
Rising bubble
A vertical tube is filled with a 

viscous fluid. On the bottom of the 
tube there is a large air bubble. 

Study the bubble rising from the 
bottom to the surface.

Yuliya Sorochikhina, Russia



Taylor bubbles
Large bubble is
a long bubble.

Rising of long air bubbles 
in vertical circular tubes 
(not capillaries) was 
studied by Taylor & Davies 
(1950). Tubes were filled 
with water, so the rising 
regime was nonviscous 
with Re >> 1. 

Taylor & Davies 1950



Main property
of the long bubble

Rise velocity of long 
bubble does not depend 
on its length. This 
velocity will be the same 
even if the bottom of the 
tube is opened to the air.



What happens when the volume
of the bubble increases?
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Experimental results

Diameter of the tube = 21 mm; liquid = glycerin.



Rise velocity in nonviscous 
regime (Re >> 1)

If viscosity of water is negligible, then

Taylor & Davies found theoretically and 
experimentally that

0.33u gd=

u gd∼



Stokes
formula

A model for rise velocity
in viscous regime (Re << 1)
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Liquids we used

Viscosity was measured with a capillary viscometer.

T = 27° С



Viscometer

ν — kinematic viscosity;
h1, h2 — liquid level at the beginning 

and end of measurement;
H = (h1 + h2)/2;
t — time of measurement;
L — length of the tube;
d — diameter of the tube;
D — diameter of the vessel.
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Scheme of the experiment



Shape of the bubbles

Diameter = 35 mm. Shampoo = 13.6 cm/s, sunflower oil = 20.8 cm/s



Shampoo is
a non-Newtonian fluid 

8 mm

In a Newtonian fluid 
the viscous drag force
(shear stress) is 
proportional to the 
velocity gradient 
(strain rate).

In a non-Newtonian 
fluid this relation does 
not hold.



Experimental results
with Reynolds numbers
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Determination
of the exponent

Theoretical prediction:

Suppose u ~ dα

(u1 : u2) = (d1 : d2)α

α = (logu1 – logu2) : (logd1 – logd2)

Glycerin α ≈ 2.5 ± 0.1
Shampoo α ≈ 2.7 ± 0.1

2du
ν

∼



Rise velocity vs.
kinematic viscosity
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Diameter of the tube = 16 mm; liquid = glycerin.

0.81 0.02u v− ±∼



Empirical formula for the rise 
velocity in glycerin

If surface tension is negligible (d ≥ 9 mm),
and rising regime is viscous (d ≤ 25 mm),
then the rise velocity of Taylor bubbles in 
glycerin depends on the tube diameter and 
on the kinematic viscosity such a way:
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Coefficient k for glycerin

2

0,01 gdu ≈ ⋅
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