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Vi CHUYEN BGNG pOI LUU NHIET CUA )
"CHAT LONG CO MAT THOANG

NGO HUY GAN

Trong bai bio nghign cdu bai ton ve chuy®n déng d4&8i Lou nhidt céa chét léng
nhét c6 mjt thoang.-Khhe véi che coéng trinh nghidn edu truwée day trong bai nay didu
kién nhiét d¢ gift gia trj khong 43i théa man trén mit thoang kich dong.

§1. DAT BAI TOAN

Phuong trinh v didu kién biéns di2u kign ban dﬁu ¢la bai todn v& cdce kieh dong
nhd cfia chuy®n d6ng d5i lwu nhigt trong chit 1éng nhot c6 mit thodng & dang khOng thir
nguyén s¢ vidt nhu sau [1]

» _ o
-51 = - VP}-'F Av % BYT, divv=0, | (1.1) .
t
T o
Pr—g— - (VT’) = AT trong Q (1,2) _
v =10, (1-3)
T =20 trén S, {1.4)
i @ P avs \
SALTINLAE I - .2, -"—(P yNAL )=F"‘1v3 trén I, (1.5)
Bx3 dxs 8t 333
B .
Pr = v3 trén T, {1.6)
at
V(Q) = Vas T(O) = Tos P(G) = Po (15”)

O &4y v, T, P — kich dong nhd elha van e, nhigt df va ép suflf trong chit tong,
gBaLé"’X - &6 Rayleigh, Pr = v/{ — g¥ Prandtl, ¥ = WC}UL 88 Frud, g — gl:a 18e
trong treong, v, B £ — hé 86 nhet, hé s6 nd do nhiét vi he s8 {ruydn nhigt elia chét
léng, Ya — gradient nhigt ¢4 cda chdt 14ng trong trang thai cAn bing co hoe, ¥ — véc to
don vi theo chidu thﬁng dirng ti.dedi en, L — dic trung chitu 4ii cia midn chia chat
1éng €1, S — bitn cing, I' — mit thoang cda ehii 1éng.

Trong [2] G4 nghién ciru baitedn (1.1) + (1.7) cho trwang hop rleng khl Q 12 [6p
ch4t 13ng ndim ngang. Trong {1] nhidu Dai toin bd gua didu kien bige (1.5); {(1.6).

Ttong bai nay sé nghidn cdu bii lodn (1.1} = {1. f) irong frudng hop mién 014 _
bét-ky v&i bitn S-d0 tron- .
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$2. CAC KHONG GIAN HAM VA CAC BAI TOAN BD TRO

Ky higu JK2) 1a khéng gian con cfia khong gian L3{{}) gdm cde vée to s&lénmt
bink phwrong kha tich vd cé thauh phin phip tuy&n bing khong trén S-

W%,Q(Q) 12 khkoéng gian S6bbdlev ciia céc véc to triét tidu trén bidn S va eb daﬂ
ham suy rong bic 1 binh phwong kha tich trong .

Trong [3] d_s.rchurng minh ring l_rongr Wi () chuiin - xéc dink bing cong thﬂc

BV}I 3V]
- , = E : + Q
I “WZ’D(Q) Bv, )= j ( 3x1 Bm) ¢

is ]
$& twong dwong vai chudin Sébélev bink thuwing.

K¢ hieéu Hz(}) 1a khéng gian Hilbert c@a cdc ham binh phwong khi tich trong
Q, Hz(Q) l1a khong gian Sébdlev v&i chuin

T ”H%(Q) = v[ {gradT|*dQ + f | T2 ds
8

va Hz,o(Q) iv kubng gian con cla HZ(Q) gbm cidc him t1ong HZ(Q) va Irigt tiéu trén bién
S, Hi.00() ¢dm cae ham trong HZ(Q), tridt tidn wén hign SUT.

D% nghién clru bai toidn (1.1) = (1.7) ta xét bai toan bd trg sau

Bai todnl: Cho ham 1€ J(Ld).

Tim cdc hiamn u, p1 théa min cie phuong trink
vi digu kién bién :

—~ Ay + YP1 = 1, divu = 0 trong £,

L] dus 2
w=0trén S, — + 22 0 =1, D, — Pz 42— =0 ren L.
Bpxrj' ax; dxs

Bai tefn Z:
Cho ham 1€ Ly (T -~ {1} Tim che ham W, p2 thda min cic phuong trinh va diku
kién bién:
— AW 4 YP2 =0, div W = 0 trong Q

oW oW W
i - Va

W = ¢ trén S, =0(t=1,2), —P2 + 2

3
= @1 trén I

dx3 2xi X3
Batl tofim 3. Cho bam f2 € Ha({l), Tim ham T1 théa miu phuong trink va didu
kign bién —AT: = f; trong £, Tt = trén SUT
Bai tedn 4. Cho ham 92 € ngz(rj Tim ham Tz sao cho
ATz =0 irong Q
Tg =0 trén S, T2 = ¢z trén I+

Trong che chug trinh £3-5] céc bai toan 1, 2 48 dwge nghidn ciu t6t. Tir che két
gqui eha chc cdng trink nay ta cé

Bb de L. voi bdt ky ham f1 € T(Q) #8 dn tai mot ughiém suy rong duy nhit
eha bai to&n 1 théa min hé thie

Vel qq = Bl ) = 1))



Got AT 14 todn ¢ cho nghiem oda bal toan 1 thi Aq s Ya toan U ty ligg hop,
s . (8w ;
caong xhe diph vi D (4113 = W (),

o — . 1 e faliZ i)z .
(u, V}Wésu(ﬁﬁ'" (A{Ug V}J(Q) = (A7 %, AT V)J(Q)

Toan t& A7l 12 todn & hoan lodn lign fve va thude 16p tedn & op khi p > 3/9.
BB a2 2. V6i ham o1 € L) — [1] s o0 tai mot nghigm suy rfng duy nhar
. cita baj lodn 2 théa min he thie : : T

(W Vyt,o@) = EW. v) = (o1 vadpomy—jg} -
Goi Q1 14 todn ti cho nghiém cda bii foan 2 thi'QL 88 1A todn & hodn toan litn
tue tac dong te La(T') ~ {1} vao Wi,p{02) va ta co _ S
Q191 V)\Vé,o(ﬂj = (W, V)wéye(g)' = (¢, FV)szr)_l 1]
T' — toan tl 18y thank phin ph4p tuyén trén bien I

Pink nghia 1. Ta goi nghigm ;suy rong clia bai todn 3 14 ham T1 € Hi,p0(R)
théa min hé thie

@0 Diglpq@) = E Diy()

S% dung edng thiee Green cho cie ham cha H;,OG(Q)
- ATITAR = — ‘gﬂ VI1yTdid

4

vd dinh 1y Riss v& dang tbog quidt cla phiém him tuyér tink trong khéng gian Hilbert
ta c6 thd ching minh duge: '

Bb 42 3. B&i voi bat k¥ ham f2 € H2(() bai toan 3 s& ¢6 mdt nghitm suy rong
duy nhit. Goi A2' 13 todn t& cho nghidm cfia bai teAnpay Azlfz = Tt thi AZ' s& 1a te4n
t& tw lign hop, duong hoan todn lign tye va thude lop todn thk op v&i p > 3/2. Toan tit
Ag s& la toan tlr ty lién hop, duwong x4c dinh trong Hp{S2) va @(Aé'g) = Hi,po( D).

I my  ns ",. Y = 1ya i2
(11, T)Hé’uu(g) (fz,T)Hz(ﬁ) (AxTy, D) = (83T A2 0y
.. Ta goi @3 Ja thac tridn giaj tich cite ham 9z € HIAT) vio Q sao cho Dy =0
trén § va Pz = @, trén I. Khi @6 @2 € HL (Q) ‘
Ta djnh nghia tosn té ['1 nhw san: I'iD; = ¢, '
Lam phép bign d&i T2 = —Ts -+ @2 D€ xéc dink T3 & bai tofn 4 ta euy rat

4Ts = ADy 1rong.Q, T3 =0 trén SUT S (2
Dinh neghia 2. Ng‘hiém suy réng cla bai todn {2.1) 1a hdm T3 théda min ding thie!
{rs, T>H§m(§2) = (D, T)H%M(Q} ' (2.2)
& aby Higol@) ={T € BYQ) va T =0 trén SU]
Voi bt k¥ him @2 € H},o(€2) thi vé phil clia ding thie (2.2) 1a phi€m ham
tuyén tink trong Hi,g{2). That vay: : :

o)} = I jvﬁav?dgg'l << “V@gum(ﬂ) I VTHHE(Q) ~
£2

= il@zliﬁévﬁ(ﬁ)”T”H%:oe(g) B {2.3)
€6 nghis 1a: lE{T)| << CllT 1iH§end(Q)
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Thao dioh 1§ Rise ta s& tim dige mat ham T8 duv nhdt thia min ding thte (.22)
Co nghia la hax toan (2.1) c¢6 mot nghiém suy rong duy nhét.

Ta goi: Tt = =T3s + @2 14 nghitm suy réng cha bii todn 4. Bit T = Ts. T (2 2)
{2.3) suv ra:

Erslnt o < 1®2llgy @)y e @4),

Vi Tz = —T3 + P2 neén: RIS

[ TzHH o < 1T ”H Q)+| q>2]|H 28

T (‘? 4), (2.5) suy ra:

“Tz‘l'Hé,o(Q) < 2| @2 KH%,D(_Q) < C ||I‘1¢'2|[H5;2(r)

P& nhin duge danh ;gié ngay 48 st dung k&t qui cha (6] Goi Q2 1a lodn tir cho

nghiém clia bai todn 4: T2 = Q272 = Q2L1®@;. Tt bit ding thie cudi 1a c6

lwl®z g o <c T @2 112y = Cile )iy

Hg¢ thire ndy ching td ring toan tir Qz gisi noi tx HIAT) va HLe(R). Ta d&
ching minh:

Bb 48 4. voi bt ky ham 92 € H112 (T) bai toan 4 ¢6 mot nghiem suy rong duy
nhét va todn Hr Qg cho 1&i gidi clla bai to&n 4 14 toan t& gici ndi.

T2 = Q2¢2 ' ' (2.6)

.

§3. DINH LY TON TAI NGHIEM CUA BAI TOAN

Tim v=u+ w, p=p; +p2, T=T1+ T2

& daay fu, pih {w, pz}, lT1f, {Tz] 14 nghi¢m cla che bai toan 1, 2,3, 4
tuong &ng.

Theo phwong phip trong [3-5.7] tir phwong trmh (1.1), (1.2) va chc didu k:en
bien (1.3), (1.4), (1,5) ta thu dwge hé phuong trinh:

d
—— = —Alu + RMT B RS
dt
A (3.2)
dt
veéi MT = [I7T, tohn th chiga xufng F(2). Ta viét phwong irinh (1.2) dusidang:
' a1y oT
PrT 4 P2 —2 ~ yg = AT1 + ATz T {3.9)
i

Ta nhan xét ring do Ti: = 0 trén T'US nén didu kién (1.6) ¢6 dang

8Tz
Bt

Pe

—va=0 tréanl (3.4)

- oT 1
Hé thite ndy ching td ring bdm Pr — v3 thuge Hy,go (). Nhan 2 v& ¢3.3)

v6i T € Higo(Q), tich phan trén £ ta c6

9T 9Tz - _ .
(P}‘ 3t s PZ Bt - Y3 T)HB(Q) - (ATis T)HZ(Q) - -(AZ Tig T)HZ(Q)
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Y3 g;;f};;m{i;;) Lol Gt WHng Hglhy ve Iz hm DAL ki o ivoug ﬁ‘ziﬁ,ﬁn\i‘&l.l n&n ta suy &,
. S pa Cheia s,
. 8T ; P
Pr —r— + P32 — yg = —A3Ty (duﬁ)
a &t S

Vi phas hai vé (2.6 theo t ta duwge

dT2 C o
m—a—m_Qg 2 }
dt

- ARV ;
" SG dung dika kign (1.6) dwoi dang (3 4) tir hg thire cubi ta sty ia | |
a2 Llape o (3.6)
: : dr Fr - : . .
5t dyng (3+8) ta cé the vidt {3.5) dudi dang _
Prﬂ = — AaTi— Qazl'v + Nv, Nv = y3 ‘ 3.7
dt '

Twong ty treng (7] he phwong trinh (3. 1), (3.2), (3-6),‘ (3.7)- ¢6 1h® dwva vé
phuong trinh tich phia Von te ¢6 nhin gl(}’l noi holle ky df yéu va do viy chiing
nghlém duy nhit, .

Binh ly Bai foan (f.1) =4-i(1.7} ¢6 nghmm suy réng duy nhat irong khong glan
$50(Q) X Blo(Q) niu vio) € W z.um) Tio) € Hi, o(ﬁ)

KET LUAN

ATrong bai bac @i chwng minh dink 1y tén fai doy nhdl aghism suy rong
o mét bii todn méi trong Iy thuyét doi leu nhift. '
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