
Electrathon Aerodynamics

The concept of aerodynamics is outlined in the following extract by Ollie Brower from Derby Tech.

Streamlined Shapes

In still air, the ideal performance is to get the displaced air to converge behind the tail and come to rest, as still as it was before it was moved by the nose. If the air is moving when it leaves the tail, it has lost energy, by setting this air in motion. This energy loss is called drag, and it causes a retarding force slowing down the racer. In order to close at the tail of the racer, the air must follow the racer's surface. Air separates for all soap box racers. Separation occurs because the boundary layer of air next to the surface experiences friction, and looses speed, and moves along with the racer. This friction in itself may be minor, but it can control the whole flow pattern. If air in the boundary layer stays with the racer's surface, then it blocks the path of the air your racer is going through next, and deflects that air away from the surface. A separated flow creates a large wake of disturbed air at the rear of the racer, which trails along behind the racer, instead of leaving it cleanly and coming to rest (relative to the surrounding air). Pressure in the wake is lower than in an unseparated boundary layer where it closes at the tail, so the energy invested at the nose of the racer is not returned. This wake is the major source of drag for unstreamlined racers. Air that doesn't move with the racer causes friction with the air on the surface of the racer and helps prevent turbulence. The principal task of streamlining is to expose the boundary layer to a sufficient amount of this friction. Stagnation and separation are most likely to occur around projections (axle trees, cables, headrest, and wheel pins) and sharp curvatures, where the boundary layer is sheltered from the outer stream of air. The need to keep the boundary layer out in the wind is what determines the characteristic smooth curvatures and gentle tapers of streamlined shapes. The air flow works exactly as does a wheel going over a bump. The air must return energy on the back side of of the airfoil (car body), as the wheel regains energy on the backside of a bump.

Aerodynamic power consumption is considered from three sources: aerodynamic drag of the vehicle (and driver), rolling resistance of tires, and aerodynamic drag of spinning the wheels in the air. The equation is:

Power = V3CdAd/2 + WFrV + FwV3,

where: V = velocity (m/s),

CdAd/2 is the coefficient of drag times 1/2 the air density times frontal area,

W = combined weight of car and driver,

Fr = rolling friction, and is about 0.0022 for Continental Olympic tire or 0.0027 for high pressure clincher tires on asphalt,

Fw is a measure of the drag to rotate the wheel, and is about 0.008 for a rear disc and aero front (about 20 watts at 30 mph).

Cd - Drag coefficient

Typical drag coefficients are given in the following table:
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An electrathon car with no or minimal body streamlining is probably around 1 while an excellently streamlined car could approach .1. Note that the ratio of width to length for the airfoil shape (.18:1) and a body width of 24" (adult shoulder width or two automotive batteries end to end) gives a car length of over 11 feet.

Here’s a "fat" NACA airfoil that shows how a wing is designed.

[image: image2.png]



The long taper at the back is to keep the flow attached all the way to the end, reducing drag and maximizing lift. Our foil will be symmetric (both sides of the car are the same) so we don’t get lift, or it would be sidethrust in our case. Note how far forward the maximum width is and how long the tail of the airfoil is. For a width of 24" between the leftmost 2 and 4 this airfoil is over ten feet long.

Forces on the Vehicle

Wind Resistance, Fw, is the force in newtons on the vehicle caused by wind drag. Variables affecting drag are effective frontal area of bike and rider, A, drag coefficient, Cw, air density, Rho, and speed, Vmps. See also Air Density. 

As noted these equations are derived from bicycles. The frontal area of a bicycle and rider is hard to measure. Often it's calculated from some form of a coast down test or from speed verses power data. Typical values for a bicycle and rider with no fairing are around .5 m2. The BSR frame is .6 M wide and .88 m to the top of the drivers head. Each wheel is about 120 mm by 60 cm. So our approximation of the frontal area is:

.6 x .88 + 2 (.12 x.6) = .669 m2
Rolling Resistance, Frl, is the force in newtons on the rider and bike caused by the rolling friction on the road. Variables affecting rolling resistance are the coefficient of rolling resistance, Crr, and the weight of the vehicle and driver, Wkg.

Power is the work required per unit of time to overcome the net forces acting on the vehicle.

Ad - Air Density

The air resistance acting on a rider is directly related to the density of the air, the greater the density, the greater the force. Under standard conditions, the air's density at altitude is less than at sea level. The following table shows typical values:

Elevation Air Density Units

Sea Level 1.226 kg/m3

1500 m 1.056 kg/m3

3000 m 0.905 kg/m3

Although the above values are typical, on any given day the air's density may be much different from values given in the above table. However they have little influence on the design of an electrathon car, unless we are attempting to compare the performance of cars in different locations. Since all cars at a given race will run in almost identical air densities the actual value chosen is not important.

 

An Electrathon Example

The power consumed at various speeds is shown in the following graph.
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Where:

Chassis is the car with no bodywork, wheels and driver exposed.

Body is a rudimentary body covering driver and car.

Aero shell is a shell covering driver and almost all the wheels.

Aero Mk II is a hyper streamlined shell with a supine driver position giving reduced frontal area.

We can state this the other way around, which is more useful for our design exercise. For a half horsepower output, corresponding to a steady current draw of 15.5 amps at 24 volts, the vehicles attain the following speeds:

Chassis 35 km/h

Body 52 km/h

Aero shell 65 km/h

Mark II Aero 74 km/h

The BSR test vehicle with no body, corresponding to the "Chassis" configuration was timed at 35 km/h on a level track.

Design and Construction

Soap Box Derby cars attain speeds of 25 to 30 mph and have lots of data on construction.

DERBYTECH
The following is a scaled up car body design from Paul Gale to make the maximum dimension 24" in width. Soap box derby cars are 14" wide!
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[image: image5.png]Former "X Dim v Dirn (1) "y" Dim (2)
1 18 2 28
2 36 27 38
3 72 37 52
4 108 45 62
5 143 5.1 71
6 215 6 85
7 287 68 95
8 43 78 11
9 573 84 118
10 717 86 12
11 86 83 17
12 100.3 75 105
13 1147 6 84
14 129 36 5
15 136.2 2 28

Tail 1434 0 0

eading edge Radius 14 28




Dimensions are in inches. Column (1) is NACA 67-012, Column (2) is NACA 67-017. The original was sized for a length of 83.65" (class rule is 84" max) so that .24" wood strips covered with fibreglass would bring the shell up to max permissible size.
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An innocent bystander admires the BSR racing Shadow "Shadow" with the semi-translucent dark smoke unobtanium shell (Cd=.15). 
Check out Wilber's Aerodynamics Spread Sheet
Questions or comments e-mail BSR 
Black Shadow Racing Home Page
See bottom of home page for copywright information
624 
