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Abstract 

An analogue of the well-known perpetual salt fountain for sea water is proposed for air: the perpetual water 

vapor fountain.  Consider a gravitationally stable two-layer system with cool moist air on the bottom and 

warm dry air on top.  A vertical metal pipe, held fixed in position, connects the two layers.  Start the 

fountain by initially pushing some cool moist air inside the pipe up.  Then the air in the pipe should continue 

to rise on its own as heat diffuses horizontally through the metal of the pipe, making the air more buoyant, 

while water vapor cannot move out of the pipe sideways.  The result is a perpetual fountain of moist air 

flowing out the top of the pipe. 

 

Introduction 

In the mid-1950s, and extending through the 1970s, in the field of oceanography, a certain fascination 

developed around the concept of the “perpetual salt fountain” [1] and its generalization, “salt fingers”.  

Much theoretical and experimental work was based on this idea. 

A direct analogy to the perpetual salt fountain can be constructed for air, at least as a thought experiment.  It 

appears to be new.  A natural choice for the title of this subject is the perpetual water vapor fountain, where 

water vapor in the air is the analogue of salt in sea water.  The difference is that water vapor makes air less 

dense whereas salt makes sea water denser, for constant temperature. 

 

Perpetual Water Vapor Fountain 

Consider a two-layer system with cool moist air on the bottom and warm dry air on top, infinite in the 

horizontal direction.  Arrange the parameters such that the system is gravitationally stable.  Connect the two 

layers with a vertical metal pipe held fixed in position.  Prime the “pump” by slowly pushing a small amount 

of cool moist air inside the pipe upward.  This piece of air pushed up will become more buoyant as heat 

diffuses horizontally through the metal of the pipe.  However, because the pipe is solid, water vapor cannot 

escape sideways.  Therefore, the piece of air initially pushed upwill continue rising on its own causing a 

perpetual fountain of moist air to come out the top of the pipe. 

It should be noted that if the pipe were to be primed the opposite way, by pushing a small piece of dry warm 

air inside the pipe down, it will continue on its own also, resulting in dry air continually coming out of the 

bottom of the pipe. 
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Discussion 

What would happen if the pipe were removed?  It is known from laboratory measurements that the diffusion 

coefficient for water vapor in air is larger than the coefficient of heat diffusionin air [2].  Therefore, the 

water vapor in the lower layer will begin to diffuse upward into the upper layer faster than heat will diffuse 

downward into the lower layer.  As a consequence the bottom part of the upper layer will become unstable, 

and it will find a way to rise.  This mechanism has been proposed recently as a way to initiate hurricanes in 

the North Atlantic, when dry air from the Sahara Desert blows out on top of the marine layer next to the sea 

surface [3]. 
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