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[57] ' ABSTRACT 

An improved ink jet nozzle structure utilizes an ink 
supply chamber having a source of ink under pressure 
connected thereto and a nozzle passage provided with 
a jewel nozzle having an ori?ce with a low aspect ratio 
and de?ned by an abrupt or sharp entrance on the 
chamber side. 

1 Claim, 4 Drawing Figures 
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HIGH PERFORMANCE INK JET NOZZLE 

DESCRIPTION OF THE PRIOR ART ' 

Ink jet nozzles are known such as shown in the 
Adams US. Pat. No.‘ 3,334,350 which issued Aug. 1, 
1967 wherein a watch jewel is used-for an ink nozzle, 
and also as shown in the Colecchi US. Pat. No. 
3,512,172 which issued on May 12, l970. ' 

SUMMARY OF‘THE INVENTION 
This invention relates generally to ink jet printers and 

it has reference in particular to an ‘improved ink jet 
nozzle structure for an ink jet printer. ' 
More speci?cally it is an object of the invention to 

provide an ink jet nozzle structure which has a more 
uniform ink drop formation. ' 
Another object of the invention is to provide for min 

imizing the production of satellite ink drops in an ink 
jet printer. . _ 

Yet another object of this invention is to provide for 
using a nozzle in an ink jet printer having a low aspect 
ratio. 

It is also an object of this invention to provide for 
using a jewel nozzle in an ink jet nozzle structure hav 
ing both a low aspect ratio and a sharp entrance edge. 

Still another object of this invention is to provide for 
using a jewel nozzle in an ink jet nozzle structure hav 
ingan aspect ratio of unity or'less. 

It is also an important object of this invention to pro 
vide for using a jewel nozzle in an ink jet nozzle struc-, 
ture .having both a low aspect ratio and a sharp en 
trance edge with all surfaces adjacent and in the open 
ing being hydraulically smooth. ' 
The foregoing and other objects, features and advan 

tages of the invention will be apparent from the follow 
ing more particular description of a preferred embodi 
ment of the invention as illustrated in the accompany 
ing drawing. ' 

7 DESCRIPTION OF THE DRAWING 

I In the drawing v 

FIGS. ‘la, lb, and 1c are a schematic showing of 
curves illustrating the velocity pro?le changes during 
drop formation with nozzles of different aspect ratios. 

FIG. 2 is a schematic showing of an ink jet nozzle 
structure embodying the invention in one of its forms. 

FIG. 3 is an enlarged cross-sectionalview of the jewel 
nozzle of FIG. 1 showing further details of the inven 
tion and I 

FIG. 4 is a front side elevation view of the jewel noz 
zle of FIG. 3 reduced in size. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

The transition from a jet stream to drops in an ink jet 
printer begins because when the diameter of the cylin 
der of ink issuing from a nozzle varies from its average 
value, a higher pressure is produced inside the thin 
places than inside the thick places as a result of surface 
tension. This has the effect of driving the ?uid inside 
towards the thicker places. The thin places then draw 
together lengthwise like a thin‘ rod and finally detach 
themselves from the large drops, themselves forming a 
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small or satellite drops. The diameter variations previ~ 

' ously mentioned will occur and form drops naturally. 
Periodic variations can be produced by applying a peri 
odic driving force as described in US. Pat. No. 
3,596,275 which issued on July 27, I971 to Richard G. 
Sweet and drop charging may also be provided as de 
scribed therein. However, the thin regions which form 
satellites will still form unless proper precautions are 
taken. The proper precautions are to match the veloc 
ity pro?les of the free jet stream and a drop as nearly 
as possible and to have laminar ?ow atthe entrance to 
the nozzle. _ 

For ink‘ jet printers, these two conditions can be met 
by using nozzles with aspect ratios (hole length/hole di— 
ameter) on the order of 0.5:1-lzl and by making all 
surfaces leading up to the nozzle as well as the nozzle 
itself hydraulically smooth. A surface can be consid 
ered hydraulically smooth if any projection or depres 
sion denoted by K8 is less than or equal to the thickness 
of the boundary layer. This is de?ned by the relation 
ship K, is equal to or less tharLSV/U V SINK where 1/ 
equals the kinematic viscosity U equals mean velocity 
of the ?uid stream and NR equals the Reynolds number. 

When a column of liquid leaves a nozzle its velocity 
pro?le must change from what it was when it‘ left the 
nozzle to that of a drop or something that approximates 
that of a drop before a drop can form. Accordingly, 
there is a range of pro?les over which drop formation 
can occur. 7 

Referring to FIGS. la through 1c it will be seen‘from 
the curves 10a—g, l2a-f and l4a-g that the amount of 
time which lapses before drop breakoff occurs should 
also be longer with the fully developed pro?le. These 
curves indicate that the velocity at the edges of a drop 
which is forming is less than at its center as it leaves ‘the 
nozzle and the velocity of the edges and center ap 
proach a common value at the moment of drop forma 
tion. For lower aspect ratios this result is reached 
sooner and at a lesser distance from the nozzle as 
shown by the curves for aspect ratios of a 3, 0.5 and 
0 respectively. ' 

Although turbulent flow ‘has a relatively ?at velocity 
pro?le there is a considerable amount of rotation which 
makes this condition unstable and undesirable. The de 
sired condition is to go from a low velocity with laminar 
?ow to a high velocity with incompletely developed 
laminar flow through the use of a sharp-edged orifice 
32 as shown in FIG. 3. The sharp-edged ori?ce also has 
the advantage of providing an initial symmetrical dis 
turbance in the radial directions and stronger coupling 
between the vibrating structure and the ?uid by mini 
mizing damping in the radial direction. 
Referring to FIG. 2 the reference numeral 16 denotes 

generally an ink nozzle structure comprising a supply 
chamber 18 having attached thereto at one end a vi 
brating mechanism 20 such as a piezo electric crystal 
or magneto strictive transducer or the like. The cham 
ber 18 has a supply tube 22 connected thereto for sup 
plying ink thereto under a pressure of 10 to 100 pounds 
per square inch for example. The right hand wall 24 of 
the chamber 18 has a recess 26 therein with a shoulder 
portion 28 providing a seat for a jewel nozzle 30 which 
may be secured therein by cementing staking or rolling 
the edge 31. The jewel nozzle» 30 may be-a natural or ' 
synthetic sapphire, ruby, diamond quartz, or stainless 
steel, ceramic or other corrosion resistant material, and 
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is provided with an ori?ce or opening 32 therethrough 
opening into a conical depression 34 de?ned by out 
wardly ?ared surface portions 36. ' 
Referring to FIG. 3 it will be seen that the jewel ori 

?ce or nozzle 30 has a sharp edged portion 40 immedi 
ately adjacent the entrance of the ori?ce 32. The length 
of the ori?ce L is relatively short compared to the di 
ameter of the ori?ce D, so that the aspect ratio L/D is 
low, preferably in the range of 0.5 to 1.0. The surface 
portion 42 of the nozzle 30 adjacent the ori?ce 32 is 
polished so as to be hydraulically smooth and must be 
both ?at and perpendicular to the axis of the ori?ce 32. 
The corner 40 must be sharp and devoid of any notches 
or ridges so as to avoid turbulence and impart a ‘sym 
metrical velocity increase to the stream from a value 
V1 within the chamber 18 to a high velocity V2 with 
incompletely developed laminar ?ow. The sharp-edged 
ori?cealso has the advantage of providing an initial 
symmetrical disturbance in the radial direction as the 
stream issues from the ori?ce at the point 33 and a 
stronger coupling between the vibrating structure and 
the ?uid by minimizing damping in the radial direction. 
The sides of the ori?ce 32 must be parallel and the 
length L of the ori?ce 32 should be in the range of D/2 
to D where D is the diameter of the ori?ce for optimum 
performance. The‘ ?ared opening 34 facilitates the use 
of a wire or other similar object to unclog or clean the 
nozzle in the event of a stoppage. The nozzle 30 may 
comprise for example a synthetic sapphire watch jewel 
having an ori?ce on the order of .001 - .002 inches and 
a length L of .005 — .001 inches by way of example. 
From the above description and accompanying draw 

ing it will be apparent that an improved ink jet nozzle 
is provided which reduces signi?cantly the number of 
satellite drops formed during the drop forming process. 
By utilizing a low aspect ratio of ori?ce length to diam 
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eter the drop breakoff distance is shortened or a lower 
head driving voltage may be used to achieve the same 
breakoff distances as in other nozzles. Accordingly, a 
more uniform ink drop production is achieved with 
fewer .satellites and higher print quality. 
While the invention has been particularly shown and 

described with reference to a preferred embodiment 
thereof it will be understood by those skilled in the art 
that various changes in the form and details may be 
made therein without departing from the spirit and 
scope of the invention. 
What is claimed is: 
1. In an ink drop nozzle apparatus comprising a hol 

low member to which ink is applied under a pressure 
of from 10 to 100 pounds per square inch, said member 

. having a passage through which ink ?ows for the pur 
pose of producing a succession of uniformly spaced 
substantially uniform ink drops, the improvement in 
said nozzle apparatus comprising a jewel nozzle posi 
tioned in said passage and having an ori?ce there 
through with a diameter in the range of .001 — .002 
inches and a length of ;OOO5 - .001 inches thus provid 
ing an aspect ratio of Hole Length/Hole Diameter 
which is less than 1.0, 
and having a sharp entrance edge de?ned by a plane 
surface surrounding said entrance edge which is 
perpendicular to the axis of said ori?ce and an out 
wardly ?ared exit surface immediately adjacent 
said ori?ce, said ori?ce, plane surface, and en 
trance edge being hydraulically smooth so as to 
provide with said aspect ratio incompletely devel 
oped laminar ?ow of said ink, whereby the forma 
tion of satellite ink drops between drops is mini 
mized. 

* * * * * 


