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TRAO DOI NHIET TRONG CHAT LONG
vOT NGUON NHIET DI DONG

v DUY QUANG

Nghién ctru trao d8i nhidt ‘d8i Tun trong chit 1dng v&i ngudn nhiét di déng ¢ mot ¥ nghia
quan trong. V& mit 1y thuyét cho ta khi ning khio sit mdt 1&p bai todn déi huu nhigt hoan todn
mé&i. Trén co s 46, vé mit cdng nghé, cé thé cho ta nhitng so dd mdéi v& thu hbi nhiét khi dat
chdy va gia c¢dng cic phé‘ lidu céng, néng nghiép, cic nhién lién c¢é ning lwgng thip. Viéc liy nhidt
vi truyén né di tir ngudn nhiét dén chit tdi nhide trusg gmn ¢4 thé thwe hién bang d8i lwu tw
nhién ha,y d61 luu hdn hop.

§1. NGUON NHIET DI DONG

Ngu*cn ta da phat hi¢n ra cic qud trinh chdy khdng ¢6 dxy cuwe ky thit vi vh hodn tohn m&
[1]. Nhirng chit tham gia phdn dng 14 bét kim loai (nhw Ti, Zr, Hf, Nb, Ta, v.v...) vi chit éxy
héa {nhv B, C, Si ...). Nh& ¢6 kich phin ¢ng cuc b ban diu, sy tv lan truyén (dang séng) da
dwoc thwe hién, khi phdn émg héa hoc tip trung tai mét viing, mi viing nay di chuyén doc theo
hdn hop bét. Mdt didm dic biét 13 trong qué trinh chdy ndy hiu nhw khdng tda khi v tao ra sin
phim hoan toin tich tu. Trong pha niy nhiét d3 cé thé ting rit cao (dén 4000°K). thx ning cda
chdy yém khi nhir viy 13 nh& sw tda nhiét rit lén trong phin tng héa hoc vi sy dn dinh nhlet
cda san phim. ‘

Vide nghién citu hién twong chdy niy di thu hat rat nhidu sy chd ¥ cda cic nhd Iy thuydt
cirig nhw cac k¥ sw, b&i vi né ¢6 nhitng wu di€m: nhist 46 rit cao trong pha tich tu (ma, rat khé
dat dwee bling cde phuong phip khic), nhiét dung lcrn clia sdn phim chéy, cic gid tri hing s8 trao
d5i chit thip, sw chuyén pha & nhidt 46 cao, v.v.

Ngoii ra trong cdc qud trinh trén di didn ra sw tong hop héa hoc “khdng ¢é chit thdi” cda
céc chit khd ndng chly bérit, cacbit, silicit, nitrit, nhitng chit niy 13 co sd clia mdt loat nguyén
liéu v& cor hidn dai ¢6 nhimg tinh chat rit quy va hidm nhw siéu cimg, sién din, chiu néng, chju
Ita, v.v... ¢6 khi niing lam viéc trong nhirng ditu kién cwe tri. Cdc phwong phip ding 15 luyén
hién nay khdng dip tng dwogce yéu ciu béi vi ching ddi héi ning lwgng rit 16n, hidu sudt kém va
khéng phai khi ndo cling ddm bdo chit Iwong cin thi€t cda nguyén lidu.

"Trén co s& cia nhitng qué trinh chdy khéng cé éxy, ngwdi ta di tim ra phwong phip méi dé
tao ra cic hop chit khé néng chiy vA cdc nguyén lidu méi. Phirong phip d6 dwoce goi tén 13 s
tdng hop cic chit & nhidt d& cao bing cach tw lan truyen {viét tit 13 SHS - Self - propagation
High - temparature synthesis). Nhitng wu viét cia phwong phip SHS li: t8n phi ning lwong bén
ngodl khong dang ké, thiét bi don gidn, qud trinh xdy ra nhanh, hidu suit cao, sin phim thu duwoc
rit sach, v.v...

Qui trinh SHS dién ra trong binh kin hot. Thé tich cda né di kén d€ 4p suit & d6 thay d8i
khéng ding ké trong qué trink. Trong binh 13 chin khéng, khi tro hay khi phan ¢ng. Kich phan
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tng bing 48t néng diy dién tré hay bing nhitng thi€t bi 46t chdy die biét.

C6 hai phwong phép phd bién tién hanh SHS:

1/ M3u 12 mdt hdn hop bét nhitng chit phin ¥ng (d€ binh thwéng hofc nén), hdn hop dang -
kim loai - cac bon (M-C}); kim loai - bo {M- B) h&n hop chit hitu co. Qud trinh difn ra trong
chin khong hay trong méi trwdmng khi tro. Téng hop xdy ra nhi cic phdn Wng trong pha tich tu.

2/ Miu chi gom bat cla mét chit phin tng, cdn chit kia & trang thai khi (nhu N). Dé thuc
hién qua trinh can ¢6 tic dung twong ho héa hoc gifra hat rin v&i chit khi bing sw thim khi qua
cdc 15 x8p ctia miu.

12. HE PHUONG TRINH

Khio sat sw lan truyn séng chiy khéng dirnig doc theo hinh tru, ban kinh R, chira chz‘itftich
tu (chit - K). Chidu day vd hinh tru 13 k (hinh 1). Coi sdn phim chdy ciing la chit K vi cé céc
tinh chit vit Iy nhiét ciing gidng nhw hén hop ban diu. Quy luit truyén séng t8ng hop va cfu
tric séng dwoc bifu dien béi phwong trinh din nhiét ¢ ngudn nhiét vi phwong trinh déng hoc
i2].

Bai todn lién hop dwge bigu difn bdi hé phwong trinh:

D& véi hén hop:

aT 3T 8T 197
P~ e T (5§+ay )+Qp¢( ) 1)
871 )
o ¢(T ).
D& véi vé: . _
8T 8°T 82T 18T
nC = 5 )\1(3 2 +W Ewe + - ” By) (2.2)

Céc ditu kién ban din vi cic didu kién bién

t=0: n=0; T=T. khi z>0;

z=0: n=1 T=T, R <y<Bi+h éa%:o;
aT a
y=0: —-A_ =0, z=4£: n=0 T _y hay T = Ty;
dy L
; , 8T AT
=R T s P Yl = A
¥ 1 1R1—0 . T]R,+{)’ ’\ay Ri—0 c9y |R1+0

: 8T '
=Ryi+h: M= =alT—Tu)
v _ Lt S8y ,a(T. Tm)

GiAi hé phrong trinh trén kha phire tap. O diy ta dzinh'giz't gan ding xem ddi lru tw nhién
phat trién nhw thé nio xung quanh ngudn nhidt hinh try nay, khi coi 1&p vé din nhidt rit méng.

"'§3. SU PHAT TRIEN CUA DSI LUU TU NHIEN

Ta khao sat dinh tinh sy phdt trién cda d8i twu ty nhién trong chit 1dng dwoe A8t néng béi
séng chdy ty lan truyén. Vin-tdc chuyén ddng v cla mit séng SHS 6n dinh vi nhirng dic tinh
khic cida né lam cho mit séng trd thainh mdt ngudn nhigt di ddng rit tdt.
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Ngubn nhiét trong phwong trinh (2.1) liy dwéi dang:

$(T,7) = ko(1 — )" exp(—E/RT) ' S (3)

Trong dé ku - hing s8 vin toc phan u'ng, n - nong 48; n - bic phdn ¥ng; E - ning lu‘crng hoat
hda; R - hing 3 chit khi.

Pé c6 dwoe 1&p v din nhiét. mdng {2.2) ta tong hop SHS hdn hop bt hai chit hitu co
{a xit ma 16 nic - C3H4O4 vi pi pé ra zin - C4H10N3). D& véi hén hop nay cé cde dic trung
sau diy 3] lwong tda nhiét chung Q = 260 KJ/kg; nhigt dung C = 2000 J/kg; hé s3 din nhiét
X = 0,40])/m.s.d3; nhi&t 46 chdy T = 155°C; vin tdc chdy v == imm/s. Vin tdc ting nhidt 45 déi
véi cédc hén hop hiru co 50° K/s. :

Tir phin tich phwong trinh din nhiét (2.1}, {3.1) [5] suy ra chidu diy cda iép vé bi chdy dwdi
ving phin ¥ng theo hwéng vudng géc véi vin t6c chdy ¢b bic:

5= (afcz,-)llz/v,

trong dé o = A/pC - hé 58 din nhiét d3; f - chi s6 hdn hop; ¢ - chl s8 cla vd; v - vin t8c chdy.
Chigu day eda lép vd méng néu A < S [5], (A - chidu day vé).

Trong trwdng hop ta khao sat A = 0,4.107%m, § = 1, 14.10™*m, nghla. 13 16p v8 b thé coi la
mdng.

D5 day tén han cda lép hén hcrp theéo [5|: He = 5.10°m (43 diy Iép khdo sit & diy 1a
19. 10'3111] ‘ .

Ta déinh gid xem mit séng SHS. chuyén dong trong hinh tru ¢é vé méng nhw trén sé auh
hudng nhy thé nio dén sy phat trién cda déi lru ty nhién (hinh 1).

C6 thé chia thinh 3 giai doan trao d8i nhidt theo th&i gian khi xuit hign sw chénh nhidt 43
gifra vat vi méi trwedmg xung quanh: diu tidn 13 din nhiét, tiép A6 sé cOng thém ddi lwu véi cwdrng
d3 y&u vi sau mdt khodng thdi gian kha dii, d8i lwu ty nhién phdt trién sé dwoc thiét lip.

‘Tir If thuyét d8i leu tr nhién {EK) [4] ta c6 thé vidt dwoc bidu thitc cho quing thoi gian ma
sau d6 EK dwoc thiét lip quanh vit ndng dit trong chit léng

: : 1o = B(Pr)(£/gBAT) |

trong dé ®(Pr) - him cda s8 Prandtl. Theo [4] him d6 c6 dang

@(PT) =5, 25(0,952 + Pr)lfz.

Théi gian chuyén dong cda mit SHS: r = £/v, trong d6: v - vin t8c chuyén d6ng cda mit
song.

D& thdy rd nhirng qué trinh thue xiy ra trong sy phat trién EK béi ngubn nhiét di déng ta
vé db thi bifu didn sy phy thude 7(£) cho thdi gian chuyén déng cla mit séng (1) va th;oi gian
phdt trién cda d8i lwu tw nhién (2). Tir hinh 2 ta thiy t8n tai cdc gid tri £, va 7,. khi ma vin t8c
chuyén déng cia mit séng bing vin t8c phét trién cla d8i lwu ty nhidn. Trong mitn £ < £, EK

khong kip phat trién. Khi r = ry, ta s& ¢ bidu thic cﬁa £, dic trung cho t§ 18 tré cda ddi lun tw

nhlen so véi mit song:

£.)v = B(Pr)(t. /gBAT)/?

hay 1
= ®(Pr)v?/gBLT.

‘Nhv viy d8i v&i ngudn nhiét di aoilg ta cd thé chia sy phdt trién cla d8i lww tw nhién theo
thed gian thanh 3 giai doan: lic diu quéd trinh din nhiét 1a chd y&u, tifp sau né 1A viug qnd dd
(£< L),
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Thtr hai - giai doan phat trién cda 48i lru tw nhién mi né chiu 4nh hwdng cila mit séng

. chuyén déng. Dic trung cda mién nay 1a £2 £, vi ty 18 vin t8c m3 nd bing vin td¢ chiy 1a quyét

dinh.
Thi ba - ving d3i lvu tw nhién phit tridn dimg, khi 48 IU'u khéng phu thude vio mit séng

" chayén déng £ £,.

Trén hinh 3 vé &5 thi biu din sr phu thudc cda thdi gian phét trién d8i luw tw nhidn vio
thdi gian chuyén déng mit séng SHS cho mét s§ chdt ldng. Tir d6 cho phép lwa chon chit léng
mi trong d6 cé thé quan sdt du-crc cdc qud trinh ta quan tidm.

—T=yNE7 <= ot

S\ - s /

s - 4% »L__:: - i1 | : . ’/
i e - I A
|- - - 430 ] 8 /

2 v
S - - 428 o é’
—al o

Sy phy thudc 7(€) cda chuyén ddng mjt séng (1)

Q
A 410 v _{_Q.R\ ,
Y
* 400 o R*.\/
Hinh 1. So d% khio sit Ky .
1. hén hop ban diu, 2. mi¥n tda nhigt, 3. sdn % %\J\*
phim cda phdn dng, 4. vo hinh tru, 5. chit ng an
T 70 [
{
2
[ - i
|
|
|
i - p 28 3p 47 -5
£ ’ f ta)
Hinh 2 Hink 38

D3 tré cda d4i lwm tw nhién so v&i chuyén dong ela

vi sy phét trién d8i lvu tw nhién (2) mit séng SHS

Trong d8i luwn ty nhién, khi chuyén déng cda chit 1dng hodn toan dwoc xic dinh béi qua trinh
trac ddi nhiét, ta khéng thé khio sdt 16p bién nhidt va 16p bitn ddng hoc mdt cich dgc 1ap. Khi
Pr > 1 mién biéu hién rd nét din nhigt phin t¢ bing hay nhd hon mién biéu hién ré nét nhét
phin ti [4]:

50 /8se = Pri/2,
trong dé
bgr = £,/Gr,M %

41



Trong bing 1 dwa ra cic két qud s cda £., 46 diy 16p bién déng hoc §,. v 1&p bién nhiét d
b¢+ tinh cho nuéc, glixerin va din mdc PMS - 100 véi nhing 46 chénh nhiét 48 khdc nhau.

Bdng 1
P - Nuéc : Glixerin PMS - 100
Pr=T;Ec=10"9 Pr = 12465, Ec = 10-% Pr = 185, Ec = 10-8
OC X
£,, mm fg., mm 6ét,, mm £, mm &g., mm 6t.,, mm £, mm &g., mm 6., mm
130 - - - 52 98 0,88 . 4,67 259 1,01
100 - - - 67 111 0,99 6,07 30 2,2
80 153 104 3,9 84 125 1,12 7,59 33,2 2,44
60 2,04 12,05 4,5 112 . 144 1,44 10,12 38,34 281

Nhuw viy, phwong phip vira trinh by & trén khéng nhirng cho phép ti€n hinh phin tich sy
phét trién cla d8i hru ty nhién bédi ngudn nhiét SHS mi cdn cho phép lya chon chit ldng (&
trong d6 <6 thé quan sit dwoc cic qud trinh ta quan tim) vi ngudn nhidt (thinh phin cy thé cd;
SHS). Diéu nay cho ta khi ning nghién ctru mdt lép bii tedn méi ¢ lién quan dén ddi lun dwd
tic dyng cda ngudn nhiét di déng - mit séng SHS.

Xéc nhin - Céng trinh ndy dwoc hodn thanh véi sw hd try cia chwong trinh nghién cidu co
bin trong linh vwe khoa hoc tw nhién.
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SUMMARY

HEAT TRANSFER OF FLUID WITH A MOVING HEAT SOURCE

Investigation of free convection in fluid heated by front combustion synthesis is presented.
Characteristic parameter for problem is received.
Three stages of development of free convection are distinguished.
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