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1Claim. (CL 62—106)

' This invention relates to an apparatus for the

production of ice in which heat is directly with-

drawn from liquid by means of a source of cold,
for example an evaporator or the like. Accord-
ing to the invention, in order to prevent the liq-
uid from freezing on to the heat exchange walls
of the source of cold, an intermediate layer of
a liquid which does not freeze easily, for ex-

ample mercury, is introduced between the sur-.
face through which the heat is abstracted and

the liquid to be frozen.

It has previously been proposed to produce
artificial plates of ice by means of a cooling ap-
paratus, by allowing the cooling liquid to flow
through a vessel open on top and supplying the
water to be frozen to the surface formed by the
cooling liquid. In this known process therefore
the cooling liquid is conducted, as the carrier
of the cold, through the freezing vessel; this
process however gives rise to certain difficulties.
Either the cooling liquid is conducted at high
speed through the freezing vessel in~which case
the surface of the cooling liquid cannot be level
or it is conducted at a low speed in which case
the transfer of cold and therefore the output of

jce is only small. In any case, however, owing-

to fluid friction, the surface of the cooling liquid
will, on its passage through the vessel, move the
layer of liquid to be frozen in contact with it,
or the ice which is in the process of formation
at this place to the outlet end of the vessel,
where the thin sheets of ice formed collect in
layers one upon another and separate from the
cooling liquid and rise at the surface where they
arrest the circulation of the water and make a
return movement te the side on which the cool-
ing liquid enters. Since, however, owing to their
lighter weight, the particles of ice cannot sink
down again to the boundary surface between the
two liquids they become superimposed in layers
at this place.
ciear plate of ice is
way. It has also

therefore not possible in this
been proposed in this case

to provide a layer of liquid between the cooling’

lquid and the liquid to be frozen. If this be
done a similar phenomena &lso of course OCCUrS,
since this layer of liquid is carried along by the
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The formation of a uniformly -
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cooling liquid and the liquid to be frozen is again -

carried along by the former. :

These disadvantages are obviated by the ap-
paratus of the present invention since the liquid
which does not freeze lies in a thin layer above
the cooling device, for example an evaporator,
. cooling coil or the like, arranged in the: vessel

.-containing the water to be

.

50

frozen, so that a clear 55

and smooth block of ice can be formed and there
is no interference with the transfer of heat. -
However, the task of the liquid which does not

freeze is rather to prevent ice from freezing on

to the cooling device, than to act as a medium
for transmitting cold. S

The apparatus in accordance with the inven-
tion can be used beth for the production of ice
and also for- the separation of dissolved sub-
stances from solutions by freezing them out, for
example for the separation of paraffin from
crude oil' or the like. For the sake of simplic-
ity, however, reference is hereinafter made only .
to the production of ice. .

In order that the invention may be readily
understood and carried into effect, various forms

‘of freezing apparatus in accordance with the

invention will now be described by way of ex-
ample with the aid of the accompanying draw-
ing, in which °=

Figure 1 is a vertical section through an appa-
ratus constructed in accordance with the in-
vention for the production of ice. .

Figure 2 is a horizontal section through the
evaporator arranged at the bottom of the ap-
paratus of Fig. 1. : .

Figures 3-6 are detail view of three different
modifications. .

Figures 7 and 8 are views illustrating the ap-
plication of the invention to freezing cells of a -
known type, and finally

Figure 9 illustrates how granulated ice or snow
can be produced with the apparatus.

Referring to Figures 1 and 2, the reference a
represents & vessel which contains water to be
frozen and b is an evaporator arranged at the
bottom of the vessel «. Figure 2 shows a sec-
tion through the evaporator taken on the line
2—2 in Figure 1. The bottom of the vessel a
or the evaporator b is covered by a thin layer of
mercury ¢. When the apparatus is operated the
cold produced in the evaporator b is first trans-
ferred to the layer of mercury ¢ and from this
to the water contained in the vessel a. A layer
of ice is therefore formed on the surface of the
merecury. A

-In the apparatus. of the invention it is neces-
sary that the evaporator should be horizontal
and without upstanding projections, and there-
fore a free circulation of the refrigerant cannot
be obtained directly as the result of the evapo-
ration process. It is therefdre necessary to pro-
vide for an artificial circulation of the refriger-
ant which is effected by means of pump e. The
reference f designates a pressure reducing valve
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' by which’ the pressure on the condensate from
the condenser is reduced. The reference g des-
ignates a liquid separator. The mixture of iig-
uid and vapour is drawn by the pump e from
the evaporator b through the liquid separator ¢
in which the vapour is separated and from which
it is drawn off by the compressor which is not
illustrated in the drawing. The liquid whi¢h is
drawn in by the pump is injected into the in-
jection pipe-behind.-the pressure reducing valve
f and -a closed -circuit is thereby formed: In
some cases the circulating pump e may be omit-
ted, namely by arranging the liquid separator
g in an elevated position outside the vessel a and
arranging, instead of the pump circiiit, a down-
wardly extending, siphon-like return pipe from
the liquid separator g to the injection pipe. In
this case, however, care should be taken.that
the lowest point of  the siphon-like return pipe
ic sufficiently far below the point of connection
to the injection pipe.

The ice which is formed on the surface of the
mercury will grow to form a block of ice of great-
er or less thickness 'according to the external
conditions, such as the stagnancy or movement
of the water and so forth, and then owing to its
buoyancy will separate from the surface of the
mercury and rise upwards without the produc-
tion of cold being interrupted. If precautions
are not taken and if, for example, the water
above the surface of the mercury be in rapid
movement, the ice formed will separate very
quickly or in the form of a thin layer, so that
a snow-like ice will be produced, which can be
removed from the surface of the water, whereas,
if the water in the vessel is stationary, rela-
tively thicker layers of ice can be formed through

the thickness of the ice which is obtainable in

this manner still remains relatively small.

According also to the present invention, plates
of ice of greater thickness are obtained by the
provision in the region where the ice is formed of
fixed, separate or continuous parts or surfaces
which are good conductors of heat and project
above the surface of the mercury; preferably
these parts are so disposed that they enclose the
area over which evaporation and freezing takes
place.

Since these parts are good conductors of heat
their temperature soon becomes the same as that
of the mercury and the ice freezes fast on to these
projecting parts. The plate of ice which is
formed is therefore as it were adhered to the
surface of the mercury and the plate of ice can
consequently grow to any desired thickness. In
order now to release the plate after it has at-
tained the thickness desired, it is only necessary
to heat these projecting parts by a warm medium,
for example water, so that the plate of ice is
thawed off from the points at which it is held.
The plate of ice which is thus freed then rises to
the surface owing to its buoyancy.

Figure 3 is a plan of an apparatus of the kind
illustrated in Figure 1 having a number of such
projections 2 by which the ice is held distributed
around the periphery of the freezing zone of the
evaporator. Figure 4 illustrates on a larger scale

- and by way of example how a device of this na-
ture is combined with the parts shown in Figure
L The references @, b and ¢ designate, in this
figure, the same parts as in Figure 1. An injec-
tion nozzle i is arranged centrally in the project-
ing sleeve 2 to which the ice adheres. Normally,
however, no medium is injected into the sleeve %.
Owing to the conduction of heat by the material
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of the sleeve, which i made for example of iron,
the temperature of this sleeve becomes approxi-
mately the same as that of the layer of mercury
and the water freezes in the same manner as on
the surface of the mercury to the iron cup which
projects from the surface from the mercury
whereby the entire plate of ice which is formed
is held coherently together. When the plate is to
be released, after the ice has reached a desired
thickness, a warmer medium, for example brine,

© which may be in heat exchange relationship with

the cooling water for the condenser, is injected
through the injection nozzle against the upper-

cup-shaped end of this sleeve, whereby this end

is heated and the adhering ice is thawed off. The
thawing agent which is injected flows away‘in the
direction of the arrow indicated in the drawing.
Instead of a number of separate points of adher-
ence, a continuous pipe or passage can be ar-
ranged around the periphery of the evaporator at
the level of the mercury, as is indicated in Figure
5. The method of operation is then exactly the
same as previously described, that is to say in
order to release the plate of ice which is formed,
a thawing agent, for example warm brine, is
passed in the direction of the arrows through the
pipe k. . '
Figure 6 shows on a larger scale a particularly

- advantageous form of construction of a passage
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of this kind. The referenceés a—d designate the
same parts as previously. The peripheral passage
¥ to which the ice adheres is formed in this case
by the lower corner of the vessel a in which the
water to be frozen is contained. The passage is.
of narrow, wedge-like shape and its height corre-
sponds to the thickness of the plates of ice to be
formed. With the apparatus the edges of the
plates of ice formed are even and the space in-
side the vessel is well utilised for the production
of ice. In this case also for thawing off the block
of ice formed a warm medium need only be passed

, through the passage k. On the other hand, in
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order to be able to use this passage as a protec-
tion from the outside, the vessel is provided, pref-
erably at the end, with an outlet in the bottom,
50 that after ‘the supply of thawing medium
ceases the passage can be emptied. With this
latter form of construction there is a relatively
large surface to which the ice adheres and. fur-
ther owing to the conduction of cold through the
walls of the passage a ridge-like formation of ice
can take place on these walls. In order to avoid
difficulties arising therefrom, such as too firm
adhesion and consequent delay in thawing, this
surface of the passage which is in contact with
the ice can be lined with a material which on the
one hand is a poor conductor of heat and, on the
other hand, only adheres weakly to the ice, for
example, with the layer of rubber I.

Ice making apparatus of this kind can be used
for many different freezing purposes.  If, for ex- '
ample, a homogeneous salt water ice is to be man-
ufactired, the water can simply be allowed to
ireeze in a stationary condition, the evaporator
temperature being as low as possible. Since any
salts or constituents of the solution which may
separate are heavier than the water above them
which contains less salt, the salt accumulates at
the place of separation on the smooth under sur-
face of the ice. The salt must be frozen-in be-
cause equilibrium of the solution with the upper
layers of water by diffusion only proceeds very
slowly at these low temperatures. This is still
more the case as the temperatures of evaporation
become lower, that is to say when the speed of,
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freezing is greater and in particular when the
speed of
Then the salty constituents must be frozen-in ina
state of fine sub-division so that a homogeneous
ice is obtained. -

Conversely if fresh water ice s to be produced
from- salty water, then the water is circulated
with as high a velocity as possible above the
freezing surface. This is illustrated in Figure 1.
In this figure m denotes a stirrer which circulates
the water to be frozen with greater or less velocity
above .the freezing surface. In consequence of
the smooth surface of the ice the materials which
Separate are washed away Vvery effectively from
the freezing surface. At the opposité end of the
vessel, for_the purpose of retaining the layer of
mercury, there is arranged an edge n which pro-
jects only & small distance above the level of the
mercury. Behind this there is & settlement ves-
sel o in which the heavier constituents of the so-
Iution sink down during the circulation. Since
‘the liquid In this settlement chamber does not
take part In the circulating movements of the
liquid. in the vessel a but remains stationary
therein, the heavier constituents collect. in the
settlement chamber o to an increasingly great
extent during the course of
be drawn off from time to time as they accumii-
late through the outlet valve ». In this way
therefore an ice which is relatively poor in or free
' from salt can be produced from salt water.

Two further forms of construction which can
also be employed are fllustrated by way of ex-
ample in Figures 7 and 8 respectively. Both fig-
ures show freezing cells which are flooded by the
water to be frozen. Figure 7 shows & freezing
cell ¢ which is open on top and in which the
ice is formed in the interior of the cell, The
formation of lce is limited abt
the cell by a transverse plate or bottom 7 which
is, in the cell {llustrated, provided in the middle

the lower end of

freezing exceeds the speed of diffusion. '
* of a known kind and
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operation and can -

30 which contain mercury

_Instead of this, individual
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. evaporator.
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with an opening having a tubular extension

short distance upwards and
is blown in through the nozzle
In the

which projects &
through which air
s for the purpose of clarifying the ice.
annular chamber
- bottom of the cell, & layer of mercury ¢ is again
introduced. The body of ice which is formed is
therefore again in contact at the bottom with
this layer of mercury at the surface of which,
owing to the conduction of cold by the mercury,
ice is formed without however adhering so firmly
to the bottom of the cell as to cause difficulty in
thawing off the lce formed. In order to prevent
ice from being formed also at the under side of
the bottom surface 7, the central opening is con-
nected to an extension of the wall of the cell by

45

which is thereby formed at the -
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is cooled down by the

‘nozzle into the mercury in the tube.
FRITZ WILHELM
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a wall £ so that a protective alr chamber is
formed at the under side of the bottom 7.
Figure 8 shows a freezing cell u which is also
is closed on top. In this
cell the formation of ice takes place on the out-
side around the céll whereas the cooling medium
fiows through the cell during the freezing pe-
riods in the direction’ indicated by the arrows
and leaves through the central pipe v, whereas
for the purpose of thawing off the ice formed
the_direction of flow of the cooling medium is
reversed in known manner. In this case also
the bottom space is covered by a layer of mer-
cury ¢ and, similarly as in the construction ac-
cording to Figure 7, this mercury layer is used
not only for the actual transmission of cold but
also for preventing the body of ice from ad-
hering to the bottom of the cell and to any ex-
tension thereof. ' :
Finally, Figure 9 illustrates a further form of
construction which is intended to enable ice to
be produced in a finely divided form or to cool
down Hquid very suddenly. For these reasons
this apparatus is particulsrly ' suitable for the
production of ice from salt water in which case
the ice which is obtained in & finely divided con-
dition can be compressed into the form of bri-
quettes if it 1s not destred to use it in this finely
divided condition. .
In Figure 9 the reference W denotes pi{)es
and are closed at the
assembled in a common evaporator.
pipes can each be sur-
rounded by & double pipe, as shown in Figure 7,
in which case the surrounding space acts as an
Into the bottom of these pipes con- -
taining the mercury are introduced injection
nozzles through which the water to be frozen is
injected under pressure into the mercury which
evaporator, Consequently,
owing to the fine state of division of the water
and the direct contact with the cold mercury,
the injected liquid freezes at once, which may
be of importance for various other presses. Ow-
ing to its great buoyancy in the heavy mercury
the finely divided ice rises rapidly to the surface
and collects there from which it can then be
removed by suitable conveying devices. g
We claim: : -
Apparatus for the production of ice compris-
ing an evaporator, at least one mercury-filled
tube in sald evaporator, at jeast one injection
nozzle at the bottom of each tube, and means
for injecting liquid to be frozen through said

bottom and

Z FECHNER. ©
REINHARD WUSSOW.




