Ian Milligan
Josh Guo
Mathias Kullowatz


Page 1

1/23/2005
The Aerodynamic Effects of Various Surfaces on a Car


Abstract


In an effort to aid the Hewlett Packard Electrathon Team, this project delved into the aerodynamic aspects of cars in general; specifically the effect of the surface, or material on the outer layer of the car. In a wind tunnel a model car, with a body in the shape of a rectangular cube and with one of its sides facing the wind was tested. The materials tested included the base polycarbonate frame, a layer of sand paper, and layers of both petroleum jelly and toothpaste. Using force sensors to measure the force of the wind on each surface, it was concluded that the surfaces producing a larger force reading were less aerodynamically efficient. According to the data, the petroleum jelly surface was most efficient, followed by the base poly carbonate, the toothpaste, and finally the sand paper. Of course, there are many more surfaces that can be tested in this project, and there are different ways to test these materials, so by no means is this project totally complete. 

Introduction 

The objective of this study was to learn of the aerodynamic differences of various surface materials, if indeed there is a difference. Very little research has been performed regarding this project specifically; in fact, there was no past research found at all, or data dealing with it. This study was performed in an attempt to help the Hewlett Packard Electrathon Car-racing Team. Their problem was that their electrathon car reached a point at which it could not increase its speed without putting out an increasing number of amps. When the car reached about 37 miles per hour, the amp output was 40 Amps, but at just over 40 miles per hour, the amp output skyrocketed to about 60 Amps. The team believed that this Amp spike was due to an aerodynamic inefficiency, and the project was split into two parts: the effect of SHAPE, and the effects of SURFACE on aerodynamics. The results of this project could potentially be helpful to any scientists working with moving vehicles, specifically ground vehicles. And, obviously, this information may be important to the HP Electrathon Team in their efforts to win electric car racing competitions. 
An important concept in this study is that of the coefficient of drag.  This equation is: 
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*C = the coefficient of drag, g = gravitational acceleration, P = density of object, p = density of surrounding air, L = dimension of object (or cross-section), and V = velocity of fluid.  
Drag can be described as “the sum of all the aerodynamic or hydrodynamic forces in the direction of the external fluid flow. It therefore acts to oppose the motion of the object, and in a powered vehicle it is overcome by thrust (Wikipedia).” Though it may be difficult to use the full equation (because finding the density of surrounding fluid and the velocity of that fluid is difficult), it still very important to note that the cross-sectional area of the object is directly proportional to the drag coefficient. This means that all data recorded, and all differences between the forces exerted on the different surface areas, are amplified depending on the variance in size between the model car, and the real car. 
There is also an issue referred to as Blockage – the “ratio of model frontal-area to test-section-area. (Engineering)” This total percentage should not exceed 7.5% for best results. This study was not able to address the blockage issue as it appears too complex, but in future projects similar to this one, it can be used. Because the angle of the car tested in this project remained the same for every test, the blockage factor should have been nullified because it was a constant. An additional effect includes the Reflection/Correction effect.  This effect causes a “change in lift of lifting surfaces near solid boundaries (for example ground effect); therefore wind tunnel corrections have to be taken in account. (Engineering)” Once again, due to the complexity of this principle it was unaccountable for and was treated as another constant variable throughout this experiment. 

We expected to see a direct correlation between surface texture smoothness and aerodynamic efficiency. Therefore, we believed that the petroleum jelly and basic polycarbonate surfaces should be the most aerodynamically efficient. This is assumed because it has proven to be true for other engineering feats that require aerodynamic efficiency, such as planes, cars, and even bicycles. All of these vehicles are made of smooth metal, or plastic, materials. 

Methods

Disclaimer: The testing methods used in this experiment were altered as necessary until the best, most efficient process was discovered. 

The materials used in the experiments included: polycarbonate sheets, sand paper, petroleum jelly, Colgate toothpaste, wind tunnel, string, duct tape, hot glue/glue gun, band saw,  Vernier Pro Dual-Range Force Sensors, Laptop with Lab Pro and Logger Pro software and a Dynamics car. 

All tests were performed in the Crescent Valley shop with CV’s own wind tunnel and took place during January and February of 2005. 

Process

1. First, a model car was constructed. Two ¼-inch thick polycarbonate sheets, one 6.5 x 6.5 inches and the other 6.5 x 6.75 inches, were glued together at a 90-degree angle using the hot glue gun. A smaller polycarbonate square (4 x 4 inches) was glued onto the top to prevent air from “pocketing” behind the V-shaped frame. The frame was then glued onto the Dynamics Cart so that the edge where the two larger polycarbonate squares met was facing the front of the car (the wind should now glance off the sides of the car at 45-degree angles). 
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2. To setup the test area, a Dual-Range Force Sensor was placed inside the wind tunnel testing area and taped down so that it would not move. A string was then tied from the force sensor to the car (note: it is important to use the same string and string length for each test). The force sensor was connected to the Lab Pro, which in turn was connected to the computer so that all data could be read by the Vernier Logger Pro software. 

3. For the actual testing, the wind tunnel was turned on so that the car was facing the wind. As the wind forced the car back, the sensor measured the tension in the string caused by the drag on the car. For more accurate results, each test was conducted for 120 seconds, while taking 200 samples per second.


4. For each new material, the test was simply repeated in the exact same fashion as all the other tests so that there was only one variable: the material.
Things to note:

· When applying toothpaste and Petroleum Jelly, use a flat surfaced instrument, such as a ruler, to spread as thinly and evenly across the polycarbonate frame.  
· The sandpaper used had a GRIT of 80.  But various GRITS of sandpaper would be good to test (lack of resources was a problem for this experiment).

Testing Observations

January 6, 2005: The vibrations made by the fan affect the force exerted on the car. The vibrations cause the force to oscillate up and down, possibly fudging the results. Once again this aspect was treated as a constant in all tests.

January 13, 2005: Though the data is displayed exclusively in 2-minute segments, the original testing was conducted in 10 second intervals.  
Testing Results

Week 1, January 6, 2005: The polycarbonate frame was tested for the first time, and an average force of 4.42 N was exerted on the car by the wind. A maximum force of 6.21 N and a minimum of 2.88 N were also read by the Logger Pro. 
Week 2, January 13, 2005: Using a new wind tunnel cover that leaks less air, sand paper was taped onto the two sides facing the wind, and the average force on the car was 4.48 N with a maximum force of 5.19 N and a minimum of 3.74 N. 

Week 3, January 20, 2005: In a retest of the polycarbonate, an average force of 4.40 N was exerted on the car while a max of 5.00 N and a minimum of 3.91 N were also obtained. 
Week 4, January 21, 2005: Both toothpaste and petroleum jelly were spread on the sides of the car (separately). The results were:

Toothpaste( Average force: 4.46 N; Max: 5.16 N; Minimum: 3.92 N

Petroleum Jelly( Average: 4.39 N; Max: 4.98 N; Minimum: 3.65 N 

Note:  Other weeks were spent developing testing techniques and preparing the car (e.g. building the polycarbonate frame)
Fig. 1



      Force vs. Time Graph for Sand Paper
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Figure 1 shows the force exerted on the model car layered with sand paper.

Fig. 2


 Force vs. Time Graph for Polycarbonate
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Figure 2 shows the force exerted on the polycarbonate frame.

Table 1                                        Forces Exerted on Surfaces
	Surface Material
	Average Force
	Max Force
	Minimum Force

	Polycarbonate
	4.40 N
	6.21 N 
	2.88 N

	Sand Paper
	4.48 N
	5.19 N
	3.74 N

	Toothpaste
	4.46 N
	5.16 N
	3.92 N

	Petroleum Jelly
	4.39 N
	4.98 N
	3.65 N


Table 1 shows the average, maximum and minimum forces exerted on each material.
Note: Unfortunately graphs for toothpaste and petroleum were not saved due to a rush on January 21, 2005.

Discussion
           The most direct correlation that could be seen between the surface and the amount of force felt by the Dual Range Force Sensor was the smoothness of the surfaces to the amount of drag felt.  Sandpaper felt an average force of 4.48N whereas plain polycarbonate only felt 4.40N. This therefore provides sufficient evidence to ascertain that our hypothesis is correct.  Again, there was very little scientific research on this aspect of aerodynamics.  However some conclusion can be made based on observations made.  
            Some of the primary causes and implication of our results, that will need to be further researched, include the molecular properties of the material.  Even though the average forces felt may have been very close (petroleum jelly = 4.39N, polycarbonate = 4.40N) the maximum and minimum range was drastically different.  It seems that not only does the texture of the material matter, but also perhaps some atomic properties of the material.  The petroleum jelly seems to be able to regulate wind flow better than polycarbonate (poly-max = 6.21N, poly-min = 2.88N, petroleum-max = 4.98N, petroleum-min = 3.65N) perhaps due to the ability of the gel to bind to air.  The true significance of this observation has to do with engine strain.  Even though the average force felt may be the same, the fluctuation of forces produced by the polycarbonate may prove to be more strain on the engine; always coping with the changing drag forces.  The battery, which supplies the power, has to also cope with this by constantly increasing and decreasing its amp output to a larger degree; resulting in power loss in various other forms such as heat.  These probable causes need further researching. 

             Another cause for our results can be possibly attributed to the materials chosen.  The main focus was to test as many smooth and rough surfaces as possible to determine which one was more efficient.  However, there was an unclear concept with the texture of the materials, even though it’s closely related with smoothness.  Something can be smooth but textured to varying degrees, such as a gel (which also depends on how it’s spread on).  This can be illustrated also in a golf ball.  The material of the golf ball is smooth, but the texture is a dimpled surface.  This can be an independent variable in itself or it can be observed as a variable tied in with smoothness.  Experimentation shows that there it is definitely a factor in some form (such as between sandpaper and toothpaste (s-avg = 4.48N t-avg = 4.46N, the range of minimum and maximum being really close too), but it’s unclear how it factors in.  The sandpaper, being roughly textured, might still be smooth (each individual grain might be smooth).  Further research can probably find the connection between the two.      
             Other errors that need to be factored into this experiment are ones that deal with the equipment.  The wind tunnel was old and in many places needed repairing; the sealing aspects, or lack thereof, of it are unknown.  The polycarbonate was glued together using hot glue, which could have easily contributed to some of the drag produced.  The force sensor’s accuracy could’ve been off slightly; especially on such a small scale of measurement which was used during this experiment.  Additional blunders could’ve come from cutting materials at slightly different angles than intended; human error and cutting machinery error.   

             Further research that could be conducted in this area includes the two aspects discussed above.  Also, if appropriately funded, could conduct experiments with metals; the rational form of material to build cars out of.  Originally the experiment was designed to include such tests, but funding, obtaining, and shaping such materials was far out of our scope.   
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