
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2013/049900 Al
11 April 2013 (11.04.2013) P O P C T

(51) International Patent Classification: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
B62D 35/00 (2006.01) B62D 37/02 (2006.01) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
B62D 35/02 (2006.01) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
(21) International Application Number: RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,

PCT/BE20 12/000045 TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,

(22) International Filing Date: ZM, ZW.

2 October 2012 (02. 10.2012) (84) Designated States (unless otherwise indicated, for every

(25) Filing Language: Dutch kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

(26) Publication Language: English UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

(30) Priority Data: TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

201 1/0586 6 October 201 1 (06. 10.201 1) BE EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

(71) Applicant: VOXDALE BVBA [BE/BE]; Lange Winkel- TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
haakstraat 26, B-2060 Antwerpen (BE). ML, MR, NE, SN, TD, TG).

(72) Inventor: REMMERIE, Wouter, Renaat, Joel; Leopold Declarations under Rule 4.17 :
De Vriesstraat 20, B-2600 Berchem (BE).

— of inventorship (Rule 4.17(iv))
(74) Agent: D'HALLEWEYN, Nele Veerle Trees Gertrudis;

Published:Arnold & Siedsma, Meir 24, B-2000 Antwerpen (BE).
— with international search report (Art. 21(3))

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM, — before the expiration of the time limit for amending the

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, claims and to be republished in the event of receipt of

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, amendments (Rule 48.2(h))

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(54) Title: VEHICLE WITH LATERAL FORCE GENERATION

oo
FIG. 3

©

(57) Abstract: Vehicle with a bodywork, wherein a channel (10) is formed in the bodywork which extends from an inlet (3) to an
o outlet (4, 5), wherein at least one control element (13) is arranged movably in said channel in order to force an airflow flowing
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VEHICLE WITH LATERAL FORCE GENERATION

The invention relates to a vehicle designed to enable a high

cornering speed.

Solutions have long been sought for absorbing the lateral

forces when taking bends, particularly of vehicles at high speeds.

A first way is to create downforce in order to exert more pressure

on the ground surface. Due to the downward pressure the tyres will

be subjected to a higher contact pressure on the ground surface,

whereby greater shear forces can be absorbed. Such a solution is

described in EP 0467523.

A drawback of generating downforce is that the load on drive

components such as axles, tyres, bearings, suspension, suspension

system and the like is higher. These parts hereby have to be given

a heavier construction to be able to withstand the higher load,

this having an adverse effect on the total weight of the vehicle.

The higher load further causes more rapid wear of the components,

which has an adverse effect in respect of maintenance costs and

reliability .

These problems are acknowledged in the prior art, and

different solutions have been devised which are described in US

2976077, DE 2838998, WO 2009/129632, US 3512825, GB 713277 and GB

2270658. Each of these documents describes how wing elements are

arranged on the outside of the bodywork of the vehicle. A lateral

force can be generated on the vehicle by operating these wing

elements. This lateral force, which is generated by the wing

elements, no longer has to be absorbed by the tyres when a bend

is negotiated. The cornering speed can hereby be increased while

the load on the tyres, and consequently on the drive components,

is reduced.

Placing wing elements on the outside of the bodywork is

usually not permitted for safety reasons, whereby these solutions

cannot be applied in practice.



A further solution for enabling higher cornering speeds is

described in AT 406140. This document describes how the airflow

under a car can be guided and accelerated in order to obtain more

downward pressure, and thereby stability. This takes place by

bending walls of a channel, so changing the shape of the channel.

A drawback to this solution is the mechanical complexity

necessary to bend the walls and to absorb forces exerted on the

walls. This mechanical complexity makes this solution expensive

and not very reliable.

It is an object of the invention to provide a bodywork for

a vehicle which allows high cornering speeds.

Provided for this purpose is a vehicle with a bodywork,

wherein a channel is formed in the bodywork which extends from an

inlet to an outlet, wherein at least one control element is arranged

movably in said channel in order to force an airflow flowing through

the channel to flow asymmetrically through the channel in order

to thus generate a lateral force on the vehicle. Having an airflow

flow through a channel greatly increases the controllability of

this airflow. Causing a change in the direction of this airflow

creates a roughly asymmetrical flow pattern which generates a

lateral force on the vehicle. This lateral force can be controlled

due to the movability of the control element. The lateral force

can be employed to counteract at least a part of centrifugal forces

which result when negotiating a bend. A higher cornering speed can

hereby be achieved by the vehicle.

The inlet is preferably formed by at least one opening at the

front side of the bodywork, more preferably in the front side of

the bodywork. Placing the inlet on the front side will cause an

airflow to flow through the channel as a result of a forward

movement of the vehicle. This airflow can be forced by the control

element to flow asymmetrically through the channel, thereby

creating the lateral force.

The channel is preferably branched, wherein the outlet is



formed by two outlet openings in opposite sides of the bodywork,

wherein the airflow is forced to flow more through one of the two

outlet openings than through the other of the two outlet openings.

The airflow leaves the bodywork on the side of the bodywork. A

lateral force is generated in that the airflow passes through a

bend from the inlet opening located on the front side to the outlet

openings located on the side walls. The air flowing out of the side

will further influence the airflow around the car on that side of

the car, whereby the air adjacent to that side will flow more

quickly or more slowly. According to Bernoulli's principle,

changing the speed of the air results in a change in pressure. A

force will act on the outside of the bodywork on that side of the

car, thereby creating a lateral force.

The control element is preferably arranged at the position

of a branching in the channel. A control element can be arranged

at a branching in order to distribute the airflow equally between

two branches or to guide more of or the whole airflow in the

direction of the one or the other branch. Placing the control

element at the position of the branching allows a simple mechanical

control with high precision.

The channel is preferably bounded on either side thereof by

upright walls. The channel is preferably open at the bottom. An

open channel with upright walls can be provided easily on the bottom

of the bodywork. Via such a construction even existing vehicles

can be provided with an aerodynamic bodywork according to the

invention.

The channel preferably has a plane-symmetrical form relative

to a plane running parallel to the travel direction of the vehicle

and extending vertically through the centre of the vehicle. By

giving the channel a symmetrical form an equal lateral and downward

pressure is generated on either side of the vehicle in neutral

position of the control element, enabling a stable and predictable

forward movement . A symmetrical channel has the further advantage



that, in addition to lateral forces, a braking force can also be

generated by closing the channel symmetrically and thus disrupting

the airflow in symmetrical manner. The vehicle is hereby capable

of less streamlined forward movement and will thereby encounter

a higher air resistance (the so-called air-brake).

The control element is preferably mounted rotatably around

a substantially vertical shaft. The control element can be

controlled by the rotation around the vertical shaft. Such a

control is easy to realize.

The outlet preferably comprises at least one opening at the

rear side of the vehicle and the inlet comprises two inlet openings

in opposite sides of the bodywork. These openings allow a control

of the airflow through the channel more at the rear side of the

vehicle. A more precise control can hereby be obtained.

The outlet openings at the side and the inlet openings at the

side are preferably placed relative to each other such that an

uncontrolled airflow flows at least partially out of the outlet

opening and subsequently into the inlet opening. An uncontrolled

airflow is understood to mean an airflow which flows when none of

the control elements prevent air from flowing into or out of a

branch of the channel, and/or in neutral position of the control

elements. Such a connection between outlet and inlet has been found

in simulations and tests to result in a high aerodynamic stability

and controllability. By allowing air which leaves the outlet to

flow back into an inlet this air does not remain definitively on

the outside of the bodywork, and this air will have no appreciable

effect on the airflow on the outside of the bodywork.

The inlet openings at the side preferably each comprise a

further control element which can at least partially close the

inlet openings. Air can hereby be prevented from flowing through

the channel and thereby be forced to flow along the bodywork. The

flow along the bodywork applies a force to the bodywork which

changes when the flow along the bodywork changes . A force acting



on the bodywork can thus be influenced with the further control

elements .

The openings in the side are preferably located in a central

zone of the vehicle, more preferably at the position of the centre

of gravity of the vehicle. By having an airflow flow out on the

side wall in a central zone of the vehicle, the lateral force

resulting from the outflow will exert no appreciable torque on the

vehicle. This increases the stability of the vehicle.

The channel preferably extends substantially upward as seen

from the front side to the rear side of the vehicle in order to

also generate a downforce as well as a lateral force. A downforce

is exerted on the bodywork by forcing the airflow upward. This

downforce provides for extra stability of the vehicle by increasing

the contact pressure on the ground surface. For reasons elucidated

above the creation of a downforce is not the first preference

according to the invention for increasing cornering speeds.

Lateral forces (generated according to the invention) can however

be combined with additional downforces in order to obtain a whole

which enables an even higher cornering speed. A part of the

centrifugal force (when taking a bend) is counteracted here by the

lateral forces and a part is absorbed by the friction resulting

from the contact pressure of the tyres on the ground surface, this

contact pressure being higher due to the generated downward

pressure .

The vehicle is preferably a land vehicle, more preferably a

car. Alternatively, the vehicle is for instance a vessel.

The invention will now be further described on the basis of

an exemplary embodiment shown in the drawing.

In the drawing:

figure 1 shows a vehicle with bodywork according to a

preferred embodiment of the invention;

figure 2 shows a cross-section of the vehicle wherein the

control elements are in neutral position;
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figure 3 shows a cross-section of the vehicle wherein a front

control element is in rotated position;

figure 4 shows a cross-section of the vehicle wherein a

control element on the side is in rotated position;

figure 5 shows a cross-section of the vehicle wherein a rear

control element is in rotated position;

figure 6 shows a cross-section of a simplified embodiment of

the invention; and

figure shows a cross-section of a further embodiment of the

invention.

The same or similar elements are designated in the drawing

with the same reference numeral.

Figure 1 shows a car 1 with a bodywork 2 which forms the outer

surfaces of the car. The details of the invention and the principles

at work therein will be explained in the further description on

the basis of this car 1 . It will however be apparent to the skilled

person that these details and principles can likewise be applied

to any of the following (not an exhaustive list) : truck, motorbike,

vessel, aircraft, train and bus. The invention will be particularly

applicable to vehicles intended to reach a speed higher than 50

km/h, preferably higher than 100 km/h, more preferably higher than

150 km/h, most preferably higher than 200 km/h.

Car 1 has on the front side an inlet opening 3 where air can

flow into a channel. The inlet opening is preferably formed as one

central opening 3 in an upright front part of the bodywork, as shown

in figure 1 . The inlet opening can however comprise a plurality

of openings which are distributed at the front side of the bodywork

(not shown) . Inlet openings could thus be provided on the front

wheel housings. The inlet opening or inlet openings are preferably

formed schematically relative to a plane which extends vertically

and in the travel direction of the car and which runs through the

geometrical centre of the car, further referred to in the

description as the plane of symmetry.



1

An outlet opening 4 , 5 is formed in the side wall of the

bodywork on either side of car 1 . Outlet opening 4 , 5 is connected

via a channel 10 to inlet opening 3 so that an airflow can flow

from inlet opening 3 through the channel and as far as outlet

opening 4 , 5 . Outlet opening 4 , 5 is placed in the side wall in

a central zone of the vehicle, preferably between the front and

the rear wheel housings of the vehicle.

A further inlet opening 6 , 7 is also formed on either side

of car 1 at the position of and in the travel direction behind outlet

opening 4 , 5 . These inlet openings 6 and 7 are positioned relative

to outlet openings 4 and 5 such that an airflow, when it is not

deflected by a control element, flows out of outlet opening 4 , 5

and at least partially, but preferably substantially wholly, into

inlet opening 6 , 7 .

An outlet opening 8 is provided on the rear side of car 1 .

This outlet opening 8 can be formed so that it runs out onto a

diffuser (not shown) which is formed centrally at the rear on the

underside of the car. As shown in figure 1 , outlet opening 8 can

be formed more toward the upper side of the car at the rear side.

Two outlet openings 8 are provided at the rear side in the drawings.

Outlet opening 8 is connected via a channel 10 to an inlet,

preferably to inlet openings 6 , 7 situated on the side of the car.

Figure 2 shows a schematic cross-sectional view of a car. The

schematic view shows inlet opening 3 on the front side of the car,

which inlet opening 3 is connected via channel 10 to outlet openings

4 and 5 in the side wall of the car. Channel 10 extends further

from inlet openings 6 and 7 to outlet opening 8 on the rear side

of the car. Figure 2 further shows a line of symmetry 9 extending

in the travel direction and lying in the plane of symmetry.

When the car moves forward at a given speed, a relative

movement between the car and the ambient air is created with a speed

equal to the given forward speed. The forward movement of the car

will ensure that, taking the car as reference point, an airflow
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will flow around the car and through channel 10. The airflow through

channel 10 is designated in the figures with numerals 11 and 12.

Channel 10 is shown in plan view in figures 2-5 in order to

describe the effects of the airflow in the transverse direction

of the car. It will be apparent that this plan view by no means

forms a limitation and that channel 10, as seen from front to rear

of the car, can run upward so as to thus create a downforce on the

car .

Channel 10 is bounded by upright side walls, shown in the

figures with a broken line. According to a first embodiment,

channel 10 is open at the bottom. This first embodiment is suitable

for application on existing vehicle designs. According to a second

embodiment, the channel is closed at the bottom and thereby wholly

incorporated into the bodywork of the vehicle so as to extend

through the bodywork from inlet to outlet. According to a third

embodiment, the channel is open at the top. This third embodiment

can be applied in vehicles specially designed for racing.

Channel 10 is formed as a branched channel which, from a

central branch running from the front inlet opening 3 and in the

direction of travel, is divided into two branches, each extending

in the direction of a side of the car. The branching is formed in

a central part of the car. The branching is preferably formed in

a zone between the front wheel housings. Channels 10 preferably

curve around either side of a cockpit of the car and then curve

toward each other again behind the cockpit.

Control elements are arranged in channel 10. The figures show

a control element 13 placed centrally in channel 10, two control

elements 14 and 15 positioned at the location of inlet openings

6 and 7 in th e side of the car and two control elements 16 and 17

positioned at the location of outlet opening 8 on the rear side

of the car.

The control elements are preferably formed as valves having

an aerodynamic form so as to create minimal turbulence. The valves



extend substantially vertically and are rotatable around a

substantially vertical axis so as to thus enable deflection of an

airflow in the horizontal plane.

The central control element 13 is formed as distributing valve

at the position of a branching in channel 10. This control element

13 is provided for the purpose of distributing the airflow coming

from central opening 3 in the direction of outlet openings 4 and

5 . Control element 13 can here force the airflow to flow more or

wholly in the direction of one of the two outlet openings 4 and

5 . The effect hereof is explained with reference to figure 3 , in

which the central control element 13 is rotated around its vertical

axis to allow more air to flow to outlet opening 4 in the left-hand

side of the car.

Because the airflow does not collide symmetrically with

control element 13 but collides more with one side of control

element 13, the control element is subjected to a force Fl . This

force Fl comprises a component in the travel direction which

counteracts the forward movement of the car, and comprises a

component in transverse direction which pushes the car to the

right .

The airflow will further flow out of the car on the left-hand

side through outlet opening 4 , whereby a thrust F2 is created at

the outlet. This thrust F2 lies in line with the outflow direction

and will therefore have a component in the direction of forward

movement and will have a component in transverse direction which

pushes the car to the right. The thrust will theoretically be

exerted at the outflow opening and in practice will be exerted on

the plane in the vehicle lying in line with the outflow opening,

being the cockpit wall and the control element.

Because a greater quantity of air flows out of outlet opening

4 , only a part of this air will flow in at inlet opening 6 . Another

part will flow via the outside of the bodywork along the rear side

of the car (see flow line 20). This outflowing air influences the



laminar airflow flowing around the car so that the air speed

adjacently of the left and rear sides of the bodywork becomes

slower. This effect has been observed via wind tunnel simulations.

The air flows unimpeded on the right-hand side of the car. This

results in a difference in speed between the airflow on the

left-hand side and the airflow on the right-hand side of the car,

at least on the rear side of the car. According to Bernoulli's

principle a pressure difference will occur, wherein the location

where the air flows more rapidly has a lower pressure than the

location where the air flows more slowly. In figure 3 the air flows

more slowly on the left-hand side than the air on the right-hand

side. As a result of this difference in speed a force F3 will occur,

this being a transverse force which pushes the car to the right.

The forces Fl, F2 and F3 all have at least a component in the

transverse direction, more particularly a component which pushes

the car to the right. Such a position of the central control element

would counteract at least a part of the centrifugal force when the

car takes a corner to the right. The tyres will hereby have to

counteract less centrifugal force, which will have a positive

effect in respect of wear and cornering speed.

Two control elements 14 and 15, positioned at the location

of inlet openings 6 and 7 in the side of the car, are formed as

closing valve for the purpose of wholly or partially closing these

inlet openings. Figure 4 shows the effects of closing one of the

two inlet openings, and shows the airflow when inlet opening 6 on

the left-hand side of the vehicle is closed and inlet opening 7

on the right-hand side of the vehicle is open.

Because inlet opening 6 is closed, the air leaving outlet

opening 4 cannot flow into inlet opening 6 . This air is hereby

forced to flow along the car on the outside of the bodywork. This

will disrupt the airflow flowing around the car, whereby this

airflow will be slowed. This effect has been observed in wind tunnel

simulations. Similarly to force F3 as described with reference to
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figure 3 , a force F will be created which pushes the car to the

right .

Figure 5 shows how a control element 16 positioned at the

location of outlet opening 8 on the rear side of the car is

controlled, and what the effect thereof is. Control element 16

functions similarly to the rudder of an aircraft. A force F5 is

applied to control element 16 in opposite direction to the

direction in which the airflow is deflected. In figure 5 the airflow

is deflected to the right-hand side of the car, whereby a force

F5 which pushes the car to the left is exerted on the control

element .

In addition to exerting a transverse force on the car, the

forces F , F2, F3, F and F5 will also exert a torque on the car

when the force vector does not pass through the centre of gravity

of the car. Although the forces created by operating the different

control elements can lie substantially in the same direction, the

direction of torque will differ depending on the position where

the forces are exerted. Forces Fl and F2 will thus cause a torque

in the clockwise direction. F3 and F4 will in turn cause a

counter-clockwise torque. When the forces Fl, F2, F3 and F4 are

exerted together a torque on the car could be minimized, which

improves stability. The forces Fl, F2, F3, F4 and F5 could also

be chosen specifically for the purpose of providing a torque which

is advantageous for the desired performance of the vehicle, for

instance intentional drift or slight oversteer when steering into

the bend.

Both lateral force and a torque can be controlled in respect

of magnitude and direction by operating the control elements, this

resulting in an enormous design freedom. This freedom is preferably

achieved by providing at least two control elements positioned at

different locations in the channel. The one control element is

preferably positioned here on another side of the centre of gravity

of the car than the other control element.
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Figure 6 shows a car with bodywork in which a channel 10

extends from an inlet opening 30 in the front side of the bodywork

to an outlet opening 31 in the rear side of the bodywork. A first

control element 32 is rotatably mounted in the channel in order

to deflect the airflow in channel 10. A further control element

33 is mounted in a rearmost portion of channel 10 in order to deflect

the airflow in the channel. An embodiment in which only one control

element 32 or 33 is mounted in channel 10 also provides options

for generating a transverse force on the vehicle, and thereby

likewise falls within the invention.

Figure 7 shows a car with bodywork in which a branched channel

10 extends from an inlet opening 40 in the front side of the bodywork

to two outlet openings 41 and 42, each arranged at the rear side

of the bodywork. A control element 43 is provided at the position

of the branching of channel 10 in order to force more or all of

the air to flow through one of the two branches. A transverse force

is hereby generated on the vehicle.

It will be apparent from the above description that different

combinations can be made of inlet openings and outlet openings,

of branches and of control elements at different locations in the

channel. This freedom in making combinations provides the skilled

person with the option of adjusting the action of forces on a

vehicle to the specific requirements and objectives of this

vehicle. The invention is not therefore limited to a specific form

of channel, placing of inlet or outlet, or position of control

element.
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Claims

1 . Vehicle with a bodywork, wherein a channel is formed in

the bodywork which extends from an inlet to an outlet, wherein at

least one control element is arranged movably in said channel and

is adapted to force an airflow flowing through the channel to flow

asymmetrically through the channel in order to thus generate a

lateral force on the vehicle, wherein the channel is branched,

wherein the outlet comprises two outlet openings, wherein the

control element is provided in order to force the airflow to flow

more through one of the two outlet openings than through the other

of the two outlet openings .

2 . Vehicle as claimed in claim 1 , with a front side, wherein

the inlet comprises at least one opening at the front side,

preferably in a front side of the bodywork.

3 . Vehicle as claimed in claim 1 or 2 , wherein the two outlet

openings are arranged in opposite sides of the bodywork.

4 . Vehicle as claimed in any of the foregoing claims, wherein

the control element is arranged at the position of a branching in

the channel .

5 . Vehicle as claimed in any of the foregoing claims, wherein

the channel is bounded on either side thereof by upright walls.

6 . Vehicle as claimed in any of the foregoing claims, wherein

the channel is open at the bottom.

7 . Vehicle as claimed in any of the foregoing claims, wherein

the channel has a substantially plane-symmetrical form relative

to a plane running parallel to the travel direction of the vehicle

and extending vertically through the centre of the vehicle.

8 . Vehicle as claimed in any of the foregoing claims, wherein

the control element is mounted rotatably around a substantially

vertical axis.

9 . Vehicle as claimed in any of the foregoing claims, with

a rear side, wherein the outlet comprises at least one opening at
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the rear side.

10. Vehicle as claimed in any of the foregoing claims, wherein

the inlet comprises two inlet openings in opposite sides of the

bodywork .

11. Vehicle as claimed in claim 3 and claim 10, wherein the

outlet openings at the side and the inlet openings at the side are

placed relative to each other such that an uncontrolled airflow

flows at least partially out of the outlet opening and subsequently

into the inlet opening.

12. Vehicle as claimed in claim 10 or 11, wherein the inlet

openings at the side each comprise a further control element which

can at least partially close the inlet openings.

13. Vehicle as claimed in claim 3 or 10 to 12, wherein the

openings in the side are located in a central zone of the vehicle,

more preferably at the position of the centre of gravity of the

vehicle .

14. Vehicle as claimed in any of the foregoing claims, wherein

the channel extends substantially upward as seen from the front

side to the rear side of the vehicle in order to also generate a

downforce as well as a lateral force.

15. Vehicle as claimed in any of the foregoing claims, wherein

the control element is formed as valve, which valve is provided

for the purpose of closing at least one third of the cross-sectional

area of the channel .

16. Vehicle as claimed in any of the foregoing claims, wherein

the vehicle is a land vehicle, preferably a car.

17 . Vehicle as claimed in any of the claims 1-12, wherein the

vehicle is a vessel.
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