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ANH HIWNG CUA TRAO DOI NHIET- CHAT LEN 

DONG .LV'C HQC SONG MOl TRUtrNG HAI PHA 
DC'CTKG KGOC HAl 

M6i tru&ng kh6ng d@ng nhfit rat da d~ng; T?t li¢u compozit cic }OG.:i bOn 
hgp y,y ... va xuat hi~n trong .nhi~u linh vvc ho~t d¢ng khac nhau cti::t con ngu&i [1p4]. 
BR.i ·,ba~ trinh .bay m¢t s6 k~t qu8. .nghien ctru dQng h!c_ l11pc sOng ella. m6i tr1or&ng hOn 
hgp_:,ch5t lOng v&i chat khi ho~c hoi, -thu&ng g~p 1ro11g d.c nganh niing lrr9'ng-, iJ·ong 

-c6ng .nghi~p .h6a ht!Jc, tron-g cOng·ng'hi~p khai thic, v*n chuyen. d3.u'-khi \"3. tJ·ong kV 
thu~t KJ.iogen• -~ 

§2. MO HINH TOAN H()C 

HOn hgpJOng- khi-c6.-.cau--trllc b<j)t c6 ·the nghiEm cU:n--tJ·ong·khubn khO m6 
hinh l0ng thim Juang tic cUa .. .2 :m6i tru&ng lien j:~c {l, .2): pha thl'r 1·- chat lOng 
m~ng, ·ph .a thlr :2- pha khi· Gi3. - thiet ·v*n tOe chuye11 ·dQng cUa cite pha ·nhu nhau 
trong h$ lQa d¢ ... Lagr·ange (x, t) nhfrng phuang trinh cAn bilng c& h3n, dieu kien bail 
dftu -v~ ti:ien ki~n. l;Jjen dGi vcfri chuy~n d<)ng phfing -rDQt chif!u cO d::mg sau: · 
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( 1- ~~ ) ] :. ( Pz- Pl - ~); = 
4<.R2nP~ 4rtR 2 nPl '1 

iiH = \Y J J 
+ = \Y ..c. 

iit 1" 4::R2nPl 2cr · 
4-.R2nPi 

Trong 06 Pi = ·a:.1Fi ~ "1 + " 2 = 1 : P 
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= 0 : P1 = Po ; pj = p. + 2cr i R~ ; H = Ho ; 

T1 = Tz = T,; v = \V !cr = W '2cr = O. 

x = o: p = pblt)· hay lit (ap/8x\=o = ~b(t). 

:'I:--+ +oo! p -+.p 0 , v ---+·0· 

fJ diy, p• 2 b. m~t c1Q thvc va rn$-l tlc'J trung binh; p H. Up sutlt; cc ... v: 13. -pbiln 
th~ tich v~ v~n t6c; R li b:in kinh bqt, g. li cuftng d¢ Jvc ngoai ; u 13. h0 s@ sfrc c:J.ng. 
be. rn:it; x Ia lr:>a dQ; t- li lbiri gian; \Y lit v~n- t&c chuyen a(mg hu&ng U1m ; T Ia nhiet 
dQ B Ia hang ·so khi ; ') li h(! s@ nh&t ;- .T Ja crrftng c!Q chuyen pha lr~n m(>t c1!Jn >i 
th~ tich· Ch-i sO Urr6·i i = 1. ~-dUng dC chi d.c iham s6 cU:J. pha lOng \3. ph a kb-i trrong 
ling. chi s6 @uriri 0 climg d.e chi c:lc tham s0 a tr:p~g lhil.i b~n -dau. 

1· Hi5n hqp-chrit lOng:v&i chiitkhi khOng hOa tan va khOng ngung ti.J. Trong trut'Jng I! 
hqp nay· J = 0 va pbuang trinh thay dOi nQi niing clia ph a khi c6 d?ng· sau' :: 

:~2 
- -p, : 1 ( p~) + "::i ; u, = Cv,T2: 

q = 27tR:<,Nu,(T0 - y 2 ) ; Nu,, = I YPe2, Pe2 > 100 
· I 10 , .. Pe, <.100 

(2.2) 

trong d6 

0 dAy A ia h¢ s6 truy~n nlii¢t; y Ia chi ~@· do~~.- phi¢l ~Ua. khi ;::- Nu- lit s6_ ~uselt; · 
p-e- Ia s6 Pekle; c la nhi~t ~nng ri~ng. Chi s6 rlu&i v dUllg- dl ·ch~ nhi~t !dung, rieng 
ding tich \C') · 

2. HOn hqp chiit lOng, v0i· hO'i• 

T"rong truCmg ho/P nay bB.i to:ln nhi¢t _c6 d;;tng sau :-

o ( sr, an) ,. a (· ,. JTi) p1C1 --+Wier ___ =-r-~- l-1r--- ; 
~~ . . or . ar or 

(2.3) 

r = R(tl: Tt =•T2 ; Jl =- 41tR 2n(q 1" + q2"); 

-1/3 " /" r = "z R(tl: aT1 ur = o. 

& i:i~y l la nhi~l lut'Tni ri1}ng hOa hai, r- 13. t1pa _d9 hu&ng lAm. 

3· B0i v6i_ ch_ii t kd hdla- t"_!E_ thaY.:_ ____ yl__"_b_~l~.to2n ___ nhi_~t p.h_&L:xet- b!i toin-- khuech 
t;.in. C6--th~-ctii--ra- rang-ve-m.~-f--to<in hqc trong tnr&ng hqp n~y ciing g~p bai 10-:in 
tirong tv (2.3) vir d~ dmr ¢in· k:Mng tiet ra a d!y. 



§3. l'lf:D GHDAN'DONG·D.~NG 

-·--------- --- . ~c~bar-toan·-t2-;1);-t2:2')_'_-·v.-~-t2:1)~ (Z.-3J --nc nhfrng· h:.ii tl1W nn1eu th~m sO, phi· 
luy~n phU:c tQ.p- sir d~rii"g thU Phip dua ve <il:;mg khOng tht! nguJe·n c6 tn~ chi du:.~ ra 
cac s~. v~-- tO hqp kh6ng thlr ~~Uycn d?-c trung cho mbi tru&ng hOn hc;rp: 

Choll lOng vti.ri chfft khfkh6n~ __ hdl:ot lan, kh6ng ngung tl;l: _ 

gRe 2a a*P.o 
G -= S = ---, Rer = ---, =· 2o. 

a:;Yo:.l.0 oc 2o poRo -4vl 

P~o 
Eo= -o-' 

P1 

G, s,-,-Re,-,-----;o:..2.,,---e-o;--~ ..... r; Cz*·= BT;}l,--

C!.t.--= C1Tch:-~l. P~1 = a*RoPiQ~A11• S -~- 3.;_;1_; 1, 

Apb("; '= p0/p~J. 

(3.1) 

th; hi$n ·3.nh hu&ng Ctia h,rc ngoili ((,) hi~u irng mao dan (S), d-(~ nh&t (sO Reinolds 
R~r),. th~_-_tich d~ -.v?.t (o:.20), ,quan .h~ m*t dQ .-(e: 0 ), Unh chat v?-t lf np.i¢t cUa khi (y, 
Pe2), ci\a,hai (:y, Cz,), cila chat Jong (CJ., Pet. !>) .va cuirng d¢ ;tih (APb) len d(>ng lvc 
h~C."s6ng trong (ll(Ji trubng· 

·:ThOng- tbuOng-'Y. Pt.:~, P.e2 Ja etc h3.ng sO, -.cOn Cte, C.z. ·-vh 0 H. cac ham s6 Hin~ 
ch~m theo ap sua!· D6i vcri cac b~t .khi kich thiroc khong <jua nho ll:\. ;> l0-3 mn,) 
va ;i:rong chit lOng kh6ng qua nh6;t thi anh hrr&ng cila. c~c hi¢u ·trng mao dB.n (S) 
--C~)!g .nhu D.h6t (Re~). la -kb6ng ditn.gd~:-~,t1,·en nen --tan .x~ .nhi~l· .BCri v?y c2.c s& va tO 
h9-p '-kh6ng thfr nguyiin c.hiuh2<1Gi -'vU(.hOn hgp; daH IOpg v&i·chaf khi khOng b@a 
.tan, ;kh6ng,ngu:ng t\l Ja : · · 

G, !"2o; ·y, Pe2, AP:o {~o:-<::1,:<P- 1 ·- a2,) (3.3) 
ti chat lOng Vcn hai IR~: 

Jl, ct.z,;·:y ,_ c2., .C:te• Peb .APb (3J Eo < l. q, --- 1-- t%1o) (3.4) 

Lun y t,;. :(3.3) va (3.4) decthiiy rling v&i hl>n hap chat long v0i chlit 'khi khOng hil• 
tan,'.kh6ngngtrng 't\l tronghon hv:P'llmg- hC7i iJnh chat vatlj nhi~t cu~ cnat'long 
12. :rnQt trong .nhfrng nhln ·tiD quan tr(,'lng nh:l t 3.nh hubng len d¢ng lVc hQc sOng' cUi 
·m6i truCrng. ·Be ti~n phl\n hcb _ tham khiio tr&n .biing 1 va 2 · trinh bay cac s& va 10 
.bgp -khong ihU nguy~n ella m.~t s& m6i tnxt'YD_g hay g~p trong thvc te ky tl"n:I?t· 

.Hon hgp 

. 

Nut'rc + khf 
hUi ' 

' 

I 

-

. 

P_o~ 
10~Pa 

1 
10 

1 

Ro 
mm ,eG) 1035 

1 

1 0,147 ' 1,436 
'0,040 0,14! 

1o-3Re, 103E: 0 

2,868 0,161 
9,559 1,774 

Bang 1 

I '{ 

1,667 
1,672 

0,033 
0,910 

0.·1 .O,Oi5 .14,360 2,S~S 1 ,179 1,102 0,032 
1 0,017 01,4B6 0,323 

1----- ---1---:-1·--,..-f 1 

[ Nudr~i;a khi l--1- -1--I-G-;_14_7 -l--1_,_43_6_

1

1_2_,3_6_s_

1
_1_.1_26-l-1,_4o_•_I--0-32_2_ 

Nu.Vc+•kMng 
khf 

I Nu•c + khl 1 
1 

0,447 1,43r, 2,868 1,777 .
1 

1.287 0,709 

1 '7a~h<?n_niC 10 j 0,040 0,1~4 !:"· 9,559 j :.w,~H __ l _1,2S-t 2:·~250 

so. 



B3ng 3 

I I I I I 
I I I Hiin b<'l'p 1 i I 

\- ih9.nh pbifn 
po T, 

' l\e' 10\:0 ~( C!~ Cz. I JQ-5pet 105Pa I 
~hal lOng + hui K mm 

I I 0,5 354 0,31 

i 
1,3l 15(0 0,071 l),j4 

I Nui:rc 1 
I 

373 I U;i~ 1,28 i 1130 0.070 0,61 
5 424 

I 
2,!) I 1 '24. I 301 0,090 1,3-1 

I I I I 
' 

I 
' 

Freon - 21 1,85 299 I 
I 

G, 1 I ,19 I 230 0,0!)6 1;CO 

' 
I 

I 

I Ni to 1 77,4 I 5,7 

I 
1,32 133 I 0,0811 I 1,39. 

'' I 

I i I 
I 

I -

I 
Freon - 12 I 7 

I 
30! 

1 
31,0 

I 
1,18 fi5 0 118 4,30 

I 
13 3::6 I 

6:?,G 1,24 
' 

48 0,140- 7,2.3 
\ ' I ' I I I 

§ 4. M()T so KET QUA 

Be- H~n trong. khi ph8.n tich s6 li~u tinb to:in --va. so s:inh v&i c:ic dubng cong 
thvc nghi$m ket qua du.qc trinh b3y tl'ong h~ t(f)a dQ Euler. Quan h¢ gifra t9a d:(> 
Enler ~ va Lagrrrnge· X duqc xac dinh b&i phtrang trinh sau : 

• t 

y(x; t) = x + S v(x, i;)d~ 
0 

4_ 

(4 1) 

C<ic h~ phu~ng trinh (2.1), (2'.2) va (2.1), (2.3) dOng kin dugc giii tr~n MTBT biing tO 
hq:rp cUa phuang ph:lp: Euler: tinh l~p vii phuang ph:ip nh~n tU hOa thlJc hi~n lheo 
2 bu6_c. 

KlH qua tinh to:in drrtVc kieiTr th:t !JU.ng Cich so s<inh vCri 1\et quii tinh toin 
n·gbi~m dlirng di · thu nh?n· dUo/C h3ng- phrrong ph:ip kh<ic· Ciing tien J·.anh kiein tin. 
khi kh6ng C()-trao dC>i"nhi~t·chit ho~c kh6ng cO trao dOi chat. Ngoai ra ae kfem. tra 
ph-lrang· philp va: chuang -trinh tinh ket· .qui tinh- toitn cOn duqrc so sinh v6·i-nghi~m 
kh6ng dlfr.ng ciia_ blli toRn- truyen. nhi~i -·ct:1t :s:ung quanh qua d.u ct) 'UuOTig kii1h· 
kh6og dOi ~a. viTi lGi gi3.i cUa b;\i loin d()ng h.rc hQc b9t 1:hi don dQc trong tnr<'Jng 
ap suat lnay d0i. c;ic buC:c c.hia l.u&i kh611g gi:an vi thai pa.n dtro/C l~ta chQn tt!r dieu 
ldr;n t0i uu ve d{) 16'-n cho phep ae d::irn biio (l,) chinh xa.c ket qua tinh loin. 

B8.i to:in nhi¢t Yi b!m theo n·6 c6 !h€ 18. Str trao dOi chcH trang hOn hqp rat 
phUc t:;z.p: .'lgay Cern gi-3n nllu trong hOn hyp cha1 lOng -.;-Cri. chfit khi kh6ng ti63. _t~ri. 
vi kh6ng ngtrng t1,1, ae m6 h.inh ht.,t mc)t c:ich chillh xttc r.cua trinh nay O:rit ·t.rOi ·pnai·
th6a m5n drrr:rc h::.~i tien cbo~i.ci dOng dQng r \-a Pe2 cOn d6i -,-at hOn ho/p, trong dO 
khi tl.:.iy dtli c:ic <tieu ki~n tJ.i ngo3.i gily rrr cUe qu:i lrinh- d¢ng hrc h9c vi keo theo 
sv:.chuyen. chtit, thi sO cic tiau chuUn dOng d1.1-ng d@i hOi ph~ii duqrc d3.p Ung left den· 4·: 

____ j, __ ~_l:.<' .. -~_2,._Y.~- .?e1~~ . .<DOL .. :vtd .. c.hft.L_lOng __ nhOt s6. -ltrgng cic !leu chuiln dOng d:,tng chi 
t6 l !a s6 Reinoldsl. 
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B6i -VCri hOn hqp chit lOng -v&i hcri ae rn~ ta chinh x:lc fifU:i trinh trao dbi 
nhi~t- ch4t gifra c<ic pha r. bai loan ·nhi~t ngoid , xung qua..nh. cilc h<:>t hoi dOng vai 
tr~ quyet d!nh• BQ cbinh x~_c c:U:. __ c!!i!~g __ d_!)"_<;:hPY.-~II. ... Pha_ O.ucyc_ :-ac-:--dinh __ bO:i . .khit-ning 
qnh ch·1nh -xac d@ng nhi~t-qld·- BUC v?y dOi hOi phiii t1nh chinh x3.c b:ii. Jo{n trao dOi 

nhi~l )thOng dtrng gifra pha. khi va pha lOng, dieu nay khiic t~n so Y&i hOn hgp chat 
lOng--va chdt khi kbOng ngung t1,1., khOng h@a tan. & dU ·sv tifn h6a ctw song :ip su3.t 
chii yen xac dinh b&i tinh chit v?t !Y nhi$1 cUa chiit khi (b:ii toan nhi~l trongJ chir 
kh6ng phai tinh ch:il v~l lJ nhi~t ciia chat lOng (bai toan· nh;t ngoA.i)· 

Ngoal ra ciin luu j ding neu nhu trong hOn h~·p chit lOng v6i die chat khi 
kbOng h6a tan, kh6ng ngung t1,1 thnm sO e. be (zo < 1) va sv- c6 m·~t ella pbg: kbi !be 
bi~n chll yeu qua kh<i nBng d:ln hGi ella bOn h(:rp thi trong hOn h<;rp c.hat lOng Y(ri 

hoi tham sO n~y cOn cO vai tr@ quan tr·(}mg trong qu:i trinh tan x~ nang luo/ng (thOng 
qua tham sO CH)· Tang e~ va Pe1 r:6 nghia I a tang kh6i lu<rng _ tcri t1·ong_ cilc bQt v(l.. 
lAm ch*m l:;ti qua tririh traO -:-dQf.rihi~t"_;_ chiit" gifra c<ic p ·:;11. Bieu d6--d3.n den sv Bing 
tb&i ..&ian d~ng nhu- kho3.ng Cach phvc h@i (relaxation j, dOng th&i lam tang dt) day 
ella cac m~t sOng. 
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Hinh 2 

Trtn hinli 1 ~a 2 trinh bay ·q-ua trinh tilfn h6a ciia s6ng xung kich trong hOn 
h<;rp mrirc (H:O) viri kh6ng khi (hinh 1) va trong h6n ,hgp noire (H,O) Ya hui mrirc 
(hinh 2), T&i cac -dH!u ki$n sau' tUy: Pe> = _I,UfPa; .6.Pb"'·=-4; Ro = lmrn ; 0C2o = o,02-
(cac _tH~u ·chuiln d@ng d~ng xem 1rong Diing 1 va 2). ne nh*n thiiy rang qua trinh tiE:n 
hoa..-s6ng xung kich trong 2 hOn hqrp .tr?n kh:ic nhau m:;tnh ca ve ct:ii.t hrqng cling nhu 
v.e~;SO luqng tn:i qua nhfrng -nghien .crru- .chi tiet cO the chi .ra r:lng lmng -dO cinh 
htlb-ng~-~Ua qua trinh trao dOi nhi~t-- chit gifra c:lc pha dOng vai trO qnan _.tr9ng. 

Trinh btly rnQt s6 kCt qua 
~hit l~n dQng llji"C h9c -sOng m6i 
n<lng ngung hcri hay hila tan cua 

Di• clti 
Vi!.• c, J,.; Vifn KHVN 
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§ 5. KET LU:!:l'r 

cbinh ve :lnb hubng ella qua trinh trao dOi nhi~t -
tru&ng .hai pha lOng - khi ho~c hai ·cO xet d€n kh<l 
pha khi. 

Nhdn ngay 31/5/198~ 

(X em 'tiep tra ng 6J) 


