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INTERNAL COMBUSTION ENGINE WITH FUEL
HEATER

This application is a division of application Ser. No.
07/571,384, filed Aug. 22, 1990, now U.S. Pat. No.
5,086,747, issued Jun. 27, 1991.

BACKGROUND OF THE INVENTION

The field of the invention is that of internal combus-
tion engines and the invention relates more particularly
to internal combustion engines having a fuel heater for
enhancing fuel vaporization before the fuel is furnished
to engine cylinders.

Conventional internal combustion éngines combine
air and fuel in selected ratios for furnishing to engine
cylinders and typically arrange electrical resistance
heater elements to heat the fuel to enhance fuel vapori-
zation to assure or maintain a desired air-fuel ratio,
particularly during engine warm-up on a cold day. In
one widely used engine system for example, a self-
regulating multi-passaged electrical resistance heater
element of positive temperature coefficient of resistivity
(PTC) is disposed between a carburetor and an intake
manifold so that an air-fuel mixture substantially formed
in the carburetor is passed through the heater element
to be fully vaporized to complete formation of the air-
fuel mixture before it is advanced to the engine cylin-
ders. In another widely used engine system a heater
plate is mounted in an opening in the bottom of an in-
take manifold beneath a carburetor for intercepting and
heating air and fuel directed into the intake manifold
before the manifold distributes the air-fuel mixture to
individual engine cylinders. In other more recently
proposed engine systems of the fuel injector type, fuel
injectors are arranged to direct fuel into inlet channels
in a cylinder head to provide precisely regulated air-fuel
ratios to individual engine cylinders and electrical resis-
tance heater elements are disposed in the respective
cylinder head channels to intercept and heat fuel
sprayed from the individual injectors to achieve the
desired air-fuel ratio even during engine start-up on a
cold day. However, it would be desirable in some of
those engine systems such as those for four cylinder
engines if fewer heater elements could be used in pro-
viding adequate fuel heating, if such fuel heating could
be achieved with less interference with the flow of an
air-fuel mixture to the engine cylinders or with less
interference with distribution of the air-fuel mixture to
the different cylinders, if such heater elements could be
accommodated in otherwise conventional engines with
less interference with coolant fluid passages and the
like, and if heating of the fuel could be achieved closer
to furnishing of the air-fuel mixture to the cylinders
particularly in the case of engine systems having two
- intake valves for each cylinder.

BRIEF SUMMARY OF THE INVENTION

It is an object of the invention to provide a novel and
improved internal combustion engine; to provide such
an engine having improved means for enhancing fuel
vaporization in forming an air-fuel mixture to be fur-
nished to engine cylinders; to provide such an engine in
which the fuel is heated close to furnishing of the air-
fuel mixture into the cylinders; to provide such an en-
gine in which fuel heating is accomplished with minimal
interference with the flow of air-fuel mixture to the
engine cylinders or with distribution of the air-fuel
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mixture to the different cylinders or to different intake
valves in a cylinder; to provide such an engine which
easily accommodates improved fuel heating means with
otherwise conventional engine components; and to pro-
vide novel and improved fuel heating devices for use in .
such engines. _

Briefly described, the novel and improved internal
combustion engine of the invention comprises a channel
member such as the plenum chamber of an engine hav-
ing a throttle body type of fuel supply system or the like
or the cylinder head of an engine of the fuel injector
type having two-intake engine cylinders. The member
channel has an inlet for receiving air and fuel within the
channel to form an air-fuel mixture and has a pair of
outlets from the channel for furnishing the air-fuel mix-
ture to two cylinders or groups of cylinders or to two
intake valve openings in one cylinder. A heating device
is arranged to intercept the air and fuel directed into the
channel inlet for heating the fuel to substantially fully
vaporize the fuel and fully form the air-fuel mixture
with the desired air-fuel ratio and also serves to
smoothly divide the air-fuel mixture properly between
the two outlets for furnishing to respective engine cylin-
der means. Preferably the heating device has a V-
shaped heat-exchange surface on a metal component or
the like and has a pair of heat-exchange surface sections
disposed on one side of the component to extend at
selected angles from a common edge between the sur-
face sections. A pair of self-regulating electrical resis-
tance heater elements of positive temperature coeffici-
ent of resistivity are disposed in thermally and electri-
cally conductive engagement with an opposite side of
the metal component to be electrically energized to
transfer heat to the respective heat-exchange surface
sections. Terminal means are arranged for energizing
the heater elements. Preferably a metal particulate or
the like is sintered to the heat-exchange surface sections
of the V-shaped surface to enhance vaporization of fuel
intercepted by the surface sections. In one preferred
embodiment, the metal component has an integral
mounting flange portion at one end of the V-shaped
surface and is inserted into an aperture in a side wall of
a plenum chamber close to the bottom of the plenum
channel so that the flange is mounted against the side
wall around the aperture and so that both of the heat-
exchange surface sections of the V-shaped surface are
disposed in facing relation to an inlet to the plenum
chamber. In that way, the heating device is arranged for
intercepting and heating air and fuel directed into the
chamber channel to form an air-fuel mixture and
smoothly divides the air-fuel mixture to be furnished to
cylinders or groups of cylinders at respective opposite
ends of the plenum chamber channel. The heating de-
vice is easily accommodated in the conventional ple-
num chamber component without interference with
coolant fluid flow passages and the like and is located -
relatively closer to the engine cylinders than many
known engine systems having plenum chamber fuel
supply systems.

In another preferred embodiment of the invention, a
gasket support or the like is secured between a cylinder
head and an inlet tube in an internal combustion engine
of the injector type, the cylinder head having a plurality
of channels leading to respective engine cylinders, each
of the channels having an inlet for receiving air and fuel
into the channel from respective fuel injectors and inlet
tube passages for example for forming air-fuel mixtures
in the respective channels, and each having two outlet
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for furnishing each air-fuel mixture to respective cylin-
der intake valve openings of a two-intake valve engine
cylinder at the outlet end of each channel. Preferably
metal components with a V-shaped heat-exchange sur-
face having self-regulating heater elements arranged to
transfer heat to each of two sections of the heat-
exchange surface are mounted between the distal ends
of respective pairs of beams which extend from a gasket
support into the respective cylinder head channels. The
V-shaped surfaces are disposed with two heat-exchange
surface sections of each component in facing relation to
the inlet to the channel. In that arrangement, the V-
shaped heat-exchange surfaces intercept air and fuel
directed into the respective cylinder head channels for
vaporizing the fuel to form air-fuel mixtures of desired
air-fuel ratios in the individual channels and divide the
air-fuel mixture for furnishing via two channel outlets to
the respective cylinder intake valve openings of each of
the two-intake-valve engine cylinders.

DESCRIPTION OF THE DRAWINGS

Other objects, advantages and details of the novel
and improved internal combustion engine of the inven-
tion appear in the following detailed description of
preferred embodiments of the invention, the detailed
description referring to the drawings in which:

FIG. 1 is a partial section view along a longitudinal
axis of a cylinder in an internal combustion engine pro-
vided by the invention;

FIG. 2 is a partial section view along line 2—2 of
FIG. 1;

FIG. 3 is a partial perspective view of a heating de-
vice used in the internal combustion engine of FIG. 1;

FIG. 4 is a section view along line 4—4 of FIG. 3;

FIG. § is a partial plan view of another preferred
embodiment of an internal combustion engine of the
invention;

FIG. 6 is a partial section view along line 6—6 of
FIG. 5;

FIG. 7 is a section view along line 7—7 of FIG. 6; and

FIGS. 8A-8B, 9A-9B, 10A-10B, 11A-11B, and
12A-12B are partial plan view and partial section views
respectively of surfaces of a component used in other
preferred embodiments of heating devices used in the
engine of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to the drawings, 10 in FIGS. 1-2 indicates
a preferred embodiment of the novel and improved
internal combustion engine of the invention which is
shown to include a channel member 12 such as a cylin-
der head means for an engine of a fuel injector type
having a plurality of engine cylinders 18 (only one being
shown in FIG. 1) in the engine block indicated at 19,
each cylinder being of the type having two intake
valves 20 (only one being shown in FIG. 1). The cylin-
der head means has a channel 22 provided in the head
for each of the engine cylinders, each channel having an
inlet 24 and having a pair of channel outlets 26 (only one
being shown in FIG. 1) leading to respective ones of
two cylinder intake valve openings 28 (only one being
shown) entering each cylinder 18. That is, the cylinder
head channel 22 divides at a cylinder wall edge 30 to
provide an additional channel outlet 26 (lying behind
the outlet 26 as viewed in FIG. 1) to furnish air-fuel
mixture to a second intake valve to cylinder 18. See
FIG. 1. A fuel injector 32 of any conventional type is

20

25

30

35

40

45

50

60

65

4

mounted on the cylinder head for example for each
engine cylinder to direct periodic sprays or streams of
fuel into the channel 22 as indicated at 34 in FIG. 1. An
inlet tube means 36 is secured to the cylinder head for
directing air from inlet tube passages 38 into respective
cylinder channels 22 as indicated by the arrows 40. In
that way the air and fuel directed into the channels 22
are adapted to form an air-fuel mixture of selected air-
fuel ratio in each channel and to furnish that mixture to
the respective intake valve openings 28 for the cylinder
18. Although the fuel injector is shown mounted on the

‘cylinder head to direct fuel into the channel 22 through

a separate portion 24.1 of the channel inlet, the fuel
injectors can also be mounted on the inlet tube means or
the like to direct fuel into the channel through the same
inlet portion as the air 40 within the scope of this inven-
tion.

In accordance with the invention, a heating device 42
is mounted on the engine to dispose a heat-exchange
surface within each cylinder head channel to intercept
air and fuel directed into the channel for heating the fuel
to fully vaporize the fuel and complete forming of the
desired air-fuel mixture just prior to the air-fuel mixture
being furnished to the engine cylinder 18. The heat-
exchange surface also serves to divide the air-fuel mix-
ture for furnishing the mixture to each of the cylinder
intake valve openings through the respective channel
outlets 26. -

In a preferred embodiment of the invention, a support
44 preferably of an electrical and thermal insulating
material such as a phenolic or composite material or the
like has openings 46 in the support leading into each of
the cylinder head channels 22 and preferably has com-
pressible gasket skin layers 44.1 secured on portions of
opposite support sides around the support openings
with adhesive or the like. The support is secured be-
tween the cylinder head 12 and inlet tube member 36 in
the manner conventional with head gaskets for sealing
the inlet tube passages to the respective channels 22. A
pair of beams 48, 50 have ends 48.1, 50.1 embedded in
the support within each support opening 46 and extend
in cantilever relation into the channel 22 along respec-
tive opposite sides (the top side and bottom side as
shown in FIG. 1) of the channel. If desired, the beams
can be accommodated in recesses in the walls of the
channels 22 to be flush with those walls. In a preferred
embodiment, the beams are formed of steel or the like
but the beams are also formed of aluminum, phenolic or
composite material or the like within the scope of the
invention. A metal component 52 having a V-shaped
heat-exchange surface 54 is mounted between the distal
ends 48.2, 50.2 of the beams so that the two heat-
exchange surface sections 54.1, 54.2 which extend back
from a common edge 54.3 between the surface sections
on one side of the component are both disposed in fac-
ing relation to the channel inlet 24 to intercept the air 40
and fuel 34 directed into the channel. As is best shown
in FIGS. 3 and 4, a pair of self-regulating electrical
resistance heater elements 56, each having a body 56.1
of a ceramic material such as lanthanum-doped barium
titanate or the like and having metal contacts 56.2 on
opposite sides thereof, are disposed with one metal
contact in thermally and electrically conductive en-
gagement with an opposite side of the metal component
to be electrically energized for transferring heat to re-
spective heat-exchange surface sections 54.1, 54.2. Pref-
erably a resilient spring terminal means 58 is arranged in
electrically conductive engagement with the other









