Flow rate problems


(Poiseuille’s equation and Viscosity controlled flow)


Physics 202





For our purposes, Poiseuille’s equation relating pressure and fluid flow in pipes can be summarized as


� EMBED Equation.2  ���         (“Poiseuille’s equation”)


where r is the resistance of the pipe.  


(In fairness to Poiseuille, we should point out that he also figured out that resistance is directly proportional to both viscosity (() and the length (l) of the pipe and it is inversely proportional to the fourth power of the radius of the pipe.   The exact relationship is:  � EMBED Equation.2  ���)  





Consider a horizontal section of pipe with water flowing from left to right.  There is a barrier producing resistance in the pipe.  The barrier has two holes in it (A and B) allowing water to flow through.  The situation is shown in the diagram below:


� EMBED Word.Picture.6  ���


What can you say about the pressure(s) in region #1 and region #2?  How do you know?


What determines the flow rate through one of the holes (say, hole A)?  Is it the pressure itself or something special about the pressure?


The resistance of hole A turns out to be 3 (10 8 Pa s/m3.  The flow rate through hole A turns out to be 20 ml/s (2 ( 10-5 m3/s).  What does this tell you about the pressure around hole A?


Assuming the water isn’t moving very fast anywhere in the pipe and that the difference in height between the top and bottom of the pipe is very small, what can you say about the pressure around hole B?


The resistance of hole B turns out to be 6 (10 8 Pa s/m3.  What is the flow rate through hole B?


Now if we think of the entire barrier as a unit, with hole A and hole B as parts of the same thing, what is the flow rate through the barrier?


What is the resistance of the entire barrier (use Poiseuille’s equation).


How does the resistance of the entire barrier compare to the resistance of the individual holes?  Why?


Now imagine a similar section of pipe with two barriers in it.  Each barrier contains one hole exactly the same as the holes in the barrier from the previous problem. The situation is shown in the diagram below:


� EMBED Word.Picture.6  ���


In order to make any progress, we have to assume that the wide regions of the pipe have so little resistance that it can be ignored.


There are two points labeled x and y within region #2.  If we are assuming that the res
