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Importance of vehicle aerodynamics

Both internal and external flow
(influence each other)

Comfort

= \entilation

= Heating

= Air conditioning
» Wind noise

Stability

» directional Visibility

= Crosswind sensitivity » Dirt

= Splash and spray
o Wiper lift off

Performance

* Fuel Economy
« Emissions

= Maximum speed
# Acceleration

Cooling

» Engine

« Transmission
* Brakes

« Condenser
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Fig. 3.6 Fraction of aerodynamic drag D in total drag D + R.
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Car Mass Power | Fr. Area c
Categary| [kgl LKW] [m?] D

A 800 40 1.78 0.36

E 1550 135 2415 0.33

Category A Category E
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Fig. 2 Im];:;z.tct of Drag, Mass and Power Reduction
on Fuel Consumption
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Source of drag on a modern car

45 %

25 % 30 %
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Influenced by fashion

Chrysler PT Cruiser







dB(A)

Sound Pressure Level,

60 70 80 90 100 110 120 130140150160

Car Speed U_, ,

km/h

Fig. 18 : Fluctuating pressure locations on a car body




Focus testas tvarstilld i vind-
tunnel eftersom rallyforarna
d@nda alltid kor med sladd!

Ferds frickaste Focus b
4r anekligen den WRC-bil som Colin McRae och Thomas Radstriim gor sitt
basta for att ha sinder var tredje helg. Skrmbreddare, sankt fiadring och
stora, fela hjul gér sitt til 1or utseendet. | detta fall ar bilen byggd for Rally
Korsika pa asfall ach 3r 136 cm Iag, inkusive bakvinge. Topphastig-
“heten fér en Focus WRC ar 225 km/h, fortare dn s4 g3r det inte
pé rallyvigarma. 0-100 km/h tar 4,3 sekunder, motsvarande
fGr en tvdliters "gat-Focus™ &r 9,2 sekunder.




Aerodynamics of commercial vehicles
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Scania press release
14/10-99
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“Wind-tunnel tests have shown that the boattail on the trailer alone reduces air drag
for the whole combination by more than 10 percent, an improvement that corre-
sponds to fuel savings from perhaps a decade of engine research and development.”
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Lo sviluppo aerodinamico: DUCATI 999

Verifiche sulla forma: 2
Efficacia delle soluzioni:
parfango/raffreddamento

Forli 18/11/02



Aerodynamical differences

Cars Airplanes
® Bluff bodies ® Streamlined
® | arge viscous regions ®Inviscid flow dominates
® Low aspect ratio (3D) ®High aspect ratio (partly
® Strong interaction 2D)
between body parts ® Step-by step optimization

® Ground effects

Car aerodynamics still dominated by empiricism!
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Advanced analysis methods required

« Computational Fluid Dynamics (CFD)
* Wind-tunnel test
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Historical review: 1900-1925

Jenatzy
1899

Fig. 1.11 Record-breaking car from CamMiLLE .
(Photo by Chambre Syndicale des Constructeurs Awtomobiles Francais)

Alfa Romeo
1914

Fig. 1.12 Alfa Romeo of Count Ricorr, 1914. (Photo and exposure Alfa Romeo)

Boat-talil
1913

Fig. 1.13 Boat-tailed “Audi Alpensieger,” 1913. (Photo and exposure Deutsches Museum, Munich)

® Borrowed shapes from
aeronautics & ships

® Did not consider
ground effects

® Free standing wheels
gives disturbances
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Streamlining based on aeronautical know-how

Klemperer & Jaray (ca 1922)
Cp

o

Jaray cars
1933-34

Study ground effect on a body of
revolution

Started to develop cars based on
combinations of streamlined
bodies

Revolutionary shapes for that time

Low c, (ca 0.30, instead of
typically 0.7, without cooling flow)

Too long tails (Jaray-back)
(separation)

Difficult to find byers!!



Fig. 1.32 a) Lines of the "Lange-car,” ¢y = 0.14, completely smooth model; b) Porsche 911
Carrera, MY 1995, ¢y = (.33, A = 1.86 m?. (Courtesy Porsche AG)




Kamm-back (ca 1939)

® Introduced blunt trailing edge

® Truncated the body just
upstream separation point

¢ Kamm K3: ¢,=0.37 (real car)

. (1 7
Fig. 1.37 Kamm car K3 from 1938-39 in the large climatic wind munnel of Volkswagen AG. More UserI Shapes th a-n
(Photo Volkswagen AG, exposure Langenburg Castle) J
aray

Fiat Ecobasic c,=0.28
(TV 1/2000)
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Development of rear end shapes
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40 50 60 70
Year

Fig. 1.58 History of drag coefficient ¢y, of European passenger cars in comparison to low drag
configurations and a research car, the Ford Probe V.




Diversity of shape

Fig. 1.65 Alternative routes to low-drag shapes.




maa
Audi 100111 Ford Sierra

Fig. 1.10 History of vehicle aerodynamics in passenger cars.
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Fig. 1.56 cp-histogram of cars for sale in Europe 1995. (Courtesy B. Lig, Volkswagen AG)
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General remarks

LIWrite down unanswered questions during
the course!

[] Suggest a subject which you find
Interesting (literature study)

[] Suggestions/criticism on how to improve
the course



