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FREE VIBRATIONS OF CYLINDRICAL SHELLS WITH EITHER INTERNAL OR EXTERNAL FLUIDS
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By Takashi MIKAMI and Jin YOSHIMURA

This paper presents a simple and effective method for computing
natural freguencies and mode shapes of cylindrical shells with
either internal or external fluids. The fluid is assumed to be
irrotational and incompressible, and the shell motion is
described by an improved theory including the effects of trans-
verse shear deformation and rotary inertia for application to
thin and moderately thick shells. The fluid region is treated
analytically, and the collocation method is used to solve
integro-differential equations which govern the motion of shell.
The vesatility and accuracy of the proposed method are illus-
trated through several numerical examples. Furthermore, a
numerical study of the dynamic characteristics of shells is
carried out.
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F—1 BUEgE o (REpRiR. fIHzD
(a) Shell (&)

Solution m n=1 n=2 n=3 n=4 n=5 n=6
procedure
Present (N=1) 3.548  1.638  0.934  0.632  0.531  0.584
Present(N=2) | 1 3.545  1.636  0.933  0.632  0.531  0.584
FoEm 0 3.559  1.65 0.95 0.65 0.55 0.60
Present (N=1) 10.338  6.550  4.401  3.162  2.397  1.923
Present(N=2) | 2 | 10.334  6.579  4.429 3,188  2.421  1.944
r.Em 10 10,450  6.66 4,52 3.28 2.52 2.05
(b)  Shell (B)
Solutlion m n=1 n=2 n=3 n=4 n=5 n=6
procedure
Present (N=1) 6.176  5.185  4.138  3.309  2.682  2.209
Present (N=2) | 1 6.177  5.185 4,137  3.309  2.681  2.208
r.EM 10 6.184  5.19 4.14 3.31 2.69 2.21
Present (N=1) 11.246 10.516  9.935  9.164  8.255  7.363
Present(N=2) | 2 | 11.247 10.521  9.933  9.182  8.278  7.388
r.EM 9 11.276  10.60 9.98 9.22 8.32 7.43
K- 1IZERHN=-1 (B
FTRERIToTORN) & £—92 BUIUigEE ohE (AR, fIHzD)
- Ay 3 -
N=2 (0E) wkBEHE Solution . — o T —
REBORITELRRT. M procedure
B =1~ 6 DR Present(N=1) | , | 6.633  3.596 1,902  1.173
. - =2 6.634  3.595  1.902 1,17
[E]:E'“ } (K%(m:l ,2&«5@3‘ Present (N ; — 3
. Present (N=1 9.662  7.865  5.61 3.935
BEBNTEEL. 0Ihd Present (N=2) 9.996  7.872  5.624  3.942
Haroun® QR E L h— M.P .M. 2) z 3.90
— R.R.M, 2 4.10
BRUTWS, :
s, AERRIRERC T S M.P.M.= Matrix progression method
R.R.M.= Rayleigh-Ritz method

FRHTREE B Rayleigh-Ritz
B BIUEREI MY I AR L HIRE~-2RTFT. REFECHVEEZHEIROLD TH %, L=
80.0m, a=40.0m, h=0.4m, H=64.0m, 73 I ORIEILHE & OEBMMBARLEHTEOT, XAFEL LS5
AUNEOER (=1B&U2) REFMLU 2. EE=30T— F R¥Em=20234 9 2 ARITIELL, HEE
WU T HBRE%R 5 % BRayleigh-RitzBR L 0 HIEDOME, ZEX PV 2 AWML ORPREDOERS
ATHEY, FERbDEEDN S,

PDEDESI, DRVHIHBEVIZHPIH ST, AFRLL>THHHRFRBERBEONLEVA
& Do UTORIFTW, ks OBRMERIIEREN=2.7 %,

(2) R % ARBRORRHE
WK T 3 IEROEERSRO—RIMHEE U T, BEESHIOENLEH=/DOENE L
WEAT 3, QEOHEBROBEEELRY, BELGN/DRKEKFL, W/ ap/hE<RIBETTS
GUS,UDH S DIRE D) EBBHSON TV S, ThdA, A TIRBEOIFEHRO A5
R0, HOLKHNE—ONRMES X UASRMEERT U, EREORIERTERD & EICEEREK
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(a) L/a=1
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1
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(b) L/a = &
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1
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1
b
i
0.5 g 0.5
~
™ £y
»—n\~g\\ r
065 2 0 2 4 6§ 8 10 0
n n n
¢ Interior problem , 6, 0 : Interior problem
e,+ , m : Exterior problem e ,4, m : Exterior problem
B—3 #mltthe DZEALIC & 2 EHEEQ & HEAA B EnDOBR
DOEERRTT 5,

- 3L, h/a=0.001%—E
U, L7a=l Gy ll) &

£-3 Qe/Qi0fE (L/2=4.0, h/2=0.001)

UL/a=4 (Y 2 ) O HL | m . fg/ 0y -
B IREEE (T HHe=0, p0 ol w2 073 ped ped o
) 050 | 1 (206 1.4 1.05 1,03 1.02 1.01 1,01

0.5, 0.75, 1.00& XOFEH s . 2 |1.26 1.14 1,02 1.00 1,00 1,00 1,00
. 5 i (2.62 1.13 1.05 1.03 1.02 1,01 1.01
B SEERBBOEA) £ 075 | T 1% 1o 1.0s 101 1.0l 1.0l
T FR¥Em=1,2i 2V TRU ko 1.00 1 {3.19 1.12 1.05 1.02 1.01 1.01 1.01
CNEBBE, BlnOINE TS . 2 {1.32 1.13 1.05 1.03 1.02 1,01 1.01

’ PR

(0=n=OHTI, NBMBOEER

FHQ N BRIEOHESE Qe X V/NE VI EPDOMN B, TR HEINE OV E X2OBROEE D HERR
BBV TKREL, Ukbi-> THKE OEEFI & 2INESENLEINT 203 TH 5, REEKN2
5T, RBLUL/ARISTQ:/ QiOEIIIET 1 THIE VA3, HCBERTEENEERE LR
DT, F— 3L =B I UHe=0.5 58 2 Qe / Q DERBHEL 1,

W 2 AR T, RELL/ aBEERSKICAXIREELEZ 32 L B, F-4l
h/aD Qe / QI CEZ BREERPIERB=1EDBEDVTHANREDDTH S, TRIREBEQe/ Qi i, WE
FlOEZEIITREL P NEVEFEEREVS, =5 THBELRC LT EFF1TH S,

F-URTLHEREDOLW /20D Qe / Q1 ILEZ ZHERFERN=1 &5 D0 THEDBDTH . TH
W& B EWHn=1TIEL/ & & THBBOE S REININBHEOZTN &V 1 BFRERE VN, B
n=5TRIEEL1 TH 3.

PBEXVHEHIRL ST, NEBEBOREHRSH(QeINBRIBOESIH(Q DLV AXL, O/
ARIATEENDEVE ZIFERZVLI EBHH S, Uh U, BBnsE L RhiE, BEHGh2), S§XE
H(EOHL/AANCRSTEE1ITHIIEBVAS, Qe/ 0151552 38EnE, 22 Thohilk#
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-4 h/aDQe/ Q152 3%
(L/a=4, He=0.5)

h/a m QE/QI
n=1 n=5
1| 1.14  1.05
0.001V 5 | 134 1.00
1 108 L.ol
0.0050 5 ' Tio4  1.00
T 1.06 101
0.0L 1 5 | 107 1.00
(a) L/a =1
(a=1, m=1, Kj=0.5) (e=1, m=1, H,=1)

£—5 LAADQe/ QIIZH5XIEE
(h/a=0.001, He=1.0)

L/a m QE/QI
=1 n=5
1 1.14 1.03
0.5 2 1.05 1.03
1 1.17 1.02
1.0 2 1.11 1.02
2.0 1 1.15 1.02
2 1.15 1.02
1 1.12 1.01
4.0 2 1.13 1.01
1 1.11 1.00
8.0 2 1.12 1.01
(b) L/a =4
(n=1, m=1, H;=0.5) (a=1, m=1, Hy=1)
T i ///”1 /
/ 4 o
W —=—

)

T 1Y
NS

|

/
v

L \ L

1 0 1

(n=5, m=1, H0=l)

-1 /' ri
/
r *q w
/
W
&l {/f“ 1
N/
\n\ / 0/’
LN L L L
i Q 1 1 Q 1
o ,0 : Interior problem o ,o: Interior problem
e ,m: Exterior problem e ,m: Exterior problem
-4 EEREELWS KUPRERBODHHIAR

7L/ 2a=8.0, h/a20.001) &k VYT hiTL, n25TH %, UhW-oT, HEBn25TREHEONIR (S8R
RIRBO SISO TED S 8B (NEB) DTN DOHENS SIRETRETH S E VA LD,

B—-4iit, h/a=0.001%—EZ U, L/ a"1.0B8 K UL a=4.00156 Gifilthe=0.5, 1.00DFEFH
ERiwvDE—F BLUBREREe (RU5)) OERERT . HIZEEN=1,50F80OE— FXBn=10#R
T, BAETEELUVTRU S, FBBIUNBMEAE bHELRETRBD o h 2,
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5. # W

BT 2RO BIRBBATES U T, WIBRES XK UNBRIEC SEE CHRERTE S
BECESSFERRRU, oREMEOKIERITRROLED & TREERGEEIEORNE 21T -
oo TORRE, ROILDBHoMER S,

(D FFRR & S EHESBENSS LUARBEC LT, BERRBEREXL—BERU 2,

(2) S APRIREIC XY T 5 BEIREI Qe (IEBRIREDIRBIE Q1 L VR E L, 2D Qe / Q1 IR T
BnD/hELEERRED, UHU, BBDORE IR, RELh /2, 8« ¥ERL/ALsTEIE]
€& %,

(3 Qe/ Q5 1ERBEHNE, I THMYHF->LeEw# (L as8, h/az0.00DDETH,
nZ5TH %, COE& X, WAME RME) OBzt oA ERRTE (FEBRTE) OEHEREBOHEE T
BETH B,

T &

R Py ACLIDLIELIFIB L UG IHIOHFTERIIRD LS5 RDBDTH %,

C(1,1)=-1/s2, C(1,0)=C(4,1)=C(4,8)=-8 /%, C(2,D=-v /8%, ((3,3)=x((2,2)
€(2,5)=C(5,2)=C(5,5)=~v 1 § /¢°

............... (A-1)
D(1,2)=-D(2,1)=-nvar/s, D(1,3)=-D(3,1)=-v /s, D(3,)=-D{(4,3)=-v1k/s,
D(4,5)=-D(5,4)=-n8 va/s

............... (A-2)
ECLD=(1+8)w vy, EQLD=E@, D=-8m v, BEQ.2)=(1+8)n?, E(3,3)=xE(,D),
B(2,3)=-EB,D=-n{1+ 8 X(1+v i k), E(2,5)=E(5,2)=-E(5.5)=-86n?- v k(1+8),
E(3.5)=E(5,3)=-nk v 1-(I+v 1 &8, E@,D=v:(&n+x)

............... (A-3)
F(1,1)=F(2,2)=F(3,3)=1, F(1,4)=F(4,1)=F(2,5)=F(5,2)=F(4,4)=F(5,5)= &

............... (A-4)
G, D=br/s,  GCL,A0=G(4,1)=G(4,4)=b& /s, G(2.2)=v1b/s, G(3.3)=bv:x/s,
G(2,5)=6(5,2)=G(5,5)=h v 8 /s

............... (A-5)
H(1L,2)=bny, H(1,3D=by, HZ,D=-bvin, HG@,D=br v, HA,5)=bvnd, HG,D=-by:8n

............... (A-8)

HA-D~A-IZBWT, vi=(1-v)/2, ve=(1+v)/2, b=1/(1-v?). §=h/12a%, BLU s=1/a (I
=BEFR) TH5,

SEW

D R . R OMESEZRC B T 2R &R, TARESWRE, #3625/ 1-4, pp.
1-11, 1985.
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