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In this paper, a new approach based on energy balance is presented to predict the critical Weber
number in a droplet breakup under the combined effects of turbulence and aerodynamic stresses. The
energy balance approach, as it has good structural coordination with the conventional Taylor analog
breakup model, can provide a suitable platform for modifying and upgrading the mentioned model. In
this study, the range of length scale of the effective turbulent eddies on droplet breakup was calculated
analytically. The results showed that the average length scale of the turbulent eddies participating in the
droplet breakup is inversely proportional to the third root of its drag coefficient. It was also found that
at Reynolds numbers above 1000, turbulent eddies with length scale of about 2.7 times the droplet
diameter have the greatest effect on the breakup. At Reynolds numbers less than 1000, the size of the
effective eddies is a function of the Reynolds number and decreases sharply as the Reynolds number
decreases. Comparing the performance of the proposed model with the hybrid time scale model which
previously presented for calculating the critical Weber number under combined turbulent and
aerodynamic stresses showed that both models have approximately the same results at turbulence
intensities greater than 30%. At medium and low turbulence intensities (5 to 30%) the proposed model
predicted the value of critical Weber number up to 15% more than that of the hybrid time scale model.
The results of both models are very consistent with the reported experimental data.
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Fig. 2. Comparison of the proposed model’s results against reported
experimental data in Ref. [4] by considering various turbulence length
scales.
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Fig. 4. Comparison of the proposed model’s results against reported

experimental data in Ref. [4] for predicting the effect of turbulence

intensity on critical Weber number of a 375um n-heptane droplet at

Reynolds number of 1210.
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4 Hybrid time scale model
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Fig. 5. Comparison of the proposed model’s results against hybrid time

scale model [10] and the reported experimental data in Ref. [4] for

predicting the effect of turbulence intensity on critical Weber number of a

370um methanol droplet at Reynolds number of 1310.
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