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[57] ABSTRACT 
A burner with an ultrasonic vibrator of the type for 
atomizing liquid fuel for combustion ‘is improved as 

follows: (1) an outer and inner diffusers which are 
separated from each other by an inner duct are dis 
posed so as to surreound the fuel atomizing surface, 
that is the front end of a hollow horn; (2) the front 
end, of the inner diffuser is made coincident with the 
front end of the outer diffuser or'located rearwardly of 
the front end of the outer diffuser whereas the front 
end of the hollow horn is made coincident with or lo 
cated intermediate between the front ends of the inner 
and outer diffusers, (3) the length L of the inner dif 
fuser and the distance I between the rear ends 'of the 
inner duct and of the inner diffuser satis?es the fol 
lowing relation: 

(4) the hollow horn, and the inner and outer diffusers _ 
satisfy the following relations: '. 
D/S = 7 to 12 
P/D = 3 to 6, and 
P/S = 35 to 60 

where 
S = area of an annulus between said front end of the 

hollow horn and the inner diffuser through which 
is discharged air, ‘ 

D = areaof an opening at the front end of the inner 
diffuser through which isdischarged air,.and 

P=area of anvopening at the front end ofthe outer 
diffuser through which is discharged air; and 

(5) the outer duct has a tapered section formed be 
tween a large-diameter rear section and a small 
diameter front section thereof, the taper of theta 
pered section resembling that of the hollow horn. 

9 Claims, 13 Drawing Figures 
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BURNER WITH ULTRASONIC VIBTOR 

BACKGROUND OF THE INVENTION 
The present invention relates to a burner with an ul 

trasonic vibrator. - 

In the burners of the type for atomizing liquid fuel, 
the velocity transmitted to ?nely divided liquid‘ fuel 
particles is considerably smaller than the velocity trans 
mitted to the ?nely divided fuel particles in the fuel in 
jection type burners so that the ?ow of atomized fuel 
particles is easily affected by the air ?ow. Therefore, a 
special arrangement must be provided for suitably mix 
ing the atomized fuel particles with air for optimum 
combustion. More particularly, the suf?cient kinetic 
energy must be-transmitted to the ?nely divided fuel 
particles so as to be mixed with air, and therelative po 
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sitions and dimensions of an inner and outer diffusers ' 
which are provided in order to facilitate the optimum 
mixing of ?nely divided particles with air must be so de 
termined as to ensure the complete combustion. Other 
wise, the turbulent ?ame front is generated and the 
?ame ?uctuates, thus resulting in the vibrations of the 
burner and hence the increase in noise, and “blow-off.” 

In the conventional burners, the air discharged into 
the burner strikes against some obstacles so that the 
turbulent air ?ow enters into a diffuser. As a result, the 
uniform mixing of ?nely divided fuel particles with air 
cannot be attained, resulting in the incomplete com 
bustion. ' ‘ 

SUMMARY OF THE INVENTION 
Brie?y stated, according to the present invention, an 

inner duct is disposed coaxially of a frustoconical hol 
low horn. so as to surround it. Primary air isdischarged 
through the passage between the outer duct. and the 
hollow born to be mixed with liquid particles atomized 
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at the front end of the hollow horn which’in turn is cou- , 
pled to an ultrasonic vibrator. Atomizedfuel particles 
are carried away from the front end or‘ atomizing sur 
face of the hollow horn by air discharged through the 
outer duct, mixed with air and burnt. The combustion 
efficiency is depend upon the quantity of primary air 
supplied, the velocity distribution and the turbulence of 
the primary air, and the air-fuel ratio. ‘ 
Inner and outer diffusers each comprising a plurality 

of blades aredisposed coaxially of the hollow horn so 
as to surround its fuel atomizing surface, that is the 
front end thereof, in spaced apart relation. The inner 
and'outer diffusers are ~separated from each other by an 
inner duct in the form of a cylinder which makes com 

. plete contact with.the outer peripheral surface of the 
inner diffuser and the inner peripheral surface of the 
outer diffuser. Fuel particles atomized at the front end 
of the hollow horn are mixed with the circumferential 
?ow of air discharged from the inner diffuser, and the 
air-fuel mixture is further mixed with the circumferen 
tial flow of air discharged from the outer diffuser in 
such a manner that the expansion or discharge of the 
air-fuel mixture may be suitably controlled. The hollowv 
horn and the inner diffuser are so arranged that their 
front ends will not extend beyond the front ends of the 
outer diffuser and of the inner duct. Inv order to attain 
an optimum combustion, the rear end of the inner duct 
is extended beyond the rear end of the inner diffuser, 
and the distance between the rear ends of the inner 
duct and of the inner diffuser must be within a prede 
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termined range. In order to steamline the air ?owing 
into the inner and outer diffusers and the annulus be 
tween the inner duct and the inner diffuser, the outer 
duct is provided with a tapered section formed between 
the large-diameter rear section and the reduced diame 
ter front section, the taper of the tapered section re 
sembling that'of the frustoconical hollow horn. Fur 
thermore, the ratios among the areas of an annulus de 
?ned between the inner duct and diffuser and openings 
at the front ends of the inner and outer diffusers 
through all of which are discharged air ?ows are suit 
ably selected. > I 

The above and other objects, features and advan 
tages of the present invention'wll become more appar 
ent from the following description of one preferred em 
bodiment thereof taken in conjunction with the accom 
panying drawings. ' 

BRIEF DESCRIPTION OF THE DRAWING: 

= FIG. 1A is a longitudinal sectional view of a burner 
in accordance with the present invention; 
FIG. 1B is a front end view thereof; ‘ . 

FIG. 2 is a fragmentary view, of an enlarged scale of 
the burner shown in FIG. ‘1A; ' ' I ' 

FIGS. 3A, 3B and 3C are views used for the explana 
tion of the ?ame front obtained when the position of 
the front end of the inner duct with respect to the front 
end of a frustoconical hollow horn is varied; ' 
FIGS. 4A, 4B, 4C and 4D are views used for the ex 

planation of the flame front obtained when the ratios 
among three air discharge openings are varied; and 
FIGS. 5A, 5B and 5C illustrate data obtained by the _ 

experimentswhen thev ratios among the three air dis 
charge openings are varied as shown in FIGS. 4A to 
4D. ‘ ' ' ' 

‘ DESCRIPTION 0Fv THE PREFERRED - _ 

' EMBODIMENT: " 

. Referring to FIG. 1, an outer’duct 2 having a tapered 
section 2a and an open end is securely ?tted over a cas 
ing 1, and _a frustoconical hollow horn 5 has its bottom 
or rear end securely?xed to an ultrasoniclvibra'tor 4 
and is supported‘ within the outer. duct 2 by means of 
a plurality of brackets 15 which are ?xed to the hollow I _ 
horn 5 atsuch points which correspond to the node of 
vibration of thevhorn, that is at which the hollow horn 
5 does not vibrate itself at all. An inner duct 3 disposed 
within the outer duct 2 adjacent to its open end de?nes 
an outer diffuser 6 and an inner diffuser 7, both of 
which are provided with a plurality of blades as best 

' shown in FIG. 1 (B). An ignition plug 8 is extended 
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through the outer duct 2 and is bent at a right angle at 
the opened end of thereof so thatits center electrode 
11 is located upwardly of and adjacent to the top of the 
frustoconical hollow horn 5. The ignition plug 8 is com . 
nected through a cable, 12 to an ignition transformer 
13. An oscillator 18 is coupled through a conductor 17 
to the vibrator 4. An oil ?ow control unit 10 is con 
nected to an oil supply pipe 9 which extends through 
the hollow horn 5 at the node 16 thereof and communi 
cates with an oil passage 14 formed in the hollow horn 
5 along the axis thereof as best shown in FIG. 1A. - 

Fuel flows through the pipe 9 and the passage 14 to 
the atomizing surface, that is the top of the hollow 
horn, and forms a thin ?lm over the atomizing surface 
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due to the surface tension thin fuel. This thin fuel ?lm 
is immediately broken and atomized due to the ultra 
sonic vibrations of the hollow horn 5. Both the particle 
size and kinetic energy of the atomized or ?nely di 
vided particles are very small, and the distribution of 
the atomized fuel particles is not regular and the con 
centration of the atomized fuel particles is considerably 
high in the ignition zone. In order to secure the stable 
ignition zone to ensure the complete combustion by 
mixing the atomized fuel particles with air, the outer 
and inner diffusers 6 and 7 are disposed in order to pro 
vide a circumferential discharge of air. That is, the at 
omized fuel particles are carried out of the atomizing 
surface of the hollow horn 5 by the air ?ow discharged 
through the outer duct and then discharged circumfer 
entially by the inner and outer diffusers 6 and. 7 so that 
the atomized fuel particles are mixed with air. If the 
inner duct 3 were not provided, the radial component 
of the discharged air would separate or shear a body of 
atomized fuel particles and the atomized fuel particles 
of relatively larger size. would be transmitted with the 
suf?cient energy to leave from the mixing zone. As a 
result, incomplete combustion would occur, and the 
mixture of atomized fuel particles with air in the igni 
tion zone would be adversely affected, resulting in the 
“blow-off" and combustion noise. To overcome this 
problem, according to the present invention, the posi 
tions of the hollow born 5, the outer and inner diffusers 
6 and 7 with respect to each other, the positions and 
length of the blades of the inner and outer diffusers 7 
and 6, and the opening or passage areas of the inner 
and outer diffusers 7 and 6 are limited. As shown in 
FIG. 2, assume that the distance‘ between the front end 
of the inner duct 3 and the front end of the inner dif 
fuser blade 7 be M; and the distance between the front 
end of the hollow horn 5 and the front end of the inner 
duct 3 be m. Then, the experiments conducted by the 

. inventors, show that when m< 0. that is when the front 
end‘ of the hollow born 5 is located forwardly of the 
front end of the inner duct 3, the air flow ?owing along 
the outer periphery of the atomizing surface of the hol 
low horn S has less disturbance so that the kinetic en 
ergy transmitted to the atomized fuel particles in the 
axial direction of the hollow horn 5 becomes excessive. 
As a result, as ‘shown in FIG. 3A, the ?ame generating 
position is spaced apart from the atomizing surface of 

- the hollow horn 5 by a relatively long distance so that 
the air ?ow strikes the leading end of the ?ame front. 
Therefore, the flame is distrubed at its leading end and 
?uctuates in response to even a small pressure variation 
in the furnace, thus resulting in the great combustion 
‘noise. Furthermore, a part of the ?ame is displaced out 
of the mixing zone, thus resulting in the incomplete 
combustion. When the draft is too strong, the ?ame is 
blown off. - 

When the front end of the hollow horn S is located 
backwardly of the front ends of the inner duct and of 
the inner diffuser blade 7, that is when 0 < M < m, the 
circumferential discharge of the air at the atomizing 
surface of the hollow born 5 is enhanced as shown in 
FIG. 30 and the negative pressure is produced in the 
area adjacent to the fuel atomizing surface of the hol 
low horn 5 so that the flame is drawn back to the atom— 
izing surface. The fuel atomizing surface becomes the 
?ame generating or starting position, and a part of the 
?ame strikes back into the inner diffuser, thus resulting 
in the incomplete combustion. Soot would be deposited 
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4 
upon the fuel atomizing surface of the hollow horn 5 
and the blades 7 of the inner diffuser so that they are 
overheated and oxidized, resulting in a shorter service 
life. Furthermore, the back ?re tends to occur very 
often due to the back ?owing from the chimney. 
When O 5 m i M, the ?ame front starts from the 

position slightly spaced apart from the fuel atomizing 
surface of the hollow horn 5 as shown in FIG. 3b so that 
the defects encountered in the arrangements shown in 
FIGS. 3A and 3C may be overcome. 
The air ?owing through the casing l strikes against 

the base or rear end of the hollow horn 5 so that the dis 
turbance or turbulence occurs. If the turbulent air is in 
troduced into the inner and outer diffusers 6 and 7, the 
circumferential flow will be also disturbed so that the 
atomized fuel particles will not be uniformly mixed 
with air, thus resulting in the incomplete combustion, 
the turbulent flame and the abnormal combustion 
noise. To overcome this problem, the inner and outer 
diffusers 6 and 7 are separated by the inner duct 3 
whose rear end is spaced apart rearwardly of and from 
the inner and outer diffusers 7 and 6. Furthermore the 
tapered section 2a of the outer duct 2 has the same 
taper as that of the hollow horn 5 so that the air flow 
may be streamlined before it enters into the inner and 
outer diffusers. Assume that the length of the inner dif 
fuser 7 be L and the distance between the rear ends of 
the inner duct 3 and of the inner diffuser 7 be I. When 
the distance I is so small that L/8 < l < L/4, the air flow 
which strikes against the rear end of the inner duct 3 
and is disturbed ?ows into the outer and inner diffusers. 
Therefore, it becomes difficult to control a suitable 
ratio between the quantities of air entering into the 
outer and inner diffusers 6 and 7. As a result, incom 
plete combustion occurs. 
When the distance I is long such as L/2 < I, the rear 

end of the inner duct 3 approaches the rear end of the 
hollow horn 5 at which the turbulent air flow is most 
prominent. Therefore, the turbulent air enters into the 
outer and inner diffusers 6 and 7 so that the air dis 
charged therefrom is also disturbed, thus resulting in 
incomplete combustion. 
Therefore, the position of the rear end of the inner 

duct 3 must be determined in such a manner that the 
air flow disturbed at the rear end of the hollow horn 5 
may be sufficiently streamlined in the passage defined 
by the tapered section 2a of the outer duct 2 and the 
hollow horn 5 before it reaches the rear end of the 
inner duct 3 and that the air flow disturbed at the rear 
end of the inner duct 3 may also sufficiently stream 
lined before it enters into the outer and inner di?users 
6 and 7. The extensive experiments conducted by the 
inventors show that the distance I must be L/4 < l < 
U2. The burner which satis?es the above described 
conditions has the following features: 

1. The ?ame front is stabilized because the circum 
ferential air flow is not disturbed. 

2. The ?uctuation of the ?ame is eliminated so that 
the combustion noise may be reduced. 

3. An optimum air-fuel ratio may be obtained in the 
air-fuel mixing zone so that complete combustion 
may be ensured. In order to attain the above advan 
tages, an optimum ratio of the quantity of air pass 
ing through the inner diffuser to that of the air pass 
ing through the outer diffuser must be determined. 
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Assume that the area of an annulus between the front 
end or fuel atomizing surface of the hollow horn 5 and 
the inner diffuser 7 (which will be referred to as “the 
first air passage area” hereinafter) be S and the area of 
the air passage of the inner diffuser 7 (which will be re 
ferred to as “the second air passage area" hereinafter) 
be D and the area of the air passage of the outer dif 
fuser 6 (which will be referred to as “the third air pas 
sage area" hereinafter) be P. 
The air ?ow passing through the ?rst air passage S 

streamlines the atomized fuel particles and carries 
them forwardly of the fuel atomizing surface of the hol 
low cone 5. The air ?ow passing through the second air 
passage D is a circumferential discharge which serves 
to form the fuel-air mixing zone and the ignition zone 
which in turn maintain the undisturbed ?ame. The air 
flow passing through the third air passage P is also a cir 
cumferential discharge which serves to keep the ?ame 
in the ignition zone undisturbed and determines the 
con?guration of the ?ame as well as the air-fuel ratio. 

When the ratio of the second air passage area D to 
the ?rst air passage area S is large, the air pressure 
drops at the front end of the hollow horn 5, and the 
negative pressure is produced by the air ?ow passing 
through the second air passage D. As a result, the ?ame 
front starting position approaches the inner 
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cicumference of the inner diffuser 7 as shown by the _ 
chain lines a in FIG. 4A. Soot is deposited upon the 
inner diffuser blades so that the ?rst air passage area S 
is reduced and the above described adverse effect is 
further increased. , 

When the ratio D/S is small, the pressure of the air 
passing through the ?rst air passage S'rises too high so 
that the ?ame starting position is spaced apart from the 
front end of the hollow horn 5 as indicated by the two 
dot chain lines 17 in FIGJllA. The ignition is adversely 
affected and the flame ?uctuates, thus ‘resulting in an 
increase in combustion noise. _ , 
When the ratio D/S is large, the length of the ?ame 

becomes shorter and is diverged so that ‘the atomized 
fuel particles which have not been burnt yet escape 
from the air-fuel mixing zone, thus resulting in a de 
crease in combustion ef?ciency. When D/S is smaller, 
the ?ame front extendsin the form of a cylinder and 
becomes longer. ' ' 

When the ratio P/D of the third air passage area to 
the second air passage area D is large, the negative 
pressure is produced substantially all over the front end 
of the outer diffuser 6 as indicated by the chain lines c 
in FIG. 48 so that the ?ame makes contact with the 
substantial area of the outer and inner diffusers 6 and 
7. Soot is deposited upon the outer and inner diffusers. 
The ?ame becomes large in cross sectional area but be 
comes shorter, and the volume of air in the ?ame is not 
sufficient to ensure the complete combustion. When 
P/D is small, the pressure is extremely increased adja 
cent to the front end of the hollow horn 5 as indicated 
by the two-dot chain lines d in FIG. B so that the flame 
front starting position is spaced apart from the front 
end of the hollow horn 5 by a relatively greater dis 
tance; As a result, the ?ame is disturbed, and “blow 
of “ occurs. 

When the ratio P/S of the third air passage area P to 
the ?rst air passage area S is large, the frame front is as 
indicated by the chain lines e in FIG. dC and is substan 
tially similar to the ?ame front indicated by the chain 
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lines 0 in FIG. 413 so that the similar adverse effects are 
produced. When the ratio P/S is small, the ?ame front 
is as indicated by the two-dot chain lines f in FIG. 4C 
and is intermediate between the ?ame fronts indicated I 
by the lines in FIG. 4C and lines b in FIG. 4A. 
The above described adverse effects are produced 

under the following conditions: > 

Therefore, it follows that the optimum combustion 
can be obtained under the following conditions: 
7<D/S< l2,3<P/D<6and35<P/S<60. 

FIG. 4D illustrates the ?ame front obtained under the 
above conditions (lines 3) and when the air distribution 
is optimum. In this case, the following conditions are 
observed: ' ' . i ' 

l. The body of atomized fuel particles is streamlined 
by the air ?ow ?owing through the ?rst air. passage . 
S and the ?ame front starts very close to the front 
end of the hollow born 5. The ignition is positive 
and the ?ame is stabilized. The ?ame does not ?uc-' 
tuate, and the vibrations of .the burner and hence 
the noise are reduced. . i 

2. The air-fuel mixing zone is suitably expanded by 
the air discharged through the second air passage 
so that the evaporation of fuel particles may be fa 
cilitated. The combustion is therefore improved, 
and substantially complete combustion can beat- ' 
tained. _ ' 

3. The air ?ow discharged through the third air pas 
sage encircles the' combustion zone formed by the 
air ?ows discharged through ‘the ?rst and second 
air- passages, and serves to mix unburnt fuel parti 
cles with air, thereby ensuringthe complete com 
bustion. 

' Experimental data-obtained when the air passage ra- _ ' 
tiosD/S, P/D and P/S were varied over a relatively wide a 
'range are illustrated in FIGS. 5A - 5C. As shown in ' 
FIG.- 5A, when the ratio D/S is large, a substantial 
quantity of fuel is left unburnt, that is, incomplete com 
bustion occurs. The best result is obtained when the 
ratio D/S is within the range between 7 and 12. In like 
manner, the best result is obtained when the ratio P/D 
= 3 to 6 and when the ratio P/S = 35 to 60 as shown 
in FIGS. 53 and 5C. ‘ . 

For example, when D/S = 8, P/D = 5 and P/S = 40, 
carbon dioxide was 9 .- 10 percent, carbon monoxide 
was 0.005 — 0.01 percent, and-smoke number is’l. 
When D/S = 12, P/D = 3 and P/S = 36, carbon dioxide 
was 9 — 10.5 percent, carbon monoxide 0 - 0.005 per 
cent, and the smoke number was 0 - I. 
What is claimed is: 
l. A burner with an ultrasonic vibrator comprising 
a. a casing and an outer duct ?xed to said casing, 
b. a frustoconical hollow horn for atomizing liquid 

fuel disposed within said outer duct coaxially 
thereof and coupled to an ultrasonic vibrator, 

c. means for supplying liquid fuel to. a fuel port 
opened at the front end of said hollow horn, 

d. an inner diffuser disposed coaxially of said hollow 
horn so as to surround the leading portion thereof 
in spaced apart relation, 
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e. an outer diffuser disposed coaxially and outwardly 
of said inner diffuser, 

f. an inner duct separating said inner diffuser from 
said outer diffuser, 

g. the front end of said inner diffuser being within the 
front ends of said outer diffuser and of said hollow 
hone, 

h. the front end of said hollow horn being within the 
front end of said outer diffuseri and 

i. said inner duct surrounding both the outer periph 
ery of said inner diffuser and the inner periphery of 
said outer diffuser. 

2. A burner as defined in claim 1 wherein the rear 
end of said inner duct is extended beyond the rear end 
of said inner diffuser; and the following condition is sat 
is?ed: 

where 
L = axial length of said inner diffuser‘ and 
I ~—_— distance between the rear ends of said inner dif 

fuser and of said inner duct. 
3. A burner as de?ned in claim 1 wherein said outer 

, duct has a tapered section formed between a large di 
ameter rear section and a small diameter front section‘ 

4. A burner as de?ned in claim I wherein said inner 
duct and said inner diffuser are located with respect to 
each other so as to satisfy the following condition: 

where 
M = distance between the front ends of said inner 
duct and of said inner diffuser, and 

m' = distance between the front ends of said inner 
duct and of said hollow horn. 

5. A burner as de?ned in claim 1 wherein said hollow 
horn, and said inner and outer diffusers satisfy the fol 
lowing conditions: 
' D/S = 7 to 12 

P/D = 3 to 6, and 
W8 = 35 to 60 

where 
S = area of an annulus between said front end of said 
hollow horn and said inner diffuser through which 
air is discharged; 

D =' area of an opening at the front end of said inner 
diffuser through which is discharged air; and 

P = area of an opening at the front end of said outer 
diffuser through which is discharged air. 

6. A burner as defined in claim 1 wherein 
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a. the rear end of said inner diffuser is extended be 
yond the rear end of said inner diffuser; and the fol 
lowing condition is satis?ed: 

where 
L = axial length of said inner diffuser, and 
I: distance between the rear ends of said inner dif— 

fuser and of said inner duct; 
b. said inner duct and said inner diffuser are located 
with respect to each other so as to satisfy the fol 
lowing condition: 
_ 0 g m g M 

where 
M = distance between the front ends of said inner 
duct and of said inner diffuser, and 

m = distance between the front ends of said inner 
duct and of said hollow hone; 

c. said hollow horn, and said inner and outer diffusers 
satisfy the following conditions: 

D/S = 7 to l2 
P/D = 3 to 6, and 
P/S = 35 to 60 

where 
S = area of an annulus between said front end of said 
hollow horn and said inner diffuser through which 
is discharged air, 

D X area of an opening at the front end of said inner 
diffuser through which is discharged air, and 

P = area of an opening at the front end of said outer 
diffuser through which is discharged air. 

7. A burner as defined in claim 2 wherein said inner 
duct and said inner diffuser are located with respect 
with each other so as to satisfy the following relation: 

Oém M S 

where ' 

M = distance between the front ends of said inner 
duct and of said inner diffuser, and 

m = distance between the front ends of said inner 
duct and of said hollow born 

8. A burner as defined in claim 5 wherein said outer 
duct has a tapered section formed between a large di 
ameter rear section and a small diameter front section 
so as to surround a part of said hollow horn‘ 

9. A burner as de?ned in claim 6 wherein said outer 
duct has a tapered section formed between a large di 
ameter rear section and a small diameter front section 
so as to surround a part of said hollow horn. 

* * e :r * 
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