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THE INVESTIGATION OF PROBLEM OF CLOSING
OF CRACK IN THERMOELASTIC MEDIA

Martirosyan G.A., BagdoevA.G., Martirosyan A.N., Dinunts A.S., DavtyanAm

Problems on building up of layer of inclusions, containing in fluid entering in crack, whiej
infinite thermoelastic plane are considered. These problems were solved in [1] for §
environment without taking into account of elastic stresses. In present paper the coupled ther#
and diffusion mixed boundary problem for crack with fluid is solved by Winner-HopfTam
graphs of vertical displacements on crack surface are calculated numerically and the moment ofl
of crack in some point is determined. Experimental curves of healing of strips, filled by fiic
inclusions in earth environment are done in [10]. In present paper mathematical solution is obtH
biological cracks with conform oil.

1. Statementofproblem ofcrack in thermoelastic plane with fluid current.

The problem of semi-infinite crack in thermoelastic plane, when there is current of fluid]
inclusions, entering in crack at initial moment /= 0, is considered. These problems are esped
important for study ofprocess of narrowing ofcrack due to action o fcrystallite inclusions inconn
and in analogically by mathematical treatment problem of building up of cracks by inclusffl
conform oil in corresponding problems of technology [10]. In plane x,y equation of crack botui

y = +b{(x, ), ,(x,t)=b0+Uy(x,y,t),y «0, where thickness 2b is small and later is taken]
upper sign, and is solved problem for y >0, due to symmetry. Ux,Uy are component!

displacements in elastic media.
Let the temperature T of elastic plane and fluid are approximately the same, denoting hjj

constant initial value of T, by q = pfvbQthe current of entering fluid in crack, v-fluid velocity

x axisofcrack, /~-density of fluid, /0-constant diffhsion current of inclusions along y axis,whic

supposed known, y —Qc which also supposed constant, approximately taken for moment t
dT

Y - ~ ~ >by K let us denote constant coefficient of building up of crack surface, than using equatii

of narrowing of crack surface [1], on account of stresses term, one obtains

P =9 T Ko< ijfr H
at ox <tyy 1) (x)H (1)

The crack equation y = b0 +U y(x,0,/),0 < g < oo.

One must put and solve corresponding problem of thermoelasticity. The equations of motion!
thermoelastic media [4], where are excluding terms with I" by dropping ofsmall thermoconductivity, |
as follows

where j _ K*cP cv, K , + 2 volume elastic modulus, p density, Cp, Cv specifi
p Cr * 3
thermal capacities.
The stresses components are [4]
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W B auy) (dux (W » o —p2fdux x (1.3)
= fl2-2b KW H HS3
w w dy 1 dx dy J1 P -Db \dy dx ]
pftermoelastic media one can write [4]
T-T C' C'(W .aun (1.4)

aCv ~ dx dy J
Whichis obtained neglecting o f thermoconductivity in equation
aT (C,-C, djdux dUvil + N ) (1.5)
dt aC, dtl dx dy j \ dx2 dylj
[wWeea iscoefficient o f temperature-conductivity.

i Themain boundary condition (1.1) on crack on account of healing of crack due to diffusion
[ourert of inclusions and building up of its surface, as well as on account of friction, can be write
[coan

! dUx AT,
d:Jty_: i f(ij_l' fy W g x>0 (18)
wee $, - ~psD, D - diffusion coefficient, K tribological coefficient of crack due to building up,

~mcoefficient of horizontal wearing of surface. Besides due to symmetry out ofcrack y = 0, x < 0,

U =0< =0-+Tosimplify of solution one can approximately write ar  T-~Tn , Where / is some
dx |
nmen length along crack, and diffusion current 4 — can be assumed known and equal to

ldy
WIH(X)H(t),iQ= const. The diffusion equation in this treatment is not used, replacing by

assumption on approximately constant transversal diffusion current of inclusions to crack surface. Then
approximated boundary conditions yield

[ b I +~»  Ar_la(x)a(r)-~-, | =0, ~>0,8 = ~ (1.9
; p, aCu dx by j ps

wereH(t)=1 t>0 HLW) =0, t< 0 isHeaviside unitfunction.
§ Problem (1.2), (1.9) for Ux,Uy for y > 0 is closed.
2. Solution of problem o f building up ofcrack in absence offriction,

p Letusdenote Ux=U, Uy= V.

| Onecanconsider further simplified boundary value problem for half-plane: y = 0,
7,=0,-00<,v< 00 F=0,x<0

2.1
dv (al-bl)p  1dU (Kap , J13* ()1(1),*>() o
dt dx Ps Jty Ps
where , j Cp- cv vblyp .
K J ¢y ap,

The solution is looked for by integral transformations ;V oflLaplace on t and ;V Fourieron

X. Inplane X,y one can write solution as

m-l=£ je'~'~"U.iV.da, =] ® a\lc=J]Cl-b (22
/171 =X VC,
where S = -i(0is parameter of Laplace transformation. Besides F, = SS¥U » Vo= ==y 2
a Pr

r Placing (2.2) in (2.1) and inverting of Fourier transformation, one obtains
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+n

v -KZarfi+(/2)~ *0 =) Lim

where W, = — j(r, + V2\ynle-iaxdx >V =" ]v \ ynde~"*dx

index (+) gives analytic functions of a in upper half-plane, (-) - analytic in lower half-plane a

From (2.4), (2.3) one obtains Winner-Hopfequation:

k{ar2sr)p a:-"-=;/r(«)gcoOr, c cl
2masps -2

e 2fila2) M o\ - 222

Ps

A(«) has two imaginary and two real roots: taii,ta\, and >1 for a ->co.

factorization of A (cr) one can introduce function

(- -« ]1[=+a] iv n( )

and obtain

11

0\-2(K2-Kr)~r0\p:
G'lar)= Exp \orctgj—u

p
fc)i—KZ‘y j\) -20:p2r(xkrk y - a

Jarctg

Solution of (2.5) is by [6]

} Vo= -
Iniasp - OIZ(O)R*(O)) 2naspj; (0)R+(0)01 fi)R (a)cO



[Introducing of dimensionless variables —_ . y-_ L 2 0 ©
B i
i a - a 2% one obtains solution (2.8) as
[ a
(@B m m <K
-a K- ( ~\ -2 ra

I Theinverse transformations Laplace and Fourier from (3.5), gives solution in Smimov-Sobolev
fom([3],andfory = 0 one obtains

La —=C"(0)aia2Jl
P2=Re— ' V=jre P T— x (2.9)
afl _j  b@'-avar-aZaG @)

The calculations of (2.9) for O a)" - 5¢10'6,ax= 0,99999987, a2= 13333,3326

em M1 a Ii
a=1000— , =— —=4,-= = 0,00058,-]- = 0,00062,, give graphs of fig, 1and fig. 2
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Asitisseen = rVv outof crackis positive; fig.2. shows that for 0 < ii- < 0.25, LQi I
t at X

0.25<§t—<0.6, <0, and width of crack b{=b0+V is decreased. For bo =10"°om aes

—« O.S,L—7—10" ,and healing condition bx=0 vyields 10 —7¢/*10" =(
at X

t= sec crack is healed in point X = —cm.
700

Pesomve

PaccmaTpvBaloTca 3afjauM 0 HapalwMBaHWW CNOS MPUMECEN, COAEPXALLMXCA B M
(thntonge), nocTynatoLLein B TpewmHy B 6eCKOHEUHOI TepMOYNpyroi naockocTw. Mov Hedi
YNPOLAOLWMX MPeAnoNOXEHNAX Ha XapakTep BNAHWUA Anddy3un npuMecein Ha et
TPEeLLWHbI YAAEeTCA pelumTb HeCTaUMOHapHYHO 3adavy TeEPMOYNPYrocTy NPy CMeLaHHbIX MeHA
YCNOBUAX Ha rpaHuLe TPewmHe C YYeTOM HapaliMBaHus Cpedbl Ha rpaHuLEe 3a CHET Ot
npuveceit. 3afaum peLlaoTca MEeTOAOM MHTerpasibHbIX MpeobpasoBaHuii flannaca v G
peLLeHVeM ypaBHeHWIA BuHepa - Xonda ¢ npusesieHVeM peLleHre K hopme CvipHosa-Cosoreul
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