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dian

Applicatlon filed January 7, 1941

The present invention relates to methods and
machines for making a new artificial ice prod-
uct to be used primarily, but not exclusively for
cooling purposes, such as packing of articles of
food or of refreshment or as ice for frigorific
mixtures.

It 1s previously known to continuously produce
ice on the cold surface of a rotatable thin-walled
elastic freezing drum submerged in a water bath,
and from which the congealed material is re-
moved by a violent breaking actlon, the elastic
wall during the rotation being locally deformed,
whereby the ice cracks into large shells, or the
ice 1s broken into such shells by a rotating spiky
roller,

. Furthermore it js known by supplying a large
excess of liquld to the external surface or the
internal surface of a rotating or stationary freez-
ing drum or simlilar body to produce slush-ice
which 1s scraped off and swept away with the
liquid or dropped upon a screen to drain off some
of the excess liquid.

However, ehell-ice 1s not satisfactory for ice-
packing of various goods as due to its sharp edges
it may injure the goods. Thus for instance the
mucous membrane of fish is damaged when pack-
ing fresh fish with such ice. Slush-ice is wet
and plastic, and even if In some cases it s brick-
etted by a comparatively expensive process its
range of utility is much restricted. Moreover,
slush-ice Is unsatisfactory in so far as its refrig-
erating power Is reduced due to its contents of
water.,

The present Inventlon has for its purpose to
produce an artificial ice product of a special char-
acter more suitable for varlous uses, which re-
sult 1s accomplished by a new method comprising
the steps of supplylng a liquid t{o be congealed
to a freezing surface and removing the ice formed
thereon in & finely divided state, the amount of
liquid delivered per unit of time to the freezing
surface, the temperature of the freezing surface
and the inlerval of time from the supplying of
the liquid untill the removal of the ice being so
adjusted relative to each other gs to form hard,
dry ice which in this state is removed by con-
secutlve real cutting actions, such as by means
of a powerful milllng cutter, in the form of thin
cuttlngs or chips. These small cuttings look like
scale of a fish, large flakes of snow or may even
be still smaller.

With regard to the differcnce between the [reez-
ing point of the liquid in question and the tem-
perature of the freezing surface it 15 remarked
that the same depends upon various factors, such
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as the nature, the actual temperature and the
freezing point of the liquid supplied, the period
of time between the dellvery of each liquid par-
ticle and the milling off of the ice and so on.
For these reasons such difference can not be In-
dicated generally, but it can easily be found In
each particular case through experiments and
must be 50 great that the ice besides belng frozen
uniformly throughout becomes very hard, so that
by means of a powerful milling cutter an ice prod-
uct of the chargcter indicated above can be
formed. However, by way of example it Is named
that for instance In the case of congealing of
fresh water the temperature of the freezing
surface as a rule should not be higher than —8
to —10° C. preferably between —15 and —20° C,
depending upon the designed capacity of the ice
making machine.

The artificial ice produced by the method ac-
cording to the invention has the character of
frost-snow with large, thin, scale-likke crystals
or as finely dlivided ice, at any rate dry and with-
out sharp edges that could hurt the goods with
which the Ice comes into contact. ‘This new ar-
tificlal ice i1s much more lively and easlly mov-
able than are the known ice products referred to
shove and 1t can better be distributed over the
goods, for the conservation of which it Is to be
used, for instance milk bottles, vegetables, flow-
ers etc.,, and for instance when used for frigo-
rific mixtures the necessary salt can more easily
be uniformly distributed throughout the mass of
ice of such a nature,

The invention ¢an be applied not only to the
freezing of pure water, but also of aqueous solu-
tions of varlous salts, for instance of eutectic so-
lutlons for producing eutectic lee. PFurthermore
comes into consideration the freezing of liquids
contalning antlseptic or other substances assist-
ing in keeping food articles fresh when cooled
with sueh ice. Besides the present method can
be used for congealing milk or other fluent arti-
cles of food which must be frozen in such a way,
i. e. very rapid, that the material is not during
the freezing process divided Into its varfous com-
ponents, &nd in which cases the characteristic
nature of the Ice as explained above Is also use-
ful.

In the case of the freezing surface forming
the external surface of a rotatable cooling drum
the latter may be partly submerged info a bath
of the liquld to be congealed, or the liquid may
be delivered to the freezing surface through noz-
zles, atomizers, perforated or finely slotted tubes
or in other known or appropriate manner allow-
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ing a regulation of the amount of liquid deilvered
to the freezing surface per unit of time.

The invention also relates to a machine for
carrying out the method, which machine is main-
ly characterized by the provision of one or more
revolvable milling cutiers capable of cutting the
hard and dry, undercooled ice formed on tlie
freezing surface into thin chips or cuttings., The
milling cutter or cutters preferably is or are as-
sociated with heating means serving to maintain
the same at a temperature equal to or above the
freezing point of the liquid in order that the ice
particles may readily leave hold of the cutter
as otherwise the same would be clogged whereby
its capacity would be reduced or stopping or dam-
ages of the machine occur. For this purpose the
milllng cutter may be formed with a cavity
through which the liguid to be congealed is passed
whereby the liquid is simultaneously precooled.

Alternatively as heating medium may be used -

the comparatively warm liquid refrigerant of a
compression refrigerating plant cooperating with
the ice making machine for cooling its {1eezing
surface.

The character of the ice product may be varied
within certain limits by controlling the speed
of rotation of the milling-cutter, by changing
its @Girection of rotation relative to the motion
of the freezing surface or by using milllng-cut-
ters of various constructions. Thus a cylindrical
milling-cutier with stralght or spiral grooves will
give scale-llke ice particles, whereas a cutter
having cutting teethh arranged as one or more
threads will make a more finely divided product.
The milling-cutter is so adjusted as to leave a
thin ice layer on the freezing surface, thereby
protecting the latter.

The freezing surface in a known msanner may
be the external or internal circumferential sur-
face of a rotatable or stationary body of revolu-
tion, for instance simllar to the well known cool-
ing drums, but instead It can be plane. In such
case the freezing surface for Instance 1Is sta-
tionary whereas the liquid supplying means and
the milling-cutter or cutters are moved to and
fro over the freezing surface, preferably so that
the milling-cutter travels In advance of the lig-
uld supplying means and removes the ice formed
while the cutter has performed 1its precedent re-
turn stroke or idle stroke In a path spaced from
the freezing surface.

On the drawings two embodiments of ice mak-
ing machines in accordance with the Invention
are shown,

Flg. 1 shows a vertical cross-section along the
broken line I—I of Fig. 3 of one embodiment,

Flg. 2 on a larger scale 1s a longitudinal sec-
tion of one end of the hollow shaft of the freez-
ing drum with essociated parts,

Fig. 3 iIs a longitudinal vertical section of the
same machine along the line TIT—IIT of Fig. 1,

Fig. 4 on a larger scale is a longitudinal sec-
tion of one end of the hollow shaft of the milling
cutter of the machine,

Fig. 5 is a vertical cross-section of the upper
part of the machine taken on the broken line
V—VofFig.1,

Flg. 6 is a side elevation of one upper corner
of the machine seen from the right side of Fig. 1,

Flg. T somewhat diagrammatically shows an
elevation of a second embodlment of the lce mak-
ing machine and

Fig. 8 shows a top view of the same.

Pigs, 1-8 show a continuously working ice mak-
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the external cylindrical surface of a rotatable
double-walled drum consisting of an outer shell
1* and an inner shell i® both carried through hol-
low spokes ¢ and 12 by a hollow shaft 1® Jour-
nealled in bearings 2 and 3. Between the two co-
axial cylindrical shells I® and I? & narrow annu-
lar cooling chamber If is formed.

‘The bearings 2 and 3 are mounted on a rigld
metal frame 4 carried by the top wall § of &
large and long wooden tank 8 adapted to receive
the scale-ice produced in the machine. ‘The
bottom wall T of said tank is covered by a thin
metal plate 8.

The freezing drum with associated partis are
housed within a sheet metal casing 9 arranged
on the top of the wooden tank 6. On the hollow
ghaft I° of the freezing drum a gear wheel 10 1s
secured which meshes with a pinion |1 carried
by a shaft 12, This shaft 12 through belts, cords
orchains 13 and 14 running over pulleys or wheels
15, 18, 1 and 18, Figs. 1 and 6, is driven from
an electric motor 19 mounted on the top wall §
of the wooden tenk 8. The freezing drum Is
hereby caused to rotate comparatively slowly in
the direction of the arrow A in Fig. 3.

Sald shaft 12 also carries a gear meshing with
a second gear secured on the hollow shaft 20 of
a cylindrical grooved milling cutter 21 whioh is
hereby revolved rapidly in the directlon of the
arrow B shown in Fig. 3. This milling cutter
has a length equal to that of the freezing drum,
and its axis of rotation as shown in Fig. 3 s
slightly above the level of the shaft of said drum.
The hollow shaft 24 of the milling cutter 1s jour-
nalled in bearings carried by brackets 202, Pigs.
3 and 5, which are rigldly secured on the metal
frame 4.

The lquld to be congealed is supplied from
the hottom of a contalner 22 through a strainer
13, Fig. 1, a pipe 24 and further connections to
be described in the following to the right hand
end of a jet pipe or nozzle member 25 placed par-
allel to the axls of the freezing drum slightly
above the milling cutter 21 as shown in Fig. 3,
said jet pipe or nozzle member 25 spreading the
Hgquid as fine jets or sprays or In another ap-
nropriate way over the entire length of the freez-
ing surface I.

In operation a refrigerating medium, such as
lquid ammonia, is supplied to the right hand end,
Fig. 1, of the hollow shaft i¢ of the freezing drum,
from which it flows through the hollow spokes I¢
to the narrow cooling chamber I where the liquid
is evaporated thereby cooling the drum. The re-
frigerant gas flows through the hollow spokes 14
at the opposite end of the freezing drum to a re-
{rigerant gas pipe 26 preferably continued as a
cooling coil 21 which is suspended from the top
wall § of the wooden tank § as more clearly shown
in Figs. 3 and 5 to thereby prevent thawing of
the scale-ice accumulated in said tank.

When the freezing drum is rotated as above
described and liquid is spread over the same the
liquid will be thoroughly congealed and form &
film or layer of hard dry ice of such thickness
that part thereof can be removed by the rapldly
revolving cutter 21 which in the present case is
assumed to have stralght parallel cutting edges.
As the milllng cutter is angularly spaced more
than 300° from the jet pipe or nozzle member 25
mesgsured from the latter in the girection of ro-
tation of the drum and the liguid is supplied in
a moderate quantity only the liquid gets sufficient
time to be frozen uniformly throughout to form
a very hard, dry layer of ice. Another factor
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important in obtalning this result 1s that the par-
ticular construction of the freezing drum ensures
that all of the refrigerating medium is forelbly
passed through the narrow annular coollng
chamber If and thereby kept in close contact with
the outer shell (®# of the drum. The thin ice
scale or chips cut off by the milling cutter 2t
are slung into the wooden tank § where they are
collected as a heap, from which the dry ice ap-
pearing as frost snow can be removed through a
door not shown, which is preferably placed at
the left end of the wooden tank, Fig. 3, in one of
the longitudinal walls thereof. As above stated
the cooling coil 21 prevents thawlng of the ac-
cumulated ice.

The Ice making machine is provided with a
conveying device serving to distribute the lce over
the entire length of the wooden tank. At each
end of the same near the top thereof there is ro-

tatably mounted a shaft 20 and 29 respectively, .

onie of which 28 through a cord or chain 30 and
wheels 31 and 3% is driven from the shaft I° of
the freezing drum. Each of these shafts 28 and
28 carries two widely spaced pulleys 33 over which

two equaily spaced belts 34 are running. These .

belts are Interconnected by a series of transverse-
ly arranged sticks or bars 35 which travel in the
direction of the arrows C shown In Figs. 3 and 5.
The ends of the sticks are sliding on and support-
ed by upper and lower stationary gulde rails 3§
and 3T respectively which have downwardly
curved ends as shown.

When the heap of scale ice accumulated in the
wooden tank below the milllng cutter becomes too
high the top of the heap Is shovelled away by
the travelling sticks 35 whereby the ice is by and
by carrled towards the left end, Fig. 3, of the
tank so as to be substantially uniformly distrib-
uted over the bottom thereof.

Some further details of the machine will now
be explained with reference to Figs. 2 and 4
drawn on a larger scale.

Fig. 2 shows part of the hollow sghafi ¢ of
the freezing drum at the refrigerant inlet and
outlet end thereof. A stationary tube member
38 rigidly secured to the above named refrig-
erant gas pipe 20 projects into the open end of
the rotating shaft ¢ and s sealed thereagalnst
by a stuffing box 38 of any standard type. The
Inner end of the tube member 38 {5 screwed onto
a plug 40 sealed against the inner cylindrical
wall of the shaft i® whereas the outer end of
the tube member Is closed by a plug 41 con-
nected with a liquld ammonia supply plpe 42,
Fig. 1, sald plug carrying a thin pipe 43 passing
through the interior of the tube member 38 and
sealed at its other end in the plug 40. ‘Through
this pipe 43 the liquid refrigerant flows into the
hollow mliddle portion of the shaft le, whereas
the refrigerant gas coming from the hollow spokes
{4 flows through apertures 44 Into the tube mem-
ber 33 and thence away through the pipe 26 as
indicated by the arrows.

For sealing purposes oll is supplied to the in-
terlor of the stufing box 38 through a small pipe
48 from an oil receptacle #8. Through a vertical
plpe 47 tefrigerant gas has access Lo a space
above the oll level In the reteptacle 48 whereby
in the stuffing box an oll pressure is established
which ig slightly higher than that of the refrig-
erant gas to prevent escape of the same to the
outer atmosphere.

One end of the hollow shaft 20 of the milling
cutter 21 is closed whereas the other end shown
in Fig. 4 Is open and supported in a housing 48
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which recelves a ball bearing 49 with back neck
200 for this end of the shaft. The opposite end
of the same is journalled in 3 similar ball bear-
ing. A statlonary tube member 50 provided with
two hose spigots 51 and 52 and a dralning cock
53 Is sealed against the end of the rapidly re-
volving shaft 20 by a stufing box 54. The liquid
to be congealed flows from the plpe 24, Flg. 1,
through a cock 35 and a rubber hose 558, Fig. 6,
to the central splgot 52 of the tube member 50
in Fig. 4, wherefrom the liquid through an axial
small pipe 528 15 conducted to the opposite end
of the cutter shaft 20 where the liquid reverses
and returns through the hollow shaft 20 and the
tube member 80 to the laterally disposed spigot
51. From this splgot the liquid through a sec-
ond rubber hose not shown is passed to the right
hand end of the jet plpe 26, Fig. 1, as indicated
above. The opposite end of this jet pipe 1z vent-
ed by means of a rubber hose B8 and a small
vertical pipe BT carrying any air given off by the
liquid Into the space above the liquid level in
the container 22.

By thus passing the liquld to be congealed
through the hollow shaft 20 as above described
the liquid is pre-cooled before belng sprayed onto
the freezing surface I, but hereby said shaft and
the milling cutter 21 itself are heated and thus
malntalned at a temperature equal to or slirhtly
higher than the freezing peint of the liquid
whereby clogging of the cutting edges of the
milling cutter by lce particles Is prevented and
the continued effective operation of the cutter
ensured,

In the embodiment of the ice making machine
thus described the ice is simultanesusly removed
throughout the entire width of the freezing sur-
face by means of the milllng cutter 21 having a
corresponding great length as above stated.
However, instead hereof a short revolving milling
cutter may be used which is also reciprocated in
the direction of the axis of rotation of the freez-
ing drum. Alternatively, particularly in the case
of larger drums, a plurality of milllng cutters
may be used or other modifications made. As
above stated the character of the removed ice
may be varied by altering the construction or the
mode of operation of the cutter or cutters,

As a dry thin film of ice is left on the rotating
freezing surface when passing the milllng cutter
it may be advantageous to even out the liquid
supplied to the freezing surface by means of a
smooth roller or strip, for instance of rubber, not
shown, bearing agalnst the drum shortly after
the Jet pipe 25.

Figs. T and 8 show somewhat diagrammatically
an emhodiment of an lce making machine having
a stationary plane freezing surface and bodily mov-
able milllng cutter and liquid supplying device.
Thefreezing surface 60 is the horizontal uppermost
surface of a fiat hollow cooling box 61 cooled in
any appropriate manner. This box has exten-
sions 82 serving as supports for the milling cut-
ter 63 and the liquid supplyilng device 64 when
these orcupy positions cutside the freezing sur-
face. The milling cutter 63 and the liquid sup-
plying device 64 as well as a container §5 feeding
the same are all cartied by a common Slide or
bracket not shown fixing their mutual distances
and moved to and fro together with them. This
unit is reciprocated in the longitudinal direction
of the machine by means of cranks 66 and con-
necting rods 81. The said cranks are secured on
a crank shaft 69 carrylng a belt pulley 69 driven
in a suitable mannecr,
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During the working stroke, i, e, while travelling
from the right to the left, the milling cutter 63
is rapidly rotated around its own axls hy means
of the gear wheel mechanism shown at the left
end of Flg. 8, this mechanism including a pair
of pinions 10 loosely mounted on the shaft of the
milllng cutter and meshing with a pair of sta-
tionary toothed rackets 71 during sald siroke.
At the end adiacent to the crank shaft 68 these
toothed rackets are provided with pivated links
72 normsally held in horizontal position by &
spring 13 against a stop 74, At the opposite end
two pivoted links 15§ likewise are provided which
need not be provided with springs as these links
by egravity are held in engagement with the ex-
tensions 62 of the freezing surface,

During the reciprocation of the milling cutier
623 it will alternately run above the toothed
rackets in a direction towards the crahk shaft 68
and below the toothed rackets in the oppeslite
directlon. This latter stroke constitutes the
working stroke during which removal of the ice
and delivery of liquid take place, whereas the
return stroke is an idle stroke. In order to se-
cure that liquid is only supplied to the freezing
surface during the working stroke the liquid sup-
plying device 64, such as a Jet pipe or nozzle
member, is provided with an interior sleeve valve
which Is kept closed by counter weights 76 when
these are turned downward, whereas the sleeve
valve Is opened by levers 17 rleidly secured to the
counter weights and sald valve when these levers
engage the plvoted links 72 when beginning the
working stroke. During this stroke the sleeve
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valve is held open until the levers leave the
toothed rackets T1 whereby the liquid supply Is
automatically cut off., 78 is a screen preventing
the ice particles from heing hurled around by the
mllling cutter,

As stated above the liquid supplying device 64
is fed with liquid from a container 65. This con-
tainer by means of a flexible hose 19 Is connected
with a stationary tank 89 or & liquid supply con-
duit.

During the working stroke liquid is supplied
to the freezing surface & short distance hehind
the revolving cutter 63. The liquid Is congealed
to a uniformly frozen, dry, hard ice layer from
which the Ice is removed as thin scale or chips
as in the embodiment shown in Figs. 1-6.

During the idle stroke of the milling cutter
and liquid supplying device a palr of smooth
rollers 81 run on the upper surface of the links
15, the toothed rackets 71 and the links 72, until
the milling cutter and said device arrive at the
positions shown ln dotted lines at the right end of
Plg. 7. Then the working stroke commences,

The pinions T0 loosely mounted on the shaft
of the milling cutter 63 mesh with small gears
82, on the shafts of which larger gears B3 are
secured which in turn engage gears 84 rigidly se-
cured to the shaft of the milling cutter. The
latter shaft as well as the shafts of all these gear
wheels are mounted in the slide or bracket re-
ferred to above, which also earrles the contalner
65 with the liguid supplying device 64,

AXEL GRUHN.





