEALEREY
sl = Cam
107 5
T 7 -
| [|] 50 20
SectionB— B Pt 226 26 ,:Bis':igjs
HO——au——C =
ol ll N_Scale plate
T N
Fig. V-1 Two dimensional stream-line-form-model supplied

Photo V-1a

with active skin,

Scale plate,

Photo V-1b

Mechanism of cam
and scale plate,
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N | __k
22.5cm

777777, 7/ 77 4
() Two dimensional stream line ) ® Spring

form model with active skin @© Knite edge of horizontal lever
® Beam @ Triangle
(@ Pivoting point of swinging trame @ Pen
@ - Knife edge @ Recording drum
(®  Knite edge. @ Motor
(6) Horizontal rod ( Vertical shaft of revolution
@  Weight @® sword
Counter weight of trame

Fig. V-2 Experimental apparatus of resistance test,

Photo V-2 A part of experimental apparatus of
resistance test on active skin-model,
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Revolution shaft

»

Y

8cm 6Q0cm

j0cm
10475cm

Cotton thread
Fig. V-3 Flow-visualization (tufts method),

Observation
window

é?—” _)'g_o' = U &‘f

Fig. V-4 Experimental apparatus (hydrogen-bubble-method).
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Quasi—harmonic motion of scale plates wi\th phase difference between Sand P,

500} —@—06— NO.1 Scale plate (S.), tixed, max. lift stroke /A

—0—.—0-— NOI2 Scale plate(S,), tixed, max. lift stroke L/

Buasi—harmonic motion of scale plates with
same phase between S.and P,

——f———A— NO.| - Scale plate (S.), tixed , max. lift stroke

400
——p——&— NO.12 Scale plate(S,), tixed , max, lift stroke
—
301 &
-
o
L @
o
c
]
<
2
(]
200 @
a

—V msec Flow velocity

Fig. V-5 Effect of phase-difference on resistance,
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Flow velocity v 0174 m/s
Reynolds number Rn 1.56 % 108

—A——— Buasi—harmonic motion of scale plates with same phase between S.,and P

20
—-O-===-0-- Buasi—harmonic motion of scale plates with )‘/z phase ditterence between Sand P,
—_ Scale plates , tixed, same phase
-
e
-
5t ¢
[
o
c
[
L Z
g Scale plates, operaled, same phase
Q
o
10
LH— VA
O ——————= O ——— == O-——-O._ -
\\\ ’/
\\‘ -
o
Scale plates, uperaled.M phase ditference
sl
1 il 1 1 i3 1 1
008 0.0 ol o12 ol4 ol5 016 v' Velocity of
m/s progressive wave
o 12 14 15 14 19 20 o i
c'p‘m.(:ycle per min.
600 500° 429 400 353 316 300 T' Period
sec * N

—_—

Fig. V-6a  Effect of active skin (amplitudes of scale plates,
F.— A, (gradual decrease)).
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Flow velocity v 0307 m/s

Reynolds number "Rn 2.75x 105

a8 A—  Ouasi-h ic motion of-scale plates with
same phase between S,and P,

~-O-—=~0-~ Buasi~hammonic motion of scale plates with
"5 phase difference between Sand P,

30[‘
Scale plates, operated, same phase

Scale plates, operated,

0---0 A4 phase difference

Scale plates, tixed, )5 phase ditterence
251

Scale plates, tixed, same phase

20-

Resistance Rt (gr)

oI5 ole 020 oz 025 027 030 v Velocity of progressive wave

19 22 25 28 30 3 37 c,"p'.m. Cycle per min,
316 273 240 214 194 176 62 T' Period
sec

F1g V-6b Effect of acive skin (amplitudes of scale
plates, F.— A, (gradual decrease)),
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Flow velocity v 0428 M/sec
Reynolds number Rn 363 x 103

—&——~— Buasi—harmonic motion of scale plates with same phase between S.and P.

=-0——~0O~= Buasi—harmonic motion of scale plates with LY phase ditterence between Sand P.
2

" Scale plates, operated, same phase
o Scale plates, operated,
A4 phase ditference
/
/’Scale plates , tixed, same phase
\
- \\- Scale plates, lixed,
R \ o / 4 phase ditference
[ \ VRS /
o \\ ’ \‘d
_—
45 & \ ,/
. \ /
g /
P& \ A
] Prae
L ‘¢ b—- ——-0
ﬂ)
/4
40 I
' . ' ' s ! '
ozl o 027 a3l 034 038 a4z v' Velocity of
m/S  progressive wave
26 30 34 39 43 a7 52 nm  Cycle per min.
231 20 176 154 140 128 HS T Period
—
Fig. V-6¢

Effect of active skin (amplitudes of scale plates,
F.—A. (gradual decrease)),
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Flow velocity V. 0577Tmn

Reynolds number &a 517 x:0®

—A———{— Quasi—harmonic motion of scale plates with same phase between S, and P,

~-O-—=--0-- Buasi—harmonic motion o} scale plates with )72 phase ditference between Sand P,

Scale plates, operated, same phase
Scale plates,fixed, same phase
T 9o
o
-
P
o
3 Scale plates, fixed, 35 phase ditference
=
©
£
0
¢
[+3
85—
Q
\,
A\
5 N
\ Scale plates, operated,A§ phase ditference
- \, ————.
\ p-==—-Q
\, 4
\ / \
O-——-00 7/ \
~ s, \
S~o \
80— Rot \\
\
] 1 L 2 L 1 \ L
\ .
L 033 037 o042 047 051 \‘ 056 x,,s Velocity of progressive wave
\ q
35 al 46 52 58 64 \80 c:m. Cycle per min.
171 146 130 15 103 094 086 T Period
S——

Fig. V-6d Effect of active skin (amplitudes of scale plates,

F.— A, (gradual decrease)),
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—— Resistance Rt(gr)

Flow velocity Vv 0.734 m/s

i Reynolds number &n 657 = 10%
140 -
—A——-~— Buasi~harmonic motion of scale plates with @
same phase between S, and P, ‘:_'5'
q
~-O~ = —-O-~ Buasi—harmonic motion of scale plates with g
7‘/2 phase ditterence between Sand P, g
o
&
i g
g
135 |- S
130 |~
Scale plates, fixed, same phase
I 'l
FAN / Scale plates, operated,
// \\ / A4 phase difterence
// \ II
\
125 |- ’ \ I
/ \ /
I o AN el
. \ P -
O mmm o7
1 il L 1 1 1 1
. Velocity of
035 041 047 053 0.59 064 0?_),\{ progressive
- wave
a4 s1 58 66 I 80 880 Cycle per min.
gol 13 __Me o2 _os1 o8z 075 088 T Period
—_—

Fig. V-6e Effect of active skin (amplitudes of scale plates,
F.— A. (gradual decrease)).
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Flow velocity VvV  0.841 Wsec

Reynolds number Rn  7.53 x 10%

—A—— Buasi—harmonic motion of ‘scale plates with
same phase between S.and P

-
= =O~~~0O—~ Buasi~harmonic motion of scale plates with 185
I 7‘/2 phase ditterence between Sand P,
Scale plates, operated,
. same phase P
Scale plates, tixed, A5 / 180
/. _phase ditterence L]
____________ 7
185~ 1
- 175
]
~ * ~—~
A 4 i
2 | 12
- 1704 &
o« J Scale plates, operated, -i f
8 / A4 phase ditference 1 ©
C 180}~ I i £
8 / 1 8
] i)
g | / ey
a
= i ! 4
i
7/
N,/ N Il 160
1+ v 1
Scale plates, tixed, same phase 1'
1551
!
1 i} 1 I 1 1 1 J
04 047 053 062 068 074 o1 v Velocity of

mys Progressive wave

50 59 67 i 77 84 92 101 cf; m Cycle per min,
12 1,02 090 078 o7l 065 059 T’ Period
sec

Fig. V-6f Effect of active skin (amplitudes of scale plates,
F.— A, (gradual decrease)),
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Resistance Rt (gr)

Flow velocity V0932 mMys

Reynolds number Rna 834 x105

—A———{x— Buasi—harmonic motion of scale plates with
same phase between S..and P,

=0~ —=-0~= BQuasi—~harmonic motion of scale plates with
)/2 phase ditterence between Sand P,

280 F
270~
5 Scale plates, operated, same phase
250}~
I Scale plates, operated,A 4 phase ditference
& ===
- /
. 7/
240E o _____ L.
| Scale plates, tixed, 35 phase difterence 4
- s
N N ,
I - S~ Scale plates, fixed, same phase
a3 -7 Tl .
o B
. ' L s . . .
Velocity of
045 052 059 068 074 081 oge V' progressive
m/s wave
56 65 74 84 93 102 nz2 ¢p.mCycle per min,
o7 092 o8l o7l 068 059 054 s‘oﬂc Period

Fig. V-6g Effect of active skin (amplitudes of scale plates,

F,— A, (gradual decrease)).
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Resistance Rt (gr)

8
a

315

310

e
a

BRBAFKELMRLCE H25% $£25 (1976)

Flow velocity V 1.077 Mgec
Reynolds number Rn 9.64 x10%

—{——7/— Buasi~harmonic motion of scale plates with same phase between S,and P,

—-O~ ——0- — Buasi~harmonic motion of scale plates 320
% with )/2 phase ditference between 1
P 1
_
// 1
Mmoo T T e o~ "‘-—-7/— ------ "‘3I5
- P 4 1 -
7 1 [N
/ 1 o
i ~
o 310 @
I
-
L q E
o -1305 4
: Scale plates , tixed, same phase 1
1
1 .
i -1300
I 1
3 I’Scale plates, operated, 1
i A4 phase difference i
1
I~ -295
| 1
[ 1
[ b
B 1
280
, . : . N
0.52 06l 069 or7 086 096 V' Velocity of
i m/s progressive wave
65 76 86 a7 1oe e n .
cpm, Cycle per min..
092 o7 070' oe2 056 050 T period
sec

Fig. V-6h Effect of active skin (amplitudes of scale plates,

F.— A, (gradual decrease)).
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300
250
~
=
o
~ 200
&
8
Y 150
8
°
8 100
[v4
50

Vzlue of resistance of active skin model s
(Scale plates, operated, same phase) a

Curve of resistance

(Scale plates, fixed, same phase) °

----- Curve of resistance
( Scale plates, fixed, 34 phase
ditterence)

a o
S:a\e pla!e;. operated,
A4 phase ditference )
O
{0 oav 10v 12v)

Velocity ot v’

progressive wave

1/

e

o

00 020 030 040 050 060 070 080 Q90 100 110 120
Flow velocity Ve

Fig. V-7  Effect of active skin (amplitudes of scale plates,

F.— A, (gradual decrease)).

Flow velocity vV 0179 mys

Reynolds number Rn 1.5% 10%

Scale plates, tixed, 75/2 , phase ditterence

Scale plates, operated,A4 phase ditference

150}
P
o
2
& 100
[
Q
c
k]
0
0
o
a
S0}
o
Fig. V-6’a

o3v o4av o.sv o6V o7v 08V 09V ov

Velocity ot
0.05 007 0.09 o.l o3 014 ole olg v' pr‘i;giessive
m/sec wave
6 9 1 14 [ 18 20 23 n i
c.p.m Cycle per min.

Effect of active skin (amplitudes of scale plates,
F.— A. (gradual increase)),
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Flow velocity vV 0307 m/s
Reynolds number ®n 263 x 10%

250 Scale plates, tixed,} phase difference /o

Resistance Rt (gr)

200

Scale plates, op A4 phase

150

o3v  o0av oSy oev  O7V osv  osv lLov

009 o2 ois oi18 ozt 025 o028 o031 v Velocity of
m/s progressive wave
1 15 19 23 26 3 35 3

cpm. Cycle per min.

Fig. V-6/b  Effect of active skin (amplitudes of scale plates,
F.— A, (gradual increase)).
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Scale plates, tixed, A4 “phase ditterence

500 Flow velocity Vv 0430 s
Reynolds number &n 3.94x10%

»H
S

Scale plates, operated, A4 phase difference

Resistance Rt (gr)

o3v 04v 0S5V o6V  o7v o8V osv 10V

013 017 022 026 030 03 039 043 y' Velocity of
mysec progressive wave

16 21 28 33 38 43 49 54

—_—

n' .
cpm. Cycle per min.

Fig. V-6/c Effect of active skin (amplitudes of scale plates
F,— A, (gradual increase)).



126 BRERFKEFHCE £25% %25 (1976)

900 Scale plates, fixed, A phase ditference
Flow velocity V 0.577 My
Reynolds number Ra 500 x 108
o~ 80
(%]
-~
pot
o
8
C
8
0
[
i)
[+ 4
I 800
"%cale plates, operated,}§ phase difference
o
L

L L : 2 s 1 '
03v 04V 05V oev o7V 08, osv ov

047 023 029 035 040 046 o052 oss y: Velocity of
mAsc progressive wave

21 29 36 44 50 s8 65 73 n' Cycle per min.

cpm,
—_—

F:g V—S’d Effect of active skin (amplitudes of scale plates,
" F,—A, (gradual increase)),
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1450

Flow velocity VvV 0742 My
Reynolds number Rn 644105

Resistance Rt (gr)

13501

1300

Scale plates, operated,d 4 phase difterence

Scale plates, tixed, A5 phase ditterence

Fig. V-6’e

T PUNME—'
o3v 04v 05V o6V orv osv o9v ov

022 030 037 045 052 059 067 074 V' Velocity of
m/sec progressive wave

28 38 a6 56 . .
85 4 84 93 cpm. Cycle per min,

Effect of active skin (amplitudes of scale plates,
F,— A. (gradual increase)),
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Flow velocity v 0841 my
Reynolds number Rn 763 x 105
1850
—~ 1800}
=
o
-~
-
@ .
P Scale plates, fixed, A5 phase ditference
o
=4
8
£
$
@ |750 |
Scale plates, operaled,M phase difference
1700}

: . . . .
o3v 04V 05V osv orv o8y osv v
084 V' Velocity of

/s progressive wave
105 o Cycle per min,

025 034 042 0.50 059 067 076

3l a3 53 63 74 84 95

Fig. V-6/f Eflect of active skin (amplitudes of scale plates,
F.— A, (gradual increase)).
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Flow velocity VvV 0807 s
Reynolds number Rn 8.19%103
= 2200
o
~
P
o
[
[+]
(=
h .
0 Scale plates, operated, A4 phase dilference
0
O
[+
2150
Scale plates, tixed, A5 phase ditterence
2100

0o3v 0av o5V osv orv osv o9V Lov

027 036 045 054 063 073 os2 oot v' Velocity o‘,
m/sec  Progressive wave

34 45 56 68 79 91 103 14 cn‘;m
Fig. V-6’g  Effect of active skin (amplitudes of scale plates,
F.— A, (gradual increase)).

Cycle per min,

25Q0| Flow velocity v 0958 m/s
Reynolds number Rn 831 x 105
Scale plates, tixed, A5 phase ditference

~ 2450
[N
o
~
-
@ Scale plates, operated,
8 A4 phase ditterence
C
]
-
a
o
2400

2350}

: :

03v 04V OS5V 08V 07V 08V Q9v 1OV
+  Velocity of
. . ] 1 77 086 096 V !
029 038 048 058 067 O e BroGressive wave

36 48 60 73 84 96 08 120 n' B
epm, Cycle per min.
—_—

Fig. V-6/h  Effect of active skin (amplitudes of scale plates,
F.— A. (gradual increase)),
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Flow velocity v 0.999 M/

Reynolds number Rn 8.69 <105

270
-
-
o
= 260}
x Scale plates, operated,) 4 phase dilference
]
c
V]
3
0
8
o
2501

Scale plates, fixed, A5 phase ditference

03V 04v 05V 06V 07V @8V 09V ll‘)v

030 040 050 060 070 080 090 10V mysec Velocity of
progressive wave

38 50 63 75 88 100 n3 125n'cpm.  Cycle per min.

Fig. V-6’i Effect of active skin (amplitudes of scale plates,
F.— A, (gradual increase)),
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Curve of resistance

( Scale plates, tixed, same phase ;
amplitudes of scale plates F—~A, gradual decrease)

(Scale plates, tixed, 4 phase ditterence; -

amplitudes of scale plates F—~A, gradual decrease)

(Scale plates, operated,A4 phase ditference;
amplitudes of scale plates F—~A, gradual increase)

350t

250F

150

— > Resistance Rt (gr)

— v

—_—

Value of resistance of active skin model
(Scale plates, operated, same phase )

o o8v 10V 12V
TN a x
( Scale plates, operated,.
A4 phase ditterence )

—_ A » *

[0) 06V 08V 1OV

B v 2y 3
Velocity of progressive
wave vy’

J

—V ms

O 010 020 030 040 050 060 O70 080 090 100 LIO 120

Flow velocity

Fig. V-77 Effect of active skin,
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Reduction ratio of resistance ot active skin model (scale plates, operated )

Velocity of
. Resistance progressive wave V'
R0’ (scale plates, tixed )
i Rt: Resistance (OAGV OSV 'iv') Amplitudes of scale plates

(scale plates, operated ) F—~A.gradual increase

40 A L] % : Amplituces of scale plates
@ !‘ X F~A. gradual decrease
1S)
g .
o B 301 A o
‘0 e X
o= A
5l 2T *
'g T 4 ] g
© o = 10 L
@x A * ]
c a ] f A
2 ™ * B 4 ﬁ
0 0 1 1 1 1 { L 1 1 X 7
= 0l0 020 ¥ 040 050 060 0470m 080 ] 1.00
o}
@
-1ob &

V ms Flow velocity

Fig. V-8  Effect of active skin with 1/2 phase-difference
between S. and P.

Fig. V-8 Flow-visualization (tufts Photo V-3  Flow running over the
method) of the flow running surface of scale plates,
over the surface of scale
plates,



Photo V-4a  Flow running behind the active skin-model (scale plates, fixed). ASA 200,
1/15; ¥ 0.179 m/sec, R, 1.5x105; I 3. Oamp, E 15 volt

Photo V-4b Flow running behind the active skin-model (scale plates, operated). ASA 200,
1/8; V 0.179 m/sec, R, 1.5x105; I 8.0 amp E 15volt (F’=0.9 V=0.16 m/sec)
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Vortex street

(a) Separated tlow pattern with vortex street

Vortex street : Cp=1.54

(b) Cylinders as presented by Prandtl (1936 )
Co=0 , to be expected

Fig. V-9 Flow-pattern past rotating circular
cylinders (from S, F, Hoerner 1965,
Fluid-dynamic drag).

Amplituces of scale plates, F,+~A, gradual decrease

[
[
bl
T O
E
10—« A
L 2>
‘S
o
_g $
L3 AN
c Q-
g, 6::
- O Q\
< \\,,0' A
B
- A
- €
-
- ©
| 1 ! ! 1 ! ! 1 |
oF————"735 : . 5

—— Nc.p.s Cycle per sec. of progressive wave

Fig. V-10 Effect of active skin with 1/2 phase-difference
between S, and P..
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Amplitudes of scale plates, F~A gradual increase

1

[
T

T 1 T
B.L/S (V) Advance velocity of model

[¢1)

05 10 15

N c. p.s. Cycle per sec. of progressive wave

Fig. V-10/ Effect of active skin with 1/2 phase-difference
between S, and P.,
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A ]

Geber-typed | = ﬂ
Resistance dynamometer

L ]
= IT w.L
Cylinder 200
Fluttering tin 606
—

I777777 7777777777 777777777 777777777777 77777777777 7777/777777

(a) Experimental apparatus
————— _I
S
| 1
d+

N L

100
|

T
lfo

Fig. VI-1 Resistance test of cylinder with
attatched behind it in water,

Unit : mm

'——-.ﬁ.—-! (b) Test piece of resistance

fluttering fin
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g==

Observation

~
window I -fﬁo‘ |
40" &0

g0 _f]

s

Fig. VI-2 Experimental apparatus (hydrogen-bubble-
method).

I s AR AR

b

Photo VI-1 Experimental apparatus (hydrogen-bubble method).
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Smoke
generator
N
AN\
) N DIIZEEER

|

|

!
Ar
3

¥
S
*

,,_,__
Y
P
SN
THTT
(|
S
| ¥
a3
HLLE
*jf*
*x Lox,
CE Tl

7
A
Q

Fig. VI-3 Small wind-tunnel (smoke-tunnel),
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Table VI-1

(Ro'Rf)/Ra %.

R,: Resistance of cylinder
Rt : Resistance of cylinder

with fluttering fin

Reduction-rate of resistance

t=006mm , t:Thickness of vinyl tluttering fin

A
L ¥ _birzm, 03145 |04335 [0546™5 |0664"5 [0727 Vs
[:' 19.3 198 109 92 4.9 93
3d lﬂ 202 152 10.3 9.0 4.8 54
[Z 160 |- o02 85 87 a2 3.3
D 21.0 15.8 19.7 15.1 7.9 10.2
5d [z 13.4 10.3 154 102 | 118 2.4
EZ 16.0 3.4 9.0 86 6.3 2.2
[:] 160 | 212 185 195 | 102 3.3
7d [ {| 235 | a3 | 125 | 188 | o8 1.4
K 16.0 1.5 19.7 193 | 102 80
B t=1.00mm
I:I 13.4 7.7 60 1ne 26 |- 16
3d 16.0 20 1.8 0.3 14.0 a2
R 160 | 103 10.9 10.0 4.4 3.
[:I 16,0 2.3 8.1 7.4 1.5 1.7
5d B - 67 5.7 14.0 9.9 4.0 1.4
IZ 160 | -83 | 24.1 7.6 3.3 2.0
__‘:I 13.4 8.3 8.2 85 .3 | -29
7d B 1.8 1.7 5.9 6.5 .4 | -0.3
z 12.6 57 7.5 87 2.9 2.7
C t = 0.50mm
l_—_] 16 0 5.7 5.1 59 [-16 |- 16
7d 13.4 5.7 7.9 58 | - 08 06
ﬂz 16.0 89 10.3 8.7 22 | - 10

d:Diameter ot cylinder

| : Length of tluttering tin

139
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@

(Ro—Rt)/ Ro (%)

—O0

30

20

t= 0.06mm : Thickness ot vinyl tluttering tin
Ro: Resistance of cylinder

Rt: Resistance of cylinder with tluttering fin

gt
\2 @\3 x10*

OH——D

o----0
b —-—-h
w— — —@

X—— —X

Fig. VI-4a

L=3d

L= 5d

L=7d

L= 9d

l=1ld

1=13d

L=15d

\
N A
N/ |

Curve of (R,-R,)/R,~R,.
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t: Thickness of vinyl

: tluttering tin
L:Length ot vinyl fluttering fin
d: Diameter of cylinder

Ro : Resistance of cylinder
Rt Resistance of cylinder
with tluttering fin

(Ro~Rt)/Ro(%) ®

@ —

(Ro = Rt) /Ro (%)

= mm
30 1= 008™" 5 Rectanglar torm 307 1=006"" A—a Rectanglar form
l=3d ©----0 I/q V-cut L=5d &--4l/4V-cut
o—-—0 l/2 v-cut a—-—a /2 V-cut
20 i2°'
®
&
101 g0
X
@
1
5
(4
o 1~ 0

t=006™™ 0 Rectanglar torm 307
w-—--m l/4 v-cut
o —m 172 y-cut

L=7d

t=100™™
L= 3d

o——o Rectanglar form

e-—-9l/4 V-cut
o—-—a /2 V-cut

Fig. VI-4b,

effect on resistance-reduction,

Curve of (R,~Ry)/R,~R, showing V-cut fin
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30+ Lol oomm A—n Rectanglar form  30- t=1,00mm 0—0 Rectanglar torm
=54 A—-h Il/a V-cut L=74d w—-n V4 v-cut
A= 1/2 V-cut o= //2V-cut

n
o
]
_—
—
!

=l

n

1 (Ro- R1)/ Ro(%)
$

o

(Ro=Rt)/Rot%) @
o o
1

ww t=05™ 5 gRectanglar form
L=7d w--a l/4V-cut
o——o /2 V-cut

(Ro-Rt)/Ro (%) &
e

Fig. VI-4b, Curve of (R,-R,)/R,~R, showing V-cut fin
effect on resistance-reduction,
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Ro: Resistance of cylinder 1:Thickness of vinyl fluttering tin
Rt Resistance of cylinder L@ length ot vinyl tluttering fin
with tluttering tin
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Loveewr o0 =3d t=006™" " 4—4L=5d 1=006™™"
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@ 20- @20
*® R
& i3
~ X
Z 0 & 10
| o
& T
Rn—
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Fig. VI-4c; Curve of (R,~R,)/R,~R, showing fin-thickess

effect on resistance-reduction,
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304 ) O—0 |=7d t=006mm 307 "—a |:7d t=006mm
Rectanglar tormo—-—0 (=74 - 0.50™™ ’/4 V-cut ®—-—¥ {274 {=050mm
O-—-0l=7d t= .OOmm ®----m |=7d t=1,00™M
@ m— ®z)_
# ¥
~ o
o
4
< N
& 104 Tio-
| [ia
& =
Rn —
o g
4|08
307 B— |=7d $=0,06mm
lpv-cut  @——m L=7d t=0.50mm
m-—-m L=7d t=].00™M
®© 20
)
&
N
& 10
o
e
[

Fig. VI-4c, Curve of (R,-R;)/R,~R, showing fin-thickness
effect on resistance-reduction,
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(Ro- Rt) / Ral %)

20 4

Ro ! Resistance of cylinder
Rt: Resistance of cylinder
with tluttering fin

t =006 ™ ¢t:Thickness of vinyl fluttering fin

d:Diameter of cylinder
L: Length of tluttering tin

Fig. VI-4d Curve of (R,-R)/R,~R,.
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ol
o
(8%
Ji
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—

Photo VI-2 Flow running behind the cylinder, ASA 200, 1/8; ¥ 0.173 m/sec, R, 8.0
10%; I 3.3amp, E 20 volt

LruslL VLmﬂnn

7

Photo VI-3 Flow running behind the cylinder with vinyl fluttering fin (rectangular form)
t 0.06 mm, I 7d; ASA 200, 1/8; ¥ 0.173m/sec. R, 8.0x10%; I 3.3amp, E 20 volt
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Photo VI-4a  Flow running behind the cylinder with vinyl fluttering fin (rectangular form, 1/4 v-
cut). £0.06 mm, [ 7d; ASA 200, 1/8; ¥ 0.173 m/sec, R, 8.0x10%; I 3.3 amp, E 20 volt

Photo VI-4b  Flow running behind the cylinder with vinyl fluttering fin (rectangular form, 1/2 v-
cut). £ 0.06 mm, [ 7d; ASA 200, 1/8; ¥ 0.173 m/sec, R, 8.0Xx10%; I 3. Jamp, E 20volt
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Coo =094“.“)
Coo = 059, 43
v
Coo = 062
(103)
Coo = 089

(1.19)

% The values in brackets are the drag
coetficients without ‘wake interterence

Fig. VI-5 Influence of “splitter”-plates on the drag-coefficient
of the vortex-street-producing shapes (from S, F,
Hoerner, 1965),

-
1.00f-
Cd -
o050k O—--—0 L s3d
OD——A L =5d
L t=0.06 MM
O———-a L=7d
i @ -——---@ L:=9
B Lx—--— - L=11d
z—-——-—a L=13d
‘ Y — X L=15d
[o} . 1 L 1 s
| 2 3 x10*
Rn

Fig. VI-6 Curve of C,~R,.
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Table VI-1’ Relation between (RG—R,)/R,, and R,.
(R,-R)/R,=2a+b R,
a: Segment on (R,-R;)/R,-ax
b: Inclination of straight line to R,-ax

1) Rectanglar vinyl fin (t=0.06 mm)

l a b
3d 24.25 —0.56x10-3
5d 24.92 —0.47X10-3
7d 25.38 —0.50x10-3
9d 36. 49 —1.16Xx10-3
114d 29. 86 —1.03x10-3
13d 22.28 —0.85X10-3
154d ‘ 31.87 —1.37X10-3
2)
3d 5d 7d
Rec;gg?“' 1/4 v-cut| 1/2 v-cut Recftgslrglar| 1/4 v-cut‘ 1/2 v-cut Recft:?mglar‘ 1/4 v-cut| 1/2 v-cut
A. t=0.06 mm
a 24.25 l 23.89 13.00 24.92 16.24 14.96 l 25.38 f 23. 40 18.96
b —0.56 —0.61 | —0.29 | —0.47 —0.28 | 0.35 —0.50 —0.51 | —0.23
X10-3 x10-3 X10-3 X10-3 X10-3 X103 X103 X103 X10-3
B, t=1.00mm
a 16. 66 14.73 19.08 15.42 —0.19 13.59 18.23 ' 11.88 13.61
b —0.47 —0.32 | —0.47 | —0.43 0.23 —0.29 | —0.57 —0.35 | —0.32
X10-3 X10-3 | X10-3 X10-3 X1073 | X103 X103 X1073 | X10-3
C. t=0.50mm :
a - — - — - - 18.32 | 16.02 | 20.24
b _ _ _ . _ _ —0.63 —0.49 | —0.60
X103 X10-3 | X10-3
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Transparent and tempered glass

. B

o, 2

)

0. R

of

0 ey
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o) 18 cm 18cm @

00T 0 O 5 5%, 0 b P P60
(Cross section )

G -

e

0.

0

9

o

o'

L st

Circulating water channel (Plan )

Fig. VI-7 Apparatus for observing the
swimming fish,
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Percentage of carassius

Normal tish with dorsal fin and caudal tin

—_—

auratus swept away by flow

%

0538888338838

55 60 65 T
—
Fiow velocity (cm/sec )

(@) Tendency of increasing rate ot no.
of tishes swept away by tlow

<X Normal tish with dorsal

% ¢
0

(

q tin and caudal tin

—- Flow direction

Flow velocity 60 cm/ sac

Fish swept away by tlow

( b ) Aspect of swimming motion of fishes
at max. tlow velocity 60 cm/sec
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— I

Normal tish with dorsal tin and caudal fin

i g g sam  Flow velocity 60 cm/sec

Elapsed time : 3sec

Every 4 trames

(C) Locus ot swimming motion of tish

Elapsed time: 2 min. 30sec.
Every 240 trames

(C') Locus of swimming
motion of tish B n

(N

Fig. VI-8-@® Swimming motion of normal fishes with dorsal
fin and caudal fin,
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Percentage of carassius auratus

swept away by tlow

— 3

3883

e0r
50
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P4 Fish without dorsal fin

55 €0 65 70
—_

Flow velocity (cm/sec)

(a)

Tendency of increasing rate of no, of tishes swept away by flow

< >q Fish without dorsal tin

——Flow direction

. ap a7

Flow velocity 60cm/sec
@ Fish swept away by flow

( b) Aspect of swimming motion of fishes at max. tlow
velocity 60 cm/sec
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T Fish without dorsal tin

J. Flow velocity

60 Mg

sy

Elapsed time : 3sec

Every 4 trames

(C ) Locus of swimmingmotion of tish

Elapsed time: 2 min. 30sec.

Every 240 trames

(C') Locus of swimming N

motion of tish

a8

_ 1

Fig. VI-8-¢) Swimming motion of fishes with no dorsal fin,
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Percentage of carassius auratus

swept away by flow

& Fisn without caudal tin

50 55 60 65

—

Flow velocity ¢M/sec

( @ ) Tendency of increasing rate of
no. ot tishes swept away by tlow

. 6 Fish without caudal, tin

Flow direction ——

Flow velocity 60 €M/sec

@ Fish swept away by flow

(b) Aspect ot swimming motion of fishes at

max. tlow velocity 60 cm/sec
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o

_[ Fish without caudal fin

8cm

_l Flow velocity
60 M/on

)
YA

— 5cm——1

-ﬂ\_\\
X

Elapsed time : 3sec

Every 4 frames

T T
Elapsed time: 2 min. 30sec.

Every 240 trames o n

(C')Locus of swimming motion of fish | ]

i . .

Fig. VI-8-@® Swimming motion of fishes with no caudal fin,

(C) Locus of swimming motion of fish

N\
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4P Fish without dorsal tin and caudal fin

Percentage of carassius auratus
——— 2 swept away by tlow
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40
30|
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Flow velocity cm/sec

( 0) Tendency of increasing rate ot no. of tishes swept away by tlow

&> Fish without dorsal tin

and caudal tin -

Flow direction e——mw—

Flow velocity 60 cm/sec

@ Fish swept away by tiow

{ b) Aspect of swimming motion of tishes at
max. tlow velocity 60 cm/sec
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]-—Scm——-i
<

T T
T Fish without dorsal tin and caudal fin -

Sem

_!- Flow velocity

60 /g

Elapsed time : 3sec

Every 4 frames

(C) Locus ofswimming motion of fish

Elapsed time: 2 min. 30sec.

Every 240 trames

(
: 7/
1
(C') Locus ot swimming motion of tish _( ) (

Fig. VI-8-@ Swimming motion of fishes with no dorsal fin
and caudal fin,
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3

S
85
23 100
g
v\«% 80 L4
5 - 70 Z
3§ 60
3a 5
k]
S 40
g 30 )
€ 20 24
]
E 10

035 85 60 70

e

Flow velocity (cm /sec)

Fig. VI-9 Relation between swimming motion
of fishes and fin-effects,

Stream line

Outside ——

Inside — ——l»’~~1
I
—— A
Fig. VII-1 Progressive wave upon epidermis (dolphin, fish).

/ // Flow accelerated by tish-scales motion

Water particle

(@) Motion ot tish-scales
covered with epidermis

( b) Aspect ot underlapping tish—scales

Fig. VII-2 Generation of thrust by fish-scale motion,

Convex body surtace

Head side Epidermis side

Tail side
Dermis side

Concave body surtface

Fig. VII-3 The features of fish-scales on the concave and
the convex body-surfaces,
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Photo VII-1  Arctic white whales and B.C. Tel pool
(Vancouver aquarium),

Photo VII-2 Swimming motion of arctic white whale,
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Appendix - Figures and - Tables
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App. Table II-1

Distribution of flow-speed at point (x,y)
in vertical cross section,

X (m)
V.S Motor \ —0.90 | —0.60 | —0.80 0 4+0.80 | 40.60 | +0.90
(r.p.m,) |[Y(m)
(m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s)
0.050 0.14 0.16 0.18 0.18 0.19 0.18 0.16
100 0.175 0.17 0.18 ' 0.18 0.18 0.18 0.18 0.17
0.300 0.17 0.18 0.18 0.18 0.18 0.18 0.18
0.425 0.17 0.18 0.18 0.18 0.18 0.18 0.18
0.550 0.17 0.17 0.17 0.18 0.18 0.18 0.18
0.050 0.24 0.26 0.29 0.28 | 0.29 0.28 0.26
0.175 0.28 0.29 0.29 0.29 0.29 0.29 0.28
200 0.300 0.28 0.29 0.29 0.29 0.29 0.29 0.28
0.495 0.28 0.29 0.29 0.30 0.30 0.29 0.28
0.550 0.27 0.26 0.27 0.31 0.29 0.29 0.29
0.050 0.26 0.39 0.43 0.43 0.44 0.42 0.40
0.175 0.43 0. 44 0.44 0. 44 0.44 0.44 0.43
300 0.300 0.41 0.45 0.45 0.45 0.45 0.45 0.43
0.425 0.43 0.45 0.45 0.46 0.45 0.45 0.43
0.550 0.41 0.44 0.44 0.47 0.43 0. 45 0.45
0.050 0.55 0.57 0.58 0.57 0.57 0.57 0.57
0.175 0.56 0.57 0.57 0.57 0.57 0.57 0.56
400 0.300 0.55 0.57 0.58 0.58 0.58 0.57 0.56
0.495 0.48 0.54 0.57 0.58 0.58 0.55 0.51
0.550 0.51 0.52 0.58 0.55 0.58 0.57 0.51
0.050 0.57 0.60 0.73 0.73 0.73 0.73 0.62
0.175 0.71 0.73 0.73 0.73 0.73 0.73 0.72
500 0.300 0.71 0.73 0.73 0.73 0.73 0.73 0.72
0.495 0.66 0.73 0.73 0.73 0.72 0.72 0.71
0.550 0.63 | 0.58 0.65 0.72 0.70 0.68 0.70
0.050 0.71 0.76 0.83 0.78 0.87 0.76 0.74
0.175 0.86 0.88 0.88 0.87 0.88 0.88 0.85
600 0.300 0.80 0.88 0.87 0.88 0.88 0.88 0.88
0.425 0.83 0.87 0.87 0.88 0.88 0.83 0.88
0.550 0.78 0.78 0.78 0.88 0.78 0.85 0.82
0.050 0.76 0.91 0.93 0.87 0.96 0.93 0.85
0.175 0.97 0.98 0.98 0.97 0.98 0.98 0.97
700 0.300 0.92 0.98 0.97 0.97 0.97 0.97 0.97
0.425 0.92 0.97 0.97 0.97 0.97 0.96 0.97
0. 550 0.88 0.81 0.91 0.96 0.79 0.91 0.91
0.050 0.91 1.10 1.10 1.10 1.08 1.05 0.90
0.175 1.08 1.13 .11 .11 111 1.11 1.05
800 0.300 1.05 L1 111 L1 .11 111 1.06
0.425 1.05 L1 L1 L1 1.10 111 1.08
0.550 1.00 0.97 0.80 L1 0.80 L1 1.03

X: Distance from centre line in m,
Y: Water depth in m,
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254mm

Adjusting piece
for spring const.

Pressure
surface

Fig. (app.)-1 Inner-construction-profile of JIS
hardness-tester,
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Table (app.)-1 Comparison of the Shore-hardness between the live
scombroid and the dead one,

Measurement [Body Measurement|
Fish no et |ce rr’n‘gth @ @ @ [;ish nopolm @ . @ @
| 40 19 24 13 10 | 8.0 3.0 10.5 14.0
2 30 15 ) 13 20 2 12.0 12.0 8.0 [ 12.0
3 35 13 14 14 19 3 18,0 18.0 24,0 | 23.0
4 40 20 14 12 15 4 19.0 18.0 210 | 220
5 — " 22 14 19 5 11.0 14.0 130 | 320
6 —_ 19 5 12 21 6 15.0 21.0 16.0 35.0
Mean 162 |+ 13.0 13.0 17.3 7 200 | 250 18.0 | 340
(The live scombroid ) Mean 147 | 160 ) 158 | 246
(The dead scombroid )
Measurement point for
Nessoremert : shore hardness
Mean shore point @ @ @ @
hardness of fish body
The live scombroid 16.2 13.0 130 173
The dead scombroid 14.7 16.0 158 24.6
Table (app.)-2 Change of hardness of test pieces,
Silicone oil 0% 0% 0. % 0% 5 % 5 % 5% 5 %
Catalyzer CE60 OS%{CE6I Ol %|CE6I 05% [CE6I 10 %|CE60 O5%|CE6I O.1% [cE6l 05% [CE6I 10%
Date ot making  |41.12.22[41.12.17| 41.12.18 | 41.12.20 | 41.12.15 | at.12.15 | at.12.15 | aL.12.15
Date of 411223 264 478 464 424 27.6 382 40.4 40.4
meast " a2 380 47.8 47.2 424 291 392 40.9 30,0
Silicone oil 10 % 10% 10 % 10 % 15 % 15 % 15 % 15%
Catalyzer CE60 05%|CE6I OI%[CE6I 05%|CES! 10%|CE6O 05%|CE6! 01% |cE6I 05%|cEsl 10%
Date of making 41.12.16 [41.12.16 [ 41.12.16 [ 4d. 12,16 | 41.12.22 | 41.12.17 [ 41.12.18 | 41.12.20
Date ot pLI223 200 40.4 356 330 14.2 29.6 31.6 274
measurement f2.1.2d 21.2 335 355 337 20.4 310 315 28.9
Silicone oil 20 % 20% 20 % 20 % | 25 % 25%. 25 % 25 %
Catalyzer CE60 OS%|CE6I OI%|CE6I 05% [CE6! 10%|CE60 05%|CESI 0.1%)| CE6I 05%| cESI 10%
Date of making  l41.12.22 [41.12.17 | a1.12.18 | 41.12.20 [41.12.22 | 41.12.17 [ 41,12 18 | 41.12.20
Date of I 272 286 25.0 9.4 24.4 246 206
meast “lor2e] 17 27.5 29.6 256 | (2.9 24.4 25.0 210

Table (app.)-3 Change of mean-hardness of silicone rubber
(silicone oil 25¢%, CE60 0.5 %) for a month
immediately after its making,

A p
c | 2 3 4 5 6
43.1.20 12.0 9.89 9.33 933 956 9.78 944
.21 10.5 10.67 10.22 | 10.11 10.67 | 10.67 10-44

1.25 15.0 13.20 12.60 | 12.60 13.30 13.10 12.40
1. 29 15.0 14.30 13.80 | 13.60 14.40 14.20 14,10
2.13 10.8 16.20 16.00 | 15.90 16.30 | 16.20 16.10

A : Thickness of test piece ( cm )
A A B : Room temp. ( °c )
- s C : Date of measurement

>

=

Test piece
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Unit : mm

NO. | —-12[-— A
T T o o o o
[N
° e kioo—- o
| iy
Ls‘—l
[EX4 565
3 I
NO, 14 ..12[._. [——AT
LM
| R A - .
1
* :HI L —————
' =
(o]
199 495
Cam )
@ mm t mm g mm
NOI~24 190 8 2
25~28 125 8 2
Pushing rod Amm
NO. 1 ~ 13 15 NO.t ~ 11
14~18 9 12~ 16
19~23 7 17~19
24~28 5 20~28

Fig. (app.)-2 Details of cam and pushing-rod.

gmm

15

10
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H=2cos 0t {(C+8)°-4 sio - 8
Largé cam: 199, c=95

HL= 2cos0+ (306.25- 4sife -8

Small cam : 12,5¢, ¢c= 625
Hs= 2cosO+ 120396- 45176 -8

Fig. (app.)-3Ca) Calculation of cam-lift
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Fig. (app.)-3(b) Lift of small cam 12.5 ¢,
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[- m/m

2.
Lift

o

Q2

Ql

30° 60°

mm/10'

Vel.

150°

005
004}
0031

001}

%0

mm/10M0"

90° 120° 150°

Acce(.]

30° oz

S0° 20° Bo°

~ Angle of revolution of cam—shaft

Fig. (app.)-4(a)

Cam-diagram of large cam 19 ¢,
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\\\ -5
C L I 1 1 1 —
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Vel. {
Qi !
]
)
o |
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0 1
|
|
[}
1 L ! [ — l:n__: e,
() 30° 60° 80° 120° 150° 180°
002 /s' Rews s Rev.

o 30° 60° 90° 120° 1S0° A |é°°

Angle of revolution of cam-shaft

Fig. (app.)-4(b) Cam-diagram of small cam 12.5 ¢,



