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CLAIMS 

1. A gasoline compression ignition (GCI) engine with a nitrogen enriched air

supply for exhaust gas emissions reduction, the GCI engine comprising: 

a plurality of combustion chambers each with a piston movably disposed 

therein;  5 

at least one fuel injector in selective fluid communication with each of the 

combustion chambers;  

an air inlet in selective fluid communication with each of the combustion 

chambers;  

an exhaust gas outlet in selective fluid communication with each of the 10 

combustion chambers; and  

an inlet air management system comprising: 

a membrane-based separator in fluid communication with the air inlet such that 

air introduced to the separator is operated thereupon to be split into at least an oxygen 

enriched air stream and a nitrogen enriched air stream;  15 

an exhaust gas recirculation flowpath in fluid communication with the exhaust 

gas outlet to convey a nitrogen enriched combustion product stream that forms when a 

mixture of air and a gasoline-based fuel is ignited within the combustion chamber;  

flow control conduit cooperative with the separator and the exhaust gas 

recirculation flowpath such that the nitrogen enriched combustion product stream from 20 

the exhaust gas recirculation flowpath, the nitrogen enriched air stream from the 

separator, or both, are placed in selective fluid communication with the air inlet;  

a plurality of sensors configured to acquire engine operating parameters; and 
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a combustion air enrichment controller in signal communication with the sensors 

such that (i) during compression of air within each combustion chamber, gasoline-based 

fuel is selectively introduced in a staged manner to give a mixture of fuel and air that 

has both locally stoichiometric and globally stratified properties for compression 

ignition and (ii) the separator, exhaust gas recirculation flowpath, flow control conduit, 5 

sensors and controller cooperate to deliver to the air inlet (a) the oxygen enriched air 

stream from the separator during a cold start and warm-up load on the GCI engine and 

(b) the nitrogen enriched air stream from the separator and the nitrogen enriched

combustion product stream from the exhaust gas recirculation flowpath, wherein during 

an increase in engine load not associated with the engine cold start and warm-up loads, 10 

the controller provides an instruction set where the nitrogen enriched air supply that is 

used for the exhaust gas emissions reduction is provided at least partially by the 

nitrogen enriched air stream from the separator and increasingly the nitrogen enriched 

combustion product stream from the exhaust gas recirculation flowpath. 

15 

2. The GCI engine of claim 1, wherein the inlet air management system is

configured such that the nitrogen enriched air supply that is used for the exhaust gas 

emissions reduction is never exclusively provided by the nitrogen enriched combustion 

product stream from the exhaust gas recirculation flowpath. 

20 

3. The GCI engine of claim 1, wherein when the increase in engine load not

associated with the cold start and warm-up load corresponds to an engine mean 

effective pressure of below about two bar, the nitrogen enriched air supply that is used 

for the exhaust gas emissions reduction is provided substantially exclusively by the 
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separator. 

4. The GCI engine of claim 1, wherein when the increase in engine load not

associated with the cold start and warm-up load corresponds to an engine mean 

effective pressure of between about two bar and about seven bar, the nitrogen enriched 5 

air supply that is used for the exhaust gas emissions reduction is provided primarily by 

the separator. 

5. The GCI engine of claim 1, wherein when the increase in engine load not

associated with the cold start and warm-up load corresponds to an engine mean 10 

effective pressure of greater than about seven bar, the nitrogen enriched air supply that 

is used for the exhaust gas emissions reduction is provided by both the separator and 

exhaust gas recirculation flowpath. 

6. The GCI engine of claim 1, further comprising a spark igniter disposed within15 

the head for selectively igniting a mixture of air and a gasoline-based fuel that is 

introduced into the combustion chamber, the spark igniter configured such that the 

selectively igniting only during the cold start or warm-up loads on the engine. 

7. The GCI engine of claim 6, wherein the controller is configured such that no20 

nitrogen enriched air stream is delivered to the air inlet during the cold start or warm-up 

loads on the engine. 

8. The GCI engine of claim 1, wherein the flow control conduit comprises at least
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one valve disposed therein, the at least one valve configured to be actuated by a control 

signal from the controller. 

9. The GCI engine of claim 1, wherein the separator is disposed within the inlet air

management system as a line-replaceable unit. 5 

10. The GCI engine of claim 9, wherein the line-replaceable unit forms a modular

assembly that contains the separator and an air filter. 

11. The GCI engine of claim 1, further comprising:10 

an engine block defining a plurality of cylinders each of which define a

volumetric space of a respective one of the combustion chambers; 

a crankshaft rotatably movable within the block and coupled to the pistons each 

of which are disposed within a respective one of the cylinders such that upon 

compression ignition of the mixture, a resulting reciprocating motion of the pistons 15 

imparts rotational motion to the crankshaft;  

a plurality of cams responsive to movement of the crankshaft; 

a head coupled to the engine block to define the plurality of combustion 

chambers, the head comprising at least one inlet valve and at least one exhaust valve 

disposed therein such that each of the valves are movably responsive to the crankshaft 20 

through a corresponding one of the cams; and  

a fuel inlet in selective fluid communication with each of the combustion 

chambers through the fuel injector. 
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12. A vehicle comprising:

a platform comprising a wheeled chassis that defines a passenger compartment

therein; and 

a gasoline compression ignition (GCI) engine coupled to the platform to deliver 5 

motive power thereto, the GCI engine comprising:  

a plurality of combustion chambers each with a piston movably disposed 

therein;  

at least one fuel injector in selective fluid communication with each of the 

combustion chambers;  10 

an air inlet in selective fluid communication with each of the combustion 

chambers;  

an exhaust gas outlet in selective fluid communication with each of the 

combustion chambers; and  

an inlet air management system comprising: 15 

a membrane-based separator in fluid communication with the air inlet such that 

air introduced to the separator is operated thereupon to be split into at least an oxygen 

enriched air stream and a nitrogen enriched air stream;  

an exhaust gas recirculation flowpath in fluid communication with the exhaust 

gas outlet to convey a nitrogen enriched combustion product stream that forms when a 20 

mixture of air and a gasoline-based fuel is ignited within the combustion chamber;  

flow control conduit cooperative with the separator and the exhaust gas 

recirculation flowpath such that the nitrogen enriched combustion product stream from 
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the exhaust gas recirculation flowpath, the nitrogen enriched air stream from the 

separator, or both, are placed in selective fluid communication with the air inlet;  

a plurality of sensors configured to acquire engine operating parameters; and 

a combustion air enrichment controller in signal communication with the sensors 

such that (i) during compression of air within each combustion chamber, the fuel is 5 

selectively introduced in a staged manner to give a mixture of fuel and air that has both 

locally stoichiometric and globally stratified properties for compression ignition and (ii) 

the separator, exhaust gas recirculation flowpath, flow control conduit, sensors and 

controller cooperate to deliver to the air inlet (a) the oxygen enriched air stream from 

the separator during a cold start and warm-up load on the GCI engine and (b) the 10 

nitrogen enriched air stream from the separator and the nitrogen enriched combustion 

product stream from the exhaust gas recirculation flowpath, wherein during an increase 

in engine load not associated with the engine cold start and warm-up loads, the 

controller provides an instruction set where varying portions of the exhaust gas 

emissions reduction is provided by the nitrogen enriched combustion product stream 15 

from the exhaust gas recirculation flowpath and the nitrogen enriched air stream from 

the separator. 

13. The vehicle of claim 12, wherein a portion of the flow control conduit is in

selective fluid communication with the passenger compartment to deliver at least a 20 

portion of the oxygen enriched air stream is conveyed to the passenger compartment. 

14. The vehicle of claim 13, wherein the oxygen enriched air stream is conveyed to
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the passenger compartment during all engine loads not associated with the engine cold 

start and warm-up loads. 

15. The vehicle of claim 12, wherein the varying portions of the exhaust gas

emissions reduction is determined by the controller based on an engine mean effective 5 

pressure such that:  

in a first engine mean effective pressure range, the nitrogen enriched air supply 

that is used for the exhaust gas emissions reduction is provided substantially exclusively 

by the separator;  

in a second engine mean effective pressure range, the nitrogen enriched air 10 

supply that is used for the exhaust gas emissions reduction is provided primarily by the 

separator; and  

in a third engine mean effective pressure range, the nitrogen enriched air supply 

that is used for the exhaust gas emissions reduction is provided by both the separator 

and exhaust gas recirculation flowpath. 15 

16. The vehicle of claim 12, wherein the inlet air management system is further

configured such that the oxygen enriched air stream is delivered to the air inlet only 

during the cold start or warm-up loads on the engine. 

20 

17. A method of operating a GCI engine, the method comprising:

introducing a gasoline-based fuel to a plurality of combustion chambers within

the GCI engine, wherein each of the combustion chambers are defined at least in part by 

a cylinder with a piston movably disposed therein; and  
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providing an inlet air management system comprising: 

a membrane-based separator;  

an exhaust gas recirculation flowpath;  

flow control conduit cooperative with the separator and the exhaust gas 

recirculation flowpath; 5 

a plurality of sensors configured to acquire engine operating parameters; and 

a combustion air enrichment controller in signal communication with the sensors 

and the flow control conduit;  

using the inlet air management system to introduce air into a membrane-based 

separator; 10 

separating the introduced air into at least an oxygen enriched air stream and a 

nitrogen enriched air stream;  

compressing at least a portion of one of the oxygen enriched air stream and the 

nitrogen enriched air stream within each combustion chamber and selectively 

introducing the fuel in a staged manner to give a mixture of fuel and air that has both 15 

locally stoichiometric and globally stratified properties for compression ignition; and  

adjusting a combustion rate within the GCI engine by delivering at least a 

portion of the nitrogen enriched air stream from the separator and a nitrogen enriched 

combustion product stream from the exhaust gas recirculation flowpath to the plurality 

of combustion chambers, wherein during an increase in engine load not associated with 20 

a cold start or warm-up load, the controller provides an instruction set where the 

nitrogen enriched air supply that is used for the exhaust gas emissions reduction is 

provided at least partially by the nitrogen enriched air stream from the separator and 
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increasingly the nitrogen enriched combustion product stream from the exhaust gas 

recirculation flowpath. 

18. The method of claim 17, wherein during an increase in engine load that is

associated with a cold start or warm-up load, the controller provides an instruction set 5 

where the oxygen enriched air stream from the separator is provided to the plurality of 

combustion chambers. 

19. The method of claim 18, wherein during the increase in engine load that is

associated with a cold start or warm-up load, the controller provides an instruction set 10 

where no nitrogen enriched air stream is provided to the plurality of combustion 

chambers. 

20. The method of claim 17, wherein the oxygen enriched air stream is supplied by

the separator to increase a flame propagation combustion rate within the combustion 15 

chamber during at least one of GCI engine cold start and GCI engine warm-up. 

21. The method of claim 17, wherein the emissions reduction of an exhaust gas

comprises a NOx emission reduction. 

20 

22. The method of claim 17, wherein the adjusting a combustion rate within the GCI

engine comprises diluting an air intake charge into the combustion chambers. 
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23. The method of claim 17, wherein the adjusting a combustion rate within the GCI

engine comprises speeding up the transient control response of the GCI engine. 
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