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Thuan nhat héa bién phéan chia d6 nham cao
gitia hai mién nhiét dan héi dang huéng

Homogenization of very rough interfaces separating two isotropic thermoelastic solids

Tom tat

Trong bai bao nay, tac gia

nghién ciiu sy thuan nhét héa bién phéan
chia 46 nham cao ctia ly thuyét nhiét dan
héi déng huéng trong mién hai chiéu.
Str dung phuong phap thuan nhét héa
cting vdi cac phuang trinh co ban dang
ma tran cdia ly thuyét nhiét dan hoéi dang
hudng, tac gia thu dugc cac phuong
trinh thuan nhat héa dang hién. Do cac
phuong trinh thuan nhat héa thu duoc la
dang hién nén rat hitu ich trong viéc giai
cachai toan thucté.

Tir khda: su thudn nhdt héa, phuang trinh
thudn nhdt hda, nhiét dan héi, ding hudng

Abstract

In this paper, the homogenization of

very rough two-dimensional interfaces
separating two isotropic thermoelectricity
solids is investigated. By employing the
homogenization method along with

the matrix formulation of the isotropic
thermoelectricity theory, the explicit
homogenized equations have been derived.
Since obtained equations are, in practical
problems.
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1. Gi&i thiéu

Cac bai toan bién trong mién véi bién hay bién phan chia nham xuét hién nhiéu
trong thyc té nhw sw tan xa cla séng trén bién nham [1], sw phan xa, khic xa cua
séng va&i bién phan chia nham [2]...

Nam 1997, Nevard va Keller [3] nghién c(ru thudn nh4t héa bién phan chia cé d6
nham cao trong mién ba chiéu dao dong gitra hai mat phdng song song cla hai vat
thé dan hdi di hwong tuyén tinh. S& dung phwong phap thuan nhat hda, cac tac gia
da rat ra hé phwong trinh thuan nhat héa. Tuy nhién, cac phwong trinh nay dwoc viét
dwéi dang &n. N&m 2010, Vinh va Tung da cai tién phwong phap thudn nhét hoa [4]
va tim ra cac phuwong trinh thudn nhét héa dang hién clia cac ly thuyét dan hdi, dan
dién, dan nhiét, dan héi xdp, dan hdi micropolar [5].

Gan day, nhidu tac gid nghién clru sy truyén séng trong méi trweérng nhiét dan
hdi. Chakraborty va Singh [6] d& khao sat sw phan xa, khiic xa cla séng nhiét dan hoi
phéng dbi v&i hai ban khéng gian nhiét dan hdi ddng hwéng. Baljeet Singh [7] nghién
ctru s phan xa clia séng phéng trén bé mat tw do clia ban khong gian nhiét dan hoi
monoclinic. Tuy nhién, theo hiéu biét cla tac gia, dén nay chwa cé két qua nao vé
sy thuan nhét hoa bién phan chia dd nham cao gitva hai vat thd nhiét dan hoi déng
hwéng. Do d6, muc tiéu chinh trong bai bao nay la tim cac phwong trinh thuan nhét
héa dang hién cta ly thuyét nhiét dan hdi déng hwéng. D& dat dwerc muc dich nay, tac
gid st dung phwong phap thuan nhat hoa [4] cling cac phwong trinh co ban dang ma
tran cua ly thuyét nhiét dan hdi ddng hwéng. Cac phwong trinh thuan nhat héa dang
thanh phan duwoc trinh bay trong bai bao nay.

2. Cac phwong trinh co ban va diéu kién lién tuc dang ma tran
Gia st bién phan chia dd nhdm cao L phan chia hai vat th& nhiét dan hdi déng

huwdng. Khi d6 bién phan chia duoc biéu dién bdi x; = h(x, /&), &> 0,trong do,
h(y),(y = x,/ &) la ham tuan hoan chu ky 1.

Xét bai toan tinh v&i trang thai bién dang phang, cac thanh phan chuyén dich va
sy thay déi nhiét do c6 dang nhuw sau [8]:

u1=u1(x1,x3), u3=u3(x19x3)5 T=T(x1nx3) (1)
Cac thanh phan bién dang 14 [8]:

1
&y :E(ui,j-‘ruj,i)’ i,j=L3

(2)
& day dau phay chi dao ham theo bién khéng gian x;.
Céc thanh phan (rng suét cé dang [8]:
o, = 2us, +[16, —(3A+2m)aTl5, o)

trong d6, 6, = &,, + &, , @ 1a hé s6 cla biéu thirc nhiét tuyén tinh, A, 1 1a cac hé s6
Lame duwoc xac dinh nhw sau:
1 _{/1+,y+, X3 > h(x/€)

B A, xa<h(x /e
H 3 (x,/¢) (4)
trong d6, A, , i, ,A_, pu_la cac héng sb.
Bd qua lwc khéi va ngudn nhiét, cac phwong trinh can béng va phwong trinh
truy&n nhiét Fourier c6 dang [8]:

Oy t035 = 0,
O3, +05, =0,

T, +T;;=0. (5)

Thay (1), (2), (3) vao (5), ta dwoc:
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{A+20u,, + Auy s —(32+2 ,u)aT}J +{ ey 5+, )}’3 =0,
Lty g )} A+ 205+ 20y, = (BA+2p)aT | | =0,
T, +T4;=0.
(6)
Phwong trinh (6) c6 thé viét dwéi dang ma tran nhu sau:
(AIIU,I),I + (A13U,3 ),1 + (A31U,1),3 +
+(A;U;); +BU +CU,; =0

(7)
trong d6, U=[u, u, T]' va
A+2u 0 0 0 40
A= 0 u 0 A,=lg 0 0f;
0 0 1 0 0 O
[0 u O 7 0 0
A,=|4 0 0} A,=|0 A+2u O0f;
0 00 0 0 1
0 0 —BA+2u)a 0 0 0
B={0 0 0 .C=[0 0 —GA+2wal.
0 0 0 0 0 0
(8)
Chu y réng cac ma tran
A, B, C:{Ah,w B,,C,, x;3>h(x/¢)
Ay, ,B_,C_, x3<h(x/¢) ©)

Trong d6,A,,.,,B ,C, (A,,_,B_,C_)dwoc cho trong
(8) véi cac thanh phan 4, u duoc thay twong (ing bang
Aty (A, ).

Gia st Q, Q" gan chat voi nhau. Khi d6 cac didu kién
lién tuc trén bién phan chia L phai théa mén:

[U]L =0;

[(AUU,I + A13U,3 )nl + (A31U,1 + A33U,3 )n3 ]L =0. (10)

v&i i, 1a thanh phan theo phwong x, ctia vécto phap tuyén
don vi cia dwong cong L va [g]; la bwéc nhdy cla ¢ qua L.
Theo Vinh va Tung, U dwoc bidu dién nhw sau [4]:

U=V+¢(N'V+N'V, +N°V,)
+Ee(N*V+N'V +N*V, + NV +
+N?PV  + NV, )+ 0(€) (1)

trong d6 V =V(x,,x,,t) (khong phu thudc vao y) va

N]_ N”' N13, Nz_ NZ]' N23, N211, N213, N233 la ma tran

2x2 clia cac ham y va x; (khéng phu thuéc vao x;), va ching

la cac ham tuan hoan vai chu ky 1. Cac ma tran N';.... N*¥
can duwoc xac dinh sao cho phuwong trinh (7) va diéu kién lién
tuc (10) dwoc théa man. Céach biéu dién nghiém (11) c6 tinh
dén déc trung vi md (tinh dia phwong) thong qua cac ham

N’, NYva dac trwng vi mo (tinh toan cuc) qua cac ham V.

S dung phwong phap thuan nhéat héa [4], ta thu dwoc
cac phwong trinh thudn nhat héa dang hién dang ma tran
nhw sau:

V6i x; >0

AMY,, +BOV, +CPV, =0

kY N 3 (12)
Vi —A4<xy<0:

(AT AT AT AV 5 + [<A31A1_11><A1_11>_1V,1 ],3

+[(<A33> +(Ay AT AT T(ATTA ;) — (A3 1A1_11A13>)V,3 ],3

HBAI ATV, +[<C> +(BAT AT MATA ;) — <BA1‘|‘A13>]V,3

=0 (13)
Voi xy; <—A:
APV, +BOV +COV, =0 (14)
Chu y réng
[ (v — v +(1— ©)
(@ =] Dy =, =37 +A=y, + )¢ 5)

Trén cac duong thang x; =0, x; =—A4, diéu kién lién
tuc dwoc thda man:

[<A31A1711><A1711>71 V,1] +

+[(<A33> +(A3ATDATD (AT A) - <A31Af11A13>)V,3]L
=0 (16)
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3. Cac phwong trinh thudn nhéat héa dang hién dang thanh phan
Thay cac ma tran A, ,B.,C, (A,;_,B_,C_) trong (8) vao cac

phwong trinh thuadn nhat héa dang ma tran (12), (13), (14), ta thu dwoc

cac phwong trinh thudn nhat héa dang hién dang thanh phan nhw sau:

Voi x3>0:

(A +2u )11+ 1V 33+ (A + )3 13 = B4y +20,)a T, =0,

w3t (A + s + (A + 20,0333 =G4, +2p,)a T3 =0,

T +T33=0.

(17)
VoI —A<x;,<0:

(G 2007y Wiy (ot 27y A+ 2007 Dy

Ly s+ 155 - Ga+2wat, =0,

Y W+ v L2007 A2, |

AL 207) a2+ a2 s

-(83A+2m)als =0,

3

Ty +T533=0.
1t T (18)
VGi x; <—A4:
A+ 20 )Wy + U P g3+ (Ao + p W33 = (B4 +2pu)a T =0,
UV A+ u W3+ (A +2u 333 - B4+ 2 )a T3 =0,
Ty +T33=0.
1+ T3 (19)

trong d6 ¥, V; va T 1a cac thanh phan cla vécto V.
Diéu kién lien tuc:
Céc dai lwong V|, 15, T, 0103, 033, qg lién tuc trén cac duwong
x3=-4,x3=0, trong do:
0 —1y-1
ol =y (hs+7,),
oY = </1*1>*1</1(/1 + 2;1)*1)1/1,1 +

[ 207) A+ 20)1)> w4+ A+ 200 s
a3 =T (20)
Nhan xét:

1) Néu hai mién QF, Q™ gidng nhau (¢)=¢, =¢_, thi cac phuong
trinh (17), (18), (19) trung nhau.

2) Khi bién phén chia @0 nham cao cé dang hinh Iwgc (xem Hinh 2),
ta co:

1
(0)=——(bp, +ap.)
a+b (21)
Khi d6 cac hé sb ctia phwong trinh (18) la cac hang sb. Phwong trinh
thuan nhat hoa (18) sé trd thanh:
(A 207y Wy (2207 A+ 207 W7
™"y (W33 +V313) — (34 + 2wyl =0,

W s+ Va0 + (G 2007y A+ 207 D7

L2y i+ 20)? + S (At ) At 200571 s
~(34+2p)al; =0,
T 1+T53=0.

(22)
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Hinh 3. Bién phan chia dd nham cao
hinh rang cua

Hinh 4. Bién phan chia do nham cao
dang hinh sin



3) Khi bién phan chia d6 nham cao cé dang hinh rang
cwa (Hinh 3):

Cac hé sbé clia phwong trinh (18) khong phai la cac hang
s6 ma 14 ham cla x; va cé dang nhu sau:

X3 X3
¢)=(1+=")p, ——-¢_
4) Khi bién phan chia d6 nham cao c6 dang hinh sin
(Hinh 4):
Céc hé sb6 cta phwong trinh (18) c6 dang sau:

<(p> =[1- iarccos(l + 3x3 )Mo, + iarccos(l + £x3 Vo
V4 A T A (24)
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