


Fluid Mechanics
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FV = Vertical force

FT = Tangential force
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Patm =13.6×103×0.76×9.8=
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Tanks and vessels that carry fluids at normal temperatures and pressures are generally designed to withstand the
outward pressure that the fluid within them exerts on their walls. Their construction is usually cylindrical or
ellipsoidal, which helps to distribute the hydrostatic forces evenly, and allows these structures to withstand internal
pressures much larger than the vacuums needed to collapse them. However, such tanks and vessels often collapse
when they are emptied without proper venting. It is also possible to collapse a vented tank, if it is filled with steam
and cooled rapidly.

This is by far the most common method of
creating an accidental vacuum inside a tank. If
a tank is filled with water vapour (e.g. during
steam cleaning), the vapour displaces most of
the air out of the tank. If the tank is then
sealed, the vapour condenses back to water as
it cools. A small volume of water is left inside
the tank instead of a large volume of water
vapour (water occupies approximately
1/1600th of the volume of steam). This
decreases the internal pressure and brings
about the risk of a catastrophic collapse.



But why does the tank collapse? Typically, the pressure both inside and outside the tank is the same,
approximately 105 Newtons per square meter, or 14.7 pounds per square inch. However, with the air in the tank
removed, atmospheric pressure pushes on the external surfaces of the tank, creating an unbalanced situation (see
Figure 1). At this point, the structural integrity of the tank wall prevents it from collapsing. If the tank wall is
thick enough, it will remain stable under a full vacuum. However, if the tank wall is too thin, or there is either a
defect or dent in the tank wall, when the even distribution of pressure is lost, stresses will be concentrated at
localised points leading to a rapid escalation of the collapse.


