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[57] ABSTRACT 
A fuel injection nozzle is disclosed in which a plurality 
of ori?ces or nozzle holes are formed through a nozzle 
head in such a way that the angles of spray are in 
creased stepwise as the ori?ces are farther located 
from the center of the nozzle tip. The ori?ces may be 
arrayed in row or column or along one or a plurality 
of coaxial circles. The fuel-air or steam mixtures in 
jected through the ori?ces will not interfere with each 
other so that a large number of independent small 
?ames may be formed. 

2 Claims, 7 Drawing Figures 
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MULTIHOLE FUEL INJECTION NOZZLE 
The present invention relates to a fuel injection noz 

zle. 
In the conventional fuel gas injection nozzles and liq 

uid fuel injection nozzles of the type in which the liquid 
fuel is mixed with air or steam within a mixing chamber 
in the nozzle and injected through the ori?ces to be at 
omized and sprayed into the combustion chamber, a 
plurality of ori?ces have the same angle of spray, that 
is the angle between the axis of the ori?ce and the axis 
of the nozzle, so that the fuel-air or steam mixtures in 
jected through the ori?ces interfer with each other and 
form a single spray pattern. As a result a large and sin 
gle ?ame is formed so that the surface area of the ?ame 
is smaller as compared with the volume. Therefore the 
radiation from the ?ame is less so that the temperature 
of the ?ame is high with the result of the increase in 
quantity of nitrogen oxides. 
One of the objects of the present invention is there 

fore to eliminate the above problem of the conven 
tional liquid fuel and fuel gas injection nozzles. 
Another object of the present invention is to provide 

a fuel injection nozzle in which a plurality of ori?ces 
are so formed that the injected fuel gas or fuel-air’ or 
steam mixtures will not interfere with each other, 
whereby the heat radiation from the small ?ames may 
be considerably increased to reduce the temperatures 
of the ?ames and to suppress the production of nitro 
gen oxides. 
The above and other objects, features and advan 

tages of the present invention will become more appar 
ent from the following description of preferred embodi 
ments thereof taken in conjunction with the accompa 
nying drawing. 
FIG. 1 is a sectional view of a ?rst embodiment of the 

present invention; 
FIG. 2 is a side view thereof; 
FIG. 3 is a side view of a variation thereof; 
FIG. 4 is a sectional view of a second embodiment, 
FIG. 5 is a side view thereof, 
FIG. 6 is a sectional view of a third embodiment of 

the present invention; and 
FIG. 7 is a side view thereof. 
First embodiment is shown in FIGS. 1, 2 and 3. 
Referring to FIG. 1, a nozzle tip 4 in the form of a 

hollow box is securely joined to a nozzle holder 1. A 
fuel passage 2 which is formed in the nozzle holder 1 
along the axis thereof is communicated through a fuel 
port 2a with a fuel-air mixing chamber 5 formed within 
the nozzle tip 4. Air passages 3 formed within the noz 
zle holder 1 around the fuel passage 2 are also commu 
nicated with air ports 3a with the mixing chamber 5. 
A plurality of ori?ces or nozzle holes 6a, 6b, 6c and 

6d are formed in the nozzle tip 4 vertically in line with 
each other, and the angles of the axes of the ori?ces 6a, 
6b, 6c and 6d with respect to the axis 0 of the nozzle 
holder 1 have the following relation: 

As shown in FIG. 3, the ori?ces 6 may be formed in 
two columns or a plurality of ori?ce columns may be 
formed. Alternatively the ori?ces may be arrayed in a 
zig-zag form. Furthermore the nozzle tip 4 may be cy 
lindrical or in any suitable shape. 
The second embodiment shown in.FIGS. 4 and 5 is 

different from the ?rst embodiment described herein 
before with reference to FIGS. 1, 2 and 3 is that the 
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through the side wall thereof. The angles of spray be 
tween the axis 0 of the cylindrical nozzle tip 4 and the 
axes of the ori?ces 6 are such that 

In other words, the angle 01 of the axis of the orifice 
closest to the point 4’ at which the axis 0 intersects the 
top surface of the cylindrical nozzle tip 4 and the axis 
0 is smallest, and the angle 02 of the ori?ce 6b second 
closest to the point 4’ is greater than the angle 61 of the 
ori?ce 6a. In like manner the angle of one ori?ce is 
greater than the angle of an adjacent ori?ce closer to 
the point 4'. 

In the second embodiment, the nozzle tip 4 is shown 
as having the upper and lower ori?ce rows, but it will 
be understood that a plurality of ori?ce rows may be 
formed or a plurality of ori?ces may be arrayed in zig 
zag form or in any other suitable pattern. Furthermore 
instead of the cylindrical nozzle tip 4, a nozzle tip in 
any suitable shape may be used. 

In the ?rst and second embodiments, the fuel is sup 
plied into the mixing chamber 5 through the fuel pas 
sage 2 and the fuel port 2a, and air or steam is supplied 
into the mixing chamber through the air passages 3 and 
ports 3a. In the mixing chamber the fuel and the air or 
steam are mixed and ?nely divided, and the atomized 
fuel-air mixture is sprayed through the ori?ces 6 into a 
combustion chamber. Since the angles of the ori?ces 6 
are different from each other, the injected fuel-air mix 
tures will not interfer with each other so that a large 
number of independent small ?ames may be formed. 
Next referring to FIGS. 6 and 7, the third embodi 

ment of the present invention will be described herein 
after. The fuel injection nozzle comprises a nozzle 
holder 21, a guide ring 24, a nozzle tip 25, and a socket 
26. A fuel passage 22 is formed in the nozzle holder 21 
along the axis thereof, and air or steam passages 23 are 
also formed within the nozzle holder 21 and around the 
fuel passage 22. The guide ring 24 has an fuel port 22a 
and air or steam ports 23a communicating the fuel pas 
sage 22 and the air or stream passages 23, respectively, 
with a mixing chamber 29 in the nozzle tip 25. The 
front end portion or nozzle tip N extending beyond the 
socket 26 of the nozzle tip 25 is semispherical and has 
two coaxial rows 27 and 28 of equiangularly spaced 
apart ori?ces. The nozzle holder 21, the guide ring 24 
and the nozzle tip 25 are assembled air-tightly by the 
socket 26 which is screwed over the nozzle holder 21. 
Four ori?ces 27 are formed along a circle, whose 

center axis 0 of the fuel injection nozzle, and are 
spaced apart equiangularly. In like manner, the ori?ces 
28 are formed in equiangularly spaced apart relation, 
but are staggered with respect to the ori?ces 27. The 
angle 01 between the axis of each ori?ce 27 and the axis 
0 is smaller than the angle 02 between the axis of each 
of the outer ori?ces 28 and the axis 0. 
The fuel and air or steam are through the fuel passage 

22, the air or steam passages 23, the fuel port 22a and 
the air or steam ports 23a into the mixing chamber 29, 
and the fuel-air or steam mixtures are injected through 
the ori?ces 27 and 28 into a combustion chamber. 
Since the angles 01 and 02 of the ori?ces 27 and 28 are 
different and the ori?ces 27 and 28 are staggered from 
each other, the injected fuel-air or -steam mixtures will 
not interfer with each other so that a large number of 
independent ?ames may be formed. 



3,913,845 
3 

In the embodiments described hereinbefore, the liq 
uid fuel is mixed with air or steam to be injected into 
the combustion chamber, but it will be understood that 
the fuel injection nozzle of the present invention is also 
used to inject fuel gas. When fuel gas is used, it is of 
course not necessary to provide the air or steam pas 
sages and ports so that the gas fuel injection nozzles of 
the present invention may be much simpli?ed in con— 
struction. ' 

When the fuel injection nozzle of the present inven 
tion is used, a large number of independent small 
?ames are formed so that the overall surface area of the 
?ames is much larger than that of a single ?ame pro 
duced by the conventional multihole fuel injection noz 
zle. As a result, the heat radiation from the ?ames is 
considerably increased so that the temperatures of the 
?ames are reduced. Therefore the complete combus 
tion at a relatively low temperature may be ensured, 
and the emission of nitrogen oxides may be substan 
tially eliminated or reduced. Furthermore the time 
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4 
when the combustion products remain in the small 
?ame is shorter than in the large ?ame so that the pro 
duction of nitrogen oxides may be considerably sup 
pressed. 
What is claimed is: 
l. A fuel injection nozzle comprising a hollow elon 

gated cylindrical head, said head having one open end 
and one closed end and at least one row of longitudi 

nally spaced discharge openings extending through its 
wall, each of said openings extending at an angle to the 
axis of said head, with the angles decreasing in propor‘ 
tion to the respective distances of said openings from 
said open end, and means registering with said open 
end for supplying a combustible fuel to said hollow por 
tion for discharge through said openings. 

2. The nozzle of claim 1 wherein there are two dia 
metrically opposed rows of said openings extending 
through said wall. 

* * * * * 


