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Objectives

To observe the idea  of Hydraulic Jump (sometimes referred to as Arkansas Surfing) .

Hydraulic Jump

A neat event called a hydraulic jump happens because water can flow at 2 different speeds but at the same flow rate. (Gallons per minute or cubic feet per second Note that the engineers in the United States, for the most part, use the English measurement system.) The idea goes something like this:

Flow rate is equal to the velocity of the liquid times the cross-sectional area of flow [distance across the water times the depth of the water].

Flowing water, as any moving object, has kinetic energy, and the amount of its kinetic energy is proportional to its velocity.  Water runs downhill and in the process converts potential energy (elevation) into kinetic energy (velocity).  I know, you’re wondering what this has to do with surfing in Arkansas, right?

If the water runs over a rock or a dam, and picks up enough speed, the potential energy can be converted into lots of kinetic energy -- enough so that the flow conditions are unstable.  It flows very fast and very shallow.  This is called “supercritical” flow.  If the water hits an obstruction or an irregularity in the channel, the water surface “jumps” up abruptly, converting some of the velocity back into height (or depth) and a “standing wave” or hydraulic jump is formed.  That’s what whitewater canoeists (not to be confused with whitewater scam artists and carpetbaggers) look for on rivers.  The hydraulic jump will hold a canoe or kayak and allow the paddler to “surf” the wave.  The “hole” is the shallow, high-velocity, supercritical flow zone directly upstream from the standing wave.  These can be fun when they are not “keepers” that take your boat away from you and try to drown you.  In no circumstance should you try to surf a wave made by an artificial structure such as a roadway, bridge, culvert, or a dam.  They are almost always keepers, and have killed too many people already. 

EXPERIMENT

Observe the hydraulic jump in the water trough.  We will measure the area of flow in the shallow water and deep water zones.  We will also attempt to measure speed in both zones.

Using a tape measure or measuring stick, measure the depth and the width of flow in the trough in both sections of flow.

Calculate the cross-sectional area of flow.  Area = Width x Depth.

Mark off a distance along the trough in each section of flow.

Drop a ball in the trough  and time it with a stopwatch as it travels the measured distance in each flow section.

Calculate the speed (velocity) of the ball in each flow zone by dividing the distance traveled by the travel time.  Multiply the velocity in the deep section by 0.7.�

Calculate the flow rate in each section.

An Observation:

A wave is created in  both upstream and downstream in the deep water, but the entire wave travels downstream in the shallow water.

evaluation

The suggested evaluation for this unit is to monitor student participation in the lab, assess data recorded and determine whether the conclusions drawn were well thought out and on topic.  Any of the former may be used as a stem of a rubric in the student portfolio. 



� The average velocity of the water is about 0.7 times the surface velocity.  The ball in the subcritical zone floats on the surface, but the ball in the supercritical section is in contact with the entire depth of the flow.
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