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CHUYEN DQNG DOl LUU NHI~T TV DO 
A ~ ' 

TRONG KENH TRl} THANG DUNG 

CUA CHAT LONG QUY LU~T MU 

NGUYtN VAN QUE 

' " 1. MODAU 

Trang [1) da x6t bai toan chuy~n d(lng dili hru nhi~t tv do cda cha:t l.lng quy lu$t mii trong 
kenh phing thing dll-ng c6 chillu cao hfru h~n v&i nhi~t d{l 2 thanh cho "tru-6-c. Thong bai nay 
chUng toi x6t b1J.i toan tren cho tru-1mg hgp kenh tr11 (xem hinh 1). Bai toan dugc gi!i sil tren 
may tlnh. Thong tru-lmg hgp chih cao kenh 16-n han nhih !lin dulmg klnh ke't qui< duvc phan 
tich vasa sanh v&i nghi~m ti~m c~n trong trulmg hgp kenh tr11 d1J.i vo h~n. 

~ A A .. 

2. THIET q_p Hjj; PHUONG TRINH 

X6t kenh tr11 thing dll-ng c6 chi~u cao hfru h~n, h<Y 2 dltu, d\(t trong khili cha':t Mng quy lu~t 
mii vo h~n (xem h.l). Nhi~t d{l b thanh Tw dugc duy trl khOng d5i, cho tru&c va l&n han nhi~t 
d{l cha:t Mng b vo eve: Tw > T.,.,. X6t chuy~n d{lng dili luu nhi~t tv do, dlmg t~o ra b trong kenh 
do c6 chenh l~ch nhi~t d{l. Bd qua anh hubng nhih d{lng b ben ngoai kenh dili v6-i dong trong 
kiln h. 

Ap d1)ng ly thuy~t 16-p bien va xO:p xi Buxinhesc, trong h~ tqa d{l tr1) bai toan dugc mota b&i 
h~ phuang trinh (xem [2)): 

- Phuang trinh lien t11c 

a(rV,) + a(rV,) = 
0 ar az 

- Phuang trinh chuy~n d{lng 

v. av. v av, _ t·ap' f3(T T ) v• .-+ .-----+g - 00 +-ar az p az r 

- Ph uang tr\nh nang hrgng 

ap' 
-=0 ar 

( aT aT) .x a ( aT) CP V,a,:- + V, az =-;: ar ra,:-
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(y day V., V. - th1mh ph'an v~n t8c theo phrrang r va z; p' = p(z) + gpz- p(O) - di) l~ch ap sullt so 
v&i ctp suS:t can b~~g; g- gia tOe trqng tru·Crng; f3- h~ sO nb nhi~t; T vi T00 - nhi~t d{> ch3:t 16ng Cr 
trong kEhih v3. b vO Cl!Cj p - m~t d9; Cp - nhi~t dung rieng; A - h~ s5 din nhi~t cda chit Umg. 

Ky hi~u 
U* = v~ D 1

2-_
2
,. .. H~:! ; - z z=-; 

H 

v = v.n . 
z HU*' 

T = ~Tc._-_T.::;oo;:.. 
Tw- Too 

- r r=-; 
D 

_, p'D2 

P = pU"2 H 

P,. = CvpU* D>. -'; G,u = gf3(Tw - T00 )U"-2 H-1 D 2
; ,., = I aavr.ln-2 

b diy Vk - h~ sO nh&t; D = 2R- dtrCrng kinh Ong trv, H- chi'eu cao Ong t11J., Tw - nhi~t d{) th3.nh 
Ong; Prg va Grg - sO Prantl va Grashof suy r9ng. Ta dti:'gc h~ khOng thli- nguyen (bO d3:u -) 

Di'eu ki~n bien 

v,G,z)=v.G,z)=o; rG,z)=1; 
av. ar 

V,(O, z) = ar (o, z) = Br(O, z) = 0; 

p'(O) = V,(r,O) = T(r,O) = 0; 

. V,(r, 0) = V,,; p'(1) = 0, 

(2.1) 

(2.2) 

(2.3) 

(2.4) 

& day V., Ia d~i hrgng c'an xac djnh, sao cho p'(l) = 0; Ngoai ra tir phtrang trlnh lien tJ;~c [1] ta 
suy ra: 

1/2 I V,rdr = const (0 :5 z .::; 1) Hay 

0 

1/2 

I V,rdr = ~ V., (2.5) 

0 

H~ (2.1)-(2.5)10. h~ dong kin diJi v&i V., V., T, p', V.,. (Ne"u c6 (2.5) thi di~u ki~n V, G , z) = 0 

t~J di)ng duyc th6a man). Hai d~i ltrgng dtrqc quan tam nhO:t Ia v~ t& trung binh v., va dong 
nhi~t truy~n qua tha.nh Q, d~c tru-ng b&i s5 Nusselt trung blnh N UD 

, "' 3. GIAI SO 

Ta gilli bll.ng phtrang 
phap sai phan hfru han. 
S<Y dO sai phi.n (x~m 
hlnh 2) T 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

H 

.. --r-- .... 
.,."" I '• 

J-----'L 

Hinh 1 
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( 
•+1 )J+1 ( •+1 )J+l 8+1 J+l .!1+1 J+l J J 

r V r k+l - r V r k (r V ,)k+! + (r V ,)k - (rV,)k+1 - (rV,)k 
_;___--==--:----'---'-"--- + = 0 

Ll.r 2LI.z 
(3.1) 

s+l J+l J ('+1 )-J+l {•+1 ) J+l 

(v )J+d v .). - (v.). (v )J+l v. k+1- v. •-1 = 
• k Ll.z + r k 2LI.r 

s+1 1 J+I -' J p -, 
Ll.z + 

8+1 J+l ("+1 J+l 8+1 J+l 
•+1 J+1 • J+1 ( v .) k+1 - 2 v .) k + ( v .) k-1 

+ Grg · T k + nl'}k (LI.r)2 (3.2) 

o~~~+l J+l .,+1 s+I J+l s+l J+l 8+1 J+l 8+1 J+l "+1 J+l 

(V )J+1 T • - T [ (V )J+1 T k+ 1 - T •-1 __ 1 T k+1 -2 T• + T •-1 
• k Ll.z + • k 2LI.r . - Prg (LI.r)2 

(3.3) 

Day Ia h~ phi tuye'n. C6 th~ ch11-ng minh duco;rc S<r dl> dp xi b~c nhilt theo Ll.z va b~c 2 theo 
Ll.r. Dih ki~ hi)i tv Neuman luon thcla man v&i Ll.r, Ll.z tuy·y. Khac v&i [1], & day Ia ""' dl> 5.n 
hoan toan, di~u d6 lam tang tinh lln dinh ella sa dl>. 

Ta giAi h~ truy hl>i theo chi si5 s. Gil, s.r ta da bi<(t d.c gia tri t\'i J va cac gia tri rnang chi si5 
•+1 

s t,P J + 1. Tlr phuc<rng trinh (3.3) dung phmrng phap duili ta tinh dU'o;rc T J+l. Thay vao (3.2) 
ta d1J'<!C h~ d\'ng : (d~ cho ggn ta bel chi si5 s + 1 va J + 1 & v va p') 

A.(v.)._1 +B.(v.).+c.(v.)k+1 +p'=D,, k=Z,N-1 

(V,)l = (V,),; (suy tlr di~u ki~n a:; (O,z) = o) (3.4) 

(V,)N = 0; 

1/2 

j rV,dr = ~v., (3.5} 

0 

Diy 13. h~ tuye"n tlnh d6ng kin dgi vbi p', Vz1 , ••• , VzN. Ta gi!U h~ n3.y nhu- sau: 
Ung v&i Plo P2; P1 'I P2 hilt kY, dung phucrng phap duili ta tim dU'\)'C 2 nghi~m vPl' vYl cda 

M (3.4). Do tfnh tuyii'n t!nh ap1 + (1- a)p2 ; avPl + (1- a)V,<2l cung !a nghi~m cna (3.4). D~ 
thcla man (3.5) ta tim dU''/'C 

tOt. 

1/2 

(1/B)V., - J rv,!"l dr 
" = --,-,.------"-0 __ _ 

1/2 
J r(vjll- vPl)dr 
0 

Thvc te' tinh toan theo phU'crng phap tren gilun ti5i da khi5i l1I''7J1g tinh toan va cho ke't qu~ 

s+l s+l ' 
Sau khi tinh dU'\)'C V f+ 1 thay vao (3.1) ta tfnh dU'</'C V :+1 • Ctr nhtt the' cho de'n khi sai 

s5 tU"O'ng dgi gifra cac d~ hrgng s + 1 va. s he han e cho tru-6-c. Gia. tr! ban diu ella vOng l~p 13:y . 
b!ng gia tri t"i J. 

4. PHAN TICH KET QUA 

a) Nghi~m ti~m 4n : Khi (H/ D) -+ oo ta tr& v~ tru-lmg h'7P kenh trv cao vo h\'n, bai toan 
tr& thanh mi)t chih va c6 d\'ng: 
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Di'eu ki~n bien: 

Gi/U h~ nay d"?C 

Suy ra: 

V, = 0; V, = V,(r); T = T(r) 

- dp' + ~ (~ dV,) + T.G,u = 0 
dz dr dr 

J?T =0 
dr2 

T=1 

V,(1/2) = 0; T(1/2) = 1 

dV, (o) = dT (o) = o 
dr dr . 
1/2 

j V,rdr = ~v., 
0 

V = _n_G1/2 [(1/ 2)1+(1/n) _ r1+(1/nl] 
z n+ 1 rg 

V = _n_G1/n(1/2)1+(1/n) 
zo 3n+l rg 

(4.1) 

Ne'u ggi h Ia h~ s<l truy~n nhi~t trung blnh (hrgng nhi~t trung b\nh truy~n qua 1 dan vi di~n 
tich thl!.nh k~nh trong 1 dan vj then gian khi dg chenh nhi~t dg (Tw- Too) blng 1) th\ 

h = ~.!. _n_. ~ . G1in. (1/2)1+(1/n) va 
D 4 3n+ 1 rg rg 

Nu = hD = !_n_. ~ . a1/n. (1/ 2)1+(1/n) 
D ). 4 3n + 1 rg rg 

(4.2) 

f)~ so sanh ta ll!y P,9 = 100; G,9 = 4, 795.10-2 ; n = 0,66; (Rag= P,9 .G:bn = 1) th\ (4.1) 
cho V,, = 3, 87.10-4 ; (4.2) cho Nuv = 9, 68.10-3 • 

Gi/U sil cho V., = 3, 72.10-4 ; Nuv = 9,53.10-3 ; Sai khic khong qua 3%. 
b) Vi d~ sil: 
B3.i to&n dU"9'C gi& v6i c3.c sS li~u sau: 
Tw = 25°0 T00 = 15°0 
D =.2cm H= 20cm 
p = 1000 kgfcm3 c.= 4, 18.103 Jfkg.K 
). = 0,597 WjmK Vk = 7,35.10-5 m2 js2 -n 

P= 1,8.10-4 1/K n=0,66 
Ke't qui: 
V,, = 0,0337 (& d~ng thll- nguyen V,, = 0, 106cm/s) 
Nuv = 2,157 (Q = 8,09W). 
Sil li~u tu·ang t\f & tr1rlmg h<?"P kenh ph1ng cho (xem [1]) 

Vo = O, 045; Nuv = 4,07. 

Ta thl!y c! v~ m~t dqng h9c l~n truy~n nhi~t & kenh tf1i d~u thl!p han kenh phing c6 kich 
thooc t1rctng d>rang (ciing dg cao, dulmg klnh kenh tr~ b!ng b~ rqng kenh phhg). 
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Cac s/5 li~u v~ V., V., T cho b dll thi 3, 4, 5. 
D<H v6i ch&t lOng Niutcrn, C¥ th~ Ia nu-&c 
n = 1; v, = 10-6 m2 / s, d.c s/5 Ii~u khac giir nguyen thl 
V., = 31, 1 ( & di'ng thd- nguyen V,, = 1, 55 em/ s) 
NuD=ll,5 (Q=43,16W) 
Ta tha':y v~n t& trung blnh & day 16n g~p 14 Ilm con Q • 16n g~p 5 Ilm. Di~u do cho thily 

dOng dOi hn.t rat nh~y cAm v6i chi sO phi tuye'n n. 

z 

1 

0 8,25 0.5 

Hinh 9. Ph!.n M nhi~t d9 
1. z = 2, 5.10-s H, 2. z = 0, 5H, 3. z = H 

z 

-z 
5.10 3 

2 

-~ { 

"' 'i(s 
~ 

"' l'!· 1..;:: 

-2 
10 

D 

Hinh 4· Phin M th!nh ph'an V, 
1. z = 2, 5.10-s H, 2. z = 0, 5H, 3. z = H 
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Hinh 5. Phan bS thanh ph'in V, 
1. z = 2,5.10-5 H, 2. z = O,SH, 3. z = H 

Cu~i cling, tac gil. t6 long bigt an d:6i v&i GS TS Ng8 Huy Cifu., TS Vii Duy Quang, PTS 
DJ!,ng Hilu Chung d:ii c6 nhfrng d:6ng g6p quy bau v~ n9i dung bai Mo. 

Bhl bao d:U"gc th\l"c hi~ v&i S\f giup d:a v~m~t tii.i chlnh cll.a Chllang trlnh nghien cll-u crt bl.n 
qu5c gia v~ khoa hQC tv nhiSn 

Dia chl: 
Vi~n Cu hqc 
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SUMMARY 

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

A numerical solution has been presented for free convection llow 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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