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(57) Abstract: A rotary valve internal combustion engine has a piston (1) connected to a crankshaft (3) and reciprocatable in a cylin -
der (2), a combustion chamber 4 being defined in part by the piston. The engine has a rotary valve (5) rotatable with a close sliding
fit in a valve housing (8) tixed relative to the cylinder (2), the rotary valve having a valve body containing a volume (9) defining, in
part, the combustion chamber 4 and further having in a wall part (11) thereot a port (1)2 giving, during rotation of the valve, fluid
communication successively to and from the combustion chamber via inlet and exhaust ports (13), (14) in the valve housing. The
rotary valve and the valve housing are both formed of aluminium.
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A Rotary valve internal combustion engine

The present invention relates to internal combustion engines in which the control of the
intake and exhaust of combustion gases is achieved by means of a rotary valve.

Such rotary valves are known, for example in the applicant's co-pending application No.
GB 2467947A. Rotary valve engines are known to have problems of sealing as there is a
conflict between minimising the clearances between the relatively rotating bodies, which
improves efficiency, but runs the increasing risk of overheating and seizing. Being adjacent
to the combustion chamber and in fact forming part of the combustion chamber, the valve
is subjected to large thermal stresses, high gas pressures and high surface speeds with
little or no lubrication. There are thus inherent problems in providing an adequate seal
between the port formed in the valve body and the associated valve housing. Conventional
rotary valves, which do not contain the volume defining in part the combustion chamber
typically use fiexible or resilient seals between the rotating valve body and the valve
housing, but such seals inevitably have a very short life in the hostile environment and also
require the substantial use of lubrication which results in excessive and unacceptable
emissions. An example of such a rotary valve is disclosed in US Patent 6,321,699.
Attempts have been made for many years to make a commercially acceptable engine
utilising rotary valves without seals, notably by Aspin, but these have mostly been
unsuccessful principally because of the differential thermal expansion between the valve
body and the valve housing. In the prior art, such as DE 4217608 A1 and DE 4040936 A1,
this conflict is recognised and attempts to solve the problem are made by providing
complex cooling arrangements or simply saying the problem is solved by using suitable
materials. In practice, larger than desired clearances are provided to reduce the risk of
seizing, at the cost of reducing the efficiency of the engine and increased emissions.

There is an inherent problem in reducing the gap because of the differential thermal
expansion between the rotary valve body and the valve housing caused, in part, by the
higher temperatures that the rotary valve body reaches compared to the valve housing.
This is caused in part by the fact that the valve body is located in the combustion chamber
at the point of maximum temperature generation, and also has poorer thermal pathways
through which to conduct the heat away to the outside world. In contrast the valve housing
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has the advantage that it is able to conduct the heat away directly by the provision of
external cooling means such as fins or water cooling.

In the past all efforts to solve this problem have been directed to the use of materials
having the lowest possible co-efficient of expansion for the valve body to limit its increase
in diameter as its temperature increases. This normally involves the use of high grade
steels with a hardened surface to minimise wear.

A further drawback of a steel valve body is that steel is a poor conductor of heat. As a
result the surface of the valve body tends to get very hot leading to problems with
excessive carbonisation.

It is common to use aluminium as the main base material for the valve housing as this
makes the engine lighter and also assists in cooling since aluminium is a much better heat
conductor than steel. However as the engine gets hot the aluminium of the housing will
expand more than the steel of the valve body causing the clearance between the valve
body and valve housing to increase, causing gas leakage and loss of power.

To reduce this differential expansion effect sometimes a cast iron, or bronze bush is
pushed into the aluminium valve housing. The steel valve body is then run within this bush.
This bush further reduce thermal conductivity leading to increased problems with
carbonisation. Alternatively the valve body may be run against the aluminium housing, with
steel bands embedded within the housing being used to control the expansion of the
aluminium. In either case the coefficients of expansion of the body and the housing will still
tend not be closely matched. This can lead to problems with seizure if the valve body
grows by more than the valve housing, and leakage if it grows by less.

A further disadvantage of the known engines utilising a steel valve body and an aluminium
housing occurs in cold conditions. Since the aluminium housing has a greater coefficient of
expansion than the steel valve body, it contracts more under cold conditions and it has
been found that, particularly at sub-zero temperatures, the gap can disappear altogether
with the resuit that the engine is effectively seized and will not start. To enable cold starting
to be achieved, it is necessary to provide a 'arger gap than is desired for engine efficiency.



WO 2014/023929 PCT/GB2013/000336

The present invention seeks to overcome these disadvantages by using aluminium for the
rotary valve body as well as the valve housing, the surface of the aluminium valve body
itself acting as the sealing surface, there being no additional sealing devices incorporated
within the valve body or valve housing . The use of aluminium for the valve body goes
against conventional rotary valve design where the requirement for minimal thermal
expansion, and a very hard running surface mean that a hardened steel component is
normally used. However it has now been found by experiment that, surprisingly, it is
possible to successfully use aluminium for the valve body and that it does overcome the
main disadvantages of the steel valve body.

Inherently because the same material is used for both valve body and valve housing, the
valve body and housing expand at the same rate. This leads to more consistent sealing
across the temperature range from cold starting up to maximum temperature, both
reducing leakage when hot, and preventing the engine seizing when cold.

The improved thermal conductivity of the aluminium valve body leads to lower surface
temperatures on the valve and reduced carbon deposition.

It has further been found that it is possible to use greater tolerances in the gap between
the valve body and the housing than is possible with the existing steel valve bodies without
reducing efficiency or increasing the risk of seizing. This greatly facilitates manufacture,
particularly for mass production and offers significant savings in manufacturing costs.
Typically, it has been found that cold clearances between the valve body and housing of
10-30 microns can be used without significant loss of efficiency, whereas in the known
engines clearances in the region of 5-10 microns are needed if efficiency requirements are
to be met. In practice, the use of such tight tolerances means that the valve bodies and
housings must be individually matched, which is not practical for mass production.

The reason for this surprising advantage is a type of thermal expansion feedback loop in
the transmission of heat from the valve body to the valve housing. If clearance between
the valve body and the housing increases during running, the heat conduction from the
valve to the housing reduces causing the valve body to heat up to reduce the clearance.
Similarly, if the clearance reduces, the conduction increases and more heat is conducted
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to the housing thus reducing the valve body temperature. This self-balancing, correction
factor enables the use of the wider tolerance range.

According to the present invention there is provided a rotary valve internal combustion
engine having a piston connected to a crankshaft and reciprocatable in a cylinder, a
combustion chamber being defined in part by the piston, and a rotary valve rotatable with a
close sliding fit in a valve housing fixed relative to the cylinder, the rotary valve having a
valve body containing a volume defining, in part, the combustion chamber and further
having in a wall part thereof a port giving, during rotation of the valve, fluid communication
successively to and from the combustion chamber via inlet and exhaust ports in the valve
housing, wherein the rotary valve and the valve housing are formed of aluminium, the
sealing function being carried out between a surface of the main body of the rotary valve
and a contiguous surface of the valve housing.

Preferably the total sealing function is carried out between the surface of the body of the
rotary valve and the surface of the valve housing only, there being no additional sealing
devices incorporated within the rotary valve or valve housing..

Preferably, the aluminium is an aluminium alloy with a copper content of up to 5%, and
may be a eutectic aluminium. In a preferred embodiment, the interface surface of one or
both of the valve body and the valve housing is provided with a hardened surface, which
may comprise hard anodised aluminium, a ceramic or silicon carbide coating, a DLC
(Diamond like Carbon) coating or a plasma nitrided surface.

In one embodiment, the port in the valve is a recess formed in the lower peripheral edge of
the wall of the valve body adjacent to the combustion chamber, the recess extending
upwardly from this lower edge of the wall of the valve to form the port in the side of the
valve. In another embodiment, the port in the valve is a bore in the wall part of the valve
body, the wall having a lip formed below the port adjacent to the combustion chamber.

Preferred embodiments of the present invention will now be described by way of example
with reference to the accompanying drawings, in which:-

Figure 1 shows a cross-sectional view of a single cylinder air cooled engine,
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Figure 2 is a schematic view of one embodiment of the rotary valve body.

Referring now to Figure 1, there is shown a single cylinder air cooled engine. The cylinder
2 has a piston 1 connected to a crankshaft 3 in the conventional manner for reciprocation
in the cylinder 2. As shown particularly in Figure 2, the upper part of the cylinder 2 is
closed by a combustion chamber 4. The flow of inlet air/fuel mix and exhaust gas into and
out of the combustion chamber 4 is controlled by a rotary valve 5. In this embodiment, the
valve is rotatable in a valve housing in the combustion chamber housing about an axis 5a
which is parallel to the axis of rotation 3a of the crankshaft 3.

At its end remote from the combustion chamber 4, the rotary vaive 5 has a driven pulley 17
mounted thereon which is connected to a drive pulley 18 on the engine crankshaft 3 by a
belt drive arrangement, comprising an endless belt 19 having a toothed profile on its inner
surface which drivingly engage with corresponding teeth on the pulleys 17 and 18. The
pulleys, and hence the endless belt 19 also, lie in a common plane 20. Thus, the rotation
of the crankshaft 3 and hence the piston movement is coordinated with the rotation of the
rotary valve 5 so that the engine operates on the conventional four stroke cycle. To
achieve this, the diameter of the driven pulley 17 is twice that of the drive pulley 18 so that
the rotary valve 5 rotates at half engine speed. '

Referring now to Figure 2 also, there is shown more detail of the rotary valve 5. The rotary
valve consists of a plain active valve having a first cylindrical part in the form of a shaft 6
mounted on a ball bearing arrangement comprising a single race ball bearing 7, located on
a side of the valve 5 remote from the combustion chamber 4. The valve has a slightly
larger cylindrical body part comprising the valve body 11 itself which forms a shoulder 12
against which the ball bearing 7 is located. The valve body 11 extends into the combustion
chamber and has in its interior a volume 9 which forms part of the combustion chamber 4.
The valve body 11 is rotatable in a bore in a valve housing 8 in which the valve body 11 is
a close sliding fit. Typically, the clearance is within the range of 10-30 microns between the
rotary valve 5 and the bore of the valve housing 8. The valve 5 and the valve housing 8
are formed of aluminium.

Preferably, the aluminium may be an aluminium alloy with a high copper content, up to
5%, which gives good heat dissipation properties and good bearing qualities. A preferred
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aluminium is that designated as aluminium 2618. In further developments of the invention,
one or both of the interface surfaces of the valve body 5 and the valve housing 8 may be
provided with a hard coating such as anodised aluminium, a ceramic or silicon carbide
coating such as Nikasil (a registered trademark), a DLC (Diamond like Carbon) coating or
a plasma nitride treatment.

The shaft 6 part of the rotary valve 5 is only slightly smaller in diameter than the vaive
body 11 to provide the shoulder. The shaft part is solid to provide a good path for
conducting heat from the valve body 11 to the exterior. The shaft, on its end remote from
the combustion chamber, to which the driven puiley 17 is connected, may have additional
cooling means such as a heat sink 13 which may include fins or a fan rotatable with the
driven pulley 17.

The rotary valve, the valve body has a port 14 which, during rotation of the valve, enables
fluid communication successively to and from the combustion chamber via inlet and
exhaust ports in the valve housing. In this embodiment the port is in the form of a recess
formed in the lower peripheral edge 16 of the wall 15 of the valve body adjacent to the
combustion chamber the recess extending upwardly from this lower edge of the wall of the
valve to form the port 14 in the side of the valve. In an alternative construction (not shown),
the port is a bore in the wall part of the valve body, the wall having a lip formed below the
port at the lower peripheral edge 16 of the wall 15 adjacent to the combustion chamber.

Although described as a single cylinder engine, it will be understood that the invention is
equally applicable to multi cylinder engines which may be of in-line, Vee or horizontally
opposed configuration. Furthermore, aithough described as a spark ignition engine the
invention is equally applicable to a compression ignition engine.

Although the example given is for an engine with the axis of rotation of the rotary valve
parallel to the axis of the crankshaft, it will be understood that the invention is equally
applicable to rotary valve engines where the axis of rotation of the valve is perpendicular to
the axis of rotation of the crankshaft, or indeed at any intermediate angle.
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CLAIMS

1. A rotary valve internal combustion engine having a piston connected to a
crankshaft and reciprocatable in a cylinder, a combustion chamber being defined in part by
the piston, and a rotary valve rotatable with a close sliding fit in a valve housing fixed
relative to the cylinder, the rotary valve having a valve body containing a volume defining,
in part, the combustion chamber and further having in a wall part thereof a port giving,
during rotation of the valve, fluid communication successively to and from the combustion
chamber via inlet and exhaust ports in the valve housing, wherein the base material of the
valve body and valve housing is aluminium, the sealing function being carried out between
a surface of the main body of the rotary valve and a contiguous surface of the valve
housing.

2. A rotary valve internal combustion engine according to claim 1 wherein the total sealing
function is carried out between the surface of the body of the rotary valve and the surface
of the valve housing only, there being no additional sealing devices incorporated within the
rotary valve or valve housing.

3. A rotary valve internal combustion engine according to claim 1 or 2 wherein the
aluminium is an aluminium alloy with a copper content of up to 5%.

4, A rotary valve internal combustion engine according to claim 1 or 2, wherein the
aluminium is a eutectic aluminium.

5. A rotary valve internal combustion engine according to claim 1 or 2 or 3 or 4,
wherein the interface surface of one or both of the valve body and the valve housing is
provided with a hardened surface.

6. A rotary vaive internal combustion engine according to claim 5, wherein the
hardened surface or surfaces comprises anodised aluminium, a ceramic or silicon carbide
coating, a DLC (Diamond like Carbon) coating or a plasma nitrided surface.
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7. A rotary valve internal combustion engine according to any one of claims 1 to 6,
wherein the port in the valve is a recess formed in the lower peripheral edge of the wall of
the valve body adjacent to the combustion chamber, the recess extending upwardly from
this lower edge of the wall of the valve to form the port in the side of the valve.

8. A rotary valve internal combustion engine according to any one of claims 1 to 6
wherein the port in the valve is a bore in the wall part of the valve body, the wall having a
lip formed below the port adjacent to the combustion chamber.



WO 2014/023929 PCT/GB2013/000336
1/2

-ﬂ_‘_\4

g

N
W)
2

t




WO 2014/023929 PCT/GB2013/000336
2/2




INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2013/000336

A. CLASSIFICATION OF SUBJECT MATTER

INV. FOl1L7/02 FO1L7/04
ADD.

FO1L7/08

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

FO1L

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

17 June 1941 (1941-06-17)
column 2, line 18; figure 1

FRANK METCALFE)
18 January 1961 (1961-01-18)

16 June 1938 (1938-06-16)

28 November 1949 (1949-11-28)
page 2, line 30 - line 35

page 1, line 77 - line 79; figures
Y GB 487 184 A (WILLIAM MCMAHON)
page 2, line 75 - line 80; figures
Y GB 632 573 A (FORTUNE CAUDMONT)

Y US 2 245 743 A (METCALF ASPIN FRANK) 1

Y GB 859 366 A (F M ASPIN ENGINES LTD; ASPIN 1

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

5 November 2013

Date of mailing of the international search report

15/11/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Paulson, Bo

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2013/000336

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

21 November 2007 (2007-11-21)
the whole document

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A DE 40 40 936 Al (KLOECKNER HUMBOLDT DEUTZ 1-8
AG [DE]) 25 June 1992 (1992-06-25)
the whole document
A GB 2 467 947 A (RCV ENGINES LTD [GB]) 1-8
25 August 2010 (2010-08-25)
the whole document
A US 1 682 512 A (HAYS HARRY S) 1-8
28 August 1928 (1928-08-28)
the whole document
A GB 2 438 207 A (RCV ENGINES LTD [GB]) 1-8

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/GB2013/000336
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2245743 A 17-06-1941  NONE
GB 859366 A 18-01-1961  NONE
GB 487184 A 16-06-1938  NONE
GB 632573 A 28-11-1949  NONE
DE 4040936 Al 25-06-1992  NONE
GB 2467947 A 25-08-2010  CN 102325969 A 18-01-2012
EP 2399009 Al 28-12-2011
GB 2467947 A 25-08-2010
JP 2012518739 A 16-08-2012
KR 20120011844 A 08-02-2012
US 2011308491 Al 22-12-2011
WO 2010094917 Al 26-08-2010
US 1682512 A 28-08-1928  NONE
GB 2438207 A 21-11-2007  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - claims
	Page 9 - claims
	Page 10 - drawings
	Page 11 - drawings
	Page 12 - wo-search-report
	Page 13 - wo-search-report
	Page 14 - wo-search-report

