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Analyses of Pyrolytic Gas and Steam Flow during Carbonization

Hiroshi NoGAaMI, Hiroyuki NAKASHIMA and Takatoshi MIURA

Synopsis :

The outflow rates of pyrolytic gas are measured in a small-sized coke oven which is heated from only one
side. The pyrolytic gas flows out only from the heated side until the heated walltemperature reaches 1000
K, the flow-out direction of the pyrolytic gas then switches over, and most of the pyrolytic gas flows out
from the insulated side.

A one-dimensional mathematical model is developed to estimate the pyrolytic gas behavior including the
conservation equations of mass and energy and the releasing rates of pyrolytic gases. The flow patterns of
pyrolytic gas from the heated and the insulated sides and the temperature distribution in the coke oven are
well estimated comparing with the experimental ones. The total coking period is estimated being longer
than the case without the gas flow since the pyrolytic gas flow having a lower temperature decreases the
heat transfer rate at the heated side. Furthermore, in case of wet coals containing 10% moisture, the cok-
ing time is lengthened by about 3% than that of dry coal because the heat is consumed as the latent heat of

evaporation on the higher temperature side in the boiling zone.
Key words : coke ; coal ; coking period ; mathematical model ; pyrolytic gas flow; steam flow; carbonization.
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Fig. 3. Flow rate of pyrolytic gas from heated and
insulated side with temperature.
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Table 2. Parameters of Az and x.;.
Ky [m?/s]?
Ay [W/m-K]?¥
1 2
Critical value 0.177 8.72%x107%  1.69%x 1077
T.[K] 735.7 692.0 779.0
Al-] 1247 X102 (T<T) 4 903 192 .07

3.854 X 1073 (T.<T)

Table 3. Parameters in equation (7).

i'th j'th f,‘j ki; E,‘j
species reaction [-] [ l/ls] [kJ/mol]
H, 1 1.000 7.15x1072 52.74
co 1 0.500 2.17x10° 68.23
2 0.500 5.50x 10° 103.81
CO, 1 0.315 1.07x10* 100.05
2 0.685 5.17%x10° 69.48
CH,4 1 0.265 1.70X 105 128.09
2 0.271 5.45X%10° 115.95
3 0.464 1.15x10° 61.95
CyHg 1 1.000 5.12x10° 131.02
CyH, 1 1.000 2.53x10° 59.44
H,0 1 1.000 1.67%x10° 51.91
Tar 1 1.000 1.17x10° 160.32
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with temperature.
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Table 4. Initial and boundary conditions. Table 5. Initial and boundary conditions.
LC. T=T;, P=P, IC. T,= T,=T;, P= R,
Ppriy=Po, P;=0 Ppir = Po, P;=0
=0 =0
B.C. . t;‘=3T,-+ Bt at x =10 B.C. :’I;,=PTE= T;+ Bt o
T/ox=0 = L. = x=
8T§3y=0 :: ;= O,ZR aT,/aox= 9T, /dx=0 3t
P=p at x2=0 P= Py at 2= Iy
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Fig. 6. Comparison of measured and -calculated
temperature distribution.
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Fig. 15. Variation of temperature distribution by
STEX and ordinary carbonization.
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Fig. 16. Variation of reaction rate and fraction of
reaction with time by STEM and ordinary carbo-
nization.

NERAPIRESND I LATREINS.
il b2 AERE S N B EERI AT 5 720
BMLTHMETREEZLNS.

6. #

AW Tid, ZEBBIZBTLARBD S ORDSIREY
A G EEB OWE & NRIGCBIFIC X 0 IT - 72, Z DR,
A1BIE 7 O Gt B B AT 23R R AT I E R i
HA5DOREATENTH Y, ZEEII 25 &z
S TH 22 & QWA LRI B 2 EARENZ. —KTT
T TN & RO T IRPNB I A R G S B DRI TR B
FEPOGHEE ST 2B TOERENH L OO, BITEN
ADMEEE F RIFICHBTEL RSN, T/
AT TN % FOCTRITIC L0 BOME 7 A R OKER TN
WE DGR BmMT s ey RmEn/. Lol

-7 AGEIC

o)

Floa—7 AN

STEX D L) ICRENAEH+BIET L L THE
R AMES LI LML ELOND,

i 5

a,: KB [ m*/m®], A, Ai=1, 2):RERKI-],
B: Him#EE[K/s], Cp: lt#[J/mol-K], Cpe: K E
[J/m3-K], E: &b % v £—[J/mol], f: ENGHHK
(], [ BESFAEKESF[-], h: =¥ V-
[J/moll, h,: BARZERE : [W/m*K], k:HERT
[1/s], k;: ER 1R [m/s], K: Permeablilty[m?],
m: 5 AR HEE [mol/mPs], m,,, : 75K
[mol/m3:s], P:HFE F3[Pal, R: # AE¥[J/mol-K],
B [s), T:i@EIK], u: #E [m/s], W: &K=
[wt% ], e:ZeBisE[—], »7: ¥iBE[Pa-s], x: BILEC%
[m?/s], A:BfZEEE(W/m-K], v:RGE[-], o: %
B [mol/m®], Ah,,, : ZEFi#EE[J/mol]

WAE

* A, Air: BR, app: RN, b, C, C('

=1, 2) : BRA, of: A%, g: FM, H0: K,
Z?ﬁ, s: FEAH
X 13
1) WRERE, HEE=, =W B8, FEEE, EmF:

MEE 7ok, 4 (1991), p. 145
2) Z@EkEN, & 8@, Kok sked, 70 (1984),
p. 336
3) /NERE  AROR{USEE (H RS T A e 5L
TR KO R SH) (1989), p. 60
4 ) WEFRE, HHREY, BAREE LM, 70 (1984),

p. 358

5) A M, ZiHREF, Ko ske M, 73 (1987),
p. 629

6 ) V.R. Voller, M. Cross and D. Merrick : Fuel, 62 (1983),
p. 562

7 ) K. Miura, K. Inoue, K. Takatani and K. Nishioka : ISIJ
Int., 31 (1991), p. 458

8 ) H. Nogami, H. Sato, J. Fukai, T. Miura and S. Ohtani :

Experimental Heat Transfer, Fluid Mechanics and

Thermodynamics (1991), p. 633 [Elsevior Science

Publishing]

wHOE, SRR, ReRE bFELFERE, 1

(1985), p. 418

10) =@rER, w3+ HE,
(1985), p. 1872

11) J. H. Campbell and D. R. Stephens : ACS, Prep. Div.
Fuel Chem., 21 (1976), p. 94

12) R. C. Reid, J. M. Pravsnitz and T. K. Sherwood : The

- Properties of Gases and Liquids, third edition (1977)
[McGraw-Hill]

13) S. V. Patanker : Numerical Heat Transfer and Fluid
Flow (1980)[McGraw-Hill]

14) AHF B ®WLTAKE, 8 (1962), p. 5

15) J. C. Chu, J. Kalil and W. A. Watteroth : Chem. Eng.
Prog., 49 (1953), p. 141

el
~

WHRAE, REZE:8eM, 7

— 138 —



