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with Simon McBeath

Rear spoilers

The benefits of rear spoilers are legend, but the
mechanisms are not so well known. CFD reveals all...

he usual texts are pretty much in agreement on what we can

expect to gain and lose when fitting a rear spoiler onto a

saloon/sedan-based racecar, not surprising considering how much

work has been done on the effects of varying spoiler length and
angle. The benefit of looking at the topic with CFD, though, is that changes
to pressures and airflows can be visualised in ways that help us
understand so much better what's actually going on.

Advantage CFD once again used the full size virtual model of a NASCAR
racer that regular readers will have seen in the past few issues to evaluate
the effects of changing spoiler angle and length. Figures 1 and 2 show the
racecar model, and the geometry of the spoiler device tested (which for
simplicity was modelled as an infinitely thin flat plate).

Figures 3 and 4 summarise the results in graphical form, with
dimensionless coefficients multiplied by frontal area plotted versus
spoiler angle, which is the aspect this column will focus on. Positive C;A
values represent total downforce, while negative C A values represent lift.
Let's draw the obvious conclusions before proceeding: there is an increase
in downforce when a rear spoiler is added (this is felt at the rear, there is
actually a slight decrease in front downforce) and there is a more or less
linear increase in downforce with increasing spoiler angle.

The downforce gain seems to be tailing off at the steepest angle and
longest length, though at shorter lengths the gains with increasing angle
are still linear. In general, steeper angles lead to greater drag. For any
given length, increasing spoiler angle also increases efficiency (C;A/CpA).

There's no doubting the value of a simple rear spoiler on this type of
generic production car shape then — substantial and perhaps surprisingly
efficient gains in lift reduction/downforce creation are apparent. Indeed,
a shallow (20 degree) spoiler as long as 6omm is capable of actually
reducing the car’'s drag while reducing rear lift or creating modest
downforce, and although it's likely that seeking maximum downforce will
be the aim in many cases, clearly there are options to balance downforce
and drag here, rules permitting of course. Note that different body shapes
are likely to produce different results and therefore would ideally need
individual evaluation.

Figure 5 shows the changes in static pressures (Delta Cp) that occur
around the car with the fitment of the steepest (and longest) spoiler. []
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Figure 1: NASCAR
model with rear
spoiler variants

Figure 2: spoiler length
and angle definitions:
H = length, 6 = angle =
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Figure 3: effect of spoiler angle on non-dimensional total downforce (0 = no spoiler)
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Figure 4: effect of differences in spoiler angle on non-dimensional car drag
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Figure 5: the effect of the addition of a 60-degree, 160mm rear spoiler on static pressure

Figure 7: velocity ol
vector plot for the
no-spoiler case
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Figure 6: the effect on static pressure of increasing spoiler angle from 20 to 60 degrees

Red and yellow indicate increases in local pressure, while green indicates
reductions. Clearly there is a substantial increase in pressure over the rear
deck of the car, extending quite a long way forward, which contributes to
lift reduction/downforce generation. It is also clear that the pressure
behind the car has reduced, which contributes to the increased drag in
this configuration. And there is also a notable reduction in pressure
beneath the car, which further contributes to downforce generation.
So now let's delve a little deeper into the mechanisms themselves.

The change over the rear deck is relatively simple to explain. Adding a
spoiler has slowed the airflow over the rear deck and, at steeper spoiler
angles, has probably caused the flow to separate from the shallow angle
rear screen, both of which have contributed to the increases in static
pressure in this region. The airflow direction is also altered, the spoiler
deflecting the flow upward, indicative of momentum transfer from the
airflow to the car.

Behind the car the situation is more complex. Adding a spoiler increases
the size of the car’s wake and the low total pressure region behind the car.
Increasing the spoiler angle leads to further increases in wake size and the
low total pressure region. And it is the losses in total pressure that are
significant here, more than any changes to air velocity. Returning briefly
to Bernouilli's Equation explains the significance of this:

P, + 1/pv2 + losses = C
Where P, - static pressure and 1/2pv? = dynamic pressure.
The losses are large and cause the static pressure to reduce. Any
reductions in dynamic pressure as the result of decreases in flow velocity,

which in a more ordered flow regime would cause increases in static
pressure, are outweighed by the losses.
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Figure 8: velocity
vector plot for the
60-degree, 160mm : i L1t H i
spoiler case LR

Beneath the car a different situation prevails. The reduced static
pressure region behind the car promotes an increase in mass flow under
the car, air flowing happily into a low-pressure region. This has caused an
increase in dynamic pressure and, in turn, a drop in static pressure under
the rear of the car in classic Bernouilli style. However, although this adds
to the generation of downforce, a drawback of this is that the increased
mass flow that interferes with the pipes and chassis rails beneath the car
also adds to the increase in drag already caused by the pressure
differentials across the spoiler itself, and around the car as a whole.
Increasing spoiler angle amplifies all these effects, and figure 6 shows the
change in static pressures (delta Cp) that occur when the longest spoiler is
increased from 20 to 60 degrees inclination.

The change to the pattern of airflow behind the car from the baseline,
no spoiler case to the steepest, longest spoiler case is profound, as
figures 7 and 8 illustrate. Colour-coded velocity vectors show in figure 7
that with no spoiler the airflow coming off the rear deck is fast and
downward directed towards the rear, but the flow immediately behind
the car is very slow and completely disordered. Contrast that to figure 8
with the steep, long spoiler, and not only has the flow over the rear deck
been slowed and re-directed, but now the flow in the wake shows no re-
circulation under the car, and overall is pulled strongly upwards by the
presence of the spoiler. The flow emerging from under the rear is also
clearly smoother and faster. @

B Next month we'll ponder the mechanisms involved with

different spoiler lengths in more detail, and also examine how a
short spoiler reduces drasg.
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