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Impact of turbulence model in coupled simulation of ethylene cracking furnace
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Abstract: The ethylene cracking furnace equipped with the bottom burner and the side wall burner is more and
more widely used. Different combustion modes affect the turbulent flow state in the furnace. Considering the
turbulent flow in the cracking furnace and the gas injection, the combustion and heat transfer are strong. The
nonlinear coupling effect, for this purpose, explores the influence of different turbulence models in the cracking
furnace/reactor coupling simulation is critical for the precise design and optimization of the cracking furnace. In this
paper, a coupling simulation for a 100000 t industrial ethylene cracking furnace was carried out for different
turbulence models. The turbulent flow model established by the standard k~& model, RNG k—¢& and Realizable k-¢&
model was evaluated by CFD numerical simulation. The simulation results of the three turbulence models are
compared with the industrial data. The distribution of velocity, temperature and turbulence capacity in the cracking
furnace is analyzed. The results show that the Realizable k—& model is superior to the other two models in flame
stability and reaction efficiency. And based on the Realizable k—& turbulence equation, the calculation results of the

heat flux and the outer wall temperature distribution of the furnace tube are closer to the actual working conditions.
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Fig.1 ~SL-II cracking furnace structure
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Table 1 Cracking furnace structure size and operating

conditions
Item Parameters
furnace segment
length (x—direction)/m 18.94
width (y=direction)/m 3.56
height (z—direction)/m 13.707
number of floor burners 36
number of wall burners 48
firing condition
fuel gas flow rate in bottom/(kg/s) 1.2439
fuel gas flow rate in side/(kg/s) 0.2025
oxygen excess/% (vol) 2
fuel composition/%(mass)
CH, 97.686
H, 0.516
co 0.897
C,H, 0.899
reactor coils
number of reactor tubes 24
number of passes 2
inlet tube diameterx10*/m 64
outlet tube diameterx10*/m 121
thickness of tubex10*/m 6.5
feed rate/(kg/s) 11.11
steam dilution/(kg/kg) 0.6
coil inlet temperature/K 883
coil outlet pressure/kPa 206
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Flue gas z—velocity component along width of furnace in plane 0.525 m at different heights
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