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Abstract: A large air bubble’s buoyancy rising in still water 
is predicted to be significantly greater for a spherical 

segment, as commonly observed, than for a motionless whole 

sphere of equal volume from which it may have initially 

arisen.  As a consequence, at terminal velocity the total force 

of friction on the large bubble is greater than it would have 

been if the bubble had maintained its spherical shape. 
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1. INTRODUCTION 
 

Immiscible flexible bodies which are able to change 

shape without altering their volume as they move through 

quiet water can exhibit some amazing properties. 

For example, if a large air bubble rises through still 

water, the shape it takes is a spherical segment with one 

base, or a thin lens, convex side up [1].  The net buoyancy 

force on this bubble is calculated to be about a factor of 

two larger than that on a motionless completely spherical 

bubble of the same volume.  Possible consequences are 

discussed below.   

In a related recent study [2] the reaction force of the 

fluid on a large bubble, due to Newton’s third law, is 
computed.  It effectively increases the overall buoyancy, 

and in magnitude it was found to be about 4% of the total 

drag force. 

 

2. BUOYANCY 
 

For large bubbles steadily rising through quiet water the 

net buoyancy force  has been proposed to be = �ℎ     (1) 

Where , �, ℎ, ���  are the water density, acceleration 

of gravity, maximum thickness and area of the base of the 

bubble, respectively [3].  Because the motion is steady the 

buoyancy force must be balanced by a friction force.  

Using the radius of curvature Rof the spherical cap and = � , where r is then radius of the base, Eq. (1) can be 

rewritten as = �ℎ 2� − ℎ    (2) 

Elimination of r through a geometrical relation has been 

done also.   

When steadily rising, the pressure along the spherical 

cap is very nearly constant according to Bernoulli’s 
equation because along a streamline in moving away from 

the stagnation point the increase in hydrostatic pressure is 

offset by the decreased dynamic pressure due to the 

increase in flow speed tangent to the cap’s surface [1].  
Thus Archimedes buoyancy law does not apply and that is 

why the net buoyancy force on the bubble comes to have 

the form (1), which is the excess buoyancy on thje 

bubble’s bottom face. 

Consider next an instantaneously motionless sphere of 

air with the same volume as that of the spherical segment 

above.  In this case the net buoyancy force  can be 

found using Archimedes principle together with  the 

mathematical relation for the volume of a spherical 

segment [4] to be = �ℎ � − ℎ
   (3) 

Easily seen from (2) and (3) is that the net buoyancy on 

the motionless sphere of equal volume is smaller, roughly 

by a factor of two, than that for the rising spherical 

segment.  There is no friction force when there is no 

motion.  However, the spherical bubble cannot remain 

motionless but will accelerate upward under the buoyancy 

force (3). 

Suppose that the spherical bubble starts to rise due to 

the buoyancy force (3) and initially maintains its spherical 

shape.  Then the net buoyancy force is expected to be even 

slightly smaller than (3) because the pressure along the top 

part of the upper hemisphere (near the stagnation point) 

will approach being constant due to Bernoulli’s law so that 
the overall buoyancy force will be a little less than 

predicted by Archimedes law.  However, at some point the 

net buoyancy force must increase to be equal to (2) when 

the terminal velocity is reached and the shape has changed 

from sphere to spherical segment.  While this 

transformation of shape is going on the friction force goes 

from zero to a value that can balance the net new 

buoyancy force at terminal velocity, which turns out to be 

larger than that on a sphere at the same Reynolds number 

[3]. 

 

3. DISCUSSION 
 

Whether or not a flaccid body can move faster through 

water by a change in shape apparently cannot be answered 

theoretically, at least not within the context of steadily 

rising large bubbles in quiet water and the present 

understanding of the laws of friction.  If a large bubble 

starts as a motionless sphere and then changes into a 

spherical segment while rising upward, it has been shown 

above that the buoyancy force on the bubble increases 

dramatically.  Also at terminal velocity the friction force 

has increased from zero, past the value it would have at 

terminal velocity if the bubble could maintain its spherical 

shape, to a larger value that can balance the increased 

buoyancy force.   

Since the usual form of the friction force involves the 

square of the uniform flow speed times a drag coefficient, 

an increase in the force of friction can take place in several 

different ways: increase in the uniform flow speed, 

increase in the drag coefficient, or both.  Also with a 

change in shape may come a change in the area over 

which the friction force is to be applied, even though there 
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is no alteration of the volume of the bubble.  In other 

words, just because the buoyancy force increases during 

the shape transformation, it does not automatically follow 

that the upward speed of the spherical segment bubble will 

be larger than that if the bubble could have kept its 

spherical form. 

Based on experimental data the drag coefficient for 

large bubbles has been estimated.  In the mean it is 1.0, 

which is two and a half times the drag coefficient for a 

sphere at the same Reynolds number [2].  There is 

turbulence below the bottom face of the large bubbles 

which causes the bumpiness observed on that face and 

probably also accounts for the large drag coefficient. 

Perhaps the shape transformation from sphere to 

spherical segment takes place rather quickly when the 

density contrast is as great as it is between air and water, 

making the phenomenon difficult to observe.  Other 

immiscible combinations of fluids could slow things 

down, such as oil and water, which is a possible project of 

study for the future. 

 

4. CONCLUSION 

 
It has been shown that the buoyancy force on a large air 

bubble under water at terminal velocity is nearly twice the 

magnitude of that on a motionless sphere of equal volume.  

A steadily rising large bubble is observed to be shaped like 

a spherical cap.  If the bubble starts as a motionless sphere, 

does the change in shape allow it to move faster than it 

could go by remaining spherical?  That question remains 

open until our understanding of the force of friction 

improves or more observations become available of 

flaccid bodies moving through fluids. 
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