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Basic Tests of a Twin Hull Ship Model with
a Peristaltic Wave Generator — I

Hiroshi NAKAYAMA

Abstract

The peristaltic motion of ships has a pumping action to shift the fluid in the watercourse in the
traveling direction of waves. With a view to utilizing the pumping action for engineering
purposes (Reynolds number : order of 10°), the author performed measurement of induced flow
velocity, hull resistance test, and quasi-self propulsion test by use of a twin hull ship model
equipped with a peristaltic wave generator on the inner wall, and obtained the following
information :

In the case amplitude ( & ) was 0.5cm, the mean induced flow velocity was highest when
amplitude ratio ( @ ) was 6 and travelling wave velocity ( ¢ ) was 60cmsec, being 14.1lcm/
sec.

It is presumed from the hull resistance test results that the total resistance of the hulls was
4.26gr and effective horsepower (E. H.P) was 43.9X10-7 P.S. when a was 6, ¢ was 70cm/”
sec, and ship velocity was 7.73cm,/ sec.

The quasi-self propulsion test results show that induced flow velocity and ship velocity
increased with an increase in ¢ regardless of @, suggesting that ¢ has little effect on the both

velocities. Ship velocity was highest when a was 11 and ¢ was 60cm,/sec, being 8. 23cm./ sec.
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Fig. 1. Experimental apparatus and measuring points.
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Fig. 2. Generating devices of peristaltic wave.

BOEBEE (3B, 11,7252) 2N UL C, BEKICKY, BREIxN S LEHZHEORG S L
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Fig. 3. Peristaltic wave generating mechanism.

pIZDONTIIE, HE2ENFN6, 7, 9, 1leniCE X T, ¢ 220~90cm, sec (20~55cm
/'sec 13 5cm,/sec B, 60~90cm, sec 1310em/ sec BX) & LT, BIEL. BIESIL,
FABFEREROAO LY, KEREFIRICH-T, 12an (1 HEEMR) &I, A, B,
C, D, E®O5R%2HY, B2, ZhFhOmIcB T, KETH 3.5, 7.0, 10.5em®D 3 &=
BB, FH5HE Urz. KIEKEEIX30.5enTH 5.

v DRIFEITIE v—303BIREET (7TOXTE 120 mmg, TN IW, 4BOPR, HRHEFE !
BE—+—) IC AR, BIEEHA : 3 ~100em/ sec ; FoEET A D ~» ¥ : BEHEGETA, 417,
NVAK/ B, FYINER) #2FERLE.

WIZEILL, viZ2WT, HZZhEh, 6, 7, 9, 11emiZZX T, ¢ %#60cm/ sec &
UTHIE L. BIEMIE, TABEEEROAOLY, 120 &K A, B, C, D, ED5
WEZEY, B>, #hEFhOMEICEVT, REEOHMIC, SABKEORAELY, 1
R <T, BIER a b ¢ LV, KEHFEIIKE &V 1lenE TOFEX %0. SenfiIRICE -
7z (Fig. 4 88). 2D v ORIFEITIE, SV— 3 W BB/NREHFHEET (79 X5 3 mmg,
AT v VAR, SHOPR, HRHAEK | FRIMREERL, BIEEEHE © 2.5~100cm,sec) % fE
HUf.

KBOFHNDOREE BB LI, 57 MNEEGRAIREX & HRnOTRL" % A%H
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K&t TEZHENOREZQEOBRAZR, S, E T4 D A FITNDI. ¥ 7 Mg, £ 4em,
B0, 3mDRERZHV, BEICIET—-5 3V B (KEe) ZKTHEMLT, FL—HF&UT.
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Fig. 4. Experimental apparatus and measuring points.
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HEmMARIE, 8, TuXSLLT, HZEFNFERE6, 7, 9, llmiCE X T, c 40, 50,
60, 70cm/sec & UT, HABKREXBOACAMS E1. HEOHIFEIL, &7, BEAM
ZEplL3E, FTED cIZEDET, TABKRZRAESE, BEHEI— X, 0~200cnDRELE
it & R & EGTY IS RO S R 1.

FOEREEIL, KT v yax—F—, BHfEHER, R La1-5FD322H5bebDT
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Table 1 (a). The mean flow-velocity induced by peristaltic motion of the inside walls.

Reynolds ’I‘r:\:-\:/l‘ieng Ampli.tude A BMeasurnég points D E
nug: - velgcity railo Mean induced_ flow-velocity
(=Ce/v) (cn/sec) (=H/20) (cmysec)

_ 6 - - - — 14
0.87x10° 20 ; - - 3 - -
11 - - _ _ _

6 - - - - 5.8

1.09 X 10 2% ; ) B - - -
11 - - - _ _

6 - - - — _

1.30 10 30 ; 5;6 - 4_5 - -
11 - - _ _ _

6 - - — - 5.8

1.52 X 10 35 ; - - - ’_6 7.3
11 - - - _ _

6 - - 5.1 - 78

1.74x10% 40 ; - - - - 8?
11 - - - - _

6 - - 7.7 7.6 8.9

1.96 x 10% 45 (7) - - 6;1 8;6 10;3
11 - - - 6.8 .
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Table 1 (b). The mean flow-velocity induced by peristaltic motion of the inside walls.

Traveling Measuring point

Reyn(l:lds wave AmpliFude A B c D E
number . ratio
Re velocity o Mean induced flow-velocity
C —
(=Ce/v) (=H/2¢) v
o/v (cm/sec) : (cm/sec)
6 4.7 5.0 5.6 78 10.8
2.18x 10" 50 ; ~ ~ %5 %0 l(iﬁ
11 - - — - -
6 - 6.0 5.6 7.0 75
7 - 5.1 7.4 9.4 11.5
.39x 107
2.39%10 55 9 _ _ B B 12.7
11 - — - - -
6 7.3 7.1 8.7 10.5 14.1
7 6.7 6.5 7.5 11.3 12.8
61107
26110 60 9 4.7 5.1 8.5 10.2 12.7
11 5.3 4.5 7.1 10.2 13.2
6 8.0 8.8 9.9 10.8 13.5
7 7.1 7.5 9.3 11.3 12.7
3
3.05x10 0 9 5.8 5.4 65 92 113
11 5.4 5.4 7.2 10.5 11.1
6 7.7 9.5 9.9 10.2 12.2
7 8.2 79 11.0 10.2 12.7
3
34910 80 9 6.0 6.0 70 8.2 99
11 8.0 6.3 7.6 8.3 10.5
6 8.9 9.2 9.6 9.3 11.9
7 8.3 8.4 12.0 9.9 12.6
a3
39210 %0 9 8.1 6.4 79 10 101
11 6.9 7.7 8.3 8.9 9.1

RY TERAEEZZT, vOEZAELE. MAORAIERIIBWVTD ¢ 20~55em,/ sec DEHA
Tk a BWAEL 5B, DE, EEBHD v DMEIX 3 sec LT CERREE T REIER
AEEE EM B . ¢ 60~90cem, sec DEEHTIE, AIMD a IHBNTDH, HAR A HOHR
T, ¢ DEIMICEEY, v HENT AEAICH 0, FHEE E ST ¢60cm/ sec THRAL4. lem
Ssec E50, FhLE, cEEIMIE TS v OWEINE XS S0 (Table 1(a), (b)BH).
BIEA A, B, CTR, fAhdD allBNTH c DEINICHEST, v HEINT HEMEICH 5.
D ATIE, ¢60~70cm/ sec & ¢ DIWEIMICHEST v DEE 2B HS, ¢:80~9%0cm, sec T v
DEIZHAST 5 (Fig. 6 BM). E HTW, flhd e iZBWVTH, ¢:60em/ sec ETI, ¢
DEMICE-T v DEEEY, c60cm/ sec #Hx 5 E v DEIIED TS (Fig. 728).
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Mean induced flow-velocity ( cm/sec)

[ 1

20 30 40 50 60 70 80 90
C Traveling-wave velocity ( cm/sec)
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087 130 174 218 261 305 349 392
Re (€€ ) Reynolds number x10°

Fig. 7. Traveling-wave velocity and the mean induced flow-velocity at point E.

TIZBRKGBREEE BT, ¢:60cm/ sec ICDWVWT, BT AIE U IR % Hitis
DIYERELTELU (Fig. 8(a), (b)SH).

a6 DFE, BBEIXBOVTIEHWAL (B ME) »o5HR (CKHE) K2J T, vOER
&<, MEPREY, TAHEDOLHY v DEIRED, Thix2EE LT, EAHED» SR
BIEDHRRAI I N A 5KIEHEN, RHEE (EWE) TRAEZ5.

FETIE, v DEIRRARY SHHEHRE T, BBICHRTEL, —Bukh, EBT, v
DOfEIREL, WhiEElh TS (Fig. 8(a)BMB). X, MHMTHET 5L, a OEMFKIC
B5E vDERBDIL, BIZ, PE»HSEBIC, I TOENDE L (Fig. 8(b)BHR).

EFthAT|EICEHARL (57 b, BRE) OBR, RBOWIIZ, WA S
R TER L B TR, RERTERrP L LRRZEL TS, ABIEREKICERY
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C=60cm/sec, =6

Section B Section C

abcde abcde
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Section D Section E

abcde abcde
Measuring points Measuring points

Fig. 8 (a) Three-dimensional graphs of induced flow-velocity at the respective
measuring sections.
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C=60cm/sec, Section E
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Fig. 8 (b ) Three-dimensional graphs of induced flow-velocity at the respective
amplitude ratios.
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ntRETHAH. EREIEERD, TCIHEELTSE, BlnT, MEAOKIIHMETAAHL
Hah, BEIGEVRETHEA TV S, ERABER% Table 212779, fE# (M) 10 cm

Table 2. Results of the resistance test in the circulating-water-channel.

T li
Amplitude ravelng Ship Ship
. wave . .
ratio . velocity resistance
velocity
a C \%4 Rt
(=H/2¢) (cm/sec) (gr) (%)
(cm/sec)
10 10.9
0 20 43.3
30 92.0
40 174.7
10 8.1 —25.6
20 415 — 4.2
6 % 30 96.8 + 5.2
40 171.5 - 19
10 7.5 —31.2
60 20 44.2 + 2.0
30 89.1 - 3.2
40 168.4 — 3.6
10 7.1 —34.8
70 20 42,5 - 19
30 100.1 + 88
40 165.4 — 53

/sec KBWTIX, ¢ PENDFAEDL, NRIBEZ, dABESHIE L LICLY, HHW,
#25~34% DFEHHH b, FEH?20, 30, 40cm/ sec KBTI, FARELMET, HTL
LEPTHEEES V. ARILICE B E, AR E KA X ¢ 5REBHEO MEERH6311
~8022 7. p.m. (c:55~70cm/ sec) E@WIzodIZ, ZDREMERMSEITEDLY, BIZ
KEANERY, KEOHFNEEE ->T, BERERICKEL TV (Fig. 988R).

REMABRER%Z Table 310R Y. RBREEHEERED S, RPTHREICLVRERK
EZRe, TOREWH L TEEMOEE 2 KD 7. (Fig. 10888). ¢! 40cm/ sec D, a O
BOICLAEEDEIIKRTH AN, cHETIZONT, a DEWVIZED, ZOEII/NELS,
—f%iz, a BEANDFEES, HEIL c OEINCE->HEEL>TWND.

SENIEEEHE% 2 mICIRELRERTH - 125, 4k, EEZREL T ICEENRE
THETCIFINETHo1. X, CAIEBCLARY 7TEAZ, #HE U THIAL ER
ThoHLDH, ERHMIEETEEEX, £, TuXSELORETH-12H, HITLY, B
EUEh-12HE, tABESICRFONE-LEBEINS.
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Fig. 9.  Results of the resistance test in the circulating-water-channel.
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Table 3. Results of the quasi-self-propulsion test.
Traveling Amplitude Advance distance (cm)
wave ratio 25 50 75 100 125 150 175 200
velocity
a Time elapsed t
(cm/sec) (=H/2¢) (sec)
6 20.5 30.9 40.7 489 56.0 62.5 69.0 75.0
10 7 24.0 35.8 48.5 57.0 66.0 73.0 82.0 88.0
9 32.0 45.0 57.5 69.4 77.5 86.5 94.8 103.0
11 19.0 35.5 50.5 65.5 79.5 91.0 105.0 118.0
6 18.8 28.8 36.3 44.0 50.1 56.8 62.2 67.8
50 7 12.0 20.5 27.5 33.4 39.0 43.0 47.5 52.0
9 19.5 28.2 36.3 42.5 48.7 53.8 58.8 63.8
11 12.5 21.5 29.5 35.0 41.0 46.5 51.5 56.5
6 14.1 21.5 28.0 33.5 38.3 43.0 479 52.3
60 7 12,5 20.8 27.0 32.3 36.5 40.8 44.6 48.8
9 18.1 25.1 31.1 36.6 41.3 45.1 49.4 52.9
11 15.0 22.5 28.0 32.5 37.0 40.0 43.3 47.0
6 13.2 18.9 24.0 28.5 32.5 36.5 39.7 43.4
70 7 10.5 17.5 21.5 26.9 30.5 34.7 37.8 41.1
9 13.3 19.2 24.4 30.0 33.1 36.7 41.1 44.2
11 14.0 20.0 24.8 29.9 33.6 37.1 40.5 43.6
Table 4. Speed and power of the twinhull model.
. Traveling . . . .
Amplitude wave Time Ship Ship Effective
ratio . elapsed speed resistance horse
velocity
a C t Vs Rr power
=H/2 . . S.
(=H/2¢) (cm/sec) (sec) (cm/sec) (gr) (P. S)
10 2.32 0.31 0.96 107
20 3.49 0.77 3.58%1077
60 30 4.43 1.31 7.73x1077
40 5.25 1.91 13.37x1077
6 50 5.99 2.56 20.44x1077
10 2.81 0.42 1.57x1077
70 20 4.64 1.32 8.16 1077
30 6.28 2.63 21.95x1077
40 7.73 4.26 43.90x10°7
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wiz, ¥AMRER, BERFAROER» S, BIRHOHEEIT- 2. #ad5, #HE Vs TH
ENTVAE, MEOT—7OKERNHN Rr THbEThiE, MOLIBIICITE O ICE
THEH, Bb, 2ESEHCMOMEICERS WA EDBENIKRRTEAHNS .

ﬁ&‘j‘]%j} =RT(kgl X Vstm/sem/']s(kgm/sec» P.S.

Vs 3B MBRBREROME, Rr K20 Tid, EHRAER & 0k 1-EBK, Fig. 900, @,
®, QIEnEFNXET S Vs ZRAL TR, BHZEH U (Table 4 S). HEE
LT, bIsnTlEdad, KYTHRPEILERE DN, RAE.H.P. [ 43.90X
10-"P.S. (a: 6, c:70cm/ sec) %81

LEDE» S, KRERIZBNT, a OELICHT S Vs DBVICA SN BN, EHMIC
I3—B9 505, EEBHICEINTULH—HULEZVL. ZOEIIOVT, EROFREICLSE, O
v DRIETIE, REOHRBED s> Hziiny, BRUKER TN, BRICE > TR T 5.
QOFRBE— 5 —iZ L HMEORE. OREEMSSHBERLE LU THRTE 2. &%, B
MsHEt ZNA TERZHED TITE 2L,

£ #

1) {&RIE (e) 0.5emDFHE, ETEEE ( ¢) 60~90cm,/ sec DEEH T, M OIRIEH ( a )
BT S, FBREE (v) 1, MABTNIL, ARLLBRAICHEEI N, REFTRX
i, BEEMRSEDONT. a: 6, c.60cm sec DK, FIHRA(EL4. lem, sec.

2) BHENI, a6, c:70m/ sec, HET.73cm sec DR, IEHid.26gr, E.H.P. :
43.90X10-7 P.S. L#HEEINS.

3) EEMHABROEBEE, fAIND ¢ ICBVTH c DI, FEME, - THEDIHE
L, o OEWVIZEBEEZIZ/N, a:ll, c:60cm/ sec DEF, HBAIES. 23cm sec #1571,

H 33

AFRZITOICH R0, HEEEE - AER, BRREAE—HLICREOBMEEERY
5.

X Ly
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