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@ Apparatus (10} for satisfying heating and cooling
demands comprising a cooling circuit {12) for satisfying
the cooling demand and including a high pressure side
(60) and a low pressure side (62); a heating circuit {14) for
satisfying the heating demand and including a booster
compressor {26) for drawing and compressing refrigerant
vapor from the high pressure side (62) of the cooling
circuit (12), and return means (72, 74, 32) for returning
refrigerant from the heating circuit {14) to the cooling
circuit {12); characterized by a sensor (Th.S.) for sensing
¥ the temperature of vapor discharged from the booster
<compressor (26); and means (38, 40, 42, 44, 46)
responsive to the sensor (Th.S.) for terminating the
heating action of the heating circuit (14) when the
wtemperature of the vapor discharged from the booster
compressor (26) exceeds a preset temperature.
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Method and Apparatus for Satisfying

Heating and Cooling Demands and Control Therefor

This invention relates generally to refrigeration, and more
specifically to refrigeration methods and apparatus for

simultaneously satisfying heating and cooling demands.

Refrigeration apparatus or machines are frequently employed to
cool a fluid such as water which is circulated through various
rooms or enclosures of a building to cool these areas. Often, the
refrigerant of such machines rejects a relatively large amount of
heat at the condenser of the machine. This rejected heat is
commonly dissipated to the atmosphere, either directly or via a
cooling fluid that circulates between the condenser and cooling
tower. Over a period of time, the rejected heat represents a
substantial loss of energy, and much attention has been recently
directed to reclaiming or recovering this heat to satisfy a

heating load or demand.

One general approach to reclaiming this heat is to employ a
booster compressor to draw and further compress a portion of the
refrigerant vapor passing through the condenser of the
refrigeration machine. This further compressed vapor is then

passed through a separate, heat reclaiming condenser.
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A heat transfer fluid is circuiated through the heat reclaiming '

condenser in heat transfer reiation.with the refrigerant paSSing
therethrough. Heat is transferred from the refrigerant'torthe
heat transfer fluid, heatlng the fluid and conden81ng theri
refr1gerant. The heated heat transfer f1u1d may then be used to
satisfy a present heating load or the fluid may be stored for .
later use, and the condensed refrlgerant is returned to the

refrigeration c1rcu1t for further use thereln

With refrlgeratlon machlnes hav1ng both a refrlgeratlon, or
cooling, circuit and a heatlng circuit ‘as described above, 1t is

desirable to vary ‘the capac1t1es of the heatlng and coollng

',c1rcu1ts to meet changlng heating and coollng 1oads, and typlcally

th1s is done by varylng the refrlgerant flow rates through the”
circuits. D1ff1cu1t1es may arlse, though when the refrlgerant
flow rate through the heatlng c1rcu1t is very low. More—;
particularly, under such condltlons, the booster compressor may -
81gn1flcant1y raise the temperature of the refrlgerant vapor
passing therethrough, and the refrlgerant may approach temperature
levels which cause the refrlgerant to chemlcally breakdown Such
a chemical breakdown of the refrlgerant may’ produce acidic
compounds which can damage the structure of the refr1gerat1on
machine. Preventing excessive vapor temperature in the heatlng
circuit is compllcated by a numberrofrfacts.i Flrst,,lt is
preferred torvary thedcapacities of the,heating_and’cooling,
circuits substantiaily independent'of each'other. 'Thus,'the
capacity of the cooling c1rcu1t may be anywhere between 1ts
minimum and maximum values when excessive vapor temperatures are

approached in the heatlng c1rcu1t Second w1th certaln '

. refrlgeratlon machlnes of the general type descrlbed above, the

specific manner for preventlng exce551ve vapor temperatures in the
heatlng circuit will vary in accordance w1th the actual - capac1ty
of the cooling circuit when these excessive temperatures are

approached.
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In addition to the foregoing, as alluded to above, the heating
load on refrigeration machines of the general type described above
will not remain constant, but rather will vary with changes in
various factors such as ambient temperature. If the heéting load
falls below a certain value, it may be preferred to terminate
heating action of the heating circuit of the refrigeration machine
and satisfy the heating load in some other manner. With many
refrigeration machines having both heating and cooling circuits,
it is necessary to maintain a continuous flow of refrigerant vapor
through the heating circuit, however, even when the heating action
thereof is terminated, to prevent the heating circuit from
overheating. If, when the heating action of the heating circuit
is terminated, the vapor supplied thereto is at normal supply
pressure for that circuit -- that is, substantially at the
pressure of the condenser of the refrigeration unit ~- then a
relatively large vapor mass flow through the heating circuit is
needed to maintain satisfactory temperatures therein, and the
booster compressor uses a relatively large quantity of power to

compress this vapor while no useful work is being accomplished.

Although it is known that reducing the mass flow through the
booster compressor will reduce the power requirements thereof, if
the compressor is a centrifugal compressor, a mere reduction in
the vapor mass flow therethrough, without a simultaneous decrease
in the pressure differential across the compressor, will cause the
compressor to operate near surge conditions. As is well
recognized, it is undesirable to operate a centrifugal compressor
at or near surge conditions due to the high discharge temperatures
and mechanical vibrations that are generated at such times. If
the refrigerant vapor is supplied at a much lower than normal
supply pressure when the heating load on the heating circuit ié
terminated, the mass or weight flow of refrigerant vapor may be
concomitantly reduced thereby decreasing the consumption of wasted
energy. Further, by lowering the pressure differential across the

compressor, while simultaneously lowering the mass flow
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therethrough, the compressor will be prevented from operating at

or near surge conditions.

In view of the above, a first aspect of fhe present inveﬁtion
relates to preventing exceséive vapor tgmperafurgs in the heating
circuit of a booster type, heat reclaimihg'refrigeration machine.
More particularly, this first aspect ofrthé present invention
relates to apparatus for satisfying heating and coQ1ing demands
comprising a cooling circuit having a'high,préssurérside and a 1owr
pressure side,,and'a”heating circuit,inciuding arboostér
compressor for drawing and compressing ;efrigerant vapor from the
high pressure side of the cooling circﬁit. The apparatus also
comprises a sensor for sensihg the températurg of the Vapor
discharged from the booster compressor, and a control responsive
to the sensor for terminating the heating actioﬁrof the heating
circuit when the temperature of the vapor discharged from the

booster compressor exceeds a preset temperature.

A second aspect of the preséntjihvention relafes to terminating'
the heating action of a:heating Circuit'of,aAboéste: type, heat
reclaiming refrigeration1machine when the heating load on the
heating circuit falls below a predetermined level. More
specifically, this'aspect'of,the present'invention relétes to
apparatus for satisfying heating éﬁd cooling demands éomprising a
cooling circuit having a high pressure side and a low pressure '
side, and a heatingrcifcuit including a booster compressor for
drawing and compressing refrigerant vapor fromrtherhigh pressure
side of the cooling circuit to satisfy a heéting load. The load
on the heating is monit§red, with a,continﬁbus,flow of refrigerant
through the heatingVcifcuit—beingrmaintained regardless of changes
in the heating load thereon. When the heating load upon the
heating circuit decreases below a predetermingd,level; the
pressure differential across the heating circuit is substantially
equalized to reduce the power tonsumed by the;bboster compressor.

Further, in a preferred embodiment, when the héating'action of the
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heating circuit is terminated, the pressure of the refrigerant
vapor delivered to the booster compressor is reduced to decrease
the vapor mass flow through the heating circuit required to

maintain satisfactory temperature therein.

This invention will now be described by way of example, with

reference to the accompanying drawings in which:

Figure 1 is a schematic representation of a vapor compression
heating reclaiming refrigeration machine uniquely designed to

prevent excessive vapor temperatures in the heating circuit of the

machine;

Figure 2 is a schematic drawing of an electric control circuit for

the refrigeration machine shown in Figure 1; and

Figure 3 is a schematic representation of a heat reclaiming
refrigeration machine uniquely designed to terminate heating

action when the heating load on the machine falls below a preset

level.

Referring to Figure 1, there is depicted refrigeration machine 10
employing teachings of the present invention. Machine 10
includes, generally, cooling circuit 12 and heating circuit 14.
Cooling circuit 12, in turn, includes primary compressor such as
first stage 16 of two stage compressor 18, primary condenser 20,
primary expansion means 22, and evaporator 24. Heating circuit 14
includes booster compressor means such as second stage 26 of
compressor 18, heat reclaiming condenser 30, and auxiliary
expansion means such as orifice 32. Inlet guide vanes 34 are -
provided to control the refrigerant flow through first stage 16 of
compressor 18 and, thus, through cooling circuit 12. Positioning
means (not shown) are provided to move guide vanes 34 between
minimum and maximum flow positions. Valve 38 is utilized to

regulate the refrigerant flow through second stage 26 of
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compressor 18 and, hence, through heating circuit 14.- Positioning
means such as reversiblerelectfic motor 4Q is provided for moving
valve 38 between minimum and maximum'flow'positions.: Vent line 42
connects heating circuit 14 with a lnwrpfessure region euch’as
evaporator 24, vent line valve 44 reguiates refrigerent flow
through the vent 1ine,:and positioning means such as electrically
actuated solenoid 46 moves the vent line valve between onen and
closed positions. Drive means such as electrlc motor 50 is
employed to 51mu1taneously drive first and second stages 16 and 26

of compressor 18.

An electric control circuit for motors 40 and 50 end solenoid 46
is shown in Figure 2. Torsimplify references to Figure 2, the
Figure includes nunerieal references 1-16 at the leftrthereof to
indicate various lines in the Figure. Solenoid 46 is shown inir
line 8 of Figure 2 while motors 40 and 50 are shown, respectively,
in lines 13 and 16 of the Figure. Solenoid 467isreonnected to a
first source of electrical energy represented by line L-1 and I-Z
in Figure 2. Further, Figure 2 shows motors 40 and 50 connected,
respectlvely, to second and third electrlcal energy sources, with
lines L-3 and L-4 representing the second source and lines L-5 and
L-6 representing the third source of electrical energy. As will
be apparent to those skiiled in the art; numerous types of
electrical energy sourees,mey be nsed with the;circuit shown in
Figure 2. One suitable set of sources, for example, provides
approx1mate1y a 115 volt alternatlng current between lines L-1 and
L-2, about a 28 volt alternatlng currentrbetween lines L-3 and L-
4, approximately a 460 noltralternatingrcnrrent between lines L-5
and L-6, with each of the above currents having a frequency of

about 60 hertz.

The circuit shown in Figure 2 includes numerous relay coils and
relay contacts controlled thereby, and attention is directed to
the right-hand side of Figure 2 where adJacent to each line hav1ng

a relay coil there are identified the lines containlng relay
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contacts controlled by that coil. Also, the symbol "K" designates
the relay coil while the symbol "CR" designates the contacts
controlled thereby. For example, coil K3 in line 1 controls
contacts CR3 in lines 1 and 3, and timer relay coil KT1 in line 11
controls contacts CRT1 in line 12. As is customary in the art,
the relay contacts shown in Figure 2 are illustrated in their
inactive or de-energized position. Further, it should be
understood that the controls for refrigeration machine 10 include
a variety of switches and other devices not shown in Figure 2.

For example, the controls include a water pump switch and a
plurality of indicator lights. The addition of these devices is
well within the purview of those skilled in the art, and they have

been omitted from Figure 2 for the sake of clarity.

Program Timer PT is schematically shown in line 5 of Figure 2.
Program Timers are well known in the art and are used to produce a
sequence of events. Program Timer PT of machine 10 controls
switches PT-1, PT-2, PT-3, and PT-4 located, respectively, in
lines 5, 6, 4, and 1 of Figure 2, and the Program Timer runs these
switches through an ordered series of steps. If the Program Timer
is de-energized at some point in its sequence, when re-energized
the timer will restart at the point in its sequence where it was
de-energized. Furthermore, as is well known in the art, the
Program Timer will run for a period of time between each step in

its sequence, and each time period may be individually adjusted.

Under initial conditions, switches PT-1 and PT-2 are in the
positions shown in full lines in Figure 2, switch PT-3 is open,
and switch PT-4 is closed. At the same time, thermostatic switch
Th.S5. in line 9 of Figure 2 is closed and, hence, relay coil K1 in
line 9 is energized. Because coil K1 is energized, contacts CR1
in line 4 are closed and contacts CR1 in line 10 are open. With
contacts CR1 open in line 10, timer relay KT1 (discussed in
greater detail below) in line 11 is de-energized; and with relay

KT1 de-energized, contacts CRT1 in line 12 are closed. Because
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contacts CRT1 are closed, relay coil K2 in line 12 is energized.
As a result of this, contacts CR2 in line 13 are closed, and

contacts CR2 in lines 8 and 14 are open.

To initiate operation'of machine 10,'startrswitch St.S. in line 2
of Figure 2 is manually closed. Referring to Figure 2, current
passes through closed swifch PT-4 in line 1 and through start -
switch St.S., energizing relay coils K3 and KT2 in lihes 1 and 2-
respectively. Coil KT2 is a delay timer relay whiéh-closés
contacts CRT2 in line 7 after a short time delay such as one 7
minute, and coil KT2 maintains these contacts closed thereaftef 50
long as the coil is energized. - The energization of coil K3 6lbses
contacts CR3 in lines 1 and 3. Closed contacts CR3 in line 1 are
in parallel with start switch St.S. and thus provides a holding
current for relay coils K3 and KT2, allowing release of the start
switch. When contacts CR3 ih line 3 cldse, ctrrenf is conducted
through switch PT-&; through closed contacts CR1 in line &, 7
through closed contacts CR3 in line 3;ithrough switch PT-1, and
through normally'closeﬂ contacts CRT3 in line 5, energizing

Program Timer PT.

After Program Timer PT is energized; switch PT-1 moves to the
position shown in broken lines in Figure72., This provides a
holding current for Prpgrém Timer PT viarliné 5 and normaily
closed contacts CR4 and CRT3 therein. Next, switch PT-2 moves to
the position shown in broken limes in Figure 2, energizing oil |
pump relay coil o.p. whiqh then,sﬁarts an oil pump (not shown) for
compressor motor 50. After a short time delay to allow oil
pressure in compressor motor 50 to increase to an,aééeptablg
level, Program Timer PT opens switch PT-4 andithenrthe Program
Timer closes switch PT-3 to start compressor motor 50. With \
switch PT-4 open, the process of starting compressor motor 50 will
continue only if safety switch Saf.S.rin liﬁe 2 of Figure 2 is
closed. Safety switchVSaf.S. s;hematicaliy represents a plurality

of safety switches which prevent or terminate operation of
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compressor motor 50 upon the development of undesirable conditions
such as low o0il pressure in the compressor motor. Additional
safety devices are well known in the art and may be easily used

with machine 10 by those skilled in the art.

If all of the parameters sensed by safety switch Saf.S. are within
acceptable ranges, the safety switch is closed. Current passes
through safety switch Saf.S., through closed contacts CR1 in line
4, through closed contacts CR3 in line 3, and through switch PT-3,
energizing relay coil K4 in line 3. When relay coil K& is
energized, relay contacts CR4 in lines 3 and 16 close and contacts
CR4 in line 5 open. Contacts CR4 in line 3 are in parallel with
switch PT-3 and provide a holding current for relay coil K4,
allowing switch PT-3 to open. Contacts CR4 in line 5 are in
series with Program Timer PT; and when these contacts open, the
program timer is de-energized. Contacts CR4 in line 16 are in
series with compressor motor 50; and when these contacts close,
the compressor motor is activated. In practice, a motor starter
{(not shown) may be activated in response to the energization of
coil X4 and employed to facilitate starting compressor motor 50.
Thus, compressor motor 50 is started, refrigeration machine 10 is
put into operation, and Program Timer PT is de-energized. As will
be appreciated, if safety switch Saf.S. is open when switch PT-3
closes, then coil K4 is not energized and motor 50 is not started
until the safety switch closes. Similarly, if safety switch
Saf.S. opens while motor 50 is operating, coil K4 is de-energized,
contacts CR4 in line 16 open, and motor 50 is deactivated until

the safety switch recloses.

Referring back to Figure 1, in operation, first stage 16 of
compressor 18 discharges hot, compressed refrigerant vapor inté
primary condenser 20 via line 52. Refrigerant passes through
primary condenser 20, rejects heat to an external heat exchange
medium such as water circulating through heat exchange coil 54

located therein and condenses. The condensed refrigerant flows
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_10_, -

through prlmary expans1on means 22, reduc1ng the temperature and
pressure of the refrlgerant The expanded refr1gerant enters and
passes through,evaporator 24 and absorbs heat from an external
heat transfer medium such as wateripassing,through heat.ekchahge
coil 56 which isrpositioned within thelevaporator.f The heat
transfer medium is thus cooled and thé”refrigerant is evaporated. -
The cooled heat:transferrmedium may then ‘be used to satisfy a-

cooling load, and the evaporated refrigerant,is drawn from

" evaporator 24 in line'58'leading'baek to first stage 16 of:

compressor 18.

As described above, first stage 16 and prlmary'expan51on means 22
separate cooling circuit 12 into h1gh pressure side 60 and low
pressure side 62,?and booster inlet line 64 is prov1ded for
transmitting refrigerant;Vapor from the high pressure side of the
cooling circuit to'seCond stage 26 of compressor 18. In the
embodiment deplcted in Flgure 1, inlet line 64 is connected to
condenser 20 and transmits a portlon of the refrlgerant vapor
passing through the condenser to second,stage 26 of compressor'18;
Alternately, line 64 could be directly eounected'to;discharge line
52. Second stage 26 of compressor 18ifurther compresses thervaporf
transmitted thereto, further raising the temperature'and pressure
of the vapor. This: further compressed vapor is dlscharged into

line 66 leading to heat reclalmlng condenser 30.,

The refrigerant vapor enters and paésee'through'ﬁeat reclaiming
condenser 30'inuheat'transfer,reiation uithja heat transfer fluid
such as water passingdthrough heat'exchangeicoi1 70 disposed
within the heatrreclaiming'eondenser' "Heat is transferred/from' '
the refrigerant vapor to the fluid passing through coil 70, .
heating the fluid and condensing the refrlgerant ‘The heated heat
transfer f1u1d may then be employedrto satisfy a,heat1ng load.
Refrigerant coudeused in heat reciaiming condenser 30 passes
therefrom back to cooling cirCuit izruiarreturn meansrincluding

auxiliary expansion means 32 and refrigeraht 1inesr727audr74.

esapma

*waa
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More particularly, condensed refrigerant from heat reclaiming
condenser 30 flows through orifice 32 via line 72, reducing the
pressure and temperature of the refrigerant. Refrigerant line 74
transmits refrigerant from orifice 32 back to cooling circuit 12,
specifically primary expansion device 22 thereof, for further use

in the cooling circuit.

Guide vanes 34 may be controlled in response to any one or more of
a number of factors indicative of changes in the load on cooling
circuit 12 to vary the capacity thereof. For example, guide vanes
34 may be controlled in response to the temperature of the fluid
leaving heat exchanger 56 of evaporator 24. As the cooling load
increases or decreases, guide vanes 34 move between their minimum
and maximum flow positions to increase or decrease, respectively,
the refrigerant flow rate through cooling circuit 12. Similarly,
valve 38 may be governed in response to any one or more of a
number of factors indicating changes in the load on heating
circuit 14 to vary the capacity thereof. For example, valve 38
may be controlled in response to the temperature of the fluid
discharged from heat exchanger 70 of heat reclaiming condenser 30.
Referring to Figure 2, when the heating load is increasing,
normally open switch 76 in line 13 is closed, activating motor 40
to move valve 38 toward its maximum flow position to increase the
flow rate through heating circuit 14. In contrast, when the
heating load is decreasing, normally open switch 78 in line 15 is
closed, activating motor 40 to move valve 38 toward its minimum
flow position to reduce the flow rate through heating circuit 14.
It should be noted that switches 76 and 78 may be mechanical

devices, or these switches may be solid state electronic elements.

Thus, with the above-discussed control of valve 38, as the heating
load on machine 10 decreases, the refrigerant flow rate through
heating circuit 14 also decreases. Moreover, as the flow rate
through booster compressor 26 decreases, the temperature of the

vapor discharged therefrom tends to increase. As discussed above,
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if the refrigeraﬁt:floﬁ rate through booster compressor 2671s very
low, the temperature,of—thelvaoor discharged therefrom may,
approach a levelrwhere'the tefrigerant mayrchemically breakdown
into components that may damage the structure of machlne 10. In

light of this, machine 10 is uniquely de51gned to termlnate the

~ heating action of heating circuit 14, thus reduc1ng temperatures

therein, when the temperature of the vapor discharged from booster

compressor 26 exceeds a preset value.

In the preferred embodlment 111ustrated in Flgures 1 and 2, the
above-mentioned heat term1nat1ng means 1ncludes thermostatlc
switch Th.S. and vent line 42. Thermostatlc switch: Th. S ie
positioned in heat tfaosfer relatlon W1th tefrlgerant vapor
discharged from second stage726 of compressor 18, forrexample the,,
thermostatlc switch may be secured to line 66. Thermostatic'
sw1tch Th.S. is electrlcally located in line 9 of Flgure 2, in
series with relay c011 K1 and, as prev1ously mentioned, the ,
thermostatic switch is normally closed. When the temperature of
the vapor discharged from boosteffcompressoi:ﬁeans726 exceeds the -
preset value, thetmostatic'switch Th.s. opene. When this occurs,
referring to Figure 2, relay‘coil K1 is de-egergized,ropening
contacts CR1 in line 4 and closing contactsVCRl in line*IO which
are associated with Tiﬁef Relay KTl in lihe 11. Tiﬁer Relay KT1
is a delay off, SOlld state tlmer that is electronlcally locked
into an energized state when contacts CR1 1n line 10 close, and
the timer relay remains energlzed so longras contacts CR1 in line
10 remain closed and for a predeterminedilenéth of timeraftef
these contacts open. When timer relay KTldin line 11 is
activated, contacts CRT1 inlline 12 open, deactivating relay coil
K2. This; in turn, opens contacts CR2 in line 13 and,closes
contacts CR2 inrlinee 8 and 14. With contacts CR2 in line 13
open, motor 40 cannotrberactivated'by the closing of switch 76 to
open valve 38. 1In fact, w1th contacts CR2 in line 14 closed
switch 78 is bypassed- and motor 40 is energlzed to move valve 38

towards 1ts minimum flow position, decreasing the refrlgerant flow
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rate through heating circuit 14. At the same time, when contacts

CR2 in line 8 close, vent solenoid 46 is activated.

Referring back to Figure 1, activation of solenoid 46 opens vent
line valve 44, allowing fluid flow through vent line 42. Heating
circuit 14 is thus brought into communication with low pressure
side 62 of cooling circuit 12. Specifically, a first end of vent
line 42 is connected to line 72 and a second end of the vent line
is connected to evaporator 24. Alternately, as will be apparent
to those skilled in the art, the first end of vent line 42 could
be connected to heat reclaiming condenser 30 or to discharge line
66, and the second end of the vent line could be connected to
inlet line 58. Since the pressure in evaporator 24 is less than
the pressure in heat reclaiming condenser 30 and discharge line 66
leading thereto, bringing heating circuit 14 into communication
with the evaporater as described above lowers the refrigerant
pressure in condenser 30 and line 66. This reduces the size of
the pressure increase which booster compressor 26 must produce in
the refrigerant passing therethrough, reducing the temperature
increase which occurs as the refrigerant is compressed by the
booster compressor. In this manner, the temperature of vapor
discharged from booster compressor 26 is reduced, preventing the
vapor from reaching temperatures that may cause the refrigerant to

breakdown into potentially damaging components.

When the temperature of the vapor discharged from booster
compressor 26 falls below the preset value, thermostatic switch
Th.S. closes, re-energizing coil K1 and, thus, opening contacts
CR1 in line 10 of Figure 2. Timer relay KT1 in line 11, however,
remains energized until it runs for a preset length of time. This
time delay enables the heating load which will be placed on
cifcuit 14 when the circuit is reactivated to increase, insuring
at least moderate vapor flow through the heating circuit when
heating is reactivated. When timer KT1 automatically deactivates,

contacts CRT1 in line 12 close, and coil K2 is energized. Vent
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line valve 44 is thus closed Vialaction of'solenoidréé and
contacts CRZ in line 8, and'contrOI of motor 40'is returned to
switches 76 and 78 due to the c1051ng of contacts CRZ in 11ne 13

and the opening of contacts CRZ in line 14. :

As mentioned above,. the most de51red, complete response of machlne
10 to the vapor temperature in heatlng c1rcu1t 14 approachlng
excessive levels depends,upon operatlngrcondlt;ons,oficoollng -
circuit 12. More particular1§; if- the 1oad on3cooling circuit:12
is relatlvely high when actlon of heatlng c1rcu1t 14 is termlnated
because vapor temperatures thereln are’ approachlng excessive
values, then preferably operat;onrot the coollng Ceru1t,15'
continuedrunaffectedrby'the actionrofrthefbeating circuit.7 In
contrast, if therload on cooling circuitriZ.is relativeiyriow as

action of heating circuit 14 is terminated,‘tben'preferably

‘operation of cooling circnit712 is simuiataneously terﬁinated It

is desirable to termlnate actlon of cool1ng c1rcu1t 12- under these

latter condltlons because otherW1se all of the heat reJected by

“ the refrlgerant pa531ng'through the:cool;ng circuit wouldrbe

rejected via primary Con&enser 20, and it is preferred to
temporarlly termlnate actlon of the coollng,c1rcu1t unt11 a later.

time when this heat can. be recovered via heat reclaiming . condenser
30. '

In view of the above, sensing means is providedwfor sensing the
cooling load or demandion macbinerlo, g;njthe,preferred embodiment
illustrated in the;drawings, thejsenSingrneans incluoes guide vane
switch G.V.S. for sensingrtherposition of guide vanES 34. VGnide_
vane sWitch'G.V,S. is open:when the 1oad,onbcooiing‘titcuit'12'is
below a predeterminedrvalne,'CIOSesgﬁhen'gnide'Qanes531'reach a
position indicating that,therloadronzeircnitbié equals the
predetermined value, and remains closed as long as tbe load on[tbe
cooling circuit is at oriaboVe the preaetermined value., Referring
to Figure 2, guide vane switch'G;V;S.fis electricaliY'located in-

line 3 thereof. —Ifrguidervane switch 6;V.S. isbclosed when
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thermostatic switch Th.S. opens, cooling circuit 12 continues to
operate because, despite the opening of contacts CR1 in line 4,
current is still conducted through relay coil K4 via guide vane
switch G.V.S. in line 3. Since coil K4 remains energized,
contacts CR4 in line 16 remain closed and compressor motor 50
remains connected to the source of electrical energy. Thus,
machine 10 changes from a "heating and cooling" mode of operation

to a "cooling only" mode of operation.

However, if guide vane switch G.V.S. is open when thermostatic
switch Th.S. opens, the operation of machine 10, including the
action of cooling circuit 12, is temporarily terminated. More
particularly, as contacts CR1 in line 4 open in response to the
opening of thermostatic switch Th.S. in line 9, if, at the same
time, guide vane switch G.V.S. is open, then relay coil K4 in line
3 is disconnected from the electrical energy source and, hence,
de-energized. When this happens, contacts CR4 in line 5 close and
contacts CR4 in lines 3 and 16 open. The opening of contacts CR4
in line 16 disconnects compressor motor 50 from the source of
electrical energy. Compressor 18 is deactivated and operation of
machine 10 is terminated. Simultaneously, the closing of contacts
CR4 in line 5 energizes Program Timer PT. Program Timer PT
continues with its control sequence, and opens switch PT-3 to
reset this switch for later restarting the compressor motor. Then
switch PT-4 closes to maintain relay coils K3 and KT2 energized
despite the possible opening of safety switch Saf.S. Next, switch
PT-2 moves to the position shown in full line in Figure 2,
deactivating oil pump o.p. and energizing relay timer KT3 via line
7 and closed contacts CRT2 therein. When timer KT3 is energized,

contacts CRT3 in line 5 open, deactivating Program Timer PT.

Timer KT3 maintains compressor motor 50 and refrigeration machine
10 inactive for a predetermined length of time to prevent motor 50
and machine 10 from cycling on and off at an undesirably high

frequency. Delaying the restart of machine 10 also increases the
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heating and cooling loads placed thereon when the machine is

- restarted. In this manner, machiner10,and'speci£ically motor 50

will operate at a higher, more'effieient capacity when restarted;

When timer KT3-deactivates, oontacts CRT3rin line 5 close,

- energizing PrOgram Timer'PT; and theiprogram timer'oontinnes .with

its control sequence. Spec1f1calIy, Program Tlmer PT moves switch
PT-1 to the position shown in full line in Flgure 2 Thls is the
last step in the control sequence of Program Timer PT? and when it
is completed, the Erogram'Tlmer startsrto'repeat its contro11
sequente. Particularly, sWitehes PTéljand PT-2:are moted hatk to
the positions shown in broken lines'in?Figure.er It should he
noted that timerrrelay KT3 in line 7;ls anr"interval timer" and,
once it deact1vates, must be dlsconnected from the source of
electrical energy before it can be reactlvated Thus, t1mer KT3 .
does not immediately restart after automatlcally deactlvatlng '
desp1te the fact that at the t1me the timer deactlvates, switch
PT-2 is in the position shown in full 11ne and the t1mer is
connected to the electrical energy sonrce, Next, switch PT -4
moves to the open position to insure that compressor motor 50 1s
not restarted unless safety switch Saf S. 1s closed, and then
switch PT-3 is closed. Preferably, the dwell t1me for ‘timer KT3
is greater than the dwell time for,tlmerrKTl 1n line 11. Hence, .
when switch PT-3 is closed as a consequencehofrtimer KT3
deactivating, contacts CR1 in line 4 are closed, and the closing

of switch PT-3 starts compressor motor 50 as explalned above.

As will be apparent to those sklIled in the art, valves 38 and 44
may be positioned by’means other than electr1c motor 40 and

electric solenoid 46 respectlvely For example hydraullc or

pneumatic devices may be employed'to,posltlon valves 38 and 44,

-~

Further, the temperature of'ﬁapor disoharged from booster
compressor 26 may be sensed by means. other than a thermostatlc
switch, for example a thermo- SEHSlthE bulb may be used
Additionally, it should be noted that the heatlng action of

circuit 14 may be terminated in a,number of:waYS other than as
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specifically described herein. For example, in a machine
employing separate drive means to drive primary and booster
compressors 16 and 26, the heating action of circuit 14 may be

terminated by deactivating the booster compressor drive means.

Machine 10, as described above, effectively terminates heating
action of heating circuit 14 when the temperature of vapor therein
approaches an undesirable value, preventing this vapor temperature
from actually reaching undesirable values. As mentioned earlier,
it is often desirable to terminate heating action of circuit 14
for other reasons; for example, if the load on the heating circuit
falls below a certain level. With the preferred embodiment of
machine 10 illustrated in the drawings, since second stage 26 of
compressor 18 is directly coupled to first stage 16 thereof,
second stage 26 operates whenever first stage 16 operates
irrespective of whether heating action of circuit 14 is
terminated. If refrigerant flow through second stage 26 were to
be eliminated when heating action of heating circuit 14 has been
extinguished, undesirably high temperatures might be reached in
the heating circuit and in second stage 26 of compressor 18.

Thus, it is necessary to maintain at least a minimum flow of
refrigerant through second compressor stage 26 and heating circuit

14 regardless of the heating load thereon.

If this minimum flow of refrigerant vapor through second
compressor stage 26 were furnished at the discharge pressure from
primary or first compressor stage 16, a substantial weight flow of
vapor would be required to maintain the temperatures within the
second compressor pressure stage 26 and heating circuit 14 below
predetermined maximum levels. Second stage 26 would use a
substantial amount of power in further compressing the vapor
passing therethrough while producing no useful work. However, if
the minimum flow of vapor were supplied to second stage 26 from a
relatively low pressure source, the required weight flow of vapor

could be reduced producing a concomitant reduction in the wasted
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power consumption.' Further réductiops;in the power.consumption of

second stage 26 may be achieved when;therheating action of circuit

10

15

20

25

30

35

14 is terminated by decreasing the pressure at the discharge side
of this stage, minimizingrthe 1ifﬁﬂréquirémeﬁtsrtheréof. Turning
now to Figure 3, therg is:illﬁstrated,a modified refrigerétion
machine 10 which, in aécordancelwith a second aspect of ‘the..
present inventiomn, is ﬁniqﬁely dgsigned”to terminate heating
action of circuit 14 when,the heatingrloéd thereon fails:below a
predetermined level and, simultaﬁéously{ lower the pressure
differential across circuit 14 and supply,vapor to booster

compressor 26 thereof at a'much 10wer,than normal supply pressure.

Referring torthe,embodiﬁent deﬁiétedrin'Figure 3; it should be
noted that like reference numbers refer'to likeror correéponding
elements of the embodiment diséloSed in’Eiguré 1. Theiémbodiment
shown in Figufe 3 inéludes several élemehtsfnot described above,
specificaliy temperature sensér 76, éigﬁai genérétihg line 78,
swifch 80; and electficél 1ines*L-7 and L-8. Moreover,'with the
embodiment of Figure 3,7va1véé 38 and:44:are,controlled by
positioning means 82 and 84 respectively,:whiCh'préferably are B

electrically actuated solemoids cdnnected’téﬂlinesrL-7 and L-8.

Temperature sensor 76 senSés the temperature of the heat transfer -

fluid leaving heat reclaiming condenser 30, and when the sensédr

temperature falls below a predetermined value, indicating that the

load on heating circuit 14'has,fallgn below a presetrlevel, the

sensor generates a signal. This signal is transmitted to switch

80 via line 78, closing the switch.' This, in turn, actuates

positioning means 82 and 84 to close substantially valve 38 and to
open valve 44 respectively. - Whenrva1Ver38'is placed in its -
substantially closed ﬁbsition; if will permit a ﬁinimum flow of
refrigerant through conduit 64 to the suction side of boéster’
compressor 26.7 With valve 44 open, é:by-pass flow path is
established through liné:42 about restriétion means 22 and 32.

Heat reclaiming condenser 30 is thus difectly placed in
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communication with condenser 24 whereby the pressure within
condenser 30 is lowered to substantially that of condenser 24.
The pressure which booster compressor 26 must exceed to'generate
flow is thereby substantially reduced. Further, through the
substantial closing of valve 38, the pressure of the vapor
delivered through line 64 to the suction side of booster
compressor 26 is substantially reduced, thereby minimizing the
required weight flow of refrigerant for maintaining the

temperature of the booster compressor below the preferred maximum

level.

By placing the discharge side of the booster compressor 26 at
substantially the pressure of condenser 30 and significantly
reducing the pressure of the refrigerant vapor flowing through the
suction side of the booster compressor, the lift requirements
thereof are minimized while the weight flow of the refrigerant
required to maintain the temperature of the booster compressor
below the desired operating point is reduced, substantially
decreasing the consumption of wasted power when the heating load
on the refrigeration system has been terminated. In effect, the
pressure differential across booster compressor 26 has been
substantially equalized, with the pressure being reduced to

approximately the lowest level within the refrigeration machine
10.

As an alternate to permitting a minimum flow of refrigerant
through valve 38 as described above, valve 38 may be entirely
closed upon the opening of valve 44. In this embodiment, a line
86 having a check valve 88 will communicate line 58 with line 64
downstream of valve 38. When valve 38 entirely closes, the
pressure in the line downstream thereof will be substantially
reduced thereby causing check valve 88 to open to permit
refrigerant flow from line 58 to the inlet side of booster
compressor 26. With the opening of check valve 88, booster

compressor 26 will receive the necessary refrigerant flow for
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maintaining the booster compressor at a safe operating
temperature. The flow of refrigerant through line 86 at
substantially the suction pressure of first compressor §tage 16
will provide the requisite low pressure refrigerant vapor to the
inlet of booster compfessor 26. Further, as the temperature of
the vapor delivered through conduit 86 is at generally the lowest
level within refrigeration machine 10, the operating temperature

of booster compressor 26 will be significantly reduced.

While it is apparent that the invention herein disclosed is well
calculated to fulfill the objects above stated, it wiil'be
appreciated that numerous modifications and embodiments may be
devised by those skilled in the art, and it is intended that the
appended claims cover all such modifications and embodiments as

fall within the true spifit and scope of the present invention.
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Claims
1. Apparatus (10) for satisfying heating and cooling demands
comprising a cooling circuit (12) for satisfying the cooling
demand and including a high pressure side (60) and a low pressure
side (62); a heating circuit (14) for satisfying the heating
demand and including a booster compressor (26) for drawing and
compressing refrigerant vapor from the high pressure side (62) of
the cooling circuit (12), and return means (72, 74, 32) for
returning refrigerant from the heating circuit (14) to the cooling
circuit (12); characterized by a sensor (Th.S.) for sensing the
temperature of vapor discharged from the booster compressor (26);
and means (38, 40, 42, 44, 46) responsive to the sensor (Th.S.)
for terminating the heating action of the heating circuit (14)
when the temperature of the vapor discharged from the booster

compressor (26) exceeds a preset temperature.

2. The apparatus (10) as defined by claim 1 further characterized
by the terminating means includes means (38, 40) for reducing the
vapor flow rate through the heating circuit (14); and means (42,
44, 46) for ventlng‘¥apor in the heating circuit (14) to a low

pressure region (Gﬁﬁ-to,iomer the pressure of vapor in the heating
circuit (14).

3. The apparatus (10) as defined by claim 2 further characterized
b§ the reducing means includes a valve (38) for regulating the
flow of vapor through the booster compressor; and positioning
means (40) connected to the valve (38) and the sensor (Th.S.) for
positioning the valve (38) to decrease the vapor flow rate through
the booster compressor (26) when the temperature of the vapor

discharged therefrom exceeds the preset temperature.

4. The apparatus (10) as defined by claim 3 further characterized
by the valve (38) includes a modulating valve; the positioning
means (40) includes a reversible electric motor for modulating the

valve (38) between minimum and maximum flow positions; and the
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temperature sensor (Th.S;),includes'arthermostaticrswitchrfor'
connecting the electric motor (40) tora source ofreleCtricaltir'
energy to move thervalve (38) toward'the minimum fiow position
when the temperature of -the vapor dlscharged from the booster

compressor (26) exceeds the preset‘temperature.

5. The apparatus (10) as defined by clalm 1 further characterlzed
by means (G.V:S.) for sensing the “demand on the coollng circuit
(12); and means (CR4) for terminating the cooling action of the
cooling circuit (12) wheu'both the cooling demand is below a o
predetermiued 1oad and the temperature of the'vapor discharged

from the booster compressor'(26) exceeds the preset temperature.

6. The apparatus (10) as - deflned by claim 5 further characterlzed
by the heating action termlnatlng means includes means (42, 44,

46) for venting vapor in the heatlng circuit (14) to a low
pressure region (62) to lower ‘the pressure of vapor in the heating
circuit (14); and the coollng actlon termlnatlng means 1nc1udes'
means (CR4) for deactlvatlng a dr1ve ‘means (50) for a compressor

(16) of the coollng circuit (12)

7. The apparatus (10) as deflned by clalm 6 further characterlzed
by the compressor. dr1ve means (50)- 1nc1udes an - electrlc motor; the
temperature sensor (Th.S.) 1nc1udes a,thermostatlc,swltch, the
cooling demand sensori(G;V;SQ)Vincludesja limit switch for sensing
the position of a guide vane (34) Of the compreSSOr (i6) of the
cooling c1rcu1t (12); -and" the deactlvatlng means (CR4) includes
electrical contact means electrlcally connected to the
thermostatic sw1tch (Th S. ), the limit sw1tch(G V.S. ), and the
electric motor (50) for d1sconnect1ng ‘the motor (50) from an
electrical energy source (L-1 » L-2) when both the temperature of
the vapor discharged from the booster compressor (26) exceeds the
preset temperature- and the demand on the cooling circuit (12) is

below the predetermined load.
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8. The apparatus (10) as defined by claims 2, 3, 4, 6, or 7
further characterized by the venting means includes a vent line
(42) for transmitting refrigerant from the heating circuit (14) to
the low pressure side (62) of the cooling circuit (12);'a vent
line valve (44) for regulating the flow of refrigerant th}ough the
vent line (42); and means (46) for opening the vent line valve
(44) when the temperature of the vapor discharged from the booster

compressor (26) exceeds the preset temperature.

9. The apparatus (10) as defined by claim 8 further characterized

by the opening means (46) includes a solenoid.

10. A control for a booster type heat reclaiming refrigeration
machine (10) having a coocling circuit (12) for satisfying a
cooling demand, a heating circuit (14) for satisfying a heating
demand, a vent line (42) for venting refrigerant from the heating
circuit (14) to a low pressure area (62), a vent line valve (44)
for regulating the flow of refrigerant through the vent line (42),
and means (46) for opening the vent line valve (44), the cooling
circuit (12) having a primary compressor (16) for drawing vapor
from a low pressure side (62) of the cooling circuit (12),
compressing the vapor, and discharging the vapor into a high
pressure side (60) of the cooling circuit (12), and the heating
circuit (14) having a booster compressor (26) for drawing and
further compressing vapor from the high pressure side (60) of the
cooling circuit (12), a booster valve (38) for regulating the flow
of refrigerant through the booster compressor (26), and
positioning means (40) for positioning the booster valve (26), the
control characterized by a sensor (Th.S.) for sensing the
temperature of the vapor discharged from the booster compressor
(26); and means (K1, K2, CR1, CR2) for connecting the positioning
means (40) and the opening means (46) to the sensor (Th.S.) for
operating the positioning means (40) and the opening means (46) to
move the booster valve (38) to decrease the vapor flow rate

through the booster compressor (26) and to open the vent line
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valve (44) and allow refrigerant flow through theﬂﬁent line (42)
when the temperaturerofrtherﬁapor discharged from;the_booster

compressor (26) rises above a preset temperature.

11. The control as deflned by c1a1m 10 for use w1th a
refrlgeratlon machlne (10) hav1ng an electrlc motor . (50) for -
positioning the booster valve (38) and a solenoid (46) for opening
the vent line valve (44),7further cheraeteriZed'bytthe sensor
(Th.S.) 1nc1udes a thermostatlc sw1tch in heat transfer relation
with vapor discharged from the booster compressor: (26), and the
connecting means 1nc1udea,e1ectr1ca1 contact meansr(CRZ) 7
associated with the,thermostatie switch (Th;S.) for'connettipg the
electric motor (40) and the solenoid (46) to an electrical energy
source'(L-l, L-2, L-3, L-4) when the temperature of the vapor
discharged from the”boostEr éomﬁressor'(26) exceeds the preset
temperature to moveitherbooster valve (38) to decrease the vapor .
flow rate through'tbe booster compressor'(ZG) and tobopen the vent

line valve (44).

12. A control for a booster tYpe heat reclaiming"refrigeration

" machine (10) having a coollng ‘circuit (12) for satisfying a

cooling demand and a heatlng c1rcu1t (14) for satlsfylng a heatlng'
demand, the cooling circuit (12) hav1ng a primary compressor (16)
for drawing vapor from a low pressure side (62) of the cooling
circuit (12);'compressing the #apor,'and disohargiog the vapor

into a high pressure side (60) of the coollng c1rcu1t (12), the
heatlng c1rcu1t (14) hav1ng a booster compressor (26) for draw1ng
and further compre531ng vapor from the high pressure side (60, of
the cooling circuit (12), a booster valve (38) for regulatlng the

flow of refrigerant through the booster compressor (26), and

- positioning means (40) for p051t10n1ng the booster valve (38) the

refrigeration machine (10) further hav1ng drive means (50) for
driving the primary compressor (16), a vent line (42) for venting
refrigerant from the heating circuit (14) to a low—pressure area

(62), a vent line valve (44) for regulating the flow of
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refrigerant through the vent line (42), and means (46) for opening
the vent line valve (44), the control characterized by a
temperature sensor (Th.S.) for sensing the temperature of vapor
discharged from the booster compressor (26); a cooling load sensor
(G.V.S.) for sensing the demand on the cooling circuit (12); valve
regulating means (K1, K2, CR1, CR2) for connecting the positioning
means (40) and the opening means (46), to the temperature sensor
(Th.S.) to activate the positioning means (40) and the opening
means (46) to, respectively, move the booster valve (38) to
decrease the vapor flow through the booster compressor (26) and
open the vent line valve (44) when the temperature of vapor
discharged from the booster compressor (26) exceeds a preset
temperature; and drive regulating means (K1, K4, CR1, CR4) for
conpnecting the temperature sensor (Th.S.) and the cooling load
sensor (G.V.S.) to the primary compressor drive means (50) to
deactivate the drive means (50) when both the temperature of the
vapor discharged from the booster compressor (26) exceeds the

preset temperature and the cooling demand is below a predetermined
load.

13. The control as defined by claim 12 for use with a
refrigeration machine (10) having a first electric motor (40) for
positioning the booster valve (38), a second electric motor (50)
for driving the primary (16) and booster compressors (26); means
for connecting the first (40) and second (50) electric motors to a
source of electrical energy (L-3, L-4, L-5, L-6), and a solenoid
(46) for opening the vent line valve (44), further characterized
by the temperature sensor (Th.S.) includes a thermostatic switch;
the cooling load sensor (G.V.S.) includes a limit switch for
sensing the position of an inlet guide vane (34) of the primary
compressor (16); the valve regulating means includes first A
electrical contact means (CR2) associated with the thermostatic
switch (Th.S.) for connecting the solenoid (46) and the first
electric motor (40) to the source of electrical energy (L-3, L-4)

when the temperature of the vapor discharged from the booster
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compressor (26) exceeds the preset teﬁperature; the drive
regulating means inclhdes'second electrical contact means (CR4)
associated with thé,tﬁermostatic switch (Th;S.)Vand the limit
switch (G.V.S.) for disconnécting thé second eléctric motor (50)
from the electrical energy source (L-S, L-6)'whén'both the
temperature of vapor dischafged from the booster compressor (26)
exceeds the preset temperature'and;the'démand,onrthe'cooling

circuit (12) is below the predetefmined load. .

14. The control as defined by claim 13 further characterized by
first electric timer means (KTI) forrmaiﬁtaining the first
electric motor (40) and the solenoid (46) connected to the
electrical energyispurcé (L-1, L-?,‘L-S, L-4) for a first preset
length of time; and second electric:timer means,(KIZ),for '
maintaining the second electric motor (50) discbnnected from the
electrical energy source (L-S, L-6) fbr a éegond preset length of

time.

15. A method ofrcontrollingrthe operation of a booster type heat
reclaiming refrigeration machine (10) inclﬁding a cooling circuit
(12) having a low pressﬁre sider(62) and a high,pressure side (60)
for satisfying a cooling load, and a heating circuii (14) for
satisfying a heating load, the method charécterized by the steps
of passing refrigerant vapor from the high pressure side (60) of
the cooling ciréuit (12) through the heating circuit (14); :
compressing refrigerant vapor passing through the heatingrcircuit
(14); transferring heat from the refrigerant passing through the
heating circuit'(lé) to a first heat transfer fluid for satisfying
the heating load and to condense therrefrigerant; andrterminating
the trahsfefiing step when the temperature of the refrigerant .
passing throhghrthe heating circuit (14) exceeds a preset’

temperature.

16. The method as defined byrclaim 15 further characterized by the

terminating step includes the steps of reduciﬁg the vapor flow
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rate through the heating circuit (14); and venting vapor from the

heating circuit (14) to a low pressure region (62) to lower the

pressure in the heating circuit (14).

17. The method as defined by claim 16 further characterized by the
steps of increasing the vapor flow rate through the heating
circuit (14) when the temperature of the refrigerant passing
therethrough falls below the preset temperature; and delaying the

increasing step for a predetermined length of time.

18. The method as defined by claim 15 further characterized by the
steps of compressing refrigerant vapor passing through the cooling
circuit (12); and terminating the steps of compressing refrigerant
vapor passing through the heating (14) and cooling (12) circuits
when both the temperature of the refrigerant passing through the
heating circuit (14) exceeds the preset temperature and the load

on the cooling circuit (12) is below a predetermined load.

19. The method as defined by claim 18 further characterized by the
step of restarting the steps of compressing refrigerant vapor
passing through the heating (14) and cooling (12) circuits a
predetermined length of time after the compressing steps are

terminated.

20. A control for a booster type heat reclaiming refrigeration
machine (10) having a cooling circuit (12) for satisfying a
cooling demand, and a heating circuit (14) for satisfying a
heating demand, the cooling circuit (12) having a low pressure
side (62) and a high pressure side (60), the control characterized
by means (64) for maintaining a continuous flow of refrigerant
through the heating circuit (14) regardless of changes in the
heating load thereon; and refrigerant flow control means (42, 44,
84) responsive to the changes in the heating load on the heating

circuit (14) for substantially equalizing the pressure within the
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heating circuit (14). when the ‘load thereon decreases below a-

predetermlned level.

21. A control in accordance with claih ZO'further charaeterized by
the refrigerant flow control means 1ncludes a f1rst condult (42)
communlcatlng refrlgerant condenSIng means (30) of the heat
reclaiming circuit with refrlgerant evaporator means (24) of the.
refr1gerat10n machine (10); a first. normally closed valve (44)
interposed in the first conduit (42) for controlllng refrigerant
flow from the condensing means (30) to the evaporator means (24);
and load sensing means (76) for openlng the first normally closed
valve (44) when the load on the heatlng c1rcu1t (14) decreases
below the predetermlned level for enabling refrlgerant to flow
from the condensing means (30) to the evaporator means (24) for

substantially equalizing the pressure therebetween.

22. A control in accerdance with claims'ZO orVZl further
characterized by the fIOW,maintainingrmeans'ihcludes means (34,
86, 88) for delivering refrigeraht from the 10W‘bressure side (62)
of the cooling circuit (12) to the heating c1rcu1t (14) the
suction pressure of the low pressure stage to the inlet’ when the

heating load thereon falls below the predetermlned level.

23. A control in accordance with elaim 22 further characterized by
the refrigerant delivering means includesra;second conduit (86)
connecting the low pressﬁrerside (Sz)rof;the'coolihg cirédit (12)
with the heating circuit (14); a normelly:cloSed second valve (88)
interposed in the second conduit (86) for'cdhtrolling'flow of
refrigerant therethrough; and means (38) fdr'opening the normally
closed second valve (88) upon the openlng of the first normally :
closed valve (44).

24. A control for a booster type heat reclaiming refrigeration

‘machine (10) having a cooling cirqhit (12) forrsatisfying a

cooling demand, and a heating circuit for satisfying a heating
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demand, the cooling circuit (14) having a low pressure side (62)
and a high pressure side (60), the control characterized by means
(64) for maintaining a continuous flow of refrigerant through the
heating circuit (14) regardless of changes in the heatiﬁg load
thereon; refrigerant flow control means (86, 88, 38) responsive to
changes in the heating load on the heating circuit (14) including
pressure reducing means (86, 88, 38) for reducing the pressure of
refrigerant delivered to the heating circuit (14); pressure
equalizing means (42, 44, 84) for substantially equalizing the
pressure between the heating circuit (14) and the low pressure
side (62) of the cooling circuit (12); and actuating means (76,
78, 80) for simultaneously activiating the pressure reducing means
(86, 88, 38) and the pressure equalizing means (42, 44, 84) when
the load on the heating circuit (14) decreases below a

predetermined level.

25. A control in accordance with claim 24 further characterized by
the pressure redﬁcing means includes means (86, 88, 38) for
delivering refrigerant from the low pressure side (62) of the
cooling circuit (12) to the heating circuit (14) when the heating

load thereon falls below the predetermined level.

26. A control in accordance with claim 25 further characterized by
the refrigerant delivering means includes a conduit (86)
connecting the low pressure side (62) of the cooling circuit (12)
with the heating circuit (14); a normally closed valve (88)
interposed in the conduit (86) for controlling flow of refrigerant
therethrough; and means (38) for opening the normally closed valve

(88) upon activation of the pressure equalizing means (42, 44,
B4).

27. A method of controlling operation of a refrigeration machine
(10) of the type utilizing relatively low pressure refrigerant
discharged from a low pressure stage (16) of a multi-stage

centrifugal compressor (18) to satisfy a cooling load and
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relatively high pressure réffigerant diécharged—from a high

pressure stage (26) of .the compreésor (16) to satisfy'a heating

. load, the method chafécferized by the steps of monitéring-the load

on the hlgh pressure stage (26), malntalnlng a continuous flow of
refrigerant through the h1gh pressure stage (26) regardless of
changes in the,load thereon; substantlally equallzlng the pressure
between the inlet and diséharge sides of therhigh preséﬁre stage
(26) when the'ioad thereon falls below a predetermined level; and
simultaneously decreasing. the preséure at the inlet éide of- the :
high pressure stage (26) for reduc1ng the welght flow of

refrigerant therethrough

28. A method in accofdance'with claim 27 furtherrchgractérizéd by
the equalizing stép includes placiﬁg the discharge side of the
high pressure stage (26) in communication,with'thé'inlgt side of

the low pressuré stage (16) for substantially decreasing the

- pressure of the discharge side of the high pressure stage (26);

29. A method in aécordanég with claim 28 further-chéracterized by
the step of éommunicating the inlet sides of fﬁe”low pressure'(16)
and high pressure (26) :stages for,deliQering refrigéfant gés'at
the pressure of the inlet side,of,ﬁheilow pressuré'stage (16) to -
the inlet side of therhigh,preSSUré stage (26) when;thé load on
the high pressure stage (26) falls beldw the predeﬁérmined—level.

30. A contrblrfor'a multi-stage Eentrifugal compression -
refrigetation machine (10) having a first condensdr (20) for

receiving relatively low pressure refrlgerant dlscharged from a

Vlow pressure stage (16) of the centrlfugal compress1on

refrlgeratlon unit (10), a second condensor (30) for receiving .
relatively h1gh pressure refrlgerant dlscharged from a high
pressure stage (26) of the'centrifugal compression fefrigeration
unit (10) to sétisfy a'heating'10&&,'5nﬂe§aporat6£,(24)'for
receiving condensed refrigerant from the first (20) and secbnd

(30) condensors to satisfy éréboling load, and a first ébhduitr

.
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including expansion means (22) for defining a first refrigerant
flow path from the first (20) and second (30) condensors to the
evaporator, the control characterized by a first by-pass conduit
(42) including a first normally closed valve (44) for défining a
second refrigerant flow path from the second condensor (30) to the
evaporator (24); and actuating means (76, 78, 80, 84) responsive
to the heating load on the second condensor (30) for opening the
normally closed valve (44) when the heating load decreases below a
predetermined level for enabling refrigerant to flow from the

second condenser (30) to the evaporator through the by-pass
conduit (42).

31. A control in accordance with claim 30 further characterized by
means (86, 88, 34) for delivering relatively low pressure
refrigerant to the inlet side of the high pressure stage (26) of

the refrigeration unit (10) when the heating load falls below the

predetermined level.

32. A control in accordance with claim 31 further characterized by
the delivering means includes a second conduit (86) connecting the
suction side of the low pressure stage (16) with the suction side
of the high pressure stage (26); a normally closed second valve
(88) interposed in the second conduit (86) for controlling flow of
refrigerant therethrough; and means (38) for opening the second
normally closed valve (88) upon the opening of the first normally
closed valve (44) for enabling refrigerant gas at the suction
pressure of the low pressure stage (16) to flow to the suction

side of the high pressure stage (26).
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