Tap chi €O HOC 1979 s8 3 -4 (trang 38-48)

LY THUYET VE CAC HON HOP DONG THE VI MO |
NGUYEN VAN DIEP, TRUONG MINH CHANH

Trong nhidu linh vue ¢éng nghiép va k§ thuat (céng nghiép thue phdm, cong

nghiép hoa hoc, niing lrong,..) phin 1dn cdc chuyén dong cla cdc moi
tredong thye déu c6 thé coi 1A cac dong chiy cfia mot hén hop nhiéu thanh phﬁn. :
~ nhiu pha. B&i viy viéc nghién ciru bing thwe nghiém va 1y thuyét cée vin aer,
- lién quan téi dong hon hep 1A cin (hiét va dwoge nhicu TlgU'O‘I quan tém

Bai bdo nay nham muc dich xay dung mo6t mé hinh hén hop dong thd
vi mé 13ng di tdng quat d& mé A cac vin dé chuyén nhiét va chét, chuyén
dong trong cae Ong dan,... theo quan diém 1y thuyét khuéch tan suy réng 12,3}
c6d tinh téi dnh ]nmng cta chuy@n d:}ng vi mé [6, 7).
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§1. CAC PINH LUAT €O BAN

Xét mot hon hop dong thé gdm n chdt hop thanh 16ng thim lin nhau.
'Goi p, va U, la mat dd va van t6c cla thanh phin tht & (« = 1, 2,.., n). Ngoai
cac van tée U trong 1y thuyét khuéch tan suy rong [1- 3] ta con sir dung van
tée dic trtrng trung binh U, cho toan hén hop. Viée lwa chon U, tiy thude vao
diéu kién cha bai toan dang xét. D& ldng quat U, dwoc 14y trung binh theo U,

nhw sau: _
U, = =a ., =>a, =1 (1.1

&

trong d6 a, khéng phu thuée vao U, va cé the lay tiuy ¥ sao cho thdéa man didu
kién (1.1). ;

Trong cong thirc trén va sau nay, ky hién S chi viéc ldy tBug theo tap
gia tri cua «, ; : a

Trong 1y thuyél Lhuech tin suy rong, déng hoc cla chuyén ddng tuong

d6i duge dic tru-nq b&i déng khuéch tdn khéi Iwong T xac dinh theo céng :
thwe:

I =p (T, T ST - (1.2)
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Gid dinh quy luat bao toan nang lwgng cho- toan bo hén hep vi mé &
lang Uch phan lrong d6 c6 xél téi ning lugng do cac chuyeu dOng vi mo sinh
a & dang:

2 [Zefrt 0T 44T &y + j?- Seafet

o

.o'==12 ,11—1)

mng phuorng lrlnh (1 3) dax lu'{)'ng e la mil dO m}l ning cua toan h6n ho'p

', vat, lucrng trng 14 lye khéi thong. lhuong cfia’ moi tru-éng hcrp thinh thire -
a4 ten x0 u-ng sudl mil hang hai cho loan hdn bqp chl sinh cdng trén dich

huven trung blnh ' va l tuongung la ten xo lyc khdi v1 mb hang hai vh lenj_
o ung suat mdt hang ba B }a luc mat chl smh céng trén dlch chuyeu tu'ongA
e :

61 VA ducc gm lé. len x0' lmg sual khuéch té.n. I= I"‘ la ten xor quéu. tmh vnl_ﬁ
16 hang hai ‘d6i xu’ng, v la ten’ xo hang ha1 dﬁc trung cho Sty bxén dang Vi
16 ela h6n hO‘p, r va q twong u’ng la mat do nguon nluet va matdﬁ déng nhiét.”

= S, dung tlnh bt biéa ciia phu'crng trinh ning lu:ang 661 \_rdu chuyén dbng -
ua ngucl quan sdl. Ia 88 t1m duge.cac phtrcrng trlnh co. ban sau '[8] i
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Phueng trinh bio {oan 'mé men qudn tinh vi mo:

()7 = 5 W — : 5

Phwong trinh .moé men:

| L —-B=9.T4T ~-F ’ - (1.9)
- Trong cac phwong trinh trén dai lwong v, duwge goi la hé s6 hop ti luong cia
thanh phiin the « trong phén trng Lhir 8. bai lwgng W, 1a vén 16c cia phin
ung thir 6; dai lwong -Ga deoc goi la lyc khuéeh tan khéi; S = S* la ten xo
rng sudl vi mo khéi hang ha: déi xirng. Cac dao ham theo thoi gl'm dugc xac
dinh nhr sau: '

L 3 £
— =—(.)+ L. V()
LIRSS
(a) q(a)ya _ e e e e
% — ' a A == —3 — =
: 8 = — L] .TU B . (1-10)
e T e VhHIa V.U \ =
dax hrongf = Z c I, lalue khéi lrung binh ciia loan hdn hop. Bm luo-ng:rducrc

- xac dmh theo cbng thuc :
';7 s 3 ?‘ d(
E x

———;

B - (1.11)
5+, g -

Nho cac dinh luat (1.4) — (1.9) ta cé the viél phuo'ng trinh bao loan
nang lvgng & dang: ; :

(a) Ia'ja
L TN, Lo Bt
P dt T o V::p —[—v—‘ (;—l"—,‘z—z Y‘)aé‘“a“é p')
o o '
_ [ Palg _ Py \ da)l Q2
4, iy (f_““ )_(1 = - R (1.12)
s L2 g F - L amp. ¢ . dt i
o Pg Pg o
a c(a)T{ . -;-~a Ja — o L a . P— .
~'fu(ﬂ = PP e e e L B
dnpg <Dt Pu 5 Fa
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Néu gia dinh ring hdn hop dong the vi mé ¢é ham ndi ning chi phy thuoc
vao mat do entropi n churg cho toan hon hop vao thé tich riéng v'== p—, {en
X quan tinh vi mé Ivé nong d¢ khéi C, riéng cia mdi thanh phén = & dang:
e=c¢ (v, 1 ('&.T) (1.13)

thi voi gid dinh khit vi lién tue efia ¢ v tinh bat bién caa dao ham =
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7i chuyén dong clia ngudi quan sal ta sé nhan duge phuong trinh xac dinh
itropi & dang:

d(a.,‘ — I ] q"" - ;
L I - e i ! . (L1
p (“, -i: V l + V . -r +pr . p
‘ : — —n j:r
DHgdé ngr = T-1 ZW,(‘) Aé + 2 FO‘. '.]0- _;..—_;:?'E. -+ 2 Rg v — 4+
) : g ' a a
P — | - 22t
+E =R+ T T S
sin phim entropi ctia hén hop (¢ =1, 2, .., n—l) Trong céc cong thire

14) va (1.15) ta da sir dung(ll2) va (1.13) va dal b m f

45, T=2@.0"
F

._'_'Vl | i, pnao-'_'- " jpnaa' vp ¥ d(ﬂ)[_]'
b —— ¥ a
U']"(fq"anpuf:‘x)"*'(ll—a )[——-_ ;_*_

= - Bl R EF Y, = JnJ:

(Vi —_( ' ( )% (1.16
+2 ¢ (Vu )} VEe~ s ¥ -I-anpu o + ==l )
L et BB Fem)

e ' n,_v Cos I Pl M\T M cqe 1 -f’
0% PQ=—E» . n= :aaiT . =ﬁ*
i !V'Tlv' _ng(Bﬁ_—Cf-)‘- . ‘!'n: Cy

- dal ltrong T e lhu‘dng .duge goi la nhiét dd nhiét dong hoc vadp sual nhiét .-
1ghoge, conp, (2 =-1,2; ..., n) lathé héa hoc clia thanh phinthit «. Bai Iuonﬂ_
1 goi 12 tenxo 4p sudt vi mé hang hai déi xing; g la tenxo don vi hang s (A
'“Tu“ cac cong thire: (1.13) va (1.16) c6 thd coi nodi ning la thé nhigt dong "~
: suy rong cia moéi truédng vi mé. S .dung phép bién doi Legandre ta dé
\g tim dirge ecac thé nhiét dong hoc khic ctia hdn hop, Luu ¥ rang déi véi '

1 hgp doag thé vi md ta cé hai dal‘lu'anr dong thoi dic trung cho quan tinh
moi truong do la mat d9 clia hon hop p va tenxo mémen quén tinh vi
T'do d6 khi st dung phép bién ddi Legandre ta nhan duoc cdc thé nhiét

1g hoc suy rong sau: :

Thé nhiét dong hoc Gibbs suy rong:
B G(p.T;ﬁ.cd)=s+%—ﬁ:f—Tn

=



ham néing leong ty do suy rong:
f(v. T.T, e ) = e — Iy
ham nhiét (entalpi) suy rong:
h(p,n. 1, ¢_) =a+—§——ﬁ : T

cac thé khac nhian duge bing cach twong ty. Cac dao ham twong (ng cla
chiing c6 thé trinh bay & dang:

f i o
VG_—n.VT-l—*p—V Na: I+ Y u,Pe,
_ﬁi‘_=—1m'r-p\t»+§1’ﬁ'+ YuFe, . - - (ID

BTy Fr - ,
h=Trn+ - Fp—PH:T+ Y7 e,

Khi nhigt d6 T, 4p sudl p va T déu khéng ddi, néu ham G'la ham dong .

nhdt bac mot theo cde khéi lwong clia cac thanh phén thi ta c6 |9, 10]:

G= Ec pir Be=lg B THe ¢ (1.18)
T :va la nhan duge tu'crng quan G]bhs suy 10ng & dang:
Ye,Fu) =vPp-mpT—Fa:T -~ - (119
-t do suy ra: ' - .
P, . ! ap ap i T
—E =V, , — = —1, .—= — 1 1.20
Gp ‘T; y Cy . aT 'p a Cu ’ TI ﬁn p, Ts ( )

St dung gia dinh cdc thé nhiét dong hoc 12 edc ham donfr nhél hac mot

theo khéiluong va st dung cée cong thire (1.18) — (1.20) ta cO Lhe viétlai l)leu"

thitec d6i véi sdn phiam entropi & dang (1.14) va (1.15) véi g* va T}L duge xéc

dinh theo cdng thue sau:

——— - 3 S
Fom T+ BT (e =52 C)

Ce— 58 p“aa’ s p#aﬂ d(!)tE_I
Q.n-:’pg{_{ U_(\G'_anpa ¥n )7!)"(1_31190‘) dt +




§2. PHUONG TRINH CAU TRUC TUYEN TINH

Dé tién cho viéc xét cAc didu kién ban ché& nhi¢t dong hoc va xél cic 16p
50 hop don gidn ta cin phai phdn tich cdc ten xo rathanh tdng cac ten xo
e giao ldn nhau va c6 tinh ten xo khic vhau. P8i véi ten xo hang hai

'va ten xo hang ba T bit k¥ ta ¢co fa 8]:

9

T=T,g+T.E+T,

: :

2, - - b s s

T TGE—}-( Tn) + Tz g +[(g Tpo)" =~ Trsg]
+Tu.E+E. Tt 4 @1

onrf dé T, la da1 Iu-o'ng vo. hu'ong Ty, Ty (i=1, 2, 3) 1a véc to: 'I‘,, Tg, {(j= 1 2)
céc len X0 léch déi ‘;ung hang hai; con T; 12 ten xo léch dsi xing hang ba,

1a ten xo Levi-Trivit phin xwng hang ba. Cac dai legng tren c6 thé xac dinh
1a ten X0 da cho theo céng thuc

; 1 92 1 2 42

n'[.'om:-?sp'l", TI—FZ—E:r‘ -Z_I:E;‘

o A b g I gy :
Ioz_g—'_'_l":E. T11=-“—)“(SPT”‘3P ) i (2:2)
_ @33 _ @ ol @)l
T12=;-;—- SpTlTlaz—;—{3SpTJ-3Sp T—QSP T]l

~

= ‘1'."1_(3‘_.'_,19_736'
e . [(T:E) —2T°g}, . (E:TC) 8
: : 2 T 3\ 7
ic bidu thite (2:1) va (2.2) cé thé ng dung cho 4t cd cée ten xo c6 trong biéu
rc sin pham entropi (1.15). Dic biét d6i véiten x0T = [ v ta co:
Vo == - -'3'"7 « Y1, Tn =.._ 29‘{, l’m = [7v,
S = o T N N A .
T = e V 721 L —| Dv ¥ T22 = — (h i V '\-'2) (2-3)
5 v 3
ng dé Q, vé'D, trong tng 1a véc to va len xo léch d6i xirng cua'ten xo
%. thém vio d6 tir (2.2) ta co O, = _1 5 ¥. Cic k§ hiéu ¢ v A & phia

n chi cac dai lugng dwoe danh ddu ]a cdc ten xo d6i xtng va phin xirng
2o hai chi s diu hodc cudi tay theo vi tri cda ky hi¢u moét cich lwong ung,

(2p) _
" hiéu loan tw sp. T la vél cla ten xor f I3y theo chi s6 diang & vitri « va B.
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Nhe phép biéu dién (2.1) va(2.2) ta co thé viét sin phim entropi o dang:

R —_ I = = : g
_ - — 8 u o, - T g% = e L7 — Ji )
U -‘::: pT! .: o \\ 6.‘\6 "J{" d? F{F . ']U "f_ l(lr . Ll + 'I‘ q ) 1/ T ) (5Sn 5 n)\n +
+ Zi*:)gﬁ. LY 4 + %07, ‘:‘;1 —2451. Q, + 3hp v + R (. v+
i &

+ 2-21:11 ‘+—g-' J\.g 72,'{"}3 T3_— ("1‘" p )+2ZI{IU QJU [

Jn

7w

e R RS - A TP STTNT S % S T I R ¥ o
trong d6 Qjg va Djgla cdc vécto va tenxo léch déi xung cu_av N thém vio

a

e - .:]_! 4y : . ; 7 a -,
" . T 1 -Yg-

U'

S gy Qg ) Y = A - :
\tmg clia V L, , thém véo dé Q — VU,. Bc's réng bieu thl.'l'c san pham entropi -

: 2
viét & dang (2. 4) c6 -dang long ctia cac tich gma cae ¢1u-c nhlet dong lre hoe

suy roéng» dic trung cho chc tuong tac bén lrong clla moi tridng va cie «dong .‘

nhiét dong lue hoc suy rong» dic trung cho-tinh khong dong nhit ciia cac hiéu

_tng bén ngoai. Trong biéu thie (2. 4) la cd thé chon cdc « luc nhiét» 1a cac Iu'c,

lhunc tap

X = {\Vro., b8, T R;;‘ I_; qw' Iu, Alg 113,

tl’B tgs ﬁfjd g th E[.Igg,’i;} -

Trong 6 cac lgc (rén chi cé cac lyc Wqg V8 g* va céc dong twong trng
la cic ham chidn theo théi gian con cde lue va cice doung lwong wag khac déu

la cac ham 1é theo théi gian. Cac lue:

S

‘g tor S0 o OG’F q*" ?I]s f\-12; 7'-1‘1: l J—lgov L_’a?

va cac dong tuong ung la cdc tenxo cuc con céc lu'c va.cde dong con lai déu
4 cac lenxo Lruc, ’

. Trong muc 'néy ta ¢hi han ¢hé xét 1¥ thuyét tuyén linh, pha hop voi gid .

dinh d¢ 12 cé cac phuong trinh cfu tric tuyén linh & dang 6ng qudl sau:

x_-_-zL;Aé-;-L??.U-:—LSvO-t—z“ﬁ + L5V, v +

6 a ¢ pc:r
— a5 S 7 o e
AVL T+ 17. VT 4 18, 0, 4 L0 Vo, 4 LI0 (Vv +
T ' .

:‘ 2:-1—):“'5' Zﬁao:ﬁjg +(§:"'Iz):"?2 _ A ) (2-4)-
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+ 1LY (3 -G+  of ol EM + LD, + Ly, 4 L6 D, +
a .
+ DL T+ 1T, 4 Lis: T, o @)
o - _ ‘
1d6 L* (k=1,2,..., 18) 12 cac tenxo hé s6 c6 hang va tinh.truc cwre khac nhau,
Néu hén h()’p (Ianﬂ huérng vi mé thi cac phu-o'ng trinh cdu Lric dang (2.5)

ing don gidn hon nhi€u nhé st dung bang cac tenxo ding hudng sau [11].
a) d8i v6i cic tenxo cue: ,

L2k+1 = 0,_ L2 = l.lg!' — llgugks +l glkg] + l q-lsg_]k

R A +'12g”g“° ™ 4 lyghighng | 1, gighig
0 lgtgmg T+ Lgtgig " + g™ 4 Lgkigmgin
+[ glkg]m sn +! g:kg_, g‘“—{—l 1g‘kgsmg1“+ L glmgknglu
<+ Liag"™ghig™ - lughgig™ 4 Iy g%"g‘““ ' ,
'b) 661 véi chc !enxo' truc: o 7 (2-6)
IPLINNLT PR T T LS-—!IE v -
Lukmn =1 E]_]kgmn +[ E;_‘mgkn_‘_! Eije gkm Bk
) + L Enkgin 4 [ E“‘“mm-i-l Em2 gby “ 5" (2 7)
1hién troncf trlrorng ‘hop tuyen linh ta c6 (hd si dung nuay nguyén ly .
v4 chc twong quan ddi xung Onsager [9] de xay dung céc phlrcrng trinh
ae, Khi dé (2 3) co dang % - ; ‘

¥ ',T'

EIMAK—}-IBV u +3lbm +2! .p_ti
;——21A+[°17u+3l“v+217 S LR T A,
=_21 A, +16 e +3! v U 2137._"

, IR e e, PR "

- zz" A 1’“’“‘\ 329 -' zlm & o

=T S gl é+ o7 Wat3lgve + 21

CELE i. Foomw R .'PP
=MLy | | ' -
= & T L? T 43P, + 55

= ap @ T + p TN W TEg < ¥,
et BT 2 4 zw.%?'”r—ml'?fv--y T+ T LT

o . L ‘ ' -
=— 21“3_3-_"15—; ~T—2l“1'§v—SI”?\*“—P"!?.\_"

a
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P o= S, —pe %—Fiﬁzr’z LB LS
. a

-

= e T L e
b = 213”5_“'”?71‘*2239 + 3y, 25T
U .

G o==27(v; - Q)23 Q.
(eg
Ry =27 (v; =242 3 zggp :JH ’ ‘ : (2.8
T, = D, + 213‘ Dpg+ %% a%5
oy = 131 D, + EIS;D*JFJF %

Se — ta= 18D, +'Eli}4 ﬁi&"‘?‘ By,
G

_ S
riu': 2003, = % 7 Y gq

E’l == 2137T)v'+% [38 Iwz

= __;7339?;

(o, 1.1—1,2,...,11-—1 I T W Y, i

9

Tinh khong 4m clia sdn pham entropi va {wong quan Onsager con cho
‘lhém cac diéu kién sau:

1 " 0w 0 12 42 29 99 83 33
lb'{'{. - lxb ¥ Iéo‘ lcrb' lﬂ'[.t - ‘ruo" [Up. - lpu' 2 !cry. ly.cr’ Io’g - !cr;,t’
Bo>0, o, £x0, Dso0, mm0, 230, 0, M0

B0, 180, 70, L0, P00, 250, 15>0,- >0,

o=

3% =0, %% 0;

T T _—— ,
B by 2 (L) » EE> W97, | (2.9)
R | P 0 9 10,10 - 10 42 u 12« A2 )2
Bl (o) PBlp> () lelya> (L) Lol ln) »
B e 1432 02 e, . (1513 12 g o | 16} i . piaee
Ledigidy b om0, g liad LT, [ e (122)2,
1420 5 (2392 14020 = ([35)8 j27 z‘igg 5 ( [268 )gl [‘(‘}_QU gf“} \ quli/j
Giim8 . ¢ LYY 438 R . g3 \* q0195 i 33 gy [ 34
Bolg > (g )0 loglan i (fgn) B0 > (20, Leal® 3 17 s
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§3. PHUONG TRINH CAU TRUC PHI TUYEN

Sau day ta x4y dung cdc phuwong trinh ciu truc phi tuyén toi bic hai
ieo J* = J§ cho hon hgp 16ng vi mé hai thanh phin (n = 1,2) trong d6 khong

) phin ng héa hoe, bd qua 4nh huéng clia cic luc khudch tan mat (f\; =0,

=1,2) va d:ing nhiét (T = const). Phu hop véi cde gia dinh trén ta khai trién '

c hé s6 L* (k = 1,2...., 18) trong (2.5) & dang: ‘
k k = :
L¥ = Lo L, . J* - . ' (3.1
ong do LI; va Lfkhégg phu thudc vao cac dong nhiét
Str dung phwong phip xay d:L.rn_g cic phﬁc'ng trinh cdu trac phi luyén cﬁa
1. Xédov [1, 10] ta dé dang x4y dung cic phuong trinh cdu trac phi tuyén

o hén horp l6ng vi md hai thanh phin. Néu hdn hop la ding huéng vi md
idé sir dung cdc b’mg tenxo ding huwéng vi mﬁ (2.6) va (2.7) ta cé:

= 57 0, + 3y, + k T°. T 4 2k, T0 Qv+3k31“ A2 +k4J’ (. u)

—ty =17 .U, B0 4+ ks T T 2 T By A kg T T, R L ()

= T = -

1""J*+ 2149, + 3By, +z“‘§ —-kJ‘E? u“—sk v, +
‘ '; +k:oJ‘x<vlf u)+kuJ‘ Dy A+ ki I° 72'

I“J" 2!319 — 312 Ty, — 18] . vy + I T 7._u,+‘
+3kBJv°+k13J‘><(v1—Q)+k14 : ,z-lnkaa vy
\ =‘1\ +'>1229 +31=4|7v +£257 Vo — kaJ‘ ; ?—k .}’v S
T g +2k,3J“x(v1—Q,)+k17I‘ D, + kigd*. v ,
—IIGJ' +208Q, +3F5[7v +z%;7 vy — k.,gJ'V u, —31:9]‘\» 5

- - — 91{19.] X ('\71 — ) ‘kog J D — k21|] '. '- ‘_ -. (3-2)

= —207(v — Q) = ng [7 vi = kil X Q, ~ 3k18J X v, +
' + klgjﬁ’ X (Q Vn) ']"' kg,Ja -v "'r' 31{33\] ng  J -

Ty= [3oﬁn =+ ‘1'32-‘:’—2 il kli(J‘J' — —13;— i .l’g) £




-t (B8, =5 T 0 ) — ke (TP ~ 5 T o) +

4 by [‘!F N T“.(E.ﬂ,)g] + 4y T T
" o o B R e P
T21 = 209D, +7)-131T22—;—k._.2[. Gi—8)— .5 —-Q“)g]
25 = - _]__a (___ ~% )__c
- % 3 =

hag = 207D, + '?)—135?22 -+ dkgy [ L =) —
(

— ¥ — S _ 2 _ '_--.c
) Ay =375 — ky [Du- 3 — —i(D, . d%) EJ Foes
- y v D : o

3 N -l —a.'r 2 — '_a—' Cp
EEE o SN
5 : :

‘trong dé ky hiéu c, ding d& dinh ddu cac ddi lugng len_;':d d6i xrng theo moi
cip chi sd. Cac h¢ s6 loai. (1) va (k) néi chung phu thude vao p,c =c; va ]
thém vao d6 cdc hé s6 loai (I) cin phai théa min céc diu ki¢n & (2.9).
Bia chi . ' Nhéin ngay 17-2-1979 .
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SUMMARY
THE THEORY ON HOMOGENEOUS MICRO—]%‘LU[D MIXTURES

Tlhis puper deals wilh the consiruction x of a generalized—dilfusive Lheory of
simpie micro-fluid mixtures composed of a reaclive constituenls in he relative motion
to one another and lreated as a single simple micro—fluid. The basic laws of balance
ave given by postulating the balance law of energy together with invariant requirement
under superposed rigid body motions of the mixture as a wnole. The linear or non—
Linear constitulive equations and [ull thermodynamic restrictions are given. ‘
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