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(57) Abstract: Provided are a refrigeration heat re-
claim unit and method, comprising a heat exchanger,
comprising a refrigerant inlet that receives a tlow of
refrigerant having a first state; a refrigerant outlet that
outputs the flow of refrigerant having a second state; a
water loop inlet that receives a tlow of liquid at a first
temperature; a water loop outlet that outputs the tlow
of liquid from the reclaim heat exchanger at a second
temperature that 1s greater than the first temperature in
response to the tflow of refrigerant. The refrigeration
reclaim unit also comprises a refrigerant flow control
device having outputs to the refrigerant inlet and an
air-cooled condenser, respectively for controlling the
flow of refrigerant to at least one of the refrigerant in-
let and the air-cooled condenser for maintaining a pre-
determined flow quality value at the refrigerant outlet.
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REFRIGERATION HEAT RECLAIM

RELATED APPLICATIONS
This application claims priority to ULS. Provisional Application Serial No. 62/120,020, filed
on February 24, 2015 entitled "REFRIGERATION HEAT RECLAIM", the entirety of which 1s

incorporated by reference herein.

FRRLLD
The present concepts relate generally to the tield of refrigeration, and more specitically, to

refrigeration heat reciaim systems and methods.

BACKGROUND
Refrigeration systerns require a significant amount of energy o operate. Heat generated by

refrigeration systems 18 typically dissipated as waste heat to the environment.

BRIEE SUMMARY

in one aspect, provided is a refrigeration heat reclanm unit, comprising: a heat exchanger,
comprising: a refrigerant mlet that recerves a tlow of refrigerant having a first state; a refrigerant
outiet that cutputs the flow of vefrigerant having a second state; a water 1oop miet that recerves a
How of liguid at a first temperature; a water loop outlet that outputs the tlow of liquid from the
reclaim heat exchanger af a second temperature that 18 greater than the first temperafire 1 response
to the flow of refrigerant. The rvefrigeration reclaim unit also comprises a veirigerant flow control
device having outputs to the refrigerant mlet and an aw-cooled condenser, respectively for
controlling the tlow of refrigerant to at least one of the refrigerant inlet and the air-cooled condenser
for mamtanung a predetermined flow quality valuce at the refrigerant outlet.

In some embodiments, the refngerant Hlow control device includes a three-way mass flow
diverting valve.

in some embodiments, the threc-way mass tlow diverting vaive 1s a modulating, linear valve
that performs analog modulation.

In some ernbodiments, the refrigerant flow control device comprises: an mput port for
recerving the flow of refrigerant from a refrigerant compressor; a first cutput port that outpuils a first
proportion of the flow of refrigerant to the beat exchanger; and a second output port that outputs a
second proportion of the tHow of refrigerant to the air cooled condenser.,

In some embodimenis, the refrigerant flow control device achieves or supports a mass flow
balance.

In some embodiments, the reifrigerant tlow control device monitors refrigerant pressure and

temperature at the refrigerant inlet and the refrigerant outlet for controlling the flow of refrigerant.
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In some embodiments, the first state 1S a saturated vapor and the second state 1S a saturated
gud.
in some embodiments, the system further comprises a bypass device between the refrigerant

inlet and the refrigerant outlet that outputs a proportion of retrigerant to an air-cooled condenser in

AN

response to a high refrigerant temperature or a high refrigerant pressure.

In some embodiments, the refrigerant flow control device controls the How of refngerant

simultaneously to the refrigerant inlet and the air-cooled condenser for maimntaining a predetermined

flow quality vahie at the refrigerant outlet.
in another aspect, provided 18 a refrnigerant mass fiow system, comprising a refrigerant flow

10 control device comprising an mput port for receiving a flow of refrigerant from a refrigerant
COMIPIEssor; a st output port that outputs a first proportion of the flow of refrigerant to a heat
exchanger; and a second output port that outputs a second proporfion of the tlow of refrigerant to an
atr cooled condenser, and a controller for controlling the first and second proportions of refrigerant
for mammtaming a predetermined flow quality value at an outlet of the heat exchanger.

15  In some emnbodiments, the fivst proportion of the tlow of refrigerant may be output to the heat
exchanger as a saturated vapor, and the tlow of refrigerant at the outlet of the heat exchanger 18 a
saturated liguid.

The furst proportion of the thow of refrigerant 18 output to the heat exchanger as a saturated
vapor, and the fiow of refrigerant at the outlet of the beat exchanger 18 a saturated higqud.

20 In some embodiments, the relfrigerant mass flow system may further COMprise a bypass
device between the refrigerant inlet and the refrigerant outlet that outputs the tlow of refrigerant to an
air-cooled condenser in response to high refrigerant temperature or lugh refrigerant pressure.

In some embodiments, the refrigerant flow control device may control the Hlow of refrigerant
simultaneousiy to the heat exchanger inlet and the awr-cooled condenser tor mamtaiming a
253 predetermined How quality value at the heat exchanger outlet.
in another aspect, provided 18 method for confroliing a flow of refrigerant at a refrigeration
system, COmprising: measuring a temperature and pressure of a tlow of refrigerant at a refrigerant
outiet of a heat exchanger; comparing the measured refrigerant teroperature and pressure o a
reference pressure-temperature setpoint; and modulating a refrigerant flow control device m response

30 to the comparison.

In some embodunents, modulating the refrigerant flow control device may COmprise
controliing the fiow of refrigerant to at {cast one of a reirigerant inlet of the heat exchanger and an

ar-cooled condenser for mammtaining a predetermined flow quality value at the refngerant outlet.
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In some embodiments, the refrigerant tlow control device may control the How of refrigerant
simuittaneousty o the refrigerant indet and the air-cooled condenser for mamtaining 4 predetermined
tlow quality vahie at the refrigerant outlet.
In some embodiments, modulating the refrigerant flow control device may comprise receiving at the
refrigerant flow control device the flow of refrigerant from a refrigerant compressor; outputting from
a first output port a first proportion of the How of refrigerant to the heat exchanger; and outputting
from a second output port a second proportion of the tiow of refrigerant to an air cooled condenser.

in some embodiments, the method may further comprise monttoring refrigerant pressure and
femperature at each of the refrigerant mlet and the refrigerant outlet tor controliing the tlow of
refrigerant.

in some embodiments, the method may further comprise recetving at a refrigerant iniet of the
heat exchanger a fiow of refrigerant having a first state; and outputting at a reinigerant outlet of the
heat exchanger the flow of refrigerant having a second state.

In some embodiments, the first state is a saturated vapor and the second state 18 a saturated
hguid.

in some embodiments, the method may further comprise coupling a bypass device between
the refrigerant inlet and the refrigerant outlet that outputs a proportion of refrigerant to an air-cooled

condenser in response to high refrigerant femperature or high refrigerant pressure.

BREIEEF DESCURIPTION OF THE SEVERAL VIEWS OF THE BRAWINGS
The above and further advantages may be better understood by referring to the tollowing description
m comunction with the accompanymg drawings, i which like numerals indicate like structoral
elements and features in various figures. The drawings are not necessanly o scale, emphasis mstead
being placed upon llustrating the principles of the

Fi(s. 1 1s a perspective view of a reirigeration heat reclaim unit, in accordance with some
embodiments;

Fi(5. 2A 1s a front view of the refrigeration heat reclaim unit of FIG. 1, 1n accordance with
some embodiuments:

FI(G. 2B 18 a side view of the refrigeration heat reclaim unit of FIGs. 1 and 2A, m accordance
with some embodiments;

Fi(. 2C 18 a top view of the refrigeration heat reclaun umt of FIGs. 1, 2A, and 28 in
accordance with some embodiments:

Fi{5. 3 1s a schematic diagram of a retrigeration cycle, mm accordance with some
embodiments:

HiG. 4 18 a flow diagram iilustrating a method for controthing a tlow of refrigerant between a
reclaim heat exchanger and a condenser, in accordance with some embodiments; and

-y
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Fi{s. 5 1s a pressure-enthalpy (p-h) diagram for a refrigeration cycle, in accordance with some

embodiments.

DETAILED DESCRIPTION

Retrigeration heat reclanm 1s a feature of some refrigeration systems, whereby heat generated
during a retrigeration operation which would otherwise be wasted at a condenser can be recovered
and diverted tor another useful purpose, such as a source of heat Tor another tluid stream {(1.e., a
gaseous or hquid substance) having a lower temperature requirement. In doing so, the amount of
energy purchased for use by the refrigeration system can be reduced in favor of reclaimed energy
that would otherwise be exhausted to the environment.

Fi(. 1 1s a perspective view of a refrigeration heat reclaim unit 10, in accordance with some
embodiments. Fi. 2ZA 18 a front view of the refngeration heat reclaim umt 10 of FIG. 1, in
accordance with some embodiments, FIG. 2B s a side view of the refrigeration heat reclaim unit 10
of Fi(5s. 1 and 2A, in accordance with some embodunents. Fi(s. 2( is a top view of the refrigeration
heat reclaum umit 10 of FiGs. 1, 2A, and 2B in accordance with some embodiments.

The refrigeration heat reclann unit 10 mcludes a reclaim heat exchanger 20 and a refrigerant
How control device 30 positioned 1 a housing 110, along with an expansion tank 124 and a pump
126 for airculating heat exchanger fluid, an electrical panel 128, and a set of inlets and outlets for
couphing with various other elements of a refrigeration system, for exampie, illustrated at FiG. 3.
Various pumps, switches, valves, sensors, and the like (not shown} can also be positioned at the
nousing 110 for providing paratlel mass flow 1 accordance with some embodiments.

{oupled to the heat exchanger 20 10 the housing 110 of the retrigeration heat reciaim unit 10
includes a water loop supply outlet 102, a water loop supply inlet 104, and a higuid refrigerant outlet
106. Also coupled to the heat exchanger 20 1s an outlet 134 of the flow control device 30, which
controls the tlow of refrigerant according to temperature and pressure at the heat exchanger inlet 105,
The water loop supply inlet 104 receives water or other coohng tlhuid or gas for reducing a
temperature of superheated refrigerant in the heat exchanger 20 received via the tlow control device
38. The water loop supply cutput 102 outputs the cuculating fluid iquid or gas heated by the heat
trom the refngerant tlowing through the heat exchanger 20. The liquid refrigerant outlet 1U6 outputs
the refrigerant cooled by the circulating tluid. The refrigerant can therefore transition at the reclaim
heat exchanger 20 from a superheated vapor, tor example, output from a compressor 16 {(see FIG. 3),
o a hgquid due to removal of beat from the refrigerant by the circulating cooling fiuid.

The expansion tank 124 may absorb excess water pressure caused by thermal expansion with
respect to the water or other tluid received at the water loop supply inlet 104, which 1s heated during
beat transter from the refrigerant at the reciaim heat exchanger 20. A fluid path 127 extends between
the expansion tank 124 and the water loop supply imlet 104,

4
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A thuid pump 126 can be provided along the water loop supply inlet 104 for providing a
supply of water or other cooling thuid to a heating load.

The electncal panel 1238 provides power via a power source, 1.¢., battery, electrical ocutlet, and
50 on to the various elements of the unit 100 via electrical connectors (not shown). The electrical
panel 128 can also include some or all mterconnections between a refrigerant tiow controller 440 (sce
FIG. 3) and various sensors 109, pumps, valves, and/or the reclaim heat exchanger 20 and the tlow
control device 30 that exchange signals with the controller 40 and/or each other for controlling a
mass How in accordance with some embodiments.

A bypass device 22 can extend between an inlet 136 of the refrigerant flow control device 30
and an outlet 136 of the refrigerant tlow control device 30 that outputs a proportion of refngerant {o
an aw-cooled condenser. The bypass device 22 can include a Z2-way solenoid valve or the hike that
functions as a safety bypass to bypass the heat reclaim elements. For example, the bypass device 22
can be activated i response to high refrigerant temperature or high refrigerant pressure. The bypass
device 22 can also act in response to high thnd temperature on the loop 12 or when the thuid pump
126 experiences a {oss of flow or mechanical/electrical failure.

FI(. 3 18 a schemate diagram of a refrigeration cycle, m accordance with some
embodiments. In describing the refrigeration cycle, reference 18 made to elementis of the reclaim heat
exchanger 20 of FIGs. 1 and 2A-2C, which 1s part of a closed refrigeration system for recapturing
waste beat. Other elements of the refrigeration system can include, but not be limated to a flnd
cooling circutt 12, awr-cooled condenser 14, a hquid receiver 15, and a compressor 16, Other
clements may be part of the refrigeration cycle but not shown, stich as an evaporator, as well as
various pumps, switches, vaives, sensors, and the like for controliing the flow, femperature, pressure,
and/or state of refrigerant and/or cooling thuds, respectively. For example, in some parts of the
cycle, the reifrigerant 1s a hquid, and in other parts of the cycle, the refrigerant 18 a gas or vapor.

The refrigeration cvcle includes both a cooling fhiud loop and a refrigerant loop for providing
a4 parallel mass tlow between the air-cooled condenser 14 and the reclaim heat exchanger 20 which »n
some embodinents 1s part of the heat reclaum unit 10, The reclaim heat exchanger 20 recerves a flow
of fluid from the fiuid cooling circuit 12, for example, mcluding a cooling tower, fiuid to air heat
exchanger or the hike, tor cooling a flow of refrigerant received by the heat exchanger 2. More
specifically, water or other thnd liquid or gas circulates through the heat exchanger 20 via the water
icop inlet 104, which recetves a tlow of tuid from the thuid cooling circutt 12 for cooling a tlow of
refrigerant at a first state, e.£., a4 vapor, received at a refrigerant inlet. Accordingly, heat 1s removed
from the refrigerant tlow and 18 exchanged or transterred to the circulating fluid liquid or gas of the
fluid cooling circuit 12, In doing so, the temperature and pressure of the refrigerant flow through the

heat exchanger 120 18 reduced. The cooled tlow of refrigerant 1s output from the refrigerant outlet

N
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106 to the liquid recerver 15 i1 a second state, e.g., a liquid. The tlow of tluid circulating through the
fluid cooling circuit 12 can be controlied in any desired manner known to those of ordinary skili
the art, for example, through the use of valves or the hike.

In some embodimenis, the refrigerant flow control device 30 mcludes a modulating, hinear,
three-way refrigerant mass flow diverting valve for controlling a tiow of refrigerant received from
the compressor 16. The refrigerant How control device 30 includes an inlet 136 1n commumcation
with a compressor 16, a first outlet 134 in communication with a refrigerant inlet 108 of the reclamm
heat exchanger 20, and a second outlet 1327 in communication with an air-cooled condenser. A
reirigerant How controlier device 44} 18 used for monitoring refrigerant pressure and temnperature at
the refrigerant miet 108 and outlet 106, and determimng or calculating the mass flow ratio, or ratio of
high-temperature mass flow rate at inlet 108 t0 low-temperature cwcuit mass flow raie at outlet 106,
Retrigerant tlow controller 40 provides control action, by means of electronic or comununication
signal or mstruction, to refrigerant mass flow diverting control valve 30 such to mamtain a
predetermined refrigerant mass tlow quality value at the refrigerant outlet 106,

The compressor 10 recewves the refrigerant from a load 17, tor example, a device or system
that controls the tlow of gaseous refngerant mnto the compressor 16, Here, the hgud refngerant
experiences pressure and/or temperature changes, for exarple, a drop i pressure and rise in
temperature such that the hiquid refrigerant vaporizes into a superheated gas prior to entermg the
compressor 16, which compresses the refrigerant to a high temperature, high pressure compressed
refrigerant vapor or gas provided to the refrigeration heat reclaim system 14 i a controlled manner
by the tlow control device 30.

At the reclaumn heat excbhanger 20, heat of the superheated refrigerant vapor 18 removed from
the refrigerant and transierred to the cwculating thnd, e.g., water, from the tluid coohng circunt 12
having a lower temperature than the refrigerant flowing through the reclaim heat exchanger 20.
Accordingly, the tiow of refrigerant cooled by the circulating fluid is condensed and output from the
reclaim beat exchanger 20 to the huqud recever 135 i a liquad state,

The refngerant tlow control device 30 18 positioned along a refrigerant flow path between the
cormapressor 16 and the reclaim heat exchanger 20 for controlling a flow of the refrigerant to the
reclaim heat exchanger 20, more specifically, dividing and controlhing superheated refrigerant mass
tlows between, and with respect to, the air-cooled condenser 14 and/or the reclaim heat exchanger 20
to maintain a speciic refrigerant saturated condensing prassure and temperature as to control a
refrigerant quality ('x7) value of x = (.0 at the heat exchanger outlet 106, whereas the quality 18
represented as the refnigerant state coincident with the saturated hquid ling associated with the
specific refrigerant ‘pressure-enthalpy’ chart, therefore providing maximuin heat exchanger

ciicctiveness while ensuring a solid hguid state exists to merge with the Liquid output of the amr-
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cooled condenser 14, A quality value of X = {0, or a refrigerant state comncident with the saturated
tiguid line on the pressure-enthalpy chart, represents the maximum fatent heat transier potential of
the chemical compound.

The refrigerant tlow control device 30 recetves superheated refrigerant mass tiow from the
compressor 16 and mcludes a first outiet 134 for outputting a first proportion of superheated
refrigerant gas mass tlow to the reclaim heat exchanger 20, and a second outlet 132 for outputting a
second proportion of superheated refrigerant gas mass flow to the air-cooled condenser 14, Reclaim
heat exchanger 20 and/or air-cooled condenser 14 provides for condensing the superheated
reirigerant prior (o outputiing (o the ligud receiver 135, The first proporfion of superbeatec
refrigerant mass flow outputting from refrigerant tlow control device 30 can enter the reclaim heat
exchanger 20 simultaneousty with the second proportion of superheated refrigerant mass tlow to the
air-cooled condenser 14, The retrigerant flow control device 30 can control the flow of refrigerant
simultaneously to the refrigerant mlet 108 and the awr-cooled condenser 14 for mamtaining a
predetermined flow quality value at the refrigerant outlet 106,

The controller 40 can monitor reirigerant pressure and temperature along the refrigerant tlow
path and instruct or divect refrigerant flow control device 30, more specifically, using tlow meters,
sensors, or the like, at the refrigerant mnlet 108 and outlet 106 of the reclanm heat exchanger 20 along
the refrigerant tiow path. The controller 40 controls the first and second proportions output from the
refrigerant flow control device 30, and determuung a mass tlow rafio, to mamiain a predetermined
How quality value at the refrigerant outlet. For example, the controller 40 can mstruct the flow
control device 30 to allow a required refrigerant mass flow needed to satisty a current heating
dernand to pass into the reclaim beat exchanger 20, while directing all remaiming mass {flow to the
existing air cooled condenser. The two heat exchanger outlet liqund streams, condenser and heat
reclaim, are returned to the higuid recetver separately. In some embodiments, as shown in Fi(. 1, the
controlier 40 18 co-located with the reclaim heat exchanger 20 and/or the tlow control device 34, In
other embodiments, the controller 403 1s external to the refrigeration heat reclaum system 10, and
remotely controls the mass flow ratio corresponding to vefrigerant guality at the tlow control device
38. The controller 40 can include a hardware processor and memory having contents that are
executed by the hardware processor to perform the functions of the controlier 440

The refrigerant tlow control device 30 provides tor reclamation of waste heat without
requiring physical elevation of the reclaim heat exchanger 20 above the air-cooled condenser 14
requircd with conventional heat reclaim approaches. In conventional series fow configurations, a
heat exchanger output must be above a condenser inlet m order for gravity o cause thud tlow to
occur. In the reingeration system according to embodiments, the reclaum heat exchanger 20 can

mclude a retrigerant outlet 106 that 1s above the liquid recerver 135, which is typically arranged to be
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below the condenser 14, The refrigeration heat reclaim unit can be oriented in a horizontal or
vertical configuration, or other posifion obviating specific elevation requrements. 'T'ne refrigeration
heat reclanm umt can be pre-engineered, pre-fabricated, and packaged with hixed capacities, allowing

tor an expedient and inexpensive deployment as compared (o conventional systems. The packaged

AN

unit permits economies of scale to be applied to a specitic reifrigeration system design, allowing for

cost reductions in fabrication and instaliatton as well as energy cost savings.

Also, the paraliel mass flow arrangement 1n accordance with some embodiments does not
require a signtficant additional refrigerant charge. Theretore, Liquid refrigerant management in
ambient extremes 1s not alfected bevond existing system reguirements. Unly the required refrigerant
10 mass tlow needed to satisty a current heating demand 18 allowed to pass into the reclaim heat

exchanger 20, All remaining mass tlow 18 directed to the air cooled condenser 14. The two heat
exchanger outiet hquid streams, namely, the condenser and heat reclaim, are preferably returned to
the liguid receiver 15 separately. The parallel mass flow arrangement operates completely
transparent to the existing refrigeration system, and requires less tofal refrigerant charge than a

15  conventional series flow arrangement.

FIG. 4 18 a flow diagram itlustrating a method 200 for controlling a tlow of refrigerant
between a reclaum heat exchanger and a condenser, in accordance with some embodiments. In
describing the method 200, reference is made to elements of the refrigeration cvcle illustrated at
Fi(s. 1-3.

20 Another feature of a parallel mass flow arrangement i accordance with some embodiments
is the presence of the controller 40, which can provide an integral heat balance between the air-
cooled condenser 14 and the reciaim beat exchanger 20. Accordingly, in some embodiments, some
or all of the method 200 18 implemented and executed by the controller 44,

At block 202, a temperature of the tluid refrigerant at the outlet 106 of the heat exchanger 20

23 18 measured by a sensor 109 or the bike. Simidarly, a refrigerant pressure can also be measured by a
senisor 109 or the like at the outlet 106 of the heat exchanger 20. One or more temperature and/or
pressure sensors or the like can be positioned between the outlet 106 and the haguid receiver 15,
{Jther sensors may be positioned at other relevant locations, for example, between the refrigerant
outiet 134 and the reclaim heat exchanger inlet 108, for measuring fluid temperature and/or pressure

30 at the inlet 103, A check valve 111 can also be at the outlet 106 that performs or otherwise

establishes a pressure balance between reclaiim heat exchanger outlet 106 and air-cooled condenser

outlet such that both paths of refrigerant mass How heat exchange maintain an equal or conunon

pressure at hquid receiver 15,

At block 204, the measured temperature and pressure at the heat exchanger outlet 106 are

“

35  compared to a reference pressure-temperature (P1) setpoint tor a target condition at the refrigerant
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outlet 106 that corresponds to a refrigerant quality (x) value of zero (x={). The setpoint values are
speciiic to the type of refrigerant wihich 18 used and 18 well-known to one or ordinary skall 1n the art,
tor example, Forane® 407 A refrigerant, and for a target saturated condensing temperature (5CT), for
example, shown i Fi(. 3. The controlling of the quality position, i.e., x=0, allows maxumum heat
exchanger effectiveness while ensuring that a liquid state exists at the outiet 106 to merge with the
bguid refrigerant output from the air-cooled condenser 14 to the liqund recetver 13,

At block 2006, the refrigerant thow control device 30 1s modulated by the controlier 40 in
response {o the comparison between the measured temperature and pressure at the heat exchanger
outlet 106 and the reference P1 setpoint. For exampie, the controller 40 rmonodulates or hnearly opens
or closes the refnigerant tlow control device 30 such that the measured temperature and pressure
conditions correspond with the target saturated condensing femperature and pressure conditions.

For exampie, as shown i Fi{. 5, an imcrease 1n a measured pressure and/or temperature
above the SCT target at the outlet 106 may occur. Here, the controller 40 can modulate the tlow
control device 30, tor example, modulate toward a close position, until the measured pressure
decreases to equal the reference pressure for the reterence SCT value, tor example, 70 degrees F
shown m FEG. 50 Simnlarly, a decrease i a measured pressure and/or temperature below the SCT
target at the outlet 106 may occur. Here, the controller 40 can modulate the flow control device 30,
for exampie, open position, uniyd the measured temperature mcreases to equal the reference
temperature for the reference SUT value.

In some embodiments, the controlier 40 can perform other functions, some or all of which
cai be part of a control sequence. For example, the controlier 40 can activate or inactivate a pump at
the heat exchanger 20 with respect to a fluid flow through the heat exchanger 20 1f an outside
temperature falls above or below an active control setpomnt temperature indicating or creating a heat
demand situation whereby the reclaim heat exchanger 20 may provide all or a portion of the heat to
aifset or satisty the heat demand. For example, outside ternperatures below a setpoint may ndicate
that heat 18 needed to satisiy an outside awr ventilation demand m an occupied building, for example,
the outside air heating load provides a heat rejection cooling capacity tor reclaun heat exchanger 20,
for cxample, refrigerant mass tlow control device 38, may direct a proportion of the refrigerant mass
flow to reclaum heat exchanger nlet 108, for example, superheated rvefrigerant mass fHow at inlet 102
may exchange or transier heat to reclanm thud tlow at outlet 102 to offset or satisly outside ar
ventilation heating demand .

The controller can, under certain condifions, energize the bypass device 22 0 bypass
refrigerant mass tlow from the refngerant flow control device 30 directly to the air cooled condenser
14 without going thru the refrigerant flow control device 30. For example, when the controller 40

detects a loss of flow via a fhuid flow differential pressure swiich, the controlicr 40 can open the
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bypass device 22 allowing normal refrigerant flow to the awr cooled condenser 14. I a determination
1s made the measured pressure 18 greater than a predetermuned refrigerant high pressure lmit, or the
measured tluid temperature 1s greater than a predeternnned high temperature imat, for example,
90°F, the controller 40 can open the refrigerant bypass device 22, Siumularly, upon an unacceptable
drop 1in pressure and/or temperature, the controller can close the bypass device 22,

As will be appreciated by one skilled in the art, concepts may be embodied as a device,
systern, method, or computer program product. Accordingly, aspects may take the form of an
entirely hardware embodument, an entirely software embodiment (inchuding fivmware, resident
software, micro-code, etc.) or an ernbodiment combining software and hardware aspects that may all
generally be referred to herein as a "circutf,” "module” or "system.” Furthermore, aspects may take
the form of a computer program product enmibodied in one or more computer readable medium(s)
having computer readable program code embodied thereon.

{omputer program code for carrying out operations for the concepts may be written in any
combination of one or more programming languages. The program code may execute entively on the
user's computer, partly on the user's computer, as a stand-alone software package, partly on the user's
computer and partly on a remote computer or enfirely on the remote computer or server. In the latter
scenario, the remote computer may be connected to the user's computer through any type of network,
including a local area network (LAN) or a wide area network (W AN), or the connection may be
made to an external computer (for example, through the Intermet using an Intermet Service Provider).

{oncepts are described herein with reference to flowchart illustrations and/or block diagrams
of methods, apparatus (systems) and computer program products according to embodunents. 1t will
be understood that each block of the flowchart itlustrations and/or block diagrams, and combinations
of blocks m the flowchart ilustrations and/or block diagrams, can be implemented by computer
program instructions. These computer program mstructions may be provided to a processor of a
general purpose computer, special purpose compiter, or other programimable data processing
apparatus to produce 4 machine, such that the mstructions, which execute via the processor of the
computer or other programmable data processing apparatus, create means for implementing the
functions/acts specitied i the tlowchart and/or block diagram block or blocks.

These computer program mstructions may also be stored in a computer readable medium that
can direct a computer, other programmable data processing apparatus, or other devices to function in
a particular manner, such that the mstructions stored in the computer readable medium produce an
articie of manufacture including instructions winch unplement the function/act specified in the
Howchart and/or block diagram block or blocks.

The computer program imstructions may also be loaded onto a computer, other programimable

data processing apparatus, cloud-based infrastructure architecture, or other devices to cause a series

16
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of operational steps to be performed on the computer, other programmable apparatus or other devices
to produce a computer implemented process such that the mstructions which execute on the
computer or other programmable apparatus provide processes for implementing the functions/acts

specified 1 the fiowchart and/or block diagram block or blocks.

AN

The tlowchart and block diagrams in the Figures iilustrate the archifecture, functionality, and
operation of possible unplementations of systems, methods and computer program products
according (o various embodiments. In this regard, each block in the tlowchart or block diagrams
may represent a module, segment, or porfion of code, which comprises one or more executabie
mstructions for implementing the specified logical function(s). it should also be noted that, in some
10 alternatve implementations, the functions noted i the block may occur out of the order noted 1n the

figures. For example, two blocks shown in succession may, 11 fact, be executed substantially
concurrently, or the blocks may sometumes be executed mn the reverse order, depending upon the
funcuonality mnvolved. It will also be noted that each block of the block diagrams and/or flowchart
thiustration, and combinations of blocks in the block diagrams and/or tlowchart diustration, can be
15  unplemented by special purpose hardware-based systems that perform the specified functions or acts,
of combinations of special purpose hardware and computer imnmstructions.

While concepts have been shown and described with reference to specific preferred
embodiments, it should be understood by those skilled in the art that various changes in form and
detail may be made therein without departing from the spirtt and scope as defined by the following

20 claims.
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What is claimed 1s:

i. A refrigeration heat reclaim unif, comprising:
a heat exchanger, comprising:
a refrigerant inlet that receives a tlow of refrigerant having a first state;
a refrigerant outlet that outputs the flow of refrigerant having a second state;
a water loop miet that recerves a flow of Liquid at a furst temperature; and
a water loop outlet that cutputs the tlow of hguwd from the reclaim heat
exchanger at a second temperature that 18 greater than the Tirst temperature in
response to the flow of refrigerant; and
a refrigerant flow control device having outputs to the refrigerant mlet and an an-
cocled condenser, respectively for controlling the tlow of refrigerant to at least one of the
refrigerant mlet and the air-cooled condenser for maintaining a predeternined tlow gquality

value at the refnigerant outlet.

2. The refrigeration heat vreclaum unt of claim 1, whercin the refrigerant tiow control device

includes a three-way mass flow diverting vaive.

3. The refrigeration heat reclaim unit of clatm 2, wherein the three-way mass How diverting

vaive 1s a modulating, linear valve that performs analog modulation.

4. The refrigeration heat reclaum unit of claim 1, wherein the retrigerant tlow control device
COMPEISCS!

an mput port for receving the flow of refrigerant from a refrigerant compressor;

a first output port that outputs a hirst proportion of the flow of reingerant to the heat
exchanger; and

a second output port that outputs a second proportion of the flow of refrigerant to the air
cooled condenser.
3. The refrigeration heat vreclaumn unt of claim 1, whercin the refrigerant tiow control device

provides a mass flow balance.

0. The refrigeration heat reclaim unit of claim 1, wherein the refrigerant tlow control device
montors refrigerant pressure and temperature at the refrigerant mlet and the refrigerant outlet tor

controlling the tlow of refrigerant.
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7. The refrigeration heat reclaim unit of clanm 1, wheremn the first state 1s a saturated vapor and

the second state 18 a saturated liquid.

AN

3. The refrigeration heat reclaum unit of claim 1, turther comprising a bypass device between
the refngerant inlet and the refrigerant outlet that outputs a proportion of reingerant to an air-cooled
condenser i response to high retfrigerant temperature or high refrigerant pressure.

Y. The refrigeration heat reclaim unit of clanm 1, wheremn the retrigerant tlow control device

10 controls the tlow of refrigerant sumultaneously (o the refrigerant mlet and the air-cooled condenser

for mamtaiming a predeternuned tlow quality value at the refrigerant outlet.

16, A refrigerant mass flow system, comprising:

a refrigerant flow control device comprising:

15 an mput port for receiving a thow of refrigerant from a refrigerant COmpressor;
a first output port that outputs a first proportion of the flow of refrigerant to a
heat exchanger mlet; and
a second output port that outputs a sccond proportion of the flow of refrigerant
to an air cooled condenser; and
20 a controller for controlling the first and second proportions of refnigerant for

maintaming a predetermined tlow guality value at an outlet of the heat exchanger.

il. The refrigerant mass flow system of claim 10, wherein the first proportion of the tlow of
refrigerant 18 outpul to the heat exchanger as a saturated vapor, and the tlow of refrigerant at the

253 outlet of the heat exchanger 18 a saturated hquid.

12 The refnigerant mass fiow system of claim 10, turther comprising a bypass device between
the refrigerant indet and the refrigerant outiet that outputs the flow of refrigerant to an air-cooled

condenser in response to high refrigerant temperature or high refrigerant pressure.

30
i3, The refrigerant mass flow system of claim 10, wherein the refrigerant flow control device
controls the thow of refrigerant simultancously o the heat exchanger inlet and the air-cooled
condenser for mantaimng a predeternuned flow quality value at the heat exchanger outlet.

35 14 A method for controlling a flow of refrigerant at a refrigeration system, CoOmprising:

i3
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measuring a temperature and pressure of a tlow of refrigerant at a refrigerant outlet of
a heat exchanger;

comparing the measured reingerant temperature and pressure (o a reference pressure-
temperature setpoint; and

modulating a refrigerant flow control device in response o the comparison.

i5. The method of claim 14, whereimn modulating the refnigerant flow control device comprises
controlling the fiow of refrigerant to at least one of a refrigerant inlet of the heat exchanger and an

air-cooled condenser for maimmtanung a predetermuned flow guality value at the refrigerant outlet.

16, The method of claim 15, wherein the refrigerant flow control device controls the flow of
refrigerant simultaneocusly to the refrigerant indet and the ar-cooled condenser for mauitaining a

predetermined How quality value at the refngerant outlet.

17. The method of claim 14, wherein modulating the refrigerant flow control device comprises:
receiving at the refnigerant flow control device the tlow of refrigerant from a
refrigerant COMpPressor ;
outputimg from a first output port a first proportion of the flow of refrigerant to the
heat exchanger; and
outputting from a second output port a second proportion of the How of refrigerant to

an air cooled condenser.

i&. The method of claim 14, further comprising momtoring refrigerant pressure and temperatire at

cach of the refrigerant inlet and the refrigerant outlet for controlling the flow of refrigerant.

i4. The method of claim 14, further comprising:
receiving at a refngerant inlet of the heat exchanger a tlow of refrigerant having a first
state; and
outputting at a refrigerant outlet of the heat exchanger the How of refrigerant having a

second state.
243 The method of claim 14, turther comprising coupling a bypass device between the refrigerant

inlet and the refrigerant outlet that outputs a proportion of refrigerant to an air-cooled condenser in

response to high refrigerant temperature or high refrigerant pressure.

i4
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