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Exhaust valve for an internal combustion engine.

@ In the stationary and/or the movable valve part (1, 4) of
the exhaust vaive there is provided an annular chamber (9)
formed as a circumferential recess in the surface of the vaive
part (4) in question facing the other vaive part. The annular
chamber is located intermediate the seating surfaces (5, 6) of
the valve parts and the combustion chamber {10} of the
engine cylinder and it communicates with the combustion
chamber through a relatively narrow inlet when the valve is
closed. During the compression period of the engine cylin-
der’s working cycle the annular chamber is filied by pure and
relatively cool air, and if local gaps are present between the
seating surfaces, that air acts as a barrier preventing the leak-
age of substantial amounts of hot and aggressive combustion
gases through the gaps during the initial part of the expansion
period. This prevents the valve parts from being subjected,
adjacent to said gaps, to a high temperature rise and con-
comitant heavy corrosive attacks which would lead to a rapid
enlargement of the gaps. The invention, therefore, prolongs
the lifetime of the valve by delaying the moment when a
refurbishing of the seating surfaces becomes necessary.
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Exhaust Valve For An Internal Combustion Engine.

The present invention relates to an exhaust valve for
an internal combustion engine, comprising a stationary
valve part and an axially movable valve part, co-
operating seating surfaces on said valve parts and
an annular chamber formed in at least one of said
valve parts and communicating with the combustion
chamber of the engine cylinder when the valve is
closed.

An object of the invention is to obtain a
prolonged lifetime of the valve by reducing the rate
at which the seating surfaces of the valve gradual-
ly deteriorate due to corrosive and erosive attacks
by aggressive constituents present in the exhaust
gases, in particular sodium and vanadium compounds
occurring when the engine is running on heavy fuel
oil.

It is well-known that the aggressivity of
said constituents increases rapidly with increasing
temperature, and based on that knowledge it has been
proposed to provide a direct or indirect air cool-
ing of the seating surfaces, in some cases as a
supplement to a liquid cooling of the stationary
valve part.

Thus, US Patent Specification No. 1 873 119
discloses a valve of the kind referred to above in
which an annular chamber in the stationary valve
part and a chamber centrally located within the
movable valve part both communicate with the com-
bustion chamber through bores opening adjacent the
edges of the seating surfaces oriented towards the
combustion chamber. Through non-return valves said

two chamberswithin the valve parts communicate with a
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-source of pressurized air and when the exhaust valve

opens, the outflowing”eXhauSt gases entrain, by
ejector action, the relativelv cool air from the
chambers, whlch a1r thus effects a certaln cool—
ing of the seatlng surfaces durlng the exhaust
period. ' , o

An 1nd1rect ‘cooling of the seatlng surfaces
has been descrlbed in French Patent Spec1f1cat10n
No. 1 481 241 according to whlch'cool air continual-
ly flows from an annular Chamber?withlnrthe”stationa—
ry valve part,through bores directed ‘towards the
surface of the movable valve part ‘downstream of
the seatlng surfaces. , ',' ,

An- eXhaust valve accordlng to the present

1nventlon differs from the valve known from,US

Patent Spe01f1catlon No. 1873 119 by the feature

that the annular chamber is formed as a recess
in a surface of one or- both valve parts, which
recess is open towards the opposed surface of the
other valve part along 1tsrent1re circumference.
With this construction ahd'lOcation of
the annular chamber it constltutes a reserv01r in
the flow path from the combustlon chamber to the
seating surfaces of the valve parts, and when
during the compre551on stroke the annular chamber
has been filled by pure and relatlvely cool alr, '
either from.the englne cyllnder or from a connect—
ed external source of pressurzed air, that amount
of air will after 1gn1tlon of the fuel and until
the exhaust valve opens functlon as a barrler
between the hot combustlon gases and the seatlng
surfaces. As a consequence, the combustlon gases
cannot, as in the prev1ously,known valves, flow

directly out through leaks formed by local gaps
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between the seating surfaces. Instead it will be
only the reservoir air or, at most, a mixture of
that air with a relatively small percentage of
combustion gases which penetrates through the
leaks.

The invention is based on the recognition
that the above mentioned attacks,by the aggressive
constituents present in the combustion gases, on
the seating surfaces occur predominantly during
the period in which the valve is closed without,
however, providing a perfect seal due to said
local leaks which occur sooner or later, e.g.
because deposits previously formed on
the seating surfaces by corrosion peel off or
because particles of slag, cinder or coke squeezed
between the surfaces when the valve closes, have
left small indentations in the surfaces. Measure-
ments of the surface temperature of the stationary
valve part have shown that around such a
local leak there can occur a temperature rise of
approximately 200°¢ immediately after top dead
centre and an increase of the mean temperature
amounting to approximately 100°C. On the other
hand, the temperature rise at the beginning of
the exhaust period immediately after opening of
the valve amounted to only approximately 20 to
25°C. Therefore, an additional cooling of the
seating surfaces during the exhaust period exerts
only a marginal influence on the corrosion
phenomena and on the resulting gradual enlarge-
ment of the initially very small leaks to larger
burned regions. These phenomena are delayed to
a far greater extent when, by means of the

characteristic features of the present invention,
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both the temperature of the gasrleaking out between
the seating surfaces when the valve isrclosed,:and'
the content of aggressive conStituents,in that gas
are reduced. Since with the materials normally
employed for the seating surfaces,the corrosion

rate can double at a temperature,rise,of approximate-
1y 70°c, it will be understood that'therinvention"
materially extends the time which a small local 7
leak needs to grow into a regular burn-through,ofc
rsuch size that itrbecomes necessary to}refurbish |
the seating surfaces byiregrinding'them. The result .
is therefore, as mentloned above, that the 11fet1me '
of the valve is prolonged

The critical perlod of each Worklng cycle,
during‘whlch the temperature and,the,pressure in
the combustion chamber are at so. high values that:
combustion gases leaking out therefrom can cause
perceptible attacks on the seatlng surfaces, is 7
rather short and ends approx1mately 20 after top
dead centre, both with two stroke and four stroke .
engines. The desired effect of ‘the 1nvent10n can,
therefore, be obtalned with an annular chamber of
relatlvely,small volume which does notrnece551tate
any inconvenient increase of the dimensions of
the valve parts or of the soFcailed,dead_spaceiof
the enginechlinder.,The'chamber,volume'can be
chosen somewhat larger than'thervolume of gas '7
which during said period can flow through a gap
having a cross-section of about 0 2 by 3 mm, e. g.

2 to 3 tlmes that gas volume.,-

In order to obtain the de51red barrler
action of theralr within the annular chamber
combined with a minimum mixing,Of'that air with
combustion gases flowing into the chamber,from
the combustion chamber it is advantageous to
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shape the annular chamber such that the width of an
axial cross-section therethrough has a maximum
value at the surface of the valve part in which the
recess is formed.

When the annular chamber is formed solely
in one valve part it is expedient to design the
opposed surface of the other valve part with a
step at the inlet from the combustion chamber to
the annular chamber, such that the portion of said
surface nearest to the combustion chamber is re-
tracted relative to the surface portion facing the
annular chamber. With this feature the gases flow-
ing from the combustion chamber are slowed down
and deflected by the step between said surface
portions whereby the gases loose a material part
of their kinetic energy. Consequently, the pure
and relatively cool air from the annular chamber
is pushed through the local leaks, if any, between
the seating surfaces by the combustion gases sole-

ly due to the static pressure drop from the com-

bustion chamber to the downstream side of the wvalve.

A further advantage of the embodiment is that at
the moment when the opening of the valve starts,
the flow of combustion gases from the cylinder is
similarly deflected into the annular chamber, thus
contributing to keep the walls of that chamber
free of undesired accumulation of deposits during
operation of the engine.

Said effect of the particular shape of the
valve parts is obtained optimally in an embodiment
in which the transition between the two surface
portions is shaped, in an axial cross-section,
as a fillet oriented towards the inlet from the
combustion chamber.
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In a second embodiment'the annular,chamber
is formed in the stationary:valve’part'andrdefined
by a cyllndrlcal or substantlally cylindrical |
first surface coaxial with the movable valve part
and a second surface extending perpendrcular or
substantially perpendicuiar'to the first surface. -
Compared to an. embodlment in which the annular
chamber is formed by removal of mater1a1 from the
movable valve part the manufacture of the valve
is simplified and there is less risk of high local
temperatures of the materlal surroundlng the annular
chamber. By prov1d1ng a- coolant duct ~as known per
se,. in the statlonary valve part 1t is p0551b1e to
further reduce the wall temperatures of the annular
chamber and thus obtaln a correspondlngly lower
temperature of the gas accumulated within the h
annular chamber thereby ;ncrea51ng the advantageous
influence of. that,chamber on the llfetlme of the
seating surfaces. ) ' }

The surface of the movable valve part, which
faces the annular chamber, may be substantlally
conical with a rounded outer edgerwhich,,together'
with said first surface'of the stationary valve
part, defines, in the closed position of the valve,r
an annular gap, the cross-sectlon of whlch as seen
from the combustlon'chamber,towards'the annular
chamber, is first’convergent and then divergent.
With this configuration of the narrowtgap, which
in the closed position of the valve_provides the 7
communication between the combustion chamber and

the annular chamber;jpartiCleSTCf slag or coke -

‘above a certain size, which are entrained by the

exhaust gases, will, from a timeeduringithe clos-
ing movement when the valve is notrfully~closed,"
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be prevented from penetrating through the gap into
the annular chamber and onwards to the seating
surfaces between which the particles might be
squeezed so as to create permanent deformations

of the surfaces.

The invention will now be described in more
detail with reference to the accompanying schematical
drawings, in which

Fig. 1 is an axial section through a valve
according to the invention, only those parts
thereof which are deemed necessary for understanding
the invention being shown,

Fig. 2 is a fractional view, on a substantial-
ly larger scale, of the area marked by II in Fig. 1,

Fig. 3 is an axial section similar to Fig. 1,
through a second embodiment of the exhaust valve
according to the invention, and

Fig. 4 is a fractional view, corresponding
to Fig. 2, of the area marked by IV in Fig. 3.

As shown in Figs. 1 and 2 an exhaust valve
for a two-stroke diesel engine comprises a stationary
valve part (or bottom piece) 1 which together with
a valve housing 2 is releasably secured (in a
manner not shown in detail) to the cylinder cover
3 of an engine cylinder. The movable part 4 of the
exhaust valve is generally formed as a conventional
poppet valve which contacts bottom piece 1 on a
conical surface. The seating surfaces proper of the
two valve parts, which are designated by 5 and 6,
respectively, are formed on two coatings or inserts
7 and 8 of a suitable material, such as stellite
or hard metal, see Fig. 2.

In that surface of the movable valve part 4,

which is oriented towards bottom piece 1, there is
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provided an annular chamber 9rloca£ed between the com-
bustion chamber:IQVOf'therenginercylinderfand the
seating surface 6 of valve part 4. As shown, the
axial cross-section of chamber,9;;i.e;ra,seCtion;
located in a plane throughcfhe Valve'axis;is trapezoid
with two substantially parallel sides 11 and 12
extending by and—large perpehdichlar;to the seating
surface 6 and the opposed suriaCe 13 of valve part

1. Via a circumferential fillet 14 located somewhat
inwardly of the radially'outer surface-ofrshamber'

9, the generatrix = of which is the side 12, surface
13 merges, towards combustion chamber’lo,rihto a
surface 15 which is retracted so far from valve

part 4 that with closed vaiVe,'as shown in Fig. 2,
there is formed at this" place a c1rcumferent1al '

gap of relatively narrow gap w1dth, so as about

0.2 mm. ' L

Through said gap:ahnuiar chamber'QWWill,'

" during the-combﬁStion'stroke, become filled by

pure scavenging or charging air at-a relatively

low temperature, - and if one or more of the prev1ously
mentioned small 1oca1 leaks are present between -
seating surfaces 5 and 6,71t will be thlS air rather’
than the hot and hlghly corrosive- combustlon gases
which is pressed out through the leaks in the
seating surfaces in response to the pressure rise
resulting from the combusﬁion,of the fuelrinjeqted'
into the engine cylinder. The high temperature rise
in the material . surroundlng ex1st1ng leaks in

the seating surfaces, which otherwise occurs'

during that period of the engine's worklng cycle

in which the temperature in the combustion chamber

is high while simultaneously the,cembustion gases
have a high density, due to the '
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high pressure, and a high concentration of
corrosive constituents, is consequently avoided.

The configuration, as shown and described, of the
step or transition between the two surface portions
13 and 15 as a fillet 14, the concavity of which

is oriented towards the inflow gap from combustion
chamber 10, contributes to limiting undesired
mixing of the pure and relatively cool air within
annular chamber 9 and the inflowing hot combustion
gases.

The reduction of the rate,at which small
local leaks between the seating surfaces increase
due to corrosive and erosive attacks, results in
the further advantage that within the regions
surrounding such leaks there is maintained a
more effective heat transfer from the movable valve
part 4 directly subjected to the high temperatures
within combustion chamber 10, to the somewhat
colder bottom piece 1 during the periods in which
the valve is closed. Consequently, it is possible
to maintain a lower mean or average temperature
of the regions in question and, hence, also a more
uniform mean temperature of the entire seating
surface. This contributes to ensuring that the
corrosion of the seating surfaces, which unavoid-
ably occurs during the lifetime of the valve, will
be uniformly distributed so that its effect on
the sealing function of the valve is less dele-
terious as that of selective local corrosion
attacks on the surfaces.

In the embodiment of Figs. 3 and 4 the
stationary valve part or bottom piece is designated
by 21, the valve housing by 22 and the cylinder
cover by 23. As in Figs. 1-2 the movable valve part,
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here'designated by 24, isidESigned as a poppet valve
having a conical contact surface against bottom

piece 21. The seating surfaces 25 and726'between

the two valve parts are formed on 1nserts 27 and

28 in the respectlve valve parts.

Contrary to the. embodlment of Flgs. 1-2 the -
annular chamber 29, whlch is characterlstlc of
the invention, is formed solely in the stationary'
part of the valve and defined between a cylindrical
surface 30 of the cylinder'cover 23, a'flat annular
end face 31 of bottom plece, 21 and a conical sur-
face 32 of poppet valve 24. In the closed position 7
of the valve; as shown,jannular chamber729 communi--
cates with the:combustion chamber 33 of the englne
cylinder through arnarrow'annular gap‘34‘defined'
between the surface of cylinder cover 23 and
the rounded transition between the above mentloned
surface 32 of poppet valve 24 and the surface 35
of the poppet valve which is oriented towards the
combustion chamber,33; In order to reducerthe .
temperature of those surfaces of bottom piece 21
which contact the hot exhaust gases, 1nclud1ng
seating surface 25 and surface 31, an 1nternal
coolant duct 36 is provided in the bottom plece,
as known per se. , :

The function of annular chamber 29 is
generally'the same as described abovefin'connection
with the description of annular chamber'g, -and 7
the radial w1dth of gap 34 can be made approx1mate—
ly the same as the width of the correspondlng
inflow gap leading to annular chamber 9.

While in the embodlments shown and descrlbed
the annular chamber is formed solely in the movable
or the stationary valve part, it will be understood
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that alternatively it could be composed of two opposed
recesses, one provided in each valve part. As a
substitute for or a supplement to the described use
of compression air from the engine cylinder for
filling the annular chamber there might be provided
an external source of pressurized air which through

a non-return valve supplies cool air at a suitable
pressure to the annular chamber. Said pressure should
not be lower than the compression pressure within

the engine cylinder, and it may be of substantially
the same magnitude as the maximum pressure occurring
in the cylinder. Since the necessary consumption

of air is relatively small, the air can be supplied

by a correspondingly relatively small compressor.
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"PATENT CLAIMS ) ,
l Exhaust valve for an 1nternal combustlon

englne, comprising a statlonary valve part (l) and

an axially movable valve part (4), cooperatlng
seating surfaces (5, 6) on said valve parts and

an annular chamber (9) formed in- at least one of

said valve parts and communlcatlng with the combustion
chamber (10) of the englne cyllnder when the valve

is closed, characterlzed in that the annular chamber
(9) is formed as a recess in a surface of one or

both valve parts”which'recess,is open towards'the
opposed surface (13, 15) of the other valve part
along its entire c1rcumference. -

2. Exhaust valve as claimed in cla1m 1,
characterlzed in that the width of an ax1al
cross—section through the annular chamber (9) has
a maximum value at the surface of the valve part
(4) in which the recess is formed. '

3. Exhaust valve as claimed in claim 1 or
2 and wherein the annular chamber'(9)'is'formed '

solely in one valve part (4), characterlzed in -

‘that at the inlet from the combustlon chamber (lO)

to the annular chamber  (9) the opposed,surface

(13, 15) of the other valve part is stepped such

that the portion (15) of said surface nearest to

the combustion chamber is retracted relative to

the surface portlon (13) facing the annular chamber.
4. Exhaust valve as clalmed in claim 3,

characterized in that the transltlon (14) between

said two surface'portions:(13,'15) is shaped, in

‘a cross—section extending through the valve axis,

as a fillet'oriented'towards'the”inlet from the
combustion chamber (10). '
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5. Exhaust valve as claimed in claim 1 or
2, characterized in that the annular chamber (29)
is formed in the stationary valve part and defined
by a cylindrical or substantially cylindrical first
surface (30) coaxial with the movable valve part
(24) and a second surface (31) extending perpendi-
cular or substantially perpendicular to the first
surface. .

6. Exhaust valve as claimed in claim 5,
characterized in that the surface (32) of the
movable valve part, which faces the annular
chamber (29), is substantially conical with a
rounded outer edge which, together with said first
surface (30) of the stationary valve part, defines,
in the closed position of the valve, an annular gap
(34), the cross-section of which, as seen from the
combustion chamber (33) towards the annular chamber

(29), is first convergent and then divergent.
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