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PHUONG PHAP 50 GiAlI BAI TOAN TRUYEN NHIET -
CHAT TRONG MOI TRUONG XGP CO BIEN DI BONG
o ' DUONG NGOC HAT

$1. MO DAU

_ Nhitt ~ thdy doéng lvre hoge qua trinh tueong tac oha s6mng difn td eao tim
(SDTCT) vé&i moi trudng xdp eang (thanh phir the nhil) cha (hiAnh phin thé haf

" ¢6 th® héa 1ong & vhist d0 Tm va chuyEan déng duéi the dung cla chénh l¢ch Ap sudt

durge Xem xét trong kbkuén kikd nbing phvong phap cha co hec moéi truedng nhiéu pha
{1]. B3i to4n nay lidn quan i6i vin 48 siy k76, lam spch mdi trudng xp, van d&
khaj thic, lim ting hé s6 ra via cda din tho ¢ do nbot eao [2 — 4, 10}, PG voi moi
truong mét thanh phiuvs Dii todn trayén meiét — chit ¢6 bitn di déng niy sinh trong
ctng nghiép ndu luyén ché& bidn quing. {rong cdng nghiip nudi ciy tinh thd [6]. Mot
s6 nghién cwu gidi tich bai toan trén cé thd tim thiy trong [7-9)-

§ 2. MO HINH TOAN HOC

S& dung céc tham s§ vi bidn s& khong thut nguyéa :
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né phuong trinh nhiét ~ thiy déng lue hoe md (4 qud trinh nong nong vat chdt bdi
ngndn nhiét kabi Q do tée dung chia SDTCT trong trudng hop chnyén dong khong
dirng mot chidu (v = 8, 1. 2 pha hgp iwong ang véi lrudng hop chuyén déng dai xéng
mit, €81 ¥i¥nz frue va déi xtng clia), trong hé tea ¢4 Euler (X, 7) cO 1he viél dudd
dang sau {7} :

Pie @G rwves won, ¢ wa pha 10ng cha thinh o phAn thi hals
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=N (%)v Pexp[— (X — Xp)] + Hexpl— (Xm — Xs) — (Xm — I

¢ =1+ B8P -1 — Bl —8a); o2=0,

®1 = mpy + (1 = m¥g;Cs. (2.5)

— Trong midn mdi Iridng xép chioa pha rdn cha (hank phin the | hsi,

Xa(t) <CX < Xet

b a8 ,

Ps 96 = '_1_‘ 'i X_v ) + QS, {2'6)
v Peé.X“ 93{ BX

Qo= 01 — H)NL (irh‘ )v EXPE— (Xw — X)) — X - Xm)}g

@, = const, Uy = 0, &, = 0, s = mP2Cz + (1 — m)P3Cs @.7

— Bitu kién ban diu va ditu Lién bién cho trude trén bién trong Xb, mit
chuy®n pha Xm vi bién ngoii Xe (Xo cé thd tién ra + =) :

T=0;0=0, P21, Ui=0(i=123 ! (2.8)
1]
X=2Xp:8=0p hay — = —qb (2.9}
oX |X=Xp
P dp
P =Pb hay — — = Gb (2.10)
M X [X=Xb . ‘
op X
X=Xgp:0=1, —‘—] = — mMy —— (2.11)
8X Ix = x{x) =0 dr _
dx 1 89 1 86
Pg e == — m—l — (2.2
dt G X |[X=X_.(rt)~0 Ge @XIX = Xu(t) + 0

X =XeiP=Pe 8 =0, hay 3 1\ o, T (2.13)
ij a4y I gy pr u, T tuwong Gng 12 mat 9 4p sudt, van t6c thim va nhict 4o, C 14 nhist
dung riéng; ¢ 1a hé s6 vhéty; k va m 14 hé sé \hdm va L& s6 s6p; L 13 ds dai dic
trung cho kkd ning hép thu SDTCT edn méi truong: H la hé s8 phha xa SDTCT
(0 << H < 1) dac Irung cho kad ning pkdn xa si g dién tor bdi mit chuydn phka va
dwoe xdc dinh bing i s8 gita ring iwong song phan sa va song toi {H=0 phi hop
vl trudng hep khong o phidun X0 sipg, H = i — t wtng hep phén x2 toan LY song
téi- B61 véi mdi trudrng ddng nhdl tuyén linh va ddog Lwong irong trudng bep pais
xa thdng goe, H c¢ dang 5] :

H=|Ve, = Ve J|(Ver + Vep) | (219
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trong d6 e 1a h¢ s8 thdm dién mo6d) ; F 1 nhiét lwong riéng hoa 1Oong: Bp va By li
h# 56 nén va hé sd né nhitt khong thu nguyén cda chit 1dng; « 14 phin thd tich cia
pha i q va G la déng nhiét vi déng khdi khong thit nguyén ; s6 Fekle Pe dic truwng
cko qua (rinh truyén phiét; N la cwdng do nguén nhiét (cwong do may phat SDTCT)
khong thié nguyén . x la lea d9 khong gian 5 t 14 thai gian. Chc chl s& dutli =142, 3,
twong vng dung d% chi ¢4¢ tham s8 cia pha 16pg. pha rdm =&, thinbh phan thé hai
va ela xwong 6P cong (thinh phin the nhii). Chi s6 duéi 0 déng d& chi cac dai
logng & didu kién ban diu. Céc chi s6 dudi 1 va s dung €8 chi cdc tham s6 twong wng
eha hdn hep tromg mifn mél truong xép chia pha i0ng cda thanh phin thi hai
{(Xp << X < Xp (1)) va trong mifn mdi trudng x6p chtra pha rén cda thanh pidn thi
hai (Xp(7) < X <7 Xa).-Cach dfin dit va nhing gidi thich cu the hon vé phwong trinh "
va cac dai luong c6 thé tim thiy trong (7}

Hé phuong trinh (2.2) — {2.7) déng kin. Cing véi chc dida kién (2.8) — (2.13) nb
¢t thd sl dung d& nghién chiu qua trinh twong tac gitta SUDTCT vi moi trwang cd xét
dén cac qua trinh nhigt — thiy dong lwc hoe kém theo. trong d6 didn kign (2.11), (2.12)
thu dyec theo xdp x{ tya tinh hoc (xip xf thim). DAy la mot bii tean phi tuyén manh.
Nghién ctéu gidi tich chi thu nhsn dwoe nhang k8t quid L&t stc riéng biét hofe cho
nhitng troéng hep t¢i han {7 — 9. B6i voi trwang hop tdng quat, nghigm cla hé
phueng {rinh (2:2) — (2.13) o thé thu nhin dvge bing phuong phap sé trén MTDT.
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$3. BE PHUONG TRINO SAY PHAN HUU HAN

Trong phin niy hé phwong trinh sai pbin hite han dwge viét cho truzéng hep
chuy®n déng mot chidu d6i xng true (v =1). Tvy nhita cé th® md réng phuong
phap trinh biy & day choe céc trum g hopv = 0v& 2 ma khong gap kho khau dic bigt.

. Boi véi chuyén dong ast -ximg true, théng thudng kich thuée gleng nhé hon
r&t nhidu 14n so voi do dai dic trung cla bai todn ¢ Xp <€ 1, béi vay lrong qua irinh
tim ki#m phwong phédp s6 gidi bdi todn nay, ngoai nhitng luu ¥ thong thwérng khae,
cin’ phadi lwn y téis ‘

1. Bii lo&n c6 bidu di dong Xm = X {1)-

2. Bii toan ¢6 didm dic bigl!Ehi X, — 0 nghi¢m cia bai toan 161 han — bai
todn ding (phwong trinh daug elipiic) hién téi vo cwe véi tidm can ~ InX™h

P& 6 th? tinh todn chinh xée & vipg lan cin gidng, noi bidn 6 ed gradienl
1ém, khong gian chia Judi dwwse lach 1a 14m hai misn: Trong-mién 1, ving lan can
giéng, khong gian dwec @« giin » ra hing pheép bién 481 logaril:

z = c_oi‘.st(InX + const) o (3.1}

vh trong hé toa 4% méi Z cde budc lusi khong gian duge chia deu (nhy vay trong he
toa 46 cii X cdc butrc chia luéi khéng gian s& khong déu), ching duec ghép néi véi
mién 2 mi & d6 ¢6 chc budc chia luai Lléng gian d&u dwec thye hign tryc ti€p trong
'hé tea a6 X. VAn d& lwa chon kich thuéc mién 1, mi&n 2 cling nhw vin d& ghép néi
chang LAng che phwong lrinh sai phin la nhing vin 48 hét ste tinh t& t]Oﬁlg phuong
phap s6 va & kndng d€ cip & day. Trong khudn khd bai bdo nay, d% tranh duec
nhitng phite tgp gay tiong thé tich bii vi&t, ¢hi a8 cap t4p trung dén phuong phap
lip k&t hep voél phuong pbap nhan td hoez 48 gidi DAd todn truysn nhiét — chit ¢o :
bitn di dong. :

Thém vao dé, k¥ thuat x& 1§ didm nlt gifng & nhitng mae do khde nhau da
dugc trivh bély nhigu trong céc tai lidu chuyén khdo v& khai thic nwée ngim, khai
thic ddu md v.v.. .

Péi véi méot cach chia luwdi xdc. dinh, nhing prmorncf trinh - sai phén eru hap
¢ba phuong trinh (2.2), (2.3) co thd viét nhu san: :




1

mB%n*i[S]aleni-l(S-H] = — 3% (X185, pin+il8+1y -l- mBqﬁn{-uslgt@gnu(Sul {3_2)
; b:¢ o : )
{?lcl)jn-}l(Slg‘ﬁjni'ns-hl) 4 (g U,)in+ 185 finralse) oo lx 3 (Xid Dimritssn)) 4 Q{nné‘s!;_
. . Pe,, 1 - ' h

8 AIRFIS 4T = (gfnsalSer) A§n){A.ﬂtn+1(s§s ' '
§,AIP+1(5+1) m (AjR+Lo+llSH1] _ 4jetUUSHEY) SAY _-(3_%
Sx(BinAi“'“SH}) - (Bjﬂizgxmnu{sﬂ) — Bj-ltzgxﬁj—l,nﬂ;sﬂ)) /AX-

& day:

Chc phuong trinh va hé thie khie dewe viét twong tir vd @8 tranh cdng kinh
khong viét ra & day. Trong céc phuong trind (3.2) — (3.4) va céc phuwong trinh sai
phan s& viét ra dwei diy, che chi s§ trén j, n vis dung d¢ chituwong &ng la beéc
chia ju@i theo khong gian, theo thol gian va che bude lip. Phwong trigh xie dinh
vi tri mil phan cich pha dwuge vifl nhu san: '

— Trong pbuong phap © tim mil phin cich pha tring véi didm nib lwei» daoi
lueng cin lip lai d& iim 1a bude tadi gian At can 4B mit pkan cich pha chuyén
tir didm pit luei khong gian J toi tring véo nat luéi tiép theo (I + 1) ctia mot mang
chia lugi khong gian xic dinh : '

] . . 1as)
ATn+les+l) = (g + qe + APH7E[AX 4 Areties) (K:;+ ¥y th"l" ge + Ar*1Y, (85)
‘ s — ' [ 41,10+ 4
KE;H‘:’) = o, 1(__ 1 xajnﬂ(sﬂ) + L 58 Lntils 1))

Gi G
. gInls) _ gl Fhut16)

= 1 v&i moi 5.

. ‘Tfong phuong phap ¢ véi :;éc buaée khong gian phén chia ndai lwong cin Hip-.

&% tim 1a chuyén vi AX™* cfa mit phin cich pha Xm trong khodng 1héi gian xde dinh °
o P

truge AT |
Jc,-s‘.xiln-l-1&;-{“1‘ - X];;if-l(s-i-l) _ XE,: Xﬁl - l&fn(‘f), ) (363
xPHITD L m o @ gy x2HY a2 T e, \
KE_;H(S) _ p:l(_. 1 1— 6.]'1n+1(s+'_1)_ N '1 B]'2_11*!*1(5"1—1) . )’
cra G Krr:—l(s) _ xh Gs g2 _ Krrlﬂ*l‘l{s)

trong &6 j; va jz 13 cbl s8 efc nit lwgi khong gian 181 cdn bén trai va bén phii cfia
front chuyén pha. '

Hé phuowvg trinh sai phin hitw han (3.2) — (3.6) duwoc gidi bing phép lip k&t hop
véi phwong phap nidn ti hoa (khir dusdi). Cin luu'y rang d8i véi bai to4n c6 ndy sinh.
vd bién m#t mdl phln che mit phin cich pha, sy két bep 2 phwong phap lip (3.5) va
(2.6) trinh bay & (rén 13 cin thiét, dic biét kki mit phan cich pha xufit hién hay
bifn m&t & t:én bién. Phuong phip ¢ lim mit phan cich pia tring vé&i d.8m nat lwdi»
thong thudng c6 hiéu qud doi véi nhtng gna {rinh trong do chuyén dong cha front
. Xw khong qua chim 14 doi héi bube chia lwdi khovg gian khong qua ion, hoi vay st
dung né nhiga kol bt iév. O day phuong phap 2y cbi duge st dyung treng giaj doan
dan khi front ciuygn pha xuft hién va tach khéi bhitn trong Xp chuydn dong vi
phia Xeo Phuong phép « véi cfc buwde khong.gian pian chia ® thyc hién trén MTDT

Tt céng kénh ntung ddm blo- dd chinh xac cao nén dvge sk diung d¥ xae dink vi'tri

e¥a mit chuygn pha Xalv) tai nhing didm (hei gian 1iép theo. Phgong phip Hm et
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phin cich pha tring voi nat luéi vi phwong phip véi buée khong gian phin chia
dp dung cho bai lodn mét thanh phﬁn, trong (rwong hop phi luyén yéu, bd qua chuyda
dong do n& nhiét cda pha 16ng 'in ddu tién dwgce d& cap téi trong (11, 12] va duge
phat tridn trong edc cong b tiép theo chia oleinhik, Xamarxki, Budak v.v..- D6i véi
né phuwong trinh tya tuyeu tinh di chéng minh duge tinh tém tai duy nhét nghiém
va dinh 1y v& s hdi iy cha phép 13p (3.5), (3.8). Tuy vay, d3i véi he phuwong trink
aay i (2-2) — (2.13), nhimg vén 48 trén cfing nhr vige sir dung hé 56 13p'A chua duwgce
d& cap loi-.

Pl

§4. KET QUA ’NGHIEI‘\I cOU s

Hea phucmg trinh (2-2) — (2.13) duge gidi trén MTDT bing phuwong phap s6 trinh
bay trén co xir 1y tinh mi&n dic hiét & gin bién gidng. Khong phan tich toan bho cac
khia canh nhirng k&t qud thu nhin dugc ma ehi dang lai & h]a canh phwong phidp s6,

) k&t qud nghitp ctu cho thdy phwong phip trinh

' , bay & trén e¢¢ thé st dung mol ciéch ebd hidu
P} ; qui d8i voi lép che bai toan iruyén nhiét —
2 : chit trong moi trudns déng nhif cdng nbhu
4 -2 _ - mdl tredng x6p choa thinh phin vat chér
. I\[\ f'\ . pA An the hai c6 bién di doug- Tuy nhitun dsi vei
\,’ = a T . : mign khong gian xéac dinh, sy 6n dink eciing
v - nbw link chinh xdc efa nghiém phu thuse
] manh vio c¢dch chia lu&ie Trén hinh 1 trinh
- bay cac dudng cong gidi tich — profin ap suit
P(X, * = 0,24) troug truong hep Bp = Br = 0;
. o .0y = Qs = 0, & = const (Twong cong 1), k&t
TR qud (ich s6 khi x@ 1y tho luéi khong gian va
. di&m dic biét gin giéng X» (Gudng cong 2) va
5 kui =t 1y 8t ludi khong gian cing nlbw d.8m
g) , ) dic biét, két qud hoi tw nbhanh chinh =xic,
N hiw nhu trang voidudng cong gidi tich 1 san
7 e - 4 —7 budclip (dudng cong 3). S0 sanh véi
g . ‘ 47 X truedng hop dwong cong 2, 86 bute chia lwdi
Hinh 1 khéng gian d2 thu nhan dwege duomg cong 3
. 1%ng 1én gip 5.
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Hioh 2a. - {7inh 2h.
K&t qui 56 sir dung pruong phap timmat . K&t qui s8 sk dung - phuong phap véi
phin eich pha trang voi didm ntt lwoi. cac  Dbude  khaug gia-n phAn  chig

) (X;ﬂ dwec nhin voi 10%)




ﬁp tuv nhidy ldaong phax vai gla tri bat k¥ n#o cha-A cung vay BO}. vcr :
ip (3.5), (3.6) hiéa qui clia thuit toan cao va on dinh khi A eton tlong ki

Ien 4. Trong i{boantj nay két quid ckinh xde’ co th'é thu nhan du'oc sau
lﬁp ’ : :

i KET LU;AN

Pi mb rong vh birg thuyc Iwh]ém 80 khana dmh kha n’éuEy su- dung phLo'ng -
im mit phin cdach pha- trung véi didm not luwei it phu'urng pbap vt‘n' Chch
gian phan chia k&t hep vé&i phuong, Phip phan tir- ‘héa 42 gidi bidi‘loan: tluyen
— chdt cho méi truéng nhidu thanh phin trong trudng hmrp hé phurmg ‘trinh_ph
manh véi bién di dong, c¢6 -xét &n guid. trinh chuytn’ pha v sedc p.mc' 3
~.thly dong lve hec khic kém theo. Xac dinh dwoc mién sir ﬁlung hu-u ‘hidu hﬁ)
» S0 vé&i phwong phip dan d8u mit phan cieh pha (phwong phap st dung @ nhigt
1éng suy 1oéng ») phiong phidp irinh bay cho phép xic dmh chmh xac ho'_
&éng thoi gian cla mit phan cdch pha:

i SR . Nk n..,édy'-,ii-4-1',988'.
Jothoc — Vign KHVN : o e
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SUMMARY

A NUMERICAL METHOD OF SOLVING A HEAT — MASS
TRANSFER PROBLEM IN POROUS MEDIA WITH
' _ MOVING BOUNDARY

In the framework of the meth(_)ds’f.of'multiphase media mechanics the therme —

i hydréodymamic process induced by interaction between high-frequency electromag-
ic field and porons medimm {first component) containing the second component,
dich can welt at the temperature Tm avd the Tluid phase of the latter can move
> to pressure gradient, is considered. This problem is sclved by Lhe combinalion of
Iatlve method with sweep J:nethoal The effectiveness of itevative coefficient is

ermined.

PONG CHI PHAM HUYEN BA Blo. VE THANH CONG
LUAN AN TIEN SI CO HQGC & TRONG NUGC

Ngﬁy 14 t}‘éng 4 nam 198% Bd trudng Bd Pai hoe va Trung hoc chuyén nghi¢p
1 ky quyét dinh s6 426/QDSD4 cong nhan hoc vi va cdp biing Tién si khoa hoe Toan
¥ cho d#ng chi Pham Huyén.

Luih 4m ¢fa Gido sw Tifp si Pham Huyén di 43 cip' va gidi quyét mgt s4 vin

£ 1y lugn va vwng dung cia phuong phap Poingeare — Tretaep trong co hoc gidi tichs
lf_:t trong cac linh vgec phitc tap va ¢6 ¥ nghia thoi sy cha co hec 1y thuyét.

Cac két qud thu nhén dugce 14 nhitng mé rovg dang ke chc két quid cle cic nha
¥ hoe ¢ didn nhu Polingcares Hamel, Tretaep vev... ¢cO the ap dung cho ¢d hé co
oc Proléndm va khong boléndm kbong cén, phin bigt nhu trong cic phuong phip

5 dikn.
Cung v&i cdng the nghidn ciu khoa hee, Gifo su Tién si Pham Huyen da co
hidu dong gop trong viée gidng day, truyén ba kién thite co hoe. V&i coong vi la
'dng thu k¥ Hoi Co bee Vigt Nam, Gido suw di tham gia tich cwe vdo cic hoat dong
4p haps ddng vien d0i ngil can bo nghién ciru, tng dung va gidng day Co hec trong
i perde.

Bei d@nd bién tap Tap chi Co hoc =in nhiét liéi chdc mung Giko su Tién si Pham
Juyén nhin dxp duwge cdng nhin hoc vi va cdp bang Tién si Toin Ly- Chfic G]éo st
hu duec k&t qud moi trong che mit hiegt dong cua minh. .

HOL B'GNG BIEN TAP TAP CHI CO HOC
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