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Improvement of Zone Method in Establishing

the Heat Transfer Model of Flame Furnace

Lin Lixin Chen Hongfu Qin Xiatao

Abstract

In order to eliminate the shortcomings of onerousness of calculation
and of too many memory spaces needed in the practical calculation of
establishing the heat transfer mathematical model of flame furnace by
the zone method, “furnace section imaginary area” zone method has
been developed in this paper, The predicated calculation of two oil-fired
continuous reheating furnaces has been carried out using this method,

The radiant direct exchange areas have been solved by applying Dunkle’s
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concept of geometric mean beam length of trayel, The solution of the
non-linear zone energy coupled equations is obtained by Broyden method,
The -calculating results show that in comparison with the conventijonal
zone method, “lurnace section imaginary area” zone method has the ad-
vantage of simplicity, more accuracy, rapid convengency and occupying
less memory space,

Key words; imaginary, zone method, reheating furnace, heat

transfer model

I

R7E19584E, HottelfnCoheni I TR IKY: ( SR “Bik” ) WIbKEEM . 3¢ 3
HLAGMBAREBEMERNE, By TEBHECERR MR S, RSGithrE
AP R S Ry R S/AERERS MMPRE R, KBl hARRGgEL
‘ﬁﬁ,ﬂﬁﬁ%ﬂ—EﬁEiEMQEH%&%H%ﬁ%#ﬁ;#ﬂ%ﬂﬁ%ﬂ—A
X 3RV 5 d Ag 35 HOF- 5 2

40KT AV =q,+q: +qc (1)

oesTs*dA=q.+q.+qc 2)
AP oIS —BRELBEER, =5.67x1078W/(m?.K*); KESENROR
BERK, 1/m; dVAKBRRT, md dAARERIT, m? g hdVHiE, W, g,
RAVRAABBEHFERE, W, o AHKHRARFE - dVRdAfEHRE, W; .2 d4
BeE LIO@ R e, W, TRABNMRMEE, K ToAREHRREE, K,

PR 1), C2) FRH, "RF PRI E R0 6 fndh e 52 thil
R e i i, ‘

B, BXBRTe R Tk SR AT 2 bt i B0 2 o B ep AR 7 T A AL

C1) MHyMEKEEL, HEER&ER, AFS2ZIREIRERRE, IF it
BIfERdEAMITERAS. :

C2) HFP gt E NPT, RUREXENBERNRES R0, IF B
— iR R Bm R ikt iTis

(3)%Eﬁiﬁ%ﬂﬁﬁi&ﬁﬁ%ﬁﬁ%kﬂi%o

C 4 ) BBEr MRk P XORBE R R4 ok fg A

A EE3 R EE, S TEWBEESVE L, AR T RN AR “Hp
BARARE Y Xk, ARTRBPNEERRgRg,

1 “PRERE XiEE

“PEBAEY KBk ERBENE L, B SR TABRE, DR
2023 [ 4 DX T AR 5 1 BT R RO H DR BE o — Rb oy i, HERBAR.

7



C 1) B LT R Je it Bt 0 TR P T A P o R AR IR UL AT R R4 7%
TR R B TA LA RSB B, AP B H s R E 2 B A,
HIHBREE LA TEL FAMRE R e R ZBATEN A SV BEf R
X, B B4 X 0 2 TR S 3 4 1% SR T 3B o A B 2 DT I A RO IRAR T e k38,

(2) LEHE—MPBLEES 1 ~6 MERBE. HPBRANBEE S B H 8 E R
AEWSBNTHR T 2R AR, EXANILMEREANGEHAKARN, B
Pz, EARENEAETISRETNI AR SSHERE K, AXRSERRILY
By i B 15 5 R By . 1500 BOR T SRR BE B R i 1, AR T 5K
E PB4 KRR S A BT ek B A R R

C 8) XA ZABRBEG T ERF XN ME— P BRANETA R RE 73T
BHEH, I\AEAS/DHBREKRELTES ERRE, Sl REat K RERHR
A, THNERELEES A, B TFRAHSPBREEE— MHRABEE, BRI
B, BAEEY THEARMRERSR, S#ABEHTEES S XHMEESHit%E
RIBA X TEIABME Bk & i iRE, X MRBETRI0%EL. gk, EXEIAT
BRABEQESEHBARQ: RBEEXMEX.

M TRHEPE, BAEEKRGRERHRY:

Qu+Qs—-Q;:=0 (8)
X FREPR, f
Qu+Qr-Qz=0 (4)
KA QUAFARKBRABREEHKRMEMNERE, W, QRBREGERMNA HE 4
W,

R REY, SIABRERNESTIRHRETKT 2 %,

2 JEPARZRRENET

B B — KRR RN T,
REXS::

Ns Ng
2 (S;Si)oTs;+ 2 (G3Si)0Te;-A:ie;0T¢;+Qc~Qa+Qx= 0
=1

=1

: (5)
KA QAR EGT R EEREXHHBE, W, QAXKEX KA GHE, W,
HGRE A kg LE, AAARBIMREL HEXR2BREEKE, OxREiAk &’ &
WHRIAR, W, NEXEXRRHANE N ESEXERS 0.

KRV

Ns o Ns‘_ o
p (G;Gi)OT:j'*' b ('SjGi)UT.é]"‘l'KViOT:i
i=1 =1

+Qm+Qa-Qc+AH ;=0 (6)

68



Kb QuAV KRB E, W, %K ERE, ZT00T QuRBILA,
BSSEWARDER, W, QRHESUMEFREENBRER HnE, W, #
VARG HE X B, ZWAE AH . HESEN  KRssE, W,

FERR (), ()P (S,S:). (5;G). (G;S.). (GG HRIFEIIR
FrE SRRER, CAE4RKRZANHTREKGES, Bk, KabdR, fm4
PR st SR GRS 185 BB AR A X R AR S R RS S .S 91

1S5 g19: ki, Hottel I HAMATARDILEES AR TFHEKERSH
BIER, &0 E3H (8 ) Ira s R A T8 E.

(S,S:) =¢,6,8,S, +¢, 2——7(3,5 Y 8,8 /e C7)

o . Ns p

(G)Si)=€igisi+£ilETll“(Gisl)‘SISi/Sn (8)

==1

P _ NQ p -

(SlGi]=3lsigi+l2“ﬁ(SiG|)'Slgi/3| (9)
=1

. o . Ns p

(GlGi)=glgi+12 ‘F‘:f(Gisl)‘Slgl/el (10>
=1

R HXREXIRMBE; o HREXIRHR G FARBXBZHEE, m®,

(7)., (8), (9), () BEIATHRXBEARSHENIIEIKRELE
HHER,

BR, WHSRREANTRERBHERREROD A EMG, FHik, WL
FHESENREXRBRBHARRREROH R
M HELREBRS;Si. 1Sy S19:. g g MR RITNINT:

= .[J.[I -ccﬁgin.r??zsmﬁffi dXdX;dVdY; (11)

X,XiY,Y, Bt

| f’KLf,’r' cosds L dv,dZ,dx,dY,dZ, (12)
Y,Z2:X;Y;Z; i

Sig:= J J‘J‘Ki.fr._%ose** ry;dX,;dV,dZ,dY;dZ; (13>
XlYlZ‘lel i

—_—— P 2

g;9; =J‘J.f_[f _K’?K:_Ir'_}z_'fiidXidY'.dzidXidY)dzi (14)
X;Y:2,X;Y,Z, ii

Ref: KA RDBBR R/ my HRE FIRRSTES R ry W WK R,
m; bR Gk RpkA; PRRAREBNED.
M (11) . (12), (13) ., (14) FLAFK HIWIX IR o B B X e AR 2 I

69



R Kb, HIHHL B LR BB ST R A0SR 4B S R AR B, R R R 5 M
A THLRER, EH3IATDunklefe 1064442 i JL 7-F- 144 2% 77 B (Geometric
Mean Beam Lengths) &, &l TiEMIFEMS HBREERBMENT R,
KK 08 T4 4t A B S e AR B, S 3 B 47 B S T B A IR D2 1t 3
W, £REY, EBEAEREHHERE,

MTEEERHEA (R (15) ) R Zts‘cmﬁTBroydenEwsg FEIT R
BroydenBik(®, EAHMHEMEKECEEY, TEUEIIFL % 3D %0 A B2
Broyden B ik7E kR — kst 7 B AT B b, i FH B OIS F R m &% R
HOTFAE %, 2% MG EE Hess el M5 {H, ) A RO, SR HAR.
(00 2 B P % 0 R AR K SR B 5 0 R AL, (B TULAL S I BES R Bk i3k o 18,
% ERIE S H01F, KU1 TJHBroyden Bk MK IRAE 5 5 B 2 4k 3% 2.

(AYCT* Y+ (BYCT)+C(CI=C0) (15)
Kb (A). (B)., (C)HHRBEE, '

3 HEXLH

LABLI A — ME31,52 X 3.,5m 2 ffy BR vy vt HURE 208 3 s (P 1 ) B — ME32,56 4
X 3,508m ity 9% ypty s 1 bk G 338 A Ik B 2 O YDV BT R 1 T Bl A,

oooV OO 000
000 ~ 0000 [\

B 1 23 Smatg

Fig.1 Complete counter current reheating furnace

‘J_ 0000 000

L_Q/—1___\ 000~ 000>

B2 R SR g e

Fig.2 Along—counter current reheating furnace

A S SL MR R R 3 e BRI RSB TBUR TS, S RRZRSET TR
s

(1) AREIHE =% HiENG,

(2 ) BRI R KT RN H MR L,

€ 8 ) thZZ Wi L2 MBS SR IR AL ko

70



.

o BRI e R 102V s 1 Eleﬂgﬂtﬁﬁ,ﬁ'
AU A BN EREH1L.0T, - N o

wﬁm%L@3~E6°$ﬁﬁ%ﬂﬁ%%&ﬁﬂ%%@$l%ﬁ%m%m;%ﬁ
AR AR

1400 H
1200 - // =
) -
., 1000 /’. — : 120
L)
‘. 2 y / E
S L] A = 100p
© 800 // z
5 ]
ot 0
g 600>=é{_4/// g 8
: Va S w
& 4004~ +—— 4 1. Gas temp. —-j— 5 40
/// g thllr temp. 5:’ 20 -
. . . . Roof temp. N
200 - 4. Steel surf‘;cc temp. 4 8 , 12 16 20 24 28 32
% I5 Steel centre temp. Furnace length, m
1 |
07 % 10 14 18 22 26 30
Furnace lengtih, .m ‘ R )
B8 ARk e IR A T B4 ARBEnRPNREETRRA R
Fig,3 Temperature distribution in complete Fig,4 Heat flux profile in complete counter
counter current reheting furnace current reheating furnaee
1400
\‘ . —
1200 / -
O 1000 /W s
£ (\\\ 1 / vV “
g 800 \——2 ///// £ 160
2
: \w A Z 120 \ ‘ N
& 400 / ’ 1. Gas temp. 40 —
' 2. Wall temp. 'é:; - i
3. Roof temp.
200 4. Stoeoel si:'r}gce temp. & 0 2 6 10 14 18 22 26 ~30
Is. Stelel cenire leTp. Furnace 1ength, m
0756 10 14 18 22 26 30
Furnace length, m
BS REMA ES Ple G N R T AR5
Fig.5 Temperature distribution in alnog—counter Fig 6 Heat flux profile in along—counter
current reheating furnace eurrent reheating furnace

4 5 &

C1) ARl “pBRBAE" KRG, R TERENAT RGP RS
BRI A 2 U RRR, SR GFE SRS S 0L X2 EE S my
BRI BE R R, A “PBRBAE" KSR ik mph R sg ez am

71



%\ Hﬁ%u -

€ 2 ) Fif Dunkle $2 A JLTF 5934 R ATRBES 13 B0 T BN 4T B 1 S B m B S
REAT 35 FTLARE ) F K i B2 MO R o

( 8) kMM HEX AR RA

(AY(T*)+(BY(TY+(C)=1C(0)
#3F M Broydenik,

- G4 FTFFROKIGPAZHBEERR R T H R RRF, AHHHME
K HUEINTFZRAASR L IS4 T GEmE AL R,

2 ¥ X &

C 1 )Hottel, H,C,, Cohen, E,S.:4.1.Ch.E.J., 1 (1958), 3

2 JHottel,H,C,,Sarofim,A ,F, :Radiative Transfer, McGraw—Hill Book
Co, New York, 1967

( 3 ) 9hid%: MEMHHRIFL JLRUMBLAER, 1985,

{ 4 ) Dunkle, R,V, Journal of Heat Transfer, 3 (1964)75

( 5 ) Broyden, C,G, :The Computer Journal, 1 (1969), 94

WWW AW W W WA WAAAAAARAAAAAAAAAA W AW W W M W W WY W6 W WA WA My WA W A WA

RAMI LS EH Y S
—RRIBTEERBUH{ AT =ER

BB AL R B2 SRR T AT DIRSUE ™ R IR 53 5
HEREMBATEH L, BFRT O MRMERRER ThREEHE, E2E%ET
FRUETEM ) o4 A & RSB MR R E, Hor Ti% & ReTE R AR B ) FiR
B, JECASECHEERY, SR A Py A& R R ER, BRI B R LR AR BE
A, RFARTIRE, WA LR D F R, R LR T B AR
R, BB, RATHE, ABMREESTHAEE, x2BARA, SRR A
¥y HeobE S R AHCRERIR M T —ERR R RRY, BA KRR A,
BRI R LT 87— 4, A T26005 AR, JCrhRIA G 2 35 KL T 98,9475
Wi, 4728387, £FKFIELI310H I,

72



