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. 5 Claims.
The invention relates to an apparatus for the
manifacture of ice in e¢ylindrical moulds of- a

small diameter, bathing externally in a refrig-

erating fluid and to improve the conditions of
the calorific exchange between the water to be
congealed and the refrigeratinge ffuid.

- The tubular ice-machines known at the pres-
ent time usually let the water to be congealed
run ‘down  the internal surface of _small “verti-
cal pipes externally refrigerated.

The tubular ice-machine, according to the

present invention, is characterized in that it is
provided with a eylindrical elongated casing
comprising two- watertight ‘cross partitions by
means of which said casing is separated in three
compartmeénts, in the central compartment, a
large central tube and a plurality of freezing
pipes, the lower and upper ends of which are
fitted in the two partitions, connecting thereby
the two extreme compartments, a driving shaft,
the axis of which coincides with the axis of the
ceritral tube, a screw fastened on said shaft to
secure a continuous flow of the water to be con-
gealed in the closed circuit constituted by the
central tube, the two extreme compartments
and the freezing pipes, a piping for the refriger-
ating fluid, a piping for the defrosting Auid,

means to connect at least partlally the annular

space provided between the casing, the central
tube and the two cross partitions “successively
with said two pipings.

As examples, two embodiments of the inven-
tionl are described hereafter and illustrated in

the accompanying drawings, using cold brine as

a refrigerating fliid.
The Figure 1 is a vertical section along the
axis of the first embodiment.

The Fig. 2 is a vertical section along the axis

of the second embodiment.
The Figs. 3 and 4 show diagrammatically the
circuits for the cold brine and for the tepid

brine, in ‘the first and the second embodnnenbb:

respectively.
The first embodiment (Fig. 1) includes g ver-

tical cylindrical casing ' and an opened central

tube 2, having preferably an insulating wall, be-
tween which . is formed an annular space, :lim-
ited at -the upper and lower ends by plates 3,
4, in which the cold brine enters through the
lower duct 5 and comes out through the upper
duct 6. This annular space is-equipped with
small freezing. pipes T opening over: the plate 3
and underneath the plate 4 and with baffles 8

of the type described in~ the French Patent-
No. 797,552, granted to the same inventor, said
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bafiles forming an helical circuit around the
central tube 2. - The  extreme plates- of this
system of bafles are not cut to allow the flow
of the brine and form two watertight walls or
false bafiles 3’ and 4’ limiting at the top and
bottom of the annular space two intervals in
which the cold brine will not flow, but which
communicate through the ducts 5’, 6’ with a
tepid brine circuit and through the ducts 5’ and
6’ with the portion of the annular space w1th-
in‘the false baffles 3', 4’.

The vertical cyhnder | bears g cover 12 hav-
mg a duct 13 for the water inlet and a duct :(4
for the fiowing out of the water when the freez-
ing takes place whilst, at the lower portion -of
the cylinder 1, the small pipes 7 open, like the
central tube 2, in a removable connection bot-
tom (5 bearing g discharge valve 16. In addi-
tion, the central tube 2 is equipped, at its base,
with a check valve IT made of a flat and very
light disc, whilst a screw 18; fast, axially with
the central tube 2, on a shaft 19, is driven by a
motor 21 disposed over the cover i2, equipped
with a stuffing box 2i: the revolving direction
of the screw is such that a forced ascending flow
in the central tube 2 and a forced descending
flow in the freezing pipes 7 are created, in coiin-
tercurrent with the brine flow.

The apparatus works as follows: the pipes 1
are filled with water. ‘As the surfaces of the
baffles are very close to each. other, the brine
will flow upwards, with a great speed but a
small output, in directions substantially perpen-
dicular to the small freezing pipes 1, thus col-
lecting the best conditions for 'a fast freezing
of the water, with a small difference of temper-
ature between the brine and the water, and with-
out any danger of bursting the pipes. ‘A core
freezing, giving compact ice cylinders becomes
possible. - It ‘is, of course, possible to. stop the
freezing - process “a little sooner to obtain hol~
low eylinders-of ice. 'As the cold brine cannot
enter in the extreme. part1t10ns, the freezing of
the water at the ends of the pipes T is hot com-
plete, no-ice is deposited on the plates 3 and 4
and thereby the ice removal becomes easier. - -

The forced circulation in closed c1rcu1t of the
water to be frozen 1mproves greatly. the - heat
transnussmn coefficient, specially . on the .side
where it is normally the smaller i. e. on the in-
ternal face of the freezing pipes 17, during. the.
cooling of the water, or in contact with the ice
layer in formatlon, when the freezmg has be-
gun. -

When all the pipes are choked by ice plugs.
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the screw keeps on to stir the water of the cen-
tral tube 2 or, in an alternate embodiment, the
engine is automatically stopped, through a de-
vice of a known type.

The removal of the ice is carried on by open-
ing the discharge valve 16, dismounting the re-
movable bottom 15 and sending tepid brine in
contact with the crest of pipes through the ducts
$’, 6’, and the ducts 5’’, 8, in the whole an-
nular space between the plates 3 and 4.

573
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The check valve IT keeps in the central tube 2

the water which it contains,. The water of the
upper part of the apparatus-and the ice melt-
ing water can be collected to fill, through a pump,
the freezing pipes T.

In Fig. 3, the evaporator22: produces :cold
brine by means of a primary refrigerating fluic
such as ammonia. The cold brine circuit is con-

nected to the tubular ice-machine through the-

pipes 5 and 6. This cold brine circuit comprises
two valves 23, 24 and.a pump 3! circulating the
cold brine through the:ice fachine.. ThHe cir-
cuit of tepid brine, used for thawing:the ice~bars
prodiced ‘in.the :ice-machine to allow same to
be-discharged therefrom, is connected to the ice-
machine+ through ' ducts: 5%, 6% and comprises
valves 25; 26 and a tank 21, preferably under
hezd . and freely: opening- in' the.: atmosphere
through-an. expansion container: 28, the  same

pump 31:serving to-circulate the tepid brine as &

well as the cold brine as will be:explained here-
after. Inthe tank 2T are:arranged two coils 28,
30: :the first .coil. .29, .in which flows the -filling
water of ‘therice-machine, is.connected at one

hand to a:water supply and,.at the other hand, :

to: thig latter through duct :13 .feeding the water
to -be.frozen to the upper: compartment of the
casing :{, the filling water.being thus precooled
due to the.contact between the:coil .29 and the
brine in-tank 27, which in its turn is heated to
a..temperature - sufficient. . for - thawing.: purpose,
for instance +5° C.. The reheating:of the brine
forthawing purpose:becomes thereby rcostiess as
it ‘allows the heat lost due to the melting of ice-
bars during the discharging:thereof to be:recov-
ered for precooling the filling water." ’
The :second .coil*30; arranged .in.the.tank- 21
is connected at onehand:to the compressor=con~
denser48:of the-evaporator:22, i. e to the 1iq-
uid: circuit :ofs the: primary-refrigerating fluid;
and:at the other hand: to:the evaporator 22, said.
condensed: refrigerating: fluid: flowing ~through
the :coil 30 ‘also contributing to-reheat the brine.
The: operation :of the-device.is as follows:
During the freezing :phase:in the ice-machine
i, the -valves:23, 24 lare::opened:‘anhd ‘the valves
25, .26: closed;, .so:that the pump 31 cireulates
through the ice<machine"{ .the cold brine com=
ing.from the evaporator 22.. Inversely, during the
thawing -and discharging phase, the valves 23 and
24 -are:closed, the valves. 25 and :26 .opened, and.
the pump: 31 circulates through the ice~machine
{ -the tepid brine coming from the tank:27.
The second embodiment (Fig. 2) 'includes also
a vertical cylindrical casing I, a cenfral tube-2
and small. freezing pipes- 7. set in: watertight
plates 3 and 4. Bafiles 8.are arranged round-the
central tube.2 to supplying for.the cold brine,
entéring  through 5 .and flowing .out through -6;
a substantially helical path. Two watertight
plates 37, 4’ limit two.extreme intervals com-
municating, through the ducts.5’, § with.a.eir-
cuit of tepid brine.and.through: the. ducts §,
/" 'with the main median part included between
“.the plates 3’ and 4”.

4 .

On the other hand, the upper cover {2 has 16
stuffing box: the shaft 19 of the screw (8 is
just surrounded with a plunger tube 32 equipped
with small blades 33 and integral with the cover
{2. This arrangement is possible since the screw
18 turns in such a direction that it creates a
descending flow in the central tube 2’and an as-
cending flow in the freezing pipes 71... The pres-
sure of the circulating water is in fact much
higher at the inlet of the freezing pipes 7 as ab
the exhaust, whilst the loss of head in the cen-
tral tube 2 is practically negligible. The pres-
sure sat the inlét in the pipes can even reach 2
meters of water -when the pipes are closed by
the ide. In the first embodiment (Fig. 1), said
pressure ‘is: applied-at the top of the apparatus
and .a stuffing box becomes necessary. In the
second embodiment (Fig. 2), the said pressure
is-applied at the basis of the apparatus: the
pressure at the top is very small and a stuffing
box is not esgsential. :

As the direction:.of- the:flow of the-water.to
he .congealed. is - inverted. .in - this. seeond ' em-

" bodiment, the valve 1T must be suppressed... The.
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water contained in the-central tube -2 ds.simply:
collected in a-vat and-sent by means of.an ejee-
tor or.a pump in -an upper tank for.ga further
filling of the apparatus.- A closing.plate~35 fa~
cilitates ‘the fast -opening.of:the -bottom..34-0f
the refrigerator. :

The circulating-direction of the brines-hasmot
been inverted as the -direetion of the-water fo-be
congealed, since this apparabtus provides for .such:
a speed of the flow--of water in- the pipes:T:that
the difference of .the temperatures.of::the :watber
at both ends of .the-pipes .can be negleeted.and.
the advantage. of- a- counterflow :becomes neg~
ligible.

. The Figure 4-shows diagrammatically the-civs-
cuit -of the. brines .in - this second-.embodiment.
The circuit of ‘cold: brine-includes:a tank-3§-and:
a pump 37: also the-circuit-of tepid brine has-a.
tank 38 and.a.-pump 39: the reheating-coilg-are
suppressed,. the temperature -exchange -between:
the.brine to be reheated and: the flling water to.
be precooled being .performed: in the-tubular ice-
machine. itself .due .to the double circulation -of
the water in the. freezing. tubes:and of the-brine-
in the .central annular:chamber of the-ice-ma=:
chine.l wherein said tubes are arranged. |

During the freezing, the ducts.:5, §-communi=-
eate with the-circuit .of cold. brine of the-vapora-
tor-cooler. 22, the pump. 37 being -operated and:
the pump. 38.stepped.. For the ice-removal,. the:
pump 37 is stopped and the pump 39 <is.started:
the. tepid brine- circulates-in the: annular space
and gives up calories:to the ice. - After the:ice
removal, the refrigerator is filled-anew, the pump
39 is kept running and the.pump:-37-stopped.:
After g very short. while,: the :filling water.has
heated the tepid brine to-a temperature sufficient.
for .the next ice removal: the pump 39is:stopped:
and the pump 37 started.

. Tt must-be noted that, although theztwo.em-
bodiments of-the :invention; idescribed: as exama-
ples, use:the: brine ag:a cooling-fluid;: the invens
tion applies also to:a:tubular-refrigeratér using
the ‘direct expansion of % refrigerating fittid-sueh’
as ammonis. : e

What T claim is: ' :

1. Tubular ice<machine, previded with a cylin=
drical -elongated casing: comprising:twe -watér~
tight crosspartitions-bymeans.of wWhich-said cas<
ing -ig separated in‘three:compartments, inithe:
central .compartment a:large-central tube-andca:
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plura.hty of freezing pipes; the lower and upper
ends of which are fitted in“the two part1t10ns
connecting thereby the two extreme compart-
ments, a driving shaft, the axis of which co-
incides with the axis of the central tube, a screw
fastened on said “shaft to 'secure.a continuous
flow of the water to be congealed in the closed
circuit” constituted by the central tube, the two
extreme compartments and the freezing pipes,
a piping for the refrigerating fluid, a piping for
the thawing fluid, means to connect the annular
space provided between the casing, the central
tube and . the two Cross: partmons successively
with sa1d two plpmgs, hehcal baﬁies arranged in
said annular space, two waterticht walls supple-
menting at each end the watertight partitions in
said compartments, inlet and outlet ducts pro-
vided at both ends of each of said compartments,
the inlet and outlet ducts of the median com-
partment connecting said compartment with the
piping for the refrigerating fluid and the inlet
and outlet ducts of the three compartments con-
necting said compartments with the piping for
the thawing fluid.

2. Tubular ice-machine, provided with a cylin-
drical elongated casing comprising two water-
tight cross partitions by means of which said
casing is separated in three compartments, in
the central compartment a large central tube
and a plurality of freezing pipes, the lower and
upper ends of which are fitted in the two par-
titions connecting therepby the two extreme com-
partments, a driving shaft, the axis of which co-
incides with the axis of the central tube, 5 screw
fastened on said shaft to secure a continuous
flow of the water to be congealed in the closed
circuit constituted by the central tube, the two
extreme compartments and the freezing pipes,
a piping for the refrigerating fluid, a piping for
the thawing fluid, means to connect the annular
space provided between the casing, the central
tube and the two cross partitions successively
with said two pipings, helical bafiles arranged in
said annular space, two watertight walls supple-
menting at each end the watertight partitions in
said compartments, inlet and outlet ducts pro-
vided at both ends of each of said compartments,
the inlet and outlet ducts of the median compart-
ment connecting said compartment with the pip-

ing for the refrigerating fluid and the inlet and )

outlet ducts of the three compartments connect-
ing said compartments with the piping for the
thawing fluid, a piping for the filling water, a
tank connected with the piping for the defrosting
fluid, in said tank reheating coils forming a part
of the piping for the filling water and means to
connect at least partially the annular space pro-
vided between the casing, the central tube and
the two cross partitions successively with said
two pipings.

3. In a tubular ice-machine means for circu-
lating in a closed circuit the liquid to be frozen
fiowing through the freezing tubes during the
freezing process, said means comprising a vertical
eylindrical casing provided with two transversal
partitions whereby the casing is separated in
three compartments, vertical freezing tubes ar-
ranged in the central compartment and having
their upper and lower ends tightly fitted in said
partitions respectively so as to freely open into
the upper and lower compartments of the casing,
means for feeding the liquid to be frozen to the
upper compartment whereby said liquid is caused
to flow under head through the freezing tubes,
thereby completely filling the section thereof, a
large central return tube arranged in the cen-
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tral compartment and having its upper and lower:
ends tightly fitted in said partitions to connect
the lower and upper compartment of the casing,
a shaft arranged inside said return tube coaxially
thereto, driving means located outside the cas-~
ing to rotate said shaft, a screw fastened on said
shaft to provide a forced circulation of the liquid
to be frozen in the closed circuit formed-by the
upper compartment, the freezing tubes, the lower
compartment and the central return tube; means
for successively feeding a refrigerating and a
thawing fluid to the annular- chamber of the
central compartment comprised between the cen-
tral tube, the transversal partn;lons and the wall
of the casing.- =

4, In a tubular 1ce-mach1ne means for circu-
lating in a closed circuit the. liquid to be frozen
flowing ‘through the freezing tubes during: the
freezing process, said means comprising ‘a ver-
tical cylindrical casing provided with two trans-
versal partitions whereby the casing is separated
in three compartments, the lower compartment
being provided with a removable bottom, vertical
freezing tubes arranged in the central compart-
ment and having their upper and lower ends
tightly fitted in said partitions respectively so as
to freely open into the upper and lower com-
partments of the casing, means for feeding the
liquid to be frozen to the upper compartment
whereby said liquid is caused to flow under head
through the freezing tubes, thereby completely
filling the section thereof, a large central return
tube arranged in the central compartment and
having its upper and lower ends tightly fitted in
said partitions to connect the lower and upper
compartment of the casing, a shaft arranged
inside said return tube coaxially thereto, driving
means located outside the casing to rotate said
shaft, a screw fastened on said shaft to provide
a forced circulation of the liquid to be frozen in
the closed circuit formed by the upper compart-
ment, the freezing tubes, the lower compart-
ment and the central return tube, a check valve
provided at the lower end of the central tube to
retain the liquid contained therein during the
discharging of the ice formed in the freezing
tubes and when the circulating serew is at rest
and the bottom of the lower compartment is re-
moved, means for successively feeding a refrig-
erating and a thawing fluid to the annular cham-
ber of the central compartment comprised be-
tween the central tube, the transversal partition
and the wall of the casing.

5. In a tubular ice-machine meanhs for circu-
lating in a closed circuit the liquid to be frozen
flowing through the freezing tubes during the
freezing process, said means comprising a verti-
cal cylindrical casing provided with two trans-
versal partitions whereby the casing is separated
in three compartments, vertical freezing tubes
arranged in the central compartment and having
their upper and lower ends tightly fitted in said
partitions respectively so as to freely open into
the upper and lower compartments of the casing,
means for feeding the liquid to be frozen to the
upper compartment, whereby said liquid is caused
to flow under head through the freezing tubes,
thereby completely filling the section thereof, a
large central return tube arranged in the central
compartment and having its upper and lower
ends tightly fitted in said partitions to connect
the lower and upper compartment of the casing,
a shaft arranged inside said return tube coaxially
thereto, driving means located outside the casing
to rotate said shaft, a screw fastened on said
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shaft to provide a foreed. circulation of the-liquid:
to.be-frozen. in.the closed. circuit: formed. by .the.
upper- compartment, the freezing tubes, the.lower:

compartment and the eentral return tube, helical

baffles. arranged. in. the. annular chamber of the.

central compartment comprised between:thes.cen-

tral. tube, the.transversal partitions-and the wall. -
of the casing,. inlet..and outlet ducts provided:in: -

the.lower and.in the upper-part of said annular.
chamber, a source of refrigerating fluid,.a source.

of thawing fluid:and means to successively. con=
nect said. ducts to said sources::
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