
8.2 Total breakup time (Ttot)

Pilch and Erdman (1987) defined the total breakup time,

Ttot, as the time when all fragmentation has ceased. In

the limit of low viscosity (Oh \ 0.1) they proposed the

following correlation to the experimental data that is con-

tained in Fig. 19. [Note that the third equation has been

corrected for a typographical error in the Pilch and Erdman

(1987) publication.]

Ttot ¼ 6 We� 12ð Þ�0:25
12\We\18

Ttot ¼ 2:45 We� 12ð Þ0:25
18\We\45

Ttot ¼ 14:1 We� 12ð Þ�0:25
45\We\351

Ttot ¼ 0:766 We� 12ð Þ0:25
351\We\2670

Ttot ¼ 5:5 2670\We ~\105

ð33Þ

Note how the transitional Weber numbers for Eq. 33

roughly correspond to the transitional Weber numbers of

the breakup morphology given in Table 2. This suggests

that the physics governing breakup times is different

for each breakup mode, and is further support for

dividing secondary atomization into numerous breakup

morphologies.

Dai and Faeth (2001) studied the total breakup time in

the multimode regime and, like Pilch and Erdman (1987),

noticed a local maximum near We = 40 similar to that

given in Eq. 33. This local maximum occurs at the tran-

sition of bag/plume and plume/sheet-thinning breakup, as

defined in the discussion of the multimode breakup regime.

For the case of viscous drops Pilch and Erdman (1987)

cited the correlation given by Gelfand et al. (1975).

However, they noted that Eq. 33 is more accurate than Eq.

34 for drops of low viscosity (Oh \ 0.1). Note that Pilch

and Erdman (1987) have a typographical error in their

republication of Eq. 34; it has been corrected here.

Ttot ¼ 4:5 1þ 1:2Oh0:74
� �

We � Wec; Oh\0:3 ð34Þ

Similarly, Hsiang and Faeth (1992) proposed the

following relation:

Ttot ¼ 5= 1� Oh=7ð Þ We\103; Oh\3:5 ð35Þ

Both equations are presented in Fig. 20. Reasonable

agreement is seen at low Oh where Ttot & 5.0. At

Oh [ 0.5 the correlations do not match one another. It is

unknown which correlation is most accurate and more

work is needed.

9 Non-Newtonian drop studies

As mentioned in the previous sections, a vast number of

efforts have been made to investigate secondary breakup of

Newtonian drops. Here we focus on the far fewer studies

where non-Newtonian drop breakup was considered. Our

discussion follows the same format as for Newtonian

drops.

9.1 Description

A non-Newtonian liquid does not exhibit a linear rela-

tionship between shear stress and rate of strain. This feature

has made their use popular in a variety of applications

where the liquid should have a low effective viscosity
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Fig. 19 Total breakup time (Ttot) from Eq. 33 (Oh \ 0.1)
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