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BAI TOAN DOI LUU NHIET TU NHIEN
CUA CHAT LONG QUY LUAT MU
GITPA HAT HINH TRU THANG DONG

v DUY QUANG, NGUYEN QU

1. MG BAU

Bii todn 48i Iwu nhiét te nhidn cda chit dng phi Niuton ndéi chung va chas ldng quy ludt
mi néi riéng di dwoe nhitu téc gid quan tdm do nhifng Yimg dung cda né trong cdng nghidp diu
hda, polimer ... (xem [1}). Trong [2] U. G. Xemakin d3 xét bai todn d&i lun nhigt tw nhién cda
chit 1éng quy luit mi nim gifta hai thanh thing démg, phing, v6 han, v4i nhist d5 cac thinh che
irwde. Trong [3] Vi Duy Quang va P. Sulman di xét bai todn trén nhung véi thinh cé bE dhy véi
d5 dan nhiét hitu han (bai todn lién hyp) ngoiira cdn tinh 4&n Anh hwdng cda céc ngudbn nhiét
trong thanh ciing nhiwr trong chit 1dng.

Trong bai nay ching t8i xét bai todn d8i Ivu nhidt tw nhidn cda chit 1dng quy lugt ma ndm
giita hai hinh tru tron thing diéng, d8ng truc, dai vé han, <6 b8 day véi &6 din nhiét hitu han
{Rink 1). Ngoaira gid thi€t & hinh tru ngodi, hinh tru trong v chét 1dng d8u chira ngudn nhiét
khéng d@6i. Ching t6i 44 rit ra dirge bidu thirc nghiém cla bii todn ¢b chira hé s3 chwa biét. Céc
hé s8 niy di dwge xdc dinh trén may tinh. K& cfu dwge phin tich vi bidn didn trén d8 thi.

2. PHUONG TRINH VA BIRU THUC NGHIEM

Goi hé s8 dan nhiét cda hink tru ngodi va trong lan luwgt 13 A,, A;. Nhiét @6 & thinh ngoai
cia hinh tru ngodi va thinh trong cia hinh tru trong gi4 thiét cho trwée va bing 8o, Jor. Npgudn
nhiét & hinh tru ngodi, hinh tru trong vi chit 1dng gid thidt khdng 48 vi bing s, 5¢ v s

Xét bii toan difng mot chiu. Trong hé toa d8 tryta cd cic phwong trinh sau (& dang khéng
thé nguyén): :

dv

g

n—1. . B
dv dp .
. . — K . .1
rdr ) + 0 4 (2.1)

dr dz

(& ddy n - hé s8 mii cda chdt 1éng; f - nhidt d3 cda chit 1éng)
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ld dG

;*E;( '—)-i—.SwO, Yo << r<rjy (22)
td, df,
rdr( o )+an—0; r3<r <,
1d, do, : (2:3)
rdr( )+8t 0, m<r<r
Pigu kign bién:
5 nlrer, = 0nos il =00 ' (2.4)
U-—'O, gn:[), %:ﬁ khi ' =ra
C-’T dr 25
dé,  db : (2.5)
v=0; 6 =0 At&?“; khi r=rg
Diu kién déng kin:
ry
v-rdr=0 {(2.6)

2

Blng céch tich phin phwong trinh (2.3) va két hop v4i digu kién bién 6 thé suy ra

1 1 '
.A__g = —Zom2 + [Be0 — 9 + ZSt — r2)| fr2lnfri/ry) khi r = ry (2.7)
t
1 1 1
A_g = més"rs + [Gno 4 zan(r4 — 1'3]]/7'3111(1'4/1'3) khi r=ry (2.8)

Lhit lang

A /
—/ /
\\ A
\“"==l='*/'/
Iy
e—f?—h
e /3 —

D4y chinh 1a 2 didu kign d8i v6i 6. Hai difu kién ndy k€t hop véi phuong trinh (2.2) & cho
phép ta xic dinh 8:

f=—Dr®+clnr + ¢y ‘ (2.9)
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& day D = s/4 cdn chc hd 58 ¢, ¢; dwoe xdc dinh tir (2.7), (2.8)

e=AJA; ¢ = Ay /A véi:
A = Xp[ln{ri/ra) + Alnra] — A [In(ra/ra) + Anlnrs)
A, = AX, — Bk ‘
Ay = Bln(ri/rz) + Adurs] — Alln(ry/rs) + Aulnrg]

{2.10)
& diy ky hidw:

1 i . 1
—srik — Estré)\zln(n/rz) + frode + Est’\t (rf —r3)

1
A= Esr?,ln(n/r;) +3

1
—srg')‘n

1
B = Esrgln(m/ra) + 1

1 1
- -ésnrg)«nln(r,;/ra) + 0pore + an‘\n(rg o rg}

Thay bi&u thirc cia 0 t¥& (2.9) vao phwong trinh {2.1} ta dwgc:
1d

r dr

—(r|oI" 19} = F+ Dr? — clnyr — ¢1

& diy ky hiéu F = dp/dz = const - hing s8 t4ch bifn; tich phin phuwong trinh niy ta thu dwee
biéu théc v(r): :

= f,]w(t)}lf"signw(t)dté fW(t)dt

Trong 46

w{r} = —czr—l- Dr ——rln(r Je) +eafr
W(r} = |uw( Hl/" sign w(r)

& day ky hidu ¢y = F — ¢}; c5 13 h¥ng a8 tich phan.
Céc hing s& c3, ¢3 dwgce xdc dinh tir di€u kién bién vi ditu kién déng kin 48i véi v

/ W(r)dr_=0 . {2.12)

T2
Fa

2W(r)dr =0 {2.13)
T3 -

Ditu kién (2.12) suy tir diéu k]en ’U(Tg) = 0 con didu kign {2. 13) suy bir digu kién déng kin
f vrdr = 0 bing cich tich phin tirng phin.

L]
'Ngoii truwdng vén tdc v(r} ngudi ta cdn quan tim d€n mét dai lvong quan trong, d6 13 dong
nhiét @ mi chit 1dng mang doc theo thanh.
L] '
Dai lwgng nay duwge tinh bdi cdng thic: Q = [ vfrdr

T2
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Bing céch tich phan tirng phin cé thé bifu dién Q qua W:

Q = i f(Dr4 ~ 2¢r2Inr)W (r)dr (2.14)

T2

Xét trwdrng hop dic biét khi.rg = 0 ti&c khi khdng ¢4 hinh tru trong. Khi dé do tinh hiru han
cla § vivtair=0taphdicdc = c3 = 0. Cidc biu thirc (2.9), (2.11) tré nén don gidn hon:

9(?‘) = '-“Df’z + ¢
1 '
vir) = f W(t)dt  (ra lic nay bing 1)

w(r} = (1/2)car + (D/4)r%; W(r) = |wl/"signw

. 1
Didu kién v(1) = 0 hién nhién, didu kién déng kin [ r2W(r)dr = 0 cho phép ta xic dinh c,.
0
D3&i vén chit 1dng Niuton n = 1tadé dingtinh dwoce, = —D/3,v = (D/48)(3r4 —4r2+1),
cdn #(r) tinh theo trén.

3.GIAI BANG PHUONG PHAP $6. PHAN TICH KET QUA

a. Giai bdng phwong phép s

Dé xdc dinh gid tri s8 cda v(r) vi Q ta cin tim cdc hé s§ chwa biét ¢z, ca trong (2.11) vi
(2.14). Ching dwge xac dinh tir didu kién (2.12) va (2.13).

Trwée hét ta chuyén cic didu kién ¢é chita dau tich phin sang dang phwong trinh dai s8, s

dung cdéng thirc gin diing Gauss. Sau d6 hé phwong trinh dai =8 phi tuyén thu dwoc s& gidi bing
phuong phip Niuton. Bii todn dwgc gii trén miy vi tinh.

b. Phan tich két qud

Trwée hét tir bidu thire (2.11), (2 14) c6 thé thay ring v(r) va Q khéng phu thudc vio c;. Ve
¥ nghia vt 1y digu d6 cé nghia 1A néu- ta.ng ho3c gidm trudng nhiét 43 mdt hing s6 thi v{r) va Q
sé khéng thay 'dai.

Hom nita déi v&i hai thong s8 con lai 13 D va € ta c6 thé dwa vE mét théng s8 13 t§ 58 gifra
chiing.

Thit viy, tir biéu thic (2.11) vi (2.14) do tinh thuin nhit ta & thé vidt (gid thiét D + 0):

v(r) = |D|1/"sign D-ﬁ(n, C/D,r)

. 31
Q =[D["*"/"Q(n,c/D) . 1)
& day ©, Q chi phu thudc vio t§ s5 C/D ma théi.
Trudng hep D = 0 ta ¢é cdng thire twong tu:
r) = [C[* " signv*{n, 1
olr) = C1H" sign " (7 o)

— §C|1+1/n Q*[n)
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K&t qua tinh todn cho thiy : véi m&i n c8 dink, khi (C/D) thay déi tir —o6 dén oo lc diu
T ¢4 2 ludng (h.2 va h.3}. Clng véi sw ting (C/D) cwdmg d§ v gikm din va dén gid tri (C/D),
nio 46 (dwge x4c dinh tir didu kién 7'{r;) = 0) lubng & thanh trong bit diu di xudng. Lic niy
xuft hi¢n 3 ludng : hai ludng di xudng & hai bén va ludng di lén & gifra. Néu tiép tuc ting (C/D)
thi ludng & thanh ngodi thu hep din vi dén gia tri (C/D); ndo dé (dwge xdc dinh tir didu kién
¥'{rz) = 0) thi ludng niy bién mat, khi d6 chi con hai lubng trong kénh: ludng di xudng & thanh
trong v di 1én & thinh ngodi. Cung véi sw ting (C/D) hai ludng ndy ting din vé cwimg d5.
Céc gi4 tri (C/D)y, (C/D), phu thudc vio nva ry, 3. Chinghanvéin=1,rp =1, r3 = 2 thi
(C/D), = 3,8; {C/D)2 = 5,0. D&i véi trwdng hop D = 0 thi v™ ludn co hai ludng : di xudng &
thanh trong vi di 1én & thanh ngoii.

. ﬁx/ﬂ-j - . Y § ?—Z;V/ﬂ—z
' L. c .
5 420 ;- 4.0
b 61
£ £-4
4 oF 4 5 p
Z 2
L
O\1774 dr 12 17 ”
-4.002:
£
D
Ex /5-3 ‘ Ex /0'2
) ) \ .
ar  f4Z2 43 44 - : ar gz 43 44
Hinh 2. Trudng hop n = 0,6 Hink 8. Truéng hopn = 2

Dwa vio nhirng nhin xét trén ta phén tich dnh hudng cla cic théng s8 bai todn {nhvr ngudn
nhigt, kich thwde hinh hoc . . . ) d&n ddng d8i luu trong kénh.

Ta khdo st mdt s8 trwdmg hop don gidn véi gid thidt A\, = A, = A*; s, = 3, = s*.

+ Xét tredmg hop khéng ¢é ngudn nhiét trong chit 1dng v trong thanh : s = s, = 5, = 0.
Khi d6 v, Q 6 dang {3.2). Mit khéc tir (2.10) ta tinh dwoc

C = {0no — 6:0)/lnp véi o = [rzr.,,/rlrg}l/'v[ra/rg) > 1

Céng thic trén cho ta thiy: thi nhit, khi ta d8i chd nhiét 45 9,, v 8,, cho nhav thi déng
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déi hru giit nguyén cweng d6 nhung déi chidy, thi hai, d8i lvu trong kénh s& ting néu do chénh
nhiét 46 |9,,, — f:,| ting hodc hé s8 p gidm (b& day thinh gidm hodc d6 din nhiét cda thanh so
v&i chit ldng ting).

+ Trwdmg hop khi s # 0; s* # 0 thi, dwa vio (2.10} va nhin xét & trén ta thiy sy ting s*
va (8n0 — Bi0) sé thic ddy sv di xudng cla chit ldng & thanh trong vi sw di ¥n & thinh ngodi.
Déi voi cdc théng s3 khdc nhar s, A%, r; thl dnh hwéng 1én dong d&i lwu khéng don chiu mi phu
thudc vio cic thong s khic nira.

4. KET LUAN

& bai nay ching tbi di mé réng két qui trong [3] sang trwing hop kénh tru, ¢6 xét dén
trudng hop dic bidt khi chl ¢ thanh try ngodi. D3 chi ra ring khi thdng sd bai todn thay d8i ¢
thé xudt hién 3 ludng trong kénh ciing nhw ddi sang chifu ngwoc lai.

Dia chi: - Nhin ngay 6/8/1990
Trudng Dar hoc Bdch khoa HN
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PE3IOME

BAJIAYA O ECTECTBEHHO# TEITJIOBOR KOHBEKLH/H/I JKUIKOCTU
CO CTEINEHHBIM 3AKOHOM MEKIY OBYMA BERTVIKAILHLIMI LHMIWMHAP AMU

B paunoft craTee paccMOTpeHa CONpAXKeHHAS 3a0a4a e¢TeCTBEHHOR TENNOBOR KOHBEKIHH
HEHLIOTOHOBCKOM >KHAKOCTH CO CTEIeHHBIM 3aKOHOM B KaHale, OCPaHMMEHHOM [BYMSA BEp-
THKAJTBHBIME MIMEADaME. [10ay4ensl GOPMYIIB! A% CKOPOCTH M NOTOKA TEIUIA. YMCTIeHHbIe
peaynbTaThl REIYMCIcHB! Ha 3BM 1 nzebpaxeds Ha rpaduxax.
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