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[57} ABSTRACT

A generator of an absorption refrigeration apparatus having a
pumping chamber to which a rich refrigerant solution is sup-
plied from an absorber, and above which a boiler tube is verti-
cally disposed in vertical alignment with the pumping
chamber, with the boiler tube being connected at its top to a
condenser via a vapor-liquid separator. A vapor lift tube ex-
tends from the pumping chamber upward into the boiler tube
to open at its top within the tube. The boiler tube and pumping
chamber are provided on their sides with dual heating a device
for heating refrigerant solution in the tube and chamber. The
arrangement of the parts is such that a compact general con-
figuration of the generator is afforded.

5 Claims, 3 Drawing Figures
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GENERATOR OF ABSORPTION REFRIGERATION
APPARATUS

BACKGROUND OF THE INVENTION

This invention relates to absorption refrigeration apparatus
and, more particularly, to a generator of an absorption
refrigeration apparatus of the type employing two cylindrical
heating devices on the side wall of a boiler of the generator.

In conventional generators of absorption refrigeration ap-
paratus, there are usually provided separately a boiler for a
refrigerant solution and a pumping or vapor lift tube. The
boiler and tube are usually joined to the side wall of a heating
device in heat exchange relationship thereto. Because the
boiler and lift tube are separately disposed around the heating
device, considerable space is needed for the generator.
Furthermore, because the vapor lift tube extends upwards
along the heating device and is thereafter bent toward the
boiler so as to be joined therewith, the pumping or vapor lift-
ing action is not so effective and the general configuration of
the generator is relatively irregular, which is the cause of the
generator assembly being unstable in construction and opera-
tion. These problems are more serious with a generator having
two heating devices, such as one having selectively usable gas
and electric heating devices.

SUMMARY OF THE INVENTION

In view of the above described circumstances, it is-an object
of the present invention to provide a novel generator of an ab-
sorption refrigeration apparatus, which is superior in the
puniping or vapor lifting function to the conventional ones.

Another object of the invention is to provide a novel
generator of an absorption refrigeration apparatus, which is
compact in general configuration and therefore stable in con-
struction and operation.

Still another object of the invention is provide a generator
of the type including selectively operable dual heating devices,
in which heat transfer from the heating devices to the
refrigerant solution in the generator is more intense at lower
parts of the generator than at upper parts of the same.

In accordance with the present invention, briefly stated,
there is provided a pumping chamber below a boiler tube, into
which a vapor lift pipe of a smaller diameter extends upwards
from the pumping chamber in substantially coaxial relation-
ship to the boiler tube so as to open into an upper space within
the tube. On the side surfaces of the chamber and tube, there
are secured heating devices for heating a refrigerant solution
within the generator. Because the vapor lift tube passes within
the boiler tube, hot refrigerant and its solution, while flowing
upwards through the lift pipe, give their heat to a weak solu-
tion surrounding the lift pipe to heat the same from inside in
addition to the heat from outside the boiler tube. It will be ap-
preciated that such dual heating will improve the refrigerant
vapor expelling function in the generator. It will also be ap-
preciated that the provision of the vapor lift pipe within the
boiler tube makes the general arrangement of the parts com-
pact and stable.

The foregoing and other objects, as well as advantageous
features of the invention will become more clearly apparent
from the following detailed description with respect to
preferred embodiments of the invention, when read in con-
junction with the accompanying drawing, in which like parts
are designated by like reference numerals and characters.

BRIEF DESCRIPTION OF THE DRAWING

In the drawing:

FIG. 1 is an elevation, partly in perspective, and partly
broken away, showing an example of a generator assembly ac-
cording to the invention;

FIG. 2 is a fragmentary plan view of the assembly shown in
FIG. 1; and

FIG. 3 is a view similar to
rangement.

FIG. 2, but showing a modified ar-
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2
DETAILED DESCRIPTION OF THE INVENTION

Referring to the accompanying drawing, the generator
shown ‘and generally designated therein by reference
character G is incorporated in and constitutes an important
component of an absorption refrigeration apparatus, the es-
sential components of which, other than the generator G; are
known and include an absorber including an absorber vessel
11, a heat exchanger 9, an absorber coil (not shown), a con-
denser (not shown), an evaporator (not shown) etcetera.

The generator has a pumping chamber 1 and a boiler tube 2.
The pumping chamber 1 may be in the form of a vertically ex-
tending tube of the same diameter as that of the boiler tube 2
and is in axial alignment with the tube 2. The interior of the
chamber 1 is in communication with the interior of the boiler
tube 2 through a vapor lift pipe 4 extending upwards into the
boiler tube 2 to terminate at its open upper end in the upper
interior of the latter. It will be noted that the chamber 1 and
the tube 2 are rigidly connected by means of the pipe 4.

An upper end part 2a of the boiler tube 2 is connected to an
upper part of a vapor-liquid separator 3 which is also in the
form of a vertically extending tube. A conduit 3a leading at its
upper part to the condenser (not shown) extends downward at
its lower part into the separator 3 and has-its lower end open
to the interior of the separator 3 near the lower end thereof.

A gas-heating flue 5 extends vertically and parallel along
and is welded at 7 to the side walls of the pumping chamber 1
and the boiler tube 2. The welds 7 are made denser or thicker
in the downward direction so that better heat exchange is ob-
tainable between the gas-heating flue 5 and the pumping
chamber 1 than between the gas-heating flue 5 and the boiler
tube 2, and that better heat exchange is obtainable at lower
parts of the boiler tube 2 than at upper parts of the same.

An electrical heating sleeve 6 extends vertically and parallel
along and is welded at 7a to the side walls of the pumping
chamber 1 and the boiler tube 2. The welds 7a therebetween
are also made denser or thicker in the downward direction so
that better heat exchange is obtained at lower parts than at
upper parts. The arrangement of the electrical heating sleeve
6 relative to the gas heating flue 5 is best shown in FIG. 2,
from which it will be noted that the eléctrical heating sleeve 6
and the gas-heating flue S are on diametrically opposite sides
of the pumping chiamber 1 and boiler tube 2, and that a plane
passing through the longitudinal axes of the flue 5 and sleeve 6
is perpendicular to a plane passing through the longitudinal
axes of the boiler tube 2 and separator 3.

A rich or strong solution transfer conduit 8 connects the
bottom of the separator 3 to a lower part of the pumping
chamber 1. As is shown'in FIG. 2, the conduit 8 extends in the
plane passing through the longitudinal axes of the separator 3
and the chamber 1.

A lower part of the boiler tube 2 is in communication with
the heat exchanger 9 through a lean or weak solution transfer
conduit 10. It will be noted from FIG. 2 that the beginning or
upstream end portion of the conduit 10 extends in the same
plane passing through the axes of the separator 3 and the
chamber 1. From the foregoing, it will be appreciated that the
structure including the generator assembly G, and the as-
sociated conduits are in a compact and symmetrical arrange-
ment and, therefore, are stable in structure and in operation.

From the absorber vessel 11 extends a rich liquid conduit 12
which passes through the heat exchanger 9 and is led to a
lower part of the separator 3.

The gas heating flue 5 contains therein a baffle 14 for im-
proving heat transfer. Under the flue 5, there is provided a gas
burner 13.

The electrical heating sleeve 6 is formed with a longitudinal
slit 16 and made of a resilient material such as a steel sheet.
Within the sleeve 6 there is disposed a cartridge-type electric
heater 17 which is resiliently gripped by the sleeve 6 and in
tight engagement with the same so as to establish a heat
exchange relation between the sleeve 6 and the heater 17.
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FIG. 3 shows a modified arrangement of the generator as-
sembly G, in which the gas heating flue 5 and the electrical
heating sleeve 6 are displaced in a direction remote from the
separator 3. It is to be noted that in this modification, the
plane passing through the longitudinal axes of the flue § and
the sleeve 6 remains substantially perpendicular to the plane
passing through the axes of the boiler tube 2 and the separator
3. It will be understood ‘that this modification also affords
compactness and stability.

The generator of the above described organization accord-
ing to the invention, incorporated within an absorption
refrigeration apparatus, operates in the following manner
when heated by gas by the gas burner 13.

Hot combustion gas produced by the burner 13 flows up-
wards through the flue §, and the heat in the gas is intercepted
by the baffle 14 and transferred across the wall of the flue 5
and then across the walls of the boiler tube 2 and the pumping
chamber 1 into the liquids therewithin so as to heat the latter.

In this case, since the welds between the flue 5 and the
pumping chamber 1 are dense, an effective heat transmission
is carried out through the welds so that the solution rich in
refrigerant, such as dense ammonia water, is boiled in the boil-
ing chamber 1 to expel the refrigerant dissolved therein. The
refrigerant gas thus expelled is accumulated as bubbles in the
upper part of the boiling chamber and caused to flow upwards’
through the lift pipe 4 in a condition in which it is intermixed
with steam and water so as to be supplied into the boiler tube 2
through the upper opening of the pipe 4.

It is to be noted that since the lift pipe 4 is of small diameter
relative to that of the pumping chamber 1, a strong upward
flow of the expelled refrigerant and the intermixed boiled
water is created through the lift pipe 4 with an intense pump-
. ing action.

The refrigerant and the water intermixed therewith, sup-
plied into the boiler tube 2, then enter the vapor-liquid separa-
tor 3, in which the refrigerant gas is separated from the water
and thence flows through the conduit 3a to the condenser (not
shown) of the refrigeration apparatus.

On the other hand, a weak solution is accumulated in the
boiler tube 2 and receives heat from the gas heating flue 5§
through the welds 7 and from the fluid flowing through the

" pipe 4, whereby the weak solution in the boiler tube 2 is also
boiled so as to liberate refrigerant additionally therefrom. The
weak solution accumulated in the boiler tube 2 flows through
the weak solution transfer conduit 10 into the heat exchanger
9 and is passed by means of a conduit 9a to the absorber coil
(not shown). )

The refrigerant which has condensed in the condenser is
thereafter supplied into the evaporator (not shown) to be
evaporated therein. The evaporated refrigerant flows into the
absorber vessel 11 through a conduit 11a and is directed
through a conduit 115 to the absorber coil to be absorbed into
the weak solution which is supplied to the absorber coil
through the pipe 9a.

The liquid enriched in refrigerant within the absorber coil
flows down into the absorber vessel 11 through the conduit
11/ and is accumulated in the vessel as is well known in the
art.

In the bottom of the separator 3, there is accumulated a
weak solution from which refrigerant gas has been liberated.
The rich solution in the vessel 11 flows through the rich solu-
tion transfer conduit 12 into the heat exchanger 9 and
exchanges heat with the hot weak solution from the boiler
tube 2 to be heated, thereafter entering the separator 3 to be
mixed with the liquid existing within the same. The rich solu-
tion then flows into the pumping chamber 1 through the con-
duit 8. Since the conduit 8 opens into the pumping chamber 1
at a low part of the latter, a good heating effect of the liquid is
obtained within the chamber 1. The boiled liquid in the
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4
chamber 1 liberates the refrigerant and performs the same
function as described hereinbefore.

In the operation of the apparatus through the use of the

electrical heating device, the electric heater 17 is energized
and the heat thereby produced in the heater is transterred

through the sleeve 6 and welds 7 to the solution within the
pumping chamber 1 and boiler tube 2, in which the solution is
heated in the same manner as described hereinbefore and per-
forms the same function.

While the invention has been described above with respect
to preferred examples, it will be understood that the invention
may be carried out in other forms without departing from the
scope of the invention. :

We claim: .

1. In an absorption refrigeration apparatus including a
generator having vertically elongated refrigerant solution bail-
ing means provided with cylindrical electric and gas heaters
disposed therealong, said generator including a vapor-liquid
separator communicatively connected to the boiling means
downstream of the same and extending in parallelism with the
boiling means, a refrigerant condenser connected to the
vapor-liquid separator, a refrigerant evaporator connected to
the condenser, an absorber vessel connected to the evapora-
tor, an absorber coil connected at one end thereof to the ab-
sorber vessel, a weak solution transfer conduit connecting the
boiling means to the other end of the absorber coil, a rich
liquid conduit supplying rich solution stored in the absorber
vessel into the vapor-liquid separator, and a rich solution
transfer conduit connecting the vapor-liquid separator to the
bottom of the boiling means, the improvement in which the
refrigerant solution boiling means comprises a vertically
disposed pumping chamber connected at its bottom part to
the rich solution transfer conduit to be supplied with rich
refrigerant solution thereinto, an elongated vertical boiler
tube disposed above said pumping chamber in vertical align-
ment therewith and communicating at its top with the vapor-
liquid separator, said boiler tube being connected to the weak
solution transfer conduit at its bottom part and having a
diameter equal to that of the pumping chamber, and a vapor
lift tube communicatively connecting said pumping chamber
to said boiler tube and extending upwards into the boiler tube
to open into an upper space within the boiler tube, and to pro-
vide an annular space about the portion of the vapor lift pipe
located within the boiler tube, said electric and gas heaters
being rigidly secured by welds to the pumping chamber and
the boiler tube on opposite sides thereof and at positions such
that a plane passing through the longitudinal axes of the
heaters is substantially perpendicular to a plane passing
through the longitudinal axes of the separator and the boiler
tube, and the longitudinal axes of the rich and weak
refrigerant solution conduits lying in the plane passing through
the longitudinal axes of the boiler tube and the separator.

2. The generator as claimed in claim 1, wherein the gas and
electric heaters are on diametrically opposite sides of said
boiler tube and pumping chamber.

3. The generator as claimed in claim 1, wherein the plane
passing through the longitudinal axes of said heaters does not
pass through the longitudinal axis of said boiler tube and is
more remote from said separator than said axis of the boiler
tube.

4. The generator as claimed in claim 1, wherein the welds
which secure the gas and electric heaters to the sides of said -
chamber are denser or thicker in the downward direction so as
to obtain increased heat exchange relation in that direction.

5. The generator as claimed in claim 1, wherein said electric
heater comprises an outer sleeve having a longitudinal slit,
said sleeve being of a resilient sheet material, and an inner car-
tridge-type heating element resiliently gripped within said
sleeve.

* * * * *



