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VIBRATIONS AND STABILITY OF A RIBEED CYLINDRICAL
SHSLL I¥ A PLOW OF COXPRESSIBLE LIQUID

‘ by
o B, A, Budlik

H

An analogous moblen for a eylindrieal she.ll without rigidity ribs has been
discussed in repurtﬁ.] . In this repart were investigated certain questions concer-
xing vibration and stability of a closed cylindrical elastic shell, reinforced by
elas:i- ribs (rigidity ribs), vhich is in a.non-viscous flow of & compressible fluid,
equations are formlated for the natural frequencies of this elastic system and criti~
ezl rate of liquid flow are determined, For the sake of simplicity on.ly normel shell
vibrations are discussed here, The rigidity ribs are considered as distributed over
shell discretely. .

1, Assuning that along the closed eylindrical shell, reinforced by rigidity
ribs, flows a potential flow with unperiurbed velocity U, Utilizing the basic condi-

tions of reports{l]anz(2] 2> equetions of noticn of the shell with bulkheads will
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vhered (awn,) - delta-function vith peculisrity on line s=ay; &F; and KIj - of ri-
gldity ribs, which are distributed over lines a = a5(171,2, 00eyl); gy-normal losd
cooponent referred to 8 unit of area of the center surface of the shell,

~If p designates the prossure gains* the shell fron tiae side of the ﬂ:w.thea

aq, —-—moR--—— —R‘\ md(a—a) dt.——-R’p. @
ey’

Eere m, - mass per undt of shen ares, end my-linear mass of i-rigidity rib.
As is shown in repart{2) the tscgential effects of rigiéity ribs can be averaged
with a slight error.‘ the evaluation of which is shown ithere analytically, Aceepting

these assu=ptions, ihe system of equaticas (1) can be reduced to one equatioms .

o @ ~
€ (vt + 297 - l)'v¢>—(l . ) J S YO Ry pattr 18
\‘ 5 .
s BR’ B ) B
‘somad
In it: . .
3 oA
B Hbowy: g, = ~— [R’M. = RzS‘ d(a—a;) m,]—a7=— — R°p,
L=
) =}
-~ - L ¢ 2 .}_l_,__af__ o
V=V’V’--7'5ﬁ—.'—'1_‘ h ozapa' £
2 .
kl= T ’Fn &= lzRg- . (a)
;’

In this case displacements of the chell u,v.¥ will be expressed throaugh the

functioncbuth the aid of such farrulass

—~FO . Fo o= o
u=vos .kl )6 3 © = g,
RIAL ~jo = __iﬁ ¢
J=(l.—-lT)a§,— .[2,?.1_\.h]m. 6)

2 e sholl now discuss the Geterrire ticn of lii:uid pressure. In report 1] is
shown, that in linear approziretion for en arbitrary barotropic liquid the liquid
Jressure apminst the chell can be determined by formlas ’ .

U , O\ .
p-n—o{ 4 +3)] . ™

in which Po and g - pressure ani density of ug\ua in nonturbulent state, 9- pctential
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of rate of motion of the liquid in turbulent state .

To ceternine y in case of =mll shell defarmmtions it is possible to obiz=in such
linesrized equationss
&F oy¢ . e 2 g
4 —M AR R o o of
B
. where a =cpeed 02 sound i: nonturbulent flow of liquid, end X'= a,

Equaticns (8) are accanpimod by conditions of cylinder wall impenetrability,

which after mdl.ficatima are reiuced to thc fulfillment of such a2 relatioms

:,:»j*; al" _an_LGW (9'
.. ' 4 r=p "~ Rda & . .
and the condition of danping and (or) radiations o )
_ §->0. 2—9-90. hew r—>oo, (1o

|-

-, 9

¢=0(r 7),;+iw=0(r- ). an

The conditions of radiatiom (11) should be satisfied when reference is made to

. oscillatary motion and the velocity potential has a factor oi“.

Solution of equaticn (8) is sought in form of:

= ") &% cos 8. - . (1'.;) N
.After substituting (1¢).5.n (8) to deterzine t(r) we will obtain

e 1 o; . . -6
T T [(?—MkR) — (kR) -?-;,im 0. 113
Sclution of equation (13) offers the rossibility of e~ eruining yand then also
. DPe It is chown in report @] that between pressure and buckling of shell exists such
a relationships

ﬂ=n.+,\1;;(§—+%.—’).~(aﬁt) (14
. B - . M:. — _pLZEEB_'_ w = X.
vhere uZ, ("R
- T }i — MR <hR,
' . Z, (0= | - i@ 4,
b ‘H“(x). e = —MkR!l >, UM
i
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 Eore I(x) - Bessel function of the real arguient, and E (x) - Henkel funciion
of different type.

l'ignring (l;) and (6) for the Fressure in cur case, we will obtain .

q ==——R'[mo \ b'“—c,m}df{vo-";m(a B R(‘u ‘-o_p.

Put
i

1)

3. We will ﬁ.nd a solntion for equat:lon (3). Rephc:lng in 11: gy ve vill have

.. h )
‘-W‘l.‘,],-v(b_v\l_ --T_,‘l)' oo 2(]—-\)0 Vd’*\ Mu—-c)x
) e LI
b Sl +1)\-«¢ R‘[m \ b(c—c.)m,’ .—\¢—
R D= Jor
. r] U\~
—MhRQ(&'*'R—) vo. (16

" Comparing these equations with analogous equations of free oscillations of a
) , _ee
ribbed shell, it is necessary first of 21l to determine, that the value lﬂ:k i= in
a certair. sense an ®add:=d® mess of the liquid to the mass of the ribbed shell. The
merber lﬂm da V 3 expresses danpings of the noticn of the system as result of
irradiated energy. ‘
Solution of equation (16) can be realized by the Galorkin method, For this we

seek the urknown in form of's

D(a,B.f) = C,,.e sinZ,acos nfl. a7

* 148
140

Selecticn of systens of functions sin'}q" a\ﬁk 8‘»5;—R\ due to hinged conditions
of factening the edges of the shell a= 0 and a = R which we are assuming,

Substituting (17) in (16) and carrying out the ardinary Gelorkin procedure, we
obtain a system of linezr algebraic equatiocns for the deterrination of t:m constants,
in the ;n'ese.-nce of rigidity ribs is interninably ccnnected, But with an errar of the

order uti during the reenzaticn of inequalities
. v 2EF,
oo ) " / 1 BR[

sin 7.,,«1 sitA,a, <e.

. e w2 e e e e e e -
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m; sini.,q, sinha; <8 (18)
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the sy=tem under questiom is sirmrlified consideradly (see[?j ). Heving no possibility

of describing same here, we shall nmention on]g the conditions of its non-zerc solu=

- - . / Lk a2 o

_tiomss &y + r*— iYa,, + n\l—\'--z') =20 =2, — L (B — 1) a,= .
=R ma + Mo, REME «»M——u.) . U9
. n s M . 2 A, P
. 8= (5 — 1) T_h—h"f'l_‘._"' T
here : A . _
' NE "2
L= > BRI sin®2,@;,, M, = }_T sin®2.,a;. . 20y

4=l

If in equatim (19) is written ’&n 0, taoen the obtained equatiom will enahlo

Pt :“f"’"‘

to f£ind the frequency ort the shell’s natural oscillations a shell with ribs in wvacuo,

Designeting same by () . ve will cbtain
A+t — 10, + (l —F ’;1‘ )3.; 1 — )20, [P — 1) 0ue

n: -
—m= R: —-M)a
; s Do -2,

Now equztion (19) can be written ass

M v, \
‘_2‘;'" @." m——.——_—M. (Uh -— il.) - . ml

If in it is known the rate of nonturbulent flow U,then we have the possibility of
finding the frequency of the discucted shell, which moves in a liquid., From equetion
(22) can also be octained the critical rate of motion of the liquid, which corresponds
to loss in stability og the nonperturbec state of the chell with rigidity ribs, For

this we write in equation (Elz)mhl = O, Then we will obtain

.Q,- m., -~ M, (pal
U= The My

It should be rentioned, that Guring determination of frequency and curing the
deter::imtim' of critical velociiies it is necessary to solve transcendent equations,
" since and U are included in My,
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