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lower values of this variable due to slight blurring of the

images at higher translation velocities. For this reason, the

precision on the calculation of r/l is better for small values

of �h1ðdrÞ, and here, only the data points corresponding to a

translation velocity lower than 0.007 m/s have been kept

for validation purpose. The results are again in excellent

agreement with independent techniques as shown in Table

II.

Note that to increase the accuracy on dr, we have used

the value averaged over the range of angles #�615�, as

represented on the right of Fig. 2. Despite the fact that the

shape function F(x, y) used in this work is strictly valid for #
¼ 0, the corresponding variation made on the shape for small

variations along the perimeter of the bubble remains small.

Indeed, using the model of Burgess and Foster,17 we have

estimated the maximum of the variation Dh1/a at 60.004,

i.e., well below the uncertainty of our experimental measure-

ments, as it can be deduced from the amplitude of the error

bars in Fig. 5.

Now, our method can easily be adapted to other situa-

tions such as a pancake drop instead of a pancake bubble, at

the sole condition that m> 1. To this purpose, the new shape

function should be constructed depending additionally on the

viscosity ratio, denoted k ¼ ld/l, between the viscosity of

the drop, ld, and the one of the surrounding liquid.16

Updating the ray tracing algorithm with these new shapes

should allow one to extend the correlating function in Eq. (5)

for non-zero viscosity ratio, i.e., f(m, k). Nevertheless, as

mentioned earlier, the correlating function f(m) is already

valid for inviscid pancake droplets. Practically, Balestra

et al.16 have demonstrated that the shape of droplets for

k � 10 2 is almost identical to the shape obtained for k ¼ 0,

as it has been considered in this work. This said, it is worth

mentioning that the ratio of refractive indices m being lower

for droplets than for bubbles, the sensitivity of the method

would also be lower, as inferred from Fig. 4 by comparing

the slopes of the solid and dashed lines.

In conclusion, we have shown how one can measure the

lubrication film thickness around a pancake bubble or an

inviscid drop, from a single bright-field image, as can be typ-

ically obtained with a transmission microscope. We also

demonstrated how one can combine this technique with the

measurement of the bubble velocity to extract a measure of

the visco-capillary velocity. It is believed that the method

presented in this work can be of wide use in the future as it

requires a standard microscope and a visual inspection of a

single image, hence a smaller amount of less sophisticated

instruments, as summarized in Table I.

See supplementary material for a detailed description of

the ray tracing procedure.
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TABLE II. Measured values of the visco capillary velocity using direct

techniques as given in Table I and (in bold) the indirect method that com

bines the classical and present methods.

Mineral oil Silicon oil

r
l ½m=s� 1.35 6 0.03 1.08 6 0.03 see Table I

1:2660:26 1:0860:09 Eqs. (3) (5)




