
2,132,431 Oct. 11, 1938. B, O'BRIEN 

IRRADIATING METHOD AND APPARATUS 

4. Sheets-Sheet 1 Filed April 27, 1934 

?-Z~~~ % 

?> ATTORNEY 
BY 

  



132,431 2, B. O'BRIEN 

IRRADIATING METHOD AND APPARATUS 

Oct. 11, 1938. 

4 Sheets-Sheet 2 Filed April 27, 1934 

YVENTOR 
BY 

  

  



2,132,431 B. O'BRIEN 
IRRADIATING METHOD AND APPARATUS 

Oct. 11, 1938. 

4 Sheets-Sheet 3 Filed April 27, 1934 

INVENTOR 
Z?rzazz (273-22 

BY ??????????? 

-76 as ATTORNEY 

  

  

  



Oct. 11, 1938. 

???????? 

?? 2ZZZZZZZZZZZZE2 222222242 ZZZZZZ Azz 

B. O'BRIEN 2,132,431 
IRRADIATING METHOD AND APPARATUS 

Filed April 27, 1934 

e 

BY 

4. Sheets-Sheet 4 

INVENTQR Z57-Zazz OZ57227z 

- Z42S ATTOR?EY 

  

  

  

    

  



O 

20 

25 

30 

35 

40 

45 

50 

Patented Oct. 11, 1938 2,132,431 

UNITED STATES PATENT OFFICE 
2,132,431 ???? ? ? 

IRRADIATING METHOD AND APPARATUS 
Brian O'Brien, Rochester, N. Y. 

Application April 27, 1934, serial No. 722,751 
23 Claims. 

This invention relates to a method and an ap 
paratus for treating various products or sub 
stances, whether of solid, liquid, or gaseous form, 
by means of light rays or spectral emissions, for 
example. Both the method and the apparatus 
are especially suitable for the treatment of prod 
lucts in a fluid form, that is, in a gaseous or liquid 
state, and they have been used with success in, 
for example, the irradiation of milk by a source 
of ultra-violet light, though the invention is not 
limited to the treatment of this one product nor 
to the use of a light source of this particular 
kind. 
An object of the invention is the provision of 

generally improved and more satisfactory method 
and apparatus for carrying out the above men 
tioned general treatments. 
Another object is the provision of a method 

and an apparatus which will give , excellent re 
sults not only from a scientific or medical stand 
point but also from a commercial or economic 
standpoint, so that the cost of the treatment will 
be low and the treatment can be applied gen 
erally, without an undue increase in the cost of 
the finished treated product. 

Still another object is the provision of such 
apparatus of simple and compact form, and of 
such a character that, when properly set into 
operation, it will continue to operate automat 
ically with a minimum of attention. w 
To these and other ends the invention resides 

in certain improvements and combinations of 
parts, all as will be hereinafter more fully de 
scribed, the novel features being pointed Out in 
the claims at the end of the specification. 

In the drawings: 
Fig. 1 is a vertical section taken substantially 

through apparatus constructed according to One 
embodiment of the invention, approximately on 
the line - of Fig. 2; V- 

Fig. 2 is a plan, with parts in horizontal sec 
tion, of the apparatus shown in Fig. 1; 
, Fig. 3 is a view similar to a part of Fig. 1 show 
ing an alternative construction of the lower part 
of the apparatus; 

Fig. 4 is a fragmentary vertical section through 
certain film forming parts of the apparatus show 
ing then in one position of adjustment; 

Fig. 5 is a similar view showing the parts in 
a different position; 

Fig. 6 is a similar view showing the parts in 
still another position; 

Fig. 7 is a similar view of a slightly different 
5s arrangement of film forming parts; 

(C. 99-248) 
Fig. 8 is a similar view of still another modi 

fication of the film forming parts; 
Fig. 9 shows another modification of similar 

parts; 
Fig. 10 is an alternative construction of film 3 

forming parts; 
Fig.11 is a diagrammatic elevation of a film 

or sheet of plane form it the effect of 

N. 

surface tension in drawing in the edges of the 
film; 

Fig. 12 is an edge view of the parts shown in 
Fig. 11; 

Fig. 13 is a diagrammatic view somewhat simir 
lar to Fig. 11 showing an arrangement for over 
coming the narrowing effect of surface tension; 

Fig. 14 is an edge view of the parts shown in 
Fig. 13; 

Fig. 5 is a view similar to FigS. 11 and 13 
showing a different arrangement for overcom 
ing the effect of surface tension; 

Fig. 16 is an edge view of the parts shown in 
Fig. 15; 

Fig. 17 is a diagrammatic horizontal section 
through one form of irradiating apparatus con 
structed on the principles shown in Fig. 15; 

Fig. 18 is a diagrammatic horizontal section 
through another form of irradiating apparatus, 
and 

Fig. 19 is a diagrammatic view showing a 
liquid film projected upWardly. 
The same reference numerals throughout the 

several views indicate the same parts. 
In the irradiation of liquids for the produc 

tion of photochemical change, either in the liq 
uid or in substances or particles contained there 
in, an important factor is the manner in which 
the liquid is presented to or caused to move or 
flow past a source of light. 

If the liquid is relatively transparent to those 
wave lengths of light or other radiation which 
produce the desired photochemical change, then 
the liquid may be caused to move past the light 
source in a relatively thick mass, since the effec 
tive penetration of the radiation into the liquid 
Will be great. An example of this case is the 
destruction of bacteria in relatively pure water 
by irradiation with ultraviolet light which is 
capable of penetrating such water for several 
inches without serious attenuation. 

If the liquid is relatively opaque to the radia 
tion producing the desired photochemical effect, 
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then the liquid must be caused to move past the 
light source in a relatively thin layer of film if all, 
or even a substantial fraction, of the liquid, is to 
receive a useful exposure to the light. An ex 
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violet light for the purpose of destroying bacteria 
in the milk, the production of vitamin D from pro 
vitamin substance contained in the milk, etc. 
A method of attaining an approximately uni 

form light dose for all particles of the liquid being 
treated, is disclosed in my copending patent ap 
plication, Serial No. 654,649, filed February 1, 
1933. A new and radically different method of 
accomplishing a similar result forms part of the 
Subject matter of this present application. . The 
present invention is, however, not limited in its 
usefulness to the treatment of liquids, many fea 
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tures of the invention being applicable also to the 
treatment of solids or gases, while a number of 
features are useful in other fields distinct from 
that of irradiation. 

In the following description of the invention, 
milk will be frequently referred to as a good ex 
ample of a typical liquid product conveniently 
treated by the method and apparatus of the pres 
ent invention, but it is to be understood that the 
reference to milk is intended only by Way of ex 
ample and not in a limiting sense. 

I have found that a film of milk 0.2 mm. thick 
has a diffuse transmission of about 4% for ultra 
violet radiation of wave length 2800 Angstron 
units. If such a film could be uniformly trans 
lated past a source of light (all parts of the film 
moving at the same speed) a sufficient fraction 
of the milk could-be made to receive light of wave 
length 2800 A. to produce a considerable amount 
of vitamin D in the milk without at the same time 
Wasting large amounts of light or of Seriously 
overexposing those layers of the milk film nearest 
to the Source. Unfortunately a rapid (and there 
fore practical) uniform motion of such a thin 
and uniform film presents serious difficulties if 
the film is in contact with any solid object unless 
that object also moves past the source of light. 
Such motion of a Solid object in the form of a 
rotating cylinder or disk, or a running conveyor 
belt, is not difficult to achieve, but it is very diffi 
cult, after having formed a liquid film on the sur 
face of such moving solid object, to remove the 
film effectively from the moving object or con 
Weyor after exposure to the source of light. 

It has been proposed to spray the liquid or to 
allow it to drip or fall past the source of light in 
what is frequently called a sheet or curtain of 
liquid, as shown for example in Supplee Patent 
No. 1,817,936, granted August 11, 1931, and in 
Rohde Patent No. 1888,472, granted Nov. 22, 
1932. In these patents and in all prior devices 
of which I have knowledge, however, the in 
ventors have made no provision for counteract 
ing the effect of the surface tension of the liquid. 
Without adequate provision for counteracting 
surface tension, the falling liquid will not form a 
true sheet or curtain of approximately uniform 
thickness. If the liquid flows from a straight 
edge to form a plane sheet, surface tension will 
draw the side edges of the sheet in toward each 
other as illustrated diagrammatically in Fig. 11, 
and the sheet will become thickened and of mate 
rially reduced width as it falls from its forming 
surface. Or if this does not occur, the sheet will 
become discontinuous and break up into a series 
of separate strands or streams. If the liquid 
flows from a circular forming edge, to tend to 
form a hollow cylindrical sheet, surface tension 
will quickly draw the sides of the cylihder in to 
ward each other until the liquid forms a solid 
rope-like stream instead of remaining a hollow 
cylindrical sheet. - V- 

fumes or vapors. 
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M ... ample of this is the exposure of milk to ultra- It has been found that continuous sheets or 

curtains of liquid may beformed according to the 
present invention, however, and may be main 
tained in continuous form and of approximately 
uniform thickness free from any backing or sup 
port through a distance relatively great in com 
parison to the thickness of the film. This is ac 
complished by giving to the liquid, as it is formed 
into the film, an oblique fnovement having a com 
ponent of velocity in a direction tending to coun 
teract the effect which the surface tension of the 
liquid will have on it. It is also found that, in 
the practice of the present invention, films can 
be produced which are so truly continuous that 
they are even gas tight and serve as barriers for 
Such films or sheets may also be produced in 

many desired, shapes, and with close control of 
thickness, while at the same time they flow 
rapidly and substantially uniformly. The thick 
ness of the film may be varied over wide limits, 
ranging from a few hundredths of a millimeter to 
a millimeter or more. Flow velocities of a number 
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of feet per second are easily obtainable without . 
destroying the continuous character of the film or 
its Substantially uniform thickness. Thus the de 
sired conditions of a thin, substantially uniform, 
and rapidly moving lituid film are achieved, and 
if a source of light of the proper wave length is 
provided in proximity to the moving film, the 
liquid will be irradiated in a practical and eff 
cient manner. Since the unsupported film, out 
of contact with any solid supporting body through 
large areas, moves much more rapidly than a film 
flowing over a solid supporting surface, it follows 
that the free or unsupported film of the present 
invention has a much greater capacity of flow per 
unit of time than a supported film, with the result 
that irradiation is accomplished more rapidly and 
economically than in the case of the supported 

Since a continuous and substantially gas tight 
film may be produced, such a film may be used 
not only as a method of transmitting the product 
to be treated past the source of light, but also 
as a Screen, or filter to be interposed between the 
light source and the product to be treated, such 
an interposed film acting either to keep gases or 
fumes from the light source out of contact with 
the product to be treated, or as a light filter to 
filter out emissions of undesirable wave length, 
or both. It is also contemplated that the novel 
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unsupported film of the present invention may be 
used as a screen, filter, or baffle between the light 
Source and any product to be treated, whether 
that product be in the form of a film of liquid or 
any other desired form. . 

Referring now to Figs. 1 and 2 of the drawings, 

55 

there is shown one form of apparatus for pro- i 
ducing a free or unsupported moving film of 
product to be treated, and also for producing such 
a film to act as a baffle or filter between the light 
source and the product, although it will be under 
stood from what has been said above that either 
one of these films may be used without the other, 
without departing from the spirit of the inven 
tion. Y 
The apparatus illustrated somewhat diagram 

matically in Figs. 1 and 2, comprises posts or 
standards 20 from which is supported, as by arms 
22 what may be termed a bubble head or film 
head indicated in general by the numeral 23 and 
having an annular conduit or passageway 24 to 
which the liquid product to be treated may be 
supplied, as by means of a conduit 25. Sur 
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rounding the lower part of the film head or bubble 
head 23 is a lip ring 28 which is threaded on the 
film head, as plainly shown in the drawings, so 
that by turning the lip ring, its height with re 
spect to the film head may be closely adjusted, 
and it may be locked in any desired adjusted po 
sition, as by means of the lock nut 29. 
The outer bottom edge 30 of the member 23 

projects slightly to form a lip, as shown, for 
cooperation with an inwardly projecting lip at 
the bottom edge of the ring 28, but above these 
lips there is a substantial annular Space or cham 
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ber 3 between the members 23 and 28, into which 
the liquid may flow through passageways 32 from 
the annular supply conduit 24. After reaching 
the annular chamber 3 the liquid flows down 
wardly through the space between the lip 30 and 
ring 28, which parts define the annular slot from 
which the liquid issues to form the desired film 
or sheet. 
A substantially similar arrangement may be 

used for forming an inner sheet or bubble to act 
as a barrier or film around a suitable Source of 
light, such as an arc light indicated diagram 
matically at 35. This other film forming ar 
rangement may comprise, for example, a bubble 
head or film head 40 having an annular conduit 
4 fed with liquid through supply conduits 42. 
From the conduit 4 f, the liquid flows downwardly 
through passageways 42 into an annular chamber 
43 formed between the body 40 and a lip ring 44 
screwed on the body 40 as in the case of the pre 
vious ring 28, and likewise held in any desired 
adjusted position as by means of a lock nut 45. 
The lower edge of the body 40 and the lower edge 
of the lip ring 44 have cooperating lips projecting 
toward each, other, as shown in the drawings, 
which lips define between them an annular slot or 
passageway from which the liquid issues to form 
the desired film or bubble. 
The two film heads or bubble heads may Oper 

ate in substantially the same way, and the same 
principles of adjustment and operation apply to 
both, although of course, there maybe some dif 
ferences either in the construction or adjustment 
of the two heads, if it is desired to have the inner 
film and the outer film of different shapes. AC 
cordingly, the following discussion of the action 
of a film head and the various positions to which 
it may be adjusted, will apply to both of the film 
heads except as otherwise specifically indicated. . 
As above stated, the effect of surface tension 

upon a liquid film formed in the shape of a hollow 
cylinder is to draw the sides of the film together 
into a somewhat conical shape until the sides 
coalesce and form a rope-like stream. This tend 
ency is counteracted, according to the present 
invention, by giving the liquid a component of 
velocity in a direction tending to overcome the 
effect of the surface tension. This component of 
velocity may be produced in a number of ways. 
One of the most satisfactory ways of securing it 
is to give the liquid a circular or rotary motion 
so that the entire liquid film swirls around its 
vertical axis and the centrifugal force produced 
by this rotary motion tends to move the sides of 
the film outwardly and thus counteracts the Sur 
face tension which tends to pull the sides of the 
film inwardly. 
To produce this rotary motion of the liquid, 

the film head may be provided with vanes or 
nozzles somewhat similar to those used in a tur 

For example, in Figs. 1 and 2 the passage 
ways 32 between the conduit 24 and the cham 
ber 3? are plainly shown as being formed obliquely 

3 

and substantially tangential to the conduit 24. 
The liquid, passing through these tangential 
nozzles or passageways 32, will be given a circular 
motion flowing around the chamber 3 and thus 
will be rotated around the vertical axis as it issues 5 
from the film forming slot, with the result that 
centrifugal force produced in this manner will 
hold the liquid film against the inward pull of the 
surface tension and in fact may even make it 
increase its diameter after issuing from the slot, 10 
as indicated diagrammatically by the lines 50 in 
Fig. 1, which represent approximately one shape 
of film or bubble which has been produced in 
actual practice. 

Instead of obtaining the circular motion by 15 
means of the tangential nozzles 32, as shown in 
Fig. 2, the circular movement of the liquid might 
be obtained by providing vanes or deflectors 55 
at the bottoms of vertical passageways 42 
through which the liquid flows, as shown in 20 
connection with the inner or lower film head in 
Fig. 1. These vanes or buckets 55 receive the 
liquid from the top through the passageway 42 
and discharge it to one side, so that after pass 
ing through these vanes the liquid is caused to 25 
flow in a circular direction around the chamber 
43, issuing from the film forming slot while still 
rotating so that any particular particle of liquid 
would have an oblique or somewhat spiral path 
of travel, as indicated at 60 in Fig. 1. The cen- 80 
trifugal effect of this rotation would resist the 
Surface tension of the liquid and would cause the 
film to remain of hollow form through a sub 
stantial length of travel, as indicated at 6, in 
Stead of coalescing into a single central stream 
or rope. 
The adjustment of the lips at the sides of the 

forming slot has considerable effect upon the 
form of the sheet or film, and the shape of the 
film may be varied by varying the adjustment of 
the lips. When the lips at the two sides of the 
slot are substantially flush with each other, as in 
dicated in Fig. 4, the liquid tends to issue straight 
downwardly, as shown in Fig. 1 in connection 
with the inner film or bubble. If the lip ring is 
raised slightly so that the inner lip is lower than 
the outer lip, then the liquid tends to issue with 
a slightly inward obliquity as indicated by the 
arrow 65 in Fig. 5. If, on the other hand, the lip 
ring be moved downwardly until it is below the 
inner lip, as in Fig. 6, then the liquid will issue in 
a slightly outward direction, as shown by the 
arrow 66. In other words, the issuing liquid 
tends to cling to whichever lip is lower and tends 
to pull over to the side of this lower lip, with 
Which it remains in contact after leaving the up 
per lip. While this tendency exists, the actual 
direction in which the liquid issues does not de 
pend on this tendency alone, of course, but is in 
fluenced also by the effect of any centrifugal 
force which may be present, due to rotation of 
the liquid. By adjusting the movable lip ring to 
various positions, bubbles or films of various 
shapes can thus beformed. 

In Fig. 7 there is shown a similar but slightly 
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different arrangement in which the film forming 
slot between the parts 40a and 44a is not vertical, 
as it was in Figs. 4, 5 and 6, but is inclined out 
Wardly, the adjacent lip faces being in the form 
of a frustum of a cone. With this arrangement, ?0 
if the apex angle of the cone be great enough, 
the liquid will issue with sufficient outward mo 
tion as indicated at 6, so that in many cases the 
effect of Surface tension is sufficiently overcome 
without the necessity of employing a rotary 7. 
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movement of the liquid to produce a centrifugal 
force. Such an arrangement, without centrif 
ugal force, is illustrated in Fig. 8, in which the 
tangential vane 55 has been replaced by a de 
flector plate 55a, which merely deflects flow of 
liquid coming down through the passageway 42d 
so that it will be distributed uniformly around 
the circumference of the chamber 43d, Without 
producing any swirling or circular movement in 
a horizontal direction. It is desirable, however, 
even with this oblique or conical form of slot, to 
give the liquid a rotating or swirling action. So 
that centrifugal force assists in maintenance of 
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the bubble in a stable form, and to this end a 
vane or bucket 55 may be employed as shown in 
Fig. 7, for producing the desired rotation of the liquid. 
When centrifugal force is employed, a 'film or 

bubble may be produced having a free or unSup 
ported length of four or more times its diameter. 
Whenever a bubble having a length of two or 
three times its diameter or longer is desired, 
it is preferred to employ centrifugal force. When . 
the length of the bubble is to be less than two 
Or three times its diameter, however, and Sone 
-times when it is longer than this, satisfactory re 
Sults can frequently be obtained Without Spinning 
Or rotation of the film, merely by causing the 
liquid to issue from the slot or forming surface 
with a sufficient outward inclination or obliquity, 
as in Figs. 6, 7, and 8. The oblique angle at 
which the liquid issues, causes it to have a com 
ponent of velocity in a direction tending to over 
come the effect of surface tension. 
When the spinning or rotating principle is 

employed, whether with or without the initial 
outward direction as in Figs. 6, 7, and 8, it is 
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seen that the film issues from the slot or form 
ing surface with a tangential component of ve 
locity, and this tangential component, as well 
understood in mechanics, produces the ceratrifu 
gal force present in the rotating body of liquid, 
so that the tangential component is a component 
in a direction tending to overcome the effect of 
Surface tension. 
It is not necessary in every case that the film 

be formed by liquid issuing from a slot. In many 
cases, the liquid can flow from one surface rath 
er than from between two slot-forming surfaces. 
Such arrangements are shown in Figs. 9 and 10. 

In Fig. 9, which shows a vertical radial section 
through a Small fragment of a film forming 
head, the liquid fed through the conduit 70 into 
the annullar chamber 7 l issues therefrom through 
the tangential nozzles 2, which give it a rotary 
motion, into the space 3 between the body 74 
and the adjustable ring 75, then slides down the 
inner surface of the ring 75 and issues from the 
lip 76thereof with a swirling or rotary motion so 
that centrifugal force is produced. 
Although the space 3 forms, of course, a slot 

in one sense, yet in this construction the volume 
of liquid is so controlled that the issuing film 
does not fill the thickness of this slot, but the 
liquid issues only from that side of the slot 
formed by the lip 6, being free of the oppo 
site or inner side of the slot. The issuing liquid, 
being in contact with the lip 6 and not with 
the body 4, will tend to be drawn slightly around 
the lip, and this tendency, together with the 
centrifugal force caused by the rotation of the 
liquid, will make the film issue approximately 
in the direction indicated diagrammatically 

it TT. , ! 

In Fig. 9, the lip surface from which the film 
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is formed is at the outer side of the slot. In 
Fig. 10 is shown a similar arrangement in which 
the film lip is at the inner side of the slot. Here, 
the liquid is supplied threugh a conduit 80 to 
an annular chamber 8 whence it flows through 
a nozzle 82 (arranged preferably substantially 
tangentially) which directs it against a Surface 
83 on an adjustable ring 84. The liquid slides 
down this surface 83 to the lip 85 thereon, with 
out being in contact with the opposite Side of 
the slot, and is thus drawn slightly around the 
lip 85. The combined effect of this tendency to 
draw the liquid around the lip and the centrifugal 
force produced by the rotary motion of the liquid, 
causes the film to leave the lip Substantially in 
the direction indicated at 86. After leaving the 
lip, the liquid is free of the inward drawing influ 
ence of the lip, and the outward centrifugal force 
then comes into full play, causing the diameter 
of the film to increase SOmewhat as it descends, 
with the result that the film may have a shape 
Somewhat like an hour glass... . 

In connection with the constructions shown 
in Figs. 9 and 10, it should be pointed out that 
whenever the film or sheet is formed by liquid 
flowing over a surface contacting with only one 
side of the film, the length of flow between the 
point where the liquid ?????? strikes the forming 
surface and the point where the liquid leaves the 
forming surface should bè’ as short as practi 
cable. If the liquid is required to flow. Over the 
forming surface for any considerable distance, 
a type of flow is produced which is similar to that 
described in the above mentioned copending ap 
plication, Serial No. 654,649. In this type of 
flow, the portion of the liquid film next to the 
solid surface moves very slowly compared to the 
outer portions of the film farthest from the solid 
surface, and thus it is impossible for the liquid 
to form a satisfactory film or sheet as it leaves 
the edge of the solid forming surface. 
in order to obtain an equal volume of flow, it is 
generally necessary that the thickness of a film 
flowing in contact with a solid surface be far 
greater than the thickness of an unsupported or 
free film as herein disclosed. Thus even when 
a more or less continuous sheet is formed by liq 
uid leaving a forming surface after flowing for 
some distance along that surface, the unsup 
ported film is necessarily verythick and is mov 
ing relatively slowly. Its resultant velocity, as 
well as the component thereof tending to over 
come surface tension, is Small, and control of 
the film is unsatisfactory. For this reason, in 
constructions such as that shown, for example, in 
Fig. 10, the liquid should be projected against the 
forming surface 83 only a short distance from the 
edge 85, as otherwise the liquid would move so 
slowly or would have to be so thick that it would 
turn sharply to the right instead of leaving the 
forming edge in the direction of the arrows 86. 
Preferably the distance from the point where the 
liquid strikes the forming surface to the point...... 
where it leaves the forming surface is not more 
than about 100 or 200 times the thickness of the 
film flowing over the surface, and it should be 
less than this if possible. The liquid also should 
issue from the jets or nozzles (such as 72 or 82) 
under substantial pressure, of at least about one 
pound per square inch and preferably several 
pounds per square inch, in order that the velocity 
of flow over the forming surface may be as fast as possible. 
Conditions are somewhat different, however, 

when the liquid to form the film. Or sheet issues 
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2,132,481 
from a slot between two confining surfaces, for 
here the liquid can be forced out under pressure 
and made to flow much more rapidly than when 
it flows over a single surface, where pressure is 
obviously impossible. Hence it is desirable in 
most cases that a slot or nozzle be used so that 
better CCntrol of the film. Or sheet can be at 
tained, and the arrangements shown diagram 
matically in FigS. 13 to 16 preferably include Suit 
able slots or nozzles from which the liquid issues 
under pressure while confined at both sides. 
The liquid passageways leading to the forming 

slot or nozzle are preferably of substantially 
greater cross sectional area than the cross sec 
tional discharge area of the forming slot, so that 
the liquid flows easily and unimpededly to the 
actual slot. The walls of the passageways nar 
row down to form the slot only a short distance 
from the discharge edge of the slot, as readily 
Seen in FigS. 1 to 8, in order that the frictional 
resistance to flow may be reduced as much as 
possible. Best results as to formation and con 
trol of the liquid film or sheet are Secured when 
the liquid issues from the forming slot under 
Substantial pressure, usually at least one pound 
per square inch and preferably several pounds 
per Square inch. 
When forming slots are used, they should be 

accurately and carefully machined and finished 
So as to have Smooth lips or edges with a uniform 
clearance distance between them, so far as can 
be practically attained within the usual limits of 
precision machine Work. Good results have been 
obtained in practice from a forming slot having 
a width or clearance of 0.01 of an inch, or about 
0.25 of a millimeter. The film formed by a slot 
is somewhat thinner than the width of the slot, 
the average thickness of the film or sheet being 
usually about eighty per centum of the width of 
the slot. , 
When the liquid issues from the forming edge 

or slot under a pressure of several pounds per 
Square inch, the force of gravity upon the thin 
film is relatively small in comparison to the other 
forces involved. Consequently gravity places no 
Serious limitation on the direction which the 
film or sheet may take, and it may be shot up 
Wardly or laterally from the forming means, as 
Well as downwardly. Films with upward and 
with lateral direction of flow, formed as de 
scribed in this application, have actually been 
produced and have been found to be entirely 
practicable, so that their production is not merely 
an untried theory. When a hollow circular film 
(like the films 50 and 6 in Fig. 1, for example) 
is shot upwardly, it can be made to turn either 
inWardly or outwardly at its upper end, depend 
ing upon the shape and adjustment of the form 
ing slot. 

In Fig. 19, there is shown diagrammatically 
. Such an upwardly projected film or bubble which 
turns outwardly at its upper end. Here, the 
forming head containing the forming slot is indi 
cated at 20. The film 202 is projected upward 
ly from the head, turns outwardly at its upper 
end and is caught in the annular ring 203, from 
which the liquid is discharged at 204. 
Since in each case the film is formed by a sheet 

of liquid leaving a solid surface, the film is in 
continuous gas tight engagement with the solid 
surface which constitutes the forming edge. If 
desired, the opposite or free end of the film may 
be caught or recovered in a manner which pre 
serves its gas tight properties, but for some uses 
it is not necessary that the film be maintained 

sociated film head 40. 

gas tight. For example, in the irradiation of a 
liquid, if the Source of light be placed within an 
enclosing film which is gas tight, there is no 
necessity for maintaining gas, tightness in the 
Outer film of product being treated, so long as 
the film is substantially uniform in thickness 
Over most of its length, so that it receives proper 
irradiation. Under Such circumstances, a cer 
tain amount of Splashing or even splitting of the 
filn might be tolerated at its lower extremity. 

5 

0. 
But in other cases, and especially in the case of 
an inner or baffle film Surrounding an open arc 
light, it is desirable that the film be maintained 
gas tight throughout, in Order that it may be 
effective in preventing undesirable gases or va 
pors from the light Source from coming into con 
tact with the product being treated. 

It is possible to catch the free end of the flow 
ing film in such a manner as to preserve its gaS 
tight properties, and this can be done in the man 
ner indicated in the lower part of Fig. 1, in which 
an inverted conical sleeve O is provided with 
its upper and open end having a diameter slight 
ly greater than the diameter of the lower end of 
the inner or baffle film 6. The lower end of the 
film impinges upon the inclined side walls of the 
member 0 and flows downwardly over them 
and out through any Suitable discharge Con 
duit I t02. w 

Similarly, the product film 50 can likewise be 
caught in a conical member 05, which at the 
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same time is extended far enotigh upwardly so V 
that it, together with an upper removable part 
06, forms a casing for enclosing the entire bubble 

or film. The lower end of the bubble film 50 
impinges upon the conical walls of the member 
05 and flows down these Walls and out through 

any suitable discharge conduit 06a. 
With this arrangement, both the baffle and 

Screen bubble, and the product bubble, are caught 
in a gas tight manner, particularly if the outflow 

down. So that an appreciable depth of liquid is 
maintained at the bottom of the apparatus, for 
example, up to the levels indicated respectively 
by the lines O3 and 67. The film 6f thus forms 
an enclosure for the light Source 35, and prevents 
any ozone formed by the light or any other un 
desirable gases or vapors formed thereby, from 
reaching the product. 
The light source 35 may be supported in any 

suitable manner within the film 6d, without in 
terfering with the gas tight properties of the 
film. For example, a hollow sleeve if 0 may rise 
upwardly from the bottom of the apparatus to 
a point within the film 6', and suitable electrode 
holding means or other supporting means may 
be placed within this sleeve ff ). Also, the bubble 
head or film head 4 for forming the bubble 6 
is preferably of hollow or annular shape, and a 
sleeve connected to and rising from it may 
form a stack through' which vapors from the 
light source are conducted upwardly away from 
any possible contact with the product. Electrode 
holding means or other suitable supporting means 
may also be placed within or project downwardly 
from the space within the sleeve and its as 

As the liquid in the film 50 runs down the coni 
cal sides 05, the viscous drag exerted by the 
moving film upon the adjacent air or other gas 
will cause some air or gas to be entrained in the 
acute angle f20 between the film and the wall 
05. Small bubbles of gas will thus be carried 
down and will break into the space 2 f. In this 
manner, the film acts as a pump slowly pumping 
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6 
gas from the space surrounding the film into 
space within the film, and the same is true of 
the barrier film 6. 

If there is a suitable outlet from the space 
within each film, this pumping of gas from the 
outside, to the inside is not necessarily objection 
able, but if all outlets are tightly closed, the 
pumping of gas will gradually increase the pres 
sure within the film until the film is blown up 
by increased pressure and bursts. 

If it is desired to have the pumping action take 
place in a reverse direction, so that the film 
pumps gas from the space inside it to the Space 
outside it, then obviously all that is necessary is 
for the lower end of the film to be caught on 
a surface inclined in the opposite direction; that 
is, extending obliquely downwardly from the in 
side to the outside of the film. 
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A self compensating or adjusting arrangement, 
which may be employed for either or both of the 
two films 50 and 6, is shown in Fig. 3. Here, a 
ring shaped ridge 25 tapering upwardly to a rel 
atively sharp upper edge 26 is placed so that 
the film normally strikes on or very close to this 
edge. If for any reason the gas pressure within 
the film should increase slightly above that out 
side the film, this would slightly expand the 
diameter of the film and cause the lower end of 
the film to strike outside the apex 26, on the 
outer inclined surface of the ridge f25. This 
Would cause the film to commence a pumping 
action, pumping gas out from the space within 
the film so that the excess pressure within the 
film would be relieved and the film would re 
turn to its normal size, striking approximately 
on the apex 26. One the other hand, if the gas 
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flowing over a simple straight forming edge, from 

70 

pressure within the film should fall below the ex 
terior pressure, the diameter of the film would be 
slightly decreased so that it would strike on the 
inner inclined side of the ring 26, and thus a 
pumping action would take place, pumping gas 
from the space surrounding the film into the 
space within the film, until the two pressures were 
equalized. 
As an example of the remarkable gas tight 

properties of films which can be produced with 
apparatus such as shown in Fig. 1, it may be men 
tioned that in tests the space within the film 
has been filled with any visible gas, or with to 
bacco smoke, and the openings at top and botton 
have been corked up so that the smoke could not 
escape through these openings. Under these cir 
cumstances, the Smoke has been maintained 
within the space within the bubble for many 
minutes, without any visible escape. 
While the films or bubbles produced by the 

apparatus shown in Fig. 1 would be in the form 
of Surfaces of revolution of various shapes (de 
pending upon the construction and adjustment 
of the forming edge or slot, as for example in 
Figs. 4 to 8), it is not necessary that the film be 
always a surface of revolution, and the main 
principles of the invention can be applied also 
to films of various other shapes, such as plane 
sheets, or open or closed sheets of any form. 
In the case of a plane sheet formed by water 

any suitable water supply 50 (Figs. 11 and 12), 
the effect of surface tension is to draw in the sides 
of the sheet, as indicated at 5 in Fig. 11, so 
that the sheet rapidly narrows down after leav 
ing the forming edge, and thickens. Such a 
sheet would not be satisfactory for irradiation 
Work. 

netting at greatly reduced velocity. 
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ity in a direction along the forming edge, the ef 
fect of surface tension can be overcome and a 
sheet of substantially uniform thickness through 
out a large unsupported area can be produced. 
This is shown in Figs. 13 and 14 where a suitable 
source of liquid supply is indicated at 60 and 
nozzles, baffles, or other means are provided at 
or adjacent the forming edge or slot, so that the 
liquid issues in a somewhat fan shaped direction, 
as indicated by the arrows 6. That is, the 
liquid flowing substantially at the center may 

O 

flow approximately straight downwardly, but to 
each side of the center the liquid is given a 
divergent direction as it leaves the forming 
means 60. 
The outward component of velocity, away from 

the center, counteracts the effect of surface ten 
Sion which tends to narrow the sides of the film, 
as in Fig. 11, with the result that a large unsup 
ported area of film of substantially uniform thick 
ness can be produced. A film of this kind exhibits 
the curious phenomenon, however, that a thick 
ened edge. f62 forms along the film of increasing 
size in a downward direction. Since the liquid 
in this thickened edge does not receive the same 
intensity of irradiation as the liquid in the much 
thinner film, the thickened edge may be sepa 
rately caught in receiving channels 63 and re 
circulated through the apparatus, or allowed to 
Waste, while the main portion of the film, of the 
desired thin form, is caught in a receiving chana 
nel 64. ?? r 

Still another form of film is indicated in Figs. 
5 and f6, where a liquid supply and film forming 
means is indicated in general at 70, and a series 
of guide wires or rods 7 is provided, extending 
downwardly in the direction of film flow, so that 
the film contacts with these wires, or guides as 
it fiOWS. The effect of Surface tension is to make 
the film cling to the guides so that it does not 
tend to narrow and thicken, as in Fig.11. It is 
to be pointed out, however, that these guides 7 
are relatively far apart in a direction across the 
film, and that no cross or transverse members 
need be provided between the film forming sur 
face and the film catching or receiving chamber, 
so that this construction is to be clearly distin 
guished from a screen or netting, which has no 
resemblance to it from a practical standpoint. 

In the arrangement shown in Figs. 15 and 16, 
the guides 7 have very slight effect in slowing 
up the velocity of the film, so that it moves rap 
idly and unimpededly in the wide spaces between 
the guides, whereas liquid flows over a screen or 

In Fig. 17 there is shown a form of irradiating 
apparatus in which the film is of plane form, 
instead of in the form of a surface of revolution. 
Here the source of radiation (such as an arc light) 
is illustrated diagrammatically at 80, and the 
product. to be treated flows past the source of 
radiation in a thin film f8 of substantially uni 
form thickness, formed or maintained in any of 
the ways above described. For example, it may 
be maintained by guide wires, as described in 
connection with Fig. 15. 

in Fig. 17 there is also shown a filter or bar 
rier film fe2 which, as above explained, is pref 
erably of a continuous gas tight form, so that un 
desirable vapors or gases formed by the Source 
80 do not come into contact with the product 

film 8. A film 82 may likewise be formed and 
maintained in any of the Ways above, described, 
guide wires being useful for this purpose. A 

But by giving the liquid a component of veloc casing 83 extends from one edge Of the barrier 
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film 82 to the other edge surrounding the light 
source 80, so that all of the gases and vapors 
from this light source are kept between the bar 
rier film 82 and the casing 83 and allowed to 
escape therefrom only through a suitable con 
trolled outlet so that they do not come into con 
tact with the product film 8. 
A slightly different form of apparatus is shown 

in Fig. 18, in which the product to be treated is 
in the form of a thin film 90 formed and main 
tained in any of the ways above described and 
having, for example, edge guides T facting as set 
forth in connection with Fig. 15. Here, two 
sources of radiation are provided, indicated at 9 
and 92, on opposite sides of the film 90, each 
of these being, for example, an arc light. Bar 
riers or filters 93 may surround the sources 9. 
and 92, these barriers or filters being of any 
suitable form, solid or liquid. For example, they 
may be formed by a liquid film, such as the film 
6 described in connection with Fig. 1. . 
A casing 95 surrounds the product film 90 

and both sources of illumination. The ends of 
this casing 95 are curved as plainly indicated in 
the drawings, being preferably arcuate in form, 
with radii 96 swung about centers 97. The 
centers and radii are so chosen that they will 
reflect the radiations from the sources 9 and 
92 to a sufficient extent so that the reflected 

radiations plus the direct radiations will give the 
product film substantially uniform intensity of 
treatment throughout the entire width of the 
film. As an example of satisfactory dimensions 
for accomplishing this uniform treatment, the 
light sources 9 and 92 may each be 9 inches 
from the center line of the film 90, the radii 
96 may each be 8 inches, the centers f may 
each be offset 1 inch laterally from a center line 
joining the two light sources 9 and 92 at a 
distance 4 inches from the adjacent light Source 
and 5 inches from the film 90, and the width of 
the film 90, between the edges T, may be 10 
inches. 

It is obvious from Fig. 18 that the central por 
tion of the film, being closer to each source of 
radiation than the other part of the film will re 
ceive the greatest intensity of direct radiation 
from the sources. As one considers Zones of film 
progressively farther and farther from its center 
line toward either side edge, it is seen that such 
zones will receive less and less intensity of direct 
radiation because of their increasing distances 
from the sources of radiation and the smaller 
angles of incidence of the direct rays of radiation; 
hence, such zones farther toward the edges should 
receive more and more of the reflected radiation. 
From the dot-dash lines 98 shown in Fig. 18, it 
is apparent that the greatest intensity of reflected 
radiation will be focused upon the edge zone of 
the film and progressively less and less intensity 
will be focused upon the portions of the film closer 
to the center, so that the sum total of the re 
flected radiation plus the direct radiation is sub 
stantially constant across the entire width of the 

s film, when the reflectors are made of the peculiar 
shape illustrated in Fig. 18. 
A further advantageous feature, in the appara 

tus shown in Fig. 18, is to run the two sources. of 
radiation 9 and 92 on a two phase electrical 
current in which the two phases are 90° out of 
phase with each other. Thus one source of ill 
lumination Will be at its maximum intensity when 
the current in the other source is at zero, and vice 
versa; SO that the two sources complement each 
other and the film as a whole receives substan 

for the barrier or filter. 

tially uniform intensity of radiations at all times 
and in all parts. 

It is now seen that there has been described 
a novel and improved apparatus by which a liq 
uid may be rapidly and efficiently moved past 
a source of radiation in a manner to receive the 
radiations efficiently. It is also seen that a thin 
unsupported film of liquid of substantial area may 
be formed in the manner taught by this applica 
tion; that the product to be treated may be in 
the form of such a film; that Such a film may 
be used as a barrier or filter; and that two films 
may be employed, one for the product and one 

It is also apparent 
that such films are useful not only in irradi 
ation, but also in other fields, as, for example, 
wherever it may be desirable to use a film of 
liquid, either as a ligit filter or as a gas barrier, 
or the like. The liquid used in the barrier or 
filter film may obviously have any desired chem 
icals or substances added to it to make it of 
any desired color, or to change its light trans 
mitting properties or filtering characteristics in 
any desired way. It is also seen that the use 
of such a film for the product to be treated is 
not necessarily confined to irradiation treatments, 
as such a film may also be useful where it is de 
sired to bring the liquid to be treated into con 
tact with a gas or vapor. When this is desired, 
the product film would simply flow in contact 
with the desired gas or vapor, which could be on 
either one or both sides of the film. If desired, 
the product may be treated by contact with gas 
or vapor, while at the same time it is also being 
treated by radiations or emanations, as from an 
irradiating light source, for example. 

Solids (especially in the form of falling grains, 
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flakes, or powder) and gases may also be treated, 
as Well as liquids. -- 
Apparatus substantially as shown in Fig. 1, has 

been constructed and tested under actual work 
ing conditions and is found to operate satisfac-. 
torily and efficiently in they manner above de 

40 

scribed. A few details of such actual working . 
apparatus may be mentioned by way of example, 
purely as an illustration of what is possible with 
apparatus of this kind, and not in a limiting 
SeSe, 
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In the above mentioned apparatus, the inner 
or screen bubble or film is approximately 3% 
inches in diameter, and 8 inches long, and 0.17 
of a millimeter in thickness. It flows at the rate 
of about 1700 pounds of water per hour. . The 
outer or product bubble, which is of milk in the 
actual apparatus above mentioned, is approxi 
mately 8% inches in diameter at its top, about 
9 inches in diameter at its bottom, about 15 
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inches long, and about 0.17 of a millimeter to 0.20 
of a millimeter in thickness. It normally flows 
at the rate of approximately 4000 pounds of milk 
per hour, but it has been run satisfactory at a 
rate as high as 5000 pounds per hour, and as low 
as 2000 pounds per hour. 
When speaking of thickness in the figures given 

by way of example, the average thickness of the 
film is to be understood. Observation of the ap 
paratus in actual use shows that there is some 
variation in thickness in different parts of the 
film, but not enough to cause Serious complica 
tions in the treatment of the liquid. It is found, 
for example, that ridges form in the liquid in a 
direction parallel or approximately parallel to 
the direction of motion of the liquid. That is, 
for example, with a bubble or film which is ro- . 
tating or spinning as described in connection with-75 

60 

65 
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the bubble 6i in Fig. 1, the ridges would form in 
an oblique or spiral direction approximately as 
indicated by the arrows 60. In the extreme con 
dition, such ridges may at times be even twice 
as thick as the portions between the ridges, but 
even in such cases the amount of the liquid in 
these thickened ridges is so Small and the maxi 
mum thickness of the ridges is so small that all 
of the liquid as a Whole is adequately treated. 

It is also found by close observation that Small 
ripples tend to form in the film in a direction 
obliquely across the ridges, but such ripples are - 
not large and present no serious difficulties. 
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Applicant has been able to produce bubbles, or 
films about 8 or 9 inches in diameter with a free 
or unsupported length of 18 inches, and with 
an average thickness of about 0.15 of a mil 
limeter. Thus it is seen that it is possible to 
produce a film having an unsupported dimen 
sion in one direction several hundred times the 
thickness of the film. In general, however, the 
thickness of the film and its unsupported length 
will, in practice, depend on the character of the 
liquid forming the film, the desired capacity of 
flow, the length of time during which the film is 
to be subjected to the influence of irradiations 
or other treatment, and other conditions. In 
general, however, it may be said that the pres 
ent invention is intended to include the produc 
tion of any film having an unsupported dimen 
sion in one direction of about fifty or more times 
the average thickness of the film. 
While in various forms of apparatus above de 

scribed it is not necessary to have the solid parts 
of the apparatus move, nevertheless movement of 
the solid parts is in many cases not objectionable, 
Thus the parts constituting the forming surface or 
defining the forming slot may rotate or be other 

In Fig. 1, for example, wise caused to move. 
the inner film head 40 might be rotated as a 
whole, and the same is true of the outer film 
head. In a construction such as shown in Fig. 
10, for example, the entire assembly might be 
rotated about its center line, or the forming sur 
face 83 and the part 84 might be caused to rotate 
while the part carrying the nozzle jets 82 might 
remain at rest. . ?? ?? 

I claim: , x' 

l. The method of irradiating a substance which 
comprises providing a source of rays in proximity 
to a substance to be irradiated, and interpósing 
between said source and said substance a freely 
flowing continuous film of liquid unsupported 
through a distance in the direction of flow many 
times greater than the thickness of said film and 
flowing with a velocity having a component in a 
direction tending to counteract the tendency of 
Surface tension of the liquid to break or contract 
the film. / .? ?. ? 

2. The method of forming a continuous thin 
film of flowing liquid, free of any solid support 
throughout a distance in the direction of flow of 
many times the average thickness of the film, 
which comprises forcibly projecting the liquid 
from a forming edge with a velocity having a 
component in a direction tending to counteract 
the effect of surface tension on said film. 

3. The method of forming a continuous thin 
film of flowing liquid, free of any solid support 
throughout a distance in the direction of flow of 
many times the average thickness of the film and 
of approximately uniform thickness throughout 
said distance, which comprises forcibly project 
ing the liquid from a forming edge with a velocity 

2,182,431 
counteract the effect of surface tension on said ". 
film, the direction of said velocity being such that 
it does not cause rapid and marked thinning of 
the film in the area of the film near said forming edge. 

4: The method of producing a continuous thin 
liquid film unsupported throughout a substantial 
area, which comprises causing liquid to leave a 
film-forming surface in an oblique direction with 
a component of velocity in a direction tending to 
Counteract the effect of surface tension on said 
film. 

5. The method of producing a continuous thin 

O 

liquid film unsupported throughout a substantial 
area, which comprises causing liquid to leave a 
film-forming surface in a direction having a com 
ponent of velocity oblique to the main direction 
of movement of the firih, to tend to counteract 
the effect of surface tension thereon. 

6. The method of producing a continuous thin 
film of flowing liquid free of any solid support 
throughout a large distance in the direction of 
flow relatively to the thickness of the film, which 
comprises causing liquid to leave a film-forming 
edge with a velocity having a component in a di 
rection along said edge to tend to counteract the 
effect of surface tension in said film, as well as a 
component in a direction away from said edge. 

7. The method of producing a continuous thin 
film of flowing liquid free of any solid support 
throughout a large distance in the direction of 
flow relatively to the thickness of the film, which 
comprises forcibly projecting liquid from a film 
forming slot with a velocity having a component 
in a direction along said slottending to counteract 
the effect of surface tension in said film, as well 
as a component in a direction through said slot. 

8. The method of forming a continuous thin 
film of flowing liquid having a maximum thick 
ness of less than a millimeter throughout an area 
of several centimeters in each direction and free 
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of any solid support throughout said area, which 
comprises projecting liquid from a forming edge 
with a substantial velocity having a component 
in a direction tending to counteract the effect of 
surface tension on said film, and said velocity 
having such direction that it does not cause rapid 
and marked thinning of the film in said area. 

9. The method of forming a continuous thin 
film of flowing liquid of hollow approximately-an 
nular form and free of any solid support through 
out a large distance in the direction of flow rela 
tively to the thickness of the film and throughout 
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a length approximately equal to or greater than . 
the greatest diameter of the hollow film, which 

55 comprises causing the liquid to be projected from . 
an approximately annular forming member, and 
counteracting the tendency of surface tension to 
contract or break the resulting film by imparting 
to the liquid a rotary motion around the forming 
member, to cause the liquid film to swirl around 
its axis to produee centrifugal force to tend to 
counteract said tendency of the surface tension. 

10. The method of treating substances which 
comprises providing a source of radiation and 
moving the product to be treated past said source 
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of radiation in the form of a continuous thin film of flowing liquid free of any solid support 
throughout an area of relatively large size, and 
having a component of velocity in a direction 
tending to Counteract the effect of surface tension 
On said film. 

11. The method of treating substances which 
comprises providing a source of radiation, mov having a component in a direction tending to ing the product to be treated past said source of 5 
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radiation in the form of a substantially continu 
ous thin film of flowing liquid free of any solid 
Support throughout an area of relatively large 
size, and interposing between said source of radi 
ation and said product film, a substantially con 
tinuous thin barrier flin of flowing liquid free 
of any solid support throughout an area of rela 
tively large size, each of said films flowing with a 
velocity having a component in a direction tend 
ing to counteract the effect of surface tension on 
the fin. 

12. Apparatus for forming a thin film of flow 
ing liquid which is continuous and free of any 
solid support, and of approximately uniform 
thickness throughout a relatively great distance 
in the direction of flow in comparison to the 
thickness of the film, said apparatus comprising 
walls forming a slot extending in a direction gen 
erally transverse to the length of the film to be 
formed, and means for moving liquid through 
said slot under pressure with a velocity having a 
component in a direction tending to overcome 
the tendency of surface tension to contract or 
break the film. ( 

13. Apparatus for forming a thin film of flow 
ing liquid which is continuous and free of any 
solid support and of approximately uniform 
thickness throughout a relatively great distance 
in the direction of flow in comparison to the 
thickness of the film, said apparatus comprising 
a substantially circular forming edge, and means 
for supplying liquid to said edge to be projected 
therefron and causing said liquid to move in a 
direction rotating around said circular edge as it 
leaves said edge, so that centrifugal force pro 
duced by said rotary motion will tend to counter 
act the effect of surface tension on a film formed 
by said liquid. . 

14. Apparatus for forming a thin film of flow 
ing liquid which is continuous and free of any 
Solid Support and of approximately uniform 
thickness throughout a relatively great distance 
in the direction of flow in comparison to the 
thickness of the film, said apparatus' comprising 
means forming a substantially annular passage 
way having a substantially circular continuous 
slot opening therefrom, and means for introduc 
ing liquid into said passageway under pressure 
and with a velocity component in a circular di 
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slot with a velocity component along said slot as 
well as a velocity component in a direction leav 
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rection around said paSSageway, so that said liq 
uid will issue from said passageway through said 

ing said slot, and will form a hollow spinning film, 
the spinning motion thereof causing centrifugal 
force which will tend to counteract the effect of 
surface tension. 

15. Apparatus for forming a thin film of flow 
ing liquid which is continuous and free of any 
Solid Support and of approximately uniform 
thickness throughout a relatively great distance 
in the direction of flow in comparison to the 
thickness of the film, said apparatus comprising 
means forming a substantially annular passage 

85 way having a substantially circular continuous 
slot opening therefrom, a second substantially 
a,nnular passageway approximately concentric 
with the first, a series of oblique openings leading 
from said second passageway to said first pas 
Sageway, and means for supplying liquid to said 
Second passageway under pressure, so that such 
liquid will pass through said oblique openings in 
to said first passageway, and therby acquire a 
velocity component in a circular direction around 
said first passageway and will issue from said 

g) 
first passageway through said slot with a velocity 
comporent in a direction along said slot as well 
as a velocity component in a direction leaving 
said slot, and will form a hollow. Spinning film, 
the spinning motion thereof causing centrifugal 
force which Will tend to counteract the effect of 
Surface tension. 

16. Film forming apparatus comprising means 
for forming a continuous thin film of flowing 
liquid free of any Solid support through an area 
of relatively large size, and means for receiving 
said film unbroken in a gas-tight manner, said 
receiving means including a Surface in the path 
of the film and inclined at an acute angle to the 
direction of flow of the film, so that the film may 
impinge upon said surface and flow along said 
surface to make a gas-tight seal therewith. 

17. Liquid film controlling apparatus compris 
ing means for forming a continuous liquid film, 
and receiving means including a tapered ridge 
having a relatively sharp apex substantially at 
the normal-line of incidence of the film, so that 
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any difference in gas pressure on opposite sides 
of the film will tend to cause the film to fall upon 
said ridge on One side or the other of said apex, 
and SO that when the film thus falls on one side 
or the other, it will tend to pump gas to restore 
the balance of gas pressure on opposite sides of 
the film. 

18. Apparatus for forming a thin film of flow 
ing liquid which is continuous and free of any 
solid support and of approximately uniform 
thickness throughout a relatively great distance 
in the direction of flow in comparison to the 
thickness of the film, and for receiving such a 
film in a substantially gas-tight manner, said 
apparatus comprising means forming a substan 
tially annular passageway having a substantially 
circular continuous slot opening therefrom, means 
for introducing liquid into said passageway under 
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pressure and with a velocity component in a cir 
cular direction around said passageway, so that 
said liquid will issue from said passageway 
through said slot with a velocity component along 

i said slot as well as a velocity component in a di 
rection leaving said slot, and will form a hollow. 
Spinning film, the spinning motion thereof caus 
ing centrifugal force which will tend to counter 
act the effect of surface tension, and means form 
ing a Substantially solid film-receiving surface of 
approximately annular form approximately con 
centric with and substantially spaced from said 
slot, said surface being inclined to the axis of 
said film and so placed that said spinning film 
will impinge upon said surface and flow, along 
Said surface to form a substantially gas-tight seal 
thereWith. ? 

19. The method of treating substances which 
Comprises providing a source of radiation and a 
product to be treated in proximity to each other, 
and causing liquid to leave a film-forming sur 
face in an oblique direction so as to form, inter 
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posed between said, source and said product, a . 
Substantially continuous thin film of flowing liq 
luid free of any solid support throughout an area 
of relatively large size. . 65 

20. The method of treating substances which 
comprises providing a source of radiation and 
causing aliquid to be treated to leave a film-form 
ing surface in an oblique direction with a com 
ponent of velocity in a direction tending to coun 
teract the effect of surface tension on the liquid 
film thus formed, to provide a continuous thin 
film of flowing liquid moving past said source of 
radiation and free of any solid support through 
out an area of relatively large size. 



O 
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21. Product treating apparatus comprising a 

source of radiation, a forming edge, and means 
for moving liquid over said edge with a velocity 
having a component in a direction along said 
edge as well as a component in a direction leav 
ing said edge, to form a substantially continuous 
thin film of flowing liquid free of any solid Sup 
port throughout an area of relatively large size 
and moving past said source of radiation. 

22. The method of irradiating a substance 
which comprises providing a source of rays in 
proximity to a substance to be irradiated, and 
interposing between said source and said sub 

5 
stance a substantially continuous gas-tight film 
of moving liquid free of any supporting surface 
throughout an area relatively large in comparison 
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to the thickness of the film and through a dis 
tance in the direction of flow of 50 or more times 
the thickness of the film, and flowing with a 
Velocity having a component in a direction tend 
ing to counteract the tendency of surface tension 
of the liquid to break or contract the film. 

23. The method of forming a continuous thin 
film of flowing liquid, free of any solid support 
throughout a distance in the direction of flow 
of many times the average thickness of the film, 
which comprises projecting a film of liquid from 
a support with a velocity having a component in 
a direction tending to counteract the effect of 
surface tension on said film. 

BRIAN O'BRIEN. 
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