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SPECIFICATION
Absorption machine with desorber-resorber

Background of the Invention

This invention relates to an absorption ma-
chine and, more particularly, to an improved
absorption heat pump/refrigeration machine
utilizing a desorber loop and a resorber loop
to increase efficiency.

In a typical single effect system, water is
generally the refrigerant and lithium bromide is
generally the absorbent, and together they are
called a solution pair. Some systems employ
high temperature solution pairs that are
capable of operating at higher generator tem-
peratures to increase efficiency but are pre-
cluded from operating at lower -evaporator
temperatures due to the possibility of freezing
and crystallization of the refrigerant, while
other chemical systems capable of operating
at lower evaporator temperatures, even tem-
peratures below the freezing point of water,
could not operate at the higher generator tem-
peratures, which are a consequence of the
lower evaporator temperature, without stability
problems. Consequently, a single effect sys-
tem is generally limited in the selection of
higher and lower operating temperatures in the
generator and evaporator.

Absorption cycles of a single effect type
generally comprise a generator for heating a
weak or relatively dilute absorbent solution to
generate vapor of refrigerant, a condenser for
condensing the vapor of refrigerant, an evapo-
rator for evaporating the condensed refrigerant
to provide cooling, and an absorber for ab-
sorbing the refrigerator vapor from the evapo-
rator into a strong or relatively concentrated
absorbent solution. However, the thermal effi-
ciency (coefficient of performance of COP) of
a single effect type absorption system is rela-
tively low and ordinarily about 0.6-0.8. Ac-
cordingly, with a view toward increasing the
thermal efficiency of absorption cycles, two
stage generator type absorption units have
been developed in which a further generator is
additionally provided in the single effect type
absorption refrigerator such that the high tem-
perature vapor of refrigerant generated in a
first generator is utilized to heat a second
generator. In general, a two stage generator
type absorption unit comprises a high temper-
ature generator, a low temperature generator,
a condenser, an evaporator, an absorber, a
high temperature heat exchanger and a low
temperature heat exchanger. In the high tem-
perature generator, a refrigerant dissolved in a
solution, such as an aqueous solution of lith-
ium bromide, is heated by heating means to
discharge the dissolvd refrigerant as vapor.
Further, in one configuration, the discharged
refrigerant vapor is fed through a bundie of
heat transfer tubes to the low temperature
generator to heat the weak solution supplied
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from the absorber, and while the refrigerant in
the weak solution is discharged therefrom as
vapor the vapor from the strong solution is
cooled by the latent heat of evaporation nearly
all is and condensed prior to entering the con-
denser. The refrigerant vapor produced in the
low temperature generator is supplied to the
condenser and cooled by cooling means
thereof and then condensed. This condensed
refrigerant is generally sprayed into the evapo-
rator, thereby cooling the fluid means which
cools a load. Moreover, the solution concen-
trated by discharging the refrigerant vapor in
the high temperature generator is fed to the
high temperature heat exchanger in heat ex-
change relationship with the low temperature
weak solution supplied from the low tempera-
ture generator, thereby suitably lowering its
temperature, and then fed to the low tempera-
ture heat exchanger in heat exchange relation-
ship with the weak solution derived from the
absorber. Then the solution flows to the ab-
sorber which is cooled by cooling means.
Thus, solution sprayed into the absorber ab-
sorbs the refrigerant vapor supplied from the
evaporator, and provides a weak solution.
This solution is further directed to the low
temperature heat exchanger as described
above.

In this manner, the two stage generator
type absorption is arranged such that the ex-
ternal heat supplied is utilized twice, once in
the high and once in the low temperature gen-
erator, thus the thermal efficiency typically in-
creases up to 50/60% in comparison with the
single effect type system.

Summary of the Invention

The invention is directed to an improved
single effect desorber-resorber absorption heat
pump/refrigeration cycle which utilizes a single
effect generator cycle with the addition of a
fow temperature desorber and an intermediate
temperature resorber. The loop operates at
three temperatures or temperature spans
within a temperature range and three pres-
sures or pressure spans within a pressure
range.

In a preferred embodiment, the strong solu-
tion from the high temperature generator
which is fired from an external source such as
direct gas-fired or steam, flows through a high
temperature heat exchanger to an intermediate
temperature resorber or absorber. The refrige-
rant vapor from the generator flows through a
condenser, where it is condensed, to the low
temperature evaporator, where it is vaporized,
and then to the intermediate pressure ab-
sorber. The weak solution from the intermedi-
ate pressure absorber flows through a heat
exchanger to the low temperature desorber,
which functions like a generator. The vapor
driven off from the weak solution in the de-
sorber is reabsorbed in the strong solution de-
rived from the generator. The strong solution



GB2 166 534A

2

10

15

20

25

30

35

40

45

50

55

60

65

from the desorber is pumped back to the ab-
sorber and the weak solution from the resor-
ber is pumped back to the generator. Thus,
the system contains two strong solutions, two
weak solutions, and two solution loops.

Accordingly, it is an object of the present
invention to provide an absorption heat pum-
p/refrigeration system that is capable of oper-
ating at evaporator temperatures well below
the freezing point of water with both heating
and cooling efficiencies advanced beyond cur-
rent commercial offerings.

It is a further object of the present invention

_to_provide an absorption heat pump/refrigera-

tion system that is capable of operating at
generator temperatures lower than current
commercial offerings.

The various features of novelty which char-
acterize the invention are pointed out with
particularity in the claims annexed to and
forming a part of this specification. For a bet-
ter understanding of the invention, its operat-
ing advantages and specific objects attained
by its use, reference should be had to the
accompanying drawings and descriptive matter
in which there is illustrated and described a
preferred embodiment of the invention.

Brief Description of the Drawings

In the accompanying drawings, forming a
part of this specification, and in which refer-
ence numerals shown in the drawings desig-
nate like or corresponding parts throughout
the same,

Figure 1 is a schematic representation of a
desorber-resorber absorption system of the
present invention; and

Figure 2 is a diagrammatic view of a desor-
ber-resorber absorption system of the present
invention.

Description of the Preferred Embodiment

Fig. 1 illustrates a schematic representation
of a double effect desorber-resorber absorp-
tion heat pump/refrigeration machine 10. The
present machine comprises a high temperature
generator 12, an intermediate temperature
condenser 16, a low temperature evaporator
18, an intermediate temperature absorber 15,
a low temperature desorber 21 and an inter-
mediate temperature resorber 22. Further, the
machine includes a high temperature heat ex-
changer 28, a low temperature heat exchanger
29 and respective solution pumps 68 and 62.
The generator 12, resorber 22, heat ex-
changer 28, and solution pump 68 form a first
solution loop, while absorber 15, desorber 21,
heat exchanger 29, and solution pump 62
form a second solution loop. This schematic
representation is shown within a coordinate
system having increasing temperature from left
to right along the abscissa and increasing
pressure from bottom to top along the ordi-
nate. Accordingly, the upper limit of the high
temperature generator 12 is at a higher rela-

70

75

80

85

90

95

100

105

110

115

120

125

130

tive temperatures and pressure than the upper
limit of the low temperature desorber 21.

Thus heat is recovered in the first solution
loop from the strong absorbent leaving the
high temperature generator 12 and entering
the low temperature resorber 22 by heat ex-
changer 28, which is in heat exchange rela-
tionship with the weak solution leaving the
low temperature resorber 22 and entering the
high temperature generator 12. Moreover, in
the second solution loop solution leaving the
desorber 21 and entering the intermediate
temperature absorber 15 is in heat exchange
relationship with the solution leaving intermedi-
ate temperature absorber 15 and entering the
desorber 21 through heat exchanger 29.

Referring now to Fig. 2, high temperature
generator 12 is contained within a shell 32
and is heated by combustion gases from a
burner {not shown) which flow through heat
exchanger 19. A direct-fired submerged tube
bundle heat exchanger could also be used to
transfer heat to the generator. Heat is trans-
ferred from the combustion gases in the hat
exchanger 19 to a weak absorbent solution
being discharged from conduit 34 through
spray header 36. The heat concentrates the
weak solution by removing refrigerant there-
from. The vaporized refrigerant flows from the
generator 12 through conduit 38 into conden-
sor 16. The vaporized refrigerant flows over
heat exchange tubes 40, having a coolant
flowing therein, where it is condensed and
collected in a low portion thereof. The con-
densed refrigerant is conveyed through conduit
46 and discharged through spray header 48
into evaporator 18. This condensed refrigerant
is flash cooled by a working fluid, such as
chilled water, flowing through tubes 50 within
evaporator 18. The load on the chilled water
determines the rate of vaporization of the con-
densed refrigerant, and the non-vaporized refri-
gerant is recirculated through conduits 13 and
14, and spray header 35 by recirculation
pump 11.

Vaporized refrigerant within evaporator 18
flows through opening 51 in partition 53
which separates the evaporator 18 from the
absorber 15 where it weakens the strong so-
lution, also supplied to the intermedate tem-
perature absorber 15 through spray header
56. The strong solution is pumped, by solu-
tion pump 62 through conduits 24, 84 and
54, heat exchanger 29, and through spray
header 56. The combined strong solution and
vaporized refrigerant flow across heat ex-
changer tubes 58 through which cooling fluid
flows, and is condensed to form a weak solu-
tion. The condensed weak solution exits the
absorber 15 by way of conduit means 64
through heat exchanger 29, conduit 65 and
spray header 66 to low temperature desorber
21. The weak solution entering the desorber
21 is partially vaporized by heat transferred
from heat exchange means 26 which is also
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coupled to the cooling load or chilled water.
The remaining non-vaporized weak solution,
which is now a strong solution, is pumped, as
noted above, from the desorber 21 by low
temperature solution pump 62 by way of con-
duit means 24, 84 and 54, through heat ex-
changer 29 and spray header 56 back to ab-
sorber 15.

The vaporized refrigerant from the desorber
21 flows through opening 70 in partition 71
to resorber 22, where it combines with the
strong absorbent discharged from generator
12 through conduit means 30, heat exchanger
28, conduit means 76 and spray header 78.
The vapor is absorbed by the strong solution
on the heat exchanger tubes 42, and is then
pumped through conduit means 83, 54 and
34, and heat exchanger 29, by solution pump
68 to be finally discharged from spray header
56, thus completing the fiuid flow through the
system.

The secondary system (not shown) for pro-
viding heat to or removing heat from a load
generally includes indoor and outdoor coils,
known in the art, which connect through the
tubes 42, 26, 40, 50, and 58 in the absorp-
tion machine.

CLAIMS

1. An improved absorption heat pump/re-
frigeration system comprising:

a generator means operating at a first tem-
perature range for heating a first weak absor-
bent solution to generate a first vaporized re-
frigerant and a first strong absorbent solution;

a condenser means cooperating with said
first generator means for condensing said first
vaporized refrigerant;

an evaporator means for receiving said con-
densed refrigerant from said condenser
means, said condensed refrigerant in heat ex-
change relationship with heat applied to said
evaporator means for vaporizing said con-
densed refrigerant;

an absorber means for receiving the vapor-
ized condensed refrigerant in combination with
a second strong absorbent solution, said ab-
sorber means in heat exchange relationship
with a cooling medium means whereby said
second strong absorbent solution absorbs said
vaporized condensed refrigerant resulting in a
second weak absorbent solution;

a desorber means for receiving said second
weak absorbent solution therein, said second
weak absorbent solution in heat exchange re-
lationship with a heating medium means which
withdraws heat from a load whereby said sec-
ond weak absorbent solution is partially vapor-
ized resulting in said second strong absorbent
solution and a second vaporized refrigerant;

means for circulating said second strong ab-
sorbent solution to said absorber means;

a resorber means for receiving and mixing
said second vaporized refrigerant with said
first strong absorbent solution of said first
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generator means, said mixed second vaporized
refrigerant and said first strong absorbent so-
lution in heat exchange relationship with a
cooling medium whereby said first weak ab-
sorbent solution is formed; and

means for circulating said first weak absor-
bent solution to said first generator means for
use therein.

2. An improved absorption heat pump/re-
frigeration system as recited in claim 1
wherein said means for circulating said first
weak absorbent solution includes a first circu-
lation pump and a first heat exchanger having
said first strong absorbent solution in heat ex-
change relationship with said first weak absor-
bent solution.

3. An improved absorption heat pump/re-
frigeration system as recited in claim 2
wherein said means for circulating said second
strong absorbent solution include a second
circulation pump and a second heat exchanger
having said second strong absorbent solution
in heat exchange relationship with said second
weak absorbent solution. '
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