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1
ENGINE

This invention relates to rotary combustion engines,
and more particularly to the provision of an auxiliary
ignition system for a Wankel engine.

I have modified a conventional Wankel engine to im-
prove its performance and to improve the exhaust ema-
nating from that engine. An object of my invention is
to provide a Wankel engine with an auxiliary ignition
system which will, once the engine is running, keep the
engine running even when the primary ignition system
is disconnected and which will, in fact, produce a more
complete combustion of the fuel mixture drawn into
the engine than is produced by the primary ignition sys-
tem.

A primary object of my present invention is to pro-
vide, in the peripheral wall of the trochoidal cavity of
a Wankel engine, a thermally conductive member
which is insulated from that wall, i.e., from the housing
of the engine, such that it will be heated to a tempera-
ture well exceeding the ignition temperature of the fuel
mixture under compression. Once the conductive
member is heated to the elevated temperature, it will
serve as an igniter of the fuel mixture. I place that con-
ductive member in the peripheral wall in advance of
the portion thereof where the admitted fuel mixture is
fully compressed between one of the apex seals as the

. leading seal and another of the apex seals as the follow-
ing seal. Thus, the member is positioned such that it is
exposed by movement of the said leading seal therepast
to ignite the compressed fuel mixture for expansion. In
other words, the conductive member is positioned at or
defines the transition between the compression phase
and the expansion phase. It will be appreciated that the
location of this conductive member is established to
fire the compressed mixture at the desired angular posi-
tion of the rotary piston.

Another object of my present invention is to place
another such conductive member in the peripheral wall
and insulated therefrom in the portion thereof defining
the exhaust phase and in advance of the exhaust port.
The combustion product or exhaust gases, and the un-
burned hydrocarbons in the exhaust gases, are scraped
past this conductive member to be ignited.

Other objects and features of my present invention
will become apparent as this description progresses.

To the accomplishment of the above and related ob-
Jects, this invention may be embodied in the forms illus-
trated in the accompanying drawings, attention being
called to the fact, however, that the drawings are illus-
trative only, and that changes may be made in the spe-
cific constructions illustrated and described, so long as
the scope of the appended claims is not violated.

In the drawings:

FIG. 1 is a transverse cross-sectional view of a Wan-
kel engine modified to include a thermally conductive
member at the transition between the compression and
expansion phases;

FIG. 2 is another such view showing such a thermally
conductive member in advance of the exhaust port;

FIG. 3 is a fragmentary section view showing two
such thermally conductive members, one at the transi-
tion between the compression and expansion phases
and another just in advance of the exhaust port; and

FIG. 4 is an enlarged fragmentary sectional view of
the heated strip.
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Referring particularly to the drawings, it will be seen
that  have illustrated a conventional rotary combustion
engine (commonly called a Wankel engine) of the type
shown, for instance, in U.S. Pat. No. 3,699,929 issued
Oct. 24, 1972. I will describe briefly the conventional
and well-known Wankel engine structure and then de-
scribe my improvement thereon.

The illustrated rotary combustion engine comprises
a stationary housing 10 providing a cavity 11 that is de-
fined by an inwardly facing peripheral wall 12 and a
pair of axially spaced side walls or end walls 14, only
one of which is shown. The peripheral wall 12 is gener-
ally in the shape of a two-lobed epitrochoid or a curve
parallel thereto whose center or axis is indicated at 16
where the curve’s minor axis 18 and the major axis 19
intersect. A power output shaft 20 extends through the
cavity 11 and is journal mounted in the end wall 14 so
that the axis of the shaft 20 is coincident with the axis
16 of the peripheral wall 12.

The power output shaft 20 is provided, in the cavity
11, with an eccentric 21 on which a rotor or piston 22
is mounted for rotation about the axis 24 of the eccen-
tric, this axis 24 being parallel to and spaced apart from
the axis 16 of the output shaft 20.

The Wankel rotor or piston 22 is generally in the
shape of a triangle having convex faces 26 which face
the peripheral wall 12 and cooperate therewith to de-
fine three variable-volume combustion chambers 28.
Wankel’s concept is to have the piston 22 general out-
line correspond to the three-lobed inner envelope of a
two-lobed epitrochoid peripheral wall 12. The piston
22 must carry three apex seals 29 which engage the
wall 12 and side seals 30 which engage the end walls
14. The manner in which this is accomplished is well
known in the automotive engine arts.

With the two-lobed peripheral wall 12 and the three-
lobed piston 22, there are provided the four successive
phases of intake, compression, expansion and exhaust
in fixed relation to th housing 10 by forcing the piston
to rotate at one-third the speed of the output shaft 20,
This reduction may be accomplished by a gear train
comprising the illustrated internally-toothed ring gear
31 and the externally-toothed gear 32 which is concen-
tric with the axis 16 and which is made stationary by
being fixed to the housing 10. The ring gear 31, for in-
stance, has 1% times the number of teeth as the gear 32
to provide the required speed ratio of 3:1 between the
power output shaft 20 and piston 22. The fuel intake
passage is indicated at 34 and the exhaust passage is in-
dicated at 36. The fuel intake passage 34 intersects the
cavity 11 to one side of and near the minor axis 18 and
on one side of the major axis 19. The exhaust passage
36-is on the same side of the major axis 19 as the intake
passage, but on the opposite side of and near the minor
axis 18. The piston 22, in FIGS. 1 and 2, is shown in its
top dead-center (TDC) position. Typically, when the
piston is in that position or slightly before, ignition oc-
curs. That is, the fuel mixture drawn into the passage
34 and compressed is ignited, forcing the piston 22 to
continue to rotate while the gas is expanding. Eventu-
ally, the apex seal 29 leading the expansion passes the
exhaust passageway 36 so that the burned gas mixture
is expelled to the atmosphere.

In the drawings, 1 have illustrated coolant passage-

> ways 38, and a spark plug 40 threaded into an opening

42 in the wall 12 so that its tip 44 is exposed to the com-
bustion chamber 28 at the position where the fuel mix-



3,812,827

3

ture is compressed. The spark plug 40 is merely illustra-
tive, and in accordance with my invention, other forms
of ignition devices may well be used for particular ap-
plications. For instance, in place of the spark plug, a
glow plug of conventional construction may be used.
Since the ignition system may be used only in the start-
ing mode, a simple piezoelectric device may be used in
lieu of the spark plug.

In the drawings, the arrow 50 represents the direction
of movement of the piston 22.

According to the present invention, I place a strip or
strips 60 of high-temperature metal in the wall 12 and
insulated from the housing 10 by means of a heat insu-
lating block such as indicated at 62. While | prefer that
the metal strips 60 extend axially along the wall 12, it
will be appreciated that the strips may take a variety of
different shapes. 1 have found it convenient to form a
dovetail slot axially in the wall 12 and to place a con-
formingly-shaped ceramic insulator block 62 in that
slot 64. Then, in the ceramic block itself, I form an-
other dovetail slot 66 and place the conformingly-
shaped metal strip 60 in that slot as viewed in FIG. 4.
I may insulate the axial ends of the strip 60, i.e., the
ends adjacent the opposing end walls 14, from the end
walls. I prefer that the strip 60 cover a substantial por-
tion of the axial depth (parallel to the axis 16) of the
trochoid bore. The ceramic block 62, of course, insu-
lates the metal strip 60 from the cooling ability of the
coolant flowing through the conventional passageways
38. Thus, the metal strip 60 will be heated by the com-
bustion product to a temperature in the vicinity of the
temperature of the exhaust gases. In a rotary combus-
tion engine of the type illustrated, the exhaust gas tem-
perature is in the vicinity of 900° C. Since the tempera-
ture required to ignite a fuel mixture under compres-
sion is only in the area of 350° C., once the strip 60 is
heated to the elevated temperature, it will serve as an
igniter of the fuel mixture. Since the unburned hydro-
carbons in the fuel mixture tend to cling to the trochoi-
dal wall 12 because of the cooling of these walls, the
seals 29 will move such unburned hydrocarbons past
the hot strip 60 which will ignite the hydrocarbons.

In the embodiment of FIG. 1, the strip 60 is posi-
tioned such that the leading apex seal 29 will move past
it in the direction of the arrow 50 and expose it to the
compressed fuel mixture approximately 12° before the
piston 22 reaches the TDC position. In other words, in
the embodiment of FIG. 1, the hot strip 60 will ignite
the compressed fuel mixture when the piston 22 is ap-
proximately 12° before its TDC position. The strip 60,
therefore, defines the transition between the compres-
sion and expansion phases of the combustion cycle.

In the embodiment of FIG. 2, the hot strip 60 with its
ceramic insulator 62 is positioned in the exhaust cham-
ber 28 a few degrees in advance of the exhaust port 26
such that the exhaust gases, and the unburned hydro-
carbons contained in the exhaust gases, are scraped
past the hot strip by the apex seal 29. The purpose of
the strip 60 in FIG. 2, therefore, is to reduce the con-
tents of the unburned hydrocarbons in the exhaust
gases of the engine.

In the embodiment of FIG. 3, a strip 6 is placed in
a position such that it will be exposed to the com-
pressed fuel mixture, i.e,, in a firing position, as dis-
cussed in conjunction with FIG. 1, while another such
strip is placed such that it will be exposed to the ex-
haust gases as discussed in conjunction with FIG. 2.
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I have constructed and successfully operated the sys-
tem illustrated in FIG. 1. Specifically, I have modified
an existing and commercially available Wankel engine
to include the strip 60 in the ceramic insulator 62 in the
position shown in FIG. 1 so that the strip, when heated,
will serve as an ignition system. In the modified system,
I use the conventional ignition system and the spark
plug 40 as well as the hot strip 60. After the engine is
running, for instance, 15 or 20 seconds, I can discon-
nect the conventional ignition system to keep the en-
gine running by means of the strip 69.

By testing, I have found that the Wankel engine |
have modified, as illustrated in FIG. 1, has a signifi-
cantly cleaner exhaust and it runs much more effi-
ciently. Particularly, the hydrocarbon content of the
exhaust is reduced an apparent 21 percent, and the car-
bon monoxide content of the exhaust is reduced an ap-
parent 15.5 percent. The modification of FIG. 1 re-
sulted in an apparent decrease in fuel consumption of
13 percent.

The engine 1 have modified to include the hot strip
60 as an igniter was a 7.1 horsepower engine. In that
engine, the exposed area of the strip was about % inch.
1 used a nickel chromium metal strip in a porcelain ce-
ramic block. I believe that the ceramic block and the
metal strip should provide a minimum running clear-
ance with the seals 29,

I claim:

1. A rotary combustion engine comprising a housing
providing a cavity, said cavity being bounded by an in-
wardly facing wall extending peripherally about an axis
and axially spaced apart inwardly facing end walls, a
piston disposed in said cavity for movement about said
axis, said piston cooperating with said peripheral wall
and end walls to define variable volume work chambers
as such movement occurs, said housing providing an
intake port for admitting a fuel mixture to said cavity
and an exhaust port for exhausting gases from said cav-
ity, said piston carrying axially extending seals engaging
said peripheral wall, a thermally conductive member,
and thermal insulating means mounting said conduc-
tive member in said peripheral wall and insulating it
therefrom, said member being positioned such that it
has an inwardly directed face engaged by said piston
seals.

2. The invention of claim 1 in which said conductive
member and said insulating means are disposed in said
peripheral wall in advance of said exhaust port whereby
the combustion product is scraped past said member
prior to being exhausted.

3. The invention of claim 1 in which said conductive
member and said insulating means are disposed in said
peripheral wall in advance of the portion thereof where
the admitted fuel mixture is fully compressed between
one of said seals as the leading seal and another of said
seals as the following seal, said member being posi-
tioned such that it is exposed by movement of said lead-
ing seal therepast to ignite the compressed fuel mixture
for expansion.

4. The invention of claim 3 including a second ther-
mally conductive member and second thermal insulat-
ing means mounting said second conductive member in
said peripheral wall such that it has an inwardly di-
rected face engaged by said piston seals, said second
member and second insulating means being disposed in
said peripheral wall after the portion thereof where the
ignited fuel mixture is expanded after ignition and in
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advance of said exhaust port whereby said following
seal moves the exhaust gases past said second member
before they are exhausted through said exhaust port.
5. The invention of claim 1 in which said peripheral
wall includes four successive peripheral portions at
which intake, compression, expansion and exhaust
occur successively with the intake portion including
said intake port and said exhaust portion including said
exhaust port, said conductive member being disposed
in said exhaust portion in advance of said exhaust port.

6. The invention of claim 1 in which said peripheral
wall includes four successive peripheral portions at
which intake, compression, expansion and exhaust
occur successively with the intake portion including
said intake port and said exhaust portion including said
exhaust port, said conductive member being disposed
in said wall at the transition between said compression
and expansion portions.

7. The invention of claim 6 including a second ther-
mally conductive member and second thermal insulat-
ing means mounting said conductive member in said
peripheral wall such that it has an inwardly disposed
face engaged by said piston seals, said second conduc-
tive member being disposed in said exhaust portion in
advance of said exhaust port.

8. A rotary combustion engine comprising a housing
providing a cavity, said cavity being bounded by an in-
wardly facing peripheral wall generally in the shape of
a two-lobed epitrochoid formed about a center axis and
axially spaced apart inwardly facing end walls, a gener-
ally triangular piston having three sides which face the
peripheral wall and cooperate therewith to define three
variable-volume work chambers as said piston rotates
about said axis and opposite ends which face said end
walls, said housing providing an intake port for admit-
ting a fuel mixture to said cavity and an exhaust port for
exhausting combustion product from said cavity, said
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piston carrying, at its apices, axially extending seals
which engage said peripheral wall, said peripheral wall
including four successive peripheral portions at which
intake, compression, expansion and exhaust occur suc-
cessively with the intake portion including said intake
port and the exhaust port including said exhaust port,
an axially extending thermally conductive member, and
axially extending thermal insulating means mounting
said conductive member in said peripheral wall and in-
sulating it therefrom, said member being positioned
such that it has an inwardly directed axially extending
face engaged by said apex seals.

9. The invention of claim 8 in which said conductive
member is disposed in said exhaust portion of said pe-
ripheral wall in advance of said exhaust port.

10. The invention of claim 8 in which said conductive
member is disposed in said peripheral wall at the transi-
tion between said compression and expansion portions.

11. The invention of claim 9 in which said peripheral
wall is formed with an axially extending dovetail slot,
said insulating means including a conformingly shaped
ceramic block disposed in said slot, said block having
an axially extending inwardly facing surface formed,
intermediate its peripheral edges, with a second axially
extending dovetail slot, said conductive member being
a conformingly shaped metal strip disposed in said sec-
ond slot.

12. The invention of claim 10 in which said periph-
eral wall is formed with an axially extending dovetail
slot, said insulating means including a conformingly
shaped ceramic block disposed in said slot, said block
having an axially extending inwardly facing surface
formed, intermediate its peripheral edges, with a sec-
ond axially extending dovetail slot, said conductive
member being a conformingly shaped metal strip dis-

posed in said second slot.
k  k  k ok %
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