United States Patent (1] E

Leonard Best Available Copy [45] Reissued
[ —— - _\ e e i— e

[54] HIGH TEMPERATURE HEAT RECOVERY Attorney, Agent or Firm—J. Raymond Curtin;
IN REFRIGERATION Sensny

[75] Inventor: Louis H, Leonard, DeWitt, N.Y. [57] ABSTRACT
[73]  Assignee: Carrier Corporation, Syracuse, N.Y.

_ terposed in the system b

21] - Appl. No.; 901,967 charge line and the con
[22] Filed: May 1, 1978 vapors discharged from the compressor are exposed to,
and condensed into, a Strong absorbent solution to de-
velop temperatures within the mixture that are in excess
Related U.S. Patent Documents of the saturation lemperature of the discharge vapors.
Reissue of: The mixture is brought into a heat exchanger where the
[64] Patent No.- 3,922,873 high temperature €nergy is recovered by a heat rerlaim-
Issued: Dec. 2, 1975 ing substance, such as water or the like. The diluted
Appl. No.: 523,639 absorbent in the mixture is then SCparated from unahp-
Filed: Nov. 14, 1974 4 sorbed refrigerant vapors and the dilute solution flash

| cooled by expanding th solution to the inlet ure of
B Int.Cl2 F25B 43/02 Y €xpanciing the 1 to the inlet pressure o

the compressor. The S€parated unabsorbed reffr; erant

[52) Us.c.....Te 62/84; 62/101, - Compresso are still ap o about saturations -
) 62/115; 62/468; 62/ 476; 62/483; 165/63 brought into thermal communication with the flash

[53] Field of Search ........... 62/ 84, 101, 109, 112, cooled solution ina concentrator where the lll]ﬂb&ﬂl'b&d
62/115, 238, 468, 476, 483, )02; 165/63 refrigerant vapors are condensed, or partiaily con-

. densed, to boil refri erant from the dilute solution. This

[56] References Cited reconcentrated solugtion is recycled in the high lift cir-
US. PATENT DOCUMENT S cuit and the freed vapors delivered to the inlet of the

109923 9/1914  Hiller ... 62/489 X  compressor. All of the rémaining unabsorbed refriger-
073455 7/1928  Haynes ... O 62/109  ant vapors not condensed to concentrate the dilute
2307380 1/1943  Baker T 62/101 solution are passed op to a standard refrigeration con-
2,548,699  4/1951 Berna etal. ..o, 62/483 denser where they are condensed. The liquid conden-
3,811,291 s/ 1974 Schibbye ... 62/84 sate from this refri geration condenser and the hquid
3,848,422 11/1974 Schibbye ... 62/468 condensate from the vessel in which the dilute solution
FOREIGN P ATENT DOCUMENTS IS mogcentrated, the concentrator, are collected to-

84084 2/1895 Fog Rep. of Germany E:ther :lnta co;:lllmon Ct:izect;]on ch;mber, the f_loat c;:ha_m-
386863 6/1920 Fed. Rep. of Germany OCT, and together pas t rou_g an expansmn. evu:‘,e

233378 1171956 Fed. Rep. of Germany ¢ Telrigeran :
1125956 3/1962 Fed. Rep. of Germany . used_ as the evaporate to accomplish chilling in a con

337438 3/1922 France .




U.S. Patent Apr. 8, 1980 Sheet 1 of 2 Re. 30,252

N < - Ty ™ 3

-

N L N

40

N R R A R R ABOLR, =~

Y ¥y § ¢y ¢ ¥ Y L F 8§ 2 ¥ F °* BV 3 ° [
I R L .--" I ‘ ,..-"‘_.," /J"d . j e ‘ * ;‘f'-.h _/ -'--. P ﬁ #f .J" . L'. e _c:._a‘ r J.-‘.ii:"“_ . __q.
il - _...h_iu -+ -If-lnll/.—u.-l.-l.- --"."'I..'.'I:..--.-- .ﬂ"r: a-J"..-.l'-i-.-..l'M a4 .F'Fl u"‘J |

e L T R I SR I
. - . Vv . ; » rE oo
o sl el ‘_._"‘-_.Z_,f_ - .l’r."rl _.-"‘: . .-.l.ll'.'. -r’r/"f - . .l."".:"i a .-"'F- Aooa T .
- 4 T N R DD s 1
- e . - oo R e -‘J
I AP " Y -""-'F 'r,.._.l. . JHAM.-"'.{:".-""..- s am .u:".d":;/: a‘j'.-"nj -'#

39

FLa.

= 00 8
AV
hibdddbbbbdddl

38

. 1‘,"'{‘:1'-: AL RN '\ ".\.

4|
48

VR IR T

ui..,‘lu“i{\_u-u. UL RS SRSV

\{..{-..,\b AL AN ‘n\\ VY \}{.,.\,: A

SEL LYY B! \\t‘.&\l“ﬁ .'k_I' ey 'l“‘lr \1 1,

U U —
SN T NS AT NTANS ARG LT
R
N AT ADRRRER T s A RN Y

W

| .

TR
a

™ T
\

TR
NS

1.
. 1

L

T,\“: -.,\u,. IR
63

20
AT

ik

\*~ .

B |

.,

FIG. [

©

23



Re. 30,252

Sheet 2 of 2

Apr. 8, 1980

U.S. Patent

- 4,06

%00
1.0F

¢ 9O/

v Q0

3.0¢

466 4+—
3,09

4.59 +——

41.0L

Jd.SL -

- 4.08

358 +—

4.56 -

\Om. %Qc

\O_

4.00|

ul NO— “1
4. 70l

4,901 4 |

3601
4.011 T
.21 1 4

J. V1
4.911

.81 1
d,0c|

AL
k\\msi

i )

w <

A

EI @_
\ L,

@
O
VAN .. __ — 22
: _
i — ¥2
e, iy _:C
S S| |3
= l_@m
_ g2

| S

L4

A4



Re. 30,252

1

HIGH TEMPERATURE HEAT RECOVERY IN
REFRIGERATION

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

This invention relates to energy reclaiming and, in
particular, to developing a high temperature lift in a
vapor compression refrigeration system to enhance the
system’s heat reclaiming characteristics.

Most efforts heretofore directed toward recovering
energy normally rejected from refrigeration systems
have been relatively unsuccessful. The reason for this
lack of success is basically due to the fact that the en-
ergy rejected from these systems is at or close to the
refrigerant saturation condition. In many vapor com-
pression cycies, the saturation temperature of the refrig-
erant seldom exceeds 120° F. even when a highly effi-
cient compressor is employed. Consequently, this low
temperature energy cannot be readily utilized in most
domestic and industrial applications which, for the most
part, demand higher temperatures.

The present invention involves a high lift circuit
suitable for use in conjunction with a conventional
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vapor compression refrigeration cycle that is capable of 4,

developing high temperatures on the high pressure side
of the system to enhance the heat reclaiming character-
1stics of the system. This high lift is achieved by expos-
ing refrigerant vapors discharged from the compressor
to a strong absorbent solution. The discharge refriger-
ant vapors are partially absorbed and condensed by the
solution, thus creating a mixture that is at a temperature
level well above that normally attainable in the art. The
high temperature energy is recovered in a heat ex-
changer. Energy remaining in the unabsorbed vapors is
utilized to reconcentrate the diluted solution. Pure re-
frigerant is separated from the solution and reused in the
refrigeration system, while the reconcentrated solution
1s recycied through the high lift circuit.

In U.S. Pat. No. 2,307,380 to Baker, a refrigeration
systom is disclosed which brings together some of the
principles utilized in both the absorption and vapor
compression refrigeration art. The Baker system in-
volves a basic ammonia-water absorption cycle. A me-
chanical compressor is employed to provide energy for
concentrating the absorbent solution rather than a more
conventional heat actuated generator. The energy re-
jected from the Baker system is at or about the satura-
tion temperature of the refrigerant and, as a conse-
quence, cannot readily be reclaimed. As such, the sys-
tem suffers from the same disadvantages found in the
prior art.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
improve the refrigeration processes.

It 1s another object of the present invention to effi-
ciently develop a high temperature hift in a vapor com-
pression refrigeration cycle.

A still further object of the present invention is to
provide a high temperature lift in refrigeration cycles
utilizing a compressor without having to increase the
lift capacity of the compressor.
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Yet another object of the present invention is to pro-
vide a high temperature heat reclaiming cycle which is
applicable to existing refrigeration apparatus.

Another object of the present invention is to combine
the advantages of a vapor compression refrigeration
cycle with those of an absorption refrigeration cycle in
a manner to provide an efficient heat reclaiming system
capable of producing energy at temperatures higher
than normally found in either of these individual sys-
tems.

A still further object of the present invention is to
efficiently develop a high temperature lift suitable for
heat reclaiming applications in conventional refrigera-
tion devices while utilizing working fluids known in the
art.
These and other objects of the present invention are
attained in a vapor compression refrigeration device by
means of a high lift circuit operatively connected to the
refrigeration unit between the discharge of the com-
pressor and the inlet to the condenser, the high Ilift
circuit including means to mix at least some of the dis-
charge refrigerant vapors with .a strong solution of
absorbent to develop a high temperature mixture, a heat
exchanger for transferring the high temperature energy
to a heat reclaiming substance, such as water, means for
separating unabsorbed refrigerant vapors from the di-
luted solution, means to reconcentrate the diluted solu-
tion using the energy contained in the unabsorbed va-
pors, and means to recirculate pure refrigerant through
the refrigeration unit and the reconcentrated solution
through the high lift circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention as
well as other objects and further features thereof, refer-
ence is had to the following detailed description of the
invention to be read in conjunction with the accompa-
nying drawings, wherein:

FIG. 1 is a schematic representation of a vapor com-
pression refrigeration system utilizing the teachings of
the present invention for developing a high temperature
lift; and

FIG. 2 is a diagrammatic representation of a high lift
heat reclaiming cycle employed in the system illustrated
in FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to FIG. 1, there is shown a schematic
representation of a vapor compression refrigeration
system 10 utilizing the teachings of the present inven-
tion for developing a high temperature lift whereby
energy rejected from the system can be utilized for
industrial and domestic heating applications. As 1s con-
ventional in most vapor compression refrigeration cy-
cles, the present apparatus includes a condenser 11 and
an evaporator 12, which are operatively connected by
means of a float valve 13 through which refrigerant is
expanded as it moves from the high pressure side of the
system into the low pressure side. For illustrative pur-
poses, the above-noted refrigeration components are
shown housed within a single shell 15, however, it
should be clear that the components can be individually
housed without departing from the teachings of the
present invention. As is conventional in this type of
refrigeration cycle, a substance to be chilled, such as
water, is fed into the evaporator via an inlet pipe 16,
passed through a series of evaporator tubes where the
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substance rejects heat energy into the refrigerant, and is
passed out of the system by means of an outlet pipe 17.
Refrigerant, in vapor form, leaves the evaporator and is
delivered to the inlet side of a compressor 20 via inlet
channel 21. The compressor 20, shown in FIG. 1, is
contemplated as being electrically driven and hermeti-
cally sealed, although almost any type of mechanical
compressor known and used in the art can be so em-
ployed in the practice of the present invention.

For explanatory purposes, the present invention will
be described in reference to a machine employing R-11
as a refrigerant, however, any suitable refrigerant used
in compression refrigeration and any absorbent combi-
nation compatible with the chosen refrigerant can be
used. Typically, with R-11, the low pressure side of the
system is maintained at about 7 psia and the high pres-
sure side at about 30 psia. A damper regulator mecha-
nism 22 15 provided to control the flow of refrigerant
from the evaporator to the compressor inlet. The flow
rate is modulated in response to a sensor 23, typically
being electrically or pneumatically connected to the
regulator that is arranged to sense the temperature of
chilled substance leaving the evaporator and position
the damper plate in response thereto.

At the typical operating pressure noted above, the
refrigerant being used for explanatory purposes, R-11,
will reach saturation at or below 120° F. The energy
rejected from the system therefore is at a level which
limits its practical use. The work required of a compres-
sor to elevate the refrigerant to saturated vapor temper-
atures above 120° F. increases drastically as this temper-
ature increases. As a result, increasing the temperature
lift of the cycle by mechanical means becomes economi-
cally unfeasible. In addition, the decomposition rate of
most known refrigerants will increase greatly as the
compressor discharge temperature is raised, which
places further restrictions on a strictly mechanical ap-
proach to producing high lift. As will become clear
from the discussion below, the present invention over-
comes these long-standing difficulties in the art by pro-
viding a high lift circuit at the discharge of the compres-
sor which takes advantage of absorptive principles to
attain relatively high temperatures without the need of
increasing the lift producing capability of the compres-
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sor, or increasing the compressor discharge tempera- 45

tures above those normally seen in present state of the
art refrigeration machines. As shown schmetically in
FIG. 1, the apparatus representing the high lift circuit is
operationally connected into the refrigeration system
between the discharge side of the compressor and the
inlet side of a conventional refrigeration condenser 15.
Accordingly, the high hft circuit can be conveniently
retrofitted to existing units, presently operating in the
field, without having to resort to major component
changes or modifications.

The apparatus of the present high lift circuit includes
a solution pump 36, an optional solution heat exchanger
38, a high temperature heat exchanger 25, a gravity-
type separator 30, and a solution concentrator 35. Be-
ginning at the solution pump 36, a strong solution of

absorbent is drawn from the concentrator 35, passed
through the optional solution heat exchanger 38, and

delivered via a solution line 55 to a series of spray noz-
zles 39. It should be noted at this point that the term
“strong solution,” as herein used, refers to an absorbent
solution at a concentration level whereby the solution is
strong In its ability to absorb refrigerants. Similarly, the
term ‘“weak solution,” will be used in reference to a
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solution that is in a highly dilute state and thus weak in
its ability to absorb more refrigerant.

As illustrated in FIG. 1, the spray nozzles 39 are
located in discharge pipe 41 of the compressor, the
nozzles being positioned in the entrance region 40 of the
high temperature heat exchanger 25. In operation, satu-
rated or superheated refrigerant vapors discharged
from the compressor move into the high temperature
heat exchanger entrance region where the vapors are
exposed to the strong solution issued from the spray
nozzles. Within the mixture, some of the refrigerant
vapors are absorbed by the solution, thus raising the
temperature of the mixture to a level greater than the
saturation temperature of the vapors discharged from
the compressor.

Heat exchanger 235 is typically a single pass exchanger
having a vertically aligned tube bundle 42 for carrying
the high temperature mixture downwardly through the
shell. A heat reclaiming substance, which can be water,
1s delivered into the bottom of the shell by inlet pipe 45.
The reclaiming substance is caused to move generally
upwardly through the shell and the flow directed
through a back and forth path of travel by means of
segmented baffles 46. The counterflow of the two fluids
flowing over the heat transfer surfaces of the tubes
produces an efficient exchange of energy between the
substances whereby the temperature of the reclaiming
substance is raised to about that of the high temperature
mixture. Finally, the reclaiming substance 1s discharged
from the top of the exchanger through means of dis-
charge line 48.

By design, the absorber unit is arranged so that ap-
proximately one-half, or slightly less than one-half, of
the total volumetric discharge of the compressor is
absorbed by the strong solution when the circuit is
operating under peak heating loads. This means that
about fifty percent (50 percent) of the total energy con-
tained 1n the refrigerant vapors leaving the compressor
is consumed in absorption, the remaining fifty percent
(50 percent) being carried through the heat exchanger
in the mixture in the form of unabsorbed refrigerant
vapors. As will be explained below, the energy in the
unabsorbed refrigerant i1s employed downstream from
the exchanger 25 to reconcentrate the diluted solution.
Because the absorption process is basically a reversible
process, about the same amount of energy consumed in
absorption is required to reconcentrate the solution. By
maintaining a balance of internal energy in the manner
described, there will always be sufficient internal en-

ergy in the system to reconcentrate the solution for all
heating loads.

The mixture leaving the tube bundle of the heat re-
claiming exchanger, passes directly into gravity separa-
tor 30. The weak solutton, which 1s in a liquid state, is
collected in the reservoir area 49 of the separator while
the unabsorbed refrigerant vapors, which are in a gase-
ous state, are allowed to pass into the horizontally
aligned tube bank 50 of the downstream concentrator
35.

The weak solution collected in the reservoir 49 of the

separator, i1s next passed through the optional solution
heat exchanger 38. As the weak solution leaves the

optional solution heat exchanger 38 and passes into the
concentrator 3§, it ts flash cooled by expanding to a
lower pressure. In practice, the weak solution is throt-
tled from about the discharge pressure of the compres-
sor to about the compressor inlet pressure, the purpose
of which will become clear from the disclosure below.
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The pressure differential between the solution supply
region in the concentrator and the reservoir in the sepa-
rator, provides the motive power for transporting the
weak solution through the solution heat exchanger. The
supply of solution contained in the concentrator is
maintained at a level to wet the surfaces of the tubes
contained in the tube bank 50.

Flash cooling of the weak solution serves to lower
the temperature of the solution well below that of the
unabsorbed refrigerant vapors passing through the con-
centrator tube bank 50. Consequently, when the two
substances are brought into thermal communication
within the concentrator, the unabsorbed refrigerant
vapors in the tubes are caused to condense, thus giving
up heat energy to the weak solution stored within the
supply region. It should be noted, that the solution
supply region within the concentrator is operatively
connected to the inlet side of the compressor by means
of inlet channel 52. The compressor is thus utilized to
maintain the pressure within the supply region below
the vapor pressure of the solution contained therein to
boil off refrigerant when the solution 1s heated by the
condensating unabsorbed refrigerant vapors. The pure
refrigerant vapors boiled out of solution are drawn
through the iniet channel 52 into the compressor for
reuse in the cycle.

The reconcentrated solution, which is now In a
strong state, 1s drawn out of the concentrator by the
circulating pump 36. The strong solution, under the
influence of the pump, is passed through the optional
solution heat exchanger 38 where heat energy is trans-
ferred from the warmer dilute solution entering the
concentrator 35 to the cooler strong solution prior to its
being delivered to the spray nozzles 39.

Control of the heat reclaiming process is maintained

in the high lift circuit in response to the temperature of

the reclaiming substance leaving the heat reclaiming
exchanger. A sensing element §7 is positioned in outlet
pipe 48 and adapted to send temperature information to
a regulator 58 operatively connected to valve 56 in the
solution line 55. When the temperature of the leaving
reclaiming substance moves away from the desired
level, the regulator adjusts the control valve setting to
either increase or decrease the amount of solution deliv-
ered to the spray nozzles. It should be clear, however,
that any suitable control device of this type can be
employed to regulate the flow of solution in the manner
herein described.

As can be seen, the volume of the strong solution is
regulated to control the amount of refrigerant vapors
absorbed within the entrance region of exchanger 25.
This, 1n turn, determines the amount of vapor energy
that will be consumed in the absorption process to de-
velop high lift as well as the amount of energy available
in the unabsorbed refrigerant vapors available for re-
concentration. As noted, the high lift circuit ts designed
sO that when it is operating under peak heating loads,
sufficient energy will be available in the unabsorbed
vapors to achieve reconcentration. It should also be
made clear, that a self-regulating balance is established
within the high Lift circuit between the heat reclaiming
exchanger 25 and the concentrator 35. For example, 1f
more than the required amount of energy is consumed
in the absorption process for a preselected heating load,
the state of the solution leaving the exchanger 25 will be
overly dilute or weak. As a result, the amount of energy
contained in the unabsorbed refrigerant vapors passing
Iinto the concentrator 35 will be proportionally reduced
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thereby lowering the amount of energy avatlable for
reconcentrating this overly dilute solution within the
concentrator 35. The concentration of the solution leav-
ing the concentrator 39, therefore, becomes weaker
resulting in correspondingly less energy being con-
sumed in absorption during the next cycle. By the same
token, when the solution delivered to the exchanger 25
is relatively dilute, less refrigerant can be absorbed and
more energy becomes available in the unabsorbed va-
pors for concentrating, resulting in a strengthening of
the solution leaving the concentrator. This process con-
tinues until a properly balanced energy relationship is
established between the concentrator 35 and the heat
exchanger 25 for the desired heating load.

Refrigerant moving through the concentrator tube
bank, i1s discharged mnto a chamber 61 contained within
the shell 15 of the refrigeration system. The state of the
refrigerant entering the chamber of course varies in
accordance with the amount of refrigerant condensed in
the concentrator. Refrigerant in the liquid phase leaving
the concentrator is dumped directly into the float valve
chamber 63 of the refrigerant system. On the other
hand, refrigerant vapors leaving the concentrator are
carried upwardly via duct 64 to a conventional refriger-
ation condenser where these vapors are condensed to a
liquid and then returned to the float chamber 63. The
condensation of the refrigerant vapors is thus shared
between the concentrator and the condenser, the
amount of work performed by each being dependent
upon the heat load 1mposed upon the high lift circuit.

From the float chamber, the refrigerant is passed
through expansion valve 13 and utilized in the evapora-
tor 12 to provide chilling. The evaporate from the evap-
orator is then brought to the compressor by inlet 21
where it, along with the refrigerant freed from the weak
solution, is once again used in the cycle.

Referring now to the diagram shown in FIG. 2, the
high lift cycle will be explained in reference to the state
of the solution as it passes through the high lift circuit.
Initially, it will be assumed that the optional solution
heat exchanger 38 is not in the circuit. The cycle shown
is plotted for a system utilizing Freon R-11 as a refriger-
ant and a lubricating oil, such as Texaco URSA, as an
absorbent. The refrigerant concentration of the solution
is plotted along the abscissa of the diagram and repre-
sents a percentage concentration by weight. The left-
hand ordinate is a plot of the solution vapor pressure in
psia with the corresponding saturated condensing tem-
perature of the refrigerant noted along the right-hand
ordinate. The saturated temperature of the solution is
also plotted upon the diagram and is represented by the
oblique curves.

Point A on the diagram represents the discharge
pressure of the compressor at the entrance to the energy
reclaiming heat exchanger 25. As noted for the typical
example of a system employing R-11 as a refrigerant,
the discharge pressure is about 30 psia, or more pre-
cisely 30.5 psia. At the discharge pressure, the satura-
tion temperature of the refrigerant vapors is about 115°
F. The strong solution sprayed into this region 1s ex-
posed to the discharge pressure of the compressor and
thus absorbs refrigerant vapors. As a result, the solution
temperature 1s raised to about 160° F. having a concen-
tration of about 23 percent. The high temperature mix-
ture then moves into the heat exchanger 25 and begins
to reject heat into the reclaiming substance raising the
temperature of the substance to about that of the solu-
tion. As the solution continues to reject heat into the
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reclaiming substance, the solution dilutes itself and
eventually leaves the heat exchanger at state B. At this
point, the solution is at about 120° F. and is diluted
down to a concentration of about 76.6 percent.

The solution and the unabsorbed refrigerant vapors,
which are still at or about saturation, leave the heat
exchanger 28§ and are brought into the separator 30
where the components are separated as described
above.

The separated weak solution is then flash cooled from
state B down to state C by passing the solution through
any type of conventional expansion device for achiev-
ing this result. As noted, flash cooling 1s accomplished
by reducing the solution pressures from the discharge
pressure of the compressor o the inlet pressure of the
compressor or from about 30.5 psia to about 7 psia.
Flash cooling, under these conditions, changes the solu-
tion concentration from 76.6 percent to about 68 per-
cent while reducing the solution temperature to 45° F.
The solution enters the concentrator 358 in this condi-
tion.

In the concentrator 35, the solution comes into ther-
mal communication with the unabsorbed refrigerant
passing through the tube bank, the vapors still being at
or about saturation. The cooler weak solution con-
denses the vapors and the latent heat is rejected into the
solution. The solution, being exposed to the inlet of the
compressor boils, driving off refrigerant, thus bringing
the solution to state ID. During reconcentration, the
solution supply 1n the concentrator is ideally brought
from about 67 percent refrigerant to about 10.5 percent,
while the temperature is raised to about 105° F.

The reconcentrated solution at state D is then moved
by the circulating pump 36 to the spray nozzles 39
where it is exposed to the discharge pressure of the
compressor. Upon being sprayed into the discharge, the
state of the solution changes from state D to state A,
and the cycle is once again repeated.

While this invention has been described with refer-
ence to the structure herein disclosed, it is not necessar-
1ly confined to the details as set forth, and this applica-
tion 1s intended to cover any modifications or changes
as may come within the scope of the following claims.

What is claimed is:

[1. The method of developing a high temperature lift
at the discharge of a compressor as employed in a vapor
compression refrigeration system including

exposing refrigerant vapors discharged from the

compressor to a concentrated absorbent solution to
develop temperatures in the mixture above the
saturation temperature of the refrigerant, and

transferring the high temperature heat energy to a

substance for recovery thereof.]}

[ 2. The method of claim 1 further including the steps
of separating the unabsorbed refrigerant vapors and the
diluted solution after heat transfer and reconcentrating
the dilute solution for reuse in the process.}

L3. The method of claim 2 wherein reconcentration
of the dilute solution is accomplished by utilizing the
energy In the unabsorbed refrigerani vapors to boil
refrigerant from the dilute solution.}

L 4. The method of claim 3 including the further step
of collecting refrigerant after reconcentrating and reus-
ing the refrigerant in the refrigeration system.}

L 5. The method of claim 2 further including the step
of flash cooling the dilute solution and bringing the
unabsorbed refrigerant vapors in thermal communica-
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tion with said flash cooled solution to boil refrigerant
from said solution. ]}
[6. The method of claim 5 wherein the flash cooled
dilute solution is exposed to the inlet of the compressor
durtng the reconcentration step. ]
L7. The method of claim 2 further including the step
of controlling the flow of solution to the compressor
discharge to regulate the amount of energy consumed in
absorption.}
8. The method of developing a [high temperature
1ift ] variable capacity heat reclaiming capability in a re-
frigeration system employing a vapor compressor in-
cluding
exposing [a strong absorbent solution to the] refrig-
erant vapors discharged from the [vapor} com-
pressor [to develop] fo a concentrated absorbent
solution wherein at least a portion of the refrigerant is
absorbed by the solution diluting the solution and
developing a high temperature mixture which is at a
temperature level above that of the discharge va-
pors normally discharged from the compressor,

transferring the heat energy in the high temperature
mixture to a heat reclaiming substance whereby the
temperature of the reclaiming substance is raised to
about that of the high temperature mixture,

separating the diluted solution from the unabsorbed
vapors after heat transfer,

flash cooling the separated dilute solution by [expos-

ing] throttling the solution to the [low pressure’}
inlet [to] pressure of the compressor,

placing the unabsorbed refrigerant vapors in thermal

communication with the flash cooled solution to
condense at least a portion of the vapors whereby
refrigerant is boiled from the solution thus recon-
centrating the solution, [and]}

recirculating the reconcentrated solution to the coms-

pressor discharge for reuse, and controlling the
amount of reconcentrated solution that is recirculated
in response to the temperature of the heat reclaiming
substance, and

delivering the unabsorbed refrigerant to the refrigeration

system after reconcentration of the solution and fur-
ther condensing any vapors remaining in the unab-
sorbed refrigerant.

[9. The method of claim 8 further including the step
of delivering the unabsorbed refrigerant to the refriger-
ation system after reconcentration of the solution and
further condensing any vapors remaining therein
whereby the refrigerant is placed in a condition for use
in refrigeration. }

[10. The method of claim 9 further including the step
of controlling the amount of reconstituted solution re-
circulated to the compressor discharge to regulaie the
amount of energy consumed in developing high temper-

atures in the mixture. }
11. The method of claim [10] & whereby energy

consumed 1n developing the high temperature mixture
1s equal to or less than the energy consumed in recon-
centrating the d lute solution,

12. The method of claim [2] & wherein the refriger-
ant used 1n the refrigeration sysiem 1s delivered tou the
inlet of the compressor where it is mixed with the re-
frigerant boiled from the reconcentrated solution.

13. The method of claim 8 further including the step
of preheating the reconstituted solution as it is being

recircitlated by placing the solution in heat transfer
relation with the warmer dilute solution prior to the

dilute solution being flash cooled.
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14. In a refrigeration system of the type including a
condenser, an evaporator, an expansion mechanism for
throttling refrigerant between the condenser and the
evaporator, and a vapor compressor for raising the state
of refrigerant vapors leaving the evaporator, the im-
provement comprising

spray means for exposing the discharged vapors leav-
ing the compressor to an absorbent solution to
develop a high temperature mixture,

a heat exchanger for transferring heat energy from
the mixture to a reclaiming substance,

separating means for separating unabsorbed refriger-
ant vapors from the diluted solution leaving the
exchanger,

a concentrator interposed between the condenser and
the separator through which the unabsorbed va-
pors pass from the separator to the condenser in
heat transfer relation with a supply of solution
contained therein, and

expansion means for flash cooling the separated di-
luted solution and delivering the solution to the
supply of solution in said concentrator whereby
heat energy is transferred from the vapors to the
flash cooled solution to boil refrigerant therefrom
thus reconcentrating the solution.

15. The apparatus of claim 14 further including a
circulating pump for moving the reconcentrated solu-
tion from the concentrator to the spray means.

16. The apparatus of claim 14 having further means
for exposing the flash cooled solution in the concentra-
tor to the inlet of the compressor to allow the heat
energy transferred from the vapors to sustain the boil-
ing of refrigerant from the solution.

17. The apparatus of claim 15 including a control
means for regulating the amount of solution moving
between the concentrator and the spray means.

18. A [high temperature] variable capacity heat re-
claiming circuit [operatively connected between the
discharge region of ] for use with a refrigeration system
having a vapor compressor and a condenser [in a refrig-

eration system to act upon refrigerant moving therebe-
tween ] including

a concentrator having a supply area for collecting
and storing an absorbent solution [and flow means
to bring refrigerant moving between the compres-
sor and the condenser into thermal communication
with the solution],

pump means for delivering solution from the concen-
trator into the vapor discharge region of the com-
pressor wherein at least some of the vapors are
absorbed by the solution to [raise the temperature
of the discharge] develop a high temperature mix-
ture of refrigerant and absorbent solution,

heat [exchange] exchanger means for transferring
heat energy 1n the high temperature mixture to a
heat reclaiming substance, |

means to separate the dilute solution leaving the heat
exchanger from the unabsorbed refrigerant vapors

[ prior to the refrigerant vapors through the con-
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centrator to the condenser, and] in the mixture of 65

refrigerant and absorbent solution,

10

expansion means for flash cooling the separated dilute
solution and delivering the solution into the supply
region of the concentrator,

Fwhereby the unabsorbed vapors passing through
the concentrator are condensed therein] first flow
means to bring the unabsorbed refrigerant vapors into
thermal communication with the supply of solution
contained in the concentrator to boil refrigerant from
the solution and at least partly condense the unab-
sorbed refrigerant vapors, and

second flow means for delivering the unabsorbed refrig-
erant to the condenser after reconcentration of the
solution to further condense any vapors remaining in
the unabsorbed refrigerant.

19. The apparatus of claim 18 wherein the supply area
of the concentrator is connected to the inlet of the com-
pressor whereby refrigerant boiled from the solution is
drawn into the compressor.

20. The apparatus of claim 19 further including con-
trol means for regulating the amount of solution deliv-
ered from the concentrator into the discharge region of
the compressor. |

21. The apparatus of claim 20 wherein the amount of
solution delivered into the compressor discharge region
is regulated so that the amount of energy stored in the
vapors consumed in absorption is less than ur equal to
the amount of energy consumed in reconcentration of
the solution.

22. The apparatus of claim 18 including further means
for transferring heat energy from the dilute solution
separated from the refrigerant vapors and the reconcen-
trated solution pumped to the compressor discharge
region prior to the dilute solution being flash cooled.

23. The apparatus of claim 18 wherein the heat ex-
change means is a counterflow heat exchanger for rais-
ing the temperature of the reclaiming substance close to
that of the high temperature mixture.

[24. Apparatus for developing a high lift in a vapor
compression refrigeration system to raise the tempera-
ture of the energy rejected therefrom including

means for introducing an absorbent into the vapor
discharge of the compressor whereby at least some
of the vapors are absorbed and condensed to raise
the temperature of the mixture above the normal
discharge temperature,

heat exchange means for transferring heat energy
from the high temperature mixture to a heat re-
claiming substance, and

means for placing the unabsorbed refrigerant vapors
in thermal communication with the dilute solution
after heat transfer to reconcentrate said solution.

25. The apparatus of claim 14 further including

means for exposing the flash cooled solution in the con-
centrator to the inlet of the compressor to allow the
heat energy transferred from the vapors to sustain the
boiling of refrigerant from the solution,

means for controlling the amount of reconcentrated
solution recirculated to the compressor discharge in
response to the temperature of the heat reclaiming
substance, and

an absorbent solution heat exchanger for transferring
heat from the dilute absorbent solution prior to the
dilute solution being coocled to the cooler reconcen-
trated solution as it is being recirculated to the com-

pressor discharge.
* % % x &
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