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On a Mean to Reduce Excited-Vibration with the Sloshing in a Tank
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Summary

Few hydrodynamic vibration damper have been developed. As far as the authors know,
one is the U-type hydrodynamic vibration damper developed by the NPL of England, and
the other is the spring and hydrodynamic damper devised by the authors. The former is the
prototype damper for the actual war ship, and the latter is model. Recently Bauer showed
that rectangular container filled with two immiscible liquids is very available for reducing
vibration. :

This paper deals with experimental and theoretical investigation into a method to reduce
vibration with the sloshing in a tank. The authors carried out exciter test of the off-shore
structure model with the rectangular tank filled partially with water, and also calculated
damper effect of the sloshing with the theory, in which the sloshing is simplified into mass-
spring systems. The authors obtained the conclusion that the sloshing works as dynamic
damper for reduction of vibration and the above-mentioned theory, which was developed for
estimating dynamic strength of a tank on land, gives coupled natural frequency in good agree-
ment with measured one.
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Fig.3 S-type hydrodynamic damper (SHD model)
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Table 1 Experiment condition
Exp. 'S_-.tyoe hydrodynamic damper 0S model fy |
Nome (et 101(H2) | foalttz) L (mm) fultiz)Mn(0) !
P3-H (80| 8 | 2451 420 148
P2-H 100 8 1 260 | 365 1.58
1400 1.65 |3149
Pl-H 180 2 | 230 | 420 1.39
PO -H 1.45 | 285 0.88
P3-M 180 245 1 420 .09
p2-M | 100 260 | 365 100 l225 3188 (.16
PI-M | 180 230 | 420 ' ' 1.02
PO-M 1.45 | 285 0.64
P3-L 180 245 | 420 0.82
p2-L 00| 8 | 260 | 3.65 0.87
900|3.00({3725
PI-L 180 230 | 420 077
PO~L 145 | 285 1 0.95
B : Breadth fo1 : Ist natural frequency of SHD.
t : Thickness fp2 : 2nd natural frequency of SH.D.

fu - Ist natural frequency of OS model

NI | -El ectronic Library Service



The Society of Naval Architects of Japan
ERREES Y FIR L RE BT » EROTHE 427
CS/VA 61850 0S/VA
22183 f323.25H
sif <o-o- WH{mm)/VA(gal) 86} oo wH(mm) Valgal) |
fye163
73k 733 == 0S(gal)/VAlgal) =
TR 691 - 0S(gal)/VA(gal e
b=1C 4
54f )\ _ L-i400 WH/VA 0S model without SHO_"]
] \—os(i:"ldgs‘i:l'%“-g;—if‘-ga—w 100 5L (14=3.0,05/VA=154.8) D=10O(mm}) WH/VA
| f1=1.45 L=300(mm)
7 57
5.1 34 43
25
(7h 28
——> Frequency {Hz) L4
. 0 3 ! I
Fig.7(a) Measured resonance curve of OS~model 0 4 5 6

with SHD-model (P 0-H)

I'st — Amp. — Amp.
Li-o5 0 05 1 My g5 0 o5
: * (Patform) ¥
- (o) - (o]
fi=1.25 Hz [ ° f2=1.85 Hz °©
o (o) O
L fo) i e]
Platform/
-~ o
e
L { 1 J { 1
-1 =05 0 05 | 05 |

Fig. 7(b) Measured mode shape of OS-model with
SHD-model (P 0-H)

=11, L Tv=08 &1, HRDIIcEE PO-L
W, fp O2ERIEFCO W CHIBEDELRE LY S5 &F
5L DTHD,

2.2.2 ERFERETOEE
Fig.7 13 SHD ##okoEm WH & OS 8 -5

—> Frequency (Hz)

Fig.8 Measured resonance curve of OS-model
with SHD-model (P0-L)

v }7 x -2 0DB% OS oI & X O IR Iz 81
% OS HEDOWRE) = — F OEJF T T, HIBMEON
Wiz, SHD #ERER o 0S BE oEEIEE &k
BEExb P Lico SHD #E1% OS MR E+ 3 &,
WENER LC, Fig.7(b) DIRE)=— FOERFINFE
TEOK, 1RIEE®—- N2 2@0EEEH SR
Nbo ¥le, TOIRBEEORE INBRBEINCHL~NT)IE
(782> T, ¥/, Fig. 8 13 SHD EH oD 2 kiEH %
HELLUICHEOERMELR LT B, 20 &,
EEDVECEE LIBHER EAETHY, 2e.,
vV SRR LB RIESRARRETH D 2 LR LT
Z)O
Table 2 2 SHD BBl OBRBRIB OERER Y E Lo
TETHD. ARFORLES W o, £V A —3B E,
FHIRIGEL Ry 12

“:(fz—fl—[fH"'fDD/fH

E=(1—A;]Ag)x100

Ry y=A; /Ay x100

(1)

Table 2 Experimental result

0 Name ?;ggg setting damper|  Afrer sefting damper mgde! Responsie ratio |Damper Spring off Freq-fatio
(b Lanthond 12) | i Limbon) 621 iontr | R! ()] Re (o) | S8l 119100 1) (v
P3-H 245(1.60{58.09} 245| 2.89|27.30| 7924 | 3.95 | 62.76 | 0.030 | 1.48
-P2~H -165 23| 260([1.70(16.152651 1.47{10.17 | 22.03| 200 | 86.13 0 1.58
PI-H T (230 [160]50.73|2.35 554 | 970| 6920 755 | 86.77 0.165 | 1.39
PO-H 1.45]1.25| 7.88] 1.85[91.27| 326 10.74 |124.51 | 95.55 | 0.242 | 0.88
P3-M 245 [210(50.93| 255 |30.l2| 6.18| 5842 {3456 929! | Ol 1.09
P2-M 225 |87 18 260(225) 875|265 8.79? 8.75| 10.03 | 10.08 | 8997 | 0022 | 1.16
Pl-M 230(2.10113331255 |26.01! 251 1529 (2983 | 97.12 | 0.198 | 1.02
PO- M 1.451.40| 450|245 (15770 658 5.7 1180.90| 9246 | 0.1 1| | 0.64
P3-L 2451220/ 269,325 6407, 760 1.74 |41.38 | 95.09 | 0.167 | 0.82
_PZ-L 13005425 260 1245| 3231325 4548) 494| 208 | 2937 | 9681 { 0.133 | 087
P{-L 230 (220] 259]320(51.36| 689 1.67 | 3347 | 9555 | 0100 | 0.77
PO - L 285 (280|481 |325]8661| 596 3.10 | 5593 | 9615 | 0100 | 0.95
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Table 3 Measured and calculated natural frequency
of SHD-model
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Fig.17 Measured and calculated resonance curve
of OS-model with SHD-model (P 0-H)
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Table 4 Measured and calculated natural frequency
of OS-model with SHD-model

Natural - frequency Data for calculation
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