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New Simulation Model for Coke Oven and Some Applications

Kenji MATSUBARA, Osamu TAJjmMA, Nobuo SUZUKI,

Yutaka OxADA, Yoshio NAKAYAMA, and Tomonori XATO

Synopsis :

Recent studies on simulation model for coke oven dealt with only heat transfer in half a chamber and
the differential equations in them were solved only on the basis of observed values as boundary conditions.
Therefore, the effect of the adjacent chamber could not be evaluated and coke oven operation was not sa—

tisfied to be predicted.

In this article, the authers presented a new simulation model including oven chamber, vertical and

horizontal flue, and regenerator with fuel flow rate supplied as boundary conditions.

In this model,

not only a half chamber, but also a number of chambers were able to be treated. Using this model, some
programmed heating systems were evaluated and a new system was proposed. Besides the theoretical
studies using the model, the systems were inspected by using both a test oven and a commercial oven.
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:::} Range of Values Reported

%103 o Measured Value

—— Value for Simulation Model
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Fig. 1. Specific heat of coal.
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Fig. 2. Thermal diffusivity measuring apparatus
by slab method.
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Fig. 3. Thermal conductivity of coal,
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Fig. 4. Comparison between measured and cal-
culated temperature at center of chamber.
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Table 1. Typical simulation models of coke oven. -
ol 3
Half-Chamb 3|9
Authors Dimen- Properties Boundary ? Mod;m i B E (Remarks)
sion  of Coal Conditions o (@ : i-th Half-Chamber
- t fuel (j) : j-th Chamber
1 Tasmro et al® 2 Constant ow rate of lue 2
gas .5
286 ;
2 Swowscxaloww 1 Lempatre Well emporae : 3 |
Temperature Wall temperature — O ——@ @——i» -
3  BuTouRmy et ali® 1 dependent  at flue surface | e I
Temperature Wall temperature 8l | l :
4  Yamapa et al1®) 2 d Multi-Chamber | £[F| 3 -- |
ependent at flue surface Madal g $ 2 B2 (l:o "i‘ o 2 L o
Temperature Temperature of { . |
5 K et al0 1 dependent flue gas m @ (n
Fig. 5. Half-chamber model and multi~-chamber
model. (1-dimensional)
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TE BN, EREFEROKTT, BREGL HHEMBEO
E2FTCREBLELZORDBDT, Thb i LT
Table 1 iZRT. “hboeFal, 1oREBTHREE
HAEIRIET ) BREORERYEREMHE LT WD
BT, TOEJENLE LD, FRHEC I E X
V. —, HRGY 0 F L, BREEYEREMLL
LT, IBORINEDER LICHAKDS 2KRTEF LT
HHED, WEEY—FELTWBDT, RILEATRSKD
TEHPBRFICRBEI . FEELIR, KOFGR2HRET
Ha—2 AFeFAOIERY B L.

1) AR CORRDELH 5> W(EDE LWE

EXER DAL EMNTES.

2) ERET: L FRETEATEER X 5w, RE T
{, BBREEEREHLETS.

FUTC, BEHITAMEC X OTHEBRE T L TG TE
X5, | ALOEBEROESEET L E2RTT (%)
€ FARIER L.

(1) 1&T¥EBRUSEE T (Fig. 5)

S2BEFNMIFBETALBREBEE LSO T, &
BAyOBRSEE TR THERFER L EREM %, Table 2
CRT. RED Che, por Ao 10 EWL, T ORE[E1 L DALFE
OEEOBK LTS, EARKDOEBLOWTE, B
BN T B BILHRE 100°C CRINE RS LEEL
7.

B{EEHEE, Table 3 iR3 2 DOFH LRI L DT
FEXPHEAA LB iEENI B LIOTITH>Y. ¥
Mgt LT, ARIEARE, 49 ERRYE Ric
L REBREYSE 2, ¥4 72T LRBARBROHYID

Table 2. Equations and boundary conditions (l-dimensional model).
Time Before separation of coke After scparation of coke After pushing
Positi from wall from wall !
osition |
Gas in flue FTCDK(T;—'TE) =h1A(Tg_TW(0))
Gas-vall x| (T T ()
0% |z=¢
oT d / T
In wall w w
Coworw ot ox \ZW ox )
Tolsms,=Twls=x 3T aT |
Wall-chamber c 1 w 1 7 02w _ c ‘ oT
A" SR i P P P P (2w o =0)
A 1 = L X=X
¢ gx =11 v 9x (X=X =_h2(TW(xl)_Tc(xl)) | '
In chamber C P aTc — d / aTc
pere ot 9x \"°® o9x
Center of chamber (QTL — 0)
| ox X=X
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(i) Configuration of Flue and Regenerator

Remark :

£ 3 : adiabatic
£ pltane
— r 1 L.~

[
A(W) F(W) W(A) W(F)

8]
]

Fig. 6.

Table 3.
model.

Numerical method for 1-dimensional

(i) Original differential equation

9T, 9§ (. aT,
C s _ 8
PP o = or \he Tox )
(ii) Simplified differential equation
dv_ ot
at  0x?

TB
where v=f Cps(T) ps (T)dT
[

TE
u=j'1473d7
0

(iii) Forward difference equation
In+y1,i " Vn,i__ un,i+l—2un,i+un,i-1

At - (dx)2

Table 4. Fundamental equations of 2-dimen-
sional model.

(i) Heat conduction in solids
T, 8 [, 9T,
CosPs 50 = x \ % ox )
3 (. T, M
4H
w\hay> M e
(ii) Heat transfer between gas and solid

of . Ty
3y CnggFT'a—y"

=h1(Tg_Tw (O))

-+

F4H,

BELANMNBOREZEYRDCTIGREHEL, HEERTZX
iz, BEVE T, RS, DOBHBEBO 5 HORE
LicHHZER L Bhid A LCEREh & Ui,

(2) 2%m=7 1 (Fig. 6) :

Lkte T i, SEEOMBEYBRE T5 D E%)
THBHY, 7r 75 L2MBETCTREREXLZET 5K
DRERE, RIERE I FE SN B ORE SRR T
HHEBECRBEATE VDT, BERAEOBLB R OF
18, FaomAREERL PFRAEMPERL) 2%
T T ARIER Lic, EEHBEAR%SY Table 4 wiRig.

{ii) Dividing Method of Wall and Chamber
11T
| ]
1Tt

|
|
T3 T

Coal Line
Coke Line

Flus
REm
Wall ]

|

1

H
Coal

Schematic diagram of 2-dimensional model.
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T, BRREL 7)) 2 —ORBEOHRIERI L T Wik
V. BRBEIERUIBERE L, b B EETONEL HIEE
SREREEYE 2, BFRED LCHERD DIERI R
HIs. X LTHvsva vILRBREEYFEHL, B
PESL, TP D EELDES, FYAOEBLARELED HE
DS, 172y YTROFAREXRDS. &
BRRUY, RE, ¥ AHEMK, ABAR, FRAEX, FAR
HOBK & L, Bta Emaofe LTHETS.- A
ROUHEC DT, AR VRADBET2RHEIOBEH &
LTH %, 2673 A CHRCIEETS LRETS. HE
#1E11t ADI (Alternative Direction Implicit) 19 =
X5, .
32 L3.V—LarvEtHOBR

(1) =FAKIBFEEREEAED LR
LRILFBETNECDOWTIR2ERZER L o (Fig.”
4). BEBREOEANEF (5 L0 1-3-5-2-4 DJE) 1t
oC, MY EISRILZOEAY 2/5 BT STHEE50H
RRBYEEE 7 ALTHETS L, RESMIIERHIC
B, IHRBEACHE LTAEN K 15min B 5
zEpinns (Fig. 7).

ZRILET AL D EBER L ERIEL Fig. 8 0 &
¥ ThHS.

(2) R, BESHCIZBABEOELOTHE
FARL t (GEEE) Yioh oRASEN, FiE B
BE5E, BARKDPZIOTESELTB0%, 1 KT
EBETFNVCHELALERY Fig. 9 ©wRT. zoFE
L, REROBERRE I—FHLT\W5.

TDIRA, (1) FEURBEAE X %BEIRBN O #
E, (i) (BEERBEOFADORERELEX B LT X
%) 2— 7 AP bRETHHI AOR, HEK, REH
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ABCD 1234
. . SN T T 1 T
Coking Tlmfa 20h N gl JBE" " n ! l-g’
Chamber Width 430 mm § EA 5 'Q 8|<E
@ Wall Thickness 100 mm ll‘ét: @ :';\ (ii Lizg
‘3 — Conventional Pushing Sequential Pushing
s O (Gas) (Multi-Chamber Model) (Half-Chamber Model)
2 =i, A, 1 (Gas C o ——— T
E = — _ - —— " —
’2 +\-‘\\:_ - T —— == __/
1000} B, 2 (Wall at Flue Surface)
C, 3 (Wall at Chamber Surface)
— Ve
| AB.CD Conventional Pushing Schedule - £ w
(5-pitch 1-3-5-2-4 Schedule) / 3£
500 - as
1,2,3,4 —-— Sequential Pushing Schedule / = § E
(1-2-3-4-5-6-. Schedule) 2~ ‘o.“‘_’.‘__‘z
. W e
= 0 o
X > 3
D,4 (Center of Chamber) s c&
3 nown
i | f L | X L 1 | ) 2 }.‘ {
0 5 10 15 Time 20 (h)
Fig. 7. Comparison between results calculated under different pushing schedule.
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7ad s amBEokE

aT— 7 AFO = FHF — (BRED) FBALX, HRBEHIE
VAT AMODBFE S o T, 600 kcal/kg-dry coal
RBELIAFTETLTETC WA, BEDOa— 27 A
W, EBEREE, Thhbb—ENHTHSE (AL, G
EEEDT RS v ARBEAIRFORE TLLES L L
T\5) A, BB CTHEAIGEE (LI RH T L
XD REEHE Y ER I HDON T v /5 AMBETH
518~ o — gy ZFED T e L5 AN, BRI
KEBEOBERHHE L, Rz diro s 63 58
BeHEETH Y, STALHERM LAY 1 DDF 2 Jj & L
wHE LTWABD.

gE L, Bk LicEL v sav—va v 27
NEAVT, 2— 7 AFORE, BERGLINBKS =S
F LD (N#hx— ) KIDOTHBBREFEAHE

4.

5P b h kT 5 Ldbir, 250kg RERFE & EFw
XoTF e 735 anBORBRET, HEHG, =2—72
AR & OBIFRERAE L.

41 EFNICLKBZTOT S LMBEDRE

Carl Still Type
Coking Time 20h
Chamber Width 450mm

L R wall at flue surface
[| Wall Thickness 95mm
1000 I~ T-= R A
i top
:6 of regenerator
< center
5 s measured of chamber
2
© -
® 500» ----- calculated
E‘ bottom of regenerator
@
- -,
s EE e A=
o A § Y ST TUNY S A W WU VN VAN U WA WA S T S i
0 5 10 15 20
Time(h )

Fig. 8. Comparison between temperature values
measured and calculated by 2—dimensional model.

10

.

L 1

Relative Heat Cansumption (95)

1
500 (mm)
Chamber
Width

1 (]
300 400

Standard condition :

4

1) Chamber width
2) Coking time
3) Moisture of coal 8%
4) Wall thickness
5) Soaking time

1
20(h )

] 15(23)
Ccking Tima Moisture of Coal
400mm
20h (@ in Figure)

100mm
2h

Fig. 9. Effect of various parameters on heat consumption.
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Table 5. Condition for simulation model.
Heating Paitern (ref. Fig.10)
Coaking temperature 850"C .
Soaking time 2h & Pushing Schedule
E Level A (iV)
actor .. S ential
1 2 3 4 o (i) l_e;_us......._N
Wall thickness (mm) 70 100 A Gii)
oaking ti h 14 20 & . .
e e ) 300 400 500 X % (iv) 5pitch 1-2-3-4-5
Heating patternt*> (i) Cii) (iii) (iv)
@ ref. Fig. 10 S Chamber Width 400mm
g 5 Wall Thickness 100mm
é L
0 (i) 8
Conventional 200 by Echterhotf?? o 4|
- ]
X 100 100 |- x 5
> © B
g o 0 o
UD) 0 tc 0 tc =
@ 5 2
3 14
1 (iii) b 21 (iv) c
2 gl bY Statherm” Jpl By Authors -% 1l
= . 3
& T t . g
100 - 100 F 1 o 0 1 1 ] i
l 2 14 16 18 20
0 i
0 tc OU ty L] te

Time (h )

Fig. 10. Heating patterns investigated.

1 TCFEBRUEL R F ARG, T EDCESR
BALEIE, BEURREAEL RO 7 r 75 AMEEEIC X
HEHEBEEERE (KAR) kb

EYRBERE (%)
(i mimmda
*O —ﬁM%ﬁ%@g*“m

#HATFoKESY Table 5 &, ¥ Licin#h-<x
Fig. 10 &R,

BB ED BT, RILERB-KMET S
e~ BB IR R G TR ETH B, i,
HE 0BT LT, EEROENIETHOT, BREEHHS
BiEEcOLBEHREOEILCEL BE LI HNE
ThDH. CDIHNREBECESCTEELNERELL,
JEE I A CHIE Loy 1 B 2 RER NS £ —
v (Fig. 10 @ (iv)) ZEAEERD HR” KE T &
% Fig. 11 ©RT. TOHATE, 3EDO~ T A—X
F,, F,, t; }EMBIEEFERTS &, RXDOTRAEx—V
MPEI NG, =FAE R LY, Fig. 10 © (iv) ©
F,=150~200%, F,=0~25%, t;=1h MEHEDOK X\
FHTHDZ oot UUF, HelibbicWibe
X, Fi=150%, F,=0%, t,=1h r13%.

HEHEBEC YD E, e 75 ANBC X BEE T,
Per ARE CEHE) HN—EMBwEe @ < 8 %
2, Bl — 7 ABEMEL, BEHEEER . I

— v

Coking Time (h ),

Fig. 11. Comparison among heating patterns.
Chamber mm
Wall Width| 500 | 450 | 400 | 300
Thickness
100mm -9 | > | A | B
70 --O-- - Ae-f-DO--
!
0= O._
S R
e 8 - ™~ -
fs T oA,
° cug: 6 = N >~
[e]
s 5 >
O 4t N
K T~
3 . L l\\\\\;::
el
O
04
0 | 1 1 I
14 i6 18 20
Coking Time (h)
Fig. 12. Effect of dimension of coke oven and

coking time on reduction ratio of heat consu—
mption.
Btz — v LGB X SR EHEERE O Eib &
Fig. 11 1=, %7, =— 7 AFVELEHBEERBO
Bi%% Fig. 12 wRd. chbofEREns, L EE
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DIEINRFHNE, RIEFELEWE, BEHENEVE,
7r 77 A NBEOEEBIERDI RS K F T LA
2%, BB, BAMEFEBLT, 7u2s amsivg,
MERFEA L L BB EREAEL, 5 LU 1-2-3
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RO 1/2 2155 & L H3HIEF L.
42 HBFERUEFRTOTOY S5 Lzt
RBFCil 2 — 7 2 RBAOHRE, BIF CIRERHILE
B ROBREEBE LT, 1138 2 RER B2
BV IXBTw S ANBOREBRYER LT

(1) 250kg BBAFw X %38

250kg BB (BRI wXsRBROBELMEL
HR% Fig. 13 wRd. 2— 7 2BV, —
EM#E T 75 ANBOBTIZ & A EEMNED LT
oo, KE CPBRRE) 7 e 7S amidkic 2 =

Heating Pattern

o 150
] Constant Quality of Coal :
o - -% - — |- —-—— Reflectance 1.17%
g Fluidity 230ddpm
2o Programmed —
= =34 | Coke Strength
5% 0 5 93
o O
e 0 7.5 12 13 8 o—
Time (h ) 3 9
\ 1000~ /' Reactivity
T 40+
Temperature at / : of Coke
ey Cent f Chamber f2 S
° nter o f > gk
500 - Vi
'n:': / < Coke Sizo
s Al £ 80
& / -
§ 100 9 70
= 0 22 e 4 1
0 10 13 Constant  Programmed

Time (h) Heating Pattern

Fig. 13. Results of programmed heating test on
250 kg coke oven.

Heating P. Coking Condition :
eat:g attorn Coking Time
o 125 ' rogrammed 20h
= |00"'r—_ e Bttt s b Soaking Time
2 2h
2 50l Constant
3 @ Chamber Width
3 % L L 400mm
53 % " 10 20
¢ T -
Time (h ) =
1000 b
Temperature at Center 7 w
of Chamber _‘5}
_ a3
g £2
~ &
o 500 £ 670
5 (5]
: :
g I
E 100
| ! . L 650
0 10 20

Constant Programmed

Time (h)
Heating Pattern

Fig. 14. Results of programmed heating test on
commercial coke oven.

=7 ADFTHNIGN, kT e s amshiE o 5
2, 700°C L ¥ TORBIEGF-D LHESh D,

(2) FEFeXsRB

P L BRBROBR LML E R % Fig. 4 ixr
T RRIZSW|CERL, —EMMLBHEA (5L
1-3-5-2-4 3#£A) T, Y e 75 aMBTIEREA (1-2-
3-4-5 0JE) T,

Te ST AMBIEC X AHBARLEREL 1% <h
ofc. B EDOHI b, WhROmBx — v 2
LT By A2y, F v 50% R EHEET, oh
24 LGB~ EEE s bR E S FThTw b iede,
1% EG5NIWERB LB Shichoicdn L &

XoT, BEnARENRSCPER L, B2 -7 ARE
{&F L.

>. & %

51 >3,b—=23rEFN
A—ZAPVIaVv—Ya v BT, DLBRER
CHEEHTT, =2 - 7 AFROMYBL OB > T 5
FTEFRELURDTENTHS. RiFFTECET 22
7 A=, LYV EERANLEROYE, BAROE
BELARDPELEZ B EEID, 2 — 2 AFHNOERERE
RO X DMOBIEEEERD B Z LN TE B,
DM, € FMIAKDOEATE &IFARE D
2 — 7 AREANDOHE YR T A D ORD I FER &7
H55DEEZBRLN, SEBROBRETHS.
FEELIRIF TR 2D F ArimonwTC

(1) X¥oRMBX 1 kT¥EET

(i) BAIERF B L CRE S % IERE R 51

1 gkTEBEET N

(i) REEBOBFNZEORGHI 5 5 XFEH AR

ERmoBRFTIL 2 kTE TN

A Uiz, R (RICZR UMY 0 B3
JGU TN BEIT B8, £ 55855 L) S5 24
hicH G LT, FEBEEF ATk 205, HR8=FA T2
~3min, 2%kGEF ATk 30min TH5.
52 FOgcams

Tr ST AENIERE~NOBRCYE I OTUIKD &
STcE LORIBREL DD (oL, RBHCRIAED
A, FARBEO LR, (FEREROERIZ X b T
BB H5).

(1) &7V 2-FITLHEAEBESZT HLERS

5.
(i) Fkifida (—EMEZED 150~200%) w4
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BT, BREAABBENE FF 7 FRENERE LK , RV AR =)
HLERBS. "B F AR

4: ZHERE
(iii) MEAXREALERTHHERIL, 5 LCERATHE AHC%@YE}?;{E@EL (J/kg-°C))

FRXNTWHI UM L7 &, —BEoEr T dHy : kayEFEs (J/ (kg-°C))
2 EzREE (W/(m-°C)

X BLENRDD. ) o ®mE (kg/m?)

gt 2 — vHETTH Y, o, R LOFERLE (=)
HRCENY, e 75 AMBERE=RAF LD ;ff% _
Ron=—Xihok, WEShBRACHS. BIH  giy=x
EEFRZRFONE 80 BERABOWERE, BIHE i x FMREAES
I EDBRTCRIs B, BE bHRH Liktbomme L L TOREREE
X 3~6% ThH5. ; W g EE i

6. & £l x ik

a— 2 A KEEF) ORILE, RFEER XUER 1) D. StaLuerM and C. MEvEr: Int. Meeting

EEWEETHY I —va V- TFAREEL, £ Iron and Steel Making 1976, Vol. la, Ref.

s ~ ” 2, 3, Brussel-Dusseldorf (1976
DI LRI SORI TS RENE TRIEL  2) R mB 1, 8K, FEE—: HI6

. LORFNEEITHEMOT w7 T LIMBITADR EERHESBRERBLE (1979, p. 212
v, KBS X OEF L ARIECTE h % B 3)$E§E,imﬁﬁ=mﬂ%%%,w(mm%
L, MEDT R 75 AMBEARYRE UCREMEER  4) WA B, AULBA, REREE: 37 -
FEMELE ToRn, STAREOTIRREAR o) §5 0000 bR ooy, and M. 4.
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