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(57) ABSTRACT 
An auger type ice flaking machine has an evaporator 
section defined in part by a vertically oriented flaker 
barrel with closed upper and lower ends, and a knurled 
longitudinally intermediate exterior side surface posi 
tioned within an annular hollow jacket structure exter 
nally and coaxially mounted on the barrel and having an 
outlet opening positioned adjacent its upper end and 
communicating with the accumulator portion of an 
associated refrigeration circuit. Spirally wrapped 
tightly around the knurled surface is a coiled length of 
refrigerant tubing having an open lower end, and an 
upper end connected to the outlet of the expansion 
valve portion of the refrigeration circuit, adjacent coils 
of the tubing being longitudinally spaced apart. During 
operation of the machine, refrigerant is flowed down 
wardly through the tubing, into the jacket interior, and 
then upwardly through the jacket and outwardly 
through its outlet opening. This causes water flowed 
into the barrel to freeze in a thin ice layer on its interior 
side surface. A motor-driven auger positioned within 
the barrel continuously scrapes the ice layer and forces 
the resulting flake ice upwardly within the barrel and 
outwardly through a discharge opening communicating 
with an upper interior end portion thereof. The knurled 
barrel surface advantageously functions to significantly 
enhance the barrel-to-refrigerant heat transfer rate, 
thereby substantially increasing the freezing capacity of 
the evaporator section without the necessity of increas 
ing its physical size. 

11 Claims, 1 Drawing Sheet 
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AUGERTYPE ICE FLAKING MACHINE WITH 
ENHANCED HEAT TRANSFER CAPACITY 
EVAPORATOR/FREEZING SECTION 

This application is a continuation of application Ser. 
No. 257,770, filed Oct. 14, 1988, now abandoned. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to ice making 
apparatus and, in a preferred embodiment thereof, more 
particularly provides an auger type flake ice-making 
machine which is provided with a uniquely configured 
evaporator/freezing section that increases the freezing 
capacity of the evaporator without increasing its physi 
cal size. 
Auger type ice flaking machines are well known in 

the ice manufacturing art and typically comprise an 
evaporator/freezing section operably interposed in a 
refrigeration circuit additionally including the usual 
compressor, condenser, expansion valve and section 
accumulator. In a conventional form thereof, the 
evaporator/freezing section has a vertically disposed 
cylindrical metal flaker barrel having closed upper and 
lower ends, and smooth outer and inner side surfaces. 

During operation of the machine the refrigerant flow 
ing through the refrigeration circuit is used to chill a 
longitudinally intermediate exterior side surface portion 
of the flaker barrel while water is being flowed into the 
interior of the barrel through a lower end portion 
thereof. The refrigerant chilling of the barrel causes the 
water to freeze in a thin layer around the interior side 
surface of the barrel. The spiralled blade of a motor 
driven auger member coaxially disposed within the 
barrel continuously scrapes the ice layer to remove 
flakes therefrom which are driven upwardly within the 
barrel and discharged therefron, in the form of "flake' 
ice, through a suitable discharge passage or chute posi 
tioned on an upper end portion of the barrel. If desired, 
various devices known as "pelletizers' may be incorpo 
rated into the evaporator/freezing section to convert 
the flaked ice into pelletized form prior to its discharge 
from the upper end portion of the barrel. 
A particularly efficient method of chilling the exte 

rior side surface of the flaker barrel is to tightly wind a 
length of refrigerant tubing around the smooth longitu 
dinally intermediate exterior side surface portion of the 
barrel in a helical configuration in which the resulting 
tubing coils are longitudinally spaced apart from one 
another. The upper end of the coiled tubing is con 
nected to the refrigeration circuit piping exiting the 
expansion valve, while the lower end of the tubing coil 
is left open. The coiled tubing section is encased within 
an annular jacket structure coaxially secured to and 
sealed around the longitudinally intermediate portion of 
the barrel, the jacket having an outlet opening posi 
tioned adjacent its upper end and connected to an accu 
mulator inlet pipe portion of the refrigeration circuit. 

During operation of the ice flaker, refrigerant dis 
charged from the expansion valve is spirally flowed 
downwardly through the tubing coil, in a first rotational 
Sense, and is discharged into a lower end portion of the 
jacket interior through the open lower end of the tub 
ing. The refrigerant discharged from the lower tubing 
end in this manner is then flowed spirally upwardly 
through the jacket, in an opposite rotational sense, 
through the helical flow path defined within the jacket 
interior by adjacent pairs of tubing coils, and is flowed 
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2 
outwardly through the jacket outlet. In this manner, 
heat is transferred from the longitudinally intermediate 
barrel portion to the tubing coil and also to the refriger 
ant discharged therefrom into the jacket interior. 

In conventional ice making machines of this type, as 
well as in machines employing other barrel-refrigerant 
heat transfer structures, there is a natural tendency for 
the machine's freezing capacity to diminish over time 
due to factors such as lime or scale buildup on the flaker 
barrel and/or associated water units, and dust and dirt 
buildups on the condenser. This natural freezing capac 
ity reduction can eventually cause the ice making ca 
pacity of the machine to fall below its rated level. In 
order to compensate for this eventual capacity reduc 
tion it has heretofore been necessary to "oversize' the 
machine by increasing the physical size of the evaportor 
section--either its length, its diameter or both. This 
evaporator section over/sizing is, of course, undesirable 
since it increases the overall size, weight and cost of the 
ice making machine. 

It is accordingly an object of the present invention to 
provide an ice making machine of the general type 
described above in which the freezing capacity of its 
evaporator section is substantially enhanced without 
the conventional necessity of increasing its physical 
size, or of increasing the chilling capacity of its associ 
ated refrigeration circuit. 

SUMMARY OF THE INVENTION 

In carrying out principles of the present invention, in 
accordance with a preferred embodiment thereof, the 
evaporator/freezing section of an auger type ice flaking 
machine is uniquely provided with substantially in 
creased freezing capacity without increasing the physi 
cal size of the evaporator/freezer section or the capac 
ity of its associated refrigeration circuit. 
The improved evaporator/freezing section of the 

present invention includes an elongated, vertically ori 
ented metal flaker barrel which is suitable closed at its 
upper and lower ends. Accordingly to a primary feature 
of the present invention, a longitudinally intermediate 
outer side surface portion of the barrel is substantially 
roughened-in contrast to the corresponding essentially 
smooth outer side surface portions in conventional 
flaker barrels-preferably by utilizing a mechanical 
knurling process thereon. 
A length of refrigerant tubing is tightly wrapped 

around the knurled surface in a helical configuration in 
which the resulting tubing coils are longitudinally 
spaced apart from one another. The upper end of the 
coiled tubing is connected to the refrigeration circuit 
piping exiting the expansion valve, while the lower end 
of the tubing coil is left open. Encasing the coiled tubing 
section, and the knurled barrel surface around which it 
is tightly and spirally wrapped is an annular jacket 
structure coaxially secured to the barrel and sealed 
thereto above and below its knurled surface portion. 
Adjacent its upper end the jacket is provided with a 
refrigerant discharge opening that communicates with 
the inlet of the accumulator portion of the refrigeration 
circuit. 

During operation of the ice flaking machine refriger 
ant flowed into the upper end of the tubing coil is forced 
downwardly therethrough in a spiral pattern, is dis 
charged through the lower tubing end into the jacket 
interior, and is counterflowed upwardly through the 
jacket and outwardly through its upper discharge open 
ing via a spiralling flow path defined between longitudi 
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nally adjacent coil pairs of the tubing. Heat transferred 
from the knurled barrel surface to the tubing coil, and to 
the refrigerant discharged therefrom and flowing up 
wardly through the jacket interior, causes water Sup 
plied to the barrel interior to freeze in a thin ice layer on 
its interior side surface. The ice layer is continuously 
scraped by a motor-driven auger within the barrel, the 
resulting flake ice being driven upwardly through the 
barrel interior and discharged through a suitable outlet 
opening communicating therewith. 
The substantially roughened exterior barrel surface 

area formed by the knurling thereon has been found to 
very substantially increase the freezing capacity of the 
machine's evaporator section without the necessity of 
increasing its physical size, or of increasing the chilling 
capacity of its associated refrigeration circuit. This very 
desirable freezing capacity increase arises from several 
advantages provided by the knurling over its smooth 
surface counterparts in conventional ice flaker evapora 
tor sections. 

First, the knurling provides a more intimate and con 
tinuous contact between the tubing coil and the flaker 
barrel, thereby enhancing the level of barrel-to-tubing 
heat transfer during maching operation. Secondly, the 
knurling increases the effective heat transfer area of the 
longitudinally intermediate exterior side surface portion 
of the barrel while at the same time increasing its sur 
face film heat transfer coefficient, thereby increasing 
the heat transfer rate directly between the barrel and 
the refrigerant discharged into and counterflowing 
through the evaporator jacket structure. 

Additionally, the knurling adds turbulence to the 
discharged refrigerant flow to further enhance direct 
barrel-to-refrigerant heat transfer. Moreover, the im 
proved and more uniform surface contact between the 
knurling and the coiled tubing additionally functions to 
significantly reduce undesirable discharged refrigerant 
"bypass' flow between the tubing and the exterior side 
surface of the barrel. 
As an added bonus, the knurled barrel surface portion 

also facilitates the construction of the evaporator sec 
tion in that it tends to inhibit unwinding of the tubing 
coil before is soldered or otherwise secured to the bar 
re. 

It can easily be seen that the provision of the knurled 
area on the flaking barrel uniquely provides a relatively 
inexpensive, yet highly effective solution to the long 
Standing problem of gradual evaporator section freez 
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ing capacity reduction without the previous necessity of 50 
increasing the physical size of the evaporator section. 
While knurling the outer barrel surface is a preferred 
method of substantially roughening it, it will readily be 
appreciated that such surface could be substantially 
roughened by alternate methods, such as shot blasting, 
bead blasting, etching or the like, if desired. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic circuit diagram of an auger type 
ice flaking machine of the present invention; 

FIG. 2 is an enlarged scale cross-sectional view, 
partly in elevation, of the evaporator-freezing chamber 
portion of the circuit; and 
FIG. 3 is a perspective view of a longitudinally cen 

tral part of the vertically disposed freezing tube portion 
of the evaporator, and illustrates an annular knurled 
exterior side surface section thereon which uniquely 
increases the freezing capacity of the machine without 
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4. 
increasing the size of the evaporator section or the chill 
ing capacity of its associated refrigeration circuit. 

DETAILED DESCRIPTION 

As illustrated in FIGS. 1-3. the present invention 
provides an improved auger type ice flaking machine 10 
which includes a uniquely constructed evaporator/- 
freezing section 12 having an associated refrigeration 
circuit 14 that includes a compressor 16, a condenser 18, 
a receiver-drier 20, an accumulator/heat exchanger 22, 
and an expansion valve 24. In a manner Subsequently 
described, using principles of the present invention the 
freezing capacity of the evaporator section 12 is sub 
stantially increased without the necessity of increasing 
its physical size or increasing the chilling capacity of the 
associated refrigeration circuit 14. 
The evaporator section 12 includes a vertically dis 

posed metal ice flaker barrel 26 having an interior side 
surface 28 and an exterior side surface 30. The upper 
and lower ends of the barrel 26 are respectively closed 
by suitable bearing and seal structures 32 and 34 that are 
retained in place by threaded upper and lower end caps 
36 and 38. A float controlled water reservoir 40 has an 
inlet pipe 42 for receiving water from a source thereof, 
and an outlet pipe 44 connected to a lower end portion 
of the barrel 26 for gravity feeding water thereinto. At 
the upper end of the barrel 26 is an ice discharge chute 
46 which communicates with the interior of the barrel 
26. 

Coaxially disposed within the interior of the barrel 26 
is a conventional ice auger member 48 having a longitu 
dinally central body portion 50 with a helical auger 
blade 52 thereon, and reduced diameter upper and 
lower end portions 54 and 56 which are rotatably sup 
ported and sealed in the upper and lower bearing and 
seal structures 32 and 34. For purposes later described, 
the auger member 48 is rotationally driven by a motor 
58 disposed externally of the barrel member 26. 
Wrapped tightly around a longitudinally intermediate 

portion 30 of the barrel member 26 is a helically coiled 
length of refrigerant tubing 60 having an upper inlet end 
60 secured to the barrel surface portion 30 by solder 
62, and an open lower discharge end 60, which is se 
cured to the barrel side surface portion 30 with solder 
64. As best illustrated in FIG. 2, the adjacent coil pairs 
of the tubing 60 are spaced longitudinally apart from 
one another along the length of the barrel member 26. 
Outwardly circumscribing the coiled refrigerant tub 

ing 60 and the annular outer side surface portion 30a of 
the barrel member 26 is an annular hollow metal jacket 
structure 66 which, at its upper and lower ends, is 
Sucured and sealed to the outer side surface of the barrel 
member 26 by annular solder. beads 68 and 70. The 
jacket structure 66 bears against the outer side surface 
of the coils of the refrigerant tubing 60, and has an 
outlet opening 68 downwardly adjacent the inlet end 
60 of the tubing 60. 

During operation of the ice making machine 10, re 
frigerant is discharged from the compressor 16 and 
flowed through the condenser 18 by a pipe 68 which 
flows the refrigerant through the receiver-drier 20, is 
wrapped around the accumulator 22, and is connected 
to the inlet of the expansion valve 24. Refrigerant dis 
charged from the expansion valve 24 is flowed into the 
inlet end 60a of the coiled tubing 60 via a pipe 70. The 
refrigerant delivered in this manner to the tubing 60 is 
flowed spirally downwardly therethrough and is dis 
charged into the interior of the jacket structure 66 
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through the open outlet end 60h of the tubing. The 
discharged refrigerant is then counterflowed upwardly 
through the jacket structure 66 via the spiralling flow 
path defined between the adjacent coil pairs of the tub 
ing 60, the interior surface of the jacket structure 66, 
and the barrel member exterior side surface portion 30a, 
and is discharged from the jacket structure 66 through 
its upper outlet opening 68 into a pipe 72 connected to 
the inlet of the accumulator 22. The refrigerant is then 
discharged from the accumulator and flowed into the 
inlet of the compressor 16 via a pipe 74. 

Refrigerant flow downwardly through the coiled 
tubing 60, and the counterflow of discharged refriger 
ant upwardly through the jacket structure 66 functions 
to chill a longitudinally intermediate portion of the 
barrel member 26 and form, from the water received 
within a lower end portion of the barrel, a thin ice layer 
76 on the interior side surface 28 of the barrel member 
26. Motor driven rotation of the auger member 50 
causes its blade portion 52 to continuously scrape away 
portions of the ice layer 76 and drive them upwardly 
within the barrel interior for discharge through the ice 
chute 46 in the form of flaked ice 76. 
To substantially increase the freezing capacity of the 

evaporator section 12, without increasing its physical 
size or increasing the chilling capacity of the refrigera 
tion circuit 14, the longitudinally intermediate exterior 
side surface portion 30 of the barrel member 26 is sub 
stantially roughened by knurling it, with a conventional 
mechanical knurling tool, as best illustrated in FIG. 3, 
the knurl pitch being preferably approximately 16 
threads per inch. 

In developing the present invention, it has been found 
that this relatively simple and inexpensive modification 
of the barrel member 26 provides a very substantial 
increase in the freezing capacity of the evaporator sec 
tion 26-on the order of from approximately 15 percent 
to approximately 20 percent-by enhancing the barrel 
to-refrigerant heat transfer rate in several manners. 

First, the knurled side surface area 30 provides a 
more intimate and continuous contact between the tub 
ing coil 60 and the barrel 26, thereby enhancing the 
level of barrel-to-tubing heat transfer during machine 
operation. Secondly, the knurling increases the effec 
tive heat transfer area of the longitudinally intermediate 
exterior side surface portion 30 of the barrel, while at 
the same time increasing its surface film heat transfer 
coefficient, thereby increasing the heat transfer rate 
between the barrel and the refrigerant discharged into 
and counterflowing through the evaporator jacket 
Structure. 

Additionally, the knurled exterior side surface por 
tion 30a adds turbulence to the discharged refrigerant 
flow within the jacket structure to further enhance 
direct barrel-to-refrigerant heat transfer. Moreover, the 
improved and more uniform surface contact between 
the knurling and the coiled tubing additionally func 
tions to significantly reduce undesirable discharged 
refrigerant "bypass' flow between the tubing and the 
exterior side surface of the barrel. This more effectively 
assures that the discharged refrigerant will flow in an 
upwardly spiralling counterflow path, as intended, be 
tween the adjacent coil pairs of the refrigerant tubing 60 
which is wrapped tightly around the knurled area 30. 

Moreover, the knurled barrel portion 30 also facili 
tates the construction of the evaporator section in that it 
tends to inhibit unwinding of the tubing coil 60 before it 
is soldered, as at points 62 and 64, or otherwise secured 
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6 
to the barrel during fabrication of the evaporator sec 
tion 12. 
From the foregoing it can be readily seen that the 

provision of the knurled exterior side surface area 30a 
on the barrel 26 uniquely provides a relatively inexpen 
sive, yet highly effective solution to the longstanding 
problem of gradual evaporator section freezing capac 
ity reduction without the previous necessity of increas 
ing the physical size of the evaporator section. While 
knurling the outer barrel surface is a preferred method 
of substantially roughening it, it will readily be appreci 
ated that such surface could be substantially roughened 
by alternate methods, such as shot blasting, bead blast 
ing, etching or the like, if desired. 
The foregoing detailed description is to be clearly 

understood as being given by way of illustration and 
example only, the spirit and scope of the present inven 
tion being limited solely by the appended claims. 
What is claimed is: 
1. An ice making machine comprising: 
an evaporator section including: 

a vertically disposed flaker barrel member having 
an inlet opening in a lower end portion thereof 
for receiving water from a source thereof, an 
outlet opening in an upper end portion thereof 
for discharging ice, an interior side surface, and 
an exterior side surface, and 

chilling means, including a length of refrigerant tub 
ing tightly wrapped around said exterior side sur 
face in a helical configuration, for receiving a 
throughflow of refrigerant from a source thereof to 
thereby chill said flaker barrel member and respon 
sively cause the formation, from water received 
within said flaker barrel member, of an ice layer 
around a portion of said interior side surface of said 
flaker barrel member; 

refrigeration circuit means for operatively flowing 
refrigerant through said chilling means; 

ice removal means for continuously removing por 
tions of said ice layer and forcing the removed 
portions outwardly through said flaker barrel 
member outlet opening; and 

surface contact enhancement means for substantially 
increasing the heat transfer rate between said flaker 
barrel member and said refrigerant tubing, and for 
substantially inhibiting movement of said refriger 
ant tubing relative to said flaker barrel member, 
said surface contact enhancement means including: 
a substantially roughened portion of said flaker 

barrel member exterior side surface having a 
spaced apart series of relatively small, laterally 
outwardly projecting sections which, due to the 
tight wrapping of the refrigerant tubing around 
the flaker barrel member, are pressed firmly 
against side surface portions of said refrigerant 
tubing in a manner substantially increasing the 
surface-to-surface contact area, and thus the heat 
transfer rate, between said flaker barrel member 
and said refrigerant tubing, and creating a sub 
stantial gripping force between said flaker barrel 
and said refrigerant tubing which materially 
inhibits movement of said refrigerant tubing rela 
tive to said flaker barrel member. 

2. The ice making machine of claim 1 wherein: 
said substantially roughened portion of said flaker 

barrel member exterior side surface is a knurled 
surface portion. 
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3. The ice making machine of claim 1 further com 
prising: 

a float controlled water reservoir having an inlet for 
receiving water from a source thereof, and an out 
let communicating with said barrel member iniet 
opening for flowing water therethrough from said 
water reservoir. 

4. The ice making machine of claim 1 wherein: 
said chilling means further include a hollow jacket 

structure circumscribing said length of refrigerant 
tubing for receiving refrigerant discharged there 
from, said jacket structure having an outlet open 
ing for discharging the received refrigerant to said 
refrigeration circuit means. 

5. The ice making machine of claim 4 wherein: 
said length of refrigerant tubing has an open dis 
charge end positioned within said jacket structure 
and spaced longitudinally from said jacket struc 
ture outlet opening along said barrel member, and 
said length of refrigerant tubing defines with said 
jacket structure and said barrel member a dis 
charged refrigerant flow path extending helically 
within said jacket structure between said open 
discharge end of said length of refrigerant tubing 
and said outlet opening of said jacket structure. 

6. The ice making machine of claim 1 wherein: 
said ice removal means include a motor-driven auger 
member coaxially positioned within said barrel 
member. 

7. An evaporator section for an anger type ice flaking 
machine, comprising: 

an elongated barrel member having closed upper and 
lower ends, an interior side surface, a water inlet 
opening in a lower end portion of said barrel mem 
ber for receiving water from a source thereof, an 
ice outlet opening in an upper end portion of said 
barrel member for discharging ice removed from a 
layer thereof formed on said interior side surface 
from water received within said barrel member, 
and an annular, substantially roughened exterior 
side surface portion positioned between said water 
inlet opening and said ice outlet opening, said sub 
stantially roughened exterior side surface portion 
having a spaced series of relatively small, laterally 
outwardly projecting sections; 

a coiled length of refrigerant tubing, tightly wrapped 
around said substantially roughened exterior side 
surface portion of said barrel member in a helical 
configuration, for receiving and discharging a 
throughflow of refrigerant from a source thereof to 
chill said barrel member and thereby form on said 
interior side surface of said barrel, from water re 
ceived in said barrel member, an ice layer, 

side surface portions of said refrigerant tubing being 
pressed into intimate gripping contact with said 
laterally outwardly projecting sections of said sub 
stantially roughened exterior side surface portion 
of said barrel member in a manner substantially 
increasing the surface-to-surface contact area, and 
thus the heat transfer rate, between said barrel 
member and said refrigerant tubing and, due to said 
gripping contact, materially inhibiting relative 
movement between said refrigerant tubing and said 
barrel member; 
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8 
a hollow jacket structure secured to said barrel mem 

ber and enclosing said coiled tubing length therein, 
said jacket structure having an outlet for discharg 
ing refrigerant received therein through said coiled 
tubing length; and 

a motor-driven auger member positioned in the inte 
rior of said barrel member and operative to Scrape 
away portions of an ice layer formed on said inte 
rior side surface of said barrel member and to force 
the scraped away ice portions outwardly through 
said ice outlet opening. 

8. The evaporator section of claim 7 wherein: 
said substantially roughened exterior side surface 

portion is a knurled surface. 
9. The evaporator section of claim 8 wherein: 
said substantially roughened exterior side surface 

portion is a mechanically knurled surface. 
10. The evaporator section of claim 8 wherein: 
said knurled surface has a pitch of approximately 

sixteen threads per inch. 
11. An ice making machine comprising: 
an evaporator section including: 

a vertically disposed flaker barrel member having 
an inlet opening in a lower end portion thereof 
for receiving water from a source thereof, and 
outlet opening in an upper end portion thereof 
for discharging ice, an interior side surface, and 
an exterior side surface, and 

chilling means, including a length of refrigerant tub 
ing tightly wrapped around said exterior side sur 
face in a helical configuration, for receiving a 
throughflow of refrigerant from a source thereof to 
thereby chill said flaker barrel member and respon 
sively cause the formation, from water received 
within said flaker barrel member, of an ice layer 
around a portion of said interior side surface of said 
flaker barrel member; 

refrigeration circuit means for operatively flowing 
refrigerant through said chilling means; 

ice removal means for continuously removing por 
tions of said ice layer and forcing the removed 
portions outwardly through said flaker barrel 
member outlet opening; and 

surface contact enhancement means for Substantially 
increasing the heat transfer rate between said flaker 
barrel member and said refrigerant tubing, and for 
substantially inhibiting movement of said refriger 
ant tubing relative to said flaker barrel member, 
said surface contact enhancement means including: 
a substantially roughened exterior side surface por 

tion disposed on one of said flaker barrel member 
and said refrigerant tubing and having a spaced 
apart series of relatively small, laterally out 
wardly projecting sections which are pressed 
into intimate gripping contact with an exterior 
side surface portion of the other of said flaker 
barrel member and said refrigerant tubing and 
operate to substantially increase the surface-to 
surface contact area, and thus the heat transfer 
rate, between said flaker barrel member and said 
refrigerant tubing and materially inhibit relative 
movement between said flaker barrel member 
and said refrigerant tubing. 
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