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Abstract:
           Today in automotive industries, aerodynamics play vital role in vehicle design. In developing a new road vehicle it is essential for the designer to understand thoroughly the structure of the flow around the vehicle. This will have influence on such principal features such as the shape of the vehicle, aerodynamic drag, fuel consumption, noise production and road handling. The main concern of automotive aerodynamics are reducing drag, wind noise, preventing undesired lift forces at high speed and other causes of aerodynamic instability at high speed. This paper describes the aerodynamics concept for ground vehicles. It also explains traditional and recent methods used for aerodynamic analysis. It also discusses the various aerodynamics aids.

Introduction: 
              Aerodynamic forces and moments, as well as the tire-road forces, affect "g-g" maneuv​ering performance (and stability and control). Unlike the tire forces which are primarily independent of speed, the aerodynamic forces increase rapidly with speed. For example, aerodynamic drag determines the vehicle's performance characteristics at high speed including maximum speed, forward acceleration at the higher speeds, and braking deceleration. In addition to the direct effects of aerodynamic forces, the interaction of the aerodynamic and tire forces can have a large effect on lateral acceleration performance. For example, aerodynamic downforce (negative lift) increases the tire loads and this in turn increases the lateral force capability of the tires. (1)These factors impact fuel economy, handling and NVH of the vehicle. (2)The motion of air around a moving vehicle affects all of its components in one form or another. Engine intake and cooling flow, internal ventilation, tire cooling and overall external flow all fall under the umbrella of vehicle aerodynamics. (3)
Objectives Of Aerodynamics
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Fig. 1. Spectrum of Tasks for Aerodynamics (4)
The objectives to be achieved using aerodynamics are illustrated in the figure 1 above. It may be noted that aerodynamics does not only play an important role in the performance and stability of the vehicle but also in other critical factors such as; cooling, comfort and visibility.
Basic Concepts: 

Bernoulli’s Equation:

The gross flow over a body of a car is governed by the relationship between velocity and pressure expressed in Bernoulli’s Equation (Bernoulli’s Equation assumes incompressible flow, which is reasonable for automotive aerodynamics, whereas the equivalent relationship for compressible flow is Euler’s Equation). The equation is:
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Where,
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This relationship is derived by applying Newton’s Second Law to an incremental body of fluid in a well-behaved fashion. For purposes of explanation, “well-behaved” simply means that the flow is moving smoothly and is experiencing negligible friction-condition that apply reasonably to the air stream approaching a motor vehicle. In deriving the equation, the sum of the forces brings in the pressure effect acting on the incremental area of the body of fluid. Equating this rate of change of momentum brings in the velocity term. Bernoulli's equation stales that the static plus the dynamic pressure of the will be constant (Pt) as it approaches the vehicle. Visualizing the vehicle as stationary and the air moving (as in a wind tunnel), the air stream along lines, appropriately called “streamlines”. 
A bundle of streamlines forms a stream tube. The smoke stream used in a wind tunnel allows streamtubes to be visualized.
At a distance from the vehicle the static pressure is simply the ambient, or barometric, pressure (Patm). The dynamic pressure is produced by the relative velocity, which is constant for all streamlines approaching the vehicle. Thus the total pressure, Pt is the same for all streamlines and is equal to 
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As the flow approaches the vehicle, the streamtubes split, some going above the vehicle, and others below. By inference, one streamline must go straight to the body and stagnate (the one shown impinging on the bumper of the car). At that point the relative velocity has gone to zero. With the velocity term zero, the static pressure observed at that point on the vehicle will be Pt. That is, if a pressure tap is placed on the vehicle at this point, it will record the total pressure.

Consider what must happen to the streamlines flowing above the hood. As they first turn in the upward direction, the curvature is concave upward. At a distance well above the vehicle where the streamlines are still straight, the static pressure must be the same as the ambient. In order for the air stream to be curved upward, the static pressure in that region must be higher than ambient to provide the force necessary to turn the air flow. If the static pressure is higher, then the velocity must decrease in this region in order to obey Bernoulli's Equation.

Conversely, as the flow turns to follow the hood (downward curvature at the lip of the hood) the pressure must go below ambient in order to bend the flow, and the velocity must increase.

In the absence of friction the air would simply flow up over the roof and down the back side of the vehicle, exchanging pressure for velocity as it did at the front. In that case, the pressure forces on the back side of the vehicle would exactly balance those on the front, and there would be no drag produced.

The drag is due in part to friction of the air on the surface of the vehicle, and in part to the way the friction alters the main flow down the back side of the vehicle.

On the front face of a vehicle body, the boundary layer begins at the point where the stagnation streamline hits the surface. In the boundary layer the velocity is reduced because of friction. The pressure at the stagnation point is the total pressure (static plus dynamic) and decreases back along the surface.

The pressure gradient along the surface thus acts to push the air along the boundary layer, and the growth of the layer is impeded. Pressure decreasing in the direction of flow is thus known as a "favorable pressure gradient," because it inhibits the boundary layer growth.
As the flow turns again to follow the body, the pressure again increases. The increasing pressure acts to decelerate the flow in the boundary layer, which causes it to grow in thickness. Thus it produces what is known as an "adverse pressure gradient." At some point the flow near the surface may actually be reversed by the action of the pressure as illustrated in Figure 2. The point where the flow stops is known as the "separation point." 
Note that at this point, the main stream is no longer "attached" to the body but is able to break free and continue in a more or less straight line. Because it tries to entrain air from the region behind the body, the pressure in this region drops below the ambient. Vortices form and the flow is very irregular in this region. Under the right conditions, a Von-Karman Vortex Street may be formed, which is a periodic shedding of vortices. Their periodic nature can be perceived as aerodynamic buffeting. 
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Fig. 4.4 Flow separation in an adverse pressure gradient.




Fig. 2. Flow separation in an adverse pressure gradient.
The phenomenon of separation prevents the flow from simply proceeding down the back side of a car. The pressure in the separation region is below that imposed on the front of the vehicle, and the difference in these overall pressure forces is responsible for "form drag." The drag forces arising from the action of viscous friction in the boundary layer on the surface of the car is the "friction drag."

1. SAE Aerodynamic Axis System (1)
Historically, wind tunnel facilities worldwide have used different nomenclature and reference axes. In order to "provide a common nomenclature for use in publishing road vehicle aerodynamic data and reports" the SAE Road Vehicle Aerodynamics Committee has published J1594, "Vehicle Aerodynamics Terminology". This committee includes international representation.

The axis system origin is located on the ground at mid-wheelbase and mid-track as shown in Figure 2.

x is positive forward

y is positive right

z is positive downward
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Fig. 3. SAE Aerodynamic Axis System (1)
2. Aerodynamic Force/Moment Coefficients

Aerodynamic forces and moments are primarily due to pressure changes over the body surface. These pressure changes vary directly with the dynamic pressure of the free stream, q∞. The actual forces are also proportional to some reference area which is re​lated to the area upon which the pressure changes act (a reference area is used for con​venience since it may be difficult to calculate the actual area). Finally, a coefficient must be introduced to take into account the effect of the body shape on the velocity distribu​tion over the body and the orientation of the body in the fluid. The drag coefficient, CD, is defined as
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Where
D = drag in lb.

A = reference area in ft.2, usually the frontal or the plan area of the vehicle 
q = q∞ in lb. /ft.2 
CD is nondimensional.
Thus CD is the drag per unit area per unit q∞ (the kinetic energy in the airstream available for conversion to pressure and force).

Moments and torques result from aerodynamic forces and depend on a reference length, 
WB (= wheelbase, l ).
The six forces and moments are then given by (Ref. Fig. 2)
	Lift, L
	 = CL q∞ A
	 (positive upward, L =  −  FZ)

	Drag, D
	 = CD q∞ A
	 (positive rearward, D =   −  Fx) 

	Side Force, S
	 = Cs q∞ A
	 (positive to right, S = + Fy)


	Pitching Moment, PM
	= CPM q∞ A x WB 
	(positive nose up PM = MY)

	Yawing Moment , YM
	= CYM q∞ A x WB 
	(positive nose right YM = MZ)

	Rolling Moment, RM
	= CRM q∞ A x WB 
	(positive right side down RM = MX)

	
	
	


2.1 Drag Component

Drag is the largest and most important aerodynamic force encountered by passenger cars at normal highway speeds. The overall drag on a vehicle derives from contributions of many sources. Various aids may be used to reduce the effects of specific factors. Figure 4 lists the main sources of drag and the potential for drag reductions in these areas estimated for cars in the 1970s.
	DRAG COEFFICIENT COMPONENT
	TYPICAL VALUE

	Fore body

Afterbody

Underbody

Skin Friction
	0.05

0.14

0.06

0.025

	Total Body Drag
	0.275

	Wheels and wheel wells

Drip rails

Window recesses

External mirrors
	0.09

0.01

0.01

0.01

	Total Protuberance Drag
	0.12

	Cooling system
	0.025

	Total Internal Drag
	0.025

	Overall Total Drag
	0.42

	VEHICLE OF THE 1980s

Cars

Vans

Pickup trucks
	 

0.30 - 0.35

0.33 - 0.35

0.42 - 0.46


Fig. 4. Main Sources of Drag on Passenger Car (2)
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Fig. 5. Influence of Rear end inclination and shape modification on Drag. (4)
For the vehicle represented in the figure 5, approximately 65% of the drag arises from the body (forebody, afterbody, underbody and skin friction). The major contributor is the afterbody because of the drag produced by the separation zone at the rear. It is in this area that the maximum potential for drag reduction is possible. Figure 5 shows the influence of rear end inclination angle on the drag for various lengths of rear extension (beyond the rear edge of the roof line).
Forebody drag is influenced by design of the front end and windshield angle. Generally the "roundness" of the front end establishes the area over which the dynamic pressure can act to induce drag. Figure 6 shows the influence of the height of the front edge of the vehicle. The location of this point determines the location of the streamline flowing to the stagnation point. This streamline is important as it establishes the separation of flow above and below the body. Minimum drag is obtained when the stagnation point is kept low on the frontal profile of the vehicle. A well-rounded shape, in contrast to the crisp lines traditionally given to the frontal/grill treatment of passenger cars, is equally important to aerodynamics. A rounded low hood line can yield reductions of 5 to 15% in the overall drag coefficient.

The windshield establishes the flow direction as it approaches the horizon​tal roof. Thus its angle has a direct influence on drag, particularly on trucks. Shallow angles reduce drag, but complicate vehicle design by allowing increased solar heating loads and placing more critical demands on the manufacturer of the windshield to minimize distortion atshallow angles. Figure 6 shows the change in drag as the windshield angle is increased from the nominal angle of 28 degrees.
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Fig. 6. Influence of Front End Design and Windshield angle on Drag. (2)
The underbody is a critical area generating body drag. Suspensions exhaust systems and other protruding components on the underbody are responsible for the drag. The air flow in this area is a shear plane controlled by zero air speed on the road surface, and induced flow by drag of the underbody components. The recognized fix for minimizing underbody drag is the use of a smooth underbody panel. Protuberances from the body represent a second area where careful design can reduce drag. The wheels and wheel wells are a major contributor in this class. Significant drag develops at the wheels because of the turbulent, recirculating flow in the cavities.
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Fig. 7. Design of Underbody to Minimize Drag. (4)
2.1 Side Force:

The lateral wind components will also impose a side force on the vehicle attempting to change its direction of travel. The exact effect depends both on the vehicle and the nature of the wind. In strong crosswinds, the side force is typically greater than the drag force, such that the angle of the overall wind force is much greater than the relative wind angle. When the vehicle first encounters a crosswind condition on the road (a transient crosswind), the lateral force is first imposed on the front of the vehicle and may divert it in the downwind direction. The aerodynamic shape of the vehicle and even the steering system characteristics affect performance in this sense.

2.2 Lift Force:

The pressure differential from the top to the bottom of the vehicle causes a lift force. These forces are significant concerns in aerodynamic optimization of a vehicle because of their influence on driving stability. The lift force is measured at the centerline of the vehicle at the center of the wheelbase. As we can see in Figure 7, the lift force is dependent on the overall shape of the vehicle. At zero wind angles, lift coefficients normally fall in the range of 0.3 to 0.5 for modern passenger cars, but under crosswind conditions the coefficient may increase dramatically reaching values of 1 or more. Lift can have a negative impact on handling through the reduced control forces available at the tires. Front lift, which reduces steering controllability, is reduced by front bumper spoilers and by rearward inclination of front surfaces. Lift at the rear of the vehicle, which also reduces stability, is the most variable with vehicle design. In general, designs that cause the flow to depart with a downward angle at the rear of the vehicle create rear lift. Lift can be decreased by use of underbody pans, spoilers, and a change in the angle of attack of the body (a 3-degree cant on the body can decrease lift force by 40 percent).
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Fig. 7. Aerodynamic lift and drag forces with different vehicle styles.

Pitching Moment

While the lift force acts to decrease (or increase) the weight on the axles, the pitching moment acts to transfer weight between the front and rear axles. Pitching moment arises from the fact that the drag does not act at the ground plane (thus it accounts for the elevation of the drag force) and the lifting force may not act exactly at the center of the wheelbase. Because it is a moment equation, a characteristic length is needed to achieve dimensional consistency in the equation. The vehicle wheelbase is used for this purpose. A moment can be translated about without changing its effect, so there is no need for a "point of action." Most modem cars have a pitching moment in the range of 0.05 to 0.2, and it is quite sensitive to the angle of attack on the vehicle. 

Yawing Moment

The lateral force caused by a side wind does not normally act at the mid-wheelbase position. Thus a yawing moment, YM, is produced. The yawing moment coefficient varies with wind direction, starting at zero with zero relative wind angle and growing almost linearly up to 20-degree angle. The slope of the coefficient at small angles ranges from 0.007/deg to 0.017/deg.

Rolling Moment

The lateral force caused by a side wind acts at an elevated point on the vehicle. Thus a rolling moment, RM, is produced. The moment has only a minor influence on vehicle stability, depending largely on the roll steer properties of the suspensions. The rolling moment coefficient is sensitive to wind direction much like the yawing moment coefficient, being quite linear over the first 20 degrees of relative wind angle. The slope of the rolling moment coefficient ranges from 0.018/deg to 0.04/deg.
Methods Used for Evaluating Vehicle Aerodynamics

Aerodynamic evaluation and refinement is a continuous process and an integral part of automotive engineering, which is not limited to the vehicle initial design phase only. Typical analysis and evaluation tools used in this process may include wind tunnel test​ing, computational prediction, or track testing. Each of these methods may be more suitable for a particular need and, for example, a wind tunnel or a numeric model can be used during the initial design stage prior to the vehicle being built. Once a vehicle exists, it can be instrumented and tested on the track

Wind Tunnel Test:
 Traditionally, wind tunnel testing was a sizeable trial and error process, ongoing throughout the development of a vehicle. Today, with the high level of CAD prediction and pre-production evaluation, coupled with a greater human understanding of aerodynamics, wind tunnel testing often comes into the design process later. The wind tunnel is the proving ground for the vehicle's form and allows engineers to obtain considerable amounts of advanced information within a controlled environment. Whilst advanced design processes can anticipate a large proportion of aerodynamic performance, it is still crucial to assess a vehicle in the wind tunnel. Many elements of a vehicle's form only reveal their behavior in air 
flow when carefully tested and cannot be anticipated on computer. The reality of production, tolerances in components and accuracy of build can all play a part in affecting the aerodynamic behavior of a car. Aside from engineering concerns, manufacturers are increasingly looking to see how to improve the customer-side of aerodynamics. 
For example, wind noise from door mirrors is considered very undesirable and can only really be evaluated in a wind tunnel. Other, less obvious issues can also be examined - such as whether air flow forces water through seals or dirt into door apertures. Sophisticated sound equipment is used in the wind tunnel to compile data on wind noise.
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Fig.8. Wind Tunnel Test

In the Figure 8, a stream of smoke travels over the vehicle in the wind tunnel as air passes from right to left. It can be clearly seen that laminar air flow remains attached until the very rear of the vehicle, emphasizing just how carefully aerodynamic performance has been considered.
Air is blown or sucked through a duct equipped with a viewing port and instrumentation where models or geometrical shaped are mounted for study. Typically the air is moved through the tunnel using a series of fans. For very large wind tunnels several meters in diameter, a single large fan is not practical and so instead an array of multiple fans area used in parallel to provide sufficient airflow. Due to sheer volume and speed of air movement required, the fans may be powered by stationary turbofan engines rather than electric motors.
The airflow created by the fans that is entering the tunnel is itself highly turbulent due to the fan blade motion, and so are not directly useful accurate measurements. The air moving through the tunnel needs to be relatively turbulence-free and laminar. To correct this problem, closely-spaced vertical and horizontal air vanes are used to smooth out the turbulent airflow before reaching the subject of testing. Due to the effect of viscosity, the cross-section of wind tunnel is typically circular rather than square, because there will be greater flow constriction in the corners of square tunnel that can make the flow turbulent. A circular tunnel provides a smoother flow. The inside facing of the tunnel is as smooth as possible, to reduce surface drag and turbulence that could impact the accuracy of testing. Even smooth walls induce some drag into airflow, and so the object being tested is usually kept near the center of tunnel, with an empty buffer zone between the object and tunnel walls. There are correction factor to relate wind tunnel test result to open air results.

Lighting is usually recessed into the circular walls of the tunnel and shines in through windows. If the light were mounted on the inside surface of the tunnel in a conventional manner, the light bulb would generate turbulence as the air blows around it. Similarly observations are done through transparent portholes into the tunnel. Rather than simply being flat discs, these lighting and observations windows may be curved to match the cross-section of the tunnel and further reduce turbulence around window. Various techniques are used to study the actual airflow around the geometry and compare it with theoretical results, which must also take into account the Reynolds number and Mach number for the regime of operation.

Pressure Measurement: Pressure across the surface of the model can be measured if the model includes pressure taps. This can be useful for pressure-dominated phenomena, but this only accounts for normal forces on the body.

Force and moment Measurement: With the model mounted on force balance, one can measure lift, drag, lateral forces, yaw, roll and pitching moments over a range of angle of attack.

Flow Visualization: Because air is transparent it is difficult to observe the air movement itself. Instead, a smoke particulate air a fine mist of liquid is sprayed into the tunnel just ahead of the device being tested. The particulate is sufficiently low mass to stay suspended in the air without falling to the floor of the tunnel, and is light enough to easily move with the airflow. If the air movement in the tunnel is sufficiently non-turbulent, a particle stream released into the airflow will not break up as the air moves along, but stays together as the sharp thin line. Multiple particles stream released from a grid of many nozzles can provide a dynamic 3-D shape of the air flow around the object being tested. As with the force balance, these injection pipes and nozzles need to be shaped in a manner that minimizes the introduction of turbulent airflow into the airstream. High stream turbulence and vortices can be difficult to see directly, but strobe light and film cameras or high speed digital cameras can help to capture events that are blurred to naked eye.

Based on Flow Speed: 

1. Subsonic or low speed wind tunnel: Maximum flow speed in this type of tunnel can be 135km/hr.

2. Transonic wind tunnel: Maximum velocity in test section of transonic wind tunnel can reach up to speed of sound i.e. 340km/hr.

3. Supersonic wind tunnel: Velocity of air can be up to Mach 5.This is accomplished using convergent-divergent nozzles.

4. Hypersonic wind tunnel: Wind velocity in test section of such type of tunnel can measure between Mach 5 to Mach 15.

Based on shape: 

1. Open circuit wind tunnel:

This type of wind tunnel is open at both ends. The chances of dirt particles entering with air are more so more honeycombs are required to clean the air. Open type wind tunnel can be further divided into two categories:

A) Suck down tunnel: with the inlet open to atmosphere, axial fan or centrifugal blower is installed after test-section. These types of wind tunnel are not preferred because incoming air enters the significant swirl.

B) Blower tunnel: A blower is installed at the inlet of wind tunnel which throws the air into wind tunnel. Swirl is a problem in this case as well but tunnels are much less sensitive to it. This type of tunnel is not suitable for F-1 cars.

2. Closed circuit wind tunnel: The most interesting type of tunnels are the closed circuit wind tunnel. Outlet of such tunnel is connected to inlet so the same air circulates in the system in a regulated way. The chances of dirt entering the system are also very less. Closed wind tunnel has more uniform flow than open type. This is usually a choice for large wind tunnel. The flow at the exit of fourth corner is typically not much better than the exit flow from the centrifugal blower, although corners vanes themselves have some effect in reducing turbulence.
Computational Fluid Dynamics Technique

Nowadays CFD is becoming very popular technique for numerical prediction of fluid flow distribution in many major industries such as aerospace, automobile, chemical, marine, medical and Bio-technology. In automotive industries CFD is being used in various areas such as aerodynamic design, engine combustion, thermal control system, lubrication and exhaust system analysis.

The flow of air around road vehicles (cars, buses & trucks) under normal operating conditions is principally turbulent. The geometry of the vehicle is complex, the flow around it is fully three-dimensional, the boundary layers are turbulent, flow separation is common and there are large turbulent wakes in which longitudinal trailing vortices are common. . It is typically characterized by large-scale separation and recirculation regions, a complex wake flow, long trailing vortices and the interaction of boundary layer flows on the vehicle and ground. This will have influence on such principal features such as: the shape of the vehicle, aerodynamic drag, fuel consumption, noise production and road handling.
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Fig. 9.  Air flow over vehicle

A major objective of vehicle aerodynamic design is the avoidance, reduction or control of flow separation. In developing a new road vehicle it is essential for the designer to understand thoroughly the structure of the flow around the vehicle. Computational Fluid Dynamics (CFD) has matured sufficiently as a technology to enable it to calculate such quantities such as drag and lift for a road vehicle without resort to wind tunnel testing. 
Basics Concepts of CFD (5)
Computational Fluid Dynamics (CFD) is the simulation of fluids engineering systems using modeling (mathematical physical problem formulation) and numerical methods (discretization methods, solvers, numerical parameters, and grid generations, etc.). 
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Fig.10. Process of CFD
Firstly, we have a fluid problem. To solve this problem, we should know the physical properties of fluid by using Fluid Mechanics. Then we can use mathematical equations to describe these physical properties. This is Navier-Stokes Equation and it is the governing equation of CFD. As the Navier-Stokes Equation is analytical, human can understand it and solve them on a piece of paper. But if we want to solve this equation by computer, we have to translate it to the discretized form. The translators are numerical discretization methods, such as Finite Difference, Finite Element, Finite Volume methods. Consequently, we also need to divide our whole problem domain into many small parts because our discretization is based on them. Then, we can write programs to solve them. The typical languages are Fortran and C. Normally the programs are run on workstations or supercomputers. At the end, we can get our simulation results. We can compare and analyze the simulation results with experiments and the real problem. If the results are not sufficient to solve the problem, we have to repeat the process until find satisfied solution. This is the process of CFD.

Methodology 

A complete CFD analysis consists of:

1. Pre-processing

2. Processing or Solving

3. Post-processing

1. Pre-processing: This stage consist of:

· Generating a computational mesh or grid;

· Determining the equation to be solved;

· Specifying the boundary conditions.

2. Processing: The Simulation is started and the equations are solved iteratively as a steady-state or transient.

3. Post-processor: Finally it is used for the analysis and visualization of the resulting solution.

Benefits of CFD

Insight of the design: There are many phenomena that you can witness through CFD, which wouldn't be visible through any other means. CFD gives you a deeper insight into your designs.

Foresight of the design: You provide a set of boundary conditions, and the software gives you outcomes. In a short time, you can predict how your design will perform, and test many variations until you arrive at an optimal result. All of this can be done before physical prototyping and testing.
Efficiency: The foresight you gain from CFD helps you to design better and faster, save money, meet environmental regulations and ensure industry compliance. CFD analysis leads to shorter design cycles and your products get to market faster. 

Numerical Lab or Virtual Wind Tunnel: Nowadays CFD is used as alternative of wind tunnel in automotive industries. Therefore A computer program becomes a readily transportable tool, a “transportable wind tunnel”. So we can do a countless number of experiments with negligible cost.

Ability to Simulate Real Conditions: Many flow and heat transfer processes cannot be (easily) tested. Creating such a high speed flow in wind tunnel is very difficult rather impossible. CFD provides the ability to theoretically simulate any physical condition.
One important issue when it comes to CFD technology is that it's not 100% effective. Although the supercomputer can make hundreds of millions of calculations in order to get a more effective prediction on fluid flow, the final results can only be approximated for a number of reasons: limitation on the number of calculations (depending on the supercomputer's power), less accurate input data (depending on information from the wind tunnel) or scientific knowledge base. Nevertheless, considering the high point technology has managed to reach nowadays, the present supercomputers can give you a close to 100% solution to a certain aerodynamic problem, or related to climate control, engine cooling or combustion engines.

CFD Software
Some available CFD software are ANSYS CFX, FLUENT, STAR-CD, FEMLAB and FEATFLOW.
AERODYNAMIC ANALYSIS USING CFD TECHNIQUES (6)
What the software does, basically, is divide the geometric structure of the object (car, engine, etc) into a finite number of elements or cells. The newly-created mesh can lead to less or more accurate results of the CFD, depending on the number of cells. The higher the number, the more accurate the results, as the software will be given more data to work with.
The next step is to create a second mesh, this time representing the volume occupied by the fluid. Its flow is, just as in the case of the object it comes in contact with, divided into as many cells as possible, in order to determine the exact behavior of the particles. What's important here is that the supercomputer will analyze each cell/element as an independent part. That's why the structure of both the defined surface and fluid flow must be divided into as many cells as possible, as each may influence the overall results in a decisive manner.

After that, the computer will set up a clear image on how exactly the fluid will come in contact with the initial surface or object, while also emphasizing the exact problems encountered by it in the process. Finally, the simulation is being given the go ahead, at which 
point the CFD software starts working on solutions to the aforementioned problems. Whatever issue might arise in the fluid flow process, it will be solved both as a self sustainable element and as a transitory state. 
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Fig.11 Air flow Analysis using CFD
The final phase of the CFD refers to the analyzing of the results and, of course, the solution. 

One example that stands above all is the Albert 2 supercomputer used by BMW Sauber at their Hinwil base in Switzerland. The aforementioned piece of machinery uses 1,024 Intel processor cores, has a total memory of 2,048 GB and a maximum power of 12,288 Gigaflops (approximately 12,288,000,000,000 calculations per second), with the necessary software being provided by German subsidiary of US-based Fluent.
Track Testing (3)
Some difficulties inherent to wind tunnel testing are simply nonexistent in full-scale aerodynamic testing on the race track. Rolling wheels, moving ground, the correct Reynolds number, and wind tunnel blockage correction are all resolved and there is no need to build an expensive, smaller-scale model. Of course, a vehicle must exist, the weather must cooperate, and the cost of renting a track and instrumenting a moving vehicle must not upset the budget. Because of the above-mentioned advantages, and in spite of the uncontrolled weather and cost issues, this form of aerodynamic testing has improved considerably in recent years. One of the earliest forms of testing was the coast down test to determine the drag of a vehicle. In spite of variation in atmospheric conditions and inconsistencies in tire rolling resistance, reasonable incremental data can be obtained. With the advance in computer and sensor technology, by the end of the 1990s the desirable forces, moments, or pres​sures could be measured and transmitted via wireless communication at a reasonable cost. Sensors to measure suspension displacement, various stress/strains, drive shaft torques, pressures, temperatures, etc. are available off the shelves. Data acquisition systems can rapidly analyze 
loads and provide information such as temperature or pressure drop across the cooling system, downforce, and drag of various components (including wings and wheels). Even flow visualizations can be conducted by installing miniature cameras at various locations to provide information on flow separation, vortex trails, or unplanned recirculation in the cooling system. In spite of the technology becoming highly effective and affordable, race track renting is still quite expensive, and to save cost in many forms of racing the organizers simply limit the number of track test days and some even forbid using telemetry (for engi​neering purposes) during the race. Because this tool matured only recently and due to the competitive nature of the sport, only limited information was reported on it in the open literature.
Aerodynamic Aids:

Scoops
Scoops, or positive pressure intakes, are useful when high volume air flow is desirable and almost every type of race car makes use of these devices. They work on the principle that the air flow compresses inside an "air box", when subjected to a constant flow of air. The air box has an opening that permits an adequate volume of air to enter, and the expanding air box itself slows the air flow to increase the pressure inside the box. 
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Fig. 12. Aerodynamic Aids
NACA Ducts
NACA stands for "National Advisory Committee for Aeronautics". NACA is one of the predecessors of NASA. In the early days of aircraft design, NACA would mathematically define airfoils (example: NACA 071) and publish them in references, from which aircraft manufacturers would get specific applications.
The purpose of a NACA duct is to increase the flowrate of air through it while not disturbing the boundary layer. When the cross-sectional flow area of the duct is increased, it decreases the static pressure and makes the duct into a vacuum cleaner, but without the drag effects of a plain scoop. The reason why the duct is narrow, then suddenly widens in a graceful arc is to increase the cross-sectional area slowly so that airflow does separate and cause turbulence (and drag). NACA ducts are useful when air needs to be drawn into an area which isn't exposed to the direct air flow the scoop has access to. Quite often NACA ducts are seen along the sides of a car. The NACA duct takes advantage of the Boundary layer, a 
layer of slow moving air that "clings" to the bodywork of the car, especially where the bodywork flattens, or does not accelerate or decelerate the air flow. Areas like the roof and side body panels are good examples. The longer the roof or body panels, the thicker the layer becomes (a source of drag that grows as the layer thickens too). 
Spoilers
Spoilers are used primarily on sedan-type race cars. They act like barriers to air flow, in order to build up higher air pressure in front of the spoiler. This is useful, because as mentioned previously, a sedan car tends to become "Light" in the rear end as the low pressure area above the trunk lifts the rear end of the car. Front air dams are also a form of spoiler, only their purpose is to restrict the air flow from going under the car.
Wings

Probably the most popular form of aerodynamic aid is the wing. Wings perform very efficiently, generating lots of down force for a small penalty in drag. Spoilers are not nearly as efficient, but because of their practicality and simplicity, spoilers are used a lot on sedans. 

The wing works by differentiating pressure on the top and bottom surface of the wing. As mentioned previously, the higher the speed of a given volume of air, the lower the pressure of that air, and vice-versa. What a wing does is make the air passing under it travel a larger distance than the air passing over it (in race car applications). Because air molecules approaching the leading edge of the wing are forced to separate, some going over the top of the wing, and some going under the bottom, they are forced to travel differing distances in order to "Meet up" again at the trailing edge of the wing. This is part of Bernoulli's theory. 

What happens is that the lower pressure area under the wing allows the higher pressure area above the wing to "push" down on the wing, and hence the car it's mounted to. 
Wings, by their design require that there be no obstruction between the bottom of the wing and the road surface, for them to be most effective. So mounting a wing above a trunk lid limits the effectiveness.
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