Energy in Fluids and the Bernoulli’s effect


GRCC Physics





Imagine some incompressible fluid flowing through a pipe in the absence of friction.  The pipe can have any shape, but we will imagine that it changes  both in shape and in height as fluid flows along.  We are especially interested in the specific quantity of fluid that starts between points A and B in the diagram below.  A short period of time later, this fluid has moved to the right.  The situation is shown in the diagram below.
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As the fluid exactly at point A moves to the right, it is pushed along by the fluid to the left of it.  The fluid to the left of point A does work on the fluid we are interested in.  How much work does it do?  Can you answer in terms of pressure?


As the fluid exactly at point B moves to the right, it is pushed back by the fluid to the right of it.  The fluid to the right of point B does negative work on the fluid we are interested in.  How much work does it do? Answer in terms of pressure.


In terms of the pressure at point A and the pressure at point B, what is the net work done on the fluid we are interested in?  Answer in terms of pressure.


The work above must have gone into energy.  What kinds of energy did it go into?  (Does the fluid in the space to the right of point B have the same speed as the fluid to the right of point A?  Is it at the same height?)


Think about the fluid in the part of the pipe in the middle of the region we are interested in.  The fluid moves by, but if we keep our eyes fixed on one part of the pipe, is there a change in the energy of the fluid that happens to be in that spot?


How does the kinetic energy of our fluid change?  What is added?  What is lost?  What do the two regions have in common?  What is the change in kinetic energy?


How does the potential energy of our fluid change?  What is added?  What is lost?  What do the regions have in common?  What is the change in potential energy?


We are ignoring friction here, so energy is conserved.  What does that mean about the net work from part 3 and the changes in energy in parts 6 and 7?


Write the conservation of energy relation from part 8 as an equation.  Use all of the parts you figured out in parts 3, 6, and 7.


Look at the last equation.  Take all of the pieces that have to do with the left end of the fluid (point A) and move them to one side of the equation and take all of the pieces that have to do with the other side (point B) and move them to the other side.  What seems to be conserved in this moving fluid?


Divide everything in the above equation by the volume of the space that the fluid moved.  (Is this volume the same on both ends of the fluid?  Why?)  What do you get?  (TA DA!  It is called Bernoulli’s equation!!!)


How much work does it take to move a certain volume of fluid into this pipe?  What determines this?  What do we call “work per unit of stuff”?
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