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CHUYEN DONG DOI LUU NHIET TU DO
TRONG KENH TRU THANG DUNG
CUA CHAT LONG QUY LUAT MU

NGUYEN VAN QUE

1. MG DAU

Trong [1] d5 xét bii todn chuyén dng d6i lru nhiét tyr do cda chit dng quy luit mii trong .
kénh phing thing d¥ng ¢ chidu cao hiru han véi nhiét &5 2 thanh cho'trwéc. Trong bai ndy
ching t8i xét bii todn trén cho truwdmng hop kénh tru (xem hinh 1). Bai todn dwoc gidi s8 trén
may tinh., Trong trwdmg hop chiéu cao kénh }6m hon nhidu Fn dwdng kink k&t qui dwoc phin
tich viso sdnh vd1 nghiém tidém cin trong trwéng hop kénh tru dii +5 han.

2. THIET LAP HE PHUONG TRINH

Xét kénh tru thing ding cé chigu cao hitu han, hé 2 diu, d3t trong khdi chit 1dng quy luat
mit v8 han (xem h.1). Nhiét 46 & thanh T, dwoc duy tri khdng d8i, cho trwdc vi 16m hon nhigt
d% chit 18ng & v6 cuwe: T > Toy. Xét chuyén ddng d4i lwn nhigt tw do, dirng tao ra & trong kénh
do cé chénh léch nhiét d3. B3 qua inh hwdng nhiu déng & bén ngodi kénh d8i véi dong trong
kénh. :

Ap dung Iy thuydt 16p bién va x4p x| Buxinhesc, trong ké toa @3 tru bai todn dwge mé td béi
h& phwong trinh (xem [2]):
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& &4y V,, V, - thank phin vin t3c theo phwong r va z; p’ = p(z) + gpz — p(0) - d§ 1éch 4p suit so
véi 4p suft can bing; g - gia t8c trong trudmg; F - hé s8 nd nhidt; T v T, - nhidt 46 chit léng &
trong kénh va & vé cuwc; p - mit d9; Cp - nhidt dung ridng; A - hé s3 din nhidt cla chit 15ng.
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& diy vy - hé 58 nhét; D = 2R - dwdmg kinh Sng tru, H - chitu cao 8ng try, T,, - nhiét dé thanh
éng; Pry vd G,y - 58 Prantl vi Grashof suy réng. Ta dirgc hé khdng thi nguyén (bd diu -)

N e
V,%Yf + VZ%E‘E = —i—r: ;_1— E% (rn 361:;) + T.G,, (2.2)
WY ralE) R 23)
Diéu kién bién
V(-;- ,z) =Vz(% ,z) =0 T(% ,z) =1
%0.2) = 5202 = 502 =0 (2.4

P'(0) = V¢ (r,0} = T(r,0) = 0;
Ve(r,0) =V,,; p(1)=0,

& diy V,,, 13 dai lwong cin xic dinh, sac cho p'{1) = 0; Ngodi ra t¥ phwong &rinh lién tuc [1] ta
suy ra:

i/2 1/2
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o o

. v vee o f 1
H$ (2.1)-(2.5) 12 hé déng kin d8ivéiV,, Vs, T, 0/, Vi, (N&u cé (2.5) thi didu kign V, (5 2) =0

tw déng dwoce thda min). Hai dai lugng dwoc quan tim nhit 13 vin t8c trung binh V;, vi déng
nhiét truyén qua thanh @, dic trung béi s Nusselt trung binh Nup
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P4y 1 hé phi tuyén. C6 thé chitng minh dwoc so &5 x8p xi bic nhit theo Az v bic 2 theo
Ar. Digu kién hdi tu Neuman luén thda mén véi Ar, Az thy . Khic véi [1], & diy I so 5 an
. hodn todn, ditu d6 1am ting tinh 6n dinh cda so d6.
Ta gidi hé truy hbi theo chis8 5. Gid st ta d3 bidt cic gid tri tai J vi cdc gid tri mang chi s8

a+1
s tai J +1. Tir phwong trinh (3.3} ding phwong phip dudi ta tinh dwge T 7*1. Thay vio (3.2)
ta dwoc hé dang : (d€chogon tabd chis§s+1va J+1&V vap')

Ac(Va)p_y +Br(Va), + Cr(Va)y + 0 =Ds, k=2,N—1

(Vo = (Vi) (suy tir di¢u kidn %(0, z) = 0) . (3.4)
(Valw =0;

/2

f YVodr = %Vzo - (3.5)

Diy 13 hé tuyén tinh déng kin 48i véip', V;,,...,V,,- Ta gili hé ndy nhw sau:

Ung véi py, pa; p1 # pe bt k, ding phwong phép dudi ta tim dwec 2 nghism ViV, V? cda
hé (3.4). Do tinh tuy&n tinh ap; + (1 — a)pg; aVi™ + (1 = &) Vi? ciing 13 nghiém cda (3.4). DS
thda min (3.5} ta tim dwoc
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(1/8}Vo, — [ viPar
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Thue t& tinh to4n theo phwong phép trén gidm t8i da khéi lrong tinh todn va cho k&t qua
5t.
81 a+1 ) .
Sau khi tinh dwge V' J*! thay vio (3.1) ta tink dwge V' 7*1. Cf nhu thé cho dén khi sai

s8 tu-o'ng d8i gifra céc dal lu'cmg 8+ 1 vd s bé hon £ cho trudce. G1a tri ban d3u cda vong lip 18y .
bing gid tri tai J.

4. PHAN TicH KET QUA

a) Nghiém tiém cdn : Khi (H/D) — oo ta tr& v& trudng hop kénh try cao v8 han, bai todn
trd thanh mét chidu vi cé dang:
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V.=0; V,=V.(r); T=T(r)

dp’ d dV
2T
=0

Diéu kién bién:
Vi(1/2)=0; T(1/2)=1

dv, 4T
dr(o) dr() .
1/2
Vrdr = LV,
zr"'—s =0
0

Giii hé nay dwoc

T=1
V, =

/ [(1/2)1+(1/n) __r1+(1/n.]] _

Suy ra: a/m _ ‘
1/,1 1/2 1+(1/n 1
Vi = 5 G (1/2) | (s.)
Néu goi h 13 hé s8 truyén nhigt trung binh (lwong nhiét trung binh truyén qua 1 don vj dién
tich thinh kénh trong 1 dom vi thi gian khi 43 chénh nhidt 43 (T, — Too) bing 1) thi

= i . _]L . _,_,n__ } Prg i G:’;n . (1/2)1“1'(1/!’1) vi
sy P Grl-;n -(1/2) /) (4.2)

DE so sanh ta ldy P,, = 100; G,y = 4,795.107%; n = 0,66; (Ra, =,P,g.G25" = 1) thi (4.1)
cho V,, = 3,87.10™%; (4.2) cho Nup = 9,68.107%,

Gili 98 cho V, = 3,72.10~%; Nup = 9,53.10~%; Sai khic khéng qui 3%.

b) Vi du s8:

Bai todn dwoc gili véi cdc s8 lién sau:

T, = 25°C T, = 15°C

D=2em H=20cm

p = 1000 kg/em? Cp = 4,18.10°J /kg. K
A= 0,597 W/mK v = 7,35.1075m?% /g%
f=1,8.10"*1/K n=0,66

Két qua:

Vi, = 0,0337 (& dang thi nguyén V,, = 0,106 ¢m/s)
Nup =2,157 (@ = 8,00W). .
S8 liéu twong tw & trwdmg hop kénh phing cho (xem [1])

Vo =0,045; Nup =4,07.

Ta thiy ci vé mijt déng hoc 1in truyén nlﬁ'e;‘t & kénh tru d8u thip hon kénh phing cé kich
thwéc twong dwong (cing 3 cao, dwdng kinh kénh tru bing bé rong kénh phing).
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Céc 88 litu v& V., V,, T cho & d6 thi 3, 4, 5.

Péi véi chit 16ng Niuton, cu thé 13 nwée

n=1; v =10"% m?/s, céc s8 liéu khic gi¥r nguyén thi

Vi, = 81,1 (& dang thi nguyén V,, = 1,55cm/s)

Nup =11,5 (Q=43,16W)

Ta thidy vin t&c trung binh & diy 16m gip 14 I3in cdn Q - 1én gip 5 lin. Didu d6 cho thiy
dong d6i lvu rdt nhay cAm véi chi s8 phi tuyén n. '

<y
N3

]
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:
3 N

Hinh 8. Phan b3 nhigt 45
1, 2=2,5.100°H,2. 2=0,5H,3. z=H
z

Thonh

g , 49.25 27

‘ Hinh 4. Phan b8 thanh phin V;
1.2=2,5.107°H, 2. z=0,5H,3. z= H
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dér xing

Truc

Hinh 5. Phin b& thinh phin V,
1.2=2510"%H,2.2=0,5H,3. = H

Cudi cling, t4c gia té long bift on d8i véi GS TS Ngé Huy Cén, TS Vii Duy Quang, PTS
Ping Hitu Chung d4 cé nhitng déng gép qiy béu vE ndi dung bai bio.

Bai bdo dwgc thwe hign véi sy gitp d& veémit t3i chinh cda Chwong trinh nghién céu co bin
gudc gia vé khoa hoc tw nhién

Dia chi: _ Nhin ngdy 24/12/1994
Vién Co hoc
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SUMMARY

FREE CONVECTION FLOW OF POWER LAW FLUID
IN A VERTICAL CYLINDER OF FINITE HEIGHT

A numerical sclution has been presented for free convection flow of power law fluid in a vertical
cylinder of finite height. The average velocity along the channel and the heat transfer have been
calculated. Graphs of velocities and temperature are shown. The results show good agreement
with analytic one in the asymptotic case.
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