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NGHIEN CUU QUA TRINH TRUYEN NHIET TRONG ONG TRU TRON CHIEU
CAO VO HAN BANG PHUONG PHAP TACH BIEN FOURIER

Pham Hitu Kién - Nguyén Thi Thu Hang (Trwong BH Sw pham — DH Thai Nguyén)

1. Mé& dau
Qua trinh truyén nhiét trong cac modi trudng da dugc nghién ctru tir rat 1au. C6 nhiéu tai
liéu trinh bay v€ van dé nay [1, 2, 3, 4, 5, 6], nhung chua c6 tai liéu nao trinh bay cach giai cu thé
mot bai toan truyén nhiét trong vét c6 hinh dang xac dinh, ddc bi¢t. V6i mong muodn tim 101 giai
cho bai toan truyen nhiét trong vat c6 hinh dang xac dinh va dac biét, ching t6i d giai va nghién

ctru sy phan bd nhiét trong mot dng try tron, chiéu cao v han. Két qua nay co thé duoc 4p dung
dé giai cac bai toan truyén nhiét trong nhirng vat c6 hinh dang xac dinh, dic biét khac.

Bai toan truyén nhiét thuong din dén viéc giai phuong trinh vi phan dao ham riéng
(phuong trinh Vit ly toan), mot trong nhirng phuong phap c¢6 hiéu qua va phu hop nhat dé giai
phuong trinh nay la tng dung phuong phap tach bién Fourier [3], [5], [6]. Do do, chiing t6i chon
phuong phap tach bién Fourier dé giai bai toan trén.

Phuong phép tach bién Fourier 1a phuong phép tim nghiém phuong trinh:

u, —a’Au=G(x,Y,z,..1), (1.1)
trong do, u = u(x, y, z,..t) , nghiém thoa man phwong trinh vi phéan (1.1) dwoc tim bang cch phan
tich ham u(X, y, z,..t) thanh tich cac ham chira cac bién doc lap véi nhau, cu thé la chung ta dit:

u(x,y,z,..t) =TE)XX)Y((Y)Z(2)...., (1.2)
sau d6 thay phuong trinh (1.2) vao phuong trinh (1.1), két hop véi diéu kién bién va diéu kién
ban dau s€ tim dugc nghi¢m cua bai toan.

2. Phwong phap tach bién Fourier d6i véi qua trinh truyén nhiét trong mét 6ng hinh
tru chiéu cao vo han

Bai toan: Tim su phan bd nhiét do trong mot dng hinh tru tron chiéu cao v6 han co ban
kinh r,, 0<r<r;0<p <27 , biét nhiét do ban dau trong 6ng c6 dang:

U] o = F(,0), (2.)

va trén bé mat tru duoc duy tri nhiét do béng khong (khong co6 su trao ddi nhiét véi moi truong
bén ngoai) [3].
Bai toan tr¢ thanh tim nghi¢m ctia phuong trinh vi phan:

2
u_ =a’ 19 ra—u +— 1 8 0<r<nr,0<p<2r. (2.2)
ot ror\or) r? 6

Thoa min diéu kién bién:
u(r, e,
va diéu kién ban dau:

u(r,e,t)] o = f(r. ). (2.4)
Ham phan bd nhiét do tai mién dugc xét phai hiru han, tac la:

|u(r, go,t)| <0,

(2.3)

Theo bién @ ham nhiét do cé tinh tuan hoan:
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u(r,o,t) =u(r, p+2x,t).

St dung phuong phap tach bién Fourier, chiing ta dit:
u(r,@,t) =R(Na(@)T (1),

thay vao phuong trinh (2.2), ching ta co:

T® _ 1 RO 140 . (2.5)
a’T(t) R(r) r r’ ¢(e)
Chon ham ¢(¢):
PO _ it = g0+ n%9(p) =0 26)
#(p)

Nghiém cua phuong trinh (2.6) c6 dang:
#(p) = Acos np+ Bsinng,
do tinh chét tudn hoan ctia ham ¢(¢):

C Heram=4(e)
suy ra, n phai nguyén duong hodc bang 0, ticc 1a n=0,1,2,3... Tt phuong trinh (2.5), ta co6:
T'(t)+a’A*T(t) =0. (2.7)
r’R"(r) +rR'(r) + (1°r* —=n?*)R(r) =0. (2.8)
Phuong trinh (2.8) ¢6 nghiém 1a ham Bessel [2], [3], [4]. Chung ta dat x = Ar:

X*R"(X) + XR'(X) +(x* =n*)R(x) =0, =R(X)=a,J (X)+AY, (X).

Diéu kién [R|<wo= g, =0, vihamY, 0 — —w».

Tur diéu kién ban dau, chung ta co: R(r,) =, J. Ar, =0, dnh sb cac khong diém ciia
ham Bessel 1a: 4, 14,44,k =0,1,2,3..0= 1 = 4, :% chinh xac dén m¢t h¢ s6 hing sb, ham
theo bién r co6 dang: :

R(r) = Rnk(r):Jn(%rJ.

0

Nghiém ctia phuong trinh (2.7) la:

a 2
H k j t
I’O

TA)=T,(t)=¢e (
Do do6, nghiém tong quat ctia phuong trinh (2.2) ¢6 dang:

a 2
rO

Do tinh chat truc giao cua ham Bessel va tinh truc giao cua cac ham 1,cosne,sinng |,

u(r,p,t)= > J{ﬂrj A, cosng+B, sinng e

n.k=0 0

tire la:
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fo 2 2
I”f(ﬁrjdh%%z(#h%ﬁl T
0 0

0 khi n=m

2z
jcosn(pcosm(pd(pz 2 khi n=m=0
0 7 khi n=m = 0;

2z . 0 khinzmn=m=0
jsm Ngsin med e =

T
0

khi n=m=0.
Suyracachésb A, va B, :
h 27
A, = o [ Jrf(r.p)cosnpy drdg;
ﬂrOZ[Jn My ] 00
27
B, = &n > j_[rf (r,@)sinned drde,
”rozl:‘]n /uk :I 00
trong do:
1 n=0
E =
2 n=0.

3. Ap dung cho trudng hop cu thé
Bai toan: Tim nhiét do trong mdt hinh tru tron ban kinh R, chiéu cao v6 han, biét ring
nhi¢t do ban dau trong hinh tru dugc cho bdi:

r2
urt ‘I_O:uo(l—?}

trong do U, la hing s, va nhiét d6 trén bé mit xung quanh bang khong [4].
Bii gidi:
Viham u r,t chi phy thudc vao bién r, khong phu thudc vao bién ¢, bai toan trd thanh

tim nghi€m cua phuong trinh vi phan:

@_a{@i‘l“j:o. @)
ot o ror

Véi diéu kién bién:

urt|_z=0, (3.2)
va diéu kién ban dau:

urt \t:o = f(r)=u0(1—F:—22j. (3.3)

Ap dung két qua & muc 2, ching ta c6 sy phan bd nhiét do trong 6ng tru c6 dang:
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Hn

. —az( J t
u(r,t)=> Ae R Jo(ﬂr}

R
Theo diéu kién ban dau cua bai toan:

u(r,0)= f(r) = f(r) :i AnJo(%rj.

Ap dung két qué ¢ myc 2, chung ta co:

A= RZIll( Bk Irf(m( Jdr f0= ”( I;j
Chung ta dat:

R
u,r
I =|rf(r)J,| —=—dr= 1,+1, u
()j()o(Rjd 1+l

trong do:

I —F].rJ (ﬂ”r)dr |, = . Fj.rs'\] (ﬂ”rjdr
1= 0 2 T T2 ol p :
5 R RZO R

Chung ta dé dang chirg minh dugc:

IXJO X dx=xJ; X ;
0

IXSJO x dx=2x*J, x +(x*-4x)J, x .
0

Tu do6 suy ra:

R? 2R, (1,) R (u,) AR’
|:—J(/un)| Oglu - 1/ + 3‘]11un'
My Hy Hy M
Suy ra:
I_(4R2Jl Ha 2RI, 4, J“
R s o

Mat khéc, ching ta lai co:

3o =3 (]

y7i

J =J —n
vt = 30l) 5000
Suy ra:

I_4R2J1 m

_—ﬂs o

21 8u

A = e

R Bu(u) ] 133,
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Cudi cung, tim dugc sy phan bo nhi¢t do trong ong tru chiéu cao vo han la:

_az(&Jt
= 1 Yz, R
u(r,t) =8u —J | £ r |e . 3.4
(r0 =g °(Rj (34)

4. Két luan

- Ching t6i da tim duoc sy phan bb nhiét trong éng try tron, chiéu cao vo han 1a phuong
trinh (3.4), kha vi mot lan theo thoi gian t va kha vi hai lan theo toa d6 .

- Két qua cho thiy, su phan b6 nhiét do trong 6ng giam dﬁr} theo ham e mi, theo thoi
gian va toc do gidm nhanh hay phém phu thudc vao binh phuong toc do truyén nhi€t, nhiét do
cang giam nhanh khi téc do truyén nhiét cang 16n va nguoc lai.

- Nhiét d6 phu thudc tuyén tinh vao ti sé giita ham Bessel nguyén bac khong va ham
Bessel nguyén bac mat.

- Két qua nay co thé duoc ap dung dé giai cac bai toan truyén nhiét trong nhitng vat co
hinh dang x4c dinh va dac biét khac

Toém tit

Qua trinh truyén nhiét trong cac vat dién ra rat phtc tap, dé tim dugc dang phén bé nhi¢t
trong cac vat c¢6 hinh dang bat ki 1a rat kho. Tuy nhién, ching ta c6 thé tim dugc sy phan bo nhiét
trong cac vat ¢ hinh dang dac bi€t, tr d6 suy ra gan dung sy phan bo nhiét trong cac vat co hinh
dang bat ki. _Trong bai bao nay, chung toi da nghién ctru va tim dugc sy phan bd nhiét trong éng
try tron, chiéu cao vo han, Két qua cho thiy su phan bd nhiét do trong 6ng tru giam dan theo thoi
gian theo ham e mil va toc do giam nhanh hay chdm phu thudc vao binh phuong tdc do truyén
nhiét.

Summary
Investigation of the heat transfer process in a tube of cirle cylinder with unlimited height
by means of Fourier variable separation method

In this paper, we have found thermal distribution in a tube of cirle cylinder with unlimited
height. The result shows the thermal distribution in a tube deducts with times by exponel
function and the speed decline depends on square of thermal velocity in the tube.
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