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Abstract

Fuel-storage tank is a represemtative example of liquid-structure interaction systems. In order to prevent the
undesired structural failure by a variety of external loads, the reliable analysis of the dynamic response of
such structural systems is of a great importance. In this paper, we address the analytical study on free
vibration of axisymmetric cylindrical fuel-storage tanks together with the parametric investigation of
eigen-characteristics with respect to the relative fuel fill-height and the relative tank height. Numerical results

illustrating theoretical results are also included.
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(hydrodynamic pressure)S F3S) EWE o
Laplace 2343} 7342 (boundary. condition)C. 2
FHADL $¢L Bemoulli HAXN o A
=3
958 939 T3 B 4¥L W& A
u] E](paramete) 24 F-Alxol o HAEo|HNL), B
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3 (pressure distribution), 2 f-F 9} (eigen-frequency)
, A2 E(eigen-mode) 52 2+ 2o ojsf wlx,
A&
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Fig. 1 Structure of liquid-storage tanks
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E = g3 729 S5
o, = ®H3a TEEY UE
v = Possion’s ratjo
Pz, = HAG 8] A2 Hese
=9}
D = #=z A9 AARA (= Eh/(1—1)
K = 932 49 38244 (= EF/1200—)

SERE S CIEC I ER EE T EI et
Fate AL wHx £x ¥ "l M(potential function)
< 49 H3AA =Z(irrotational condition)S
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09 _
ot (r,H, D 0 (5)
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A7N o, #AY YEE drhddh mebd, §

Aol o8 wAHE $YE ohdsh 2ol EB
o,
20, &
= C; (7}
PR, 2,1 T all(aR)
z %
‘ Free Surface %?(l"ll.ﬂcﬁ
Fluid Region Intertace r(RTU (%"u )
Bottom f;:'(r.o.t)=o

Fig 2. Boundary condition of liquid
region
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B; = fo w(n, O cos(a;ndy

C, = Ifa;R)cos(az)

0. = L2izDrx

! 2H

I, = ##A3 0x 1% Bessel &<

I, =79 1x 1% Bessel 34
4. O|2H iAo
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w(z, )= U e™sin(wt)
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S AL ojdlsl 2L WRAHR YEd &
ot

4 BYU]_[o
¢ plw| o (9)
oA7|H, A= (m+phe®)/D, B= (vm)/R, C=

(Dvm)/R 381 D=Km'+ D/R*— phe’2 A
oHt. Eq (9)9 #Eo] ]|z} sl(non-trivial
solution)& 7}A 7] YslA = & & 2l (determinant)©]
0o] Hojo} ol FYA L olziel L 3x-UA
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C\M3+ CoM*+ CyM~+ C,=0 (10)
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2.

Cr- Cye BRF 50

M, ,=0+ip (11)

Eq. 8)9 AMEFZ2 33 Zo| YElYA "ok

w(z,D=[Ae “sin (B2)+ Ase “ cos (B2)
‘ + Aze " “sin(B2) + Aye " “cos (B2)]
- sin(w?) 13)

293 A7l 4EsE F-4% WA ohds
ol vrehgnh

w(z,H=[Ae “{ ycos (Bz) — sin(B2))
+ Aze “{dcos (Bz) + ysin(Bz))
+Aje —a{_ ycos (Bz) — 8sin(Bz)}
+ Age "™ 8cos (Bz) — ysin (B2)}]
- sin(w?) (14)

A7)1A, ¥} fE BAgd U
A A5 AR 84

U=3W p=y+1id (15)

gge st 45z dente 3¢
2 Mo] Fgolip &qoluel meh o 2
At WA 2 Mol F4 el A 4e ot
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w(z, = [Alemz-k Aje _@]sin(wt)
w(z, )= ﬂAle@-l-Aze_ M) sin(wb) (16)
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w(z, ) = [Alsin(\/m) + Ajcos (V' Mz)]sin(wd)
w(z, )= A, sin(vV Mz) — A,cos (V Mz)]sin(wf) (17)

gee fA oF dAHE FEY 9F¥S 2
H3 2482 Fajo sy AR, wA-ERT .
ko] dig AAE BHEH o} o] e
At

w(z, ) ={ é AGL(2)+ i P,sin(a,z)]sin(wf)
wiz, D=1 ﬁAF(z)-i— 2 Q,sin(e,2)Isin(wd) (18)
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[K]- {4} = {0} (1)

Eq. Qo] MARaZ 7Ax7) A [K]
A2 H) 00 Holok Uik waA, o) 24 ¢

E FIE 07t o A2 2RFA
20 A FA4E A Ao AYsd Aud
A% Al ge Aol dUSY 1 D

Fol g 2HEEE T & Aok EI AGE
PR ge] BE stEE WSDE ANE ¥ Eq
Dol Wt o nfFFaF] FA o8 59
o #A&3E TFE 7T T A

5. a4 &

o] =& #HAHudoez F AMALHIE
Wi $A4E g2 J3 I3 FAE A 4
£33 ®lzoltl. B4 d o)E(material data) ¥ =3
9] lsi”(geometry data)o] di¥ ABE o9
Table 13} Table 29 A Astgct @=L F3 2
FEA Ui HFEH A Eeo] o #HAY
AEL/MD=2, 1, 0.5)3 HAe9 Folo wig =Bz
Zol(H/L=02, 0.4, 0.6, 0.3, 1.0)Z 7R F=2 3t
747—](«] 2o ] Mt 30 2= g i
Fa4, afrs, 221 FAREE B LG

371A] Egﬁi%‘ﬁ Table 20jA 9} Zo] AELS

IomZ Ao Y Eol7l 40m, 20m, 10mel ¥
g o] e}

zt "gaged d3} aHFFIHFE Paxolvt
2 AL g afFHE SEAH4E Hol¥ Folvt
wold42 5 nfFIRys E4E HAe AS
Table 3, Table 4, Table 52} B2z HEH & + U
. 23 FA9 Eol7b wobRel uwel fAHd
osiA wAHEE UHE AFE Yol ol LFF

Table 1 Material data

Material Data
Density, o, (kg/m®) 7850
Structure| young's Modulus, E (KPa) 21.5e7
Possion's ratio, » 0.3
Fluid | Density, o, (kg/m®) 1000
Table 2 Geometry data
Geometry Data (m)

Tank Type L/D=2 | L/D=1 | L/D=0.5

Diameter of Tank, D| 20.0 20.0 20.0

Height of Tank, L 40.0 20.0 10.0
Height of Fluid, H | variable | variable | variable
Wall thickness 0.0283 | 0.0283 | 0.0283
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Table 3 Natural frequencies when L/D is 2

Tank Natural Frequency (Hz)
Mode Relative Fill-Height (H/L)

- Type 0204 ]06]08]10

1 14.84| 825 | 5.63 | 4.26 |3.42

LD =2 2 28.10/18.95|14.39]11.52}9.57

} 3 32.65125.21]20.05{16.73 14.34

Table 4 Natural frequencies when L/D is 1

Natural Frequency (Hz)
Mode Relative Fill-Height (H/L)
02 | 0406 )| 08 |10
1 23.96[14.84110.67] 8.25 |6.70
LD =1 2 40.83]28.25122.58|18.9916.40
3 62.53]35.8929.33|25.25{22.33

Tank
[ Type

Table 4 Natural frequencies when L/D is 0.5
Natural Frequency (Hz)

Tank X R .
Mode Relative Fill-Height (H/L)
Type
02 |04 | 06| 08 | 1.0
1 37.54123.96|18.31|14.84]12.44
LD =1 2 67.40140.86132.84|28.26|25.01
3 83.43153.04141.44]135.90(32.11
40 T T T T T
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Fig 3. lst natural frequency variations to H/L

Fig 4. st circumferential and axial eigen-mode
(LD =2)
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Fig 5. Liquid-dynamic-pressure distribution of
1st mode (L/D = 2)
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Fig 7. Liquid-dynamic-pressure distribution of
Ist mode (L/D = 1)
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