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(57) Collecteur d’échappement muni de plusieurs orifices
d’admission et d’une combinaison de diffuseurs et
d’ajutages associ¢s a chaque orifice d’admission pour
produire un taux d’écoulement élevé et une baisse de
pression faible de I’entrée 4 la sortie. Les diffuseurs et les
ajutages sont montés en série et placés dans le collecteur
a chaque orifice d’admission et 1égerement en amont de
lorifice suivant placé en aval. Le diffuseur réduit la
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(57) An exhaust manifold with several inlet ports and a
combination of diffuser and nozzle portions associated
with each inlet port for producing a high flow rate and a
low pressure drop from entry to exit. The diffuser and
nozzle portions are in series and designed into the
manifold at each inlet port and slightly upstream of the
next downstream positioned inlet port. The diffuser
portion decreases the velocity of exhaust gases as they
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vitesse des gaz d’échappement lorsqu’ils entrent dans le
collecteur et effectuent ensuite un virage essentiellement
de quatre-vingt-dix degrés dans une direction
longitudinale du collecteur. L. action du diffuseur ralentit
la vitesse et réduit les pertes de pression lors du virage du
débit des gaz d’échappement. L. ajutage suivant de la
série augmente la vitesse des gaz d’échappement pour
permettre au jet d’écoulement d’éviter 1orifice
d’échappement suivant en aval. 11 y a ainsi une
amélioration de I’écoulement dans le collecteur et une
diminution de la perte de pression, ce qui augmente la
performance du moteur. De plus, le rejet de chaleur et
I'inertie thermique du collecteur diminuent, améliorant
ainsi le chauffage et I’allumage d’un catalyseur en aval
de I'unité de traitement des gaz.
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enter the manifold and are then turned substantially
ninety degrees into a longitudinal direction of the
manifold. This diffuser action slows the velocity and
reduces pressure losses as the turn of exhaust flow is
accomplished. The next in series nozzle portion
increases the velocity of exhaust gases to cause the
flowstream to jump past a neighboring downstream
engine exhaust port. Resultantly, the flow through the
manifold is improved and the pressure drop decreased
which enhances engine performance. Also, the heat
rejection and thermal inertia of the manifold is decreased
which enhances the earlier heating and light-off of a
downstream catalyst of a gas treatment unit.
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ABSTRACT OF THE DISCLOSURE

An exhaust manifold with several inlet ports and a combination of

diffuser and nozzle portions associated with each inlet port for producing a high
flow rate and a low pressure drop from entry to exit. The diffuser and nozzle
portions are in series and designed into the manifold at each inlet port and slightly
upstream of the next downstream positioned inlet port. The diffuser portion
decreases the velocity of exhaust gases as they enter the manifold and are then
turned substantially ninety degrees into a longitudinal direction of the manifold.
This diffuser action slows the velocity and reduces pressure losses as the turn of
exhaust flow is accomplished. The next in series nozzle portion increases the
velocity of exhaust gases to cause the flowstream to jump past a neighboring
downstream engine exhaust port. Resultantly, the flow through the manifold is
improved and the pressure drop decreased which enhances engine performance.
Also, the heat rejection and thermal inertia of the manifold is decreased which
enhances the earlier heating and light-off of a downstream catalyst of a gas

treatment unit.
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APPARATUS AND METHOD FOR PROVIDING A
COMPACT LOW PRESSURE DROP EXHAUST MANIFOLD

This invention relates to exhaust flow control methods and an
improved engine manifold which is readily adaptable to a crowded vehicle engine
compartment while also providing a decreased pressure drop, reduced exhaust gas
residence time in the manifold and a low heat transfer. This improved manifold
enhances engine performance, provides an earlier light-off of a catalyst in a
downstream exhaust treatment system, and reduces heat rejection from the manifold
to the engine compartment.

Prior to the present invention, various exhaust manifolds and methods
of controlling exhaust gases have been disclosed in the prior art. United States
Patent No. 2,230,666 which issued February 4, 1941 and is entitled "EXHAUST
GAS COLLECTOR" discloses a plurality of laterally spaced exhaust pipes fluidly
connected to the cylinders of an associated internal combustion engine open to a
diverging funnel-like main exhaust tube providing reduced back pressure and
thereby increasing the power of the engine. United States Patent No. 4,288,988
which issued September 15, 1981 and is entitled "METHOD AND APPARATUS
FOR IMPROVING THE GAS FLOW IN AN INTERNAL COMBUSTION
ENGINE EXHAUST MANIFOLD" discloses a method and apparatus for damping
pressure oscillations in the exhaust manifold of an associated engine by throttling
the exhaust gas near the outlet of the cylinders and then accelerating the gas flow in
the manifold by providing a uniform flow section therein which is substantially
smaller than the cylinder bore.

While these and other prior manifold constructions control flow of
engine exhaust gas as disclosed, they do not meet the very high performance
standards required for compact manifolds and effective manifold operation
characterized by low thermal inertia necessary for early light-off of a downstream
catalytic converter as now utilized in exhaust treatment in present automotive
vehicles. Furthermore, with the advent of crowded engine compartments as found
in practically all modern vehicles, these prior designs are generally not suitable
because of their bulky configurations.

The subject improved manifold has an elongate tubular body portion
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and spaced apart inlet branches there along, each inlet branch receiving exhaust
gases from one of the associated engine combustion chambers. The tubular portion
defines a longitudinally extending main exhaust passage which has an outlet at one
end that is operatively connected to the vehicle’s catalytic converter and then to the
muffler and exhaust system that discharges the treated exhaust gases.

In this invention, exhaust flow is effectively managed by configuring
the manifold to provide diffuser and nozzle portions at each entry for exhaust gases
into the manifold. Thereby, directional control of the exhaust gas is maintained in a
small space, the drop in pressure through the manifold is low and thus back pressure
is decreased. Resultantly, a smaller and reduced-mass exhaust manifold is created
having a low thermal inertia. Accordingly, the present invention is drawn to a new
and improved exhaust manifold construction to effectively manage flow of engine
exhaust gases.

Another feature, object and advantage of this invention is to provide
a new and improved exhaust flow process for treating the gases passing into each
inlet portion of the manifold from a combustion chamber by: diffusion of the flow
produced by an expanded passage profile while the flow direction is changed; then
by concentrating the flow by convergence as produced by a progressively decreased
passage defining a nozzle profile to cause the flow to speed by, or effectively jump,
the next downstream located inlet to the manifold. Thus, the drop in overall
pressure through the exhaust manifold is minimized.

Preferably, diffusion of exhaust gases starts in the later portion of the
exhaust passage of the engine cylinder head. Importantly, the diffusion process
continues in an expanded profile of the manifold’s inlet portion or diffuser section
for each combustion chamber. In a diffuser section, kinetic energy of the exhaust
gases is converted into higher pressure but decreased velocity at a location in the
manifold where the flow direction turns sharply from the lateral to the longitudinal
direction of the manifold, normally about ninety degrees. The reduced velocity of
the gas flow eases this direction changing or turning process. As a result, this is
accomplished with relatively low pressure losses.

After the flow direction is changed, a nozzle section of the manifold

having a decreasing profile concentrates gas flow. The increased pressure of the gas
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as in the diffuser section is converted into increased velocity and decreased pressure.
The magnitude of the velocity change is sufficient to allow the gas to "jump" or
bypass an adjacent downstream portion of the manifold serving the next engine
exhaust port. This reduces turbulent interchange with the flow from the
downstream exhaust port that is not in the exhaust cycle, i.e., exhaust valve is
closed. With this manifold design and flow process, the volume of flow is
optimized requiring a manifold with a smaller profile and a lower mass thereby
enhancing engine performance and generating low thermal inertia. The heat loss
from the manifold is thus minimized resulting in a more rapid light-off of the
catalyst in a converter particularly during the engine start-up and warming cycle.

The exhaust port of the engine cylinder head associated with the
invention preferably initiates a diffusion process. As the exhaust gas continues
through an inlet portion of the manifold in a lateral direction relative to the
manifold, the flow direction is turned through a sharp angle, normally about ninety
degrees to a longitudinal direction relative to the manifold and towards the manifold
outlet. During this turning of the flow in the diffuser section, especially along its
top surface, the velocity of flow is reduced. This reduction in velocity permits the
ninety degree turn with minimal total energy loss through the manifold. Immedi-
ately downstream from the diffuser section, a nozzle portion of the manifold
concentrates the flow by a decreasing profile and converts the increased gas pressure
created in the diffuser section into an increase in velocity. The velocity increase is
sufficiently high to cause the flow to bypass or jump the outlet from a downstream
positioned entry for exhaust associated with next adjacent combustion chamber.

The series positioned diffuser/nozzle sections are provided for each manifold inlet
associated with an engine exhaust port.

Another object of this invention is to provide a new and improved
exhaust manifold with each exhaust inlet to the manifold having first a diffuser
section and then a nozzle section for providing an overall low pressure drop which
tends to improve engine performance and to optimize catalytic converter operation,
particularly right after engine start-up. The subject manifold has added utility when
engine compartment space is scarce and it is advantageous for the exhaust manifold

to have a low volume.
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The subject manifold and flow process enhances catalyst operation by
decreasing the time of catalyst light-off and effective catalytic converter operation
due to the decreased heat rejection of the manifold and increased heat delivered to
the catalyst because of the manifold’s minimized volume and mass as well as the
resultant low residence time of exhaust gas in the manifold. Accordingly, low mass
of the manifold and decreased surface area for thermal conductivity allows the
exhaust gas to quickly and effectively pass to the catalytic converter at a high
temperature to obtain quick and early light-off of the catalyst. Furthermore, with
the smaller engine compartments available today, the lower volume manifold is
desirable. Also, the small manifold featured in this invention reduces heat transfer
to the engine compartment because of its reduced surface area and the smaller
manifold is more easily shielded.

These and other features, objects and advantages of the present
invention will become more apparent from the following detailed description and
drawings.

Figure 1 is a partial perspective view of a V-8 type engine in its
engine compartment including separate views of the left cylinder head assembly and
the exhaust manifold, each moved from their normal attachments to the engine and
to the cylinder head respectively;

Figure 2 is an elevational, partially broken away, side view of the
exhaust manifold looking away from the engine’s cylinder head; and

Figure 3 is a planer and sectional view of the exhaust manifold
looking in direction 3-3 shown in Figure 2;

Figure 3a is an elevational and sectioned view taken generally along
sight lines 3a-3a in Fig. 1 with the manifold attached to the cylinder head;

Figure 4 is an elevational side view of the exhaust manifold shown in
Figure 1 and looking toward the engine cylinder head;

Figure 5 is a planer top view of the exhaust manifold shown in
Figure 4;

Figure 6 is a sectioned view of the manifold as attached to the
cylinder head and taken along sight line 6-6 in Figure 2 and looking in the direction

of the arrows;



10

20

30

CA 02224044 1997-12-09

-5-

Figure 7 is a sectioned view of the manifold as attached to the
cylinder head taken along sight line 7-7 in Figure 2 and looking in the direction of
the arrows; and

Figure 8 is a sectioned view of the manifold as attached to the
cylinder head taken along sight line 8-8 in Figure 2 and looking in the direction of
the arrows.

Turning now in greater detail to the drawings particularly Fig. 1, a
portion of a vehicle’s engine compartment is shown in which an upper portion of a
V-8 type internal combustion engine 10 is shown. Specifically, a left cylinder head
assembly 12 of engine 10 is illustrated in a position shown upwardly and away from
the rest of the engine. As is known in the engine art, a V-8 type engine has two
banks of four cylinder bores 14 which are formed in a block portion 15 of the
engine. In Fig. 1, the four cylinder bores 14 of the left bank are aligned along the
engine’s longitudinal dimension. A piston (not shown but well known in the engine
art) is reciprocally mounted in each of the cylinder bores 14.

In each cylinder bore 14, the upper end portion of a piston and the
main body portion 18 of the cylinder head assembly 12 form a combustion chamber
17 as best seen in Fig. 3A. At least one exhaust valve 16 is associated with each
combustion chamber 17 to regulate discharge of exhaust gases therefrom during the
exhaust cycle of the engine. The exhaust valve 16 is supported by the body portion
18 of the cylinder head assembly 12 permitting it to open and close so that the
associated combustion chamber 17 is isolated from an exhaust passage 21 formed in
the body 18 of cylinder head 12. Specifically, during an exhaust cycle of a
particular cylinder and combustion chamber, the exhaust valve 16 is moved away
from a seating portion 19 formed by the body 18 of the cylinder head 12. This
allows exhaust gas to flow past the exhaust outlet port created by the seat portion
and from the combustion chamber 17. The exhaust then flows into a passage 21
within the cylinder head body 18 to an exhaust outlet opening 20.

Referring to Fig. 3A, exhaust gases flow through passage 21 at an
elevated temperature (e.g. 1900°F.) and at a relatively high velocity
(e.g. 1000 ft/sec) in response to the selectively programmed opening of the exhaust

valve 16 as is well known in the internal combustion engine art. Typically, in an
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engine, a rotating camshaft (not shown) operatively engages the upper end portion
of a stem portion 22 of the valve 16 forcing it downward from a normal closed
position where it engages the seat 19 of the cylinder head body 18. In Fig. 3A, the
valve 16 has been moved downward into its opened position to allow exhaust gas to
flow from the combustion chamber.

The cross-sectional flow area of the outlet passage 21 in cylinder
head body 18 diverges in a flow direction away from exhaust valve 16, that is, the
cross-sectional profile steadily increases as best shown in Fig. 3A. The exhaust
flow passes from the passage 21 through outlet opening 20 and into an exhaust
manifold 30 as shown in Fig. 1.

Specifically as shown in Fig. 1, the exhaust manifold 30 forms a
series of inlet branch portions 24a, 24b, 24c, and 24d. Referring to Figs. 2 and 3,
each branch portion defines a passage 26a, 26b, 26¢, 26d respectively, open to flow
from the passages 21 of the cylinder head 18. The passages 26a, 26b, 26c, 26d
each receive a discharge of exhaust gas from an associated exhaust opening 20 of
the engine cylinder head. The flow of exhaust gases in each of the inlet branch
portions 24a, 24b, 24c, and 24d are turned about ninety degrees from a lateral
direction of passage 21 extending away from the cylinder head 18 to the
longitudinal direction defined along the length of the cylinder head 18 and manifold
30.

As best seen in Fig. 3, manifold 30 defines an interior flow passage
27 formed by a generally tubular main body portion 28. Tubular body portion 28
generally extends longitudinally. When attached to the associated engine cylinder
head 18 as seen in Figs. 6, 7, and 8, the manifold 30 is secured so as to align its
inlet ports 26 a-d respectively with the outlet openings 20 of the cylinder head 18.
Specifically, the manifold 30 is attached to the cylinder head 18 by bolt fasteners
34. Referring to Figs. 2 and 3, the tubular body portion 28 of manifold 30 has a
closed forward end portion 36 and an opened rearward end portion 38 as defining
by an encircling flange 38°. As seen in Fig. 1, the flange 38’ connects to a
manifold outlet or exhaust pipe 40. In turn, the exhaust pipe 40 connects to the
inlet of a catalyst converter housing 42. The outlet of the catalyst converter housing

42 is in turn connected to a tail pipe 44.
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While only the left cylinder head 18 and its associated exhaust
manifold 30 has been shown and referred to in Fig. 1 and the text above, a similar
right manifold would obviously be provided for the right cylinder head of the V-8
engine. Other engines such as an I-4 (in-line four cylinder), or an I-6 engine would
have only one single bank of cylinders and one cylinder head so that only a single
exhaust manifold need be employed. Nevertheless, the specific exhaust gas control
principles and construction of the subject manifold are applicable to other engine
configurations. The advantages of the compact configuration, its reduced mass, and
an improved lower pressure drop through the manifold are achievable with other
engine configurations. Also, the improved transmittal of heat to the downstream
catalytic converter resulting in an earlier light-off for more effective treatment of
exhaust gases would be realized.

The engine compartment space or volume of most current vehicles is
very limited and mostly occupied by the engine and its associated transmission and
drivetrain assembly. Also, accessory power devices driven by and associated with
the engine occupy considerable space and further crowd the engine compartment.
Accordingly, a smaller exhaust manifold having a reduced mass and an optimized
flow characteristic is needed. As previously mentioned, a manifold with an
improved flow and a reduced mass substantially prevents the temperature of the
exhaust gases from decreasing in the manifold which is undesirable. Therefore, the
temperature of the exhaust gas flowing into the catalytic converter is relatively high
soon after a cold engine is started so that the catalyst is quickly brought up to an
effective light-off temperature whereafter unburned hydrocarbons are oxidized and
other combustion products are converted into water vapor and carbon dioxide.

The compact, low mass manifold 30 of the present invention achieves
the above discussed requirements. It provides a manifold characterized by low mass
and a relatively short transit time for exhaust gas while in the manifold.
Resultantly, the heat loss to the engine compartment is minimized. Further, the
exhaust gas temperature is maintained at a relatively high level which promotes a
more rapid light-off of the catalyst. Still further, the gas pressure drop from the
manifold’s inlets to its outlet is low due to a particular diffuser and nozzle flow

control configuration. Resultantly, engine performance is enhanced.
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As best shown in Figs. 3 and 4, manifold 24 includes the plurality of
laterally spaced inlet branches 24 a-d each with an inlet opening which leads to the
passages 26 a-d. Like the passages 21 in the cylinder head 18, the passages 26 a-d
are configured as diffuser portions or sections, e.g., the cross-sectional area
increases with increased distance from the inlet end portion towards the interior
passage 27. The diffuser sections 26 a-d each open to the interior, central flow
passage 27 within the tubular portion 28. As can be seen in Fig. 4, the diffuser
sections 26 a-d are evident even from the exterior of the manifold by upward and
outwardly bulging portions. The progressive enlargement in cross-section of the
diffuser sections 26 a-d from inlet to outlet cause the flow of exhaust gas to
decrease in velocity and increase in pressure. In passage through a diffuser section,
the flow of exhaust gas turns from a generally lateral direction outward from the
cylinder head toward a generally longitudinal direction through the manifold’s
elongated tubular portion 28. The decrease in gas flow velocity helps to conserve

flow energy as the gas flow is turned through approximately ninety degrees.

METHOD OF OPERATION OF GAS FLOW THROUGH THE MANIFOLD

As each exhaust valve opens for an associated combustion chamber,
exhaust gas flows into the respective inlet branches 24 a-d of the manifold 30.
Immediately upon opening of the valve, the gas pressure increases. As shown in
Fig. 3, for example, the inlet for branch 24b actively receives a flow of exhaust to
the diffuser section 26b from the corresponding passage 21 with an opened exhaust
valve. The gas flow stream is represented by arrows F,. Note that the flow turns
about 90° after the flow enters into the inlet branch from the cylinder head 18. A
portion 50 of the internal wall of the manifold which extends downstream from the
inlet opening for section 26b gradually turns to guide the flow slightly upward
toward the longitudinal direction. This causes a significant degree of diffusion
without risk of boundary layer separation resulting in the flow leaving the surface in
turbulence. The surface 52 opposite wall 50 is also gradually curved to cause the
flow to turn and be directed longitudinally toward the outlet end of the tubular
portion 28 of the manifold 30.

Together, surfaces 50, 52 generally define a kind of air foil shape. In

series flow with the gas inlet of respective branches portion 24 a-d and an
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associated diffuser section, the slowed-down gas forms an attached boundary layer
relationship with the interior surfaces so flow through the manifold is efficiently
carried at reduced velocity and with greatly reduced losses due to friction.

However, after turning of the gas flow through ninety degrees, the
kinetic energy of the gas, which reduced by the velocity decrease in the diffuser
section, needs to be reclaimed. Accordingly, downstream of each diffuser sections
26a, 26b, and 26c, the manifold configuration is altered to provide a nozzle section
or portion 54a, 54b, and 54c respectively as best shown in Figs. 2 and 3. Each
nozzle section 54a, 54b, and 54c¢ is positioned in series with a downstream from a
corresponding diffuser portion 26a, 26b, and 26¢c. As gas passes through a nozzle
section, it regains velocity previously reduced by diffusion. Also, three nozzle
sections 54a, 54b and 54c are strategically located in the manifold immediately
across from an inlet of a downstream located portion 26b, 26¢c and 26d,
respectively. These nozzle sections cause the gas flow leaving the diffuser section
to increase in velocity due to the convergence e.g., the gradual decrease in the
cross-sectional flow area of the passage. Of course, this increase in velocity is
accompanied by a decrease in pressure. With kinetic energy transferred from
pressure energy of the gas in the nozzle, the high velocity rush of gas "jumps" or
"skips" over or past a downstream exhaust port.

For example as in Figs. 2 and 3, as the gas flow F, exits the diffuser
section 26b at relatively low speed and relatively high pressure, it then flows
through the next nozzle section 54b where the flow velocity is increased and
pressure correspondingly decreased as shown by arrows F,. The series positioned
diffuser and nozzle sections are so configured that the high pressure in the diffuser
is converted into increased velocity in the nozzle portion which is sufficient to jump
past the neighboring port 26¢ with a minimum of turbulence and interchange with
any relatively slow rate of gas flow therefrom as 26¢ would be relatively inactive as
the exhaust valve would be closed.

The reference to a "jump" of gas flow is somewhat analogous to
"drafting" as practiced in vehicle racing. In racing, a following or chasing race car
will advantageously follow closely behind a leading race car so that the flow of air

thereover will bypass the chaser to a substantial degree. When the accelerating
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exhaust gas flows through the nozzle for inlet branch 26b, downstream inlet ports
26¢ and 26d are substantially inactive as the associated exhaust valves are closed.
The accelerated exhaust flow jumps or passes past port 26¢ by action of the
recovery of velocity in the nozzle section 54b. Likewise, when inlet 24c is
receiving flow as its associated exhaust valve is opened, port 26d will be similarly
jumped by accelerated exhaust flow due to the action of the nozzle 54c.
Accordingly, with the inactive exhaust ports effectively bypassed by the flow
therepast resulting from an upstream diffuser/nozzle combination, large volumes of
exhaust gas are efficiently transmitted through the exhaust manifold and flow
turbulence is minimized due to a reduction in turbulent interchange and pressure
drop as the gas passes an inactive opening.

The other combination of a series flow diffuser section and nozzle
section operate in the same manner with each diffuser reducing kinetic energy while
the flow direction is changed. Overall fluid flow energy is in proportion to the
square of the velocity, a relatively small decrease in fluid pressure corresponds to a
relatively large drop in fluid velocity. Accordingly, the turning of flow about
ninety degrees is made in a relatively compact or small space without very large
pressure losses. The flow velocity can be efficiently recovered in the nozzle
sections so that the overall pressure drop through the subject manifold is relatively
low and thus there is less back pressure on the engine by the flow through the
manifold. This naturally increases engine performance.

With the diffuser and nozzle configurations provided by this
invention, a manifold can be reduced in size without penalty so that they effectively
require reduced space in the engine compartment of the vehicles and still effectively
handle the exhaust and operate for a wide range of engines and engine speeds.

Furthermore, with this diffuser/nozzle construction, the mass of the
manifold material is substantially reduced so that heat losses from warming-up a
cold manifold are greatly reduced, i.e., the manifold does not operate as a large heat
sink. As a result, the flow of hot exhaust gases exits the manifold at high
temperature at an accelerated time rate than otherwise. Also, the temperature of gas
exiting the manifold is higher which allows the catalyst converter to sooner begin

effective operation or be light-off more rapidly. This is very important when the



CA 02224044 1997-12-09

- 11 -
vehicle engine is initially cold and is first started. Under these conditions, the
temperature of the exhaust exiting the combustion chambers and manifold normally

builds-up from low level. The decreased mass of the subject manifold permits more

of the heat from combustion to arrive into the catalyst converter.
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The embodiments of the invention in which an exclusive property or
privilege is claimed are defined as follows:

I. An exhaust manifold for a multi-cylinder internal combustion engine
having a plurality of cylinders and combustion chambers and at least one exhaust valve
for each combustion chamber, comprising:

a. a hollow main body portion of the manifold defining a longitudinally
extending primary exhaust gas passage therein terminating in an outlet;

b. a plurality of laterally disposed exhaust gas inlet branch portions of
the manifold defining exhaust gas inlet ports each adapted to be fluidly connected to
the engine so as to receive a flow of exhaust gas from an associated cylinder and
combustion chamber as controlled by opening of a corresponding exhaust valve for that
cylinder and combustion chamber and delivering the flow to said primary exhaust
passage;

c. a plurality of series flow diffuser/nozzle sections between said
exhaust gas inlet ports and said primary exhaust gas passage;

d. each said exhaust gas inlet port opening into an associated
diffuser/nozzle section for first increasing the pressure and reducing the velocity of the
gas flow while facilitating an angular turn of the flow, and then for converting the
higher pressure and lower velocity gas into a decreased pressure and increased velocity
flow wherein the flow of higher velocity exhaust gas passes the next downstream and
neighboring exhaust gas inlet port with a minimum of turbulent interchange thereby
optimizing overall exhaust gas flow and minimizing any pressure drop through said
manifold.

2. The manifold as set forth in claim 1, wherein said angular flow turn is
substantially 90 degrees.

3. An exhaust manifold for a multi-cylinder internal combustion engine
having a plurality of cylinder and combustion chamber combinations and an exhaust
valve for each cylinder and combustion chamber set, comprising:

a. a tubular main body portion of the manifold defining a longitudinally
extending primary exhaust gas passage terminating in an outlet;

b. a plurality of generally laterally extended exhaust gas inlet branches
arranged longitudinally along the tubular main body portion of the manifold, each inlet

branch having an inlet opening adapted to be operatively connected to a cylinder and
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combustion chamber combination of the engine for receiving a flow of exhaust gas
when the exhaust valve is in an operative opened condition with each inlet branch
having an outlet opening into said primary exhaust passage of said tubular main body
portion;

c. each inlet branch defining a converging diffuser passage extending
downstream from said inlet port for increasing the pressure and reducing the velocity of
the exhaust gas flow thereby providing an efficient angular change in flow direction
from a lateral direction to a longitudinal direction characterized by minimal loss of
pressure;

d. each inlet branch further having a diverging nozzle passage
downstream from said diffuser passage for converting the higher pressure, lower
velocity flow of gas therefrom into a lower pressure, higher velocity gas flow wherein
said higher velocity gas flow in said nozzle passage flows past said next adjacent
downstream outlet opening characterized by minimal turbulent interchange therewith
and minimal pressure loss as the flow passes said location.

4. The manifold as set forth in claim 3, wherein said diffuser portion is
located adjacent to said branch inlet and said nozzle section is connected directly with
the outlet of said diffuser portion.

5. An exhaust manifold for a multi-cylinder internal combustion engine
having a plurality of cylinder/combustion chamber sets and at least one exhaust valve
for each such set, comprising:

a. a tubular member defining a primary exhaust passage terminating in
an outlet;

b. a plurality of generally laterally extending exhaust gas inlet branches
arranged longitudinally along the tubular member, each branch having an inlet adapted
to fluidly receive exhaust gas from an associated cylinder/combustion chamber set as
the associated exhaust valve is opened and each branch having an outlet emptying into
said primary exhaust gas passage;

c. each of said branches defining a converging diffuser section
downstream from said inlet for increasing gas pressure and reducing flow velocity
thereby permitting an efficient change in flow direction;

d. each inlet branch further having a diverging nozzle section located

downstream from said diffuser section for receiving the increased pressure and
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decreased velocity flow from said diffuser and increasing the velocity and decreasing
the pressure of the gas flow so that said fast flow passes the next downstream branch
outlet in a manner characterized by a minimized turbulent interchange therewith and a
reduced pressure loss.

6. The manifold as set forth in claim 5, wherein each diffuser section is
positioned immediately downstream to said associated branch inlet and each nozzle
section is directly connected with the outlet of the upstream diffuser section and has an
output adjacent to the next downstream inlet branch.

7. A method of efficiently controlling flow of exhaust gases in an exhaust
manifold having at least two discrete exhaust inlet branches forming at least two
generally laterally extending inlet passages and a tubular exhaust housing portion
forming a generally longitudinally extending primary flow passage terminating in an
outlet, the inlet branches being spaced apart along the length of said primary exhaust
housing and each defining an inlet opening fluidly connected to a separate, associated
exhaust port of the associated engine which exhaust ports extend from combustion
chambers of a multi-cylinder internal combustion engine, comprising the steps of:

a. flowing exhaust gas from a first combustion chamber to a first inlet
branch and through the first inlet opening to said primary exhaust passage at a location
upstream of a second, adjacent inlet to said primary exhaust passage;

b. diffusing the exhaust gas flow upstream of the second, adjacent inlet
to reduce the velocity of the flow and increase its pressure while altering the flow
direction from a lateral to a longitudinal direction;

c. converging the exhaust gas flow to accelerate the flow and thereby
increase its velocity by conversion of the higher pressure exhaust gas into kinetic
energy thereby boasting the flow velocity sufficiently to cause the flow to effectively
bypass said next downstream and adjacent inlet in a manner characterized by minimized
turbulence and pressure loss.

8. A method of effectively controlling flow of exhaust gases in an exhaust
manifold having a plurality of discrete exhaust inlet branches, each branch having an
inlet port and a generally laterally extending inlet passage and a primary exhaust
housing portion forming a generally longitudinally extending primary passage
terminating in an outlet, the inlet branches being laterally spaced apart along the length

of said exhaust housing portion and with each branch defining an inlet opening fluidly
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connected to a separate, associated exhaust port of the combustion chambers of a multi-
cylinder internal combustion engine, comprising the steps of:

a. flowing a quantity of exhaust gas from a first combustion chamber to
a first inlet in said primary exhaust passage upstream of a second, adjacent inlet to the
primary exhaust passage;

b. diffusing the flow of said quantity of exhaust gas upstream of the
second, adjacent inlet to reduce the flow velocity while sharply changing the direction
of the flow from a lateral to a longitudinal direction;

c. then converging the flow of said quantity of exhaust gas upstream of
second, adjacent inlet to the primary exhaust passage to accelerate the flow thereof by
converting the higher pressure of said diffused exhaust gas into a higher velocity flow
sufficient to rapidly flow past said adjacent, second inlet in a manner characterized by
minimized turbulence and pressure loss wherein the flow through the manifold is

optimized for a particular sized configuration.
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