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The present invention relates in general to heat ex-
change refrigeration systems, and more particularly to
reversible cycle refrigeration systems for 1ce—ma‘<mg or
cooling purposes involving a novel evaporator structure.

Heretofore, automatic ice-making apparatus has been
devised which involves a reversrble cycle refrigeration
system wherein ice is produced during the normal refrro-
erating cycle of the apparatus when condenséd hquld
refrigerant is admitted to the evaporator, and the ice is
discharged from the evaporator and har vested durmg a
defrosting cycl., of the apparatus when hot gaseous refrig:
erant is delivered dlrectly from the COmpressor to the
evaporafor. However, 1mprovement in the economy of
construction and operation of such apparatus and partic-
ularly in the construction of the evaporator or heat ex-
changer components thereof and the available ice-making
surface area thereof is lmmmently d\.srrable

While the present invention is apphcable to hqmd chill-
ing applications as well as 1ce-malqng applications, it
w111 be described specifically i in connectron with the anto-
matic productron of crushed ice. An object of the present
invention is the provision of novel 1ce-makrng apparatus
wherein the production of ice is accelerated in compari-
son with systems heretofore devised and is accomplished
in a more economical manner.

Another object of the presént invention is the’ provr—
sion of novel automatic’ ice-making apparatus having a
heat exchanger for the production’ of ice which is of
economical construction and which makes more e‘ﬁcrent
use of the refrigerant in’ effecting productlon of “ice.

Another object of the present invention is the provision
of a novel evaporator structure for automatic ice-making
apparatus which is arranged to form ice on a plurahty

of surfaces arranged opp051te1y in heat-ex»hange rel'wtronv

the ready removal of the ice from the evaoorator
Another object of the present invention'is the provision
of automatic ice-making appa ratus which' is’ arranged to
freeze flowing water into ice in the form of two concentric
elongated hollow tubes and then defrost the two ice tubes
to a sufficient extent to release them from the apparatus
and permit them to drop endwise into a crusher or hopper.
Other objects, advantages and capabilities of the present
invention will become apparent from the following de-
tailed description, taken in conjunction with the accom-

panying drawings illustrating two preferred embodiments’

of the invention.
In the drawings: ) )
FiGURE 1 is a diagrammatic view ‘of one form of ice-
making apparatus embodying the present inveation, illus-
trating the condenser and evaporator components in ver-
tical section;

FIGURE 2 is an enlarged vertical section view of the,

evaporator heat exchanger of the apparatus shown in
FIGURE 1;

FIGURE 3 is a horizontal section view taken along the
line 3-—3 of FIGURE 2; _

FIGURE 4 is a horizontal section view taken along the
line 4—4 of FIGURE 2;

FIGURE 5 is a diagrammatic view of a modified form

of ice-making apparatus embodying  the present invention,

with parts of the evaporator shown in section;

FIGURE 6 is a section view taken along the line 6—6

of FIGURE 35; and )
FIGURE 7 is a schematic diagram of one form of elec-
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frical control circuit which may be used with the present
invention,

Referrmg to the drawings wherein like reference char-
acters des1gnate corresponding parts throughout the sev-
eral figures, and particularly to the apparatus disclosed
in FIGURES 1 to 4 of the drawings, the automatic ice-
making apparatus includes the usual motor-driven com-
pressor 16 of a reversible cycle refrigeration system hav-
ing a high-pressure compressor discharge line 11 and a
low-pressure compressor suction line 12 leading to a four-
way valve 13. The four~Way valve is provided with an
adjustable rotor having a pair of conduits 134 and 135.
In the position illustrated in FIGURE 1 wherein the rotor
is in a position to establish the freezing cycle of the ap-
paratus thé condults 134 and 13b communicate the dis-
charge line 11 with a line 14 leading to a condenser gen-
erally indicated at 15 and the suction line 12 with a line
16 leading to the evaporator generally indicated at 17.

The condenser 15, in the form herein shown, comprises
an outer shell 18 and a water coil 19 disposed within the
shelf and having inlet and outlet pipes 20 and 21, respec-
tlvely, for commumcatmg water from a conventional
source to the coils. The hot gaseous refrigerant dis-
charged from the compressor 1€ is delivered to the in-
terror of the condensér shell 18 at the top .thereof and
is dlstnbuted by a baffle 22 to progress downwardly. along
the coils 19 which will effect condensation of the gaseous
refrigerant through heéat exchange with the water flowing
through the coils' 19. The condensed liquid refrigerant
which collects in the bottom portion of the condenser
shell 18 will be delivered through the pipe 23 and check
valve 24 therein to a conventional liquid refrigerant re-
ceiver 28. The check valve 24 is arranged to permit flow
of refrrgerant only in the direction from the condenser

5 15 to the receiver 25. The condenser shell is provided at

its lower end with an injector nozzle 26, in the preferred
embodiment, which is disposed within a well 27 at the
bottom of the condenser shell 18 and is connected with
the receiver 25 by a pipe 26’. The injector nozzle 26
is similar in construction, operation and purpose to the
injector nozzle disclosed in my prior Patent No. 2,724,246
issued November 22, 1955, but serves no function in the
freezing cycle of the apparatus. The liguid refrigerant
in the receiver 25 is delivered under the high-pressure
established at the discharge line 11 of the compressor
through the conduit 28 to the evaporator 17.

The evaporator 17, which is more clearly illustrated in
FIGURES 2 to 4 is of a special design to cause ice to
be produced in the form of two concentric cyhndrical
iubes of ice arranged about a common vertical axis and
mcludes a downwardly opéning cup-shaped evaporator
body 29 formed of ah outer cylindrical wall 3¢ and an
inner cylmducal wall 31 arranged about 2 common verti-
cal axis and spaced radially from each other, and an an-
nular bottom wall 32 connecting the lower ends of the
outer and inner walls 38, 31. Upper and lower circular
top plates’ 33 and 34 which are spaced vertically from
each’ other, extend across the upper ends of the outer and
inner walls 30 and 31 respectively; and enclose, with
the outer and inner walls and the annular bottom wall
32, a refrigerant chamber 35 which has an upper portion
35 extending transversely across the evaporator body be-
tween the top plate 33, 34 and a dependmg annular por-
tion 37. An outer circular water spray ring 38 extends
around the outer wall 30 at the upper end thereof to
spray water inwardly and downwardly upon the exposed
exterior surface of the onter wall 3¢ and an inner, disk-
like water spray head 3% is disposed immediately below
the lower plate 34 to spray water outwardly upon the ex-
posed inner surface of the inner wall 31. A conduit 40
extends from the spray head 39 vertically througn the
upper portion 36 of the refrigerant chamber 35 in align-
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ment with the axis of the evaporator body 29 and. is
joined by a pipe 41 extending from the water spray ring
3% to communicate with a suitable watér supply line 42.
The condensed liguid refrigerant delivered from the re-
ceiver 25 through the conduit 28 is first admitted to a
jacket 43 within the upper pertion 3¢ of the refrigerant
chamber 35 and which surrounds a portion of the pipe
‘49 leading to the water spray head 39 to heat the water
supply conduit 4§ in the region of the evaporator-to avm_d
“freezing of the water therein. - The liquid refrigerant is
then delivered through a suitable metering device 44 such
as a thermostatic expansion valve to an. injection tube
45 having a leg extending downwardiy through the an-
nular portion 37 of the chamber 35 to a point adjacent
the lower end of the chamber. The liquid refrigerant
thus injected into the refrigerant chamber 35 is in intimate
heat exchange relationship through the walls 3% and 31
with the water sprayed: downwardly along these walls
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to freeze the water and form concentric cylindrical tubes .-

of ice along the two walls 30 and 31. As the heat is
withdrawn from the liquid refrigerant within the refrig-
erant chamber 35, it vaporizes and is forced to the upper
portion of the chamber 35, where it is drawn off through
the line 16, the four-way valve 13 and the compressor
suction line 11, to be compressed and delivered again to
the condenser 15. It will be appreciated that while the
injector tube 45 is illustrated as extending vertically down-
wardly through the annular portion 37 of the refrigerant
chamber 35, this tube may assume 2 helical or any other
desired form, and to improve the heat exchange proper-
ties of the evaporator, the evaporator may be provided
with a plurality of radial or helical fins ((not shown) in
at least the annular portion 37 thereof extending between
" the inner and outer walls 3¢ and 31.

When the ice frozen on the walls 30 and 31 of the
evaporator is of suitable thickness, as determined by some
conventional sensing apparatus or by a timer, the rotor
of the four-way valve 13 will be shifted from the position
ilfustrated in FIGURE 1 so that ‘the conduits 13¢ and

 13b 'will communicate the compressor discharge line i1
with the line 1§ and the suction line 12 with the line
14. This establishes ‘the defrost cycle of the apparatus,
wherein the hot gaseous refrigerant discharged under the
high compressor pressure is delivered directly through the
line 16 to the refrigerant chamber 33 of the evaporator
17 to displace the liguid refrigerant in the annular portion
37 of the refrigerant chamber 35 and force the liquid
refrigerant up the injector tube 45 and through the check
valve 46 and pipe 47 to the receiver 25. The refrigerant
is then forced through the pipe 26’ and isjector nozzle
26 into the lower end of the condenser 15 where it with-
draws heat from the water in.the coils 19 and vaporizes.
it 'will. be- appreciated that the injector nozzle 26 will
spray the liguid- refrigerant upwardly against the lower
wall of the baffle 22 or at least a substantial distance
up into the condenser shell 18 and the nebulized refrig-
erant will fall downwardly upon the coils 19 to provide
efficient heat exchange in the manner described in my
prior Patent No. 2,724,246,  When sufficient thawing oc-
curs along the inner and outer evaporator walls 3¢, 31
through the heat exchange between the hot gaseous re-
frigerant in the refrigerant chamber 35 and the ice tubes
formed on. the walls 38, 31, the frost bond between the
ice tubes and their adjacent evaporator walls will be
broken and the ice tubes will fall by gravity to a suitable
ice crusher, conveyor, hopper, or other suitable instru-
‘mentality (not shown) for subsequent processing of the
ice. ‘The four-way valve 13 will then be reversed again
to assume the position illustrated in FIGURE 1 to re-
establish an ice-making or freezing cycle.

It will be appreciated that due to the extremely limited
volume of the refrigerant chamber 35, only a relatively
small charge of refrigerant is required for; effective opera-
tion of the system. The injector tube 45 in the above-
described form of the invention serves the dual function
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of feeding the refrigerant from the expension valve 44 to
the bottom of the refrigerant chamber 35, and also serves
as the conduit through which the liquid refrigerant is re-
moved during the defrosting or harvesting cycle of the
system. .

The same advantages of simplicity of construction and
small volume for the refrigerant chamber within the evap-
orator may.be achieved by closing the bottom of the body
29 over the entire area of the bottom between the lower
edges of the outer shell 38 and leaving the inner shell
31 either in the form shown in FIGURE 2 or provide a
bottom plate therefor which is spaced above the bottom
for the outer shell 3. Such a construction, however,
has a much more restricted ice-producing surface since
ice will only be produced on the exterior surface of the
outer shell 38.

Another form of the invention is shown in FIGURES
5 and 6 which involves a plurality of ice-producing
evaporator bodies similar to- that disclosed in the first
embodiment, which depend from a single header, and
wherein the evaporator operates as a flooded evaporator
rather than relying upon the metering action of a thermo-
static expansion valve which governs the rate of injection
of refrigerant into the evaporator in accordance with the
temperature of the gaseous refrigerant exiting from the
evaporator through the compressor suction line. In
the form shown in FIGURE 35, wherein the compo-
nents similar to components of the first described em-
bodiment are identified by the same reference characters
as in the first embodiment, or the primes thereof, the
usual compressor 1¢ is coupled through compressor dis-
charge and suction lines 11, 12 with a four-way valve
13 which communicates the lines 31 and 12 selectively
with a line 14 extending to a condenser 15’ which is

5 here shown to be of the air-cooled variety and with a

line 16 extending to the outlet of the evaporator unit
generally indicated by the reference character 59. The
condensed liguid refrigerant is delivered from the con-
denser 15’ to the receiver 25 through the conduit 23/,
and a conduit 28" extends from the receiver 25 to the
inlet to the evaporator umit 50. )

The evaporator unit 5¢ includes three depending, ice-
forming tubular bodies 51, 52, and 53, each of identical
construction and each of which is supported by and
depends from a cylindrical header or manifcld unit 54
arranged on a_generally horizontal axis. Since the con-~
struction of the three tubular ice-forming bodies 351,
52 and 53 is identical, only one of them will be de-
scribed in detail. The tubular body 53 includes an outer
cylindrical wall 55 and an inner cylindrical wall 5§ ar-
ranged about a common vertical axis and spaced ra-
dially from each other. The inner cylindrical wail 56
projects vertically through the height of the header 54
and projects at its upper end 57 beyond the adjacent
wall of the header to which it is brazed or otherwise
joined, The outer cylindrical wall 55 terminates at its
upper end at the lower wall of the header 54 and is
welded or otherwise joined to the wall of the header
54, The outer and inner walls 55, 56 are joined at
their lower end by the annular bottom plate 38 to form
an annular refrigerant chamber 59 between the walls 55
and 56 which opens upwardly into the interior of the
header 54. An outer circular water spray ring 38’ hav-
ing a plurality of annular sections, one of which sur-
rounds each of the tubular bodies 51, 32 and 53, is
connected to a source of water and has suitable spray
nozzles or openings therein for discharging a spray of
water inwardly and downwardly upon the exterior sur-
face of the outer wall 55 of each ice-forming body, and
an inmer, disk-like water spray head 39’ is disposed be-
low the top plate 57 of each tube-forming body to
spray water outwardly upon the exposed inmer surface
of the inner wall 56. The spray heads 39 are .con-
nected through conduits 49’ to a manifeld which extends
to a suitable conventional source of water.
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In the refrigerating cycle of the apparatus, liquid
refrigerant is delivered from the receiver 25 through the
conduit 28’ and a conduit 66 having a conventional liquid
level valve 61 therein to an inmlet opening 62 of the
header 54. The liquid refrigerant admitted to the header
54 flows through  the openings between the inner wall
56 and outer wall 55 where they join the lower portion
of the header 54 to fill the refrigerant chambers 58 of
the three ice-forming bodies 51-53. The level of liquid
refrigerant within the refrigerant chambers 59 and head-
er 54 are regulated by a temperature sensing bulb 63
of conventional construction seated in one of a series
of sensing bulb wells 54 provided in the end wall 65
of the header 54 opposite the inlet opening 62. The
wells 64 may be arranged at uniformly, vertically spaced
locations on a vertical axis, or along an axis inclined
to the vertical or in any desired pattern so long as they
provide a series of different, vertically located positions
for receiving the sensing bulb 63. The sensing bulb 63
in the preferred embodiment is also surrounded with a
low voltage electrical heater 66 which is designed to in-
crease the temperature of the sensing bulb 63 beyond
the critical temperature thereof and provide energy in
the form of pressure, electrical current, or other conven-

tional energy forms to actuate the valve 61 to open the 2

same whenever the liquid level within the header 54 is
below the sensing bulb 63. When the well 64, housing
the sensing bulb 63, is immersed with the liquid, the
low voltage heater 66 is nullified by heat transferred to
the surrounding liguid refrigerant and the sensing bulb
63 is conditioned to close the valve 61.
ment of these parts is such that the sensing bulb 63
and liquid level valve §1 will maintain the liguid re-
frigerant level within about 58 inch of the location of
the bulb 63.

A refrigerant return line is provided, which consists
in the preferred embodiment of a pair of refrigerant
withdrawal tubes 67 extending from the bottom of the
refrigerant chamber 59 through the top of the header
54, and a common line or manifold 68 which extends
from the tops of the tubes 67 through a check valve 69
to the conduit 28’ communicating with the receiver 25.
The check valve 29 is adjusted to open on low down-
stream pressure. An equalizer line 79 exiends from the
liquid level valve 61 to the suction line 16.

When sufficient thickness of ice has been formed om
the cuter and inner surfaces, respectively, of the outer
and inner walls 55, 56, the four-way valve 13 is re-
versed from the position illustrated in FIGURE 5 to-com-
miunicate the compressor discharge line 11 with the
conduit 16 and the compressor suction line 12 with the
conduit 14. This causes the high pressure of the gaseous
refrigerant to be delivered through the line 16 directly
to the header 54 to force the liquid refrigerant in the
header down and out of the evaporator through the
withdrawal tubes 67 and common line 6§ and check
valve 69 to the receiver 25. The check valve 69 auto-
matically opens under the pressure conditions thus
created. The regulation of the valve 61 by the sensing
bulb 63 is neutralized and overcome by means of the
equalizing line 70 whereby the high pressure produced
in"the suction line 16 under the defrost cycle conditions
forces the liquid level valve 61 closed so that no liquid
refrigerant will flow to the inlet 62 of the header 54.

FIGURE 7 illustrates one form of electrical coatrol
circuitry for the automatic ice-making apparatus de-
scribed hereinabove, and will be described in conjunction
with the form of ice-making apparatus illustrated in FIG-
URES 1 to 4 of the drawings. The electrical energy for
driving the motor of the compressor 10, which in this
case is assumed to be a thrse-phase, 220 volt, 60 cycle
motor, is supplied through a three-phase line indicated
by the reference character 73, having a main switch 76
and a conventional three-phase contactor 77 interposed
in the three-phase line. Contactor 77 has a contactor
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coil 78 which is arranged in a loop circuit extending
across two of the three-phase leads 75. The loop circuit
includes, in addition to the contactor coil a start-stop
toggle switch 79, high pressure and low pressure safety
switches 80 and 81 and a thermostatic bin switch $2, all
arranged in series. The toggle switch 79 is normally
open and is to be closed when it is desired to energize
the ice-making apparatus, and the safety switches 86 and
81 and the thermostatic bin switch 82 are normally closed.
The high pressure safety switch is of the conventional
type in the refrigeration art which senses the pressure at
the compressor high side or suction line 1, to open the
circuit of the contactor coil 78 in response to tos high a
pressure in the line 11, which usually results when the
water supply is defective. The low pressure safety switch
81 is designed to open the circuit through the contactor
coil 78 when the pressure goes below a selected level,
such as may occur if there is gas leakage or pressure
loss in the refrigeration system. The thermostatic bin
switch 82 is a normally closed switch which opens the
circuit through the contactor coil' 78 when ice in the
collector bin or hopper gets up to the level of a bulb or
other seunsing device in the bin,

A lead 83 extends from one of the three-phase lines 75
at the outlet side -of the contactor 77 through a cycling
switch 84 which may be sensitive to pressure in the com-
pressor suction‘line 16 or controlled by a time clock or
an ice thickness switch physically sensing the thickness of
ice on_the evaporator surface, and is connected {0 one
end of a solenoid coil 85 and a relay coil 86 arranged in
parallel with each other, the lower ends of the coils 85
and 86 being connected to another one of the three-phase
lines 75 through a common lead 87. The solenocid coil
85 regulates the position of the four-way valve 13, the
valve 13 being in the condition illustrated in FIGURE 1
when the coil 85 is deenergized by virtue of the cycling
switch 84 being open, whereby the refrigeration cycle is
established. Upon closing of the circuit through the
cycling switch 84, the solenocid coil 85 is energized, re-
versing the four-way valve 13 to establish the defrost
cycle of the apparatus.

The relay coil 86 centrols relay contacts 87 and 88,
respectively, interposed in line 89 extending to a water
pump motor 90 and in line 91 extending to an ice crusher
motor 92. The lines 8% and 91 are each connected to

“the line 83 at a point between the cycling switch 84 and
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the contactor 77 by a lead 93. The relay contacts 88 in
the line 91 are normally closed when the relay coil 86
is deenergized and the relay contacts 87 are normally
open. Thus, during the refrigeration cycle of the appara-
tus, the water pump motor 96 is energized to provide
sufficient pressure for spraying the water from the ring
38 and spray head 39 onto the evaporator surfaces. When
the cyling switch 84 closes to establish the defrost cycle,
energization of the relay- coil 86 open-circuits the contact
87 and closes the contact 88 to energize the ice crusher
motor 52 and drive the ice crusher during the period of
the defrost cycle,

While but two specific embodiments of the invention
have been particularly shown and described, it will be
apparent that various modifications may be made therein
within the spirit and scope of the invention, and it is de-
sired, therefore, that only such limitations be placed on
the invention as are imposed by the prior art and set
forth in the appended claims.

What is claimed is:

1. In ice-making apparatus, a refrigeration system in-
cluding an evaporator in the form of a vertically elon-
gated tubular body arranged along a vertical axis having
a central bore open at the bottom of the body extending
substantially throughout the height thereof and a closed
annular refrigerant chamber surrounding said bore in-
cluding a cylindrical inner wall bounding said bore and
an outer cylindrical wall spaced outwardly therefrom, an
annular bottom wall extending between the lower ends
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of said cylindrical walls and defining the bottom wall of
said refrigerant chamber, said inner and outer cylindrical
walls forming a pair of concentric ice-forming surfaces
in intimate thermal communication with said refrigerant
chamber extending substantially the height of said evapo-
rator body, an outer spray ring adjacent the upper end
of said outer cylindrical wall having inwardly directed
spray openings, a water spray head disposed within said
central bore adjacent the upper end thereof having out-
wardly directed spray openings for discharging water on
said inmer cylindrical wall, means for supplying water
to said spray ring and said spray head under pressure, 2
vertically arranged liquid transfer tube extending from a
point above and externally of said evaporator body down-
wardly through said annular refrigerant chamber and ter-
minating in an open lower end immediately adjacent the
bottom of said refrigerant chamber; said refrigeration sys-
tem having control means for alternately cycling the same
through a freezing phase and ice-harvesting phase, means
- for delivering liquid refrigerant to said transfer tube dur-
inig said freezing phase to transfer the liquid refrigerant
downwardly through- said transfer tube and inject the
- same through the open lower end thereof into said re-
frigerant chamber for freezing the water sprayed on said
inner -and outer cylindrical surfaces inte a pair of‘con-
centric annular bodies of ice, valve conduit means in open
communication with said transfer tube during said ice-

harvesting phase, and means for delivering hot gaseous

refrigerant under pressure to said refrigerant chamber ad-
jacent the top thereof during said ice-harvesting phase to
force substantially all of the liquid refrigerant in said
refrigerant chamber upwardly through said transfer tube
into said valved conduit means communicating therewith
and heat said inner and outer cylindrical walls through
heat exchange between said walls and the hot gaseous re-
frigerant throughout the height of the walls for thawing
any frost bond between said ice bodies and said walls
and discharging the ice bodies gravitationally therefrom.

2. In ice-making apparatus, a refrigeration system in-
cluding control means for alternately cycling the system
through a freezing phase and.an ice-harvesting phase, an
evaporator in the form of a vertically elongated tubular
body concentric with a vertical axis having a central bore
open at the bottom of the body extending substantially
throughout the height thereof and a closed annular re-
frigerant chamber surrounding said bore including a cy-
lindrical inner wall bounding said bore and an outer cylin-
drical ‘wall spaced outwardly therefrom, an annular bot-
tom - wall extending between the lower ends of said cylin-
drical walls and defining the bottom wall of said refrig-
. erant chamber, said inner and outer cylindrical walls
forming a pair of concentric ice-forming surfaces in inti-
mate thermal communication with said refrigerant cham-
ber extending substantially the height of said evaporator
body, a stationary outer spray ring adjacent the upper
. end of said outer cylindrical wall having inwardly directed
spray openings, a stationary outer spray head disposed
within said central bore adjacent the upper end thereof
having outwardly directed spray openings for discharging
water on said inner cylindrical wall, means for supplying
water to said spray ring and said spray head under pres-
sure, a vertically arranged liquid transfer tube extending
from a point above and externally of said evaporator
body.downwardly through said annular refrigerant cham-
ber and terminating in an open lower end immediately
‘adjacent the bottem of said refrigerant chamber, a heat
exchanger serving as-a condenser during said freezing
phase and having an injector nozzle for discharging liquid
refrigerant in spray form into heat exchange relation with
surfaces of the heat exchanger during the harvesting phase
_to vaporize the liquid refrigerant, means for delivering
liguid refrigerant during said freezing phase to said trans-
fer tube and downwardly through the latier to inject the
tiquid refrigerant through the open lower end thereof into
said refrigerant’ chamber in heat exchange relation with

<t

10

20

25

30

35

40

4b

50

55

60

65

70

8

said cylindrical walls substantially throughout the height
thereof for freezing the water sprayed on said cylindrical
surfaces into a pair of concentric annular bodies of ice,
conduit means communicating said transfer tube at a point
exterior of said evaporator bedy with said injector nozzle
of said heat exchanger, said conduit means having check
valve means closing said conduit means during said freez-
ing phase and opening said conduit means to communi-
cate said transfer tube with said injector nozzle during the
harvesting phase, and means for delivering hot gaseous
refrigerant under pressure to said refrigerant chamber
adjacent the top thereof during said harvesting phase to
force substantiaily all of the liquid refrigerant in said re-
frigerant chamber upwardly through said transfer tube
and said conduit means to discharge the same thyough
said injector nozzle into said heat exchanger, said hot gase-
ous refrigerant heating said inner and outer cylindrical
walls through heat exchange between said walls and the
hot gaseous refrigerant throughout the height of the walls
for thawing any frost bond between said ice bodies and
said walls and discharging the ice bodies gravitationally
therefrom.

3. In ice-making apparatus, a refrigeration system in-
cluding: an evaporator in the form of a downwardly open-
ing, cup shaped, vertically elongated body arranged along
a vertical axis having a shallow cylindrical refrigerant
chamber at the top thereof a downwardly opening central
bore depending below the cylindrical refrigerant chamber
and extending substantially through the height of the
evaporator surrounded by an annular rim portion, said
annular rim portion having a cylindrical outer ice-forming
surface and a cylindrical inner ice-forming surface ar-
ranged concentrically with the vertical axis of the body
and extending substantially the entire height thereof and
an annular refrigerant chamber in communication with
said cylindrical refrigerant chamber and located between
said outer and inmer ice-forming surfaces in intimate
thermal communication therewith being substantially co-
extensive vertically with said ice-forming surfaces, a water
spray ring positioned adjacent the upper end of said outer
ice-forming surface in concentric surrounding relation
therewith having inwardly directed openings, a cylin-
drical water spray head disposed within the central down-
wardly opening bore of said evaporator body adjacent the
upper end of said inmer ice-forming surface and centered
on the axis thereof having outwardly directed openings,
means for supplying water to said spray ring and said
spray head under pressure to be sprayed on said outer
and inner ice-forming surfaces including a water supply
conduit for said spray head extending through said cylin-
drical refrigerant chamber, means for delivering liquid
refrigerant to said annular refrigerant chamber adjacent
the bottom thereof for a selected freezing period to freeze
the water sprayed onto said ice-forming surfaces to form
a pair of concentric annular cylindrical bodies of ice about
said surfaces, said means for delivering liguid refrigerant
having a low pressure section located within the annular
refrigerant chamber having an outlet at the bottom thereof
and a high pressure section including a jacket surrounding
the portion of the spray head water supply conduit within
said -cylindrical refrigerant chamber in intimate heat ex-
change relation therewith to tramsfer heat to the water
supply conduit from high pressure liguid refrigerant in
said jacket and a means for delivering hot gaseous re-
frigerant under pressure to said annular refrigerant cham-
ber for a selected defrost period to force the liquid re-
frigerant therefrom for thawing the ice bodies from said
ice-forming surfaces and discharging the ice bodies grav-
ationally therefrom. ,

4. In ice-making apparatus, a refrigeration system in-
cluding an evaporator in the form of a downwardly open-
ing, cup shaped, vertically elongated body arranged along -
a vertical axis having a downwardly opening central bore
extending substantiaily through the height thereof sur-
rounded by an annular rim portion, said annular rim
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portion including an annular wall having a cylindrical
outer ice-forming surface and an annular inner wall spaced
therefrom having a cylindrical inner ice-forming surface
arranged concentrically with the vertical axis of the body
and extending substantially the entire height thereof and
an annular refrigerant chamber located between said
outer and inner walls in intimate thermal communication

- therewith being substantially coextensive vertically with
said ice-forming surfaces, a water spray ring positioned
adjacent the upper end of said outer ice-forming surface
in concentric surrounding relation therewith having in-
wardly directed openings, a cylindrical water spray head
disposed within the ceniral downwardly opening bore of
said evaporator body adjacent the upper end of said inner
ice-forming surface and centered on the axle thereof
having outer directed openings, means for supplying water
to said spray ring and said spray head under pressure to
be sprayed on said outer and inner ice-forming surfaces,
an injector tube extending from the top of said evaporator
body through said refrigerant chamber to a point near the
bottom thereof, means for delivering liquid refrigerant to
the bottom of said refrigerant chamber through said in-
jector tube for a selected freezing period to freeze the
water sprayed onto said ice-forming surfaces to form a
pair of concentric annular cylindrical bodies of ice about
said surfaces, means for delivering hot gaseous refrigerant
under pressure to the top of said refrigerant chamber for
a selected defrost period to force the liquid refrigerant
therefrom through said injector tube and for thawing the
ice bodies from said ice-forming surfaces and discharging
the ice bodies gravitationally therefrom, thermostatic ex-
pansion valve means for regulating the admission of liquid
refrigerant to said injector tube and refrigerant chamber
during the freezing period, and a conduit and check valve
means for returning liquid refrigerant from said refriger-
ant chamber through said injector tube to the refrigeration
system in by-passing relation to the expansion valve dur-
ing the defrost period.

5. In ice-making apparatus, a refrigeration system in-
cluding an evaporator assembly comprising a plurality of
vertically elongated tubular bodies arranged along par-
allel vertical axes each having a central bore open at the
bottom of the body extending substantially throughout
the height thereof providing a cylindrical outer ice-form-
ing surface and a cylindrical inner ice-forming surface

_arranged concentrically with the vertical axis of each
body and extending substantially throughout the entire
height thereof providing a closed-bottom annular refrig-
erant chamber located between said outer and inner ice-
forming surfaces im intimate thermal communication
therewith and extending substantially coextensively verti-
cally with said ice-forming surfaces, a water spray ring
positioned adjacent the upper end of each of said ice-
forming surfaces in concentric surrounding relation there-
with having inwardly directed openings, a water spray
head disposed within the central bore of each of said
bodies adjacent the upper end of the inner ice-forming
surface having outwardly directed openings, means for
supplying water to each of said spray rings and said
spray ring heads under pressure to be sprayed on said
outer and inner ice-forming surfaces, a common header
tank at the upper end of said evaporator bodies in com-
munication with the refrigerant chamber of each of said
evaporator bodies to deliver refrigerant thereto, conduit
means for delivering liquid refrigerant to said header tank
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and refrigerant chambers communicating therewith dur-
ing a freezing period including a liquid valve for regulating
refrigerant flow therethrough, and sensing means position-
able at selected vertical levels in said header tank and
responsive to the liquid refrigerant level therein for regu-
lating said liquid valve to maintain a'selected liquid re-
frigerant level within said header tank and throughout
the refrigerant chambers of said evaporator bodies dur-
ing the freezing period.

6. The combination recited in' claim 5, wherein con-
trol means are provided for regulating said conduit means
to deliver liquid refrigerant to said header tank and re-
frigerant chambers communicating therewith for a selected
freezing period to freeze water sprayed onto said ice-
forming surfaces to form a pair of concentric annular cy-
lindrical bodies of ice about the ice-forming surfaces of
each of said evaporator bodies and including means for
delivering hot gaseous refrigerant under pressure to the
refrigerant chamber of each of said bodies for a selected
defrost period to force the liquid refrigerant therefrom for
thawing the ice bodies from said ice-forming surfaces and
discharging the ice bodies gravitationally therefrom.

7. In ice-making apparatus, a refrigeration system in-
cluding an evaporator assembly comprising a plurality of
vertically elongated tubular bodies arranged along par-
alle] vertical axes each having a central bore open at the
bottom of the body extending substantially throughout
the height thereof providing a cylindrical outer ice-form-
ing surface and a cylindrical inner ice-forming surface ar-
ranged concentrically with the vertical axis of each body
and extending substantially throughout the entire height
thereof providing a closed-bottom annular refrigerant
chamber located between said outer and inner ice-forming
surfaces in intimate thermal communication therewith and
extending substantially coextensively vertically with said
ice-forming surfaces, a water spray ring positioned adja-
cent the upper end of each of said ice-forming surfaces in
concentric surrounding relation therewith having inwardly
directed openings, a water spray head disposed within
the central bore of each of said bodies adjacent the upper
end of the inmer ice-forming surface having outwardly
directed openings, means for supplying water to each of
said spray rings and said spray ring heads under pressure
to be sprayed on said outer and inner ice-forming sur-
faces, a common header tank at the upper end of said
evaporator bodies in communication with the refrigerant
chamber of each of said evaporator bodies to deliver
refrigerant thereto, conduit means for delivering liquid
refrigerant to said header tank and refrigerant chambers
communicating therewith including a liquid valve for
regulating refrigerant flow therecthrough, and means re-
sponsive to the liquid refrigerant level in said header tank
for regulating said liquid valve to selectively maintain a
selected liquid refrigerant level within said header tank
and throughout the refrigerant chambers of said evapo-
rator bodies.
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