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Length 4520 mm 

Width 1817 mm 

Height 1418 mm 

Wheelbase 2760 mm 

Front overhang 757 mm 

Rear overhang 1010 mm 

Ground clerance 141 mm 

Tires diameter 634.30 mm 

Crub weight 1580 kg 

Drag coefficient 0.280 

Frontal area 2.11 m2 

Drag area 0.59 m2 

Displacement 2.0 liters 

Max. power 177 HP 

Max. speed 228 km/h 

Acceleration 0-100 km/h 8.10 s 

TECHNICAL 

SPECIFICATION 



 Windshield angle: 

δ = 60° 
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 Angle between front part and bumper 

crossmember: 

α = 8.5° 

FRONT PROFILE 

 Angle between front part and engine 

bonnet: 

β = 11° 

Separation of the airflow occurs: 

 At the junction between the engine 

bonnet and the windscreen. 

 At the junction between the windscreen 

and the roof. 

 At the A-pillars. 



The front of the car is quite vertical in order to 

satisfy the passive safety requirements and to 

improve aerodynamics through avoiding an early 

detach of the airflow. 

FRONT PROFILE 
Bent section to provide continuity of the airflow between the 

engine bonnet and the windscreen in order to bypass the 

windscreen wipers and reduce the pressure of airflow on 

this component. 



Highest pressure zones, ideal 

to place there the inlet for 

radiators, A/C condenser and 

conditioning air system 

CAR 

PROFILE 

As can be seen on the left-hand 

side the use of rounded pillars 

causes drag reduction through a 

decrease in vortices creation.   



PAVLOVSKI SOLID Setting the ratio 
𝑟

ℎ
 at the value 0.05, it is possible to obtain 

the maximum CD reduction thanks to the limitation of the 

friction tension (r↓) and of the flow detachment (r↑) with 

respect to the vehicle chassis. 
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FRICTION TENSION 
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ROOF BENDING 
In order to reduce CD further, the roof of the 

vehicle is bent longitudinally forming smooth 

joint among windscreen, roof and rear spoiler.  
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Figure a shows that after certain curvature point, 

defined by ar/lr ratio, ∆𝐶𝐷 ∙ 𝐴 increases rapidly. 
 

 

Figure b illustrates that the greatest reduction of 

∆𝐶𝐷  can be achieve when ar/lr ratio is around 

0.065 

𝑎𝑟 = 95 𝑚𝑚 
𝑙𝑟 = 2160 𝑚𝑚 

  
𝑎𝑟

𝑙𝑟
= 0.044 mm 

  
∆𝐶𝐷 ∙ 𝐴 = 0.59 
 
 
 
 

∆𝐶𝐷 ∙ 𝐴 = 0.59 



REAR END 
The kind of vehicle we are dealing with is squareback. After 

D-pillar pair of vortices is generating. They are tuning 

outwards at an early stage and next gradually move up with 

increasing distance from the vehicle. The vortices are quite 

rapidly dissipated. 

As can be seen in the figure above the greatest 

reduction of the ∆𝐶𝐷 can be accomplished at an angle 

around 10°. Less kinetic energy is dissipated. 

φ 

φ = 7° 



The rear spoiler added at the rear back of the 

car to reduce microvortexes and reduce 

coefficient of drag and consequently increase 

fuel efficiency.  

EXTERNAL  

COMPONENTS 

The rear view mirrors are installed at the foot 

of the front pillar which causes rise of the 

front area. 



The shape of the sills is realized in order to 

guide the air stream but it is not able to avoid 

completely the air passing through the sills to 

the underbody. 

EXTERNAL  

COMPONENTS 



SLANT ANGLE 
φ angle is called slant angle and characterises squareback when is 

greater than 30°. Value of the angle is in typical rage for the squareback. 

The car has quite steep back with CD ≈ 0.40. Such increment of CD is 

caused by the airflow separation. This effect becomes less significant 

with well-rounded side edges and with the use of rear spoiler.  

φ 

φ = 42° 



BOAT-TAILED 

UNDEBODY 
In BMW E91 underbody boat-tailing 

could be compared with a short diffuser 

with the large αw angle as can be seen 

in the figure on the left-hand side. 

αw 

αw = 8° 



BOAT-TAILING 
The angle 𝜏 is equal to 12°. The value of this 

angle is adverse, because it’s greater than 10° 

and consequently the airstream is detaching. 

From the top-view profile of the vehicle, it is possible to evalute the 

rear tapering characteristic that defines the so-called boat-tailing 

shape, reducing strongly the CD value in function of Δy.  
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The graph that represents CD changing the 

ration between car body width d and coordintate 

x in which has been done the tailing.     

BOAT-TAILING 
d = 1817 mm 

x = 1005 mm 
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UNDERBODY The underbody of the BMW E91 is almost completely covered to 

reduce interactions of the air flux with the vehicle mechanical 

components. 



FRONT 

PROFILE  

Engine splash shield is sealed with 

the front bumper and attached at a 

little angle in order to get an 

acceleration of the air flow  under 

the car. Furthermore engine 

compartment is sealed with the 

front crossmember to reduce 

vortices formation and maximize 

radiator efficiency. 

As can be seen in the figure the 

BMW E91 doesn’t have any 

spoiler, spliter or dam. 



UNDERBODY 
After the engine splash shield on the 

center there is an inlet for gearbox 

cooling. 

A partial continuous cover from the 

bottom of the rear bumper to the 

chassis which help reduce the drag 

coefficient. At the bumper lip there is a 

hole for elctric automatically folding tow 

bar and in the cover there is a space 

cutt out for the muffler.  



FLAPS 
2 front and 2 rear flaps are attached 

in front of tires. Their utility is to 

reduce the turbulance inside the 

wheelhouse, optimizing the 

interference between the air flow 

exiting from it and the one running 

along the side. 

2 rear flaps added in front of the fuel 

tank to reduce an impact of the air 

flow into the rear suspension arms  


