USOORE36684E
United States Patent .9 111] E Patent Number: Re. 36,684
Rockenfeller et al. 1451 Reissued Date of Patent: May 9, 2000
[54] METHOD FOR USE OF LIQUID/VAPOR OTHER PUBLICATIONS
%EIR’I}!XITXEA H%g%();ggll‘gﬂSSYSTEMS N Chemicla Sector Allied Corp. “Development of a Residen-

tial Gas Fired Absorption Heat Pump”, Final Report, pp.
2—-1-2-9, Aug., 1985.

|75] Inventors: Uwe Rockenfeller, Boulder City, Nev.;

I ance Kirol Wolcott. Vi Modahl, R.J. et al., “Evaluation of a Commercial Advanced
’ ’ Absorption Heat Pump Breadboard”, pp. 117-125, 1988.
(73] Assignee: Rocky Research, Boulder City, Nev. Erickson, D. C. et al., “GAX Absorption Cycles—Recent

Developments Have Sparked Renewed Interest”, IEA Heat

1211  Appl. No.: 09/134,172 Pump Centre Newsletter, vol. 10, No. 4, Dec., 1992.
. 5 .

(22] Filed: Aug. 14, 1998 Primary Examiner—William Doerrler
. . 14,

Attorney, Agent, or Firm—Knobbe, Martens, Olson & Bear,

Related U.S. Patent Documents LLP
Reissue of: [57] ABSTRACT
|64] Patent No.: 5,548,971
Issued: Aug. 27, 1996 A liquid vapor absorption system comprises: one or more
Appl. No.: 08/490,343 absorbers, one or more generators, and a flud loop for
Filed: Jun. 14, 1995 directing refrigerant absorption fluid between the absorbers
and generators, heat exchangers for selectively functioning
51 Int. Cl.7 ...................................................... K258 15/00 1S an evaporator or a condenser and Cooperating with an
52] US.CLoen, 62/324.2; 62/476 indoor coil for recovering thermal energy,
58 Field of Search ...........ccoovviiennnnnnn, 62/324.2, 101, a reservolr for condensed refrigeran‘[?
02/4706, 483, 486 a phase-change thermosyphon loop for directing con-
561 References Cited densed refrigfarant from the reservoir to the heat
exchange section of an absorber for removing heat of
U.S. PATENT DOCUMENTS absorption, and

a reversing valve means for selectively directing gaseous

j’; é??:g?g ?ﬁgg El:)}l;;pzt‘ . refrigerant to the hef:lt exchangers f.unct%oning as a
5.024.063 6/1991 Erickson . condenser, and for simultaneously directing gaseous
5,157,942 10/1992 DA werververeereeereeeereeresrereerssres o, 62/476 refrigerant from the heat exchangers functioning as an
5,174,129 12/1992 KONdO eveeeeeeeeeeeeeeeeeeeeeeeeereeenn. 62/476 evaporator to the absorber.

5,271,235 12/1993 Phillips et al. .

5,367,884 11/1994 Phillips et al. . 48 Claims, 8 Drawing Sheets

//"/

—
- &3
O
& / \ 4
]
v S
& &
O =
O Z
—
-
© \ /
7 RESERVOIR
I\I [\I )
| | J
CHECK CHECK Vs
FLOWRATOR FLOWRATOR

LD
N\ /\
0 0D e
E |78 §
% 4
=
\ 3/ S




4

v HOLYYHOdYAJ Y3840S8Y e (L&Y SO

& . /[ O

O

ar HINYNG
SJOLVYINIO

Sheet 1 of 8

May 9, 2000

U.S. Patent



NOLVHO4VAT 4¥3FHOSaV ‘ (L&Y YO/NS)

c O

dANJNY

e

Re. 36,654

v -

=

g |

= %h_&\\\\\
= 7
> i’
= %

U.S. Patent



U.S. Patent May 9, 2000 Sheet 3 of 8 Re. 36,684

C >

N\
“‘\
| = 10D HOOAN! l - —

-
N
S

i

F/G.

\/’2

ol
77

J<

o
o |
Y
égl y3940Sav
-9
L
= N
8 -
Ll
4 t T
o
Ny | —
N O )N I-C—) N S\)
<I 6 .
M |£ | O
0D ¥004LNO S | x
| 2
N >  3lE| ]
O | &
L
)

' e — ‘ﬂ HOLVYINI

\




U.S. Patent May 9, 2000 Sheet 4 of 8 Re. 36,684

a1

C > > ||

<

|

s
e

r
D _l
v O
£
TS
QO
™ -
r
o
=
o )
&
1 &
* v =
t 0 <«
-
OO
- —— -
L

100 J00ALNO

24}
LIQUID NH3 PUMP

H384058Y

25

RESERVIOR ‘

REFLUX COIL

e HOLVYHINID




Re. 36,684

Sheet 5 of 8

May 9, 2000

U.S. Patent

S IS _

R

/

—

HOLVUMO 14
HIJHD

N

-

100 JOOUNI

&

JOLY MO 14
MO 3IHO

7_I

dNNd
SOLY100¥3d

JOIANY IS Y

g

™
-

ZC

HJOdVA

NN\

g384058V

- m o= om
al ok W A

‘‘‘‘‘
lllll
‘‘‘‘‘‘
.......

MOIAMNIS TN “““”““““““““ww

1100 400dLN0

/%N

T

S

A\

a HOLYHINID

\

A




Re. 36,654

Sheet 6 of 8

May 9, 2000

U.S. Patent

e

.
NN

Y370008NS
JAON—ONITO0O

e

384058V

(o

1100 JOOJN!

M{»vm..

/£

HOLVYINID

100 XN143y

4410008NS
JAOW—ONILVdH

100 dJ00dLNO

o




U.S. Patent May 9, 2000 Sheet 7 of 8 Re. 36,684

> 5

e l 1100 HOOUON!

/

\ﬁ

F/G.

Y
.
N

N l

4384058V

j
K

HJOLVYINIO




U.S. Patent May 9, 2000 Sheet 8 of 8 Re. 36,684

>

( | 1100 JOOJNI '

77

FIG &

CHECK
FLOWRATOR

4384058V

RESERVOIR

CHECK
FLOWRATOR

HOJ HO00dLNO

> > 3

7
79

)
Q JOLVHINID
&




Re. 36,604

1

METHOD FOR USE OF LIQUID/VAPOR
AMMONIA ABSORPTION SYSTEMS IN
UNITARY HVAC SYSTEMS

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

BACKGROUND OF THE INVENTION

The 1nvention relates to absorption beat pump systems
and particularly to liquid/vapor absorption systems using
ammonia refrigerant and water, salt, or salt and water
absorbents. Thermal efficiencies of such systems have been
improved during the past years by use of innovative heat
recuperation within the absorber as well as between the one
or more absorbers and the generator. Such 1mprovements
use absorber heat exchangers as well as generator/absorber
heat exchange facilitated by use of the rich or weak absorp-
fion working fluid or by separate heat exchange loop.
Detailed descriptions on the use and implementation can be
found 1n U.S. Pat. Nos. 4,311,019, 5,024,063, 5,271,235,
5,367,884; R. J. Modahl and F. C. Hayes, “Evaluation of
Commercial Advanced Absorption Heat Pump Breadboard”,
The Trane Company pp. 117-125, 1988, as well as numer-
ous other publications. While all of the above improvements
are 1ntended to increase the rating or seasonal thermal
efficiency of the absorption system, the use of ammonia, a
class 2 refrigerant, prohibits the use of a direct expansion
coll 1n the indoor air handler by safety code and calls for an
intermediate coupling loop with an environmentally accept-
able and safe fluid for heat transfer, which 1n turn calls for
additional components and reduces the overall efficiency
due to pump power consumption and heat transfer inefl-
clencies.

The prior art ammonia absorption systems reject heat at
various components 1nvolving at least the condenser and
absorber and often also the rectifier/analyzer in the generator
unless such rectification 1s performed by liquid refrigerant
feed back rather than a heat exchanger coil as disclosed for
example 1n U.S. Pat. No. 4,106,309. Heat rejection from the
ammonia absorption system 1s obtained by routing the
secondary brine through the sorption cycle components
rejecting heat, 1.e. absorber, condenser and often generator/
analyzer. The cooling interface 1s obtained by routing the
secondary brine between the evaporator and the coil extract-
ing heat from the ambient air which 1s typically the indoor
coil 1n building cooling applications and outdoor coil 1n
building heating applications. As shown and disclosed in
“Development of a Residential Gas Fired Absorption Heat
Pump”, Chemical Section Allied Corporation, August, 1985
and U.S. Pat. No. 5,367,884 switching from heating to
cooling can be performed by use of an eight-way valve 1n the
brine/glycol loop, which connects the mndoor and outdoor
coil with all heat rejecting and heat absorbing components of
the sorption cycle. Since one brine must serve both the
indoor and outdoor coil under all climate conditions ranging
from winter heating at low outdoor temperatures as low as
-10° F. or =20° F. to summer cooling at high outdoor
temperatures as high as 100° F. to 120° F., such brine not
only needs to be designed to be safe to avoid destruction of
pumps and coils but also effective as heat transfer fluid over
the entire temperature range of operation. The use of the
brine 1tself for thermal communication with the indoor and
outdoor coil results in energy efficiency losses due to the
additional heat transfer gradients required to move energy
into and out of the brine. In addition, brine outdoor heat
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2

exchanger coils are larger than those required for direct
refrigerant condensation or evaporation and also call for
more pressure losses on the air-side of such coils not to
mention the pump power requirements to move the brine
through the outdoor heat exchanger and all heat rejecting
cycle components in the cooling mode or the evaporator in
the heating mode.

One of the main challenges for absorption heat pumps 1s
to meet the building load imposed capacity at extreme
outdoor temperature conditions. The heat transfer gradients
to move energy from and to the brine/glycol increases the
required temperature lift between the one or more evapora-
tors and the beat rejecting components of the sorption cycle
by about 15° F. to 30° F. thus reducing capacity and
eficiency. If operational conditions call for a switch from
heating to cooling or vice versa during the operating hours
of a day the thermal capacity of the brine/glycol may add to
cycling losses.

According to the present invention simplified methods
connect and operate liquid/vapor absorption systems com-
prising at least one evaporator, condenser, absorber and
ogenerator with building HVAC 1ndoor and outdoor coils
including the use of plumbing and internal heat exchange
configurations to reduce the interface of heat exchange
between the indoor/outdoor coils and the absorption system
to one interface involving the evaporator and only one
interface mvolving either the absorber or condenser for all
heat rejection of the absorption system. Such configuration
includes the use of heat transfer between at least the absorber
and condenser as well as a refrigerant reversing valve to
separate the indoor and outdoor coils and loops and to allow
for direct refrigerant exposure in the outdoor coil thus
climinating an outdoor brine or glycol loop, elimination of
which leads to cost reduction and energy performance
enhancement.

The present invention will eliminate the inherent prior art
inetficiencies described above by reducing the heat rejection
interface between the sorption cycle and the outdoor heat
exchanger to one sorption cycle component which in turn
allows for use of reversing valve hardware which enables
the functional switch of condenser and evaporator and
makes 1t possible to use the refrigerant itself to transfer heat
from and to the outdoor coil thus only requiring an inter-
mediate heat transfer loop for the mdoor coil, the operating
temperature band of which 1s much narrower which allows
for use of a more optimized, less viscous brine than possible
if such brine had to serve both mmdoor and outdoor coils.

SUMMARY OF THE INVENTION

To achieve these and other advantages, and 1n accordance
with the purpose of the mvention as described herein, the
invention includes heat exchangers and conduits within the
sorption cycle to define preferably only one heat rejection
interface with the outdoor coil. Since the equipment has to
serve heating and cooling utilities, a single interface with the
outdoor unit requires a functional switch of the one 1nterface
depending on whether cooling or heating 1s required. This
functional switch 1s facilitated similar to the methods used in
vapor compression units by use of a reversing valve mecha-
nism such as a four-way valve capable of handing the
refrigerant used at operating temperatures and pressures.
While vapor compression systems are designed to exchange
useful heat via condenser and evaporator only, absorption
systems have the complication that a good portion of the
heat 1s generated 1n the absorber. In order to allow for
efficient operation using such reversing valve means in
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absorption cycles, it 1s not only necessary to reduce the
points of heat rejection to the condenser, but it 1s also
necessary to employ either a reservoir pump or vertical
stacking of components to provide condensed refrigerant for
phase change thermosyphon heat transfer among compo-
nents. The pump, if used, can be mechanical or any type of
vapor or heat driven pump. In addition, the condenser and
evaporator designs have to allow for both functions, if
switching 1s anticipated for heat pumping, a design feature
not required by the prior art technology.

The separation of mmdoor and outdoor unit heat transier
interface not only eliminates the need for a secondary brine
between the sorption cycle and the outdoor coil, but also
allows for use of a more etficient brine for interface with the
indoor coil only since the operating temperature range of the
indoor coil is limited to about 33° F. to 140° F. Freeze point
protection 1s only required for safety without need to operate
at low temperatures, and less viscous fluids can be
employed. It 1s also possible to use an environmentally
acceptable phase change material, e.g. HFC, for heat transter
in this secondary loop even though such material may not be
generally suitable 1n vapor compression processes.

In summary, the following is required to facilitate sepa-
ration of heat transfer to outdoor and indoor heat exchanger
colls:

heat transfer means between condenser and absorber, and
in some applications between condenser and analyzer
in generator directly or via absorber,

pumping means to facilitate phase change heat transfer
between condenser and absorber and possibly analyzer/
generator, such means being a bubble pump, mechani-
cal pump or thermosyphon using gravity,

substantially similar or 1dentical design features for con-
denser and evaporator if system 1s used for heating and
cooling which requires switch of function between
evaporator and condenser,

a reversing valve means, e.g. four way valve, to facilitate
the switching of evaporator and condenser function,

the outer coil being also the condenser/evaporator itself if
the sorption system refrigerant 1s used 1tself to com-
municate with the outdoor loop or two separate loops 1f
indoor and outdoor coil are supplied with indirect heat
transfer, and

refrigeration expansion devices which allow either heat
exchanger to operate as a condenser or evaporator.
The system of the present invention 1s designed to accom-
plish the aforesaid requirements.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a prior art absorption cycle apparatus
using an absorber heat exchanger as shown 1n U.S. Pat. No.
5,367,884;

FIG. 2 1s a prior art GAX absorption cycle apparatus
shown and described 1in U.S. Pat. No. 5,367,884 using an
absorber heat exchanger and a GAX heat exchange mecha-
nism employing the rich hiquor;

FIG. 3 schematically illustrates the baseline cycle appa-
ratus of the present invention, with the phase-change ther-

mosyphon heat exchange for transferring all reject heat to
the condenser;

FIG. 4 1s a modification of the apparatus of FIG. 3 to
remove restrictions on relative elevations of components;

FIG. 5 1s a modification of the apparatus shown 1n FIG. 4
to replace a mechanical liquud ammonia pump with a
percolator pump;
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FIG. 6 shows a modification of the apparatus of FIG. 3 to
include subcoolers;

FIG. 7 1s a modification of the apparatus of FIG. 3 using
TXVs 1nstead of checkflowrators; and

FIG. 8 1s a modification of the apparatus of FIG. 3 using,
liquid reflux instead of a reflux coil mside the generator.

DETAILED DESCRIPTION

In FIGS. 3-8, the solution flow pathway including solu-
tion pump, absorber heat exchanger, generator heat
exchanger, as well as any GAX fluid pathway using all or a
portion of the liquor or a separate heat exchange loop 1s
intentionally omitted as the present invention 1s not limited
to any speciiic GAX or non-GAX cycle configuration.

FIG. 3 shows a basic cycle apparatus according to this
invention. The main feature of this cycle 1s that phase change
ammonia heat transfer 1s used to combine all heat rejection
from the cycle mto a single fluid stream so that a conven-
tional reversing valve (4-way valve) can be used to switch
between heating and cooling modes.

Condensed ammonia 1s collected 1n a reservoir 1. Liquid
ammonia 1s allowed to flow from the reservoir through
conduit 2 to a heat transter coil 3 1 the absorber 15. In this
coll, ammonia 1s fully or partially vaporized. Vapor, with
possibly some entrained liquid, flows from coil 3 through
conduit 4 to reversing valve 5. In cooling mode, the revers-
ing valve directs vapor through conduit 6 to the outdoor coil
7, where the vapor 1s condensed. Liquid ammonia leaves the
outdoor coil through conduit 8, passes through checkilow-
rator 9, which 1imposes virtually no flow restriction m this
direction, and back to reservoir 1. Liquid ammonia also
leaves reservoir 1 through checkflowrator 13 which func-
flons as an expansion valve i1n the direction from the
reservolr to conduit 12 and to heat exchanger 11 where 1t 1s
vaporized. Vaporization of ammonia in heat exchanger 11
cools heat transfer fluid, which 1n turn imparts cooling to the
house or space to be air conditioned via indoor coil 22. Heat
transter loop 20 connecting heat exchanger 11 with the coil
22 1n the conditioned space could also utilize phase change
of almost any environmentally acceptable refrigerant instead
of a pumped loop as drawn. Examples of suitable heat
transter fluids used 1n the mndoor heat transfer loop include
oglycol-water, salt-water, and phase-change materials such as
HFCs and HCFCs, etc. Vaporized ammonia exits heat
exchanger 11 through conduit 10 to reversing valve 5. The
valve directs vapor to conduit 14 which in turn carries the
vapor to absorber 15, where 1t 1s absorbed into the ammonia-
water solution.

In heating mode, the functions of heat exchanger 11 and
outdoor coil 7 are reversed by changing the position of
reversing valve 5. Vapor from conduit 4 1s now directed into
conduit 10 and heat exchanger 11, where 1t 1s condensed, and
returned to reservoir 1 through conduit 12 and checkilow-
rator 13. Simultaneously, liquid flows through checkilow-
rator 9, where it flashes to evaporator pressure, and conduit
8 to outdoor coil 7. Vapor from coil 7 1s routed to absorber
15 through conduit 6, valve 5, and conduit 14. In this mode,
heat exchanger 11 functions as the condenser and heats the
hydronic loop 20, which 1 turn heats the house via indoor
coil 22. Outdoor coil 7 functions as the evaporator, picking
up heat energy from ambient air.

In both heating and cooling modes, phase change heat
transier can also be used to generate reflux in the generator,
provided the liquid in reservoir 1 1s slightly subcooled.
Liquid 1s allowed to flow through conduit 16 to reflux coil
17, where the liquid 1s warmed and possibly partially
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vaporized while condensing vapor inside the generator 17
and providing reflux for distillation. Two phase fluid, or
slightly warmed liquid, from the reflux coil 17 1s returned to
the reservolr through conduit 18. Thus a thermosyphon
operates between the receiver and reflux coil and transfers
heat from the coil to the reservoir. The temperature of the
reservolr 1s maintained below saturation by a continuous
supply of subcooled liquid from the condenser. An optional
vent line 23 can be provided on the reservoir to allow vapor

to easily flow from the receiver to the condenser.

Plumbing as described for the FIG. 3 baseline apparatus
combines vapor from the generator which must be con-
densed with vapor generated by heat removal from the
absorber, and with heat removal at the reflux coil. The cycle
has three points at which heat must rejected, and this
invention combines them 1nto a single vapor stream which
can then be routed to a condenser with a conventional
reversing valve. The basic cycle of FIG. [4] 3 relies on
ogravity to drive heat exchange loops between the absorber
and condenser and between the reflux coil and condenser.
Thus, both heat exchanger 11 and outdoor coil 7 must be
located above absorber 15 and reflux coil 17. Although
reservolr 1 1s shown for receiving the refrigerant, mnstead of
providing such a vessel the system may be designed
whereby the refrigerant conduits themselves comprise the
reservolr for the condensed refrigerant.

The system shown in FIG. 4 1s similar to FIG. 3 with
added components being pump 24 and second reservoir 235.
Liquid ammonia 1s pumped from reservoir 1 to reservoir 25
thereby eliminating the gravity drive of FIG. 3. The assem-
bly of components comprising outdoor coil 7, heat
exchanger 11, reservoir 1, with connecting valves and con-
duits can now be located at any elevation relative to the
condenser and absorber. Reservoir 25 must be above the heat
exchanger coil 1n the bottom of the absorber, and roughly at
the same elevation as the reflux coil in the generator. Again,
cither or both of the reservoirs, shown as vessels, may be
replaced or modified by using the conduits as reservoirs for
receiving the refrigerant. For example, reservoir 25 may be
climinated and a flow splitter provided for directing the
refrigerant as shown.

The mechanical liquid ammonia pump shown in FIG. 4
may be replaced with vapor-driven or heat-driven pumps of
any variety. FIG. 5 shows one example 1n which a percolator
or “bubble pump” 1s utilized. Percolator pumps typically
comprise a housing 26 with standing liquid level, and a riser
27. Vapor 1s 1njected 1nto the bottom of the riser, and entrains
liquid. The two phase mixture 1s carried up the riser and to
reservolr 25 via conduit 28. Vapor to drive the percolator 1s
supplied by the generator. However, the cycle shown in FIG.
5 requires that the generator operates at slightly higher
pressure than the percolator and condenser. This 1s necessary
because the liquid 1n recerver 25 1s at saturation temperature.
Thus the generator must be at a higher temperature 1n order
for coill 17 to generate reflux in the generator. With the
generator at higher temperature, the fluid 1 reflux coil 17
can be fully evaporated, and conduit 18 can be connected to
the receiver as shown, or to a vapor line leading to the
reversing valve.

In FIG. 6 the apparatus 1s modified to imnclude subcoolers
to improve cycle efliciency and capacity. This embodiment
1s drawn as an option to the system of FIG. 3, but 1s equally
applicable to systems of FIGS. 3, 4, or §. Heat exchangers
or subcoolers 30 and 33 are added between reservoir 1 and
checkilowrators 9 and 13. In cooling mode, cold ammonia
vapor leaving heat exchanger 11, which 1s the evaporator for
cooling mode, 1s routed through conduit 35 to subcooler 33.
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Liquid ammonia 1s also flowing from receiver 1 through
subcooler 33, to checkilowrator 13, and on to evaporator 11.
This liquid stream 1s subcooled 1n 33 while the vapor stream
1s heated. Superheated vapor flows from subcooler 33,
through conduit 34, and to reversing valve 5. Subcooling the
liquid prior to flashing to evaporator pressure at checkilow-
rator 13 increases cooling obtained from a fixed mass
flowrate of refrigerant, as 1s well known by those skilled 1n
the art.

In cooling mode, subcooler 33 functions as described
above, and subcooler 30 serves no function. Vapor from the
generator routed to the subcooler through reversing valve §
and conduit 31 1s at virtually the same temperature as liquid
entering the subcooler from the condenser (outdoor coil 7),
so no heat 1s transferred. In heating mode, the outdoor coil
7 1s the evaporator and subcooler 30 1s functional, while
subcooler 33 becomes non functional. Both subcoolers need
not be included 1n any given hardware manifestation. Most
applications would only use the cooling mode subcooler 33,
and heating mode subcooler 30 would not be included. Both
are shown 1n FIG. 6 for completeness. The application of
subcoolers 1s only shown for the baseline system of FIG. 3,

but may also be used with the systems illustrated in FIGS.
4 or S.

FIG. 7 illustrates an embodiment of the FIG. 3 system 1n
which checkflowrators are replaced by thermostatic expan-
sion valves (TXVs). The valves can be of the mechanical
type, using gas or refrigerant charged bulbs to sense super-
heat 1n the vapor leaving the evaporator, or of the electronic
type. Two TXVs 36 and 28 are shown in FIG. 7. Each valve
has 1ts own sensing device, 37 and 39, respectively. With the
system 1n cooling mode, heat exchanger 11 1s the evaporator.
Bulb 37 controls valve 36 so the proper amount of refrig-
erant enters the evaporator to maintain the desired superheat
at the outlet, where sensor 37 1s located. Thus the sensor and
valve combination functions as a typical TXV. While 1
cooling mode coil 7 1s the condenser. The vapor entering coil
7 has little or no superheat, so sensor 39 causes valve 38 to
open. With valve 38 open, liquid 1s allowed to drain from the
condenser to reservolr 1.

During heating mode operation with coil 7 as the evapo-
rator and heat exchanger 11 as the condenser, the function of
the TXVs 1s reversed. Valve 36 opens to allow condenser 11
to drain, and sensor 39 causes valve 38 to admit the proper
amount of refrigerant to evaporator 7. The embodiment of
FIG. 7 works with system configurations illustrated in FIGS.
3.4,5, orb.

FIG. 8 shows an embodiment of the apparatus 1n which
the heat exchanger to generate reflux within the rectification
section of the generator 19 1s replaced with a distributor 40
for supplying liquid ammonia as reflux. Reflux 1s supplied
from reservoir 1 through conduit 41. Use of reflux returned
to the generator from the condenser circuit will usually
require a flow control valve (not shown) to maintain the
proper flow of reflux. Too little reflux will result 1n too much
water 1n the vapor exiting the generator, and too much reflux
will cause excessive energy consumption in the generator.
The main advantage of external reflux i1s that fluid cooler
than the exit of the generator 1s not required. Liquid ammo-
nia at saturation temperature, or even two phase ammonia,
will provide the necessary reflux for distillation. This 1s
especially advantageous when used with a percolator or
other vapor pump per the FIG. 4 system, because with this
system 1t 1s not possible for the liquid collected in the
reservolr to be significantly subcooled.

Ammonia refrigerant absorption fluids used in the appa-
ratus of the mvention are well known 1n the art. Examples
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of such fluids include water, water-ammonia, ammonia-salt
and water-ammonia-salt solutions. Preferred metal salts are
chlorides, bromides, 10dides, hydroxides, nitrates, thiocyan-
ates and cyanates and mixtures thereof. Alkali metal salts
and particularly lithtum are also preferred. Such absorption
fluids also preferably incorporate heat and mass transfer
additives. The fluids may also contain corrosion inhibitors,
for example, chromates, nitrates, tungstates, molybdates,
borates and silicates where water 1s the refrigerant, combi-
nations of metal hydroxides or lithrum-zinc halides or
lithium-zinc-calctum halides may be used as the absorbent.

We claim:

1. A liquid vapor absorption system comprising:

one or more absorbers having a heat exchange section,
one or more generators containing a refrigerant absorp-
tion fluid, and a fluid loop for directing refrigerant
absorption fluid therebetween,

onc or more first heat exchangers for selectively func-
tioning as an evaporator or a condenser and one or more
second heat exchangers for selectively functioning as a
condenser or an evaporator and cooperating with an
indoor coil for recovering thermal energy from said one
or more second heat exchangers,

a reservolr for condensed refrigerant, and first conduit
means for directing condensed refrigerant between said
reservolr and said one or more first heat exchangers and
second conduit means for directing condensed refrig-
crant between said reservoir and said one or more
second heat exchangers,

a phase-change [thermosyphon] hear transfer loop for
directing condensed refrigerant from said reservoir to
the heat exchange section of said [absorber] one or
more absorbers for removing heat of absorption
therefrom, and

reversing valve means for selectively directing gaseous
refrigerant to the said one or more first heat exchangers
or said one or more second heat exchangers functioning
as a condenser, and for simultancously directing gas-
cous refrigerant from the said one or more first heat
exchangers or said one or more second heat exchangers
functioning as an evaporator to the [absorber] one or
more absorbers for absorption therein.

2. The system of claim 1 wherein said [thermosyphon]
heat transfer loop mcludes one or more conduits cooperat-
ing with the heat exchange section of said one or more
absorbers and said [generator] one or more generators for
directing combined refrigerant vapor therefrom to said
reversing valve means.

3. The system of claim 1 wherein said reversing valve
means comprises a four-way valve for selectively reversing
the functions of said one or more first heat exchangers and
said one or more second heat exchangers.

4. The system of claim 1 including a second phase-change
[thermosyphon] %ear transfer loop comprising a reflux coil
in said [generator] one or more generators and a conduit
loop cooperating therewith for directing condensed refrig-
erant between said reflux coil and said reservorr.

5. The system of claim 4 comprising a first reservoir for
receiving condensed refrigerant from said one or more first
heat exchangers and said one or more second heat
exchangers, and a second reservoir cooperating with said
conduit loop and said reflux coil.

6. The system of claim 5 including third conduit means for
directing condensed refrigerant from said {first reservoir to
said second reservolr and a pump cooperating therewith for
pumping said refrigerant.
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7. The system of claim 6 wherein said pump comprises a
refrigerant vapor driven pump.

8. The system of claim 6 wherein said pump comprises a
mechanical pump.

9. The system of claim 4 comprising a first reservoir for
receiving condensed refrigerant from said one or more {first
heat exchangers and said one or more second heat
exchangers, and a flow splitter cooperating with said conduit
loop and said reflux coil.

10. The system of claim 1 including a first control valve
along said first conduit means for controlling the flow of
refrigerant from said reservoir to said one or more first heat
exchangers, and a second control valve along said second
conduit means for controlling the flow of refrigerant from
said reservoilr to said one or more second heat exchangers.

11. The system of claim 10 wherein at least one of said
first and second control valves comprises a checkflowrator
for restricting the flow of refrigerant from said reservoir to
said heat exchangers, respectively, and providing unre-
stricted flow of refrigerant from a heat exchanger to the
reServolr.

12. The system of claim 35 including a first control valve
along said first conduit means for controlling the flow of
refrigerant from said first reservoir and said one or more first
heat exchangers, and a second control valve along said
second conduit means for controlling the flow of refrigerant
from said first reservoir and said one or more second heat
exchangers.

13. The system of claim 10 including a subcooler for heat
exchange between condensed refrigerant directed along said
first conduit means and gaseous refrigerant directed to said
first heat exchanger.

14. The system of claim 10 including subcooler for heat
exchange between condensed refrigerant directed along said
second conduit means and gaseous refrigerant directed to
said second heat exchanger.

15. The system of claim 10 including a first subcooler for
heat exchange between condensed refrigerant directed along
said first conduit means and gaseous refrigerant directed to
said first heat exchanger, and a second subcooler for heat
exchange between condensed refrigerant directed along said
second conduit means and gaseous refrigerant directed to
said second heat exchanger.

16. The system of claim 10 wherein at least one of said
first and second control valves comprise thermostatic expan-
sion valves and sensors cooperating therewith for restricting
refrigerant flow from the reservoir to the evaporator and
providing unrestricted refrigerant flow from the condenser to
the reservotr.

17. The system of claim 10 wherein said control valves
comprise electronic expansion valves.

18. The system of claim 1 including a reflux line for
directing condensed refrigerant from said reservoir or said
[thermosyphon] heat transfer loop to said [generator]orne or
more generarors.

19. The system of claim 18 comprising a first reservoir for
receiving condensed refrigerant from said one or more first
heat exchangers and said one or more second heat
exchangers, and a second reservoir cooperating with said
reflux line and the absorber.

20. The system of claim 19 including third conduit means
for directing condensed refrigerant from said first reservoir
to said second reservoir and a pump cooperating therewith
for pumping said refrigerant.

21. The system of claim 10 comprising a first reservoir for
receiving condensed refrigerant from said one or more first
heat exchangers and said one or more second heat
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exchangers, and a second reservoir cooperating with said
[conduit] Aeat transfer loop.

22. The system of claim 21 including third conduit means
for directing condensed refrigerant from said first reservoir
to said second reservolr and a pump cooperating therewith
for pumping said refrigerant.

23. The system of claim 22 including a second phase-
change heat transfer loop comprising a reflux coil in said
one or more generators and a conduit loop for directing
condensed refrigerant from said second reservoir or said
[thermosyphon] /eat transfer loop to said [generator]reflux
cotl.

24. The system of claim 22 including a reflux line for
directing condensed refrigerant from second reservoir or
said [thermosyphon] hear transfer loop to said
[eeneratorone or more generators.

25. The system of claim 1 wherein said one or more first
heat exchangers comprises an outdoor coil.

26. The system of claim 1 including a heat transfer loop
cooperating with said one or more second heat exchangers
and said indoor coil for directing a heat transfer fluid
therebetween.

27. The system of claim 1 wherein said system 1s a
refrigeration or heat pump system.

28. The system of claim [26] 27 wherein said refrigeration
or heat pump system 1s a single-stage absorption system or
a generator-absorber heat exchange system.

29. The system of claim 1 wherein said one or more
second heat exchangers comprises said indoor coil.

30. The system of claim 1 wherein said refrigerant is
ammonia and said absorption fluid comprises water.

31. The system of claim 30 wherein said absorption fluid
comprises an ammonia metal salt solution and water.

32. The system of claim 31 wherein said metal salt
comprises a chloride, bromide, hydroxide, nitrate,
thiocyanate, cyanate or mixtures thereof.

33. The system of claim 1 wherein said absorption fluid
comprises an ammonia metal salt solution.

34. The system of claim 33 wherein said metal salt
comprises a chloride, bromide, hydroxide, nitrate,
thiocyanate, cyanates or mixtures thereof.

35. The system of claim 1 wherein said absorption fluid
includes a heat and mass transfer additive.
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36. A system of claim 1 wherein said absorption fluid
includes a corrosion inhibitor.

37. The system of claim 30 wherein said absorption fluid
comprises an aqueous metal salt solution.

38. The system of claim 37 wherein said metal salt
comprises one or more metal hydroxide or lithium zinc or
lithium zinc calcium mixtures.

39. The system of claim 37 wherein said absorption fluid
includes a heat and mass transfer additive.

40. A system of claim 37 wherein said absorption fluid
includes a corrosion inhibaitor.

41. The system of claim 1 including a flow splitter
cooperating with said heat transfer loop for directing the
flow of condensed refrigerant from said reservoir to the heat
exchange section of said one or more absorbers and to said
ONe Or more generarors.

42. The system of claim 41 including a pump for directing
condensed refrigerant from said reservoir to said flow
splitter.

43. The system of claim 41 including a reflux line for
directing condensed refrigerant from said flow splitier to
said one or more generators, or a second phase-change heat
transfer loop comprising a reflux coil in said one or more
generators and a conduit for directing condensed refriger-
ant from said flow spliiter to said reflux coil.

44. The system of claim 42 including a reflux line for
directing condensed refrigerant from said flow splitter to
said one or more generators, or a second phase-change heat
transfer loop comprising a reflux coil in said one or more
generators and a conduit for dirvecting condensed refriger-
ant from said flow splitter to said reflux coil.

45. The system of claim 42 wherein said pump comprises
a refrigerant vapor driven pump.

46. The system of claim 44 wherein said pump comprises
a refrigerant vapor driven pump.

47. The system of claim 42 wherein said pump comprises
a mechanical pump.

48. The system of claim 44 wherein said pump comprises
a mechanical pump.
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