2% FIMK t E I &+ kK % ¥ #® Vol, 21 No.3
1995 4 94 JOURNAL OF BEUING POLYTECHNIC UNIVERSITY Sen. 1995

BIRB & EARGETT

# &k #® % X
(T IKERAKER, 100022 ) (EEI I RFELRIEE, 100022 )
roOF g I
(EEIARELENX, 100022 ) (EFE4AITEE, 100021 )

W OB AEAHNNEERYRBITHEM, RAT =% Dougles A X C-NHEAR
ARE, BAEEHENEEE. BREER (ZH), BxRE, WSk, THRAMHH&T
LEHRGRSKE, ABNREARES, RRBREBREMR.

XRA EHBEE, R BEMT
%8 0551

0 5]

i

EHESREAHSPOMER, s ARKENRENAZ (BH) AREKE KR
BOEH (ERR)SHBRHTR, MRS RES — ORI LS, B M0 H
BERRN, RIEBRENEEER, WHERREEEATEFOREE, RHEERN
ERERTAXLMRE Y. ENESRESBESHERNETE, KEEREY
B MR REERS, NTIZHANER. MEEDIALOG REHF +, KL MK
WEEERITMBE LR D, ER—B HRHEH S ROERARLE R, TEH
ATHBRHERAEABPOFE, REBERTOANRRE, ERHTHRNNRS
Kifl, RHAHEREREHREZ AORREAAX, RAEE L PRRIES &M S
b, BRI A R R R 1 £ ST B R L

WA AN TR, MEREEEALLEKLA T,UF, SEEDELH
Bl MEBESEETEN GRS, WE | FR, T, WBERE.

B RERN R WY, REAR (1)
_ Ea e dT
T (I=y) n(k/pc,) dt M2

Sob, . WPECEERE. amk/pc, HPEEM, kAH I
BRE, p HHBERE, o, HILH, n k5 REILFERA % |
B3 B (TARET n=2), E WBEE, » WEAI, o WY T

KEK. T/t
M1 EEERER

ag

WEEB: 19%4-11-10.
*ET AR ERESHRBEE.



96 £ ®m L & XK ¥ ¥ R 1995 £

MMEXHEH, BE T ) o M, j‘?{imma%lﬁhuﬁiﬁ%&‘ AP
W 5

1 ¥EMEHE
HRMUERAI LXxoxh WEER, ME 2R, K9P h=h+h, h, YBHER, h,AH

iR
ZHAINE 2R, REUEARTRY

#Z Py cg% =div (4,gradT) (2) /?--.
" N 77 .

M2 p:c,aa—’{ =div (A,grsd T) (3) - ’/’
B Q)R G)RE—H
C(T)%IZ —div (A(T) gra dT) (4) M2 RS
BEALGEE
CNGT = 4= NG04 (D5 (L 55 (5)
H ()= {pgcg(T) 0<z<h, A(T)={,lg(T) 0<z<h,
p.c.(T) 0<z<h, 1(T) o<z<h, (&

V&4 T(0)=T,, HFFMH, RBRERG 1/4 KR (WHE 2)

(A‘;—: +a,T) |t =a, T, (7)
(x‘;—: +a,T),.0 =, T, (3)
(Aﬂ +oy T)|.p=a, T, 9)
(0, T-1 2T ); o=a,T (10)

He: o, o, oy, a AR, 4HASEMHNE ERBRZHREAR. T, A BENERE
(MER) .

8 FA 328 7 | Bk =X (B Dougles f1 Gunn #= ) f# 552 (5) ~ (10)©.

W, M XFREM CNBER, YHEEEER, BHES MESE T, RER
(T, +Tr, )/ 2% XHEKER, Bt Y H0AC-NEX, RGHEET,.

Bt x,y, zHAERGHHCHE A, A,, A, A, BEATE:



%34 HiRlS: EHEAREERBEIF
Tn+l 71‘11] . )]

(;k) n+1 n n i, j. k
A (T2 T0,0)= o AAT ) AL (2

1 "
AyZ A [j'(T J» k)A—l( ; k)]
i=0, 1, -, JI j=0, 1, = (12)

C( lk) (i,ﬁ/’lk_ tjk) l['i'( jk)A (I:_I%T—R__)]

At
n+1 n
A, [,1(’1”'] JAZ Z(L%LL )]

Ay2
i=0, 1’ - J1I j=0, 1, ey 1J (13)

ﬁFP A T = -+1 ik T; INE A |T k=T.’,j,k_Ti-|,j,k
—-T, ok ALT, ,,k_T J. «— T j-lk

AZTi,j,k Ti,j+| k
+T2 ;. » )

IE +_ T.':I.j k+T:', k - = '1 *
O R T 5
Tt T/ T, + T
+ L+l k i,j. k -_,1 x;k [ T
A=A (TR Jim (T
B (12)XB7 - w7 = '
_AI lTlr’;lj k+A T"' jlk_-“11'+l’1111*;1.]',k=B;I (12)
o ~ AtA] oy At(Ar+A)
2Ax*c(T!;. ) 2Ax*c (T W)

,Z _ Atl:
HO2AXR (TR L)

g At . . ,
Bi:m{l+r+l1k ('1++/1 )T1k+'lTl;h}
+ At '1-0- Tu _ /1++/l_ Tn +11_T~ +T,,
Ay C( k) { iyt k ( y y) iy, k y i.j—l.k} ij.k
A
i (13) %4831 . ) )
_Aj—lTiTj-l,k+A T.' i k-_A1+l T'J‘H ,"‘B

3 S LS At(,1++,1 )

T 2Ay (T, v (Th, )

® ALl
T 2 Ay? (T 4)
. At =, o\ T
B = Sy (T (D T T
s s
+'1: T.ﬂl.j,k_(lt'*"zv;) T.l, k

(13)’

+ALTL

At (T = (A1) T A T T

+————
2Ay c (T} k)



98 X I & kK ¥ ¥ @ 1995 4
HK, s zHmAC-N#X.

C(Tk) mmst _ n 1 T+ T
——A‘;‘"k— (T -1 )= AT As{l(T)A-s('—kz“’—k)}
i=0, 1, -, JI  j=0, 1, =, JJ k=0, 1, -, JK (14)

K, A, T.; l=T|',j. ul—Ti,j, k A-3T.'.,',.= T, ik T., k-1
B (14) X733

—Ay Tit;}k—l+Ak T-”;l = A T.":;_lul:B:H (14)’
Hep
4 = AtA7 A= At(AT+17) _ AtA
SUU2AZ(TH, ) Y 2A2%e(T7, ) T 2Az2%¢(TY, )
Brti= AL AR, — (A AT T AT T,

2427 (T, )

B 12y, (13). (14) TLUFES, HAEnWRMBESN, TURBZXMER,
SR RS A (B T 0 T, REBMA—KEXMER, KURBHT,
BES.

MAFGHLAE, HERBEOMEXN N, XRABCERLHE.

B (8)1%
20,Ax

i=JI T.ll:l,,j,k= ).(T—') (Tm_TJ';,;‘,k)-'-T;l—l,j.k (8)
I, gk
B (9
®) ] . 2a,Ay . . ,
J=JJ T. L+l ko W"’T (TQ_’I-‘I',.’J,k)-*-TI..’.’—l,k (9)
i j, JK
# (10) -
o z
K=JK T.n; IK+1T W (Tm—Ti’,l;‘.JK)+T|i:‘j. IK-1 10y
i, j. Ik
g (11)
20,Az ,
=0 ’I1i’.‘j,—l= l(T‘n ) (Tm—ﬂ:.j.())-i-’r‘i’:/,l (ll)
1. 4.0
B 3 BR

T—.l.j,szlTj,h T =T

HEENBIIREN o[(Ax) +(Ay) +(Az) +(A1)'], BATLEHARE.
FIM Fourion &, *F Douglas X, EWIERF
_ l—a—b+tab
(1+a) (1+b)

He, a=r(1—cos(k,h)), b=r(1—cos(k,h))
W Ax=Ay=hif, k, k, HIEEBY, r AWK, Yk, k,, r8 [G[<I.
U RREN. T CNFE, RKELIERT



3 RS EREREERBEINT 99

(1—u+ucoskh)—i—L sinkh
G= 2

(I+pu—pucoskh)+i )'T sinkh

1G=1= —4u(l—coskh)

(1+p—pcoskh) +( iz- sinkh)?

t
Az?

e, l’=c(T)Kt;, u=A(T)  h=Az, KHEBEBH. BT 1—cos(kAz)>0,

M4 RIE, A48 |GIP-1<0, |G|S<1, T CNBRAR TR GREN.
2 IHEERREER

DOTE SRR EAAR P OMALE 3 R (MBI RET, RE&MW, EMRE ) LANHE
EH (B3P RE) B, SXWME (B3 PLR) . Mk, BRI NMIARGZE

W ESRE
Hem
HHRT

T/C

t /min

B3 SETASREE (RL)

fhpe b GRS, 5 HE SRR MHE, FRLANR GAR ) X4 5TE A
[, CRBEFHRELER. NE3FL, TERERREMR/D, XBLHEXR. TE
SHETERN LR, ATZHITRESEE. ELTHHHE, IHRBEHTRETER
FEERESHRERBEMTOLE R,

$ £ X W
1 #HRM, B LAY, & CHEFREHENRAK . HESHER, 1989, 17(6):
43~ 52

2 HERAL, BEX, UK, ¥ ERBMENRAEATE. HHEERE, 1989, 18 (4):
I~37



100 £ m I K ¥ ¥ # 1995 4

3 Xu Hewen, Huang Zhenkan, Shen Yiming, et al. Study on some technology problems
about products of glass-lined equtipment. Transformation of science and technology
into production research (ICPR), 1991, 1687 ~ 1689

4 WM, HERM, BEAX, ¥ ARERHBEVNLZHEE. LT LX¥¥R,

1993, 19(2): 60 ~ 64

HALE. MEMRHEEE. L BEhEE, 1987

AR TdERES. RELELF. L. Bk d i, 1982

MBEE. REFRABEST. L3 HFERFEHKE, 1981, 12

S, MRS FBWERBESFE. U AFERFHBHE, 1988

SO 3 N

A Numerical Analysis of Heat Transfer of
Glass-Lined Equipment

Huang Zhenkan
( Department of Applied Mathematics, Beijing Polytechnic University, 100022 )
Shen Yiming
( Vice President, Beijing Polytechnic University, 100022 )
Xu Hewen
( Department of Civil Engineering, Beijing Polytechnic University, 100022 )
Lu Jieping
( Beijing Chemical Equipment Plant, 100022 )

Abstract Glass-Lined material, which is sintered at high temperature, has different
coefficients of thermal expansion, which is due to the residual stress created in the
process of cooling the material to the viscoelastic material. However, self-cracks
could be triggered in the stress affected area of buffer, when the stress exceeds the
strength limit. Numerical analysis is adopted to solve the heat-transfer equations of
glass lined material. Three-dimension Dougles and C-N method are used to gain the
temperature field suited to cooling process of the the glass lined material. Tests show
that the theory and method advanced in this paper are applicable to the process
control of glass lined products, The numerical analysis is available for decreasing the

residual stress and getting rid of the glass-cracking.
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