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3 Results and Discussion

3.1 Morphology

The impact morphology of different viscoplastic Leidenfrost

drops at low impact Weber number (10∼20) and high impact

Weber number (100∼120) are shown respectively in Figure 4a

and Figure 4b. Specifically four important moments during the

whole impact process are selected: beginning of impact, maxi-

mum spreading, beginning of bouncing and maximum bouncing.

The shape of viscoplastic drop produced from a capillary nozzle

becomes more prolate when B increases (Figure 4a) since the sur-

face tension is not able to deform the natural prolate shape form-

ing under the needle due to the existence of high yield-stress19.

This effect weakens at high impact Weber number, due to a longer

falling time for drops to reach spherical shape at higher releasing

position (i.e. higher Weber). It is obvious that the spreading is in-

hibited for drops with high values of B: at low We drops with high

B (B = 1.2 & 2.3) end up with a conical shape during spreading

while others form a disk-like shape; at high We drop with higher B

tend to achieve a thicker liquid lamella with shorter radius. This

is associated with high viscous energy dissipation in drops with a

high value of yield-stress. Retracting behaviors of low B drops are

much more pronounced as revealed by the long prolate shapes at

the beginning of bouncing. They also bounce higher compared

with high B drops. In the middle range of B (0.16∼1.2), there

is a monotonous decrease in the maximum bouncing height with

respect to the B number.

3.2 Maximum spreading diameter

The diameter of the lamella formed at the end of the spreading

stage is called the ’maximum spreading diameter’ (Dmax). The

value of this parameter is proportional to the surface energy of the

drop at the end of spreading hence it is also an indicator of the en-

ergy dissipation during the spreading process if the initial kinetic

energy (i.e. the We) of the drop remains unchanged17. Figure

5 shows the normalised maximum spreading diameter with re-

spect to the equilibrium drop diameter (Dmax/D0) of the drops of

model fluids as a function of the impact Weber number. The maxi-

mum spreading diameter decreases monotonously with respect to

B number since larger B number means more viscous energy dis-

sipation during spreading. For each model viscoplastic drop (i.e.

the same B), the correlation between Dmax/D0 and We follows

the scaling law: Dmax/D0 ∼ We
α 9. The experimental data of the

most concentrated solution (B = 2.3) and the least (B = 0.052)

are fitted to the scaling law and yield values of α as 0.32 and

0.3 (see solid and dashed lines in Figure 5). However the ob-

tained index (α) for viscoplastic drops is slightly higher than the

value (α = 0.25) of Newtonian cases reported in literature9. Sim-

ilar effect has also been observed for other type (shear-thinning)

of non-Newtonian drops17. Though the yield stress does inhibit

the spreading of liquid lamella to some degree, a monotonous

increase of maximum spreading diameter with respect to We is

observed for all viscoplastic drops. This is due to the dominance

of inertial force during spreading. The considered range of We-

ber numbers is from 10 to 150, which means inertial force is at

least one order of magnitude higher than surface tension. While

the yield stress is either smaller than or comparable with surface

tension (check B values in Table 1), inertial force always plays a

major role in spreading for all cases.

3.3 Maximum bouncing height

The maximum bouncing height (Hmax) denotes the maximum

height reached by the drop centre of mass during rebound. While

the maximum spreading diameter indicates how much of the ini-

tial impact kinetic energy is stored as surface energy as the drop is

deformed, the maximum bouncing height indicates how much en-

ergy remains after the impact or, alternatively, can give a measure

of the total energy dissipation during impact when subtracted

from the impact kinetic energy17.

The normalised maximum bouncing height (Hmax/D0) of drops

of model fluids with respect to the equilibrium drop diameter is

displayed in Figure 6 as a function of the impact Weber number.

The data of drops with a Bingham-Capillary number higher than

unity (B = 1.2&2.3) are labelled using open symbols while oth-

ers are represented by filled symbols. For drops with a relatively

low yield stress (B = 0.052,0.16&0.52), the rebound behavior is

similar to high viscosity Newtonian drops: after an initial almost

linear increase with respect to We the maximum bouncing height

tends to reach a plateau at high impact Weber numbers32. This

behaviour is probably due to the fact that the viscous dissipation

during impact becomes large enough to compensate the incre-

ment in bouncing height, due to the increase of surface energy

stored during impact.

When the yield stress force is close to but still slightly lower

than surface tension (B = 0.88), no sign of plateau is observed

in the considered We range except for the linear increase. Nev-

ertheless the rebound behavior of drops with values of B over

unity (B = 1.2&2.3) is totally different from others: the maximum

bouncing height of drop with a yield stress force slightly higher

than surface tension (B = 1.2) fluctuates between 0.5D0 and D0

whilst that of drop with an even higher Bingham-Capillary num-

ber (B = 2.3) stays around 0.5D0 regardless of the change of im-

pact Weber number. We note that for higher yield stress magni-

tudes (B = 1.2&2.3) drops keep a prolate morphology at impact,

therefore the definition of Weber number based on the equivalent

equilibrium drop diameter is not as accurate as in other cases.

However, even a large correction of the Weber number for these

points would not affect the main results; with reference to Figure

6, for example, this would cause a horizontal shift of the points

in the two corresponding series (open symbols), which would not

change the conclusion either qualitatively or quantitatively.

Figure 6 can be replotted as Figure 7 by replacing the Weber

number with the Bingham-Capillary number for x-axis in order to

show the effect of B on maximum bouncing height directly. The

data are regrouped into five sets according to impact We range.

The varying trend of Hmax/D0 with respect to B is similar for all We

range groups: after an initial plateau at low Bingham-Capillary

numbers, the maximum bouncing height drops considerably as B

exceeds unity. This is related to the high resistance of yield stress

to counter the retraction driven by surface tension, which will be

discussed in next paragraph.
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