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United' States Patent Office 3,572,298 
Patented Mar. 23, 1971 

1 
3,572,298 

STRATIFIED CHARGE ENGINE 
Shigeru Onishi, 31-13 Higashiyama 3-chome, l{auazawa· 

shi, Ishikawa-ken, Japan, and Saburo Yui, 12-7 
Himonya 3-chome, Meguru-ku, Tokyo, Japan 

Filed Jan. 6, 1969, Ser. No. 789,227 
Claims priority, application Japan, Jan. 8, 1968, 

43/599; Jan. 11, 1968, 43/1,083; Feb. 16, 1968, 
43/9,413; June 10, 1968, 43/39,424; July 27, 1968, 
43/52,757 

2 
deviated mixtures with each cylinder. Thus, fuels burned 
at excessively lean air-fuel ratios produce only poor 
thermal efficiency and output, and the clean mixtures slow 
down the flame propagation, as physical phenoma of 
inevitable nature. The use of a lean air-fuel ratio thus 5 causes a drop of burning rate, which in turn results in the 
rise of exhaust temperature, and hence damage to the 
exhaust valve, irregular combustion cycle, engine rough
ness, insufficient output, poor acceleration and difficulty 

Int. Cl. F02b 72/00 
U.S. CI. 123-32 8 Claims 10 of starting. It is for these reasons that the use of lean air

fuel ratios has not been contemplated in the past. 

ABSTRACT OF THE DISCLOSURE 

An internal combustion engine of the stratified charge 
type wherein the purification of the exhaust fan from the 
combustion chambers is provided with elimination of 
noxious components in the emissions thus attaining im
proved ignitability and combustibility particularly for 
betterment of performance and durability in full load 
operation. 

DETAILED EXPLANATION OF THE INVENTION 

This invention relates to a reciprocating, piston-type 
internal combustion engine of stratified charge system 
which achieves charge stratification for complete burning 
of fuel in the cylinder that serves as combustion chamber, 
and more specifically to an internal combustion engine 
of Otto-cycle type for spark ignition of air-fuel mixture, 
wherein stratified charge combustion is accomplished, 
that is, stratified charge of a readily ignitable, combus
tible mixture is burned in the neighborhood of the region 
including spark plug. 

Efforts for improvements of internal combustion en
gines, especially gasoline engines, have heretofore been 
directed to higher power output and thermal efficiency 
and better mechanism. As for the prevention of air pollu
tion due to the exhaust emissions, the manufacturers have 
simply relied upon some attachments for reductions of 
noxious gases. However, those emissions containing car
bon monoxide, CO, hydrocarbons, HC, and nitrogen 
oxides, NOx, have so rapidly increased in recent years 
that the control and removal of such noxious substances 
posing public hazard, or production of cleaner exhaust 
gases, has come to the fore as a problem of paramount 
importance that must be solved even at some sacrifice 
of the power output, thermal efficiency and other features 
of the engines. 

As is well known, it is important in the combustion 
chambers of internal combustion engines that injected 
fuel, either mist or vapor in form, be thoroughly mixed 
with a necessary amount of air for perfect burning. The 
perfect combustion within the engines incorporating an 
improved system of charge stratification in the combus
tion chambers would give cleaner emissions. If the engines 
are moreover equipped with means for purifying the 
exhaust with any improvement rather than sacrifice of 
the engine performance, the result would then be more 
than satisfactory. 

It is known that, in conventional gasoline engines, the 
concentrations of such noxious gases can be invariably 
reduced to by far lower levels by effecting good combus
tion of mixtures at sufficiently lean air-fuel ratios for the 
control of the harmful emissions. 

Generally, a decrease of fuel supply with respect to 
a given air intake improves the fuel consumption although 
the engine develops less power. With leaner air-fuel ratios, 
however, the fuel consumption is. increased and thermal 
efficiency is affected adversely because of slower burning 
rates and higher occasions of misfiring due to rarefied and 

More recently, as part of attempts for making use of 
lean air-fuel ratios, a number of proposals have been 
made along the stratified charge concept whereby a spark 

15 plug is provided in a part of main combustion chamber 
or in an auxiliary chamber, and a gaseous mixture of 
combustible range is formed, ignited and burned, and 
then the combustion of a leaner mixture in the rest or 
whole of the main cylinder is effected. It is known that, 

20 according to this stratified charge system whereby the 
engine is operated on a relatively rich fuel mixture main
tained in the region around the spark plug and on a lean 
overall mixture provided in the entire space inside the 
cylinder (i.e., with excess air), it is made possible to im-

25 prove the specific heat of active gas for a closer approach 
to an air cycle, prevent heat dissociation, and reduce the 
cooling heat loss to the surroundings, so that improved 
thermal efficiency and reduced fuel consumption can be 
realized and, further, because the combustion is effected 

30 with ample supply of air, the noxious components of 
exhaust emissions can be fairly reduced. 

However, while many versions of the stratified charge 
concept have been studied and developed up to now, 
none of them has attained a satisfactory degree of per-

35 fection for the control of noxious contents of exhaust 
emissions as well as in the usefulness in actual applica
tions because of imperfection in design and controllabil
ity, complicacy and other problems in construction, etc. 
Especially, it is practically much more difficult to main-

40 tain an air-fuel ratio greater than 15: 1 which corresponds 
(approximately) to the theoretical mixing ratio, or be
tween about 16: 1 and 17: 1 which is generally believed 
feasible, in every cylinder of the engine, throughout the 
entire load range. Moreover, the higher the air-fuel ratio 

45 the slower the combustion rate and the higher the ex
haust temperature. This tends to invite troubles in the 
exhaust valve system, increased unsmoothness of com
bustion process, engine roughness, and frequent occur
rence of misfire, which in turn results in difficulty of 

50 starting and drop of acceleration. What is worse, the air
fuel ratio in this range can increase the emission of NOx 
to a maximum. If the compression ratio is increased for 
better performance, the NOx emision will further in
crease. In order to reduce the latter possibility, attempts 

55 have hitherto been made only at some sacrifice of engine 
performance. Retardation of ignition timing is an example. 
However, this results in a drop of power output and a 
rise of exhaust temperature. 

Recirculating a part of exhaust gas to the intake side 
60 proves effective but it again reduces the available power, 

and use of a very rich mixture to make up for the power 
loss leads to increased CO emission. As a whole, there
fore, this approach is not contributory to the purification 
of exhaust emissions. 

65 Charge stratification is beneficial for the improvement 
of thermal efficiency at part-load operation, but for an 
engine to run under full load it fails to ensure good 
gassi:fication and mixing of fuel with air so that the engine 

70 can yield sufficiently high power. In order that the system 
can meet the requirement of engines operating at full 
load, it is necessary to inject the fuel rapidly with an 
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