.Feb. 7, 1939, ' W. G. KOGEL v 2,146,076

REFRIGERATION
Filed Sept. 12, 1934 2 Sheets~Sheet 1
23 4 OB 2 H_
' 57 '
7
@ 7
A
)
C 93
v . |
_ B
o2t » j
sz f
£5 <6 _J
¥4
N NN L _| ===
\\ SRR |
Y .
Wirsyp 57
N N : 20
NYEE ?\ N
y N N _
NN NN > = I = - 23
G IR P4
N NN 7 __f SH===
\\ N NN | 1
_\: :\\ Q L:—' i —_—7
' N
0 R ;\\ 2 H_trtﬁ- —
t\ \\\ ! )I
\ L /NN '\//:" " AN —=
/8’ ’\\\ | \,\\ ; Il
\\ \\\\ ™ | O A O A
NN N
5T RN
NN
:\\ N 37 57
NI FRY L 2
\ \ . :
\\\ N {9 E-—
NN Y | == 27 /f
\\‘ \\ j N,
N . 17 .
24 J

2l
VEN

LZe,
o %mj




Feb. 7, 1939. W. G. KOGEL 2,146,076

REFRIGERATION

Filed Sept. 12, 1934 2 éSheets—-Sheet 2

7o NI

N\

AT

%/

i

’ l ”%N?TOR -
F%er. 2. ey
T 4@*3@”«# |




Patented Feb. 7, 1939

UNITED STATES

2,146,076

PATENT OFFICE

2,146,076
REFRIGERATION

Wilhelm Georg Kogel, Stockholm, Sweden, as-
signor, by mesne assignments, to Servel, Inc.,
Dover, Del.,, a corporation of Delaware

Application September 12, 1934, Serial No. 743,656
In Germany September 30, 1933

15 Claims.

My invention relates to refrigeration and more
particularly to the dissipation of heat from an
artificial refrigerating system. Still more par-
ticularly my invention relates to refrigerating

» systems of the kind using an inert gas into which

the refrigerant diffuses in its vaporization.
The principal object of the invention is to pro-

vide an absorber or other heat rejecting member

of a refrigerating system, and more particularly

10 for systems of the no moving part type in which

the manufacture is facilitated while at the same
time heat transfer is improved.

A further object of the invention is to provide
better heat transfer between the heat rejecting

" -part or parts of a refrigerator and the air of a

natural drait flue for conducting away the re-
Jjected heat.

The invention will be understood by reference
to the following description taken in conjunc-
tion with the accompanying drawings which
form a part of this.specification, and of which:

Fig. 1 is a rear view of a refrigerator with the
back plate of the flue removed; and

Fig. 2 is a vertical transverse sectlonal view

"} taken on the line 2—2 of Fig. 1.

The refrigerator includes a liner 0 enclosing a
food space 11 access to which may be had
through the usual door or doors. Within the
space [l is-an evaporator {2. Surrounding the
liner is insulation {8 and around the insulation
is a shell 14,

At the rear of the refrigerator is an apparatus

“compartment 15 which also constitutes a flue for
upward flow of cooling air. The back of the flue

is formed by a substantially solid plate 16 which

has louvres {71 for the outlet of cooling air. Air
is admitted to the flue 15 at the bottom and due
to the-heat given off by the refrigerating ap-
‘paratus, flows upwardly through the flue and
) out at the top through the louvres 171 cooling the
‘heat rejecting’ parts of the refrigerator.

The apparatus includes a generator 18 which
may be vertically disposed in the space 15 and
which has & central fliue pipe 18. The generator
“is-enclosed in an“insulation casing 20." A burner
21 is provided below the flue 19 and directs -a
“flame into the ‘flue to heat the generator. The
flue is continued upwardly at 22 and has an out-

" - let' 23'in the top of the cabinet.  Surrounding the
80 ‘Tower -part of the flue (9 which is extended out-

“’side of the generator proper is a thermosyphon
+‘coil 24 wound around the flue in good thermal
“contact. A thermosyphon riser tube 25 extends

‘upwardly from the top of-coil 24 to the upper
88 or vapor space of generator 18, A conduit 26 is

(CL 62—119.5)

connected to the lower part of the generator and
to the outer conduit 27 of a liquid heat exchanger
28. An inner conduit 29 of the liquid heat ex-
changer 28 extends from the bottom of an ab-
sorber reservoir 30 to the bottom of coil 24.
Heat exchanger 28 is enclosed in an insulation
casing 31. A pipe 32 connects the outer pipe
21 of the liquid heat exchanger with the upper
part of an absorber designated generally by ref-
erence character A.

The absorber is situated in the flue 15 and
consists of a coil of relatively large sized tubing
33 adapted for continuous downflow of liquid
therethrough. The lower end of the absorber A
is connected to conduit 34 which is in turn con-
nected to the absorber vessel 30.

-The ahsorber includes a plurality of banks of
tubes or tube portions as best shown in Fig. 2.
While any number of banks may be provided, for
the particular refrigerator shown there are two
banks, 36 and 31. Each bank includes a plu-
rality of tube portions which are preferably
straight. The tube portions of bank 36 are in-
clined slightly from the horizontal in one direc-
tion and the tube portions of bank 37 are inclined
slightly from the horizontal in the opposite di-
rection, The lower end of any straight tube por-
tion is slightly above the high end of the adja-
cent tube portion in the adjacent bank -and the
return bends connecting the adjacent tubes.of

- different banks are inclined slightly to the hori-

zontal. It will thus be seen that there is a slight
and continuous declme throughout the absorber
tube.

Fins are provided on the absorber banks -In
accordance with the invention separate fins are
used for the individual banks.. ‘The fins on bank
36 are lettered 39 and the fins on bank 37 are
lettered 40. Fins 39 are perpendicular to the
tubes on bank 36 while fins 40 are perpendicular
to the tubes of bank 31. Thus the fins are in-

clined to the:vertical as shown in Fig. 1. The

fins 40 are inclined to one:side and the fins 39

are inclined to the other.side. Furthermore, the
“banks 36 and 37 are in planes which are inclined
-to the vertical as best seen in Fig. 2. .These
. planes are, however, parallel to facilitate manu-

facture, though. this is not .entirely necessary.

It will be seen: that in vertical pro;ectmn the fins.
- overlap. :

-'The- absorber may be made up by formmg a

;series of U-bends with the legs: slightly off paral-

lel to:allow for the ultimate inclination. The fins
can be then threaded on to the legs: of the U-
bends and are perpendicular thereto whereby
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they can be readily secured tightly to the tubes
as by being forced thereon or by expanding the
tubes after the fins are on the tubes. Due to
this arrangement good contact can be had with
the tubes and at the same time manufacture is
facilitated. ¥urthermore, an improved heat
transfer betwéen the tubes and the air is ob-
tained as will be later explained.

The upper part of the absorber A is connected
to one space of a gas heat exchanger 42 which is
in turn connected with the evaporator 2. The
conduit 34 is connected to a separate space of the
gas heat exchanger 42 and connected to a differ~
ent part of the evaporator. The gas heat ex-
changer and evaporator may be of various forms
and the details of construction need not be given
for purposes of the present invention. For more
detailed information as to this general type of
system reference may be made to U. 8. Patent
No. 1,609,334 granted Dec. 7, 1926, on an appli-

‘cation of von Platen and Munters.

A refrigerant vapor pipe 44 is connected to the

upper part of the generator 18. Fins 45 are dis-

" posed on pipe 48 to give an initial rectification
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of the generator vapor. Surrounding conduit 44
is a second rectifier jacket 46 which is supplied
with condensed refrigerant from the condenser.
Conduit 44 extends upwardly and is connected at
the top of the refrigerator to condenser pipe 47.
The condenser consists of the pipe 41 having
fins thereon and is generally designated by refer-
ence character C. The condenser may be made
in the same way as the absorber, although it
is understood that the invention may be appli-
cable either to the condenser or the absorber indi-
vidually. The condenser shown includes two
banks of tubes or tube portions 49 and 50. The
tubes of these banks are inclined oppositely to the
horizontal to provide flow of liquid downwardly
through the condenser. Bank 49 has fins 5l
thereon and bank 50 has fins 52 thereon. Fins
51, as can be seen in Pig. 1, are inclined slightly
from the vertical in one way and fins 52 are
inclined slightly from the vertical in the other
way. The banks 49 and 50 are themselves in
planes which are inclined from the vertical as
shown in Fig. 2 and the fins may overlap verti-
cally as in the case of the absorber fins. The
condenser drains into a ¢ ber 53 from which
a liquid conduit 54 carries liquid to the evapo-
rator through the gas heat exchanger 42, A con-
duit 55 is connected to vessel 53 and is connected
to rectifier jacket 46 for supplying liquid am-
monia thereto. Vapor generated in the rectifier
jacket 46 is conducted back to the condenser in
known manner, as by being conveyed through
conduit 44.

Air is admitted to the bottom of flue {5 and
due to the heat given off is raised by natural draft
through "'the flue 15. 'The air passes over the
absorber and condenser surfaces and withdraws
the heat to be rejected from the system. If some
of the air be followed in its upward course it
will be seen that it will strike the fins 48 and
its course will be changed from the vertical to
an inclined course. As this air rises it then
comes in contact with the fins 39 and the course
is changed in the opposite direction. Thus the
air is given a sort of corkscrew path of travel
and ‘the air is thoroughly stirred, which gives
good- heat transfer. Even though the same air

- does notcontact the finsof thedifferent banks,the

s

stirring and twisting of the air will be obtained
due to the forcing of different parts of the air
in different courses angled from the. vertical.

2,146,076

The same effect takes place in the condenser, the
air being twisted off the vertical on one side .
and twisted off the vertical on the other. This
gives a complete stirring of the gases and pre- .
vents layers of air forming. 5

It will be appreciated that the condenser can
be made in the same manner as the absorber.
Either the banks can be made up separately and
the return bends welded on to the straight por-
tions of .the tubing to which the fins have been 10
applied or the tubing can be made up in the form
of U-bends, the fins applied to the separate
banks, and then the remaining return bends
welded on. It is also possible to apply the fins
on the tubing with the return bends perpen- 15
dicular to the planes of the fins and then twist
the tubing before the fins are pressed into con-
tact with the tubing. The tubing may be ex-
panded against the fins by drawing a steel ball
through the tubing.

While the general internal operation of the
system is the same as in other systems of this
character, it may be well to explain the internal
cycle. Heat applied to the generator {8 sepa-
rates refrigerant vapor from solution. The re- 25
frigerant may be ammonia, the solvent may be
water, and the auxiliary gas may be hydrogen.
Refrigerant vapor passes through conduit 44 and
entrained water vapor is condensed in the in-

20

" clined conduit 44 due to the rectifier fins 45 and 80

the rectifier jacket 46, the condensed water re-
turning back through the tube 44 to the gener-
ator. Substantially pure refrigerant vapor passes
to the condenser and is there condensed. The
liquid flows downwardly into vessel 53 and thence 8§

through the conduit 54 and through the gas heat

exchanger into the evaporator 12. The evaporator
may include the usual ice trays. In the evapora-
tor the refrigerant evaporates and diffuses into
the inert gas. The gas mixture thus formed, 40
which may be ammonia and hydrogen, passes
through the gas heat exchanger.and into the
lower part of the absorber. The gas mixture
passes upwardly through the absorber in con-
tact with a downwardly flowing stream of liquid. 4§
The weak liquid, namely water deprived as much

as possible of its content of refrigerant, is sup-
plied to the absorber through conduit 32! The
liquid flows downwardly through the pipe of one
bank then across to the other bank and back to o
the first bank, and so on gradually down through
the coil. If desired wire mesh or other capillary
material or distributing material may be em-
ployed in the absorber to hinder the flow of liquid

or to increase the available contact surface be- g5
tween gas and liquid. The weak absorption liquid
absorbs the refrigerant vapor and releases the
inert gas. The weak inert gas passes upwardly .
through the absorber and through the gas heat
exchanger 42 into the evaporator to become en- 60

. riched by further refrigerant vagor.

The enriched liquid flows from the bottom of

the absorber into the vessel 30 and thence flows
‘through conduit 29 and is lifted by the thermo-

syphon coil 24 to the generator. By this means 63

a sufficient height is maintained in the generator

so that the weak liquid can flow through con-
duits 26, 27 and 32 to the upper part -of the

absorber.

Various changes may be made without.depart- 70
ing from the spirit or scope of the invertion.
The louvres |1 may, for example, be disposed in
the top of the flue 1§ instead of on the side. The
flue gases may be discharged into the flue 15.
Various changes may be made in the construc- 75
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tion of the apparatus. It is not absolutely neces-
sary that separate fins be used on the different
banks but it will be appreciated that the utiliza-
tion of the same fins would he less adaptable to
manufacture, For example, fins might be em-

ployed which could span the banks and which..,

would have weak intermediate parts whereby the
absorber tubes could be twisted to give the differ-
ent angularity of the extended surface-on the
different banks. While flat plates are used for
the fins it will be appreciated that these may be
corrugated vertically, transversely, or in any
other manner to further stir up the flowing air.

What I claim is: : :

1. In a refrigerator, walls forming a vertical
air flue and a heat rejecting member in said flue
including a plurality of groups of fins, the fins
of one group being inclined from the vertical one
way with respect to a given vertical plane, the fins
of an adjacent group being inclined from the ver-
tical the other way with respect to the same ver-
tical plane, and the fins of both groups being’in-
clined from the vertical with respect to a plane
at right angles to the first-mentioned plane.

2. In a refrigerator, walls forming an air flue
snd a heat rejecting member in said flue includ-
ing a plurality of banks of tubes arranged in par-
allel with respect to-flow of air through the flue,
and separate groups of fins on the different
banks, the grotips of fins being differently in-
clined to the general direction of flow of air
through the flue.

3. In a refrigerator, walls forming an air flue
and a heat rejecting member in said flue includ-
ing a plurality of banks of tubes, and separate
groups of fins on the different banks, said banks
being arranged in parsllel with respect to flow
of air in the flue and the fins of one group in-
clined with respect to the fins of another group.

4. In an absorption refrigeration apparatus, a
gas heat exchanger, a storage vessel, a vertical
conduit extending between said exchanger and
said vessel, and an absorber coil having one end
connected to said conduit and one end connected
to said exchanger, said coil having fins thereon
inclined to the vertical.

5. In an absorption refrigeration apparatus, a
gas heat exchanger, a storage vessel, a conduit
extending vertically between said exchanger and
said vessel, and an absorber coil having one end
connected to said conduit and one end connected
to said exchanger, said coil having fins thereon
inclined one way from the vertical and fins there-
on inclined the other way from the vertical.

6. In an absorption refrigeration apparatus, a
gas heat exchanger, a storage vessel, a conduit
extending vertically between said exchanger and
said vessel, and an absorber coil having one end
connected to said conduit and one end connected
to said exchanger, said coil including a plurality
of banks of tubes and oppositely inclined fins on
the different banks. :

7. Refrigerating apparatus including a gen-
erator, a condenser, an evaporator, an absorber,
and members connecting the aforesaid parts, to
form a complete system for circulation of a re-

‘frigerant, an absorption liquid and an inert gas,

members forming an air passage, said absorber
being positioned in said air passage, and said ab-
sorber including a plurality of banks of tubes
arranged in parallel with respect to flow of air
in said passage, the banks being oblique to the

-general line of air flow through the passage and

the tubes of one bank being oblique to the tubes

3

of another bank, and air cooling fins on said
tubes perpendicularly to the tubes.

8. Refrigerating apparatus including a gen-
erator, a condenser, an evaporator, an absorber,
and members connecting the aforesaid parts to
form a complete system for circulation of a re-
frigerant, an absorption liquid and sn inert gas,
members forming an air passage, said condenser

being positioned in said air passage, and said -

condenser including a plurality of banks of tubes
arranged in paralle! with respect to flow of air
in said passage, the banks being oblique to the
general line of air flow through the passage and
the tubes of one bank being oblique to the tubes
of another bank, and air cooling fins on said
tubes perpendicular to the tubes.

9. A refrigerator including walls forming a
thermally insulated storage compartment and a
relatively narrow natural draft air flue at one
side of said storage compartment, and refrig-
eration apparatus including a boiler, & condenser,
an evaporator and an absorber interconnected for
flow of refrigerant, absorption liquid and inert
gas, said absorber being disposed in said flue and
comprising tubing adapted for continuous down-
ward flow of liquid, different parts of said tub-
ing being differently inclined, and fins on the
differently inclined parts of the absorber tubing,
the fins on tubing of one inclination being ob-
lique ‘to and alongside of fins on tubing of an-
other inclination, whereby air passing over said
tubing is diverted in & plurality of parallel paths
having different directions, and connections to
supply and withdraw absorption liquid and inert
gas to and from said tubing.

10. Refrigerator including walls forming a
thermally insulated storage compartment and a
relatively narrow apparatus compartment at one
side of said storage compartment, substantially
coextensive therewith in height, and forming a
flue adapted for upward flow of air therethrough,
and refrigeration apparatus including an ab-
sorber which is relatively fiat and located in said
flue formed by the narrow apparatus compart-
ment and cooled by substantially vertically fiow-
ing air therein, said absorber comprising banks
of tubes, said banks being located substantially
side by side, each bank having a group of fins
inclined oppositely to another. :

11. Refrigeration apparatus including a gen-
erator, a condenser, an evaporator, an absorber,
and members connecting the aforesaid parts to
form a complete system for circulation of a re-
frigerant, an absorption liquid, and an inert gas,
members forming an air passage, said absorber

‘being positioned in said air bassage, and heat

transfer surface members forming part of said
absorber, said members being arranged in par-
allel with respect to air flow at a given cross sec-
tional plane transverse to the general line of

air flow, and said members which are arranged:

in paraliel with respect to air flow being oppo-
sitely inclined relative to and at the same said
cross sectional plane to divert air being heated
in said passage in a plurality of directions from
the general line of air flow therethrough.

12, Refrigeration apperatus including & gen-
erator, a condenser, an evaporator, an absorber,
and members connecting the aforesaid parts to

“form & complete system for circulation of a re-

frigerant, an absorption liquid, and an inert Bas,
members forming an air passage, said absorber

. being positioned in said air passage, and heat

transfer surface members forming part of said

" absorber, sald members being arranged in par-

10
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allel with respect to air flow at a given cross
sectional plane transverse to the general line of
air flow, and sald members which are arranged
in parallel with respect to air flow being oppo-
sitely inclined relative to and at the same sald
cross sectional plane to divert air being heated

. in said passage in a plurality of oblique directions

i0

16

from the general line of air flow therethrough.

13. Refrigeration apparatus inciuding a gen-
erator, a condenser, an evaporator, an absorber,
and members connecting the aforesald parts to
form a complete system for circulation of a re-
frigerant, an absorption liquid, and an inert gas,
members forming an air passage, sald absorber
being positioned in said air passage, and & plu-
rality of groups of heat transfer surface mem-
bers forming part of said absorber, said groups
being arranged in parallel with respect to air
flow at a given cross sectional plane transverse
to the general line of air flow, and said groups
which are arranged in parallel with respect i
air flow being oppositely inclined relative to and
at the same said cross sectional plane to divert
air being heated in said passage in a plurality
of oblique directions from the general line of air
flow therethrough

14. In absorption refrigeration apparatus in-

cluding an evaporator and an absorber through

which an inert gas is circulated, the improve-
ment which consists in flowing absorption liquid
in a continuously downward path of flow, cool-
ing said path of liquid flow by air, and causing
the air in its passage over said path of liquid

" flow to be deflected into a plurality of parallel

paths of flow, said paths of flow being oblique
with respect to the general direction of air flow
and at differer ; angles with respect to each other
at taeir places of parallel flow. '

15. In absorption refrigeration apparatus in-
cluding an evaporator and an absorber through
which an inert gas is circulated, the improvement
which consists in flowing absorption liquid in a
continuously downward path of flow, cooling said
path of liquid flow by natural draft, and deflect-
ing flow of air in its passage over said path of
liquid flow in a plurality: of parallel paths of dif-
ferent directions relative to each other and ob-
lique to the general line of air flow dt their places
of parallel flow.

WILHELM GEORG KOGEL,
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