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The REAR DIFFUSER

Yerrari

Object: to increase theVertical Load

ModeFrontier 2010

Lombardi et al.




¥errari

Surface curvature )  SUCHION

/

Increase the Vertical Down -Load
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REAR DIFFUSER - the flow separation

Increasing the curvature

4

Increases the suction

BUT: If the curvature Is excessive

<

Flow separation:
the suction do not increases, but DECREASES
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ldea from aeronautical field: blowing o d

Yerrari

Large flow separation

injection slot

suction slot

blowing >\;’,\.

The separation is avoided !
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Work Object

IN ORDER TO IMPROVE THE REAR DIFFUSER

EFFECTIVENESS, THE USE OF FLOW
BLOWING WAS CONSIDERED.

DIFFERENT GEOMETRICAL SCHEMES OF
THE BLOWING, BASED ON PREVIOUS

RESULTS AND BIBLIOGRAPHY ANALYSIS,
ARE ANALYSED.
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The ANALYSED CONFIGURATIONS Q)

Yerrari

The rear diffuser has been previously optimised

N 7/

The optimised geometry is characterised by two “kin Ks”
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$

Yerrari

Original

Internal view

First blowing type (1)
Second blowing type (2)

 Blowing area
* Flow velocity from the area

Additional parameters:
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Geometrical Constrains <

Because the presence of the chassis, geometrical
constrains must be imposed.

-7_—==_11_'=——1

In particular:
* heights at sections 1, 2 and 3 have a maximum value

NOTE: In the “original” optimisation the height at s ect. 3
was lower than the constraint value.

In fact, for higher values, the curvature is so gre  at that the
flow separation occurs.
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APPROACH TO THE ANALYSIS 3

PROBLEM:

The comparison between different solutions is usual ly

not “ conclusive ”, because they are not at the same
level of “ possible performance ”

APPROACH:
TO OPTIMISE EACH CONFIGURATION IN ORDER TO

MAKEA  COMPARISON BETWEEN

"OPTIMIZED CONFIGURATIONS™

In this way, it is possible to make a comparison be  tween
the different solutions, because

THEY ARE AT THE SAME LEVEL OF
PERFORMANCE
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Optimisation Procedure

Yerrari

The adopted optimisation procedure was described In

CFD and Multibody applications

ModeFrontier Users’ Meeting 2008

Optimization Procedures in a Car Design:

The so called “detail” approach is used
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Volume Grid )

The volume grid Is subdivided in two parts:

 the fixed part, representing the geometry of theca r and
not changing in the optimisation

Parametric

At any step of the optimisation, the grid volume is
obtained merging the fixed part with the parametric one

ModeFrontier 2010 Lombardi et al. 12



The scheme

Only one time / \
for the fixed

geometry

CATIA
GAMBIT

» Merge grids

CFDtoIver FLU ENT

v

Object function evaluation

Y

Optimisation algorithm

No

Optimal configuration?

DRIVEN BY Basic scheme on
Mode Frontier the “detail” part
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CFD set-up (ANSYS -FLUENT)

e car speed: 35 m/s
e grid domain: 25 car lengths, 10 car widths, 10 car
* k- realizable turbulence model

e About 1 million of cells on the half car (simmetry)

B.C.: VELOCITY_INLET
(constant)

heights
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Optimisation Parameters

Lateral view

Blowing scheme 1

Flow velocity
h

tension

Blowing scheme 2

Flow veIocityT
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Optiomisation Control

The genetic algorithm MOGA I

(Multiple - Objective Genetic Algorithm) was
used

A 100 elements "sobol" sequence as DOE (Design
of Experiments) was used for each optimisation

4 new populations were evaluated to
define the optimum geometry

with a total number of about 500
geometries for each procedure
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HARDWARE and TIME

Linux Cluster

8 nodes “AMD OPTERON 285" Dual Core
Each node with 8 Gb of RAM

Time for a single step 25 minuts

Total time for each optimisation procedure

1 week

ModeFrontier 2010 Lombardi et al.

17



First step of optimisation

IN ORDER TO HIGHLIGHT THE EFFECTS OF THE FLOW
BLOWING WITH THE SAME “TOTAL CURVATURE",

THE HEIGHT Z;, AT THE END OF DIFFUSER IS KEPT

CONSTANT AT THE VALUE OBTAINED IN THE
REFERENCE OPTIMISATION

LOWER THAN THE MAXIMUM CONSTRAIN
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Scatter Chart (scheme 1)
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Scatter Chart (scheme 2)
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Choiced configurations

Reference

beta 24deg beta

Air velocity
tension
delta Cz
Delta Cx

beta

h

Air velocity
radius
delta Cz

Nyt
same VERTICAL LOAD delta Cx
with a Reduced DRAG

HHH >

0,01

0,3 points
-1,2 points

|
;
A
/

21 deg
12 mm
34 m/s
250 mm

0,1 poin
-1 points
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Parameters correlations

scheme 1

Scheme 2

>
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Second step of optimisation

Zfin I

With the blowing the flow separation occours at hig her
curvatures

The height at the end of diffuser, Z.,
can be increased

The optimisation procedure was repeated including t he
height Z; as a parameter.
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Scatter chart
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Choiced configurations

Scheme 1 Scheme 2

alfa [deq] alfa [deq]

beta [deg] q beta [deg] -
h [mm] D =~ h [mm] / 30 \
Air_velocity [m/s] Air_velocity [m/s]

tension radius
delta_Cz [point
delta_Cx [point

The “curvature” of the rear diffuser increases

Important increase of the VERTICAL LOAD
Coupled with a decrease in DRAG
The required mass flow ratio is higher for Scheme 2
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Parameters correlations

scheme 1

Scheme 2

O
S—

ModeFrontier 2010

Lombardi et al.

26



FINAL VERIFICATION

A verification of the optimisation results with a r efined
grids was carried out

The RANS evaluation were carried out with the same
settling, with a very refined grid of about 20 mill lons of cells
(on the half car)

S35

From results it is evident that, with the refined g rd, the
Increases in performance are maintained, and theya re
generally higher
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CONCLUSIONS

In the design phase it is difficult a comparison be tween

different solutions when the compared ones are not at
the same level of possible performance.

From this point of view the use of optimisation

procedures appears very effective: in fact, in this way, the
comparison is carried out between solutions optimis ed,
and therefore at the same level of capabillities.

The use of blowing results very attractive to incre ase the
performance of the rear diffuser.
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CONCLUSIONS (2/2)

Two different solutions are individuated: "

The first, with the blowing at the the
second kink, gives an important

Increase in down-load coupled with
a high reduction in drag

The second, with the blowing at the
the first kink, gives an higher

Increase in down-load with a lower
reduction in drag

For a practical application it is necessary to veri fy the
possibility to have the required mass flow rate, an d the
solution is “active”, to evaluated the compatibilit y of the
required energy.
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