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Figure 4. Primary breakup times; gas-l iquid systems: r l ,  Reinecke & Waldman  (1970, 1975); 
+ ,  Engel (1958). 

viewed as a coherent drop even when the bag has burst. Bag-and-stamen breakup is sometimes 
followed by bag breakup of a large stamen fragment [Hassler (1970, 1971) and Wolfe & Anderson 
(1964) contain pictures of this fascinating two-stage process]; however, primary breakup time data 
is not available. Photographs (Wolfe & Anderson 1964) of sheet stripping indicate that a coherent 
residual drop exists during the entire breakup process, and there is no evidence of secondary 
breakup of sheet fragments. 

Determination of primary breakup is very difficult when the drop Weber number exceeds about 
350 because mist formed by wave crest stripping completely obscures the event. The reader can 
find a complete discussion of the experimental and analytical evidence for primary breakup in Pilch 
(1981). The best estimate of primary breakup for this regime is given by 

T = 1.25, We > 350, [7] 

as shown in figure 4. 

2.3.3. Total breakup 

Total breakup time is defined as the time when the drop (if a coherent drop persists) and all 
its fragments no longer undergo further breakup. Correlations for total breakup time are given by 

T = 6 ( W e -  12) -°-'5, 

T = 2.45 (We - 12) °':5, 

T = 14.1 ( W e -  12) °-'5, 

T = 0.766 ( W e -  12) °-25, 

12 ~< We ~< 18, [8] 

18 ~< We ~< 45, [9] 

45 ~< We ~< 351, [10] 

351 ~< We ~< 2670, [11] 

and 

T = 5.5, We I>/2670, [12] 

and compared with experimental data in figure 5. 
The total breakup times, which are given by the above correlations, are for low-viscosity drops 

(On < 0.1). Based on limited data, Gel'fand et al. (1975) proposed a correlation for total breakup 
time when viscosity is not negligible: 

T = 4.5(1 + 1.20n~'64), We < 228. [13] 

In the inviscid limit, the Gel'fand et al. expression is an oversimplification, and clearly [8]-[12] 
provide a more accurate representation of the existing data. 


