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Abstract: The influence of external turbulence on the explosion characteristics of premixed ethylene-air mixtures was
investigated to clarify the coupled effects of turbulence intensity and equivalence ratio on flame propagation and explosion
pressure evolution. Experiments were conducted in a constant-volume combustion chamber equipped with a fan-generated
turbulence system, a high-speed schlieren imaging system, and a transient pressure acquisition system. The turbulence intensity

was varied from 0.00 to 0.60 m/s, while the equivalence ratio ranged from 0.6 to 2.0, covering lean, near-stoichiometric, and rich
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combustion conditions. The turbulence intensity was determined according to the calibration relationship between fan operating
conditions and velocity fluctuation established by particle image velocimetry measurements for the same experimental apparatus.
High-speed schlieren images were processed to identify the flame front and determine the equivalent flame radius and flame
propagation velocity. Turbulent flame propagation was further characterized using the turbulent flame Reynolds number, while
the Karlovitz number and Damkdhler number were introduced to describe the interaction between turbulent transport and
chemical reaction time scales. Explosion overpressure and pressure rise rate were obtained from transient pressure measurements,
and the heat loss per unit area was estimated from the energy variation of the combustion system. In addition, a physics-guided
neural network was developed to predict the temporal evolution of explosion overpressure. Initial-condition, peak-value, and
smoothness constraints were incorporated into the model loss function, and the prediction performance was compared with that
of an Extreme Gradient Boosting model using grouped cross-validation based on the experimental opgrating conditions.

The results show that increasing turbulence intensity promotes flame-front wrinkling and,aéé}é}{)(}\ﬂame propagation,
with the enhancement becoming particularly pronounced at high turbulence intensities, Thmmized turbulent flame
propagation velocity exhibits an increasing trend with the turbulent flame Reynolds nuﬁbér\Cofrethions incorporating the
Karlovitz number and Damkdhler number provide good descriptions of the normaM@\mmE propagation velocity, with
coefficients of determination exceeding 0.91. Increasing turbulence intensity also iqcr%e& th‘é\n?éximmn explosion overpressure
and maximum pressure rise rate under the investigated conditions, while reduting the héat loss per unit area. The effect of
equivalence ratio on explosion pressure differs between lean-to-near-stoichidmetric and rich mixtures, reflecting the combined
influence of fuel concentration, flame propagation, and heat release. The‘)lkliiclsgujded neural network provides more physically
consistent overpressure evolution than the Extreme Gradient Boostihg model ahd improves prediction performance, particularly
during the initial and pressure-decay stages. These results pr&{;d/ﬁ(qﬁ&ﬁtative insight into the interactions among external
turbulence, flame propagation, heat loss, and explosion pressure M, and provide a basis for evaluating explosion hazards
in ethylene-related confined industrial processes.

Keywords: Ethylene explosion; Turbulence intensity; Overpressure prediction; Physics-guided neural network
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Fig.1 Experimental platforny of turbulent ethylene explosion
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Fig.2 Effects of turbulence intensity and equivalence ratio on flame morphology at the stoichiometric condition
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Fig.4 Fitting performance of different models for the normalized turbulent flame propagation speed (dr/dt)/(¢SL) under various

equivalence ratios and turbulence intensities: (a) the Ka -dominant model; (b) the Da -dominant model
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