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PATENT oFFICE UNITED STATES 
2,394,953 

MECE ANICALREFRGERAT ING SSTEMI 
Robert VV. Vaterfll, Montclair, N. J., assignor to 
Buensod-Stacey, incorporated, New York, N. Y., a corporation of Delavare 

Origina application August 3, 1940, Seria No. 350,785. Divided and this application July 24, * 1943, Seria No. 496039 

7 Cams (CI, 62-15) 
This invention relates to improvements in me chanical refrigerating equipment, the presentap 

plication being a division of prior application 
Serial No. 350,785, filed August 3, 1940, upon 
: Patent No. 2,341,132 issued February 8, 
The principal object of the invention is to sim 

plify the construction and operation of mechani Cal refrigerating systems, particularly those of the 
low-pressure class; to render such systems more 
compact and of lesserweight as compared with 
prior structures of equal refrigerating capacity; 
to arrange the components of such systems in a 
Way Which Will facilitate manufacture as well as 
servicing of the equipment after it has been in 
stalled; and, generally, to improve and lessen the 
cost of manufacture and of operation of me chanical refrigerating equipment. 

It is another object of the invention to pro 
vide a refrigerating system including a compres 
sor unit comprising one or more stages of cen 
trifugal compression, and a driving motor, which 
is adapted to be housed in one end of a casing 
which also serves as the shell of the evaporator 
of the system; and, more specifically, to provide 
a system in which the compressor is divided into 
two units each including two stages of centrif 
ugal compression, a driving motor and accessories, 
and to house one of these units in one end of a 
casing which serves as the shell of a shell-and 
tube evaporator for the System, and the other in 
a casing which serves as a part of the condenser of the System. 
The foregoing and other objects, as well as 

various features. of the invention, Will be more 
fully understood from a consideration of the 
following description when read in the light of 
the accompanying drawings, in which: 

Figure i is an elevational view of the complete 
mechanical refrigerating system of the present 
invention, certain parts thereof being broken avraybetterto show underlying ones; 

Fig. 2 is an elevational view, party in section 
and On an enlarged scale, of a portion of the 
compressor-evaporator unit ofFig. 1: and 

I Fig. 3 is a sectiona view, on an enlarged scale, 
of a fragment of the first stage of the first com pressor unit of Fig. 1. 
In the drawings, and referring first to Fig. 1, 

are provided with a large number of surface ex 
tending fins 3, and are interconnected with a 
water-box 4 covering the right-hand end of the 
casing as viewed in Fig. 2. This portion of cas 
ing 0 accordingly serves as the shell of the evap 
orator of the system in which refrigerant liquid 
may be vaporized to abstract heat from Water or 
any other desired medium circulated through the 
tube bank. At this point it will be noted that 

o water-box 4 is of conventional design and pro 
vides both supply and discharge connections be 
tween the ends of tubes 2 and circulating lines 
(not shown) for aliquid to be cooled. 
The first compressor unit 5, comprising com 

15 pressor stages A and B, their common driving 
motor 6 and accessories, is housed in the left 
hand end portion of the casing O (Fig. 2) and in 
direct communication with the evaporator. In 
the operation of the system, stage A serves to 

20 withdraW refrigerant vapor from the evaporator 
portion of the casing, to compress the vaporto 
a certain extent, and to discharge it over and 
through the motor f6 to cool that element. The 
second stage, B, withdraws the partially com 

25 pressed vapor from that part of casing O which 
serves as the compressor housing, further com 
presses the vapor, and discharges it into a mani 
fold i which is bolted to the end of the casing. 

In the preferred construction, a second casing 
80 IS, again of cylindrical form, is mounted atop the 

combination evaporator-compressor unit, the sec 
ond casing havinglegs 9 Welded or otherwise se 
cured to its underside and resting upon similar 
legs 20 affixed to the upper part of casing (. 

35 The second compressor unit 2 l of the system, in 
cluding compressor stages C and D, their com 
mon driving motor 22 and accessories, is housed 
in an end of casing l'8 immediatelyabove the first 
compressor unit Sin casing O; and the end of 

40 casing Bis covered by a manifold 23. When the 
system is operating, the partially compressedre 
frigerant vapor discharged from stage B of the 
first compressor unit passes through manifold f, 
fitting 24, and manifold, 23 into stage C, is fur 

45 ther compressed therein, and is then discharged 
over and through the motor 22 to cool that ele 
ment. The last stage, D, withdraws partially 
compressedi vapor from that part of casing 18 
which serves as a housing for the second com numera D designates a casing which preferably 50 pressor unit, raises the pressure of the vapor is of cylindrica 'form having legs 'll adapted to 

rest upon any appropriate foundation so that the 
casing mayserve as the effective base of the ma 
chine. A major portion of this casing (Fig. 2) 

to a desired final value, and discharges it into the remaining portion of casing 8. 
The last-mentioned casing portion is adapted 

, to serve as the shell of the condenser of the houses a bank of tubes 2 which, asmay be seen, 55 system, and in it is housed a bank of tubes 2 

  



2 
Which carry a large number of Surface extend 
ing fins 28, and Which have their ends inter 
connected With the Water-box 29. Here agai 
the Water-box serves its conventional function 
Ci providing both supply and discharge connec 
ions between the ends of tubes 27 and circu 
aiing ines (not shown) for condenser cooling 
Wate. Accordingly, the compressed vapor dis 
charged Èrom, stage C passes over the bank of 
tibes, gives up its Keat to water circulating 
Rough e 383, and is condensed, the resuli 
Eg refrigera, collecting in the base of the shell 
(casing (8), Whence it may be returned to the 
evaporato throug coaduit 3, for re-use. 

e refrigerating machine Which has been 
genergy describe above is primarily designed 

º Operate Wita One of the so-caledlow-pressure 
i Seirigerats, Such as richloro-trifiuro-ethane or 

ae like. Tinese substances, as is Wel recognized 
RA iÈne 8li, are aYost ideally suited to centrifugai 
compressio. Accordingly, each of the coma, 
geSSC unit:S 5 and 2 includes tWo stages of 
centrifuga compression each comprising an im 
peller adapted to be driven directly by the motor 
of the unit, and a diffuser surrounding the im 
peller, the latte element serving in the Weil 
understood manner to convert the velocity pres 

lo 

5 

Sue of Vapor iSSuing from the impeller into a 
static head. These two unitsare so nearly iden 
ttical in basic design that a consideration of one 
of them Will suffice to bring out the features of 
both and the manner in which they are mounted 
in their respective casings. For this purpose the 
first compressor unit 5 and itsmounting in the 
evaporator casing 0 will be described in detail. 

2 assembling the unit A5, and starting With 
stage A, the inner half 32 of the diffuser (gen 
erally designated 83) is slipped over the shaft 
3é of motor S, and its flange 35 is bolted at 36 
to a fiange 3 of the motor housing. It will be 
Seen that the fiange 35 is formed at the rearend 
of a Spider 38 Which comprises an integral part 
of the diffuser element 32, and that this spider 
has a series of Openings 39 through which some 
V3o may paSS from the outlet O of the diffuser 
through and over the windings of the motor 6 
to cool those parts. If it has notaiready been 
set in place, the gland 32 (Fig. 3) is slipped over 

30 

40 

the shaft 34 and is bolted at 33 to the diffuser 
element 32 to provide alabyrinth packing around 
the shaft at this point. The impeller & is next fitted and keyed to the 
shaft, and a spanner nut 45 is applied to the 
end of the shaft to hold the impeller in place. 
It Will be notedi (Fig. 3) that this nuthassmooth yrounded surfaces which complement those of 
the impeller, whereby friction between the re 
frigerant vapor and the impeller may be mini 
mized. After the impeller has been mounted, 
the outer half 46. of the diffuser 33 canbe fitted 
in place, and bolted to the inner half 32 at 37. 
Finally the iniet guard 48 is boltedorotherwise 
Secured to the diffuser element 46. It will be 
noted at this point (Fig. 3) that the surface of 
the inlet, guard is smoothly rounded, and is so 
designed asto complement the adiacent surfaces 
of the imlet of the impeller, all to the end that 
friction between the refrigerant vapor and the 
parts of the machine may be kept aslow as pOS 
sible. While the inlet guard must not touch the 
impeller, the clearance between these parts is 
Small, and the guard is provided with a series of 
labyrinths 49 which effectively prevent the short 
circuiting of any substantial volume of vapor 
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from the discharge of the impeller 83 around the 
inlet, guard to its iniet. The assembly of stage B of the unit is quite 
similar to that of stage A. Specifically, and re 
ferring to Fig. , the imlet guard 5 is first ap 
plied to the inner half 52 of the diffuser (gen 
erally designated 53), that inner half is sipped. 
over the motor shaft. 34, and its flange 53 is 
bolted at 55 to the fiange 56 of the motor hous 
ing. Riere, again, it will be noted that the fiange 
53 is Spaced from the main body of the diffuser 
by a Spider, the Spaces between the arms 5 of 
the spider again allovying for the flow of vapor 
through the motor Windings and into tine second 
stage impelier. The impeller 53 is then fitted 
&nd keyed to the shaft 34, and a nut 59 is ap 
plied to Secure te impelle in place. When this 
inas bee), done, sone adjustinent of the inlet, 
guard 5 may be needed to insure that the guard 
and the impeller do not; touch. Eere, again, the 
Outer Surface of the guard is Smoothly rounded 
to compiernet the surface of the impeller inlet; 
and the guard is provided With labyrinths to re 
trict the fiow of vapor between that guard and 
the adjacent surface of the impeller. The as 
sembly of the compressor unit È 5 is completed by 
the application of the outer half 60 of the diffuser, 
this element being boited at 6 to the inner half 
52 (Fig. ...), It is evident that the first compressor stage A 
must handle a larger volume of refrigerant vapor 
than the second stage B, the volumetric differ 
ence being accounted for by the fact that the 
Vapor is partially compressed in the first stage 
before it is delivered to the second stage. Ac 
cordingly, and as is shown in Fig. 1, the diffuser 
38 and the impeiler 44 of stage A are Somewhat 
larger than the like parts of stage B. 

It Will be noted that the two impellers are 
mounted directly upon the motor shaft and are 
supported by the bearingsfor that shaft (not 
shown). Each of these bearings is provided with 
an independent lubricating system 62, which may 
be constructed in accordance with the disclosure 
of Patent No. 2,266,107, dated December 16, 1941. 
Reference may be had to that patent for more 
complete details of the lubricating system and its 
manner of operation. The prime difference be 
tWeen the System there disclosed and the one 
here shown lies in the fact that the oil-settling 
chambers 63 are mounted directly upon the 
frame of the motor A6, rather than upon the 
casing of the unit. 
The assembled compressor unit a 5 is of such 

Size and shape that it may readily be passed 
through the open end of casing o, and beslipped 
along rails 6& Which serve both.to guide and to 
Support it until the marginal flange 65 of the 
diffuser element 32 of stage A (Fig. 3) forces a 
packing ring 66 into engagement with an an 
nular fiange 6 formed on the inside of casing 
it. The fiange 68 of the diffuser element 52 of 
stage B may then be bolted to the flange 69 of 
the casing, the bolts 70 servingto force the entire 
unitendwise into the casing and to squeeze the packing ring 66 between the fianges 65 and 67 
Whereby to form a leak-tight joint between the 
compressor unit and that part of casing 0 Which 
Serves as the shell of the evaporator of the sys 
tem. Finally, the manifold i 7 may be bolted in 
place, as indicated at 7, to cover the end of 
the casing. The manhole 72 (Fig. 2) gives access to the 
inside of the casing O after the compressor unit 
has been inserted formaking the necessary elec 



2,894,958 
trical connections of the motor f, and for con necting.pipes73 and 74 leading-from the settling 
chambersa of the oiling systems to the bull's- 
eyes 75 which are mounted on casing II. These 
bull's-eyes give a visual indication of the quan 
tity of oil in the lubricating systems. This oil 
may be supplied in the first instance, or more 
may be added, through falling cups TB which are 
connected with the bull's-eyes through pipes T, 
and, accordingly, with the lubricating systems 
through the above-mentioned pipes 74. When 
all of the internal connections have been made, 
the cover 78 may be applied to the casing over 
the manhole 72 to seal the unit at this point. 
The basic design of the second compressor unit 

2 is quite similar to that of the first unit i5, 
as has aready been pointed out. These differ 
ences, however, should be noted. Stage C of the 
secondunitis assembled in substantiallythesame 
manner as stage A of the first unit; and the 
assembly of stage D follows that of stage B. 
Here, again, it will be evident that the stagcs 

º are of progressively decreasing volumetric capac 
ity, the impeller 79 and the diffuser 80 of the 
third stage C being of somewhat lesser diameter 
than the comparable parts of the second stage 
B, and the impeller 8 and the diffuser 82 of the 
fourth stage D being oflesser diameter than the 
comparable parts of the third stage C. 
The completely assembled unit 2 i may be in 

serted through the open end of casing 18, and 
the procedure is, much like that followed in 

i mounting the first compressor unit 5 in the 
evaporator casing: O. The diffuser 80 of stage 

i Chas a flange 83, which is comparable in func 
tion to the flange 68 of stage B, whereby it may 
be bolted to an end flange 84 of the casing 8, 

5 

3 
adapted to serve as an expandon point between 
the two compressor units, the fold collapsing or 
extending to take up an expansion or contrac tion of the various parts. 
The constructional details of the tube banks 

2 and 2 of the evaporator and condenser, re 
spectively, are fully disclosed in the above-iden 

I tified parent application, and need not be re 
10 

2) 

25 

3 5 

peated here. It sufLices to say that the com 
pleted banks areso constructed and arranged that 
they may be inserted endwise into the casings O 
and B, respectively, opposite the compressor 
units, and may be secured in place by the appli 
cation of the water-boxes 4 and 29. 
I The operation of the compressor units to with 
draw vapor from the evaporator portion of the 
shell O, and to discharge itata higher pressure 
and temperature into the condenser portion of 
shell 18, will bereadily apparent tothose familiar 
with the art. Further details as to the opera 
tion of the completed refrigerating unit may be 
had by reference to the aforementioned parent application. 
Since certain changes may be made in the con 

struction of the compressor units, and the ar 
rangement of their constituent parts in the cas 
ings, it is intended that the foregoing shall be 
construed in a descriptive rather than in a lim iting sense. 
What I claim is: 
1. A refrigerating system comprising a tubular 

casing, a bank of tubes housed in one portion 
Of Said casing with the ends of such tubes dis 
posed adiacent one end of the casing, a Water 
box covering that end of said casing and pro 
Viding supply and discharge connections to said 
bank for a liquid to be cooled, said portion of and the diffuser 82 of stage D has a right-angle . 

flange 85 at its edge which is comparable to the 
flange 65 of diffuser element 32 of stage A. Ac 
cordingly, the bolts 86 serve to drive the entire 

i unit into thie casing, and to cause flange 85 to 
compress a gasket 87 against an annular internal 
flange 88 formed on the casing i8 to forma leak 
tight joint at that point. The manifold 23 may 
thenbe bolted at 90 to the end of casing 8. 
When the foregoing steps have been completed, 

the electrical connections may be made to the 
motor 22, and the oil lines 9 and 92 may be 
connected to bull's-eyes mounted on the casing 
f8, these operations being accomplished through 
a manhole which may later be covered to seal 
the unit. Neither these last-mentioned bul's- 
eyes nor the manhole and its cover are shovm 
in the drawings, but these parts may be identical 
with the comparable ones shown in Fig. 2, and 
further illustration and description are unneces Say. 

The various constructional differences between 
the two compressor units and their individuali 
stages are Well illustrated in the drawings and 
need not be further described. 

It is the usual practice in assembling a re 
frigerating machine of this kind to form two 
casings and to mount the small one l'8 atop the 
large one O. The compressor units arethen as 
sembled and inserted in their respective casings, 
after which the manifolds and 23 are bolted 
in place. The manifolds may thenbe connected 
by the fitting 24, Which preferably comprises a 
Section of copper or brass tubing having fianges 
at its ends for connection to the flanges of the 
caps 7 and 23, and a peripheral fold at some 

40 

45 
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Said casing and Said bank being adapted to serve 
as the evaporator of said system; a compressor 
and its driving motor housed in said casing, said 
compressor being adapted to WithdraW refrig 
erant vapor from the evaporator portion and to 
discharge it through the other end of said casing; 
a second tubular casing, a bank of tubes in said 
secondi casing with the ends of Such tubes dis 
posed adiacent an end of said second casing, a 
Water-box closing that end of said second casing 
and providing connections for circulating a cool 
ing medium through said last-mentioned tube 
bank, said second-mentioned casing and tube 
bank being adapted to serve as the condenser of 
the System; means for conveying compressed re 
frigerant vapor from the discharge of said com 
pressor unit to said second casing; and means 
for returning condensed refrigerant from said 
condenserto the evaporator portion of said first mentioned casing. 

2. A refrigerating system comprising a tubular 
casing, a bank of tubes housed in said casing 
With their ends lying adiacent one end of Such 
casing, means covering that end of said casing 
and providing supply and discharge connections 
to saidi bank for a liquid to be cooled, saidbank 
and the adiacent portion of said casing being 
adapted to serve as the evaporator of said sys 
tem; a first compressor unit including a driving 
motorhoused in said casing, said compressor unit 
havingits inlet, arranged to withdravrefrigerant 
vapor from the evaporator portion of said casing 
and its outlet arranged to discharge partially 
compressed vapor from the other end of said 
casing; a secondi tubular casing, a second com 
pressor unit incltiding a diriving motorhoused in point between its ends. The fitting is thus 75 said second casing adiacent the first compressor 

  



4 
unit, said second compressorbeing arranged to 
draw vapor through one end of said second casing 
and discharge it within such second casing; a 
bank of tubes housed in said second casing with 
their ends disposed adiacent the other end of 
such second casing, means covering that other 
end of said second casing and providing connect 
tions for circulating a cooling medium through 
Said second tube bank, said Second tube bank 
and the portion of said second casing in which 
it is housed being adapted to serve as the con 
denser of said system; means for conveying par 
tially compressed refrigerant vapor from the dis 
charge of said first-mentioned compressor unitto 
the inlet of said second-mentioned compressor 
unit; and means for returning the condensedre 
frigerant from the condenser portion of Said sec 
ond casing to the evaporator portion of Said first 
casing. 3. A refrigerating system according to claim 2, 
wherein each of said compressor units comprises 
a pair of centrifugal impellers, one mounted upon 
each end of the shaft of its motor; and a diffuser 
surrounding each of said impellers, the first of 
said diffusers having its outlet arranged to dis 
charge partially compressed' refrigerant vapor 
into the portion of the casing in Which the unit 
is mounted and over and through said motor, and the second of said impellers being adapted 
to WithdraW refrigeranti vapor passing Over and 
through said motor from the portion of the casing 
in which said unit is mounted. 4. A refrigerating system according to claim. 2, 
Wherein each compressor unit comprises a pair 
of centrifugal impellers, one mounted upon each 
end of the shaft of saidi motor; and a diffuser 
secured to said motor and surrounding each of 
said impellers, each of said units being of Such 
size and shape that it may be passedi endwise 
into the casingin which it is housed, One of said 
diffusers being adapted to besecured to an endi of Such casing and the other of said diffusers 
being disposed in leak-tight relation with a por 
tion of Said casing to prevent a back flow of 
compressed vapor from the dischargeside ofsuch 
diffuser. 5. A combination refrigerant compressor-heat 
exchanger unit comprising a tubular casing, a 
bank of heat exchange tubes adapted to be passedi 
through one end of said casing and to be disposed 
With open ends of Such tubes lying adiacent that 
end of said casing, a Water-box secured to that 
end of Said casing and providing supply and dis 
charge connections to said tubes for a liquid 
medium, saidbank and the portion of said casing 
in which it is housed being adapted to serve as 
a refrigerant heat-exchanger, and a compressor 

10 
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unithoused in said casing, said compressor unit 
comprising an electric motor, a plurality of cen 
trifugal impellers mounted on the shaft of said 
motor, a diffuser surrounding each of said im 
pellers, said compressor unit being adapted to be 
passed through the other end of saidi casing, one 
of said diffusers having means whereby it may be 
secured to such other end of said casing, and 
another of. said diffusers having a peripheral 
flange; a packing ring adioining the flange of 
the last-mentioned diffuser; and means on the 
inside of Said casing also engaging said packing 
ring to form a leak-tight joint around the last 
mentioned diffuser; said compressor unit being 
adapted to maintain a flow of refrigerant vapor 
through the heat-exchanger portion of Said 
casing. 

6. A compressor unit comprising a tubular cas 
ing having a periphera fiange formed on its 
inside between its ends; an electric motor; a pair 
of centrifugal impellers, one mounted upon each 
end of the shaft of saidi motor; a pair of diffusers, 
each secured to an End of the housing of said 
motor and each surrounding one of said im 

5 pellers; said motor, said impellers and said dif 
fusers comprising a unit which is adapted to be 
inserted into said casing through one of its ends; 
one of Said diffusers having a peripheral flange 
adapted to be Secured to an end of Said casing; 
the other of said diffusers having a peripheral 
flange adapted to oppose the fiange on the inside 
of Said casing; and a packing ring adapted to 
be compressed between the fiange of the last 
mentioned diffuser and the fiange on the inside 
of Said casing When said first-mentioned diffuser 
is Secured to said casing. 7. A refrigerant compressor comprising a tu 
bular casing having an upstandingilange formed. 
on its inner surface between its endis; an electric 
motor; a plurality of centrifugal impellers 
mounted on the Shaft of said motor; a plurality 
of diffusers each Surrounding One of Said im 
pellers; said motor, impellers and diffusers com 
prisinga unit which is adapted to be inserted into 
Said casing through one of its ends; one of said 
diffusers having a peripheral fiange Which is 
adapted to oppose the fiange on the inside of said 
casing; a packing ring between said flanges; the 

º other of Said diffusers having a peripheral fiange 
50 

55 

adapted to engage said casing; and means for 
Securing the last-mentioned flange to said casing 
and for simultaneously causing the fiange of the 
first-mentioned diffuserto compress said packing 
ringagainstthe flange on the inside of said casing 
to form a seal therebetween. 

ROBERT V. VATERFILL. 


