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TURBOCHARGER ASSEMBLIES AND METHODS

[0001] This application claims the benefit of priority to US provisional

patent application serial number 62/298,960 filed February 23, 2016 and claims

under 35 U.S.C. § 1 9(e)(1 ) the benefit of the filing date of US provisional

application serial number 62/298,960.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] In general, this invention relates to assemblies and methods for

increasing the performance of engines, and in particular, to increasing the power

output of an internal combustion engine. Embodiments of the present inventions

relate to a turbochargers, systems and configurations of turbochargers,

retrofitting such systems to existing vehicles, and more particularly to, a

turbocharger system which provides for a several turbocharges on a single

engine.

Description of Related Art

[0003] A turbocharger system is a system that generates a higher

power output for a given engine size by forced induction. An engine with a

turbocharger system has higher power output and efficiency, compared to a

naturally aspirated engine, Turbocharged engine forces pressurized air to flow in

through a turbine, and provides higher efficiency of the engine in proportion to

the inflow, compared to engines using atmospheric pressure.

[0004] In a turbocharger system using exhaust gases, however, intake

air or exhaust air is directed to one side when the system is used on a V-shaped

engine. Thus, a turbo is placed within a V-bank, or only two turbos are used, one

on each side of the engine.



[00051 Alternatively, a turbocharger is placed on the exhaust side of an

engine. Thus, air drawn from the outside is compressed by the turbo charger.

[0006] In typical compound turbocharging systems, there can be found

a main (larger) low-pressure low rpm turbocharger ("turbo"), and a secondary

(smaller) high-pressure high rpm turbocharger. Air from the atmosphere flows

through the main turbo, from there into the secondary turbo, and from there into

the intake manifold or intercoo!er of the engine. This "compounds" the boost

effect of the turbo. In general, the larger turbo remains low pressure and low rpm

because of the limited CFM intake of the smaller high pressure turbocharger. The

larger turbo is not able to turn over higher rpm's (which would create an increase

in the CFM) because it is choked by the limited capacity of the smaller

compressor housing of the smaller turbo. Thus, these compound turbocharging

systems have limited, and far less than desirable efficiencies, and limited and far

less than desirable ability to increase the performance of an engine,

[0007] Accordingly, traditional configurations of turbochargers are

limited in their power output and efficiency. Traditional assemblies and methods

are limited by the turbochargers used on each side of a V-Bank. Higher enthalpy

conditions, when the engine is operating at high power and high rpms, have the

potential to choke out these turbochargers. This limits both the engine's power

and efficiency. Additionally, this configuration can create a lag during the period

it takes the turbochargers to spool up to power. This further impacts the engine's

efficiency.

[0008] Generally, the term "about" as used herein unless specified

otherwise is meant to encompass a variance or range of ±10%, the experimental

or instrument error associated with obtaining the stated value, and preferably the

larger of these.

[0009] This Background of the Invention section is intended to

introduce various aspects of the art, which may be associated with embodiments

of the present inventions. Thus the forgoing discussion in this section provides a



framework for better understanding the present inventions, and is not to be

viewed as an admission of prior art.

SUMMARY

[0010] There has been a long-standing and unfulfilled need for, among

other things, assemblies, methods and systems to increase the performance of

engines and, in particular, internal combustion engines. The present inventions,

among other things, solve these needs by providing the articles of manufacture,

devices and processes taught, and disclosed herein.

[0011] Various aspects of the present invention have been made in an

effort to provide a turbocharger system which provides low-flow resistance, and

improved charging efficiency through its configuration and selection of

turbochargers.

[0012] The engine may have any "V" configuration. The cylinders may

be ignited in any order.

[0013] Various aspects of the present invention provide for a

turbocharger system including: an engine, a main turbocharger and two smaller

twin turbochargers, connected to exhaust and intake manifolds of engine; a first

turbocharger connected to the same exhaust and intake manifolds as the main

turbocharger; a second turbocharger connected to the same exhaust and intake

manifolds as the main turbocharger.

[0014] The exhaust manifolds may be in fluid communication with the

main turbocharger. The exhaust may drive the turbochargers. The

turbochargers may spool up when the engine is idling. The main turbocharger

may also be in fluid communication with the first and second turbocharger.

[0015] The exhaust manifolds of the first bank may be connected to the

turbine of the main turbocharger and first turbocharger. The exhaust manifolds

of the second bank may be connected to the turbine of the main turbocharger



and second turbocharger. The compressors of the first and main turbochargers

may be connected to the intake of the first bank. The compressors of the second

and main turbochargers may be connected to the second bank. The

turbochargers may be selected such that the main turbochargers are larger than

the first and second, twin, turbochargers. All three turbochargers may provide

high-pressure compressors. All three turbochargers may also provide high-rpm

compressors.

[0016] According to various aspects of the present invention, the

exhaust manifolds may drive the turbines of all three turbochargers, and the main

turbocharger may drive the twin turbochargers in a way that increases power and

efficiency of the engine, while decreasing turbo lag. All three turbochargers may

be mechanically-driven, which allows for a more robust system. However, other

embodiments may feature electrically-driven compressors.

[0017] These systems and methods are operable for incorporation with

any sort of internal combustion engine. These engines may include in-line, hemi-

engines, marine engines, diesel engines, private aircraft engines, Wankel, or

rotary engines. These systems and methods may also be useful for engines

ranging from one to sixteen cylinders. Additionally, these systems and methods

may be useful for a variety of vehicles, including economy-sized automobiles,

sports cars, race cars, supercars, hypercars, marine engine's, private aircraft, or

motorcycles.

[0018] The methods and apparatuses of the present invention have

other features and advantages which will be apparent from or are set forth in

more detail in the accompanying drawings, which are incorporated herein, and

the following Detailed Description, which together serve to explain certain

principles of the present invention.



BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Fig. 1 is a perspective of an exemplary turbocharger system in

accordance with this invention.

[0020] Fig. 2 is an embodiment of the turbocharger system of Fig. 1

with diverter values.

[0021] Fig. 3 is an embodiment of the turbocharger system of Fig. 1

with dual exhaust, and fewer components.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0022] In general, the present inventions relate to turbocharger

systems, and methods of using these systems. Embodiments of the present

turbocharge systems preferably have a configuration of three turbocharges,

although four, five or more are contemplated.

[0023] Embodiments of the present systems provide for increased

power density of a motor unite, e.g., an internal combustion engine, by using, in

part, its exhaust cycle, fresh air, non-exhaust air and combinations and various of

these, to generate more power. This increase in power, e.g., performance, can

be seen in increased horse power and increased torque, among other things.

The present inventions provide the ability to have small motors, e.g., automotive

engines of about 0.5 liters to .5 liters, to perform like large motors, e.g., about 4

to about 5 liters, although larger and smaller displacement motors can be used

with the present systems. Thus, for example, the present systems have the

ability for a motor to have power, or performance characteristics, of a larger

motor, for example a motor that has a displacement of about 2x larger, about 3x

larger, about 4x larger and potentially greater.

[0024] The present turbocharger systems can be used with any

present, prior or later developed fuel systems. They can be matched in a

predetermine manner to optimize and enhance these fuel systems. Thus,

embodiments of the present turbocharger systems can be used with, for



example, carborater systems, flue injection systems, mechanical fuel injection,

and digital fuel systems.

[0025] The turbocharge configurations of the present inventions can

find application in engines that are used in many, and most, types of applications.

Thus, embodiments of the turbocharger systems of the present inventions can

find applications on engines in automobiles, busses, trucks, watercraft, boats,

ships, trains, generators, heavy equipment, pumps, military equipment and

aircraft. The equipment using the present turbocharge systems can have, one,

two, three or more engines, which may each or all utilize embodiments of the

present turbocharger systems. Embodiments of the present turbocharger

systems can be used on all types of internal combustion engines, for example,

those that use diesel, gasoline, natural gas, liquefied petroleum gas, and

alcohols as fuels, as well as hybrids. Embodiments of the turbocharger systems

of the present inventions can be part of a new engine, vehicle or equipment, or

they can be added to older, or existing equipment, e.g., retrofit.

[0026] Various embodiments of the present invention provide for ways

to enhance the power output and efficiency of the engine by using exhaust, or

other waste gasses, to drive the turbines of compressors, which in turn further

compress the fuel gas before combustion. Various aspects of the present

invention may be used to optimize the enthalpy of an internal combustion engine.

Certain embodiments of this invention may be useful for vehicular applications,

where engine space is at a premium. Certain other embodiments may be useful

for power generators. Other embodiments may be used in spatially-distributed

applications, such as an electrical power plant, including natural gas power

plants.

[0027] In the embodiments of the invention that may be used for

vehicular uses. The invention may be used for an engine with a "V"

configuration, but may also be useful for in-line or rotary engines.



[0028] Various aspects of the present invention provide for a

turbocharger system including: an engine including a first cylinder head

constituting a first bank and a second cylinder head constituting a second bank; a

main turbocharger formed between the first bank and the second bank, and

connected to exhaust and intake manifolds of the first and second banks; a first

turbocharger connected to the other exhaust and intake manifolds of the first

bank; and a second turbocharger connected to the other exhaust and intake

manifolds of the second bank.

[0029J Fig. 1 features one such embodiment. This embodiment of

turbocharger one may be useful for a low-displacement engine, such as in a

stock car, where excess space within the hood may be at a premium. The

embodiment of the invention represented by Fig. 1 features, a high-power, high-

rpm main turbocharger 001 situated between two smaller turbochargers 201 ,

301 . These two smaller twin turbochargers are situated such that they can take

the higher CFM load from the main turbocharger 001 without either twin

turbocharger choking (due to CFM differential), and/or generating unfavorable

backpressure. There is provided a clean air intake 170, that preferably has an air

filter as shown in the embodiment.

[0030] In Fig. 2, there is shown the embodiment of the configuration of

Fig. 1 having value members 260, 360, such as a dump or diverter value. These

values enable the flow of exhaust gas in line 206, line 306, or both, to be partially

or complete diverted to the atmosphere as exhaust, instead of being routed to

turbo 001 .

[0031] In Fig 3 there is shown an embodiment of the system of Fig. 1

with line 206 and line 306 being exhaust. And, the exhaust turbine and related

piping for turbo 001 being eliminated.

[0032] In certain embodiments of the invention, the main turbocharger

001 is connected, via separate manifolds 202 and 302 to the smaller

turbochargers 201 , 301 . Each turbocharger comprises a compressor, which



interfaces on the "cold," pre-combustion side of the system. The compressors

compress and condense the fuel gas before combustion in order to increase the

enthalpy exchange and power output of the system. These compressors also

work to maximize the thermodynamic efficiency of the system. Each

turbocharger also comprises a turbine section on the "hot," post-combustion end

of the system. Heated exhaust gases pass through the turbine section and drive

the turbocharger, which powers the compressor on the "cold" side.

[0033] In some embodiments of the invention, the larger turbo to

generate higher boost levels of at least 20psi. The configuration also allows for

higher flow-rates by distributing the load into a set of twin turbochargers. The

twin turbochargers will be able to intake above the normal load since the total

CFM's are distributed equally. Typical RPMs of the twin turbochargers during the

compounding at (calibrated) full boost will be at least 120,000rpm. Another

unique attribute of the Tri-Boost system is that it can accommodate low revving

and high revving engines or power plants. To further exploit this efficiency,

certain embodiments may feature a complimentary high revving power

plant/engine will yield significant performance results. Some embodiments of the

invention will be able to generate turbo boost while the engine is idling. This

minimizes, or eliminates turbo lag.

[0034] In some embodiments of the invention, the larger (main) turbo

can operate at a 1: 1 boost pressure and CFM ratio, which has never previously

been achieved by traditional compound turbocharging systems. These

configurations can be changed to achieve desired output goals.

[0035] In certain embodiments of the invention, the main turbocharger

may be mechanically driven and capable of handling high CFM, loads. The main

turbocharger 001 may draw exclusively from atmosphere, but may be able to

draw upon other sources of gas. The main turbocharger 001 will then compress

the gas, at high rpms, to a high pressure. This pressure may be at least 20 PSI.

The gas then travels down each manifold 202 and 302 to each of the smaller



turbochargers 201 , 30 . The turbochargers may be placed in proximity to each

other to decrease the amount of enthalpy lost during transmission. These

manifolds may be insulated to maximize the enthalpy of the system. The smaller

turbochargers 201 , 301 are able to handle these high enthalpy loads from the

main turbo 0 1. The compressors of each turbocharger then compress the gas

before the gas enters an intercooler stage. The invention may employ separate

intercoolers 203,303 after each compressor, but the gas could also feed into a

single intercooler. In the present embodiment, the engine is in a "V"

configuration and separate manifolds 204, 304 feed from each intercooler 203,

303, into separate banks of the engine 002.

[0036] After passing through the compressors of the twin turbos 204,

304, the air passes through a manifold into the combustion chamber, where it

mixes with the fuel. In embodiments where a twin turbocharger is responsive for

compressing air into more than one combustion chamber, a series of manifolds

splits compressed and condensed air into a multitude of combustion chambers.

After the air mixes with the fuel, it is ignited and drives the piston. The ignition

sequence may be accomplished through either a spark plug, compression

ignition, or a diesel cycle. The exhaust gas then feeds through another set of

manifolds, 205, 305 into the turbine sections of turbochargers 201 and 301 . This

exhaust gas then drives the smaller twin turbochargers and allows them to spool-

up quickly, thereby reducing turbo lag and allowing the turbochargers to handle

the high CFM load from the main turbocharger once it comes up to its operating

RP . After passing through the turbine portion of turbochargers 201 and 301 ,

the gas merges from separate manifolds 206, 207 into a single manifold 003.

[0037] This configuration may decrease turbo lag as all exhaust is

forced to the turbine of the main turbocharger 00 . The merged exhaust flow

forces the larger turbo to spool-up much sooner than in other configurations. The

main turbocharger is able to spool-up by the force from the increased exhaust

flow, caused-in-part by the smaller turbochargers.



[0038] This configuration of the first embodiment allows for the

increased pressure from the turbochargers, also known as "boost," to occur

almost instantaneously once the engine experiences any increase in load.

[0039] The exhaust may be discharged via a diverter 004, after it drives

the turbine of the main turbocharger 00 . A diverter may be any system that

moves or controls the flow of exhaust. This diverter may be a wastegate, or any

other manifold that removes exhaust gases from the system. In embodiments

where the diverter is a wastegate, the wastegate may be either internal or

external. An internal wastegate is one that is built into the turbocharger's

exhaust housing. An external wastegate may discharge exhaust outside the

turbocharger's housing.

[0040] Other embodiments of the invention are useful in spatially

distributed systems. In such a configuration, a main turbocharger may be used

to drive smaller turbochargers, each turbocharger power separate combustion

chambers. Such a configuration employs insulation on its manifolds to maximize

the enthalpy of the system. Additionally, a pre-heating stage may be employed

before the gas enters any of the turbine stages.

[0041] Further embodiments of this invention may be useful, as

mentioned above, in in-line or rotary engines. Other embodiments of this

invention may be useful for a Rankine engine.

[0042] Other embodiments of the invention may feature additional

intercoolers. An intercooier may be employed before the compressors of the twin

turbochargers 201 , 301 and immediately after the compression stage, before the

gas enters the combustion chamber.

[0043] As mentioned above, this configuration may be useful in any

internal combustion engine. Accordingly, embodiments of this invention may be

used for engines that employ gasoline, diesel, LNG, natural gas, kerosene, or

any other readily combustible hydrocarbon.



[0044] In certain embodiments of this invention, boost may be

controlled with a manual boost controller. In these embodiments, a bleed-type

manual boost controller may be manually operated to interface with the

turbocharger(s) to control the pressure generated by the compressor. In other

embodiments, the system may be controlled via an electronic valve.

[0045] Alternatively, boost may be controlled with an electronic

solenoid that interfaces with a control system. That control system may be an

ECU/PCM. The control system may interface with the diverter(s), wastegate(s),

and boost controllers to control the ingoing and outgoing pressure from the

system. These controllers may interface with the control system via hardwired

electronics, a wireless connection, or physical connections. Such physical

connection may include a series of vacuum hoses used to send vacuum and/or

pressure information/signals between the control system and the boost and

exhaust controllers. Alternatively, the control system may operate at a

predetermined pressure to maintain the pressure of the system without

modification during operation.

[0046] Certain embodiments of the invention may accommodate

changes to the pressure during operation by way of a blowoff or blowout valve.

These biowoff/blowout valves allow for the increased pressure, after reduction in

fuel intake and/or in throttle application, to be either discharged from the system,

or pumped back into the turbochargers to maintain or increase pressure.

[0047] In other embodiments of the invention, the diverter valve on the

pre-combustion side of the system may be able to pull from the atmosphere for

the twin turbochargers 20 ,301 as opposed to the main turbocharger. In these

instances, a valve may be used to shut off the source from the atmosphere and

force the smaller twin turbos 201 ,301 to pull from the main turbocharger 001 . In

these instances, the system is able to shift form a twin turbocharger assembly to

a compound, triple-turbocharged system. This change may be controlled

manually, mechanically, or via the control system. In embodiments where it is



controlled by the control system, the control system may factor in engine

temperature, rpms of the engine, system pressure, or rpms of the turbochargers

to determine when to switch to the main turbocharger or to atmosphere.

[0048] Embodiments of the turbocharger systems can be, and

preferably are associated with control systems. The control systems can be

computerized, manual, pneumatic and combinations and variations of these.

The turbochargers in the system can be controlled individually, with each of the

three turbocharges having its own control system One control system may be

associated with one turbocharger and another control system may be associated

with the other two turbochargers. Preferably in these multiple controller

configurations the control systems can be in control association with one another.

In an embodiment, a single boost controller may be used with the three-turbo

configuration, or multiple boost controllers may be used.

[0049] The turbocharge systems can use turbocharges of any size and

in any configuration. Thus, where space is not an issue, larger turbochargers

may be used, and similarly in smaller, or tighter settings, smaller turbochargers

can be used.

[0050] In one embodiment, for engines having variable cam timing, the

present turbocharger systems can be optimized to work in conjunction with the

variable am timing. Thus, the operation of the turbocharge system is linked to

the cam timing, in the variable cam system.

[0051] In embodiments, where the system is a closed circuit

turbocharger, e.g., closed loop, the system will scavenge for boost from the

single downstream turbocharger. It being understood that both closed and open

loop systems can be employed, or be use as a part of, the present turbocharger

configurations.

[0052] In embodiments of the turbocharger systems, the exhaust

temperatures from the engine are lower, under load conditions, with increased



efficiency. Thus, for example, in an embodiment the exhaust temperatures can

be lowered (with less than about a 5% loss in power, at power levels of about

800 - 900 hp) by about: 50° to 300 0 F; by about 100° F ; by about 00 0 F to

about 200 F; by about 200 0 F; and, by about 200 to about 300 F; and

greater and smaller reductions in temperature may also occur. The temperature

reduction may vary based upon exhaust system, use of pollution control device,

such as catalytic systems, fuel, engine displacements and other factors.

[0053J It is noted that there is no requirement to provide or address the

theory underlying the novel and groundbreaking performance or other beneficial

features and properties that are the subject of, or associated with, embodiments

of the present inventions. Nevertheless, various theories are provided in this

specification to further advance the art in this important area. These theories put

forth in this specification, and unless expressly stated otherwise, in no way limit,

restrict or narrow the scope of protection to be afforded the claimed inventions.

These theories many not be required or practiced to utilize the present

inventions. It is further understood that the present inventions may lead to new,

and heretofore unknown theories to explain the operation, function and features

of embodiments of the methods, articles, materials, devices and system of the

present inventions; and such later developed theories shall not limit the scope of

protection afforded the present inventions.

[0054] The various embodiments of turbocharges, turbocharger

systems, modules, assemblies, activities and operations set forth in this

specification may be used in the above identified fields and in various other

fields. Additionally, these embodiments, for example, may be used with: existing

engine designs and types, as well as other existing equipment; prior engine

designs and types; future engine designs and types; and such items that may be

modified, in-part, based on the teachings of this specification. Further, the

various embodiments set forth in this specification may be used with each other

in different and various combinations. Thus, for example, the configurations

provided in the various embodiments of this specification may be used with each

other; and the scope of protection afforded the present inventions should not be



limited to a particular embodiment, configuration or arrangement that is set forth

in a particular embodiment, example, or in an embodiment in a particular Figure.

[0055J The invention may be embodied in other forms than those

specifically disclosed herein without departing from its spirit or essential

characteristics. The described embodiments are to be considered in all respects

only as illustrative and not restrictive.



. A system for enhancing the power output of an engine comprising:

a . a first turbocharger n fluid communication with a second

turbocharger;

b. the second turbocharger being in fluid communication with a

combustion chamber;

c . the combustion chamber being in fluid communication with

the turbine portion of the second turbocharger

2 . The system of Claim 1 further comprising a control system capable of

controlling turbo boost.

3 . The system of Claim 1 further comprising a blowout valve capable of

driving excess pressure back into the compressor of the first

turbocharger.

4 . The system of Claim 1 wherein there is a third turbocharger in fluid

communication with the first: and

a . wherein the third turbocharger being in fluid communication

with a combustion chamber;

b. the combustion chamber being in fluid communication with

the turbine portion of the third turbocharger; and

c . the turbine section of the third turbocharger being in fluid

communication with the turbine section of the first

turbocharger.

5 . The system of Claim 1, wherein the first turbocharger operable to high-

rp and high-pressure.

6 . The system of Claim 5 , wherein the second turbocharger is operable to

handle the h gh-CF load from the first turbocharger.

7 . The system of Claim 1 wherein a condensing stage occurs after gas is

compressed by the second turbocharger.

8 . The system of Claim 1 wherein the gas is preheated before entering

the turbine section of the first turbocharger.



9 The system of Claim 1 wherein the engine is operable to at least 600

hp

0 .The system of Claim 1 wherein the engine is operable to at least 800

hp.

11.The system of Claim 1 wherein the engine is operable to at least 1000

hp.

12. The system of Claim 1 wherein the engine is operable to at least 1200

hp.

13 .A method for enhancing the power of an engine comprising:

a . compressing air via a first turbocharger;

b. compressing air via a second turbocharger; and

c . driving the turbine portion of a turbocharger with exhaust.

4 .The method of Claim 13 wherein waste gas from a combustion

chamber powers the turbine portions of both the first and second

turbochargers.

15 .The method of Claim 13 wherein the engine is selected from a group

consisting of an in-line, rotary, "v", or Ranksne engine.

16 .The method of Claim 13 wherein the improved engine produces at

least 600 hp.

17 .The method of Claim 13 wherein the first turbocharger is operable to

high-rpms and high-pressures.

18 .The method of Claim 13 wherein the second turbocharger is capable of

handling high CF loads without choking.

19 .A system for enhancing the power of an internal combustion engine

comprising:

a . a first turbocharger in fluid communication with at least two

downstream turbochargers;

b. the downstream turbochargers in communication with

condenser and at least one combustion chamber;



c . the exhaust gas from the combustion chamber driving the

turbine section of the same turbocharger that fed said

combustion chamber;

d . the exhaust further driving the turbine section of the first

turbocharger.

20. The system of Claim 19 wherein the engine enhanced engine is

operable to 800 hp.
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