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On the Water-Flow in the Open Channel induced by the
Peristaltic Motion of the Inside-Walls I

Hiroshi NAKAYAMA and Yoshikazu NARASAKO

Abstract

The pumping effect to push the water towards the progressing peristaltic wave is to be caused
by the peristaltic motion of the inside-walls in the central open channel.

For making use of this pumping effect (Reynolds Number : 10° order), two devices for generating
peristaltic wave were set-up on the central bottom of the box-water-tank by the authors ; and the
variations of the induced water-flow in the central channel were examined with the following re-

sults obtained :

1. When the amplitude ( € ) of the wall was 0.5¢m the maximum flow-velocity (V)
was obtained at all the measuring points, while when the traveling-wave velocity ( ¢ )
was 30cm/sec it was obtained at all the seven amplitude ratios ( @ ) along the channel
walls.

2. When ( C ) was kept within 30cm/sec the lesser was the amplitude ratio the high-
er was the pumping effect ; on the other hand, when ( ¢ ) was promoted beyond 35¢m/
sec the bumping fluctuation of the surface water came to be more violent, letting the
pumping effect become lower.
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Fig. 1. Experimental apparatus and measuring points.

Fig. 2. Peristaltic wave generating devices..
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Fig. 3. Peristaltic wave generating mechanism.
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T&5., BB I LEETHHRPITIEBERRT 5120, =— VX7 v 72RO
JThD. FABIMESIE 48m, BE 12om, TABHORREIZIZE S 0.5mm DKEE
LEZ— VPRS- THB. COHABBERELBEDO LTICEX 100em, 18 17cm, BX 1 om
OFRENELZ TN ENRONT, BEEZES Lmn OT 7Y VIRTRO BV TH5. HE
OFRBEEABRREERB ZFER L TR Y TEHERTKEOFLIE V (onssec), EA pa
(kg/em?) DBIEIL FITHENDOAIRILZ T, V, pa il DVWTWH H Z2FNEN 6,7, 9, 11, 13,
15,17 em IZE AT, C% 20~55cm/sec (5cmisec BE)E UTBIEZITH 12  BIESHE LTI,
FABRREIRDAL & O AKFEREFIRITIHS T 12m (1 HEBRK) Z&iC A, B, C, D,
ED5KR%2HY, B2, ZNhZNDORIIBNT, KETH 3,65, 10cm D 3 S % BOEHI5A
& Utz JKIEKE R 13em TH B (Fig. 1 B8).
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Fig. 4. Test pitot-tube

KEEDKPFHENDREBEZMS 12D ICBRTIREICL5TTREZTo. bL—H—&L
Tu—43v B (), 1 v/ (&) 2#HLL. 0—%3IY BRATHEVTHERATS
DTHEMPKERUTHSD, 4V 71 3KEDBHENKE SKERKRBDTT VI -V %
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Table 1 (a). The mean flow-velocity induced by peristaltic motion of the inside wall.
Reynolds Traveling Amplitude Mean induced flow-velocity
Number wave ratio (cm/s)
velocity
Re C a Measuring Points
(=Celv) (cm/s) (=H/2¢€) A B C D E

6 7.8 8.2 10.0 10.2 11.0
7 7.6 7.7 7.6 9.0 10.3
9 7.4 6.8 6.4 7.7 9.2
0.87X10° 20 11 6.5 6.1 5.4 6.6 8.7
13 5.9 5.5 4.7 6.0 8.1
15 4.8 4.6 6.2 5.3 6.6
17 5.3 5.6 5.3 5.8 6.9
6 12.4 11.8 12.3 14.3 14.7
7 10.8 9.8 9.9 12.7 13.9
9 10.6 10.8 10.4 11.8 14.8
1.09X10° 25 11 9.4 8.8 84 10.4 12.0
13 9.0 8.3 9.0 9.0 9.9
15 9.4 8.4 7.7 10.4 11.4
17 7.8 8.9 8.2 9.1 10.8
6 14.0 12.9 11.8 15.3 16.2
7 11.9 11.3 11.8 13.3 14.5
9 13.3 12.9 12.5 14.5 16.0
1.30X10% 30 11 12.9 12.7 11.6 14.0 15.6
13 12.5 12.3 11.9 14.3 15.1
15 11.0 10.6 10.3 11.6 14.9
17 9.9 10.1 10.2 11.6 13.4
6 10.4 8.9 9.8 11.0 12.3
7 7.1 7.4 7.8 9.1 12.4
9 11.9 9.9 9.7 13.1 13.6
1.52X10° 35 11 14.0 11.8 10.3 14.3 15.1
13 11.6 10.6 11.4 12.3 15.5
15 10.5 9.3 9.6 12.7 13.9
17 9.1 7.7 8.5 9.7 11.7
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Table 1 (b). The mean flow-velocity induced by peristaltic motion of the inside wall.

Reynolds Traveling Amplitude Mean induced flow-velocity
Number wave ratio (cm/s)
velocity
Re C a Measuring Points
(=Celv) (cm/s) (=H/2¢€) A B C D E
6 8.4 6.7 7.3 10.4 12.9
7 6.1 6.1 6.9 8.7 11.2
9 6.8 6.1 6.7 8.1 9.4
1.74X10? 40 11 6.7 6.9 7.3 6.7 7.7
13 6.9 6.2 6.1 7.8 9.9
15 7.0 6.4 7.2 6.7 8.9
17 7.6 6.2 7.8 8.1 9.9
6 8.6 7.0 8.3 10.9 13.4
7 6.2 6.1 7.5 9.5 11.3
9 6.5 6.3 74 8.6 9.9
1.96X10? 45 11 6.9 6.1 6.2 7.2 8.6
13 7.1 6.4 6.9 8.0 9.5
15 8.7 7.9 8.3 9.9 10.2
17 7.3 6.4 6.3 7.8 8.0
6 8.7 8.2 9.7 12.3 14.0
7 7.6 7.1 8.0 10.3 12.9
9 8.5 7.7 7.7 9.9 10.9
2.18X10° 50 11 8.2 6.9 7.3 8.2 9.3
13 8.9 8.3 8.5 8.4 10.4
15 9.9 8.6 8.6 10.2 11.3
17 9.5 8.7 8.4 10.1 10.9
6 8.2 8.2 9.9 12.7 14.0
7 8.5 7.9 8.8 11.7 13.7
9 8.9 8.1 8.6 10.6 12.1
2.39X10° 55 11 7.6 7.0 7.3 8.3 10.1
13 9.2 8.1 8.6 9.0 11.1
15 9.4 8.8 9.4 10.0 10.5

17 10.2 9.1 9.4 10.1 11.3
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Fig. 6. Amplitude ratio and the mean induced flow-velocity at E point.

UM LA ® 5 (Fig. 5 2M8). 12, C 20~30cm/sec DT @ 27 T513E V ik
—RICHEMT BEEICHSB. UL C 35embec 12125 EZNIZERN, C 55emfsec T @
ORAICHBI LTz v OEINE 17 5750 (Fig. 6 8R8).

Xz LB LB INTERIBVTHREBO—FOME %z &L ¢, thFOREzZ &
AEES X € 12BE, REAOFROERILILOEIS ICERER, BSOS ICHRER L4
U, FHOREBOWK GETEEEDOEK, RIBLORD) &HITHERBEEBALL ZVFALRA
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BWERICHS. i, KEEOHIX C 30msec £ T C &3 FRBEORE THisHS,
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35cm/sec A EITi2 B &, KEFMOEIE C KBRTETZORVKED L TEBHSHL < s
DFENEZELT VIMETT 5.

pd DRFEICODNWTIRERUT 575 —/NEENEBRBDOT— I BEPRRETIEH -
fehs, RN VR, RESERLKEEBV/NEV (Fig. 7 £8).
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Fig. 7. Induced flow-velocity and Dynamic pressure at the respective measuring points.
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REEBIONTIMESWEK E ATRED V &% (Fig. 8 28).
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Fig. 8. The mean induced flow-velocity at the respective measuring points.

—iRICE A BIEEIC K BIKEEDBRAMIERR%Z > < 2 A THEDOETAMEEAAROTEN (IE
W), 1z, BNHEEZ S 2HETCHOETHARMERIFMOTRN (HFR) 2£ L, V
DEMME FITHRFBE AL 2 2 @M H 5 (Fig. 9 (a) EHR).

ZDBHE, WO LIRS RIS ORI ST AN OIS KE <L o7 T,
DFRDOEH %Z5 L (Fig. 9 (b) BR) 2L U TER, 5, RE~MAL D OO LR
BEEEND (57 MEK).
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BHICREFIU IR Y 71EH, METhISHNORELZRHLESTE. L L, HRED
BAED» ORHBCEZRNOE(LIZE OO THERE TSR, BICHFMLERRFTOLENSDH
0, TABKRELEE, FICH LABBO/NEL, RER(LIC KRB AMEERZFHE U THRE
ZEDHTITE L.
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—> C : Traveling-wave

O a :11, C:15cm/s, surface © a : 11, C:30cm/s, surface
ASA 400, T :1/15, Storoboscope : 7200r/m  ASA 400, T :1/30, Storoboscope : 10800 r/m
Tracer : Aluminium powder Tracer : Aluminium powder

—> C : Traveling-wave

Fig. 9 (a). Photograph of flow pattern in the central water channel.
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—> C: Traveling-wave

a : 11, C:20cm/s, Middle layer
ASA 400, T :1/250
Tracer : Rhodamine B

Fig. 9 (b). Photograph of flow pattern in the central water channel.
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