Fluids: Friction and Flow


Think about some fluid (real fluid, with friction) flowing through a pipe.  Assume that the fluid has been flowing long enough to reach a “steady state” (which is roughly the equivalent of terminal velocity).  The diameter of the pipe is 2R (duh!).  The fluid is flowing in the positive x direction.  The walls of a section of the pipe are shown as dark lines in the diagram below:
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Fluid Speed as a function of the size of the pipe:


 Based on what you know about viscosity, do you think the fluid is moving with the same speed everywhere?  Where is the speed the least?  Where is the speed the greatest?


If we look at a region very near the lower wall of the pipe, roughly how does the speed of the fluid vary with the distance ( y ) from the wall?  (Make your simplest guess!)


Now loot at a region very near the upper wall. Roughly how does the speed of the fluid vary with the distance ( 2R - y ) from that wall?


If you guessed that speed would be proportional to distance from the walls, you are just about right.  How could speed be proportional to the distance from each wall?  Can you write that as a single relation?


Where is the speed of the fluid the greatest?  Take your relationship from part d, and substitute y = R to find the top speed of the fluid in the pipe.  How does the speed of fluid in the pipe depend on the radius of the pipe?


Flow Rate as a function of the size of the pipe.


How does flow rate depend on the velocity of a fluid?  (We need two pieces.)


How does “the average speed” of the fluid in the pipe depend on the radius of the pipe?  (To get an exact answer, there is a kind of tricky integral involved, but we don’t need that.  The “average speed” turns out to be half of the maximum speed.)


How does the area of the pipe depend on the radius of the pipe?


Combine your answers from b and c.  How does flow rate depend on the radius of the pipe?


If the radius of the pipe decreases by 20%, what happens to the flow rate?


�
Flow rate and forces:


Now think about the forces other than friction exerted on fluid in a (horizontal) pipe.  Consider the gray region of fluid in the diagram below.
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If there is friction in the pipe, why would this fluid move at all?


Aside from friction, what kinds of horizontal forces act on the fluid?


What must be true in order for the horizontal forces in part b (excluding friction) to result in a net force on the fluid?


Based on your knowledge of viscosity, what will happen to the flow rate if the total non-friction force from part c is increased?  What is the relationship between the flow rate and this total non-friction force?


Write your answer to part d as an equation.  On the right hand side, put the flow rate and a proportionality constant (call it r for now).  On the left hand side we need something that has to do with pressure…  but what?  (Be specific!)


Solve for the proportionality constant ( r ) in the equation from part e.  What does this constant tell us about the flow of fluid in a pipe?  What should we call it?


If the pipe were smaller, what would happen to the flow rate?  To r?
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