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@ Internally cooled flexible exhaust valve.

@ A flexible exhaust valve capable of conforming to a valve
seat slightly out-of-round is disclosed. This valve, which
includes internal cooling, will produce an excellent exhaust
seal when used in combination with an exhaust valve seat

. that is machined round within about .001 inches. The
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improved seal is expected to reduce emissions of unburned
hydrocarbon and improve engine life.
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BACKGROUND & OBJECTS
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Although unburned HC  comprises a significant
automotive emission problem, the exact origin of unburned
HC is, still today, a subject of controversy. Until
recently, it was believed that the origin of unburned HC
was primarily from a quenching boundary layer; but it has
now been shown both theoretically and experimentally that
the quenching boundary 1layer is depleted by diffusion
during the expansion stroke to such a degree that it must
account for less than 4§ percent of unburned HC
emissions. It has been known for a decade (since the work
of Tabazinsky and Keck at MIT) that the concentration of
unburned HC in the exhaust is not homogeneous. There is a
large concentration of unburned HC at the beginning of the
exhaust stroke, a relatively very low (perhaps in reality
‘zero) concentration of HC during the middle part of the
exhaust stroke, and a significant concentration of
unburned HC emissions towards the end. It is the belief
of the inventor that the first mass of unburned HC really
comprises unburned hydrocarbon due to leakage of the
exhaust valve seal. Jt is fairly well established that
the 1l1last mass of hydrocarbon is due to roll-up vortex
fluid mechanics in the cylinder. It is the purpose of the
present invention to produce an exhaust seal which does
not leak.

Current exhaust valves do 1leak in service. ‘The
exhaust valves themselves have evolved into very stiff
objects incapable of conformal sealing due to
considerations of fatigue control, and the exhaust valve
seats themselves are frequently considerably out-of-
round. Automotive Engine Associates has conducted at
Southwest Research Institute a roundness test of a large
number of exhaust valve seats on more than 100 2.3 L Ford
engines, and has also measured a fair number of exhaust
valve seats on other engines. The exhaust valve seats
measured were, with few exceptions, sufficiently out-of-
round to produce significant leakage of the exhaust valve
seal. Tests using a static leakage measure were conducted
with conventional exhaust valves and seats. Leakage rates
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sufficiently high to account for all or a large fraction
of the unburned hydrocarbon from the engine were found.
The Automotive Engine Associates team then tested valve
shapes which would tend to conform to valve seat out-of-
round. Significant reductions in leakage past'the exhaust
seals were found; however, it was discovered that, even
with the most flexible, structurally sound Qalve shape,
the excellent sealing of the exhaust valve was not
compatiblé with standard exhaust seat roundness. More-
over, it was established that the majority of exhaust
valve seat out-of-round is due to machining and hardening
errors, and not to thermal stresses or stresses set up in
the assembly of the engine. A substantially better seal
was obtained by combihing exhaust valve seats which were
.001" out-of-round (but preferably .0005" or less out-of-
round) with a flexible exhaust valve. This valve can be
long-lived and made of —conventional exhaust valve
materials if carefully internally-cooled. It is believed
that the combination of a flexible, caréfully cooled
exhaust valve and an exhaust seat machined to be nearly

round can produce a more than order of magnitude reduction
in exhaust 1leakage, and consequently @a significant
reduction in unburned hydrocarbon from kb engines. In
addition, reduction in exhaust 1leakage is expected to
reduce deterioration of the exhaust =seals, thereby
lenthening the life of the engine and preventing long-term
deterioration of emissions control.
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IN THE DRAWINGS

Figure 1 is a cross sectional view of the internally
cooled flexible exhaust valve of the present invention.

Figure 2 shows a cross section of a typical exhaust

valve for comparison.

Figure 3 shows the results of leakage tests with the
flexible valve on a seat with out-of-round less than .002"
compared to a stock exhaust valve on this same seat.
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DETAILED DISCUSSION 0101293

See Figure 1. Valve Seat Surface 2 is supported by
nearly conical shaped Tulip Section 1 which is shaped so
as to have significant ability to conform to the unround
seat on which Sealing Surface 2 must seal. Tulip Section
1 is several orders of magnitude more flexible than the
tulip section of conventional exhaust valves, which is
typically "a plug absolutely incapable of conforming to
valve seat out-of-round. It should be clear to those
skilled in the automotive arts that Tulip Section 1,
partly because of its incfeased gas side surface area but
mainly because of its reduced sections, comprises a
cooling problem which will require an internally-cooled
valve stem if expensive materials, such as inconel, are to
be avoided.

Tulip Section 1 is welded to Tubular Stem 4 at 3,
preferably by means of a friction weld. It is much
cheaper to friction weld a tubular stem to the tulip
section rather than to forge the tulip and stem into one
piece and then gun drill the stem, as is the current
practice for internally-cooled valves. The internal
chamber of Tubular Stem 4 will be sealed extremely well by
Plug 6 if Plug 6 is first plated by an alloy such as pure
nickel which lends itself to diffusion-welding. Plug 6 is .
tightly pressfit into Tubular Stem 4 and then passed
through an induction coil for rapid induction heating and
welding. In the internal chamber of the Tubular Stem 4 is
Water § which serves as a coolant. The use of water as an
internal valve stem coolant has been tested for a number
of years. Fairly extensive tests were run at Eaton
Corporation (see SAE 730055), the results of which were
spotty, and it is now believed that the reasons for the
previous unreliability of water cooling were: 1.) The
possibility of pinhole leaks through which the water could
escape, destroying the cooling. 2.) The fact that no
effort was made to purge out non-condensible gases from
the stem so as to eliminate condensation diffusion
barriers which reduce heat transfer of evaporation and
condensation by an order of magnitude. It is important
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that the Water 5 inside Tubular Stem 4§ be ino:a1 Qﬂa&%?
sealed well enough to contain it for extended periods, and
it is also important that the chamber in which the water
is contained is devoid of non-condensible gases which
reduces the efficiency of the evaporation/condensation
heat transfer process. This can be achieved by putting
the water in the chamber in the form of ice, accompanied
by some calcium oxide and purging the chamber with carbon
dioxide prior to welding. This done, Plug 6 is pressfit
into Tube 4 and then rapidly induction-diffusion welded to
form a seal. When the ice melts, the calcium oxide in the
water will react with the CO, gas in the chamber to form
calcium carbonate, leaving water and water vapor as the
only fluids in the chamber. Once this is done, the water
in the chamber 4 will form an extremely effective heat
transfer arrangement capable of maintaining Tubular Stem 4
in a substantially isothermal condition. It is important
that there be room in the chamber for water to expand as
it is heated. 1Ideally, the contents of the chamber should
be about half 1liquid and half gas when at a temperature
just below the critical point of water.  Under these
conditions, the heat transfer through the valve stem via
the evaporation/condensation cycle is qujite efficient.
The size of the hole in the valve stem need not be large
(it may, for example, be as small as 1/8 of an inch)
because the -viscosity of water becomes quite low at the
temperatures at which the evaporation/condensation heat
transfer must occur. ’

The end of the valve stem has a Section 7 which may
be integral with Plug 6 adapted to the valve keepers which
is welded to Stem Y4 by diffusion or friction.

Figure 2 shows a conventional exhaust valve for the
purposes of comparison. Those who are mechanically
skilled will recognize that the shape of Tulip Section 8
is so stiff as to preclude conformance of the valve to an
out-of-round seat.

Figure 3 shows a comparison of measured leakage in a
steady state rig with a stock type exhaust valve on a set
out-of-round by .002" compared to a flexible exhaust valve

substantially as shown in Figure 1. Points on the lower
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curve are for the flexible valve- the higher leakages are
, for.the stock exhaust valve., Leakage is far less with the
flexible valve. Other data (not shown) has indicated that

. the flexible valve's .ability to conform to seat out-of-

round much in excess of 002" 1s limited. For seats that
are within .001", ‘near perfgct:f seallng . results.
Calculation 1nd1cates that if :seatsl are manufactured
within .001“ of round the total expected out-of-round due
to mechan1ca1 and thermal stresses will be 1ess than .001"
out-of-round. ~.The-comb1nat10n of a flexible internally-
cooled exhaust -valve with good - quality control on valve
- seat -foundneSs should substantially - reduce exhaust

-leakage, .improve HC emissions and improve engine life.
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In an internal . combustion engine, the
combination of an exhaust valve seat with .002"
of roundness, an exhaust valve flexibly designed
to accommodate out-of-round as described, and
means to internally cool the vaive stem of said

exhaust valve.
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