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ABSTRACT

In the engine room and the aft part areas of the ship, there exist so many tank structures

contacting with fresh water or sea water or oil. If these structures exhibit excessive vibrations during

the sea trials, it takes a lot of cost, time and effort to improve vibration situation because the

reinforcement work requires emptying the fluid out of the tanks, additional welding and special

painting. It is therefore very important to predict a precise vibration characteristics of the tank

structures at the design stage, however it is not easy to estimate vibration characteristics of the
structures because of difficulties for accurate evaluation of the added (or virtual) mass effect due to
the fluid inside the tank. In this paper, numerical and experimental approaches have been performed

to present some fundamental data necessary for anti-vibration design of tank structures contacting
with fluid, by investigating vibration behaviors of rectangular tank structure for various water depths.
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Fig. 3 Measured FRF for ST(19z/19z)

Table 1 Comparison of analytical

and experi-
mental natural frequencies for ST (d/ H=0)

Natural Error
I\/i?ge Mode description frequencx; (HZ,)_ rate
: Analysis | “P (%)
ment
- (1,1) mode of tank
! (Simple edge behavior) 34| 65 | 474
- (1L1) in-phase mode of )
2 top and bottom 491 509 3.7
- (L1) in-phase mode of B
3 | poth side plates 53 | 580 | 49
- (11) mode of tank
(Fixed edge behavior of
4 top and side plates) 50 | 613 | -57
(Simple edge behavior
of top and front plates)
- (11) in-phase mode of ~
5 front and aft. plates 680
- (1,1) mode of tank }
6 | (fixed edge behavioy | 18 | 71| T4
- (21) mode of tank
7 (Simple edge behavior) 785 780 | 70
- (21) in-phase mode of
8 top and bottom plate 830 | 808 | 427
- (21) in-phase mode of R
9 | “voth side plates 867 | 892 | 29
- (21) mode of tank .
10| (fixed edge behavior) | 9
*Error rate = (analysis-experiment)/analysis X 100

ZagHs3EE=E™/A 128 A3 3,

Mode 1 (39.4 Hz,
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Mode 2

Wy
Mode 4

(39.4 Hz,

XY

Mode 7

(a)Analysis

(b)Experiment

Fig. 4 Analytical and experimental mode shapes

for ST
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Table 2 Fundamental natural frequencies of ST Table 4 Fundamental natural freque-cles of VST

for various water levels for various water levels

D i e Sl [ ety s o oo e s e e Liﬁ‘fﬁ

\\ Analy | Meas | Analv | Meas | Analy Meas Analy | Meas dIH=0) 2231 . 2125 225 ___’_& 7& o
Draft () | (Hz) | (Mgl (He) | (Hze | (2} | () | (H2) d/H=01 | 1531 | 1795 | 2236 204 |36
d/H=0 394 365|553 |580 | 380 | 613 | 491 | 509 aH=02 | 1395 | 159 . 295 270 34
diH=01 | 297 . 245 | 540 | - | 363|572 | 436 | 449 d/H=04 | 133 129.33 1798 1191 2180
JH=02 | 219 25 |25 | - |6 |55 |80 | ps  @H=U6 |5 1083 | 1509 Ll2 1%

. — d/H=08 | 1339 | 893 ' 132 1378 11410

d/H=04 | 211 176 | 472 | 508 | 382 | 361 | 501 | 450 de:O,% el e T 37 me 1 m
d/H=06 | 194 147 | 382 | 405 | 275 | 237 | 500 | 540 -
d/H=08 | 175 ' 139 | 333 | 354 | 214 | 178 | 495 | 546
aH=0%| 52 132 | 321 | 316 | 202 | 170 |88 | g Porom DaiiMede M1

Table 3 Fundamental natural frequencies of
HST for various water levels

“OModes | Bottom | Sides(1.1) | Sides (L1)
h . (LD (out-phase) | (in-phase)

) \\ | Analy: Meas | Analy Meas| Analy | Meas | Analy [Meas
Draft  \{(Hz) (Hz) (Hz) | (Hz) | (Hz) | (Hz) | (H2) |(Hz)

diH=0 11526 156019302009 275.1 | 290.0 | 1526 |156.0
d/H=01 1083 1144|1953 |196.7 | 2742 2&_-'3,5 150.4 {1644
d/H=02 | 915 916 [1925]190.1 | 2719 27_9.2 150.4 {1638 Sides Plate
d/H=04 | 753 816 1483|1651 |257.6 | 2618 | 1503 |162.1
d/H=06 | 650 ' 766 1210|1463 | 183.4|22.1| 1503|1580
d/H=08 | 572 706 |1096|127.2| 1795 2124 | 149.5|161.9
d/H=O.93j 525 689 |1048|120.1|1749 1553.3 150.4 1498

TOp(l‘l) Bottom Panel Mode, 242.5 Hz

de (Out Phase), 222.3 Hz

Sides Plate Mode (In Phase), 216.9 Hz

Table 29 HF 9 sl ME =QAHE(FH
T2 Wzl AR A F87F sle *Pa}tﬂ W ook &
Ao 1%k RE)o] ZfFat 4 Bl AG A
ettt EHree A9 #9071 “/}okﬁ o9

ARTo 3§ Fuvr 294 1sFu Ho} Sides Panel Mode, 365.7 Hz
Solie ¥ 4 A g

52 #ZHe] uiw s §Y
Table 39 &3 B B9 F714H 2 He

FHol W FREEY AP AFI A dojzl

FREFE Fsdet FAEE BYR g9

S oA doA %‘F‘Ei‘ Table 4o Ye}

Wom, old A%st= RE Fig 5o Udehlgl ol 371 FolA siXS A% & Agert Ad %
5%]]]"1 Hwd & Aty UAE ¢ 5 AU

gk Bk §39 A Table 3004 vehs: vk ek o Ak Bk i NS

oX. }Ll

Fig.5 Mode shapes for VST(zt «/H=0, air}

rir H
Ho
r‘ﬁ,

o
i
&
10

200/8t=2 233 =28/4 123 A3%, 20029



A B 2z 35 A

Jlm
oX,
2
r &
et
ra
-

53 F ool mE B wA 2 Al 5
FERE FAL HalA HE, Fx2 Tl 3
FA Well 257 AT )AL FrkE #
A Aol W A& Hol THAEFE Ag
ANFIA Bk AREY 2 BEE AT 40 oS
$7bE fA RE AF mio) B2 $71E 4A QY
A% BB o A ZEo] e o Ao 4E
=3
_ 1 ki 1
(fw) m,"l‘m; - \/1+Bi(fa)i,
m;
Bi= m; (19)
o714
(f): © AT Aol o] g%

],
(f)i + 37 MY = B

B iR REE] RE 744

F2REAY SrtE A4 A% EFHE LA
g3 4 2 4geld e T

$REFE o183
o 2 (19)d Y&l FaiR o 8 2 3)uksk

3l B
A% Badldel $E fA AWATE Fig 63
Fig. 791 247 Uepigion Fig sdl: sisznz
ozl FAYG wAR Ba9) 2h §A A
52 EAsGT
e 439 49 4%
Zo Bk A QYA
B g/H =040140lHE FW 99 AREe) g

14
—o— bottom(1,1) : anal.
12 - -6 - bottom(1,1) : meas. LL.ecb
—a&— side({out-phase) : anal. AT )
-g 10 - -& - side(out-phase) : meas. .
g 8 —o— side(inphase) : anal.
@ - ® - sicefin-phase) :meas. S
g6 a7
o]
§ 4
< 2
0
0 0.2 0.4 0.6 08 1

Draft/height
Fig. 6 Added mass coefficient of ST

ok

O}
o

Hl

—4— bottom plate mode
2= bottom panel mode
—tr side plate {in-phase)

+ side plate (out-phase)
=3 side panel moce

-

Q=2 NWAE OO NXXOO

Added mass ratio

o
o
[N
o
=N
o
o
o
™
-

Draft/height
Fig.7 Added mass coefficient of HST

—o— bottorn(1,1) : anal.
- -0 - bottorn{1,1)  meas.
—2r— side(out-phase) : anal.
- -& - side(out-phase) - meas
—o— sidelin-phase) : anal.
- <0 - sidelin-phase) : meas.

Added mass ratio

o =24 N W M e N ®

Draft/neight
Fig.8 Added mass coefficient of VST

#A AFAF7 F43] F7leA Hed ol R
TEHEZ fA4 &5 AL 2N EkE /A
F A7t A vehd] Qo= gdHc @)
I AF A3E vty AnFos APFAH0L 8
Adst o dd & e /A AEAe 3§
3 glen 95 % HE AEdA Ho 1L7H ARE
ASA#A7t A vehta doh

3 WS gadAM e FeeAvt 7Kgl o
gt FURTY] YrtE fA FARAST ded B
3 2% & ¢ Jded R WHH TZ.HJ
71-1}]7]- 20
" ®
ff.ﬂ 4°i -3

2o

oot
U‘.
o%
(o]

f‘i oy
Hr
_ir-\’i
e it o |

N
30
Rug

o

H
pane1 BES] A% 47 28 fA 2
Z7hgel A7 3% Fol 4 27 dehdx

Azizirﬂ—h
Ny

4 2y e

+2ZWsSsE /A 1248 A IS, 2002€d/201



4803549
gom oA Fig. 194 2 4+ U%o] stz 2w Tpo e
o BAAZF NE AdHe} ¥ AFEHI) dRPoE | T o
dvac 2| T —

e -.GC_.; 5 s topl1.1)

S
5.4 H Sel0l BE 24 sS4 g
2B fA% W3l NW ¥rkE 44 ¥ E o °

H2 A% Fus Aok tige} 7o) ZAvt b 8 2
7 Ha AA 717 s e AF SEe o) 8 4
of APHoE FFSE WA Bk B AFoAE @ .
AoA JAF3 v wel gy U 3hlek Bty 0 0.2 0.4 0.6 0.8 1
B30 st A oo wE FHAFE SH5 Draft/height
Ak Fig. 11 Damping coefficient of HST

e g4 Ha 79 g O FAse

AZAHE Fig. 99 Jeien 7|2 A% ZE=9l
31H(1,1) EE9) time decay SAS HEFHQ A7EA|
A4 90l thal Fig. 100] TAI8A T

A% Aol & 5 glFel IRRE(SHRALD)
A% 95 %9 BF FUrk 99 T AuEn 7
W olgel BAZTHE Heltdl Fus Wsh132-
365 Ho)ol B gaASs) 2718 TARE F4o
9% BAZt B TA ZHES & F Aok HEE
=9 AL RAS YA BE AAoIRZ Ael 3}
A% WskE Bold gom FRBEAAE 44
F97} 60 %7 dol7ben FAsA 49¥ REY
7t 2T Yee ¢ A

9% 249 930 4e Z42%E Fig 110
dehigith, AAACE BEB 930 fA PE
Holr] HYHOE B3 PohA ¥E 4 REE A
Jens PE £k FARAN 24t St
9o 78 BEY 3§ A 4% $99 95 % )
NN FrlgUuTh o 59 e BAAS F7b}

(2) G Egaoﬂﬂi e fA 2 Asre A
F FA7t ¥ A, dd REvh P aAw £
7b ol A HW E2W g9 RTv 348 2ot
A Eck

9 — — —_
—_ 8 —e—bottom(1,1)
\O ~@~sidel1,1),n—phase
g._cz 7 ::Xs:’e((xll;:).ou\-nhasz /
[
D 6
%
L s
o
o 4
[
S 3
§ >
o
1 |
. |
0 0.2 0.4 0.6 0.8 1
Draft/height
Fig. 9 Damping coefficient of ST
d/ H=0 air
1
d/H=06
I”I'
dH0% W\‘
Fig.10 Time decay -characteristics for bottom
mode of ST
202/ 2L 2FNESSE =28/A 128 A3EF, 2002



A2 WA 7z A

A% SA) B A7

[me

ELERIERIC IS
A uehtz glow g
vehbz giok

@) A% F97 Z74800 9
ERH 247k Z7ks Hm Awd oz
Aol B Z7H&S Gl th 2

(5) ¥ a7 Az ¥4 P2
AEE 988 + 9% R0 #udn $F A9
o 74 R A% A% TS B3 7o
A% B4 A9S A% 294, A449
fgo] e7E)

AWAS A4AD w3
1o 57 BME O 2

[}

nl
=

lo o 4
g T BX
[
-

o zd

MO

(1) A= ¢ 39, 1979, “"F@9 A5y AL #
¥ 298 47, gazdss A 169 23, pp.
1~7.

(2) Yukitaka Y. 9] 39, 1998, “Vibration Analysis

ro

22 8WEBAS =2

of a Water Tank Structures”, A¥ZX%3] 963
7443, pp. 181~192.

(3) Dean B, 1985 “Documentation for
Virtual Mass Capability”, MSC Technical Note.

(4) Maheri, M. R. and Severn, R. T, 1992,
“Experimental Added Mass in Modal Vibration of
Cylindrical Structures”, Eng. Struct. Vol. 14 No. 3,
pp. 163~175.

(5) Conca, C. &) 29, 1997, “Added Mass and
Damping in Fluid-structure Interaction”, Comput.
Methods Appl. Mech, Engrg. 146, pp. 387~405.

(6) Masayuki K. 9 394, 1994, “An Analysis of
Flud Structure Coupled Vibration Considering
Modal Added Mass”, d&x4%3 604 5713, pp.
743~748,

(7) 338 9] 39, 1996, “H&HAe H+AE Y
o dig A¥d A7 FF2NFFEE FAGE
3 =E3, pp. 431~437.

the

/A12E A3E, 20029/203



