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Abstract
Dynamic stability of viscoelastic elements of thin-shelled constructions (pipeline; a wing; a wing
profile; channel walls) under interaction with subsonic flow of fluid or gas is studied.

Introduction

Dynamic stability of viscoelastic elements of thin-shelled constructions under interaction with
flow of fluid or gas is studied. It is considered subsonic regime. For the deduction of the viscoelastic
plates oscillating equations the model of aging viscoelastic body is used. According to this model
connection between tensions and deformations described by the Volterra-Feucht integro-differential
equation. Aerodynamic load is determined by asymptotic aerohydromechanics equations.

Statements and investigation methods offered for dynamical damping viscoelastic bodies, being
in contact with subsonic flow of the fluid or the gas, lead to the study of linked initial boundary
problems to systems of partial integro-differential equations. Having been based on the construc-
tion of functionals, corresponding to these equation, solutions’ stability conditions are obtained
for some aerohydroelastical problems, in particular for dynamics of elements of a plane channel,
through which fluid flows; of elements of a wing profile; of elements of a facilatated weight wing;
pipeline.

Dynamic stability of pipeline

Transverse fluctuations of a viscoelastic aging peg, connected with aging base, is described by the
equation for a deflection w(z,t)

M (z,t)+ {D [w”(m, t)—/ M

5. w"(z,7) dT] —i—é'w”(:c,t)} — (n'(x,t)) + (Pw'(x,t))'+

+0 lw(:c, t) — / Ww(x, 7) dT] + vy (z, t) + o' (z,t) + f(z, t,w)+

0
¢ g ¢
+g(x, t,w, w,w', w" W) — w'(z,t) l,u/wﬂ(x,t) dx + v /w’Z(x,t) dx] =0,
0 0

where 0 <x </{; M = pF - specific mass of pipeline (p(x) - density, F'(z) - area of cross-section);
D = EJ - bending rigidity (E(x) - module of bounce, J(x) - moment of inertias of section to
comparatively neutral axis); {(x) - coefficient of internal damping (models Feucht); n = p(x)J(x) -
coefficient, accounting inertia of rotation; P(x,t) - portioned longitudal compressing (decompress-
ing) effort; v(x, t) - coefficient of linear external damping (basis); 3(x, t) - coefficient of linear rigidity
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of basis; Q(z,7,t),V(z,T,t) - measures to relaxations of lumpy aging peg and basis accordingly;
i, v - some functions of time or constant; f(z,t,w), g(x,t, w, w,w’,w” W) - other nonlinear efforts,
acting on peg (for instance, nonlinear forming effort of reaction and damping of basis, in general
event is possible to expect their dependency from displacement w, velocities of displacement w,
corner of tumbling w’, velocities of rotating «’, curvatures w”). Nonlinear integral members take a
nonlinear longitudal effort, appearing because of restrictions, assessed on moving the ends of peg
x = 0,z = £. In the event of absolutely rolling ends v = u = 0. Point denotes private derivative
on a time ¢; prime - on the coordinate x.

Member ani’(z, t) appears in that event, when inwardly hollow peg (pipes) flows a fluid. In this
case

M = mgy(z) + m,, P = Py(z,t) +m,U? a=2Um,

where mg(x) - a specific mass of peg, m. - a specific mass of fluid, U - a velocity of moving a
fluid, Py(z,t) - portioned (given) longitudal effort. Members 2Um.' and m.U?w” accordingly
characterize Coriolis and centrifugal forces, acting on the fluid.

Consider a functional

0
J(t) = /{Mw2 +D ll +Q(x,0,t) — Q(a, 1, t)]w”Z + i’ — Pw+
0

DO | —

t 2
+0 [1 + V(Jj, O,t) — V(l‘,t,t)]uﬂ + D/% [w//(gj’t) - w“(l‘,T)] dr+
0

t av 2 w 1 VA 2
g —[w(x,t) —w(x,T)] dr+2 | f(x,t,z2) dz}dx—l— — [ ( w' d:c)
0/ or 0/ 4 0/

Herewith are superimposed restrictions on the type of fastening the ends of a pipeline:

r=0 =/ =0 r=/
1. r T 2. 1 h
3. 1 fee. 4. h r
5 h h

Here accepted following indications: "r” - the rigid fastening (w = 0, w’ = 0); "h” - the higed
fastening (w = 0, M = 0); "fe” - the rigid fastening in a free element (w' = 0,Q = 0). Here M -
bending moment, Q - transverse effort.

Bring simplest variant of conditions of stability, expecting simultaneously that M, D, & n, v,
0B, U hang from x, parameters pu, v are constant, but effort P depends on ¢

M>0,D>0,7>0,£>0,820, u>0,v>0, mU" <7

0Q(x,T,t) >0 oV (x,T,t) >0 0Q(x,0,t) B dQ(x,t,t) oV (x,0,t) B dV(x,t,t)

9 — 9 SO? SO?
or - or ot dt ot dt
0?Q(z, 7,t) O?V (z,7,t)
< <0,1 — > — >
ataT — 07 ataT — 07 +Q(x7 07 t) Q(l‘, t? t) — 07 1+V(:C7 07 t) V(:C, t? t) — 07



2 dP,
R < E_Zintf [D(l +Q(z,0,t) — Q(z,t,1))| — m.U?, d—to >0

7 [Of (.t
/f(x,t,z)dzzo,/%dzﬁo,’ng(ﬂfat,wawawlaw:w”)ZO
0 0

Enumerated condition must be executed for all x, ¢, 7.
Indicate examples of the functions f(z,t,w),g(z,t,w,w,w', W' w"), satisfying conditions

f(l',t,’w) - i fk(.fll',t)’w2k+1’ fk(xat) 2 07 % S 0
k=1

mi1 Mm2

9=>.3 gii(x, )Hw? ()**, goo =0, gij(z,t) >0
=0 j=0

The don

Dynamic Stability of Viscoelastic Elements
of Facilatated Weight Wing

Let us c« it dynamic stability of viscoelastic elements
of the fa ow around a thin profile in an unbounded
subsonic v ¥ y=£H) gt “‘E () i.zf;(x) E’ZI": (x0

a, a a,  x

In the statement corresponding to small perturbations of the homogeneous fluid stream directed
along the z - axis and to small deviations of the plates this problem is formulated by the following
way

AP = aatpy =0, (zy) € J=R\[e.d, |Vell=(f+e,+¢)e=0 (1)
GHe0.0) = oy )= V@), e (em) 2

90;'[(33, 0,t) =wp(z, )+ Vwge (2, 1), x € (agk—1, a2;), k=1+n, (3)

@y (2,0,t) = VL (x), € (am, amsr), k=1+(n—1) (4)

gozt(x, 0,t)=V ;'Zrl/(x), x € (agn, d), (5)
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Li(wi)=p (¢F =7 ) +0V (05 =97 ), y = 0,2 € (a1, az), (6)
The operators Ly (wy) will be assigned the following nonlinear integro-differential expressions
"

Dy(x) (wk z,t) /Rkl x, T, t)w(z, T)dT) + Bor(x) Wy (z,t)

+ (Nig(, t)wy(x, t))/ + Bik(z, t)wn(w,t) + Bor(w, t) (wk(x, t) — /ng(:c, T, t)wi(z, T) d7->—|— (7)

a2k

+gi (2, t, wg, wg) + hi(x, t, wg) — w (z,t) | / w), d:c—l—z/k / wy,

a2k—1 QQk 1

Here ¢(z,y,t) is the potential of the fluid velocity; wg(z,t) the plate deflections function; x,y
are Cartesian coordinates, ¢ is the time variable; fi are given functions determining the form of
undeformable parts of a wing; V' is unperturbed homogeneous flow velocity; p is the density of
the fluid; D and M are the deflection rigidity and the specific mass of the plate; N - longitudal
compressing (decompressing) effort; [y is the stiffness coefficient of the base; 3; is the rotational
inertia coefficient, (35 is damping coefficient of the plate material; Ry (7,t), Rao(T,t) are the relaxation
kernels accounting for the aging of the materials of the plate and the base; the functions h,g
represent nonlinear components reactions of the basis or other nonlinear influences (managements);
the nonlinear integrated members take into account influence of longitudinal efforts; a point over
letters denotes time derivative, a prime is used for the derivative with respect to x or 7, subindices
x,y,t designate partial derivatives with respect to the corresponding variables.

Using methods of the theory of complex variable functions, according to the formulas (6), the
solusion of a problem can be reduced to a system of equations for determination of wy/(z,t)

+ X

Jooo0t Jo—od-1)e—-1) m/(z—c)(d-x)

2,0\/ (z—c) /&,u (r,1) dr 20V

<3 / awa(:,w (T—C)(d—7>d7+Z_ﬁc/(wi(T)erg(T)) (1w<d_7><7_c>> ar_

x € (agi—1,02;),

0, z€lecail,
X

J (i +Vwi)de, x € (a,a),

1
T azp
1 =2 (Wit + Vwgg)dz,  x € (a9, azri1),r=1+n—1,
w (X’ t) — kilagk_l

r—1 a2k z

> [ (wpt +Vwge)de + [ (wpe + Vwe)de, x € (agr—1,a2,),7 =2 +mn,
k=lagk_1 agr—1

n azp

> [ (wgt + Vwge)de, = € (ag,,d);
k=lazg—1



VIi'(z) o € [e,al,
/
Vflgt—l—l (z), x € [agk, azpr1], k=1+n—1,
0, =& (ag—1,a2),r=1+n,
V n+1/( )7 HAS [a2n7d]7

This system of equations is obtained with any modes of the fastening of viscoelastic plates.

Let us obtain the sufficient stability conditions of the solutions of a system of integro-differential
equations (8) with respect to perturbations of the initial conditions. If the system of equation (8)
is linear or the form of the cross-section of the wing is symmetrical (then are absent the two last
summand), it is enough to investigate a stability of trivial solution of the appropriate system of
the homogeneous equations

+

2,0\/:1:—0 /&,u( t) dr
do0 Jr—od-1)(z—7)
(10)

n % —c)(d—
2,0V Z (T £ 7 ) T)dTa r € (agi—1,az), i=1+n.

7r\/ (x —¢) Loy, r—=T
where L;(w;) and w (7', t) are defined by expressions (7) and (9) accordingly.
Let us introduce the function

K(r,x) =2In \/ d - +\/ Nd - : (11)
(@ —e)(d - —¢v—@w—xn

It is easy to see, that K(7,x) > 0, K(7,x) = K(z, 7). Substituting w!(7, t) in the system of equation
(10), we shall reduce it to the form

p n azg ) o Vp n azp . 8[((7-’;1;)

x e (agi_l,agi), k=1-+n.
Let us introduce the functional

t

n a2k
:Z /{MkkaJer[(lJerlet ”2 /

k=1

— wy (x, T))2d7'] +

a2k—1

+Bor [(1 + Qpa(z,0,))w; + / 8@;2 (wy(,t) — wk(gj’T))QdT] +2/hk(:c,t,z)dz}d:c+
0 0

(13)

1 ’“
+ZZ“’“ /w dx +I(t)+J(t),
k=1

A2k —1

22/ dx/ (i, ) + 1 (, 1)) 2K (7, %) dr,

=1 j= 1(121

>



azj

V2 n o n
-2y / dv [ (] Wl (7, 4))2K (7, z) dr.
=105 ag— azj—1

(14)

The following theorem is proved on a base of study this functional on stability of viscoelactic

lightened weight wing elements
THEOREM. Lets assume, that the extremities of plates are fixed rigidly or hingedly

wi(x, t) = wi'(z,t) =0, wi(x,t) = wy" (z,t) =0, = agk_1 0r T = ag. (15)
the kernels of a relaxation Ry;(x,7,t)(i = 1,2) with 0 < 7 < ¢ satisfy to conditions
Rki(xaTat) = ;i_k (l',T,t), ka(l',t,t) :Oa gtk (l',o,t) < 07
2 (16)
;i_k (.%',T, t) 2 07 ?628];(1.77—7 t) S 07 1 + Qki(xaoa OO) > 07 A2k—1 S X S asg;.-
and are executed inequalities
b " Oh(x,t K;
/hi(a:,t,z)dzz(), /%dzgo, wigi(x, t,wi, ) >0, M; > P2 >0, (17)
0
Ni* <MiDin ————, D; >0, 8;; > 0(j =0,1,2), Bo; <0, Ni(x,t) >0, i=1+n, (18)
T
where K; =  sup Y / K(r,x)dr, i =1+n; D;=inf D;(z)(1 + Qa(x,0,00));
mE(QQi—la(lQi) j:1a2j_1 x
N;*=sup N;(z,t), x € [agi—1,a9)],t € [0,00);
x,t
A1; are least own values of marginal problem 'V (z) = —\)”(z) with boundary conditions, cor-

responding specified types of fastening. Then decision w;(z,t) equation systems (12) are stability
with respect to outraging the initial values of velocity and curvatures wg; = w;(z,0), wj; = w; (z,0)

(1=1+n).
The * & o

N;

v T :



Dynamic Stability of Viscoelastic Elements of the Wing Profile

We consider the planar problem about dynamic stability of viscoelastic elements of the wing without
a detach ot Anrr cvosind o dhin neafila in an nhanedad cyhgonic fluid stream.
5 V=14 )

¥= ) Hw y= 1) +w,* (x0)

L=

<l

y=f ) +wi igh =) ¥= 1 () iy (uh

This problem is formulated by the following way

Dp = Py + pyy = 0, (l‘,y)ES:RQ\[O,d]
oy (2,0,t) = wiy (2, 1) + Vwl(z,t) + V fi(2), © € (bap—1,b2k), k=1+m

(
o (o)
(

(
@, (2,0,t) = wy(x,t) + Vwg, (2, 1) + Vf (2), © € (agr—1,a2:), k=1+n,
]

\ (kCJ [azk-1, a%]) ,

1
gozt(x,O,t) = wy(z,t) + Vwig(z,t), x € (a,b),
90;'[(3:, 0,t) = wy(z,t) + Vwe(x,t), x € (,d),
|V @l = (¢ + 9 + 91 =0
La(wi)=p @/ =7 ) + 0V (pf =9, ) @ € (a,b),
La(ws)=p (¢f —¢7 ) + oV (¢f =9, ) 7 € (¢, d),
LE(wi) = plef +Vel), © € (bap—1,bar),
Ly (wy,) = —pley + Ve, ), € (a1, az),
Here o(x,y,t) is the potential of fluid velocity; w; (z,t), w;, (z,t) - the deflection functions of the
plates on the upper and lower parts of a profile; w(x,t), wa(x,t) - the plate deflection functions of
the trailing-edge and advancing-edge; fi(z) are given functions determining the form of the profile;
¢ — b is the length of profile chord; the operators Ly (wy), L (wif) will be assigned the nonlinear
integro-differential expressions (7).

Similarly to the previous cases, using methods of the theory of complex variable functions, the
solution of the problem can be reduced to a system of equations

gO;(iL',O,t) = Vf-/f—(x)a

@, (2,0,t) =V f (), z €0,

b d
2
Lk(wk):—;p /u‘;ltK T, :L')dT——/le T, :L')dT——/wgtK T a)dr—2 p/wQKm(T, ) dr—



bap agk
m V m
P /U_Jf:tK(T,x)dT——pZ / Wy Ko ( Tl'dT——Z / Wi K (7, x)dT—

VI ™
kilbqu kilbqu =lagy 1

Vo 9
2P > / wy, Ko (1, 2)dr, x € (a,b)fork =1, z € (¢,d) for k = 2;
T k=1

a2k—1

b d d
v v
Lf(w,f):—g / WK (r, x)dT—f / o Ko7, x)dT—g / WK (T, ;c)dT—?p / Wo Ko, ) dr—

a
PR bap Vpn bag
ot o KE(
—= / WL, K (1, 3)dr — —) / wy K (1, z)dr — —Z / W KT (7, 2)dT—
Tr=1 k=1 Tr=1
Tbok-1 Tbok-1 A2k—1

_QZ / ?D];K;F(T, l')dT, T € (bgk_l,bgk) forw,j(x,t); €T € (a2k—1,a2k) forw,;(x,t),

T razg—1

where u‘;,f (1,t) = w,jft(T, t) + Vw,fT(T, t), wi(7,t) = wi(7,t) + Vwy(7,1),

\/(d—T)(a:—aJr\/d 2)(1 — a)
|\/ — 1) —a) —/(d—2)(r —a)

K i T # .
|\/ —7)(x —a) :F\/ —x T—CL| 7
The dynamic stability of solutions of this system of integro-differential equations is investigated
under the assumption that at every end of the plate one of the following boundary conditions
is fulfilled: Nw = w, = 0;2)w = w,, = 0. Using for this system of equations a functional
of Liapunov’s type, we will obtain the following stability conditions for the plates oscillations
wy(x,t), wa(x, t), wi (z,t)(k = 1 +m),w, (x,t)(k = 1 +n) with respect to small changes of initial
values g (, 0), w}(z,0) (k = 1,2), W (z,0), w{" (z,0)(k = 1+ m), wy (x,0),w; (,0) (k=1+n):

OQ i OQi OQi Qi
5. (x,7,t), Qi(x,t,t) =0, e (x,0,t) <0, 5. (x,7,t)> B (x

Y T#x7

U_JQ(T, t) = wgt(T, t) + ngT(T, t), K

Rki(xaTat): 7Tat)§07

1+ Qui(2,0,00) >0, 7€ [0,t],i =1,2; Ba(z,t) >0(i =0,1,2), Bor(z,t) <0, Np(z,t) >0,

K, KoV2 Foh(z,t
POk N < AppDay — 220 ,/hk(x,t,z)dzzo, /%dzgo,
T
0 0

M, >

Wgk (z, b, wy, W) >0, >0, v, >0, x € (a,b)for k=1, z € (¢,d)for k=2;
ka 0Qy; 0Qy; 0*Qy;

RE(x,7,t)= (z,7,t), Qi (x,t,1) =0, o (z,0,t) <0, o (z,7,t) >0, - (z,7,t) <0,
1+ QE(x,0, oo) >0, 7€0,t],i=1,2; fi(z,t)>0(i=0,1,2), 8% (x,t) <0,NE(z,t) <0,
+ +

w

K& L. pKEV? FORE (2t
ME > P20k e yEpE 7k,/hf(x,t,z)dz20, / %dzgo,
T T
0 0
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w]:ctgi(xataw]::’w]:ct) ZO,,U% > 07 I/]:qt > 07 S (ka—laka) for'—i—', T € (an—lacL?k) fOI"/—/’
where Koy =sup Ki(z), Ko =sup Ki(z), Kj, = sup KT (z), K, = sup K (),

J:E(a,b) mE(C,d) me(bgk_l,bgk) mE(agk_l,agk)

—Z/KTxdT—l—Z/KTxdT—i-Z/ TxdT—l—Z/

k= 1b2k 1 QQk 1

/KTxdT—l—/KT:ch—i-Z/KiTxdT—l—Z / K7 (r,2)d

k=1p,,7 k=la,,_,
Dy = inf[Dy(z)(1 4+ Q1x(z,0,00))], Ni = sup Ni(x,t), z € (a,b)for k=1, z € (¢,d) for k=2,
x x,t
D= inf | Dif (2)(1+ Qi (,0,00))| , Ni"= sup N (x, 1),
x x,t

T € (bgk_l, bgk) fOI"/—i-/, xr € (agk_l, agk) fOI"/—/, t e [0, OO),

Ak, Af, are the minimal eigenvalues of the boundary value problem y’" (x) = —\y"(z) with bound-
ary conditions to which the functions wg(z,t), w,f correspond. The conditions impose restrictions
on the magnitude of relaxation, the homogeneous flow velocity V', longitudal compressing (decom-
pressing) efforts and other parameters of a mechanical system.

Dynamic Stability of Viscoelastic Elements of the Channel Walls

We consider the planar problem about dynamic stability of viscoelastic elements of the walls of an

infinit ble fluid flows.
¥ i+
¥ T F=R o ix) Y=W+uix )
i e
_%’_‘_____b_limn_ ________ mefl a?;‘Hmedln N
0] T (%0) T, 50) X

This problem is formulated in the following way
Do =0, (z,y) € R : |z] < 00,y € [0, y0];

oy (T, 0, 1) = wi(z,t) + Vwl (z,t), € (bag—1,box), k=1+m,

v ) =0, B\ (e bad).

k=1
0y(x,0,t) = wi(x, t) + Vw,(z,t), x € (agk-1,a2),k=1+n,

0, (2,0,t) =0,z € R\ (U A2k— 17a2k>
k=1



(903’, + S01{2/)J,’::|:
Li(w;;“) = —p(pr + Vor)y—yo» T € (bai—1, ba),
Ly (wy) = plr + Vpz)y=0, © € (agk—1,a2),

oo: 07 (Sot)m:—ooz 07 Yy e (ano);

Here wif (,t) are the deflections functions of the plates on the bottom and top walls of the channel
respectively; ¢(x,y,t) is the potential of fluid velocity; the operators Lf(wjf) will be assigned the
nonlinear integro-differential expressions (7).

Using methods of the theory of complex variable functions, the solution of the problem can
be reduced to a system of equations for determination of wj (z,t),w; (x,t). Dynamic stability of
the solutions of this system of equations is investigated under the assumption that on every end
of the plate one of the following boundary conditions is fulfilled: 1)w = w, = 0;2)w = w,, = 0.
Using a functional of Liapunov’s type, we will obtain the following stability conditions for the plate
oscillations w; (z,t) (k = 1+m),w;, (z,t) (k = 1+n) with respect to small changes of initial values
Wyl (z,0), wi” (z,0) (k=1+m), Wy, (z,0), wy " (z,0) (k =1+ n):

Q% 0Qi, 0Qi
or ot or

GQQE
oTot

RE(x,7,t)= (z,7,1), QF(x,t,1)=0, (z,0,t)<0, (z,7,t)>0, (z,7,t) <0,

1+ Qi(7,0,00) >0, 7 € [0,¢],i =1,2; F(x,t) > 0(i =0,1,2), B (z,t) <0, Ni(z,1) >0,

+ +
K& o, Kiv? f F onE(x, t
ME> PR <)\ka,§*—poik,/hf(:c,t,z)dzzo, /%dzgo,
T e
0 0

w;fg;::(ilf,t,w;f,w;f) 20,,&% > 07 I/]:qt > 07 S (ka—la ka) for /+/7 T e (a2k—17 a?k) for'—’,

m  ba
where Kj,= sup K (z), K= sup Ki(2),Ki(z)=Y [ K7 2)dr+
z€ (ba—1,b21) z€(az,—1,a2k) k=1boy_1
asg _gal _gbl
n 0 0
+>° / K¥(r,z)dr, K* = In ¢ — +€—7m: , NE* = sup Nif(z, 1),
k:1a2k—1 e yo :F e yo J?,t

D, = inf | Df ()(1+ Qi;(,0,00)) | , £ € [0,00), & € (bag1, bax) for'+', & € (asg1, az) for'~,

A%, are the minimal eigenvalues of the boundary value problem y'V (z) = —\y”(z) with boundary
conditions to which the functions w,f correspond. The conditions impose restrictions on a measures
of relaxation, speed of a homogeneous flow V', longitudal compressing (decompressing) efforts and

other parameters of the mechanical system.

Conclusion

Dynamic stability conditions of viscoelactic elements of a plane channel, a wing profile, of a
facilatated weight wing, pipeline are obtained. The conditions impose restrictions on a measures of

relaxation, speed of a flow, longitudal compressing (decompressing) efforts and other parameters
of the mechanical system.
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