CE 319F, Elementary Fluid Mechanics
Bernoulli’s Equation Laboratory Worksheet

Name
 Date
 Lab time

1) Calculate the flow rate in the Bernoulli apparatus.  Give the answer in L/s.  

Procedure:

a) Read the piezometric heads at piezometers P1 and P5.  

h1 = _________________________

h5 = _________________________

b) Derive the equation relating the flow rate (Q) to the difference in piezometric heads in the approach flow (P1) and the throat (P5).
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c) Use the final equation from step b) and the dimensions in the figure below to calculate Q.


2) Compare the flow rate from part 1 with a direct measurement of the flow rate.  Measure the flow rate by determining the volume of water () captured in the volumetric tank in a measured time interval (t).   Then calculate the flow rate from Q = /t.  

 = _______________ L

t   = _______________ s
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Let the Q from part (1) be Qa and calculate the percent different in Qa and Qb from 
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3) Calculate the diameter at P4 and compare it with the given dimension.  Deduce what the procedure should be using measurements from the stagnation tube and the piezometers.

4) Calculate the average magnitude and the direction of the acceleration between the P2 and P3.  

Background:

From Newton’s second law, which can be written as 
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, it is possible to derive an equation for the relationship between pressures, weight, and acceleration of a fluid when the shear stress is zero.  This equation, which is called the Euler equation, can be written for any arbitrary direction () as 
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where a and g are the  components of the acceleration and gravity.  Take  as the longitudinal flow direction in the experimental apparatus.  Then g is zero since the tube is horizontal.  Approximating the derivative using the difference between P2 and P3 with + in the downstream direction, 
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For water,  ( 9810 N/m3 and  ( 1000 kg/m3.  
Procedure:

a) Read the piezometric heads at P2 and P3.

h2 = (z + p/)2 = _________________________

h3 = (z + p/)3 = _________________________

b) Calculate the pressure difference between P2 and P3.  Since z2 = z3, 
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 _________________________

c) Get the distance 3 - 2 from the previous figure and calculate the acceleration from 
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 = _________________________
Indicate the direction of the acceleration with an arrow.

d) In the flow expanding, the flow is to the right but the net pressure force is to the left.  How is it possible for the flow to be going in a direction opposite to the pressure force?  There are not any other significant forces acting on the flow.  In your answer, include the aspect of the flow that gets its direction from the net force.  In formulating your answer, also consider an inclined plane and how it is possible to roll a ball up the plane.  After the ball has left your hand, the only force on it is the component of gravity acting down the plane (plus a little friction).  Still, you know that you can roll the ball up the plane in a direction opposite to the force acting on it.

5) During a flood in 1998, the surface velocity of the water in the middle Town Lake was 10 mph (14.67 ft/s).  The temperature of the water was 60°F and atmospheric pressure was 28.8 inches of mercury.  Neglecting viscous effects, estimate how high the water surface rose against the concrete supports for the Lamar Street bridge located in the middle of the river.


Procedure:

Write Bernoulli’s equation along the stagnation streamline from A to B.  Take the datum for elevations at the water surface at A.  Then zB is the amount of rise in the water surface.  Solve Bernoulli’s equation for zB.  In order to get this solution, you must get appropriate values for pA, pB, and VB.  Remember that point B is on the upstream side of the pier where the water runs against the pier and stagnates.  

zB = ?
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