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1. 

3, al s 5. 8 sa REFERECBE3ATSGN / ACE ENE FCLUB ING EVAs. 
GRAT's RCCNCESER SRJCURE 

Peier Agagicily Weier, Farai eral ingoa, Rica, assigaOS tie 
Airesticaia Radia£gr & 33:22aari Sajaiiary Corpgratica, 
Rey York, N.Y., a cer;3ration of Deiss are 

Fied Sepi. 2, ES53, Ser. No. 53,747 
8 Cains. (CE. 62-566) 

is invention relates to refrigeration niachines, and 
ticuliarly to refrigeration machines of the “tube-shell” 

ype, i.e. the type winerein the evaporator and coideaser 
constructed as relatively iarge eiongated shell stric 

tires with heat transfer tubes extending therethrough. 
(Conventionaily refrigeration machines of this type have 

been constricted with the evaporator built as one shell 
and with the condenser built as a second sheil separately 
from the first shell. The energy ievel of the refrigerant 
is restored through the use of a refrigerant compreSSOr 
means, and in raost cases the compressor means has been 
located separateiy from the condenser shell and evapo 
rator. The nature of the conventional apparatus is such 
as to require considerable floor space and relatively high 
instaliation cost. Additionaliy the conventional construc 
tions are such as to require a reiatively high fabrication 
cost with the utilization of much piping and refrigerant 
cosiduit mechanisms. The use of such conventional con 
duit mechanisms and the conventionally designed evapo 
rators and condensers is such tilat in many cases the effi 
ciency of the refrigeration process is impaired. 

it is a general object of the present invention to provide 
an improved refrigeratica machie having desired fea 
tures of low cost, simplified construction, simplified in 
stallation, reduced size, and fidor space requirements, 
and improved refrigerant action. 
A further object of the invention is to provide a re 

frigeration machine wherein the condenser and compres 
sor sections are disposed closely adjacent one another 
in a singie shell stiructure. 
An additional object is to provide a refrigeration ma 

chie wherein the compressor neais is disposed atop 
the evaporator section in compact relation thereto. 

Another object of the invention is to provide a re 
evaporator and coin 

wherein the evaporator and condenser are effectively iso 
lated from the one angther in a heat transfer sense. 
Another object of the invention is to provide a refrig 

eration machine having relatively short paths for flow of 

CaO. 
A still further object of the invention is to provide 

a refrigeration machine wherein the evaporator heat trans 
fer tubes are so arranged with respect to the flow of re 
frigerant as to permit relatively uniform distribution of 
refrigerant ca the various tube surfaces. 

refrigeration machine wherein the evaporator heat trans 
fer tubes inay be disposed in position with respect to re 
frigerant distributing nozzles so that refrigerant may be 
sprayed relatively uniformly onto ali of the various tube 
SLIrfaces. 
A still further object of the inventicia is to provide a 

refrigeration inachine wherein the evaporator and con 
dierser are constructed as part of a single unitary pressure 
vessel so as to permit economization on the amount of 
materia is required to form the vessel walls. 
A still further object of the invention is to provide a 

refrigeration machine wherein a relatively small refrig 
erant pimp can be utilized for pumping refrigerant to the 
evaporator, the arrangement being Such as to provide im 
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proved operating features while eliminating the necessity 
for undesirably modifying the installation, as by provid 
ing a pit in the floor or raising the machine above the 
floor surface. 
A still further object of the invention is to provide a 

refrigeration machine having an improved refrigerant cir 
culation path therethorugh. 

tier objects of this invention will appear in the fol 
lowing description and appended claims, reference being 
had to tie accompanying drawings forming a part of this 
specification wherein like reference characters designate 
corresponding parts in the several views. 

in the drawings: 
FIG. 1 is a sectional view through one embodiment of 

Imy invention taken substantially on line - in F.G. 2. 
FIG. 2 is a sectional view taken substantially on line 

2-2 in FG. i. 
FIG. 3 is an enlarged sectional view taken substantially 

on line 3-3 in F.G. . 
Fig. 4 is a fragmentary elevational view of a second 

embodiment of the invention. 
Fig. 5 is a sectional view taken substantially on line 

5-5 in FG. A. 
Fig. 6 is a top pian view of the FG. 4 structure. 
fig. 7 is a fragmentary sectional view through a third 

enabodiaert of the invention. 
FIG. 8 is a fragmentary elevational view of a fourth 

embodinett of the investion. 
Before explaining the present invention in detail, it is 
be understood that the invention is not limited in its 

application to the details of construction and arrange 
ment of parts illustrated in the aconi panying drawings, 
since the invention is capable ci other enbodiments and 
of being practiced or carried out in various ways. Also, 
it is to be understood that the phraseology or terminology 
employed herein is for the purpose of description and not 
of limitation. 

Referring to the drawings, and particularly FIGS. 1 
through 3, there is disclosed a refrigeration inachine 16 
comprised in part of a horizontal elongated shell struc 
ture i2. As shown in FIG. 2 this shell structure is of 
generally elliptical cross-sectional configuration, with the 
major axis cf the ellipse disposed vertically and with the 
minor axis thereof disposed horizontally. The shell 
structure is provided with a baffle or partition means 
indicated generally by numeral i?, said partition means 
is tie illustrated embodiment taking the form of two 
parallel spaced plates S5 and 3 connected at their lateral 
edges by the vertical wall portions 7 and E9. 
The space 23 above the partition means 24 constitutes 

an evaporator section, and the space 22, below the parti 
tion means constitutes a cordenser section. Each of 

-- C 

these sections has disposed S. therein a series of finaed heat 
transfer tubes indicated in the drawings by the intinabers 
24 and 35. As show in FiG. the various tubes ex 
tend longitudinally through the shell so as to conduct 
fuid (such as water between the two boxes indicated 
at 28 and 33. Each cf these boxes is provided with a 
partition 32 to for:; the separate chambers 3 and 33. 
Suitable conduits (inct shown) are connected to the boxes 
to permit circulation of heat transfer fiuid, as for exam 
pie water, through the tubes 24 and 26. it will be under 
stood that in practice the fluid flowing through tubes 24 
gives up feat to the refrigerant in space 2 so as to 
evaporate same, and that tubes 25 operate to extract heat 
from the refrigerant in Space 22 So as to condense Sarine. 

in order to restore and raise the energy level of the 
efrigerant there is provided a cofapressor means indicated 

in FIG. 1 by the nineral 34. As illustrated in the draw 
ings the compressor neasas includes a scroll-like casing 
structure 35 having a tubular extension 38 which mounts 
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on an elbow-shaped duct 43. The duct 4 opens to 
space 29 and is provided with an extension 43 which 
defines an inlet eye 39 for impeier 40. The inlet eye 
is provided with the usual adjustable inlet vanes 37 for 
controlling the compressor output. 

Power for rotating the impeller is obtained from a 
hermetically sealed electric motor 48 which may be Wa 
ter cooled or cooled by passing system refrigerant there 
across as shown in co-pending application, Serial No. 
18,607, filed March 30, 1960. 

impelier 40 is provided with the usual vanes 42 extend 
ing from the conventional backwall 44, said backwall be 
ing suitably affixed to the driveshaft 46 which is directly 
driven from the electric motor 48. The weight of the 
motor and impeller is carried partially by duct 42 and 
partially by an upstanding bracket 49 Suitably supported 
by shell structure 2. 

Compressor scroll 36 connects with a discharge duct 
47 which, as shown in FIG. 2, leads downwardly and then 
inwardly as at 52 to make connection with the condenser 
space 22. By this arrangement the compressed gaseous 
refrigerant is fed over the condenser tubes 26 So as to 
give up heat to the heat exchange fluid within tubes 26 
and thereby be condensed. The condensed refrigerant 
collects in the lower portion of the condenser section and 
flows into the collector indicated generally by nuneral 53. 
The liquid level in collector 54 is maintained at a satis 
factory value by means of the valve 56 and connected 
foat 58. As shown in F.G. 1 the valve 56 is mounted 
to open and close the conduit 60 which extends upwardly 
from collector 54 and through partition means i4 into the 
evaporation space 20. The upper end of conduit 60 con 
nects with a cross pipe 61 and two elongated horizontal 
conduits 62 and 63 which extend isngthwise of the evap 
orator section. 23. These conduits 62 and 63 carry noz 
zles 66 at spaced points therealong for spraying liquid 
refrigerant downwardly onto the evaporator tubes 24 as 
shown in FIG. 2. Preferably the nozzles 66 are of ad 
justable orifice size so as to enable an even spray pattern 
in all areas of the evaporator section irrespective of pres 
sure differences due to the character of the conduit ar 
rangement. 

It will be seen from FIG. 2 that the evaporator tubes 
24 are arranged in a horizontal tube bundle of generally 
rectangular configuration. The rectangular nature of the 
tube bundie is made possible by the generaily elliptical 
cross section of shell 2. With the illustrated tube bun 
die configuration the tubes 24 are arranged in vertical, 
horizontally spaced rows, each vertical row having the 
same number of tubes therein. The number of tubes in 
each vertical row is relatively small so as to promote sur 
..face wetting of all tubes. By the illustrated arrangement 
the refrigerant is enabled to better wet the outer surfaces 
of all tubes so as to promote heat transfer from the refrig 
erant to the heat exchange fluid. 

in a conventional evaporator section constructed in 
a cylindrical shell structure separate from the condenser 
Section, the evaporator vertical tube rows are irregular 
in number, i.e., the vertical rows near the outer surfaces 
of the shell have very few tubes therein whereas the 
vertical rows near the center portion of the shell have a 
larger number of tubes therein. . In the conventional 
arrangements, when the overhead sprays are used the 
refrigerant will be evaporated before it can reach the 
lower tubes of the center rows; when the flooded arrange 
ment with distributed liquid entry along the bottom of 
the evaporator is used the tubes in the short vertical rows 
near the outer portion of the shell do not become wet 
because there are no tubes directly below them in the 
liquid to cause boiling up to them. 
By contrast, in the FIG. 2 arrangement the various 

evaporator tubes are arranged in vertical rows of equal 
depth. Each of the rows has a comparatively small num 
ber of tubes therein so that when using the sprays the 
lowermost tubes in all of the rows can be fed with liquid 

5 

20 

25 

30 

40 

50 

5 

60 

O 

4. 
refrigerant or when using the conventional flooded ar 
rangement, a minimum depth of refrigerant is required 
to obtain uniform wetting of all tubes, each vertical row 
being equaily submerged. 
FG. 2 illustrates an arrangement wherein the nozzles 

66 discharge downwardly onto the tube bundle. It is 
contemplated however that within the broader aspects 
of the invention the refrigerant could be distributed to 
the evaporator tubes in the form of upwardly directed 
sprays, in which case the discharge from pipe 66 would 
be located immediately adjacent the partition means 24 
so as to direct the refrigerant upwardly against the lower 
surfaces of the tubes. The conventional flooded arrange 
ment with distributed iiquid inlet also could be used. 

it will be understood that operations are preferably 
carried out so as to minimize direct heat transfer between 
evaporator space 28 and condenser space 22. Thus, in 
the evaporator section the liquid refrigerant preferably 
takes heat exclusively from the liquid within tubes 24, and 
in the condenser section the refrigerant preferably gives off 
its heat content exclusively to the fluid within tubes 26. 
There is preferably no transfer of heat across the partition 
means 14. To avoid heat transfer across partition means 
14 tha partition means is formed as a hollow structure as 
by means of the spaced plates 6 and 28. As shown in 
FIG. 1 there is extended upwardly from plate 18 a duct 
or condit 68. The arrangement is such that duct 68 
admits gaseous refrigerant into the cavity 70 defined by 
the plates 6 and 18. The conventional refrigerants, such 
as Freon, when in the vaporous state form very excellent 
insulators at low pressures, and thus the use of a hollow 
refrigerant-filled space 70 serves as an excellent means 
of preventing heat transfer between evaporator space 20 
and condenser space 22. The vapor space 79 is, as 
illustrated in FG. 2, located in a horizontal plane so that 
convection currents are at a minimum. By this arrange 
Inent the insulator characteristics are suitably achieved. 

It will be understood that plates 6 and 18 have mini 
Inum thermal contact with one another, inasmuch as such 
contact would allow heat from the condenser to be trans 
mitted to the evaporator. in the illustrative drawings the 
plates are completely unconnected from one to the other 
except at their perimeters where they join the wall por 
tions 7 and 9. The plates are maintained in their ill 
iustrated spaced positions by means of tube sheets 74 
and tube sheets 76, said sheets being suitably affixed to the 
plates 6 and i8 as by conventional welding procedures. 
These sheets 74 and 76 of course also serve to support 
the transfer tubes 26 and 24 respectively. The plates 6 
and 8 may further be reinforced against deformation 
by the use of longitudinally extending stringers, such as 
are shown at 78 in FIG. 2. If desired, plates 16 and 3 
can further be reinforced against deformation by the use 
of short non-conductive posts placed between the plates 
at Suitable points thereon. Such posts can transfer the 
load from plate 16 to plate 18 without transferring heat. 

it will be seen from FIG. 2 that the illustrated construc 
tion represents a design of satisfactory strength, so that 
the Walls thereof may be made of relatively thin gauge 
Inaterial. In this connection the shell structure consti 
tutes Substantially a pressure vessel, since its elliptical 
configuration is only slightly lower strengthwise than the 
cylindrical shell construction employed in pressure vessels 
generally. As indicated above, the illustrated configura 
tion and arrangement is of advantage in that it permits a 
compact assembly of the condenser, evaporator and com 
pressor, and provides an improved arrangement of tubes 
in the evaporator section. 
The evaporator tubes are arranged beneath the conven 

tional eliminators 30 in such manner as to provide an 
extensive discharge area for the evaporated refrigerant 
after it leaves the uppermost tubes. Because of this ex 
tensive area the vapor velocity leaving the tube bundle is 
relatively low, and the eliminators 86 can be of relatively 
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simple construction, thereby reducing the cost of the 
assembly and minimizing service problems. 

Referring now to FIGS. 4 through 6, there is illustrated 
an arrangement wherein the compresser means is arranged 
on a vertical axis as distinguished from the horizontal 
axis arrangement of Fig. 1. In the FIG. 4 arrangement 
the vaporous refrigerant from the evaporator is fed up 
wardiy to the condenser via an inlet duct 84 which is 
suitably connected with the eye of the scroli 86. As will 
be seen from FEG. 5 the scroll 36 is provided with two 
substantially diametrically opposed outlet ducts 38 and 
93 arranged to receive the compressed gas and discharge 
arine toward the condenser. 

Ducts 38 and 93 extend longitudinally of the shell struc 
ture 2, and thence downwardly as at 93 and it. As 
will be seen from FEGS. 4 and 5, the downwardly extend 
ing duct portions 93 and 63 lead through the evaporator 
section 23 and discharge into the condenser section 22 at 
longitudinally spaced points therein. By this arrange 
ment the gaseous refrigerant is circulated substantially 
uniformly in the condenser space so that it enjoys an 
improved heat transfer relation with the fluid flowing 
through tubes 25. The improved relationship in some 
cases will permit the improvement of a lower number of 
tubes in the condenser Section, thereby enabling cost re 
duction, both in tube material and as a result of reduction 
in size of the shell structure. 

it will be understood that the F3. 4 arrangement has 
the same general path of refrigerant flow therethrough as 
the FIG. 1 arrangement. Thus, the refrigerant is drawn 
upwardly from evaporator section 25 into the duct 84, 
through the vanes of the impeiier into the compressor otit 
Let ducts 33 and 93, aid thence downwardly through the 
tubes 98 and 89 into condenser section 22, where it is 
condensed and collected in the collector device 54. The 
condensed refrigerant is then directed upwardly through 
the conduit 63 and into the spray pipes 62 and 63 as pre 
viously discussed in connection with the Fig. 1 embodi 
i.e. 
The FG. 7 embodiment is similar to the FG. 1 en 

bodiment except for certain features of construction in 
volved in distributing refrigerant to the evaporator space 
28. In the FIG. 7 arrangement there is provided a booster 
nechanism for assisting the machine in its job of circulat 
ing refrigerant onto the evaporator tubes. The arrange 
ment comprises a small chamber 16 which receives 

cess iguid refrigerant from space 2 via a vertical pipe 
ii. The chamber houses an eiectric motor 2 and pump 

2.1.4, preferably of the vane type. The pump outlet cen 
ects with the vertical duct E2 which feeds the overhead 

m By the arrangement of pump 4 and 
pipes 20 and 60, all of the evaporator tubes are main 
tained in a tigrolighly wet condition. 
The arrangement of the evaporator above the coin 

denser and of primp 14 and ducts 69, i2 and ill as 
itstrated in FIG. 7 requires small installation space, 
and enables a satisfactory spray pattern to be achieved 
without unduly increasing the overall height of the ma 
chine or providing a pit in the floor for housing a larger 
purnip structure such as might otherwise be required in 
some installations. 
The FG. 8 arrangement is similar to the FIG. 1 em 

bodiment in the disposition of duct 47 extending external 
iy of the shell structure. However, in the FIG. 8 arrange 
inent the compressor is disposed with the axis thereof 
vertical as in the FiC. 4 arrangement. It is believed that 
the operation of the FIG. 8 construction will be apparent 
without further elaboration. 

it will be understood that, while the drawings herein 
istrate various features of the invention which can be 
utilized in operative devices, yet certain variations in ar 

6 
rangements and construction can be resorted to without 
departing from the spirit of the invention as set forth in 
the appended claims. 

claim: 
5 1. In a refrigeration machine, a horizontally elongated 

hollow shell, a hollow partition dividing said shell into 
an upper refrigeration evaporator compartment and a 
lower refrigerant condenser compartment, thermal insula 
tion in said hollow partition, said evaporator and con 

0 denser compartments each having portions defined by 
Said shell, heat transfer tubes positioned in said evaporator 
and condenser compartments for conducting a heat trans 
fer fluid therethrough, means for transferring liquid re 
frigerant from said condensor compartment into said 

5 evaporator compartment, a refrigerant compressor 
mounted on top of said shell and having an inlet con 
nected to said evaporator compartment, said compressor 
having an outlet, a vertically disposed tube extending 
through said evaporator compartment and into said con 

20 denser compartment, and means connecting said vertical 
ly disposed tube and said compressor outlet. 

2. En a refrigeration machine, a horizontally elongated 
hollow shell, a longitudinally extending hollow partition 
Sub-dividing said shell into an upper refrigerant evaporator 

25 compartment and a lower refrigeraat condenser compart 
ment, thermal insulation in said hollow partition, said 
evaporator and condenser compartments each having por 
tions defined by said shell, heat transfer tubes extending 
in Said evaporator and condenser compartments for con 

30 ducting a heat transfer fluid therethrough, means for 
transferring liquid refrigerant from said condenser com 
partment to said evaporator compartment, and a refriger 
ant compressor mounted on top of said shell and having 
an iniet connected to said evaporator compartment and 

35 an outlet connected to said condenser. 
3. In a refrigeration machine, 
an elongated hoilow shell having its axis horizontally 

disposed, 
a generally fiat hollow partition subdividing said shell 

into an upper evaporator compartment and a lower 
condenser compartment, 

heat transfer tubes in said compartments to conduct 
heat transfer fluids therethrough, 

means placing said heat transfer tubes in heat-exchange 
eiation with fluid to be cooled by the evaporator 
compartment and cool the condenser compartment, 

said hollow partition defining a cavity, 
conduit means connecting said cavity and a quiescent 

portion of said evaporator chamber whereby gaseous 
refrigerant can pass to said cavity to provide insula 
tion against the flow of heat between said evaporator 
and condenser compartments, 

a powered compressor having an inlet and an outlet, 
a conduit means operably connecting said compressor 

inlet and outlet to said evaporator and condenser 
compartments respectively, 

and means connecting said condenser and evaporator 
Compartments to convey liquefied refrigerant from 
Said condenser compartment to said evaporator com 
partment. 

4. In a refrigeration machine, 
a hollow shell, 
a hollow partition subdividing said shell into an 

evaporator compartment and a condenser compart 
neint, 

heat transfer tubes positioned in said compartments 
to conduct heat transfer fluid therethrough, 

means placing the heat transfer tubes in heat-exchange 
elation with fluid to be cooled by the evaporator 
compartment and cool the condenser compartment, 

said hcillow partition defining a thin horizontal cavity 
completely isolating said compartments in a hori 
Zontal plane, 

means for introducing gas into said cavity to provide 
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insulation against the flow of heat between said 
compartments, 

a powered compressor having an inlet and an outlet, 
conduit means operably connecting said inlet and out 

let to said evaporator and condenser compartments 
respectively, 

and means for transferring liquefied refrigerant from 
said condenser compartment to said evaporator con 
partment for evaporation therein. 

5. In a refrigeration machine, 
an elongated hollow shell having the axis horizontally 

disposed, 
a generally flat hollow partition extending longitudinally 

and horizontally in said shell and subdividing Said 
shell into an evaporator compartment and a conden 
ser compartment with the compartments vertically 
spaced, 

heat transfer tubes in said compartments to conduct 
heat transfer fluid therethrough, 

means placing said heat transfer tubes in heat-exchange 
relation with fluid to be cooled by the evaporator 
compartment and cool the condenser compartment, 

said partition including vertically spaced, horizontally 
disposed, flat plates defining a generally closed 
cavity, 

gaseous means in said cavity thermally isolating said 
evaporator and condenser compartments from one 
another, 

a powered compressor having an inlet and an outlet, 
conduit means operably connecting said compressor 

inlet and outlet to said evaporator and condenser 
compartments respectively, 

and means for transferring liquid refrigerant from Said 
condenser compartment to said evaporator compart 
ment for evaporation therein. 

6. in a refrigeration machine, 
an elongated hollow shell, 
said shell being of substantially elliptical cross section 

with the major axis of the ellipse vertically disposed 
and the minor axis horizontally disposed, 

an axially extending flattened, hollow partition defining 
a closed cavity and subdividing said shell into an 
evaporator compartment and a condenser compart 
ment, 

heat transfer tubes in said compartments to conduct 
heat transfer fluid therethrough, 

means placing said heat transfer tubes in heat-exchange 
relation with fluid to be cooled by the evaporator 
compartment and cool the condenser compartment, 

a powered compressor having an inlet and an outlet, 
conduit means operably connecting said compressor 

inlet and outlet to said evaporator and condenser 
compartments respectively, 

and means for transferring liquid refrigerant from Said 
condenser compartment to said evaporator compart 
ment for evaporation therein. 

7. In refrigeration apparatus, 

IO 

5 

40 
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an elongated hollow shell inaving the axis horizontally 
disposed, 

a generally flat, hollow partition extending longitudi 
nally and horizontally in said shell and subdividing 
said shell into an evaporator compartment and a con 
denser compartment, with one of said compartments 
uppermost, 

conduit means between the interior of said hollow 
partition and the gaseous Space of a compartment 
whereby gas is conducted into the partition to provide 
insulation against the flow of heat between said 
Corinpartments, 

heat transfer tubes in said compartments to conduct 
heat transfer fluids therethrough, 

means placing said heat transfer tubes in heat-exchange 
relation with fluid to be cooled by the evaporator 
compartment and cool the condenser compartment, 

a compressor having an inlet and an outlet, 
conduit means operably connecting said compressor in 

let and outlet to said evaporator and condenser ccm 
partments respectively, 

and means to convey liquid refrigerani. from said con 
denser compartment to said evaporator compartment. 

8. In refrigeration apparatus, 
an elongated hollow shell having the axis horizontally 

disposed, 
a generally flat, hollow partition extending longitudinal 

iy and horizontally in said shell and subdividing 
said shell into an evaporator compartment and a 
condenser compartment, with the compartments 
vertically spaced and isolated, 

gaseous means within said flattened, hollow partition 
to reduce heat transfer between said compartments, 

heat transfer tubes in said compartments to conduct 
heat transfer fluids therethrough, 

means placing said heat transfer tubes in heat-exchange 
relation with fluid to be cooled by the evaporator 
compartment and cool the condenser compartment, 

a refrigeration compressor having an outlet connected 
to said condenser compartment and an inlet con 
nected to said evaporator compartment, 

and means for transferring liquid refrigerant from said 
condenser compartment to said evaporator compart 
ment. 
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