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Abstract

Public fountains can be an amazing spectacle, but all that can change if a beautiful site turns into an unwanted shower due to a windy day.  Fountains are given levels of intensity so that a beautiful site doesn’t become ugly.  How can we determine what level the height of the water should be set at so that the wind wouldn’t blow the water onto a watching crowd?

Using an anemometer placed on top of an adjacent building we are able to determine the velocity of the wind.  The anemometer would be linked to a mechanism in the fountain that would determine what the initial velocity of the water leaving the pump should be to get a desired height.  There would be preset heights in the pump so that if the velocity of the wind falls in a range that is preprogrammed than the height would be adjusted accordingly.  

By using our model the preset heights can be determined and spectators will not get wet.  Our model takes the velocity of the wind and determines what height can be achieved without getting anyone wet.   Our results show that by using the data given by the anemometer the correct height of the water can be achieved.   

We believe that using our model will allow this fountain to be a work of art and not an annoyance.  People will be able to stay dry and watch the show.  

Restatement of the Problem


In a large city square there is an ornamental fountain.  On the top of one of the buildings in the square sits an anemometer (an instrument that determines wind speeds and direction).  The anemometer is linked to a mechanism that controls the height of the water being sprayed out of the fountain.  On a windy day the anemometer should tell the mechanism to produce less water so that pedestrians do not get soaked. 

The task at hand is to devise and algorithm that takes the wind speed and direction given by the anemometer to adjust the water-flow accordingly.  If the wind is high then the water should be turned down, if the wind is lower then the level can be turned back up.  

In order to achieve this an equation is needed to determine what the effect the wind has on the flow of the fountain.  Then that equation will be used to determine what flow level is appropriate at a range of wind speeds so that spectators do not get an unwanted shower.  

Assumptions

1.) The first assumption we made is that the pool that surrounds the fountain is round.     That way, the distance from the center of the fountain to the edge of the pool will be the same all the way around the pool.

2.) The fountain is shooting the water vertically.

3.) The pump of the fountain releases a stream, rather than a spray.

4.) We are assuming that the wind is moving in a horizontal direction.

5.) The pump is at ground level.

6.) The pump has just 3 or 4 settings, which allows the water to be released to only 3 or 4 different heights. ( Data available at http://www.customfountains.com/float/wind.htm, and http://www.hbabrams.com/025.htm )

7.) The wind speed is the same at the fountain as it is on top of the building, where the anemometer is positioned.

Analysis of the Problem


The horizontal distance an unacceptable amount of spray falls from the pump should be equal to the radius of the pool, so that this spray falls in the pool and not on passersby.  The spray that is blown the greatest distance by the wind will come from the water at the maximum height of the fountain.  The maximum height the water should reach without soaking the people can be calculated based upon the wind velocity, measured by the anemometer, and the radius of the pool.

Table of Variables

h
Maximum Height of Water

d
Horizontal Distance Spray Falls from Pump

r
Radius of Pool

Vw
Velocity of Wind

b
Height of Pump

g
Negative Acceleration of Gravity

s
Time Spray Takes to Travel from Maximum Height (h) to Ground Level

V0
   Initial velocity of Water Leaving Pump

Design of the Model
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We first need to determine the time (
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) the spray takes to travel from the maximum height of the water from the pump (
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) to ground level.  Note the height of ground level equals 0, 
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 is the negative of the acceleration due to gravity, and initial vertical velocity is 0, so 
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Next we need to find the horizontal distance (
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) traveled in 
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 based on the velocity of the wind (
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.  If  d was greater than the radius of the pool (r), then the water would land outside of the pool, so to find the maximum height we will let d=r. Now we need to find maximum height of the water based on the velocity of the wind. Through substitution, r = 
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The height the water reaches is determined by the height of the pump (b) and the initial velocity of the water leaving the pump (
[image: image14.wmf]V
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). Note that the water has reached its maximum height when its vertical velocity is reduced to 0. We then have the equation 
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. Through substitution and simplification, we get the algorithm 
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So the fountain will pump the water depending on the initial velocity, which is determined by the radius of the pool, the height of the pump, the velocity of the wind, and the acceleration of gravity. When applied, g, r, and b are constants. Therefore the initial velocity of the water is dependent on the velocity of the wind.

Realistically most pumps only have a few settings, and all pumps have a maximum initial velocity. For our model, we chose to include 5 settings:  4 different initial velocities, and one off setting. Initial velocities would be preset by the user.

The variables represent the different settings of the initial velocity:
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If the value of 
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 is greater than or equal to 
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, then the initial velocity setting of the pump will be 
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Example


As an example we will take a random city and a range of wind speeds and place them into our equation to give an idea of how our model would work.  We are going to use a fountain with a pool size of 30 meters (radius = 15 meters).  The resulting heights will tell us how high the water can be sprayed without leaving the boundary of the pool.  This will then be used to determine what the set levels of the fountain will be based on the velocity of the wind.  The chart below shows some results from this example. For example if we have a pump with five different levels (4 heights and an off position) it will be programmed that if the wind falls between 8 and 14 meters per second than the height or level will be set at 20 meters.  

	Wind Speeds in meters per seconds
	Resulting height in meters

	8
	34.46

	10
	22.05

	12
	15.31

	14
	11.25

	16
	8.61

	18
	6.81

	20
	5.51

	22
	4.56

	24
	3.82

	26
	3.26

	28
	2.81

	30
	2.45


Strengths and Weaknesses


Some of our weaknesses consist of some of the assumptions that needed to be made.  We assumed that the wind speed is going to be the same where the anemometer is and where the fountain is.  We cannot account for the fact that the buildings may be cutting down on the wind that is affecting the water-flow.  Another weakness is that we don’t know how the wind will affect the spray.  Our solution takes how far the water would travel horizontally from its highest point assuming that it travels at the same velocity as the wind. 


One of our strengths is that the equation that we had discovered is easy to use.  The solution from that equation is then related to certain levels that are programmed into the fountain and the water will be sprayed out accordingly.  Another strength is that our formula can be applicable to any size fountain.  

Testing


The testing of our model would require implementing it with smaller fountains to see if the calculations are correct.  Once that is done than the fountains can be built on a larger scale and spectators will not get wet.  

References 

Fountain Level Controls, http://www.customfountasins.com/float/wind.htm.

Fountain Level Controls, http://www.hbabrams.com/025.htm.

Sedimentation and Centrifugation. 1990. Encyclopedia of Physics. VCH Publishers Inc.

PAGE  
1

_1074856176.unknown

_1074859070.unknown

_1074860554.unknown

_1074860845.unknown

_1074860914.unknown

_1074861251.unknown

_1074861274.unknown

_1074860933.unknown

_1074860862.unknown

_1074860652.unknown

_1074860723.unknown

_1074860612.unknown

_1074859306.unknown

_1074859356.unknown

_1074859129.unknown

_1074857133.unknown

_1074857592.unknown

_1074857947.unknown

_1074857577.unknown

_1074856743.unknown

_1074856992.unknown

_1074856713.unknown

_1074855528.unknown

_1074855827.unknown

_1074856133.unknown

_1074855806.unknown

_1074855495.unknown

_1074855509.unknown

_1074855411.unknown

_1074855474.unknown

_1074855393.unknown

