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[57] ABSTRACT

A pressure or flow regulator for food refrigeration sys-
tems and installations for distributing fluid under pres-
sure.

The regulator is particularly intended for centralized
refrigeration systems having a group of compressors
mounted in parallel and delivering fluid refrigerant to
refrigerated cabinets which are periodically defrosted.
The regulator has two interconnected bellows in an
enclosure filled with a fluid having a low coefficient of
expansion. One of the. bellows is deformable by
changes in pressure at the low pressure side of the
compressors, and resulting deformations in this
bellows are transmitted by the fluid in the enclosure to

‘the other bellows, which actuates micro-contacts
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2,237,574 4/1941  Parsons.........ccoccoreivrviinnnnns 62/226 . 9 Claims, 4 Drawing Figures .
: J|| 37 ‘ |
26 23 _ 34\ P

‘ |
/ 36 Z0n
2/ ; Q 2
|2 g
? %
z %
% ”
2 ”
"
7 Zi
4 N7
7 29 7
7] 36, r (287
HA S A
C o7 7
JRRY ( ] NN
A IS == I S 577




PATENTED MG 61574

£~ /'9, 7/

3,828,152

SHEET 1 OF 3

L N~ n
o o G = R
N
L. -~ b N
____:(/ : 'C__ L
N




3,828,152

PATENTEDALE 61874

SHEET 2 OF 3

_%\ m B
o7 2
or @
e e e I_..I : ..M”
|
£g -
rr Y
LETE ﬁ
oy B &8¢ )
St
F B
hﬁ. NW\
L_ ;

2614
NNV Gc )
Z 7 \Nw\\ BT
= Tm s Y
9 U v
) ﬁ
v%m ,
%
Z 9
/]
“ x
g7
)7 0z Y
e




PATENTED MG 61874 o 3,828,152
._ SHEET 3 OF 3

Vigsge

(?/10 ¢70 77

Fig4



3,828,152

1

REGULATOR FOR CENTRALIZED
’ REFRIGERATING

The setting up of a modern supermarket requires the
installation of central refrigerating equipment capable
of maintaining a plurality of refrigerated cabinets at dif-
ferent temperatures which depend upon the nature of
the foods to be preserved. '

The refrigerating systems used are of the compres-
sion type whch supply the refrigerated cabinet with a
fluid refrigerant. When a refrigerated cabinet is sup-
plied by a compressor in this manner, it is necessary to
defrost the cabinet periodically so that the equipment
functions properly; defrosting by means of an exterior
medium at positive temperature is achieved by stop-
ping the compressor unit for an hour or two, which
means that when a compressor supplies a refrigerated
cabinet at positive temperature, 50 percent of its power
is lost.

A loss of energy of this kind cannot be tolerated in
high-power installations such as those used in super-
markets and it is for this reason that central refrigerat-
ing equipment based on the principle described below
has been designed.

As shown diagrammatically in FIG. 1 of the annexed
drawing, an assembly comprising an appropriate num-
ber p of compressors 10 arranged in parallel supplies a
container 12 with high-pressure fluid refrigerant by
way of a condenser 11, and each refrigerated cabinet
13 is supplied from this container through a solenoid
valve 14 controlled by a thermostat 15; arranged in se-
ries with the valve is a defrosting programmer 16. At all
times the compressor assembly must be provided with
the power necessary for ensuring that an installation
comprising n refrigerated cabinets 13 functions prop-
erly.

The mode of operation is as follows:

It is assumed that the system operates at a constant
evaporation temperature of —10°C, which means main-
taining a constant pressure in the intake pipe 17. This
pressure may be 39 psig, for example, whereas the fluid
refrigerant is that usually employed and known by the
nameR 22. '

If at a particular moment ¢, n—5 refrigerated cabinets
for example are in service, a certain power P is pro-
vided by the central installation. If at the moment ¢ +

t, n—4 cabinets are in service, that is to say one cabi-
net more, a power P + A P will be required, and if only
the power P is provided, the intake pressure will rise;
it will act on a regulator which will send a signal that
causes a further compressor to start up.

Conversely, if the numer of refrigerated cabinets in
service is reduced, the intake pressure diminishes and
the regulator sends a signal which causes one of the
compressors to stop.

Thus, the maintenance of the intake pressure at a
constant level is ultimately achieved by automatically
varying the number of compressors-in operation, what-
ever the number of refrigerated cabinets brought into
or put out of service, and despite the fact that these re-
frigerated cabinets are themselves thermostatically
controlled.

In a system operating on a similar principle, use is
made of at lesast one multi-cylinder short-circuiting
compressor, the power, intake and compression in cer-
tain of these cylinders. being reduced by the action of
the regulator. In this modified arrangement, mechani-
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cal losses in the order of 5 percent have to be accepted.

The advantages of these central refrigerating systems
are considerable and, in brief, are as follows: reduction
in the power that needs to be provided, assembly of the
equipment in the factory, decreased consumption of
electric power, and greater reliability in operation.

It is however obvious that correct functioning of the
equipment depends upon efficient control.

It is known practice to use as a regulator a pressure
gauge having a minimum .contact and a maximum
contact fitted at the intake of the compressors; depend-
ing upon which of the contacts is energized, a program-
mer is caused to rotate in one direction or the other for
the purpose of stopping or starting the groups of com-
pressors; a drawback of a regulating system of this kind
is that it comprises elements which are difficult to regu-
late and which frequently break down.

With a view to achieving greater reliability, it has
therefore been proposed to use an electronic system
comprising a pressure pick-up incorporating a strain
gauge fitted at the input of a multi-stage amplifier pro-
ducing impulses for controlling the compressors. This
regulating system is efficient but it carries the consider-
able drawback of being extremely costly.

The present invention relates to a regulator which is
of simple construction and therefore inexpensive, and
which operates in a reliable and uniform manner.

The object of the invention is a regulator for central
refrigerating equipment of the kind described above,
said regulator being characterized in that it consists
mainly of a first deformable bellows, subjected to the
changes in pressure in the intake pipe of the compres-
sors of the central equipment, the deformations in
which bellows are transmitted to a second bellows hav-
ing a considerably shorter stroke than the first for the
same change in pressure, this second bellows being fit-
ted with means which, depending upon the direction in
which deformation occurs, closes or opens microcon-
tacts whereby the compressors are started up or
stopped.

Other features forming part of the invention will
emerge from the following description which relates to
the annexed drawing illustrating a non-limiting exam-
ple of the construction of such regulator.

IN THE DRAWING:

FIG. 1 is a schematic diagram of a refrigeration sys-
tem including a plurality of compressors connected in
parallel and controlled sequentially by a regulator in
accordance with the invention.

FIG. 2 is a section through the portion of the regula-
tor which contains the two deformable bellows.

FIG. 3 is a view of the means actuated by the upper
bellows for starting or stopping the groups of compres-
sors.

FIG. 4.shows a modified form of the circuit diagram
of FIG. 1, with the refrigrated cabinets operating at dif-
ferent temperatures.

The housing accommodating the moving elements of
the regulator and illustrated in FIG. 2 comprises a steel
cylindrical portion 20 at the ends of which are welded
two flanges 21; fitted to the lower flange is a plate 22
which is secured in a fluid-tight manner with the aid of
an O-ring 36 made of neoprene; the plate is clamped on
to the flange by means of screw-bolts which are passed
through the holes 24 and 25. A plate 23 is fitted in the
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‘same way to the upper flange with the aid of the sealmg
ring 36 and the holes 24 and 26.

Inside the cylindrical portion 20, a bronze bellows 28
is secured to the central portion of the lower-plate by
silver soldering, this bellows communicating, by way of
the central openign 27 in the plate, with the intake pipe
(17, FIG. 1) of the compressors; collapse of the bellows
is limited by an interior stop 29 of cylindrical form.

Below the central portion of the upper plate 23, there
is similarly fixed a second bronze bellows 30 having a
smaller diameter and a greater length than the bellows
28. This second bellows communicates by way of the
axial opening 31 in the plate; with a cylindrical port 32
which is welded to the plate and in which is contained
a linear ball-bearing unit 33 held in posmon by a force-
fit.

With the aid of the valve 34 and the air-cock 35, the
cylindrical portion 20, sealed in a fluid-tight manner, is
completely filled with a fluid having a low coefficient
of expansion, such as the special break oil known by
the name ‘““Lockheed”.

The means for actuating the regulator for starting or
stopping the groups of compressors are illustrated in
FIG. 3. ‘ '

Two threaded rods 40 each constituting a post are fit-
ted by their lower ends in two of the pairs of diametri-
cally opposed holes 24 and 26 in the upper plate 23 and
its flange (FIG. 2).

Secured transversely to the. top of the posts 40 by
means of nuts'41 is an iron element 39 which contains
two horizontal grooves 43 along which are distributed
a plurality of micro-contacts 42, each of which is able
to open or close the circuit of the corresponding con-
tactor of a motor compressor; only one of these micro-
contacts is shown in the drawing. .

The size of the ball-bearing unit 33 and the opening
31 (FIG. 2) is such-that a ground steel rod 37 can slide
with negligible friction within the bearing 33, said rod
resting by its lower end 48 on the base of the bellows
30. Between the posts 40, this rod carries-a steel coun-
terweight 38 on which are mounted a row of steel
screw-threaded rods 47 each of which has a tapered tip
45 at its upper end. The position of the tapered end can
be adjusted in the vertical direction by means of a nut
46 which causes the rod 47 to be moved up or down in
a cylindrical hole 44 in the counterweight 38. The lat-
ter may be of rectangular form, as illustrated, to facili-
tate adjustment of the engagement positions of the tips
of the rods 47,

At a predetermined moment, each of these-tapered
portions 45 may move into engagement with the micro-
contact 42 which is fitted vertically above said tip; only
one of the rods 47 is shown in the drawing,.

The mode of operation of the regulator shown in
FIGS. 2 and 3 is as follows:

The interior of the bellows 28 is always under the
pressure that obtains inside the intake pipe 17.

A slight change in the intake pressure of the com-
pressors causes a slight displacement of this bellows by
expansion or compression; the resultant change in vol-
ume is transmitted through the oil in the cylindrical
portion 20 to the upper bellows 30 which in turn con-
tracts or expands to a compensating extent. The size of
teh two bellows is such that for any change in length of
the lower bellows the change in length of the upper bel-
lows in the opposite sense is approximately ten times
greater; it is a simple matter to adjust the amount of the
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resultant displacments in such a way that the service-
life of the two bellows is practically unlimited. .

It will be seen that, depending upon the power re-
quired by the refrigerated cabinets, one or more micro-_
contacts can be engaged or disengaged at any moment
and one or more of the corresponding compressor
groups can be started or stopped.

It should be noted that the counterweight 38, the
weight of which together with the ground rod 37 is in
the order of 12 kg, may be provided with cavities for
accommodating further weighting material; it then be-
comes possible by adding weighting material to the
counterweight; or removing such material therefrom,
to adjust in the best possible manner the level of the
evaporation temperature of a given installation:

The regulator that has been described can obviously
be used in connexion with groups of compressors, with
or without a pressure reducing means (not shown, but
identified for convenience by the letters RP). An instal-
lation may for example, comprise four groups of com-
pressors Gy, Gg, G; and Gy, the first group Gj being
equipped with -a pressure-reducing system RP. The
power supplied by the centra] equipment will be in-
creased by using, 'in succession, the followmg combina-
tions of compressors:

. G; with RP

G,

. Gl with RP+Gz

. GG,

. Gl with RP‘*‘GZ‘+'G3

« GGG,

. Gl with RP+Gg+Ga+G4
» G+G+Gyt+Gy

Consequently, eight micro-contacts will be neces-
sary, and it is possible to space them over.a total en-
gagement distance of 20 mm. Preferably, the points of
engagement of the contacts will be slightly under-
adjusted in relation to the power reduction so as to
avoid as far as possible over-frequent starting up and
stopping of the groups. ‘

An installation equnpped with a regulator in accor-
dance with the invention operates in good conditions
even when there is a temporary breakdown in one of
the ‘motor compressor groups; however, in the case
where the refrigerat or groups are to be operable at two -
temperature levels, the Applicants recommend the use
of central equipment using two-stage compression as

BN B W

illustrated diagrammatically in FIG. 4, in which the

same reference numerals are used as in FIG. 1 for des-
ignating like elements; the defrosting programmer and
the thermostats are not shown in the simplified dia-
gram.

The refrigerated cabinets, of an appropriate number
n, are regarded as operating at —10°C, whereas a fur-
ther cabinet 49 arranged in parallel operates at —30°C
with a solenoid vavie 5§0. The pressure in the intake
pipe 7 is established at 37 psig by the R 22 fluid refrig-
erant; the pressure is 9 psig in the pipe §1 whereas at
the outlet of the compressors the pressure is raised to
210 psig.

At the inlet to the compressors it is necessary to raise
the pressure in the pipe 51 to 37 psig; an intermediate
compression stage 52 will then be used, and only a sin-
gle regulator will be necessary for maintaining the pres-
sure in the pipes (7, 53) at a level of 37 psig.

The regulator of the invention can be used in refrig-
erating installations at all temperature levels and with
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any fluid refrigerant; if the latter is ammonia gas, it is
preferred to use bellows made of stainless steel; the reg-
ulator can be used in all cases where it is desired to con-
trol the flow of a fluid by influencing its pressure, or
conversely to control pressure by influencing flow. It
may be fitted with a scale thermostatic system to: in-
crease the number of levels controlled by the thermo-
stat.

We claim:

1. In a regulator for use in centralized refrigerating
equipment consisting essentially of a plurality of com-
pressors arranged in parallel for supplying fluid re-
frigernat through conduits to a plurality of refrigerated
cabinets and receiving said fluid refrigerant from said
cabinets through an intake conduit, the improvement
in said regulator consisting essentially of a first bellows
in fluid communication with said intake conduit and
deformable by pressure changes in said intake conduit
and a second bellows in fluid communication with said
first bellows, having a greater stroke than said first bel-
lows for a given pressure change, said second bellows
being deformable under the influence of deformation
in said first bellows, a plurality of switches including
micro-contacts connected to control the starting up or
stopping of respective ones of said compressors, said
second bellows including means to actuate said micro-
contacts sequentially in response to said deformation.

2. A regulator according to claim 1, wherein said first
and second bellows are accommodated in a fluid-tight
enclosure, having cylindrical walls whose longitudinal
axis is vertically oriented and having upper and lower
cover-plates, said first bellows being secured above said
lower cover-plate, and said second bellows being se-

6

cured beneath said upper cover-plate, the space be-
tween said walls of the enclosure and said bellows being
completely filled with a fluid having a low coefficient
of expansion. :

3. A regulator according to claim 2, wherein said sec-
ond bellows has a base supporting a rod axially slidable
through said upper cover-plate with negligible friction,
which rod supports a counterweight outside said enclo-
sure, said counterweight having an upper horizontal
face carrying a plurality of rods for closing and opening

- said micro-contacts.
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4. A regulator according to claim 3, wherein said mi-
cro-contacts are aligned horizontally on an element
carried above said enclosure said rods each having a
tapered tip, the height of each tip above said counter-
weight being adjustable whereby each micro-contact is
individually actuable in dependence upon a character-
istic predetermined deformation of said second bel-
lows.

5. A regulator according to claim 4, wherein said sec-
ond bellows has a stroke approximately ten times
greater than the stroke of said first bellows for any
given pressure change.

6. A regulator according to claim 2, wherein said first .
and second bellows are made of brass.

7. A regulator according to claim 3, wherein said
counterweight has provision for additional weights to
be fitted thereto.

8. A regulator according to claim 1, wherein said first
bellows is fitted with an interior stop limiting collapse
thereof. :

9. A regulator according to claim 2, wherein said first

and second bellows are made of stainless steel.
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