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@ Energy conserving heat exchange apparatus for refrigerating machines, and refrigerating machine equipped therevatn.

@ For an ice making machine including a refrigeration unit
(11) there is provided a water-to-refrigerant heat exchange
condenser (12) connectible to an external water supply (13,
14) for heating water therein. The heat exchange relation
between the refrigeration unit {11) and the external water
supply is determined by a contro! system (26, 28, 30) which is
responsive to both refrigerant pressure at the condenser
refrigerant outlet (12b), and the water temperature at the
condenser water outlet {12d) for controlling water flow
through the condenser while maintaining a pre-determined
optimum range of refrigerant pressures in the heat exchan-
ger {12).
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ENEARGY-CCHNSZERVING HEAT EXCHANGE APPARATUS FOR
REFRIGERATING MACHINES, AND REFRIGERATING

MACHINE ZQUIPPwD THEREWITH.

The present invention’relates generally to refrigerat-
ing machines, and more particularly to a commercial cﬁbe/
crushed ice-making machine.

* It has long been known that'%here is substantial
heat rejection from a condenser in a conventional refriger-
ation unit consisting serially of a Compressor,rcondenser,
expansion valve and evaporator. Various devices and systems
have been employed in attempts to utilise the rejected heat
for purposes of heating fluids such as water and air.
Embodiments of specific refrigeration systems and specific
heat applications therefor zre disclosed in the following
United States Letters Patents; 3,926,008; 4,041,726;
3,922,876; 3,358,469; 3,513,663; and 2,739,452. Further,
most heretofore known commercial jce-making machines with .
a capacity approximating 150 - 500 kgs. of ice per day have
utilized air-cooled condensers, rather than more efficient
water-cooled condensers, because an air-cooled condenser
is cheaper and less bulky.

Recent worldwide incresases in fuel and energy
costs have created @ need Ior expanding the use of

heat conservation and heat reclamation
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systems, with specializeé fefrigeratiansystems not
heretofore considered for such use.

Additionally, thé prior known energy con-
servation.systems which have been combined with
refrigeration units have heretofore included controls
which were responSive to changes in the temperatures
of the refriderant being cooled and the fluid being
heated. While the temperature of the’fluid being

heated is an important parameter for control purposes,
the temperature of the refrigerant in'the condenseri
is important, but only secondarily to the efficiency
of the refrigeration system. A prime factor in re-
frigeration efficiency is an optimum (not a maximum)
pressure drop across the thermal expansion valve.
None of the energy conservation systems heretofore
known have disclosed a control system which optim-
izes the efficiency of the refrigeration unit while
providing a controlled transfer of heat energy from
the refrigeration condenser to an external air or
water supply.

Wérhave . noted that a substan-
tial number of commercial ice-making machines are
permanently installed for use in buildings such as
motels, hotels, restaurants, etc. in close proximity
to external water supplies in those buildings,r

and have realized that in certain installaticns

I

a refrigerant to water condensor may be used in a

commercial ice-making machine and combined with or
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tapped into an édjacent external water supply to prévide
added efficiency to the iée—making machine and, at the

same time, save energy by acting as a secondary heat source
for the external water supply.

It is one object of the present invention, generally
stated, to provide for a refrigerating system having
impreved efficiency by including a heat }eclaiming heat
exchanger for heating an external water supply and an'
automated control for that heat exchanger.

The control system 1s responsive to a refrigerant
pressure in the condenser so as to maintain it at an
optimum efficiency for the refrigeration system, as well
as to the output water temperature from the condenser.

More specifically, a refrigerator or ice-making
machine has a closed loop refrigeration system including
in series therein: a compressor, a refrigerant-to-water
condenser whereby heat rejected from the closed loop system
is transferred to the heat reclamation means through the
condenser, an expansion valve, and an evaporator. The
machine includes a control system having means responsive
to both a refrigeran£ pressure in the condenser and a
water temperature in the condenser for controlling heat
exchanging water flow through the condenser while maintaining

a pre-determined refrigerant pressure therein.
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This invention may best be understood by reference
to the following description of presently preferred
embodiments thereof taken in conjunction with the
accempanying sheets of drawings, in which:- ==

Figure 1°*is a perspective view of ‘an ice-making
machine including an embodiment of heat reclamation
device operatively connected to an external water supply.

Figure 2 is a perspective view of a modification
of the heat reclamation device shown in Figure 1 including
the addition of a hot water heater thereto.

Figure 3 ig a schematic diagram of the embodiment
of refrigeration system, heat reclamation means, and a
portion of an external water supply shown connected for
operation, and

Figure 4 is a fragmentary diagrammatic view of a
water-cooled secondary condenser which may be substituted
for the air-cooled secondary condenser shown in Figure 3.

Referring to Figures 1 and 3, an ice-maker and heat

reclamation system constructed in accordance with the

resent invention, and generally indicated at 10, includes
2 b

%
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a commercial ice-maker 11 such as s&lé under the trademark
ROSS-TEMP, and an indirect heat reclémation device which
is a refrigerant-to-water condenser 12 which is conventional
in itself and which, in this embodiment, is positioned
e;ternally of the ice-maker. The condenser 12 %s
éfeferably c?nnected to a conventional external--water
supply which, in this embodiment, is shown to include a
water pump 13 and a hot water storage tank 14 connected
in series with the coolant side of the condenser 12,

While any commercial ice-maker may be utilized
in the system of the present invention, two commercial

ice-making systems (neither shown) are
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ideally suited for uség:;th the heat reglgmation
system of the present invention. In the first
type, a layer of ice is_formed on tﬁe bottom of'

a working sheet or plate. When the layer of ice

has achieved a sufficient thickness, it is separated
from“the plate and dropped onto a heated grid or
matrix. As the ‘sheet of ice passes t?rough the
matrix, it is divided into ice cubes thereby. The
second type of commercial ice-maker utilizes a holloy
cylinder with ice being formed on an exterior sur-~
face thereof. An auger or the like is sleeved over
the evaporator and includes a helical working edge
which sweeps across the hollow cylindrical surface

to shave ice therefrom in order to create "crushed®

ice.

As shown most clearly in Figure 3, the
refrigeration system of the ice-maker 11 includes
a conventional refrigerant compressor 15 havingra
high pressure exhaust port 15a which is connected
by conduit 1l6a to refrigerant inlet port 12a of éhe heat
reclamation condenge; 12. Thé refrigerant cutlet port 12b
is connected by conduit 16b to a secondary air-
cooled condenser 17 having a ccoling fan 18 and a
fan control switch 18a associated therewith. A re-
frigerant receiver or accumulator 19 is operatively
positioned between the secondary congenser and a
thermal expansion valve 20 by conduits 16c and 16d.

A conventional evaporator 21 and conduit l6e are
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downstream of the val;e and operatively connected
via conduit 1l6f to a low pressure inlet port 15h
of the compressor. It can be aébfeciated that for
ease of édaptability, the air-cooled secondary con-
denser 17 may be the original equipment condenser
for the separate ice-maker. 1If the refrigerant-to-
water condenser 12 is mounted within the physical
confines of the ice-maker 11, it is dnderstood that
it'could'be sized to completely replace the secondary
air—cooled‘gondenser I3. The purpose of the secondary
condenser will be discussed in connection with the
Operation of the system. In the embodiment showﬁ
in FPigures 1 and 3, the water supply includes g
pump 13 which‘receives water from an inlet conduit
22 and pumps same throughnoutlet conduit 23 to the
water inlet port 12c of tha refrigerant-to-water
condenser 12 where the water is positioned in heat
exchange relation with the high pressure refrigerant
and passes out water outlet port 124, through tem-
perature actuated sensoy 30, and conduit 24 o the
hot water storage tank 14 where the wéter may be
discharged througﬂ conduit 25,

Dependiﬁg upon the circumstances sur-
rounding an individual installation, i.e., the size

and amount of use of the ice—maker, and the size

and use of the external water Supply, the condenser

-

12 may act as a primary or secondary heating source

for the water Supply. However, since the control
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to be discussed in detail belgy, does not

systeﬁ, !
provide for operation of the comp;esso; if the ice
machine is filled to capacity, it is assumed that
in most installations the condenser i2 will act as
only a secéndary heat source for the water supply.
. In accordance with one aspect of the in-
vention, the flow of water from pump 13 into the
refrigerant-to-water condenser 12 is Fegulated by
a valve 26 which acts in response to the pressure
of the refrigerant at outlet 12b of the condenser.
The operational pressure of the refrigerant proximate-
ly ranges from about 100 psig to about 160 péig asi
discussed in more detail hereafter. Additionally,
a condenser bypass conduit 27 which bridges between
the refrigerant inlet and outlet ports 1l2a, 12b,.
respectively, of the condenser 12 includes a solonoid
operated valve 28 therein which is actuated by a
temperature sensor 30 positioned adjacent the water
Adischarge port 124 of condenser 12. Valve 28 is
a fail-safe valve which, in this embodiment, shuts
off the heat exchanging condenser if water usave is
so minimal that the water temperature reaches a
severely high level.

In operaticn, when the ice machine com-
pressor 15 is initially turned on, the pressure

regulation valve 26 controls the flow of water

through the condenser 12 to maintain a preset pres-

Ca v e

sure, in this embodiment approximately 100-126”§éig;
at the outlet port 12b of condenser 12. If the initial
13-5°¢

temrperature of the water is about =¥, water flow

through the condenser will be minim ~nd cimn Fhak
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the water exit temperature therefrom approximates
EV ige 1 t
+H2F. The refrigerant temperature at out et por

I
12b may then approximate ge=r,

Depénding upon the size of the external
water sysﬁem, és the inlet water temperature rises,
valQe 26 gradually\opens to allow greater water
flow through the condenser 12 in order to maintain
the pre:determined.refrigerant pressure at. the con-
denser outlet 12b. 1In the embodiment shown, the
water flow_Eprough the condenser will be at itsg
maximum when the inlet water temperature is approxi-
mately';;é:; or above., Aas long as the temperature

A ad,

in the water supply is approximately iggﬁ; or less,
the refrigeran£ may be maintained af approximately
£9°C

2T and 120 psig, and all of the heat rejected
from the ice machine is absorbed into the water
s}stem. This heat includes the sensible heat from
Superheating the refrigerant vapor, the latent heat

from condensing the refrigerant, and the sensible

heat from subcooling the refrigerant liquid. Also

Since a water-cooled condenser has been utilized,

the refrigerant diécharge pPressure-has been lower
than the usual diséharge Pressure achieved when solely
using an air-cooled condenser. With the high pres-
sure refrigerant being an optimal value, which is

lower than achievable with an air-cooled condenser,

B

the machine has been operating more efficiently than

heretofore-known ice machines of comparable sjize.
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In the embodiment shown, as the wada b5 &2 59

the external water supply rises in temgerature above
%ggig-to approximately kég;;, the temperature or
pressure of the refrigerant will be sufficiently
high (approximating kﬁ#*; and 106 psig) to actuate
the switch 18a and turn on the motor 18 of the air--
cooled secondary condenser 17. Until such time as
the inlet watédr temperature of water supply reaches
approximately %égg;, the switch 18a c&cles the fan
on and off at approximately two-minute intervéls»
The additional condenser capacity in this embodi-
ment acts to lower the refrigerant pressure to a
satisfactory level approximating 120 psig, but never-
theless, to a level which is higher than the discharged
pressure when the refrigerant-to-water condenser 12
was the sole heat rejection means in the system.
However, since the refrigerant-to-water condenser

is still in the system, the refrigerant high side

pressure is still lower and closer to optimum

~than if an air-cooled condenser alone were present

in the system; thus, the system is still more efficient
than a system solely using an air-cooled condenser.
When the external-water system temperature reaches
approximately &5%35, the dual condensers can no

longer lower the refrigerant pressure to 120 psig and
the air-cooled condenser motor 18 begins to run
constantly rather than cyclicly. With the airjcooled
condenser fan on constantly, the hegé transferred

to the water in the condenser 12 through desuper-

heating will be added at a lower rate than previously

described.
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wﬁen the condenser outlet water temperatu
in this embodiment reaches a preset maximum, aﬁprbxi-
mating %éé;;) the sensor 30 actuates. the solenoid 28
to oﬁen the bypass line 27 allowing most of the hot

5 refrigerant vapor to pass directly to the air-cooled
condenser l?. Thué, heating in the external water
system™is stopped although the ice machine may con-
tinue to fundtion. An additional saféty sensor” 32
at tﬁe hot water storage tank 14 is capable of

10 stopping t@g_operation of the coﬁpressor 15 if the
water temperature in the tank reaches an unsafe

0.
temperature, approximating 2%%5%. It should be
noted that during normal operation both hot water
usage and actuél ice usage will, to some extent,

15 determine the.operation of the heat reclaiming
device. During normal operating hours, when both-
the ice machine and hot water system would be in use,
the condenser 12 would be of sufficient size to
handle all heat rejected by the ice machine. 1If

20 . the use of the external water supply should drop
substantially or stop, in connection with an embodi-
ment having a secgndary air-cooled condenser, it
may be expected that the secondary condenser would
run in its cyclic phase during such extreme circum-

25 stances.

Referring to Figure 2, in a second embodi-

ment of the present invention, the hot water storage

tank 14, in accordance with another aspect of the
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ins .. .on, serves as a pre-heater which 1s posi-

tioned in the hot water system in.parallel with a con-

-

ventional hot water heater 44 such that the water

supply inlet conduit 45 directs water into the

storage tank where that water is mixed with heated

water already in the tank. There arz iwo discharge

A

.conduits from the het water storage tank Ida, a2 figse

conduit 46 sfeeding the water pums 23; and a second

¥
s
R
4
t

conduit 47 feeding thz water hsatey =2 waich
conventional discharge conduit $8. Operaticn of ¢his
in connacticn with the first embodiment.

Reférring to Figure 4, a modification of
the system shown in connectism wizh Figure 3 mayr
include a second independent waier-up-water condenser
40 or a second stage o? condenser 12 may be positicned
in the rerfrigeration unit to replace ihe air-ccoled
condenser 13. The water-cooled secondary ccndenser
40 would operate in a manner similar ts air-coclaed
condenser Iﬂ in that the pressure regulating valve
41 would not turn on a separate water ccoling systen,
indicated by inlet conduit 42 and ouzlet condul: 43,
until the primary refrigerant-to-water condenser 12
was operating at full heat reclaiming capacity.

Thus, the commercial ice-maker and heat
reclamation device combination of «he present in-

vention provides an efficient means of reclaiming

the heat rejected from the refrigeration cycle of a
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commercial ice-making machine and transferring same
to an external hot water supply. Not only does the
system of the present invention provide an addi-
tional refrigeratian device from which heat may be
reclaimed, but the use of a refrigerant~to-water
condenser in a Eommercial ice-maker coupled with a
control system which is responsive to refrigerant
condenser outiet Pressure rather than temperatﬁre
provides added efficiency to the commercial ice-
making devigg while, at the same time, reclaiming
the heat rejected from the refrigerant cycle,

Whilé three particular embediments—and
variations of the invention have been shown and
described, it will be obvious to those skilled in
the art that changes and modifications may be made
without departing from the invention in its broader

aspects. [Thersfore, the aim in the appended TIzims
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1. Energy-conserving heat exchange apparatus for a
refrigerating machine having a closed-loop refrigeration
circuit (11), the heat exchange apparatus including a

control system (26, 28, 20) and =a waten#reﬁ rigerant
indirect heat exchanger (12) characterised in that

the control system includes both means (25) adagzted
to be responsive both to refrigerant vressure at a

refrigerant outlet (12b) of the exchanger (12) and means

(30, 28) adapted to be responsive to water temperature

at a water outlet (12d) of the exchanger.

2. Refrigerating machine equipped with a heat-exchangs
apparatus, the refrigerating machine having a closed-loop
refrigerant circuit including in series a compressor {15),
one side of a water/refrigerant indirect heat exchanger (123,
expansion means (20) for the refrigerant and an evaporator
(21), and control means for the heat exchanger (14)
characterized in that the other side of the heat
exchanger (12) is for inclusion in a hot water supply
system (22, 23, 24, 14) and in that the control means
includes both means (26) responsive to refrigerant pressure
the circuit between an outlet (12b) of the exchanger

and the expsznsion means (20) and means (28, 30) responsive

e

™

to the temperature of the water output from the exchanger (1

&

>
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3. Heat-exchange apparatus or refrigeféfing machine
according to claim 1 or claim 2 wherein temperature-
responsive (30, 28) of the control means act to control
a bypass dubt (27) for refrigerant past the exchanger (12).
4, ~Hg_gt exchange apparatus or refrigerating machine
according to any one of the preceding claims wherein
pressure-responsive means (26) of the control means are
operable to control a rate of watgr feed to a water
inlet (12c) of the exchanger (12).

5. Heat exchange apparatus or refrigerating machine
according to any one of the preceding claims wherein
there is additionally at least one auxiliary heat-
exchanger. (17, 40) in the closed-loop cifcuit and wherein
pressure-responsive means (18a, 41) of the Confrol means
are operative to actuate the auxiliary heat-exchanger
(17, LO).

6. Heat exchange apparatus or refrigerating machine
according to claim 5 wherein the auxiliary heat-exchanger
is an air-cooled condenser (17) actuated by operation by
the control means (18a) or a fan (18).

7. Heat exchange apparatus or refrigerating machine
according to claim 5 wherein the auxilizsry heat exchanger

o

is a water/refrigerant heat exchanger (£40) aciuzted by

-~

operation by the control means (41) of a ceccling water

system (42, L43).
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. ..e.” exchange apparatucs or reirigerating machine
according to any one of claims 5 to‘7vwherein the
pressure responsive means (18a, 41) is adapted at a
first predetermined range of pressures to actuate the
auxiliary heat exchanger (17, 80) intermittently.

S. Heat exchange apparatus or reifrigarating machine

according to,claim 8 wherein the means {ida, 4ij i3

exchanger (17, 40) continuocusly.

10. Heat excnange apparatus or reirigerating machine
according to any one of the preceding claims wherein the
control means includes temperature-rezponsive means (32)
for shutting down the rerrigerating macnine at a

predetermined water temperature.
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