


Fig. 4.3 Airflow around a car and the main flow separations:
a) on the front-end structure, b) on the three types of car back.
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Fig. 4.26 influence of edge radius on the drag of squared blocks, compiled from [4.29].
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Fig. 4.27 Reduction of drag with hood inclination angle ¢ and windshield
inclination angle &: after G.W. Car [4.30].




Local origins of drag - A-pillar

APl ® 3D-separation (vortex)
Secm:n A-A  Secondary vortex o -
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Wmd Side Window Reanachmum line e Water and dlrt
Figure 4.34 Vortex formation on the A- -pillar, after ref. 4.33 d e pOS |t|0 n
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Local origins of drag — Roof and Sides

® Mainly friction drag (flow is
generally attached)
' ® Increased camber give

' larger radii =>reduced
suction peaks

® Negative angle of roof =>
reduced wake

® Problems: large front area
and/or smaller internal
space
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Ay =Area of Smooth Underfloor
(a) starting at front. 1+6
(b) starting at rear.
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Fig. 4.48 Reducing drag and lift on the rear axle by means of
a rear diffuser, after J. Portiorr [4.45].
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Sfunction of the slant angle ¢, after S.R. Arven [4.10].

Fig. 4.8 Lateral-speed vectors and drag coefficient of a fastback, as a
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Fig. 4.61 Flow field and drag of a notchback: a) flow pattern, schematic, b) drag coefficient ¢y
versus angle B, according to T. Nouzawa, et al. [4.56].
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Fig. 4.4 Contrarotating vortices in the dead water behind cars of
different rear-end shape, after S.R. ArvED and W, BAumerr [4.6].

Fig. 4.10 Vortex system for a fastback with: a) low drag coefficient, b) high drag
coefficient with ¢ = 30°, afier S.R. Ausiep, et al. [4.13].
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OHigher velocity below the car changes flow
angles around the wheels
® Reduced drag due to the wheels

® Requires a smooth underbody to avoid drag from
obstacles

max downforce
® Smooth underbody
® No spoilers

® 5400 hours in wind-
tunnel (source:
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Fig. 4.72 Flow pattern of a wheel rolling on the ground, afier E. Mercker
and H. BERNEBURG [4.61].
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Fig. 3.11. Airflow
(@) still air (b)

Ppattern and pressure distribution around a rotating wheel in
ir d {c) when rolling on the grovnd

CAVITY
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configurations withoul wheels

conl. with wheel arches covered

(without wheek and wheel arches
covered)

(only wheel arches covered)

+Reduced front axle lift

+Improved cooling air flow

®Reduced flow rate under
the car

E forebody and
C underside
—
v
Ze
—
v

s = equivalent roughness

—— without spoiler
= —— with spoiler

— .\ =
1R DN

1:5 Model

N

Fig. 4.78 Velocity distribution underneath a car with and without
front spoiler, after C. KRaMER, et al. [4.65].
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Fig. 491 Change in pressure distribution around the Volkswagen Corrado with the addition
of a retractable rear spoiler; after H. Sciusit and R. Hons [4.72].

spoiler retracted
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spoiler in action

Cia=0.04 :

Fig. 4.97 Alternative radiator arrangements 1o reduce cooling air drag,
after R Buciteis, et al. [4.36].

17



18



Acp

o

-.004

-.008

=012

-0186

Fig.9:

EO°

160 180 200  Z(mm)

The influence of front spoiler ground
clearance on the drag coefficient.

20 40 [ 80  y(mm)

The influence of rear end taper on the
drag coefficient.

-.008
-012
-.016

-.020

900 920 940 960 h (mm)

Fig.11: The influence of decklid height on the
drag coefficient.
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Fig. 4.82 Spoiler development for the Opel Calibra: a) optimum central cutout in the spoiler;
b) extended spoiler “corners,” c) lowering the door sill, d) improving rear diffuser,
after H.-J. EmmeLmany, et al. [4.18].
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