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Theoretical Analysis of Sintering Process Relevant to the Maximum
Temperature and the Propagation Speed of Heat Wave

Masayuki Horio, Toshiyuki OHTAKE, and Iwao MUCHI

Synopsis:

Two mathematical models are developed to get the useful information with regard to the rational de—
termination of operating conditions of sintering process. The phenomena of drying, heat exchange be—
tween gas and solid particles, combustion of coke, decomposition of limestone and fusion of iron ore are
considered in Model A. In Model B the fusion of iron ore and the decomposition of limestone are not
involved.

By the use of these models, numerical simulations regarding the propagation of sintering zone are made.
It has been found from the calculated results that since the heat wave reaches to the steady state within a
short period, the basic characteristics of the heat waves may be represented by a few variables to be attained
under a steady state; i. e., heat front speed, heat behind speed and the maximum temperature of sintering
bed. .

Furthermore, the approximate method is proposed to pbtain the analytical solutions concerning three
process variables mentioned above on the basis of the operating conditions. Solutions obtained by this
method are in satisfactory agreement with the numercal results over the wide range of operating conditions.
Since the necessary time for computation based on the approximate method are extremely shorter than
the time for the case of the numerical methods, this method may be available for determining the operating
conditions in actual process or for optimizing the sintering process.
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Table 1. Normal operating condition.

3.1 EEFOT74NLOER

Fig. 2 (a) ¥, EFVAREOCTEHE LEBRETF

DRSS AA ORI O —F2 w3, Fig. 2 (b)),
(7, &)

JEELE, Z0LEOERBEERLIDDTH

— 5

Fig. 2. (a) Transient variations
(b) contour lines obtained from Model A.

F F : flame front
HB : heat behind

bed height L=30 (cm)
average diameter of solid particles dp=0-3 (cm)
initial diameter of coke d,=03 (cm)
initial coke content ¥e=0°0248 (=)
initial water content We=0-065 (g/g (solid))
mass velocity of air G=0-0862 (g/cm? (bed) - sec)
initial solid temperature t° =300 (°K)
ignition conditions : .
r (=) T, (°K) 5 ()
0~0-09 1 300 05
0°09~0-18 1 000 05
0-18~ 300 1-0
physical properties:
cg=0°2936 (cal/g)
cs=0-1606+0-9221 x 10-4-2570 /12 (cal/g)
ko= (kg/edp) (2:040-75Pr1/3Rep1/2) 22 (cal/ecm? - sec - °C)
ke=1/[1/ke+ (Mc/Rie)k.'] (cm/sec)
ke= (Dog/edp) (2°0+0°755c!/3Re,1/2)22) (cm/sec)
ko' =9'55x 106 - exp(—44 000/Rt)y ¢ 20 (g/cm? - sec - atm)
Table 2. Effects of step sizes, 4, dr, on
calculated results.
step sizes results
o : tation T
I N e -
1/1000 1/1 000 1 869 0742 hd
1/500 175000 1820 4-580
1/500 1/2 000 1835 1-402
1/500 1/1 000 1 860 0-410
1/200 175000 1794 0-910
1/100 1/5000 1752 0-424 L ! .
500 1 000 I 500 2000
* ratio of computation time on FAGOM 230-60 to real time (sec/sec). ;oK)
T, EH,mEElic X % %7 (truncation error) X R4 |
THR, Wi, HEER O MM LB 50 8 | 0007
(round-off error) <, EI&MIAEZDFHEICHS T
ELOSHRNRERTHWREENHS. D/, Table
2 ORBIET b LORERMSRLEED X VRS
ZTVWBDPEMET 52 LW TERWA, BTFosE T oosl
¥, Table 2 DFESMD 5 L TIEHFHERMES R HEL X )
SEE0 EXHIE (40=1/500, 4r=1/1000) % ERA Operating conditions
LTl sz & d %, DA, Table 2225, BE N=166 r =03
BT —50~+10°C DIEEAS e DH D T ’
mﬁx?; . ;ﬁ gih%ﬂﬁbﬁt BB AT =674, A7, =140
LOHRIND. .
AZ;'=2!O,A7;=|§GC Model A
3. EBEIoEIICHITS heat wave DiSNE o 05 !
7 (=)

of heat wave and
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N=166, ¥=03
A7, =669°C

ATy = 140%C

x.r
{a)
1 1 1 1 '
300 I 000 1 500 2000
T.t, 5 (°K)
2000
. =06
N1
] \‘
Model A
1 500 |-
g -t
. 1000
500 (b)
i 1 1
04 [o4-] o8
T (=)
Fig. 3. (a) Vertical distribution of process varia-

bles and (b)) temperature transients obtained
from Model A.
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(b)izix, £ =06 it kT 3RBANTFEREORRIMNZEL
BRT. A, SRERERO X S EISRDOERITI WS,
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tp=t+Uspo(tmi—t) +Uryi(taec—£) - reveen (36)

Fig. 2 (2)» LA X 51T, EXE—ERHZ
723 & Tli, heat wave OFIH B L CBEDORE o 7 «
NVEZEL L 7cY, Fig. 2 (b) OFRRRITTFITICK
%. Fig. 2 (b) OFRMAEMRHNC 725 T &£1F, heat
wave ORI & BEBITNTNEHETHETTIHZ L%
RLTWS.
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Mo[del B

{a)

|
-

500 1 000 1500

t (°K)

Fig. 4. (a) Transient variations of heat wave and (b)
contour lines of 1000°K obtained from Mo-

del B.

2000

T (-}

o8

i 1

Mcde! B
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I

1 000

!

1 500
t (°K)
|

L i
0 [05)
row,x (=)

Fig.

obtained from Model B.
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2000

5. Vertical distribution of process variables
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do (em) | ¥, (=) | x0,0 (=)

03 |0o0248 | O2I
02 00248 | 021
04 00248 021
03 00165 021
o3 00248 | 010

O®OEBE

Fig. 6. Transient variations of the maximum tem-
perature of bed. (The other conditions are

maintained in the normal data given in
Table 1).
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AN

heat behind ORTEDEEE, —MRICEEOFEE LD
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M OBAZ WM T e b B 72 C, FIc-Chlf% - Eic X
LEDFEA - WURA IV 72D, FRERS OEEITIE—
EECD. EFVADOEE (Fig. 2, 3) @ik, 3~

1
~7=01 Operating
02 conditions
03 N =166,8=0089
47, =188°C
05 AT, =140°C
T
~ 05 o7 |
)
. D
w
Model B (a)
0 1 Il Il
500 1 000 1 500 o]
¢ (°K)
Fig. 7. (a) Transient variations of heat wave and
(b) contour lines of 1000°K when the di-
flference between 47, and 474 is small.
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Fig. 8. Initial distribution of #,7 and w to be used
for the calculation.
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heat wave WAD RO X 5 BFOERITRZ T,
heat wave OLKRMNEHENH /S —insd. Fig. 71C
EFUBDOBPHITONWT, £FDO—FIERT.
3.2 ERREOREM

Begk o & 2 heat wave |X, EWMRED o+ =
TR HELSINZ BT h, BEEHIZEERLVIRD
WBLDOREZEIETHIHELZIHF>TVWS. Zhil, B
B CHEBMCIRER TR ST, BIRRIE R IREES R
TREESCHEHUOBEATHS. Vi, =0Tk
ot 2R Fig. 8 RTIH>ELHALTVEIO
ET5* BRAETFORBIERE tmax OWME max &

* Zhid VOICE 59 OEERI K 3B KFHEICBELOIESTH
3%, o e AZHRMAGNIANEE RETCE T 3.
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Fig. 9. Transient variations of ¢,y from various

initial values.
(O : t°maxz as shown in Fig. 8)

BERCEZT, TEFUVBORICEIT S tmax OREFANIZE
{L&5rE+5 & Fig. 9 BE55h%. 3Tk, H¥EWE
FNLESWTRKFAO S ARE LTS ® 5 E
FEh D, SRR AEECTROSS Z EMNTRIN
TWBDR, 200 25 1050°K DI TFOBE&ITIE, Vo
T2 ATE KRBT BEE TS, IWEIT tnax P TEL
NI ERECHERENTLE S, nax H51100°K
DLEDF — 2T, WTFNOBEITD tmax VWA IEEIA
L 1860°K OEFRBERAEC LD N5, &
5z, Fig. 9Cix, 1860°K Xy 4BV EIRE»
SHFE LA Th fmax 25 1860°K it HIR LTV 5.
INGDRERED S, Bk 7o+ 210 BT 5EEIREII M
DUNFTH LTRETH D L, BIV, HXPEEL
b BETE, BEXOFECXSTR—DER
REENE BN S Z L ASHETE 5.

DX S5EEWIREEIX, H AR X HEHERE LFF
BT EREFE L DO bWVt I2THELNAS LD
LEZLNDS. Thhbb, tnax3BEWVIEE T~ 7 ZDR
BENICOREEHOERKEL MDY, BEGEES#EinT
BT, tmax BLERTSE. LSO T, I—7 A0
Beos, MFREDOEC—~ 7 DMB LD S ELFTET T3
i, FERERILERETS. LarL, BETS
T— 7 20 VIRANRH D DI, tmax DHDHIEE
DLEw/s? &, dIICREVEEIIHEMTH Z LB TEK
DT, AR LB HEEDFPKEL LS. Lk
HBOT, FEEOY—OBELXV S THFTa—2 2
DREEMTET T 5HECE, KERERTRTS. o
X5, HHEEZFCLT, FRhIVIBWEETIE
BEIEN, EWRETEMBENRS DI, BELER
REENRERT 5. TFVBIcfET% Fig. 5 OBRICR

8

BRS XS5, 23— 24Fr PO o E TR
BESEEICL DTS Z L1, bRolHmesE-SiF<
W5, EFVADEEITE D — 7 ADMRIESE T S0MhE
TERLTORBESHR T H72018, FET X St
5.

Beid 7o 2 2R D EFIREOEE MO IR HIIEER
PRERROHEEL, HNEECROERE ML T 5
BICIRFET D25, TOFRTIEELRAD, =2 CTRULE
DEDTLEHWILHECE EDTHL.

3-3 EARBEE L heat wave D#ITHEE & DR

Fig. 3 Wl o6 % X 5z, heat wave oiffomia
AR BRI 5 2 infBiRic s T, BER fr 1
BIETRAEWEEZTLTED, ZOIEROK X I AR
HLOMBARKRELS BET L LBTFREIND

§CIT, heat front OYETEE ur & heat behind @
HETTHEE up OEER DL DT VBB, /Ly b -
AE— FO 5ElfE%Z Red D HEMSREY Xh Tw5
P5, AR D & SWWER KRB AR R BRI D
DT, EFWRKBIZOWTOMEAVTESR 7o v 20K
BILETRS CELAETHHEZLZ LS.

OusoN 5903, fil B4 R VEIC DWW CE{BEEEIC X D
EWIRIBOM & RkD, HMELIFERETVOME LB L
TEW—FHZEHTVS. B Tot2DBH DX S
TCETIREEDRBEB DI, ur Lup BRDTIH L LE
WdHB. up, uy BP—ETHZ LTI, BHRGE4)T5
X o, EER»SbEFIREBCRT > HEMS SN EZE
KL 2 ERTES. & ZTH, EFIKEEICH Hheat wave
DETER & D TN E N OERS T DV THRFEBIR T 217
TS, U TFOREIRES A O TWAIEEIT ur & uy &
HET s R2EHT 5.

EFRBCRT HRBRANFOREREL @ERECK
B EREEE, KT 570, EEREIRE & FN
ty TEPHT. ST, heat wave OFHIC KT S Fo+
AT DA Fig. 3 F7z1x Fig. 5 X S EHR
RBBledbs i, HlEED v KWELWEETTFCBE
LicnBER 2T 5 BA%MEETS. oL %, il
BT EOTHISHERBELTWA XS SR ADM, T
LA ENETN—EDRETE WM ETHRALTY
HXH9CRZB. Thbb, MFXIRE ©°, &EE u T
A (BOTH) »offhEh, ¥RZX>TEESh
Tt tp ECRELE LTEEE»OEESh S, —F
A T=ty (ERITEE=]1) TRIGHITAY, HF
DB X 0T T=1t° ¥FTHHINTHITHHEX
o, LicpioT, BEEERE T ADGNE SRR
THET L TWBRGHTE, BEVERIDGE? HhiFHiL T3
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X3, EHIRIECH B MARBEIEIC KT 5 EBHIC
4T 5.
t=t, OREXRTSD fr & f1 DEEZTALTH fp,
fip TELTEE, EA» OETT £ TORRIK
B BWEBDNRNE (AT a+Sfrp- AT e+ f1o-4T.) £ 5 .
F 7, RCEMT T 5RO ET 4T, TRENS.
t=1t°, t=tp, WHFHBNFOFEEILLEEThThHh ¢,
c'sp EEL L E, ZORMICOWTORERINI 25,
BNA»ELND.
Ug= (tp_to)/t(c.sptp_cs'oto)/‘3'514‘ 4Ty
+fip- AT+ fip- dTe— AT (EFWA) oo (37)
[FfE7 3 % heat behind T D>WTfTH 5 &,
DWTE)RBELNS.
up=(tp—1t°) /[ (c'sptp—es'°t°) [e'si+ fep° - 4T ¢
+(I=fip)-4Ti1 (£FA)
Lt - BBl L RIKAOSBRIGDE\NE F IV B O
ey, (37), (38T AT =4T,=0 L¥52,iT
X139, GOX»PFETS.
up=(tp—1°) /[(c'sptp—es'°t°) fe'su+ 4T q— 4T]

up 1T

up= (tp—1°)c'st/ (¢'sptp—¢s'°t°) (EF N B) (40)
BFHBOREZRLTEEA LT, da=d'sp=¢ LE
LA, (39), (40X (39)', (40 Mo X 5 ff
Bigihs.
up= (bp—t") [ (tp—t°+4Tq—4T)
(701 B, o'=—FDLE)erem (39)
up=1 (7N B, ¢/'=—FDLX)-wroet (40)’
(37)~(A0)Kic R Uiz up, up WERTORETH S

73, TRICOEE ue' FLO wp' 13 (4) RiTRT X5

i, FREN ue & ouy T (L/G) EhhEStETE
5.
ug'=ug- (60L/§), up'=uy-(60L/F) :
(em/ min) «-oeoeemeeneee e (41)
WEh—E CRIGARE Z 57 WIEIEE N O heat wave
DEEH (40) KD wy EFCKKADZEXDPVWTIET
TRELNRTWS. Tibh, FINLOE, EFETD
FE R HIREREVIC (40)' RiEY T R 2B Tw5E. &
2L, BRI B2 OEHGFLEE{TR 2T wiwy. Yo-
uncE il ERX (Fis HERX) o7— ) @ioidf
LYl e LT (40)' K& EBTw5b. F£72, Woobs 58
i, BRBMAEOHRYZR L5 2T 39)' KXoty
FEWCHAY § 5 heat front OfFLE & RFRIORAKRR 2 E v
TWw5h. X562, BEVERDGEY X, BB ZHES> —fi%
ML ERRIERICDWT, BiRE, B, MIcwT
NENIC 2V T OB S (39), (40)" RickEY T

9

Table 3. Comparison between the values of ug and
uyp, obtained from numerical simulation and
those obtained from over-all heat balance.

Model Resul_ts of qumerical Results of ovqr-all
simulation balance equation
tp=1690°K | u;=0'85 us=0'87[Eq. (37)]
A | fp=04 up=0'69 |u,=0'67[Eq.(38)]
Sfip=0"74
B t,=1860°K | us=0-89 us=0-89[Eq. (39)]
up=0-71 up=0-69[Eq.(40)]
HREEMALTCVS.

ST, ue & oupy OR 37)~40)" ofATE, (40)'
RERVTIRTOERREIRE & BETLTHEDL
5, ur, up, FTERANCHEE T 57200V tp ZEHIBHLE
BB

AT T, %k (4F) O X5, tp OISR
HEEEMT 525, ZZTR, B7)~{@0)ROMIED =D
W, BUCRETERR S/ BN by fip. S » DEE (37)
~MA) R RALT up, up ZHEE L, BEMITKT S
ug, up LTS, TF0 A OBEESITOVWTIE, ¢t &
tg DWTNORKEL tp & Bl lEE D 525,
TR O FEIRE 8 ORAEE fH ITRAL,
ZDORLEIC BT S fr & fi DEELNRTN ftp, frp &
LTEE L7 FRiE, Table 3 »Hb 25 X 50T,
BN~ RXDoBEEHEL T LTS, '

3-4 ERRREBCEIIERS

Bk X 5, Woops 582 BEVERIDGEY DfEIT T
X, 52 5N ESEZT» S ur un BFXOC fp D
[MHRRET D I ENTE,rOk. EFKEBORA LR
EXCET mET (5-1, 3-2) HOHLMRX S, B
0 e ADEFERMEE 0 — o 2OBEEEE TS < XE
ENTVWBEZEHFHETES. LBDTC, tp, U Up
OJfWHEiE*iZ) 7281, heat wave, ORFTLRIZ-DOWT,
B3 X OB AT, & O BRI R Z 8 L /i 25 L 22
THdHEFZBE2bND., £ T, LATC, heat wave D
AT CREFRBEELTANT, FEE ur THETL
TWHHDENEL, EHEKREBCET 2 HBR L FHFET
5.

CET, a0 ROBBERICHBRBIIAME % Cig(t)
LBE, G ZHOTHUWHRSIZER 2 )N TES
T 5.

Bl Cig () rereerroremrreriinreieieee e (42)

EFIRIBIT R VT, REFRBOMERSFRE v T
ETT 505,

dCig/dTZ _llf:CODSt. et erseriesenbeane st b sae (43)
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;. dE=ugdr (C=—E®t%w ...... (44) 4.1 FEH#HRE 4Cr
de=dt (r=—%FD LX) 6)RE GNP S Kx BiEELT, =E~& DK

(M RBET BHHTE, TF VAL EFUBOERE
HUB)~ 2N Kk LT B, BG2)Kix(45)~ G Rk
Bxh, YT EFFT O VWTOFEHS FRAPES
h5.

fr -

ug(dt/d) =

l:N(T{—;}(l; vaf UIUS) +(?:i§7;3 A 72x'|
— {1 [dE 1o (E—tms) + —
Yi (t_t;ec)g} ve(e's/c's) v - (T:(éil/aA))

(L =Usyo—Up1) (es/e's1)
{N(T—t)+34T.- Kr2x} / (¢5/c'st) (£ 7 B)

' . (45-b)
ug(dr/d€)=—Kx (FEF WA, B)-eremiernnn (46)
ug(dfe/d&) = NooUg(T—tm1) /4Te (EFVA)

v . (47)
ur(df1/d€) = No,Ui (T —taee) /4T (& 7V A)
... (48)
uc(dw/de) = — NUg(T—1) /4Ty (£ L AB)
e - (49)
A 2| -
dT/de =
N{(T—1t) +voUe(T—tmy) +01Ui (t—tgec) }
(£5FWA)---(50-a)
N(T—0) (£ 5V B)-(50-b)

dx/dg =3y Krix (£5A, B)---(51)
WHRED t=ty LIRHAE & VW ARED T=t"+4
(16>0) L% & DAIEER, ThLh &, §u TED
TEE, BREKHRG2), GHRTHEREhD.
T=t=t,r=1,w=1,f1=0, f1=0 (£=&q )
- (52)
x=1,T=t=tp,r=0,w=0, fi=fip. fc=Ftp
($=fp {)(53)

4. ALUBBERICKD fp unue ORE

tp RIRET 57D, ERTRGEEER K Ol
ERFEEZZER LT, ERRUS)~G)R2 -5 2%
Br B0 s ECHS LRThIER bR
tp b O TWEVEDIT ur bERKRMTHELH, D,
SEEHTHEREIE LS. T BEXLHRTWY
LEAETL, ThbHTRToOMSTHFERE KB FTN
CEEL T LR THHM, LTEFRT X 5 I BB
MR X 2T, HES R CHEOR S IXARITAEH
B/ohs.

Z DI,

MTHa T3 L, BRREE 72— 7 2LEOMOBERR
ELTOHABELNS.

(59 R (46) RITHA LTHSTHRIT (55) RNBY

5. :
*1 o updry fi[6:)
L A KdE woeeeeeereeeneennne (55
fo 1 —ruerd j; Rdg (35)

i L, dlr REEHOREST, GO)RXTEHTS.
[T R R P P €-1)
O ROFGFEEITTH L, 4r 1T (57) KD K ST
5.
1 1

_ ) [
ACr K 6ra? log

[1+a+a? |
B (1=a) |
1/3_4. 21/7% tan- 112/;' Z] e e (57)
2T, KPR 3\ 5 0 RS EEER T,
(B8R TCEETD. T, alZGNRNTEE LI/ 2
—Z—TdhH5-

—  (4r
K=f; Kd5/4CR (58)

a =(1/ru)t/s e e eeaae. (59)
4-2 %Eﬁg tp
WOEREHC XD TEE o ZHEATS.
G = (@lHBYL[c g wooerrerienienaenienine . (60)
7272 L, RTFOEELEE o' 13, 6RO X 5 ITRE
EO2VWTDO I RATETFSZ D E L.
s Pemgt b cevvieeieniin (5[)
T, fITORRTEFVBOEEERITTS. =57
WBT, WFIRE®D(45-b)ix, FBIH 47 Kr2x (T
FEARIEMENS D B oD I S B L DT, FEFORE{L
DT, TOEEPEHEREL, 62)RXTiELlT 5.
84T, . Kxrte AT dx  AT. 1—x(éig)
s dg r ACr
rrrrr e e (62)
£=(ig=0Tlar=1THB0 5, GHRID,x(Eg) =
T—yus 785, Lizdd2T, 62)K 1T B)RXoXdHic
5.
3Te-Kxrt=4Te us/Jir=q (=FNVB).... (63)
(45-b) K& P L g ZRVTEENP XS ZT, (50-
b) XE&BALT N(T—) OEZHEEL, ORE L
BICHERAEHFOCDREAVWTHS TH &, FRIEETIC
D2WT (6 KXF 55,
T=us(¢+dTq) + (1 —uecs'® /e’ ) ¢° — g€ - -+ (64)
(60), (63), (64)RXic Xy, (45-b)=X}L (65) KD X

— 10 —
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SREEMLIDNS.
ur(dg/dé) =N{ugp—t+us-4Tq4
(L —ugeg ©/c' ) 8 — &} 4 q -+ orevverneneeees (65)
(65)5Xicix ¢ & ¢t BRBZEENTVWEDTHS ST
v, TTTC, t& ¢ Fio & R OWTHERLS
5. tTihbb,
t=tig+A(¢—dig) GELIAREA) womeeene (66)
t=tigt+ {tp—tig) /ACR}E  GELMEB) -ovveeee (67)
(66)XoFEArx, (0)XX D (B)RDXSICEET
NIEI Wz b5,

bp—&; c'
A=—r""E _ sI S (21
pp—ig a(tp+tig) +b (68)

I L, dig E(BO)RIC g LA LI L E BN
590 TH%. (66)RNELT(OT)R%Z (B)RILHATS &
WEFhOBE D B)ROBOFERCLDDT, (69
RS TH LTI 2CONROEBIELNS.

dp/dE=BP+C—DE - vereeeenenniemineennce (69)
$p—=tigeB 4in— (1—-eB-4Cr) -
(C—D/B)Y /B4 ALg-DJB:--rivvvevveniieiennnn (70)

T, B,C,DILELE A B ThXhoiffico
W, (71), ()R TEESIND

B=N(1—A/us

C=[g+N{dTq-us+ (1 —uges'°/¢'s1) £°

—(1—=A)tig}] Jus

D=Nq/us
GEACUARA) - eeeeenes (7D
B=N
C=[g+N{4Tq us+ (1 —uges'° /' 1) t°
—tig}]uf
\D =N{q+ (tp_tig)/AQR} /uf
GELMEB ) v vevvnnennnns (72)

¥, ¢p PbrE, REIEE & X 60)RE i

DNTEEH L) R DELICHETES |
tp= {_b+\/m}/2“ .................. (73)

BT, VWE Hp ZEETSE, GNRSL ur HRD
bh, DFCOENRE» B Mg BRDLILH»H, Th
S50E2Z DR ERIT)RICALT B, C, D &k
ELEDL, (70), ()ROSRt HESHS.
L7ci32 T, ChbHLORZMEEPEBRZERXY, &
ur RPRET HRTHERIIENTREL 5.

—7%, il - BE R X CARKAOSERERTLET
WADFETE, 63)RDgpfihic (74) R*ITEXES
nd g 2RV I

g=(AdTe— AT sfep— AT f1p)us/dr (£ FIA)

* (45-2), (47), (48) RDSHHTH %

fros fro DOWTHE, (47), (48)R&ELMC ST
5ZEITEDT, (75, (1ORBE/LIS.
Jep=1—exp[Noo(tp—tmi) - Almi/ug-4T¢] ---(75)
Sip=1—exp[—(2/3) No;(tp,—taec)
. ACdec/”f'ATl"‘"""""""""“""""""'(76)
2R L, dlm & Aaec V3, THTh, Rk XUH
IREDGBRPEBEINBAE & t=tp WK DHAHE & DR
DEEZRLTED, HFEEC O VWTERD (79) R0
IECE RV, (77), ()R X >EFS.
A= ARV Uy —tm1) ] (tp—t1g) =+ +eeree (77)
Alaec=ACRV (tp—tdec) /(tp—tig) --+e=+++- (78)
(75) ROBUEIE L TIE, 4w OXRTH RBER
T=ty, tEISDDLL, (O)ROFBHEITINTIX, &

CABERDROLSETFELDE L.

43 REOFHEETEHRK

ST, OROMG OETTIIMBER T BT DHFO
RESHEZRETHLERSD. TR, HFOBEE
FHETORELSFE (NROX 57 E T 5 2 kAT
RIS\ Dl e oa o

l=tp—ﬁ(dCR—E)2 seesrisec e (79)
L,
B=(tp—tig) /ALRE «+revrevenieniiniiiiiiini .. (80)

(7DHRH 5, df ROWTERMAETF B2 5, (38R
@R DO XS TER SN, K28 b, ZITOREKELT
EbhXhs.

de= ACRdl/Q'l/m e e e 81

1 tp K(1t)
2ty —tig) gV Ep—t

B RXORHIE, NS ELREBERSETRDL T
LHBTEDLD L, FITHIRETEM & L CErEBICRES
HECBFEFHETLFRZILEL 2 EBTES. Table
| DRBESHCER L K@) & K (tp) OREZE
{t#% Fig. 10 iwRF. 727501, tig=1000°K #ZiRFAL
7o. Eiz, DATOFET, REEEE 4 oW Tdh 4
=tig=1000°K & s\ /2.

44 HELRBICEOS(BRE IO ROEESE

LD (4-1~4-3) iwX b, EFHEERE tp &
BT OEMEE ur, up OFTEXRARETHS. FHEIC
FRT2ELBROBFST LATHRIEDO 70 —F v —
& Fig. 11 iy RAfTHERAHEIEST 5 4 ORE
([EORE R HIEE TR 21 H T 20T, TEBERD
W% Table 4 CRT. WIRCET R KEGTE
BOBECRIPLUTTHY, ZH5FHFERCESLBE
R R LIS S OFRERE (Table 2) W8T %

I?(tp)= dg-oeeeeeo-- (82)
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10. Reaction rate constant K(¢) and its average

within the combustion zone, X (¢p).
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Fig.

Y
ﬂry
—— > Eq.(37)or(39) Eq. (57)
i
1
i
1
i
1 @
[
1
i
: Correction by
E Eq. (82) “Reguia fals” mefhod
i
i
Eqs. (70)~({73
e 2.
(Model A)
Soluti
Eqs{70)~(73) O/U ion

# (caled.)

7o {assumed )

Fig. 1i. Iteration algorithm for the calculation of

us and ty.

LD TEREOFETEI B OND Z L 5br 5. ik
¥, BETEEETEOrL Y CHBEDLTARETHY, TD
FEERATHEHEOSES LR TH B,
4.5 EUBEBEROHLE
ECZAHRATS 572010y, RELEHOIRVWHEFRT
MEBRE I —HTBEPVLETHE. £ 2T, piF
CE&E, BIXUBRRADGREORI LEVE FILBOE
BDOWT, Table 1R Lo ERERGD T D THE
SRS T, PRSI KERRE» SR ONDER

Table 4. Example of regula-falsi calculation*.

Trial step Assumed 7,(°K) | Calculated #, (°K)
1 1800 2079
2 1§900 1 1603
3 1849 y 1818
4 1844 ! 1841
5 1843 i 1843

* Numerical computation was carried out by the use of approximate
solution A for the case of model B.

W EOBEFCEBMTAMEOVWTHEKEL, TORR%
12 1wRd. Fig. 12 i2ix, (65)REHiH T3
RH L2 @E0L (66)RX & (67)R) oxrhhd
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35°CEHWEER T LTW5SAH, MR EiErE BiE
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AR - R, BRXUCBKRECHMEHEE LT T LA
DBBILDONWT 3 — 0 ARER e 2ELEE GELE
LR L B Uk 2 Fig. 13 1R$. Fig. 13
i, EFVBOBEEXY BEMLETVADOLER,
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5 ye ORELFFEIRTIX, tp IKDOWTEIERR &R LAED

Fig.
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FREEZLND. (A, ETHEEHM, h

MEhFRiC 5T 1/2 1T Lzt E iR T, 9.=0-375
DEE ty IF 2000°K Lirh, ¥ 60°C [L{EAE
Bhiz.) Lor L, u' & up DWW TDEEREE, yeDX
AT EhDThT N TH 5.

¥, Fig. 12, 13 » 5542 OG¥ELKEOBEST OV
T, heat wave OFBHZ D Z ENTE D, up & un DS
EIESE LB K S A TIRER T 5 &, heatwa-
ve £EPIFIER U —DEEF REBEIL TV
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Fig.

12. Comparison between numerical solution and apprcximate

Approximate solution B

solution for the case of

Model B, under the various operating conditions which have been varied around the
normal operating condition shown in Table L.
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Fig. 13. Comparison between numerical solution and
approximate solution for the case of Model A.
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