DECISION OF THE

LA2=C

ENDURANCE COMMITTEE 14 WORLD
CHAMPIONSHIP
To: X Teams X Manufacturers
Category: X LM P1 O LM P2 ] LM GTE Pro ] LM GTE Am
Decision N°: 17-D0030- Fluidic Switches and ERS Cooling
Date: 06/06/2017
Re: Clarification on Fluidic Switches and ERS cooling

Mission concerned
Article: Article 3

X 2017 Technical Regulations for LMP1 Prototype Hybrid
X 2017 Technical Regulations for Non Hybrid LMP1 Prototype
Decision

Please find below two requests and the answers of the Endurance Committee.

e Fluidic Switches

e ERS cooling
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ENDURANCE COMMITTEE c
el
REQUEST FORM PO ereroreg

REQUEST NUMBER 15-R0010-LMP1 I
{to be completed by the Committee)

This form must be sent by e-mail to: comite endurance@fia.com

Applicant
[ Team [ Manufacturer
Manufacturer or Competitor (licence name): Audi AG
First name & name of the applicant: Peter Ocker

Title of the applicant (position/function): Audi Sport - Regulation

Email address of the applicant: peter.ocker@audi.de
Date of the request: 26/02/2015

Car categories and/or groups

we1[® wr2[] LMGTEPro[] LMGTEAm []

Model of the car concerned by the application
Audi R18 e-tron quattro 2015 and successor(s)

number (if
Not applicable yet

Purpose of the request

Use of fluidic switches in 2015 and future cars

Regulations concerned
Year: 2015+
O FIA World Ci i Sporting
Technical Regulations for Prototypes LMP1
a Technical Regulations for Prototypes LMP2
O Technical Regulations for Le Mans Grand Touring Cars - LM GTE Pro & LM GTE Am
(] Other:

>
3
&

Art. 3 Bodywork and Dimensions
plus all other content of the Technical regulations that could be influenced by such a system
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Description of the technical item that is the subject of the request (skip if not applicable)

We are the of systems utilizing the “fluidics” and/or “microfluidics” theory.
The system would be passive at all times, i.e. is not controlled directly by the driver or connected actively to any car
system. Only the static pressure variations induced by the variation of the car speed would activate the system.

Main target of the concept would be to try to improve the aerodynamic performances (reduce drag, increase
downforce) of dedicated elements such as the rear wing, the front wing, the floor , the diffuser and/or any other
bodywork element
The potential of such concept is proven and would offer substantial benefits.
The key Is to have a so-called passive “fluidic switch” that can divert the flow in one or another channel depending on
the surrounding boundary conditions , i.e. car speed, air pressure. No moveable part would be involved in the activation
of the system.
The scheme below shows the logic of such a switch. No part of the system moves.Obviously this is an example to explain
the principle. In reality the layout might differ from car to car.
The system has basically 2 states:

1) Under a given speed the flow entering the main inlet goes into the channel 1

Cartridge (= porous media | no moveable elements) Outet channed 1
The medium controls the statc pressure and speed of the.
aiflow passing

Controlflow s not able to \

impact significantly the 4

‘vortex charactenisbos
noethe jet path into channel 1

2) Above a given speed the flow is diverted into channel 2
This happens thanks to the control channel that will be able to influence the separation (dead water zone)
effectively “closing” one or the other outlet channels

‘Cartndge (= porous media / no moveable elements) Outlet channel 1
‘The medsum controls the static pressure and speed of the
passing t \
standing vortex created inside:

Power channel
{(ar inlet)

return the jet & diverted nto channel 2

In reality some further channels might be needed downstream to best control some dynamic effects (hysteresis)
happening when the air going through channel 1 or channel 2 significantly modifies the aerodynamic behavior of an
element (typically a biplane) sitting at the end of these outlet channels. But this complication of the final layout (see
family 1&2 in the next pages) does not change anything to the principle shown here.

As examples, but not limited to, we would like to know If any of the schematic layouts presented below would be
considered acceptable for the FIA-ACO.

The layouts shown are concentrating on impacting the rear wing assembly behavior However the idea could be applied
as well for the front wing- and/or front diffuser- assemblies. It would simply means a different internal routing of the
various ducts.

In other terms: if one of the concept listed below is declared not acceptable, we would consider it similarly not
acceptable also if applied to the front wing and/or frant diffuser- assemblies. Even If In the later case the geometric
details could differ slightly from the schemes presented here.

llustration of the request (skip if not applicable)

On the following pages, you will find 2 different families with examples:
Family 1: central fluidic switch with 2 examples

Family 2: outboard fluidic switch with 6 examples
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Family 1: central fluidic switch

Here the passive fluidic switch would be embedded below the top engine cover. One of the internal ducts would run
through the rear wing vertical support and bring some airflow to the rear wing first profile when active.

The remaining installation is a typical passive fluidic switch layout. With various inlets, porous medias to control the
static pressure in the various ducts and one or several fluidic switches.

This layout is schematic and would obviously from design to design look slightly differently.

*  Designa)
Aim: stall the RW above a given speed to substantially increase the top speed. This would be achieved by
blowing some air on the suction side to harm the wing behavior. By doing so this would allow to run significant
more downforce (and drag) where needed without paying the top speed penalty at higher speed where the
drag increase coming alongside the higher downforce level would matter.

LHS picture general schemate layout

RS picure asmal st
{biue ar

* Designb)
Alm: improve and/or reattach the flow on the RW below a given speed. Here one would on purpose design a
rear wing that shows poor performance (or is even stalled) when the system is not active. This would simply
mean that the system compared to Design a) needs to be active under a given speed to ensure that downforce
(and drag) is available where needed. Above that speed the system would not blow any energy through the
profile, the biplane in return would have poor performances coming alongside a low drag level favoring higher
top speeds.
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Family 2: outboard fluidic switch

Here the passive fluidic switch would be embedded in the wheel arch. One of the internal ducts would run through the
rear wing endplate and bring some airflow to the rear wing and/or exit below the rear wing elements (depending on the
layout) when active.

The remaining installation is a typical passive fluidic switch layout. With various inlets, porous medias to control the
static pressure in the various ducts and one or several fluidic switches.

This layout is schematic and would obviously from design to design look slightly differently.

Cartridges (~ porous mecias) contralingthe
mass flow ate in unction of the airfom
spendin crannen

FAsdic swich (10 movable sermts caide)

*  Designal
Aim: as per Family 1 design a)

BriSpicture:
(e amow)

Design b)
Alm: as per Family 1 design b)
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* Designf)
Aim: as per Family 1 design a) but with the internal channel running through the endplate ending up
somewhere below the flap

LHS picture: general schematic layout

BHS picture y se 3 typi e ingi Wihen acti most
behaviour
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«  Designc)
Aim: as per Family 1 design a) but with the slot being in the 2* profile, i.e. In the flap

e (e
‘311ow)n Ihe flap suction sxde 1o hanm the normal behavour

e Designd)
Aim: as per Family 1 design b) but with the slot being in the 2 profile, i.e. in the flap

BHSpicture: y
arrow) e,

Design e)
Aim: as per Family 1 design a) but with the internal channel running through the endplate ending up
somewhere below the mainplane

LHSpicture: general schematic layout

BHS picture: y
perpendicular
behaviour
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I Mission (to be by the C:
Article: 2.4.2
[m} 2015 FIA World Ci i ip Sporting
= 2015 Technical Regulations for Prototypes LMP1
O 2015 ions for Prototypes LMP2
| 2015 Technical Regulations for Le Mans Grand Touring Cars - LM GTE Pro & LM GTE Am
[} Internal ions of the FIA C
Decision of the Endurance Committee (to be completed by the Committee)
Accepted £l /12015
Suspended a [./2015
Refused 03/03/2015 Please see our comment below
Accepted with conditions | /./2015
Condition(s) fulfilled on:

Comments:

We intend to send this request to the other LMP1 manufacturers as a matter of clarification as they are also
potentially concerned by this decision.

Period of of the decisis
This decision comes into effect:
[ with immediate application

rom:
[0 from the following event :

And is applicable:

& until further notice
[ for the above-mentioned event(s) only

The Endurance Committee

y

7

Denis CHEVRIER Vincent BEAUMESNIL

‘ Any decision taken by the Endurance Committee is not subject to appeal.
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ENDURANCE COMMITTEE a/:c-
| —

REQUEST FORM 14 weoRep enu

REQUEST NUMBER

(to be completed by the Committee)

17-RO006-LMP1 |

This form must be sent by e-mail to: comite endurance@fia.com

Applicant
O Team Manufacturer

Manufacturer or Competitor (licence name): Porsche Motorsport LMP Team

First name & name of the applicant: tvan Botti

Title of the applicant (position/function): Manager Vehicle Engineering Support LMP1

Email address of the applicant: Ivan.botti@porsche. de
Date of the request: 28/03/2017

Car categories and/or groups

e[ 2] LMGTEPro[] M GTEAm []

Model of the car concerned by the application
Porsche 919 Hybrid LMP1 MY2017

1 | number (if

Purpose of the request

W are currently planning to optimize the use of the ERS cooling flow / ERS fan for the 2017 season compared to previous years. Before going into the
2017 we are seeking clarification if the following applications are allovied for ERS cooling from race 01 in Silverstone onwards,

Regulations concerned

Year:
O FIA World Endurance Championship Sporting Regulations

= Technical Reguiations for Prototypes LMP1 Hybrid

] Technical Reguiatians for Prototypes LMP1 Nen Hybrid

O Technical for Prototypes LMP2 gated in 2017

O Technical ions for types LMP2 gated befare 2017

O Technical Regulations for "Le Mans" Grand Touring Cars - LM GTE homologated since 2016
O Technical Reguiations for "Le Mans” Grand Touring Cars - LM GTE homologated befors 2016
O Other

Article:

Arm.‘ls:' Art34 - At 17.8.12

Page 1/3

Reference / Mission concerned (to be completed by the Committee)

Internal of the FIA C

°c 0000080 x

Description of the technical item that is the subject of the request (skip if not applicable)

+  Current regulations permit a fan for ES/ERS cooling purposes.

*  The fan power, inlet and outlet ducts positioning are not specified in the regulations.

+  Asa consequence we ask for clarification if the following is allowed in order to improve the overall effect of
the ERS fan:

Pasitioning of the fan inlet behind the front wing on the “front wing flow expansion” volume.
Positioning of the fan outlet near the diffuser side wall.

Paositioning of the fan outlet “below” the floor or blowing on it.

The use of layouts where the cooling airflow is bypassing the ES/ERS (see RHS picture below).
A powerful ERS fan with power consumption of more than 150 Watt.

Active control of the fan by the drivers and / or electronics to adjust the speed of the fan.

awEwN e

lllustration of the request (skip if not applicable)
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2017 FIA World Endurance Championship Sporting Regulations

2017 Technical Regulations for Protofypes LMP1 Hybrid

2017 Technical Regulations for Prototypes LMP1 Non Hybrid

2017 Technical Regulations for Protofypes LMP2 for cars homologated in 2017

2017 Technical Regulations for Protofypes LMP2 for cars homologated before 2017

2017 Technical Regulations for ‘Le Mans” Grand Touring Cars LM GTE for cars homologated since 2016
2017 Technical Regulations for “Le Mans” Grand Touring Cars LM GTE for cars homologated before 2016

of the Committee (to be completed by the C

12017

Accepted
/2017 | must provide an EVO form

Suspended ff2017

Refused 04/04/2017

g®|iaolo

Accepted with conditions f./2017

Condition(s) fulfilled on:

Comments :
Date : 04/04/2017
As a general principle, the described functions are reflecting a possible abusive use of fan
which would act as a movable aerodynamic element.

Period of validi ication of the decisi
This decision comes into effect:

[ with immediate application
0 from:
[ from the following event :

And is applicable:

O until further notice
[ for the above-mentioned event(s) only

The Endurance Committee

Denis CHEVRIER Vincent BEAUMESNIL

‘ Any decision taken by the Endurance Committee is not subject to appeal.
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Period of validity/application of the decision
This decision comes into effect:

X1 with immediate application

[ from:

[] from the following event :
And is applicable:

X1 until further notice

[ for the above-mentioned event(s) only
Committee Members

o -

Denis CHEVRIER Vincent BEAUMESNIL

Any decision taken by the Endurance Committee is not subject to appeal, in accordance with Article 4.11.2 b
of the WEC Sporting Regulations.
This decision is available on the following websites:
- http://www.fia.com/fia-endurance-committee

- http://sport.lemans.org/login.php
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