Mem. Fac. Fish., Kagoshima Univ.

Vol. 26

pp. 191~204 (1977)

BEBNETTIIC & B i NFAE D ATREREIC DT
Ul F ZRRAL B BA S

On the thrusting-occurrence-possibility by the
movement of the scale plates

Hiroshi NakAvaMA, Yoshikazu NArRAsako and Toshiro Kuroki

Abstract

Wiggle-motion of a fish causes an opening to be made between the scales in the direction of
body-breadth. )

Irrespective of the small breadth of the opening, if the scale-rising on the body-surface is slow
on the convex-side of the wiggle, returning quickly to the former state on the concave-side of it,
the occurrence of thrusting is assumed.

This thrusting is supposed to decrease the swimming-resistance of fish in cooperation with
the effect of the progressive-wave of the scale plates, running from forward to backward.

In order to ascertain this, a two-dimensional large-fish-scale model was made, and the fol-

lowing were investigated by experiments, existence of thrusting-occurrence, the scope and

variations, e.t.c..

The results are as follows: —
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It was observed that the production of thrusting which is followed by a running of
current, is to be brought forth by the movement of scale plates which are opening slowly
and closing quickly.

It was confirmed that the shorter is the period of the movement, the faster is the
current running along the scale plates; the maximum speed of the current being 14.5 ¢cm
[sec, the maximum of the dynamical pressure of the current being 7199.2 dynjcm? (7.3
grawt.[em®).

The water in the water-way began to circulate about 3 minutes after it started to move
the scale plates, and about 10 minutes had passed before the current was settled.

L & E

Zz256N03.

* ARAOERIIMASIE LA, BAKEZLSEFRETRELL.

* BRERFREFTRMTEREE

of Fisheries, Kagoshima University)

¥ RFUKERFHERENE T S#HE (Laboratory of Environmental Instrumentation Enginee-

ring, Tokyo University of Fisheries)

(Laboratory of Engineering of Fishing Vessel, Faculty



192 R BRFREFIACE 4526 % (1977)

BIZ L
1D SREERICKZHEREOME CZHIMEHE)

2) BEREBRITHD TAXTOMIENSWEND C LIk 3 BHREDHAR CH IS
3D PO ASTOKRBEIPSREHINZBOMEEHEICE S 21 o | 4hH

4) Active Skin IT X % JBiE R EDHE (FeBIvEh S

5) Fluttering fin O %) 5

& RehTths.

A TRZEMN SN TOIRNAD M 2 O BRI OB ZhH DN TH IR ED LI H
S Lic.

ROBERMAD SR EBITHL - THRIFHMICHEZ £S5 L2005, 2oz
EZ, DFLTHIHBRDONIOKETY - DB EXRD, {AYDOANDKhETTE
DRBICHPHICHES, WbW3 quick return EBZ T3 L3hiE, HHOHKET 5T &
BEZOND. ThEHih SBABEIT 2 BEHGETIO Z5: &4 ¥ - THOBEIRIEHIE kD
SELEMLIEVHBETHAHS (Fig. 1 (a), (b)?).
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Fig. 1 (a). The features of fish-scales on the concave and convex body-surface.
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Fig. 1 (b). Section of fish skin. Source: General Biological Supply House.
(from E. Lagler - E. Bardach - R. Miller 1962, ICHTHYOLOGY)
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S TEHHOEBRRIC DN TIRRICEE ST - 72 Active Skin B (v = —r[EEHE
HICHEST) OERRBRERICINEY ETHICL 2 EREYZRBD S K-> TEHER
WALk, chi3@s OBEBBEEHZTI Y, BETI-RENOBEIBIEBRIERD
ALCHRABETHEPOENCTFEH LTRE L ZKRBENE L LSO TRIEHOHKRE b
kolkbneEsaohsd., chitdUiHo#khx? oRrgickiid, S#5i4 quick return
HEEZEFTS & quick TRTXVBORENELL, ZIKE->THBEERICE-TREL
LZRENDOHES, > THAREDTHEERELONS,

CORITRBDO S LICERNICINSDOBERER DD B2 DIC KB ZRILHITEREZIED
HAREDHE, TOHE, HhoE(LEEF I,

2. RBRBELHE

KB ZRTTHARAREY

B 12 Fig. 2 (a) IR 3RS WA ZEH MO HEKHE T HBHE N O ERSMEICEREL T,
No. 1, No. 2, No. 3 DJEIC KBS 3 EWMY 3 TH 5. #MRKIIHE 10cm, B 15cm, EH
O0.lcm OECGEWPCHBHER OB 6em THB, OB %E Fig. 2 (b) iTRT#
RHRR (h2oREA, ZEPSISE T TIIHRE, 180ED» 5360 ¥ CHILER)
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Fig. 2(a). The two-dimensional large-fish-scale model.
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Lift
® 0° 180° 360°
Cam — Angle of Cam-shaft revolution.

Fig. 2(b). The cam diagram.

Fig. 2(c). Photograph of experimental apparatus. The two-dimensional large-fish-scale model.

WICTIRFIT E5, e KRR S3mm, IROWBEH, HFETHFICARTT S) 2R>0 2 Z2FH L
T, BB Z0 -0, MUBMREANZO N TABITHEAEICLTHS. 3D
ARFENEFNI20ME5ET S LTHD, TOFM, BRI KN & 8T 6mm, M7 120
JE TR A O BOR Ui 217 Feas ik 5. W, BEosMliciZ o RRicleT, JES
0.06mm @D = — iz i, RO EZ Y 6em DE/HFICHE = — WBEHT DAA T HES
+TH 5 (Fig. 2 (¢)).

MNOTARIE OKFELRL)

RO KON (T & 2D FA) ZaliAbd 5 I TRERE D &
W7z,

FER T I EMAICER 0.2mm O [A&HERZE L, CThE Smm BRI » 7 Rk
P 6em D FTTIKTITEE,  ERRIZKEO KD RN Z TS 10 ERITKRE S BEITRE 16cm, K
dem DHINCENS - 72, KFELGLO AT, W45 i 0 B 2 W i A I (PAD110-5) Z i
FI U AR [ENC B3R R E 100~110V, it 0.1~0.6A Z i L7z,

& Al E
i B BH I 5 1910 968, 0.46%, 0.32F, 0.25%, 0.20%, 0.17# % 3% & L, Motor )ik



Wl e ARG - BOK  BEEhET T IT X B ss A o EPEIC DL T 195

£ D208, 408, 60%, 80, 1008, 120F et fEiC 1 #p IR T <ov 2 WIEZM L, K#
Mt E i U, FHEMEICE D KRR O K S 5 5 it 2 RO #i I RTE D S D it it i Bl
SaME Le (Fig. 3 888).

Fig. 3. Photograph of flowing pattern in water channel. Scale period 0.96 sec.
ASA 200, 1/8,6 1:0.1 amp., E: 100 volt.

ZD#% 54, 104y, 204y, 304, 404, 504>, 604> etz (LA Rz (Table 1
(a), (b); Fig. 5, 6 B8). it it sk Il 5& O 5L I BN PP D S BA LI LT, K2 KR
0B O & T2 KO GEHZHY , BISEEH3BEH A REX » Bom, 10em, 15em & L1z, XUk
Btk 1 R & COWHENEITH T, WICRI O s LA M2 72 DB BHEH R0 0.4 7
TOM A EREE T 7. M5, Motor AEIIEL V104>, 204+, 304, 404>, 5043, 604> LK
131 IR IT K FR S0 % F6 2R & il fEdB IR 2 D sk 45 (k& kb 7o (Table 2 B8) .

KERMHEOESEGHTHRAIND 720IC, WS EBS DREHIT Lem [ D 718 H k%
AEMITHL BN TN S,

TRBIEDRIE

RN IR %8 4y (TOYODA PMS-5) & ffifl U, Fig. 4(a) 1TR 3 kI 6 a5 2%
(THA-D 2@ LT, B4 v ns 5 7 (TYPE-2901) Tilsg L7z, XIEHEHss4s
WSEMRPHICRE T B, Ny FTHEL, 202 33em, #i 2om, JEA 03ecm DT 7))
MARD T — 2T £ 7z, PGE TR O K B 5T & 2 Sl o & Bk, SR o rp e gk
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s$1kn
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Pressure D.C. Amplifier Osscillo-Graph
Transducer Model THA-I [ | Type — 2901

Fig. 4 (a). Pressure transducer of miniature type semiconductor: Block-diagram showing
pressure measurement.

Fig. 4 (b). Photograph of experimental apparatus (for measuring the dynamical

pressure of current).
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B 6cm DI &L, @RES lom OFICEHERBFERFICHE L (Fig. 4(b)). X, No.
1, No.2 O#REFOEHREICIE, TLEOHBROMHAOKBEEZEL, T HOBRDORK
KEESKENERBORMEADOEEYERBLI12EOHKECHRE L. W, No.3 DR
%75 D P ER O FE % #1831 HE BRI ICORTIC I S e 7. R BARA A 40.60%, 0.40
#, 0.30%, 0.24%, 0.20% D 5 BEBIT>WTHRBIEZRIE L7c.

HEHEIEHEICEMEER L LT, KIE 6cm, 9cm, 12cm DFXFITE T 2 KEETEF
3, KOBEE p (g/cm®) L UT, KAL3em OESZE%E 3pg (dyn/cm?) ITHA 5.

ZRHMETARGELOEBARDPSOEMNER acm LT3 LENEREREHHO
BIFE 13 3pog X ZE AL (cm)/a (cm) (dyn/cm®) RPITIE, EHERBZOREKE 6cm DZh%
HEEEHBEE U,

3. REEBRRUER

@D quick return EFICL VHEAFEIRC DKSBTEE (BETREALSEDHTN) %
BH5, ZOROKENOBED 1 FIEKESRBFECTHRILT S & Fig. 3 L5, Co%He
AR D BEERIC L » TR FOEEER LML LOREEZ Y A HHARHEEERX 5
f~F 6cm DHI=Y FTHo7z.

KRB RMICE T 5 HED HELE S % Table 1(a), (b); Fig. 5, 6 ITRd. &£8K

Table 1(a). The relations between the flowing-speed and the time elapsed in
each scale-period.

Measuring Points

Time
Scale Period Elapsed E F G Mean
(sec.) (min.) (cm/sec.) (cm/sec.) (cm/sec.) (cm/sec.)
5 4.5 3.50 4.75
10 3.0 4.00 4.25
20 3.75 3.00 3.50
0.96 30 2.75 3.25 5.50 3.94
40 3.00 5.50 5.25
50 3.25 4.50 4.50
60 3.00 3.75 4.25
5 4.00 3.50 4.50
10 4.75 6.25 6.75
20 5.00 5.75 7.50
0.46 30 6.00 6.00 7.25 5.83
40 5.25 6.00 6.75
50 4.25 5.50 8.50
60 5.75 6.25 7.00
5 5.00 6.00 7.00
10 7.00 7.25 8.00
20 5.00 5.75 8.50
0.32 30 6.00 6.50 8.00 6.95
40 7.00 7.00 8.25
50 7.00 6.25 8.25
60 6.00 7.75 8.50

E: Measuring values at the points 5 ¢m away from the scale-wall.
F: Measuring values at the points 10 ¢m away from the scale-wall.
G: Measuring values at the points 15 ¢cm away from the scale-wall.
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Table 1(b). The relations between the flowing-speed and the time elapsed

in each scale-period.

Measuring Points

Time
Scale Period Elapsed E F G Mean
(sec.) (min.) (cm/sec.) (cm/sec.) (cm/sec.) (cm/sec.)
5 6.50 7.50 9.00
10 6.50 7.50 8.75
20 6.00 6.00 8.00
0.25 30 5.50 8.50 9.00 7.83
40 — 8.00 7.00
50 — 7.00 11.00
60 6.50 8.00 11.75
5 7.50 12.00 12.00
10 — 11.50 —
20 — 9.00 —
0.20 30 6.00 11.50 9.75 9.88
40 — 12.00 8.50
50 — 9.00 —
60 — — —
5 14.50 11.50 11.50
10 8.00 9.50 12.25
20 8.00 7.00 9.00
0.17 30 — 10.00 8.00 9.22
40 — 9.00 8.00
50 — 8.00 10.00
60 7.00 8.25

E: Measuring values at the points 5 ¢m away from the scale-wall.
F: Measuring values at the points 10 ¢m away from the scale-wall.
G: Measuring values at the points 15 ¢m away from the scale-wall.
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Fig. 5. The relation between the time elapsed and flowing-speed at each scale-period.
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o------0 Scale period : 0.96sec
Oo———-an ” ” 0.46 ”
B— — —A v "’ 0.32 ~ -
*~—-—o - ” ” 0.25 ~
—--—a " ” 0.20 ~
...\~ y ” ” 017 ”

—
o
1

—— Mean flowing speed (cm/sec)

000 20 30 40 50 60

—— Time elapsed ( min.)
Fig. 6. The relation between the time elapsed and the mean flowing-speed at each scale-period.

PARRIIC B ) 2 FEiE CIIRARMIc L ARENMBZED ShS L. X, SREEEN
0.20sec, ¥R KFEHE 9.88cm/sec £ TIRAMBEN LB, SHBOFEE ML TN
5%, FABARM 0.17sec LITFICIS 5 LMICERRRIIBMY LTS, 2O Mb 384K
WAEL 185 LMK TH B DBIROBBERE LKOBEIC L B7cb ATk - TERITIE
BIROHMAER BRI ITOh TR D EELZ SN B,

B 1 RELUBROREZEMZFTARS DT> e BEERDO#ERE%E Table 2 TR T. 54
WBRFHEREROTFETH - 7228, BREXHOBEBICK S H L DEFENHEL {, X Motor
DBBICK B MED AR EED I OASRHTERE T LG X 352 HBITH -1z,

— R ICIKER 6cm DK T Motor (AN, ¥I3ATHBUIAYD, HEEE T CHINEE
L1 (Fig. 5 28).

RICHBE D Hl E 45K % Table 3, Fig. 7 1<77d. No. 1, No. 2 D845 TI3FA L 2 B,
BB ABEICL/3 (IR D %M T 2mm) 2P EWTE Y, No. 3 DEERD #5854 1CH
L2HEBAETHS. COXINEBOMKEL, No. 1, No. 2, No. 3 oIz Zzhzhd L
DOBBEHNRIT->TEBY, CORTHOBOEN DV IGENEEAEFTS DIL, No. 2 K
EEZOND. COBMEBOKBEL, SARFBARY 0.40sec 25 0.30sec TABITH AL,
0.30sec &> 5 0.20sec AT THA LTS, ZIIFHEEMEDF TR~ B ICHITOR TR
LKRDBEIC L B7cb ATk » THRVHBAERERFIICIT> TR D EELISN S,
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— IR EN 85 LHRBE (EF) BHEMTs. AbROHKERYDAMDHKET
W DFEBLENRY, CRVOAMDKRETHLORBICTAPHICES, WHWS quick
return EHZTHEENORELKBD OGNS, —F, FHRERLLTIT -7+ IRIKEB
HEHOOTHATD quick TRTIDBOHOBLL slow [TRTZNBEINBZFU(RE
U7 quick TR DN, WbWAHEATNELE L THAESEMLD SHT,
CORRICHMBERTIRIBEICL A HNORENBDONIBR U TEBOERADHETIIL
DRITISBEDD, 1MELTLE20cm ODa4%2y vy y 1l BRETSHHEBL, HEEd
FroRBTERAPITHNT, F KRBT AICHI208 6%, BihS ¢/ (Fig. 8).
ARMICIZBREITCENVK2/IBEOERY2HD, AlicH Lol LcEBliEEZ b5

Table 2. The relations between the flowing-speed and the time elapsed in the 0.40 sec-
ond scale-period.

Measuring Points Measuring Points
Time Time
Elapsed E F G Mean Elapsed E F G Mean
(cm/sec.) (cm/sec.) (cm/sec.) (cm/sec.) (cm/sec.) (cm/sec.) (cm/sec.) (cm/sec.)

10 min 7.50 9.50 8.75 8.58 21 hour — 6.50 9.25 7.88
20 9.25 8.75 7.25 8.42 22 — 8.25 8.25 8.25

30 9.00 9.25 8.50 8.92 23 — — — —
40 7.50 5.75 8.00 7.08 24 —_ 6.75 9.75 8.25
50 9.50 8.25 8.00 8.58 25 — 7.75 8.00 7.88
1 hour 9.00 8.50 9.50 9.00 26 — 6.00 6.25 6.13
8.00 7.75  10.50 8.75 27 — 6.00 6.75 6.38
3 7.25 9.25 9.00 8.67 28 — 6.75 8.50 7.63
4 8.50 8.75 7.00 8.08 29 — 6.75 8.00 7.38
5 8.50 9.50  10.00 9.33 30 — 7.50 8.50 8.00
6 — 8.00 11.00 9.50 31 — 8.00 8.25 8.13
7 — 9.75  10.00 9.88 32 —_ 7.50 8.75 8.13
8 — 10.00 9.75 9.88 33 — 7.00 6.75 6.88
9 — 8.00 10.25 9.13 34 — 7.00 7.00 7.00
10 — 9.50 10.25 9.88 35 — 6.00 7.50 6.75
11 — 7.75 8.75 8.25 36 — 7.00 7.25 7.13
12 — 11.75 9.25 10.50 37 — 5.75 6.00 5.88
13 10.50 9.75 9.50 9.92 38 4.50 7.25 7.50 6.42
14 — 7.75 8.75 8.25 39 6.50 7.50 8.25 7.42
15 7.50 9.25 9.75 8.83 40 5.00 6.50 6.50 6.00
16 — 6.00 7.50 6.75 41 — 6.50 7.25 6.88
17 — 8.50 9.00 8.75 42 5.50 6.50 7.50 6.50
18 — 8.50 7.50 8.00 43 — 8.75 7.50 8.13
19 — 8.75 8.75 8.75 44 — 6.50 6.50 6.50
20 — 8.75  10.50 9.63 45 — 5.75 6.00 5.88

E: Measuring values at the points 5 ¢m away from the scale-wall.
F: Measuring values at the points 10 ¢m away from the scale-wall.
G: Measuring values at the points 15 cm away from the scale-wall.



Hrly - Z8BGA - BoK : SEEESTIRIC & AHERED TR DL T 201

Table 3. The result of the dynamical flowing-pres-
sure in the respective measuring points.

Dynamical pressure of flowing in the
point @ of No. 1 scale backward.

Scale period Pressure
(sec.) (dynefcm?) (gr.wt.jom?)
0.60 2816.0 2.9
0.40 4113.8 42
0.30 7199.2 7.3
0.24 6195.2 6.3
0.20 5117.8 5.2
Mean 5088.4 5.9

Dynamical pressure of flowing in the
point ® of No. 2 scale backward.

Scale period Pressure

(sec.) (dyne/cm?) (gr.wt./cm?)
0.60 3868.9 3.9
0.40 3868.9 3.9
0.30 6856.4 7.0
0.24 6023.8 6:1
0.20 5950.3 6.1

Mean 5313.7 54

Dynamical pressure of flowing in the
point © of No. 3 scale backward.

Scale period Pressure
fsec) (dyne/cm?) (gr.wt./cm?)
0.60 5276.4 5.4
0.40 5468.1 5.6
0.30 5583.0 5.7
0.24 5723.6 5.8
0.20 6043.0 6.2

Mean 5618.8 5.7
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Fig. 7. The relation between the dynamical pressure of fluid in each scale shutting backward
and the r.p.m. of cam (or scale period).
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Fig. 8. Photographs of the features of fish-scale on the concave and convex body-surface.
(Cyprinida)

P D SR HDOMY 1 0.5mm MDD EE TlhNTINE. 24 O, ix<iabqil
BTk > THE D SN LA, HN T, ZORE THOICL/28)E () 3mm) DX
U2 DA U2 S 0 o i D E S KD BRTIRE F AT S WRETED H 5 .
LhbZOBERENO LR LU THERETOBLRTH > TEREDEE TS MONENKIRTE
TRZOENTH UTKDIFEN BIEM L TODRTHED RO AT DT, RUTRES D
ZNER UMD ES PRBABEOVERETH S .
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4. #& E]

BB RBRIIC B B ORE LB EZ I3 FICX D hORERED SN, £
DRPAENRE, BRSO ENI#E <, KK 7199.2dyn/cm? (7.3g &/cm?) OFHBE (HEH)
ZHELT.

ARl D RT3 BAA A 0.96sec TFEH 3.94cm/sec, 0.46sec T 5.83cm/sec, 0.32sec T
6.95cm/sec, 0.25sec T 7.83cm/sec, 0.20sec T 9.88cm/sec, 0.17sec T 9.22cm/sec D FHiHTH - 7=
X% CRBIE (HEH) ZHE LcksR, No. 1 0kl T3y 5088.4dyn/cm?,
No. 2 D8 H#: 5 T3 5313.7dyn/cm?, No. 3 D 817 5 T id 5618.8dyn/cm* DK XX TH »

1

SOKBE DK I IETI S, #I3 THBR LAY, HEREE THIONZELE.
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