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VIBRATIONS AND STABILITY OF A RIBBED CYLDI'ICAL
SHELL 33 A FLOW OF CRIPESSIBIR LIQUID

by
I" .L hblk

An analoacms ;roblen for a cylindrical shell without rigidity ribs has been

discussed in report o In this report were investigated certain questions concer-

ning vibration and stability of a closed cylindrical elastic shell, reinforced by

elast5 ribs (rigidity ribs), which is in a .non- iscs flow of a conpressible fluif,

equations are fo.3tlated for the natural frequencies of this elastic system and criti-

cal rate of liquid flow are determineds For the sake of sivlicity only norl shell

TibrationA are discussee here. The rigidity ribs are considered as distributed over

shell discretely.

2. Assiing that along the closed cylindrical shell, reinforced by rigidity

ribs, flows a potential. flow with unperturbed veloci-ty U. Utilizing the basic condi-

tions of reports Iana L t equ-tions of noticn of the shell with bulkheads will
6:", 1 -'v d:- I+ v azz? .:

-be written in for- of " 1v ,: O
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whereb (a-a,) - delta-function with peculirity on line a=ai; 7i and S111 - of ri-

gidity ribs, which are distributeJ over lines a = ai(il,2,...,.N); qk-nw1l load

component referred to a unit of area of the center surface of the shell.

If p designates the prosrure sainst the shell from. te side at the flouethef:

dR~p.

ITTI

Here m- =ass per unit of shell area, end mi-limear mass of i-riidity ibe

As is shown in repcrt 23 the tazgential effects of rigidity ribs can be averaged

with a slight error, the eraluation of which is shon there analytically. Accepting

these asxw-ptions, the syste of e.'uaticns (I) can be reduced to one equetics
c:'-Vz, - 2,V"' ' .-- , I -- %--,- - 2( ,)2 1 F'

(a a) E A- a (3)

mit: .r

B Hbo.sy: q, - RIms+R- 6 )M -

- h,, a 2 h, 8(

In this case displacee-nts of the shell u,v.w will be expressed thrc€gh the

function with the aid of' such fcazrzlasa

2 - o -(6)

2, Ve sball now discuss the determi-tica of liquid pressure. Tu report ] is

shown, that in linear a-prcirmtion for an arbitrary barotropic liquid the llquixd

;ressure ajsinst the rhell can be deterAined by for-lSS

P= - (7)

in which Po and q - pressure and density of liquid in nonturbulent state, - potential
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of ate of motion of the liquid in turbulent state

To d*eterine Y in case of small shell def tions it is possible to obtain such

linearized equationst

1 g . f - .- &N- - 2

here'a -speed of sound i: nonturbulent flow of liqul4 and X*- a.

Equaticas (8) are acccuarded by conditions of -cylinder wall impenerability*

which after modtfications are reduced to the fulfillment of such a relations

7. am, ft

and the condition of damping and (or) radiations

q -- V. O0. 0-, -, r Co(ll

The conditions of radiation (11) should be satisfied when reference in made to
ivt

oacillaty motion and the velocity potential .has a facto' .0

Solution of equation (8) is sought in fUM of :

r = I r " ' ' c o s n ; . 1 1 2 )

-After substituting (12) in (8) to dete .n f(r) we will obtat

eeL 1 - --L AIkR kR! r 0. f 13)
d r dr [a

Solution of ecr.aation (13) offers the ;ossibility of P . er4dning rsnd then also

.p. It is shown in report E that between pressure and buckling of shell exists such

a relationships0

P ". + tt ;-q

.Z ((R)1wbor !Iz 41) ita, .

•Z (() la 4a)

I(x). i- -MkR 1 kR.

MkRx kRkR
S . ! -.T...MA -6kR9/
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Here 1,(x) - Bessel function.of the reel argument, and %(x) - He&nkel function

of different type.

1gring (4) and (6) for the ;ressure in cnr case, -ie will obtain

3- We "ill find a solution for equation ). Replacing in it vr we will bow

C.+ 2 ( ll -

(16

Ccxpring these equations with analogous equations of free oscillatioms of a

ribbed shell, it is necessary first of all to determine, that the Talus 3C is in

a certain sense an gaddtd* mass of the liquid to the mass of the ribbed shell. The

merber )LR expresses dampinga of' the motion of the sytn as result of

irradiated energ.

Solution of equation (id6) can be realized by the Gelcekin method. For this we

seek the urlmown in form of:

imm0 t 'j- sin;u Ucos 4l. (17)

Selection of systems of functions sin Xka\O Ak R\dethig cntos

of factening the edges of the shell a = 0 and a = R which we are assing.

.sibstituting (17) in (16) and carrying out the ordinary Gelordkn procedure, we

obtain a system of linear algebraic equations for the deter=ination of Cn constants.

in the ;resence of rigidity ribs is interninablv ccnnected. But "wth an erro of the

order aft.2 during the re.lizaticn of ineqwalities
.... -"1sin ).,al sir. k,,a, -<e.

.V m sin;.. sinA.ia (18)
rmD.T-6> 647/1 m*



the syetem under question is sim::lified considerably (see[.]). H--vin-Z no possibility 4

of describing same bore, we shall mention only the conditions of its non-zero soln-

:c= .. + *-1 ) .. -- -- -* -- 2  ( - v i 1)2tioms I

=R (m. + M a. + R2M: ( + ' .

9T h,. 2 h,.1 .a "--~ ~ A i~i ;- -- v -. ,*

s 2 il, . . M. = 2 .
/BR21

If in equaticn (19) is_written F = 0, then the obtained eq ntim will enable

to find the frequency of the sheli's natural oscillatioms a sbel with ribs in vacuo.

Desiating same b7 k we will obtain
()L-- l)-a. + - + - 2(1 - r)Ci}-aM./ * J- 2 l)fa '

.- t21)

eq-tItion (19) cne written as
"'. -I-ux,'

02 J

If in it is known the rate of nonturbulent flow Uthen we bay the possibility of

finding the frequency of the discussed shell, which moves in a liquid. 7rom 'equaticn

(22) can also be obtained the critical rate of motion of the liquid, which corresponds

to loss in stability of the nonperturbed state of the shell with rigidity ribs. 1rw

this we write in equation (22)un 0. Then we will obtain

?"" V T

It should be rentioned, that during determriation of frequency and 5urig the

determination of critical velocities It is necessary to solve transcendent equations,

since 6 and U are included in ze
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