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Vi TRANG THAI TG HAN CUA ON DINH
DOl LUY NHIET CUA CHAT LONG VI CUC
NGUYEN XUAN HUY

Trong [1] 43 ching minh ring chuydn d¢ng d6i lun nhiét cla chdt idng vi eye
tuan theo nguyén 1y bi&n &3i dn dinh ddéu. Troag bai nay ching 16i xet irang thai toi
- han clia 6n djub d3i ivn nhiét eda chdt 1éng vi cwc, cheng minh ring hiéd #ng vi ewe

1am cho tinh &n dinh cha chuy®n dong gidm. '

§1. PAT BAI TOAN o

Ta goi {} 12 mido chira chat ldng va § 1a bign. H¢ phuong trinh tuyén tinhk mé ta
trang thai t6i han cla chuy®n déng ddi luu nbist trong chdt 1éng vi cyc dudi dang todn
th dwoe viét nhw sau (xem [1]) :

— A1y + HBlaw + BRI (P ¥) =0 ‘ (1.1)
“ Asw+ HB2iy — 2Hw =0 _ (1.2
— AT 4y v =0 (1.3

& day : v — Vin t8c,; W — xoay irong, T — nhigt dd. ?“ véc to don vi true Ozv
R — s8 Rayleigh: Ay = — A, A= —18 grad div + Nrot rot, A3 = — A, Ba = rol,

H, M, N 12 céc hing s6 deong 1a H <, IT — toan t& chifu tir Lz (%) sudng Lz ().
Ta xét v thuoc khong gian Fp~ d4ng clia tdp che véc to s6léndil {von trigt tidu
irén bién § voi tich v6 Ludng :

(:”:19 _:\"Tz)qi - f rol —{’:1 rot ;::'2 df2 T v V1, V2 & Hi. {1‘4)
Ta X6t w thede khong gian Hy — dépg cla t4p edc vés to trom {rigi #én irén bidn

& v&i tich vo huwong @ .
(Wi, \-"‘32)1{7 =M ? Ay W div Wa dlE + N f rot Wi . rot W,dQ: ¥ Wi, W2 €Ha.
| n ' (1.5)

Ta xét T thude khong gian Hz —déng ¢fia tAp cac ham tron triét tign tvén bién 3
v§i tfch vo hwdng

(T, Tz)ﬂs = jﬂ grad Ts . grad T2df, ¥ T1, T2 € g | (1.6)

- Trong {1] 44 ching minh rdng céc chudn sinb va bdi che tich vo hudng (1.4)y
1.5), (1.6) trong dwong véi cie chuldn trong cée khéng gian S4bolev hink thwong. Che
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tokn 40 A1, Az, Az Th ng lign ho?‘,mxéc dinh deong vk ¢d cle todn td nguoe hodn toan
Jignm tue, Ly lén hop, dwong vd A;" = Bu.

Chiing ta s& xét cffu trie cia tip che tri 88 Rayleigh toi ban

§2. CAU TRUC TAP TRI SO RAYLEIGH TOI HAN
To (1.2 ta 6 : o - _ R
o | T = A5 (vY) . (2
Do H 2> 0nén tohn tr Az + 2H cb toan ti ngwoe gici not (Az+ 2H)-. '
Tir (1.2) ta ¢6: _ L B o
' W = (A2 + 2H) " 'HByV ' (2.2)

Thay (2.0 (2.2) vao (1.1) ta c6:

— A1V + HBi2(Az + 2H) 'HB2V + RO[Y A4V )] = o
hay 1a: _ . — ' K
[E — AT'HBI2(Az + 2H)IHB21]V = RATHI(y AsHV 1)) (2.3)

Ta ki hiéus A = AT'HB2(A; + 2H)~1HBa;.
ATUTT A3,

i

_‘ B

B d2 1. Toan th A Qa u'_r lién hep
¢héng minh. Ta ¢o:

fi

(Avij—{;z)ﬂi = j rotAVi, rotVadf) = j'AlAuﬁ V20 =

= IHBH{AZ + o)~ 'HB21V1 . V2dQ = f(Az + 2H)"HB2VL « HB21V2d() =

= ((A2 + 2H)-'HBasV1, A;TlHBqu)uz-
Dya vac tinh chét ty lién hop cda Az', (Ag + 2H)™' vi tinh hoan vj cla Az va
Ay + 2H ta d& déng suy ra didu phdi ching minh. '
Bbd db 2. To4n ttr E ~ A 14 xdc dinh dwong.
Chitng minh. Ta c¢6:
(B~ AV, V), = f rot{E — A)V rotvaQ =

rjw [(B2aV)? — (45 + 20)"1HB21V . HR21V]d0 {2.4)
Ta dbi bin: (A2 + 20)"'HB21V = u.

Khi d& (2.4} c6 dlang:

-

(r A-}f, Ty = jh%;_(aﬁ + 2Hu)? —u. (Azu +_‘2H_J)‘]d§2 =

2

1 — - —
g{F (Azu)z."i'(ﬁ“ - 1) Azu.u + ¢ - 23)112}:19

1 . —_3 4H - - — -
Jq{—"-—- (Azu)z + —}—-I.—zw:Az--u.u +4u2_- Azu. 1 ~—-2Hu2]dﬂ=

=




Do H <7 1 va &p 1& to2n U xie dinh dvong nén ta suv 18 §ide phii ehbémg min}a“

Toan tir (E — A Hi—Hz 14 ty lién hep, xic dinh duong. Do d6 todn tﬁ‘z(E -~ Ayt
Hi —> H1 tdn tai, (i Jién hgp, doong va gi¢i ndi. Khi 46 toan ti (E — Ay HE D H - Hy
tan igi, tw liégn hop, dwong va gisi ni [5).

B& d& 3. Toan Ut B 14 hoan toau lién tues Ly litn hop duong.
Chieng minh. Vi A7! va Az! I3 hodn toan 1ién tuc nén B 1a hoan toan lién tue:
Tinh chdt Iy lign hop va dwong cfa toan tir B duoe suy ra tir diy céc ding thire sau!

(BV1, Vayyy, = § rot BV« rot VzdQ = I AIBV;.Vz dQ =
fn (7 433V, Ved@ = ngi V17D . V2 1dQ = (A31v, 1, AEI(_V"z:f'—))HS.
BS &8 duoge chitng minh,
B Ta viét lzi phwong trinh (2.3} nhw sau:
(E— A)v = R Bv 5 (2.5)
Ta dwa vae bién méi: (B — AX? v = 1. Khi 46 (2.5) c6 dang:
(E — A2z = BB(E — 4)-12r — v= R(E — A)-1% B(E — A)" 12y,

_ Tir cic kBt qui trén suy ra toin ti (F — AY %2 BE — A)12 13 mdt todn ti
tw lign hop, duwong. hoan toas lign tyc. Ta ¢d dinh 1y sau:

Binh I¥. Tap i s8 Rayleigh t¢i han eia bai toan (L.1) — {1.3) 1A rad ra¢c va lap
thanh day:

0< Ry <<Ra<..

va tap cic ham rieng (vi, w1 T, Gz,d‘:’:f.z, T2}, -+ twong tng 1a diy ab.

§2. BAI TOAN BIEN PHAN

Twong tw treng 3] ta thay him T biing ham T nhi sau !

T=CT véi ¢ = VR _ (3-1)
KEhi d6 b phwong trink (1.1} — (1.3) dug}c vidt lai nhy sav:
— A1V + HRizw + CINTY) = o | (3.2)
A2 FHBAY - 2Hw =0 (3.3
~ AT + 677 =0 ‘ (3.4

Gid st vy, Wi, Tt 14 edc ham rigng twong dog véi gia wi G = "VfRi nhé nhat. Dé
dang tinh dwge ring:

. = e TN SR - -
I Baavi — H’WiliL2 + 1w le + HT&HIE_B + H{2 ~ H)||w1| liz

Oy = po— (3.5}
(T, V:I_Y)Lz
Tz xdy dung cic phiém ham:
= f[(am.v ~ Hw)? + daw . w + AsT. T -+ H(2 — H)¥2]dQ (3.6)
K o= jw',[‘ m\?’?.}f} (3. 7)



Ta phét bifu hai todn hién ph:ﬁ%n:' Tim cwe (ri exle 7 v&i che didn kidn

K =1 divy=0

w=(Az + 2H)~1Bai v :
Theo ecdeh trong [4] o& ‘thd .cl;fmg‘.,mlinh duwgc rdng: cde phuong trinh Eui}egﬁ_tﬂn':

duge te didu kign: ' B

— 3 — 8K =9

7

! -

e tring vé’: h¢ phwong trinh (3.2) — (3.4)
' K&t hop voi (3-3) ta cé: ) :
. C1 = minm}— ‘ (310) _
‘ g .
Arén t4p cic ham thda man didu kien (3.8) . :
Mat khie, s dyng digu kitn cuéi cung trong (3.8) ta 6 th? dwa (3.6) vi

dang sau: j _ '
T=HBav ], + NV, — (i}, — 2801 (311)

2V L2 H2 L2 11
Ehi 46 ta c6: : : >

-~ -— .2 ~ . ' — .
 Baav = Bwllf, + lwll, + I T, + a@ - DS,
C1 = min : : - -

(T! :; Y)Lz

WBav 2 + 1T, ~ (WU, — 26wl ..
= min L _N'Li__ | H2 o L2 _ (3.12)
(T, v v)L2

tréan tdp céc hdm ihda min didu kign ¢3.8)
Trong truwdng hgp chit 1dng newton trong [3] @4 chi ra ring
Co=9 ~ g
B V < -
B2y I+ [vTily,
= min ’ {319
5z
(r, V1) La

new

trén t4p thda min didu kién:
K = §T.§¥dﬂ= i, divy =0

So s&nh (3.12) v (3.13) ta nhin théy ring hidu fmg vi cye ldm gidm gia irisd
' Rayleigh t&i han ¢6 nghia 14 hién ¢mg néy lam gidm finh dn djok clis chuyén dgng-

 'I'a xét bai toan dirng phi tayén sau:
T—p Y. o) T e RITT = G4
~ A1V— P, " (V.V)V + HB12W + RI{Tv} =6
4 W ~ p;"i (V.9)W + HBz2V — 2HW = ¢ (3.15)
AT = (V9T + VT =0 IR (3:16)

trong 46 Pr la s& Prandtl.

18



Gid st bai todn phi tuyén ¢ mot nghidm nao dé v., w,, T. twong fag gid iri By
Lam tuong ty nhe khi ddn ra bidu thie (3.5, chi t rhng:

j (VOIV VAR = f (V.9 (V)0 = f div V.(V)2df = ¢

va tuong tes
Jv_f"\}._ PW. W = 0, j(?.v) TTdQ =0

V ta coO: i N -

- = 2 = 2 PR = n2
Vi = qum}-o —~ HW, |, + IWoliyg, + 1T lly, + HE = [[W.ll}

— 3.17)
(TD‘& Vﬂ Y)LZ
Ghit ¥y d8n (3.12) ta c6 C1<T Co

He thie nay chirrg td rding s Rayleigh t6i han kh: khéng tinh dén cac thanh phﬁn
phi tuyén gidm di.

Ehi khéng tinh d#n hitu ¥ng vi cye cac k&t qud thu duge & dé} tring’ vél cae

két qui trong [2].

KET LUAN

Trong bai ndy d3 chtng mich ring tap chc tri 36 Rayleigh t&i hgn cda. chuydn
déng d8i luu nhiét frong ch4t lc'mg vieye 14 thp roi rac, duong va ting Jdin ddu, da zhy
dung phlém ham 4% tinh eac tri s& nay, chirng minh ring hléu ing vi cwe lim gtam tinh
&n dinh cda chuy®n déng.

Thc gid xin c¢dm on Tién si-Ngé Huy Cidn di c6 nhtmg ¢hi din va thio lnén cée
k&t qui cla bii nay.
BPia chi

| Nhdn ngdy 8/12/1986
Trutng Dt hoe Thng hop Ha Nti "
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RESUME

SUR L’ETAT CRITIQUE DE LA STABILITE DE LA

CONVECTION THERMIGQUE DES FLUIDES MICBOPOLA[RES

Dans cette étude on montre que ensemble des
Rayleigh de ia convection

sont positives et forment une suite croissante. Une fonctionnelle ast construite pour leg

caleuler. On wmontre aUssi que Ueffet micropolaire rend les mouvements des fluides plus
instables. .

valeurs eritiqgues du nombre
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thermique des {luides micropelaires est discret. Ces valeurs




