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Effects of Produced Coke Fissures and Volatilized Gas Flow
on the Heat Transfer in the Coke Oven
Jun FUKAI, Takatoshi MIURA and Shigemori OHTANI
Synopsis :

A heat transfer model of the coke oven chamber is proposed considering the radiation within the macro
fissures in the coke and the convection of the product gas. Contributions of the radiation and convection to
the temperature distribution in the coke oven chamber are numerically observed under the various condi-
tions concerning the fissure width and the direction of the gas flow. As a result, it is found that both of
them cannot be neglected in the heat transfer analysis in the coke oven chamber since they have the signi-

ficant effects on the temperature distribution.

By using a newly proposed thermal property estimation method, the thermal conductivity and the heat
capacity of coal are estimated from temperature distribution computed by the model mentioned above. Ther-
mal properties of coal which are estimated from the temperature history in the coke oven chamber are sug-
gested to be much different from the true values and to have no generality.

Key words: coal; coke; coke oven; simulation; heat transfer ; fissure; gas flow; radiation; thermo-

physical property.
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Fig. 1. Two-dimensional heat transfer model with radia-
tion in the fissures.

Table 1. Heat conduction equation.

(a) (b) (c)

Model With fissures With gas flow Estimation
Heat
conduction Cho8/ot=v - (A7) +G
equation
Dimension 2 1 1
k cc, gor w ccor w —
G 0 Cpsjz 206/0x 0
I C 0<2<bc:0 =0y, b<x<b+b,:0=0, | 0<x<b.:0= b
B. C. z=0(or Sy) :1,20/0 x+1,060/2y z=0:80/92=0
= 4
=0 x=be: —A 0
2= bolor S, —.) :1,00/02=1,,00/0x ox.
z=b.+b,lor S,) : 6 =0, T

Sy —f:2,00/0x=2,00/0x+q,
S —f: Acc(1,060/0x+1,06/0y)
=2,(1,060/9x+1,060/3y) +q,
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ﬁ Fig. 2. Triangular elements used to describe
swrafla[ce the area.

Table 2. The calculation conditions.

Width of the chamber (2b,) 0.4m
Width of the wall (b,,) 0.1m
Width of the lump coke (2a,) 0.1m
Width of the fissures (2ay) 0.01m
0.005 m
Initial temperature (o) 400K~
Temperature of the wall surface (4,,) 1500 K
Temperature of the fissure tip (fy) 900 K

Table 3. The thermal properties of the coal/coke, gas
Coal/Coke

0.180 exp {0.0012(6—730)} <730 K
A= { [(W/m-K]
0.180 exp 10.0041(6—730)} 6>730 K
1X1077 exp {—0.00012 (§—675)} <675 K
K = { 1X1077.2(6 —675)/110 [m%/s] 675 K< <785K
2X1077 exp {0.0045(§—785)} #<785K
P2=0.8 [—] .

Gas

A,=0.0121+2.36 X104 9+1.62X107892+5.44X1073¢% [W/m-K]
Cp, =3.24X10%+1.956+2.39X 107 §2—2.74X1077 6° [J/kgK]
Py=92.6/6 [kg/m®%]

Brick wall®®1%

A,=1.5 [W/m-K]
Pu=0.75 [—]

(Cpp)w=2%10° [J/m*K]

Table 4. Amount of the released gases.

Gas Hy CO CHy Hy0 Tar CO2 CyHg CzHg

kg/kg-coal  0.018 0.028 0.053 0.054 0.104 0.009 0.008 0.002
mol/kg-coal 8.93 1.01 3.30 2.99 0.07 0.22 0.27 0.08
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Fig. 3. Temperature distribution at various times (with
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Fig. 4. Effects of the radiation heat transfer on tempera-
ture.
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Fig. 5. Effects of the convection heat transfer on temper-
ature.
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Fig. 6. Variation of gas production rate with temperature.
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Lo by TR EBE 2B N7 M L0 o y B [—]
my,: WADEEFHE [kg/m?s]
N, : BBRER O [—]
p: HHHEE [—]
Q,  ERITCHRH (=q, b,/ 12..(00) (0,— 05)]) [—]
q,: ERKMEHHDEDOBFHER [W/m?]
Qo MADDSDOBGHEE [W/m?]
S: 8B m [—]
w: RICIRE (: (0‘60)/(5",_‘90)) [—]
W:RRBEMEELR-DICERT L2V 2ES
[Kg-gas/Kg-coal]
XY BRI XY (X=x/b, Y=9/b,) [—]
% y:x yil [m]
0 & [K]
0o: RALENOMIAEE [K]
0 o FBENAPORMIMEE [K]
K : BRTTARBILHEE (= (0) /¢ (64) [—]
€ B [(m*/s]
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ERTTENMEEIE (=1(0)/2..(0) [—]
: BRERE [W/mK]

: BE [kg/m°]

D HERTOHEE (=, (00) 1/02) [—]

$

: WIfE

cc: ARBEHHWIZT— 7 ABOE
eff : HHH

g: HADHE

w: JFREN A DS DE
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