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1 [8-11]
Tablel The variables, diffusion coefficients, and sources of governing equationg® !
Equation [ Ty So
Continuity 1 0 0
. _op of Vi
Momentum Y Meit x| ox [,”efff ox; ]+ B;
Turbulence kinetic energy k M+ :Ti P+G'-pe
k
L HT & ,
Turbulence dissipation rate £ M+ o E(Cle - Cype¢)
Enthalpy CoT . + AT Qrag +Qr — i
Co  OTemp. X
Mean of gas mixture fraction F A 0
OF oT
2
. . . H M oF £
G —+ — - =
Variance of the mixture fraction or o7 Caiur [6xj ] Cy2p ” G
B=p9, 2 ou,(eu, au;) 20u,( au, : ©)
P=ptg ——H| ——+—— |5 | e -+ PK
ox | ox; 0% | 30X 0X;
’ 2
G =Lt gyp, (4) pr =C,pk? e, ®)
POy
NR
Hest = M+ pir (6) Qr = -2 R[N +Cp (Tore —298) | @)
i
0 NS 1
Quar = Kay [, [, [1(@)~1p 0ded,  (8) G =-AVT+ D 1, {hf f +(§U2+kﬂ- )
i

C;=0.8, C=0.45, Cy=2.8, Cp=2.0, C,=0.1, 6;=0.9, 6,~1.22, 6t=0.9, Gram=0.9, 67=0.9, K,=0.075

W/(m?-K).
2.2

Dirichlet
Corlint  &n=K i/ (Colhi)

0
2.3
[12] 1
3
3.1
ALPHA?250

160t

Cor, Ci

20

k & kint:
0.002 0.3.
[7,11]
1
1
CFX4.3 Fortran
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. 3000 mm 2600 mm 3800 mm
300 mm. 2860 kg/m® 803+0.618x10°T
5.314-3.37x10°°T. 3.45 MW -
[13]
883.3+0.43T-1.31x107*T>  942.2+0.24T-1.84x10°°T? 13l 0.003+2.27x10°T+
7.74x10°T?  0.004+8.02x10°T-1.92x10 °T?,
1
Fuel Air Qutlet Inlet
Exhaust gas « 800 mm
v Conditions:
* Switching time: 40 s
X LT Air Total heating time: 15 min
Fuel: converter gas
Fuel  LHV: 7413 kJ/Nm®
y Fuel flow of inlet: 1700 Nm*h
g Excessive coefficient of air: 1.05
oot tre, o Pressure at outlet: -800 Pa
z 2 Temperature of outer wall: 350 K
Ladle
1
Fig.1 Calculated model
305,1273 1473 K.
CPU 72000 s
3.2
2 (t=900 s)
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Fig.2 Velocity vectors of flow in ladle under high temperature air combustion (t=900 s)

3 (=900 s)
3(a)
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3(b), 3(c).

(8 305K (b) 1273K

Fig.3 Contour of temperature in ladle under different gases preheated temperatures (t=900 s)

(@ 305K (b) 1273 K

4
Fig.4 Contour of oxygen concentration in ladle under different gases preheated temperatures (t=900 s)

%
1473 K 2%.

305 1473K (O, 0, 2300)
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Fig.5 Gas temperature vs. time during baking
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Fig.6 Oxygen content vs. time during baking
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Numerical Simulation on High Temperature and Diluted Air Characteristics of
Regenerative Ladle Baker

OU Jan-ping, JANG Shao-jian, MAAi-chun, XIAO Ze-giang
(School of Energy and Power Engineering, Central South University, Changsha, Hunan 410083, China)

Abstract: High temperature air combustion (HTAC) can increase the adiabatic flame temperature and enlarge the
flame volume, which can strengthen the heating capability. Based on the technology of HTAC, the fuel in
regenerative ladle baker can burn completely. The preheated temperature of inlet gases affects the combustion
process greatly. With the aim to study the effect of preheated temperature on the combustion, a 3-D transient
mathematical model of combustion combined with flow and heat transfer is established in this paper. Based on the
commercial CFD soft CFX, using the method of Finite Difference and SIMPLEC, the characteristics of high
temperature diluted air in the chamber under different preheating temperatures of inlet gases are anadyzed
numerically. Turbulence k—& model, Mixed Is Burnt model and Monte Carlo method are used. Results evidence that
due to effects of jets, backflow and eddies are formed and the high temperature burned flue gas in the ladle can mix
and dilute the fresh air. Higher temperature of inlet gases is favorable to the combustion process. Increasing the
preheating temperature can increase the domain temperature and its uniformity and decrease the oxygen content of
local flue in the chamber. The deviation of temperature between calculated results and test results is less than 30 K.
The calculated results agree with the experimental observation and theoretical analysis well.

Key words: ladle heating; high temperature diluted air; combustion; numerical ssimulation
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