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1. 

This invention relates to improvements in re 
frigeration apparatus, and inhore particularly to 
in proved refrigeration apgaratus employing a 
singie supply of refrigerant serving as a notive 
fluid for the congressor as Well as providing re 
frigeration effect. 

Broadly stated, it is a principal Cbject of the 
invention to provide an eficient, practical and 
thoroughly dependable heat-operated in echanical 
refrigeration apparatus of the type ein ploying a 
low boiling point, refrigerani, which when heated 
provides a high pressure vapor serving as the 
driving or notive fluid for the Cornpressor. 
The invention also airns to provide an in; oved 

ictor-coil pressor hit for use in refrigeraticia 
apparatus Cf the stated ciharacter, which is so 
designed and constructed as to efficiently utilize 
the energy of the high pressure refrigerant vapor 
in driving the complessor cornponent of the unit. 
The invention also conternplates a novel, inte 

glated System of controls for a heat-operatad re 
frigeratics) appa!'atus as described, which pro 
Wides ii., the first instance for the Supply of a 
{ijete'ed Voluine of fuel to the heat Source in ac 

dance with he cooling effect desired, and the 
Sion of refrigerant, Vapor to the motor 

coin pressor unit at the requisite pressure to noti 
vate the same against, the condenser pressure. 

Yet, another object of the invention is to pro 
vide an in proved and efficient in eans powered by 
the high pressure refrigerant vapor for supplying 
inake-up liquefied refrigerant, to the generator or 
boiler in accordance with the derlands of tile 
apgaratus. 
The above and other objects and featres of 

advantage of the invention will be seen from the 
following detailed description, taken with the 
accorpanying drawings, wherein 

Fig. 1 is a diagram::1atic view illustrating an 
in proved refrigeration apparatus according to 
this invetinion, together with the controls there 
fox; 

Figs. 2 a.2d 3 are logitudina Sections taken 
through the irthpi'oved notCr-congressor unit 
according to the invention, Fig. 3 iiiustrating the 
valve reversing function of the pistons; 

Sig. d is a section taken along line 4-4 of 
Fig. 2; 

gigs. S and 6 are, respectively, elevation and 
Wertical Sectional views of the fuel lifetering waive 
and conti'ois a SSociated theireWith; 

Figs., 8 and 9 are vertical sectional views illus 
trating the aiti-gencClating Ol' pleSSuire regulat 
ing waive fuinctioning to insure the requisite nigh 
pressure of the refrigerant vapor supplied to the 
motor-compressor unit; and w 
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Figs. 0 and 1 are vertical sectional views 

taken through the twin fuel injectors, illustrating 
their alternate operation by pressure supplied 
froin the motor-compressor unit. 

Referring to the drawings, wherein like refer 
ence characters designate like parts throughout 
the Several views, a generalized description of the 
in proved refrigeration apparatus as a whole will 
first be given, to be followed by a more detailed 
de3.cription of the component parts making up 
the same. 
in Fig. i., illustrating diagrammatically the ap 

paratus as a whole, reference character B desig. 
Inates a boiler or generator of high pressure vapor, 
shown to comprise a heating vessel 3 enclosed 
within the shell of a Six all heater or furnace , 
the heat source therefor being shown as a main 
brinei' and a gilot burnel 3. The heated 
products of cornbustion are conducted from the 
heater by a flute generally designated fl. Lique 
ed Yake-up refrigerant is supplied to the boiler 
B alternately through lines 5, 6 from a receiver 
R, through a liquid line connected into a com 
in On Supply line 3 extending between and deliv 
ering to twin injectors I1, I2 (Figs. 10 and 13), to 
the discharge sides of which the make-up lines 
5, 6 are connected. 
The liquid refrigerant is vaporized in the boiler 

B, and the high pressure vapor is conducted from 
the boiler through line 28 to an anti-percolating 
or preSSure regulating valve RV (Figs. 7, 8 and 9) 
which functions to regulate the pressure at which 
the refrigerant Vapor generated in the boiler is 
Supplied to a motor-compressor unit, MC (Figs. 2 
and 3). ASSunning the pressure of the vapor to 
have reached a predetermined high value, the 
regulating valveirV opens to pass the high pres 
Slire Wai Or through line a which re-enters the 
boiler and connects with a secondary heater 22 
contained in its fue section 4, wherein superheat 
is added and any entrained liquid is vaporized. 
Froin the Secondary heater, the superheated high 
preSSure 'efrigerant vagor is conducted to the 
in otol'-COIn pressor unit lic through supply line 
4. 
As will be described, the motor-compressor unit 

MC is of the connected piston type, the two pis 
tons thereof being alternately driven by the high 
preSSure refrigerant vapor to compress the warm 
Oriow pressure refrigerant vapor drawn from the 
evaporator E, the compressor discharging through 
lines 26, 21 connected to the opposite ends of 
the notor-compressor cylinder into a common 
line 28 into which also connects an exhaust line 
280 extending into the midportion of the cylin 
der of the notor-compressor unit. The com 
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pressed refrigerant vapor passes from common 
line 28 through line 29 to a condenser C, from 
which the liquefied refrigerant may drain to re 
ceiver R through line 30. Liquefied refrigerant 
is conducted from receiver R to preSSure regulat 
ing valve RV through line 3, and to the evapora 
tor E through line 32 wherein, in providing cool 
ing effect, it vaporizes under relatively low pres 
sure, the low pressure vapor being drawn frolin 
the evaporator through line 34 into a common 
line 35 delivering to compressor inlet lines 36, 31, 
connected to the ends of the motor-compreSSO)' 
cylinder. 
The burners 2, 3 are supplied with gas 

through individual supply lines 2a and 3a. 
under the control of a fuel metering valve MW, 
to which gas Supply line SL delivers. As Will be 
later described, fuel (heating gas) is Supplied to 
the pilot burner f3 at a constant low rate through 
the metering valve MV, and fuel is supplied to the ; 
main burner f2 through line 2d under the Con 
trol of the metering valve, whose functioning is 
controlled conjointly by a thermostatic control 
TC responding to the rate of evaporation in the 
evaporator E and a supervisory control generally 
designated SC responding to the intended func 
tioning of the regulating valve RV. The twin in 
jectors I, I2 are alternately Operated in l'esponse 
to the differences in pressure existing in the 
power Or inner-end Spaces of the motor-con- 3 
pressor unit MC, and, to this end, take-off lines 
38, 39 are connected to said cylinder, of which 
line 38 connects into branch lines 40d and 49b, 
and line 39 connects into branch lines 4a, 4b, 
said branch lines leading to said injectors, as 
will be more fully described hereinafter. 
Now considering the component parts of the 

aforesaid described refrigeration apparatus, ref 
erence is had to Figs. 2, 3 and 4 illustrating the 
details of the improved motor-compressor unit 
which is motivated by the high pressure refrig 
erant vapor generated in the boiler B. As 
illustratively shown, the motor-compressor unit, 
MC connprises an elongated cylinder 45 closed 
at its ends by the heads 46, 4, into which the 
previously described compressor discharge lines 
26, 27 and the Suction (inlet) lines 36, 37 are con 
nected. The interior cylinder space is divided by 
a central partition 48 in which a connecting rod 
49 has sliding bearing, the connecting rod mount 
ing at its ends the pistons 50, 5 which according 
ly reciprocate in unison, that is to say, as one of 
the pistonS 50, 5 is motivated in outward direc 
tion by high pressure refrigerant vapor supplied 
to its under face, it imparts corresponding travel 
to the other piston. 

High pressure refrigerant vapor enters one or 
the other power Spaces of the cylinder from line 
24 through a radial port 52 provided in the 
partition 48 and which opens into an annular 
paSSage 53 formed in the partition to encircle 
and open into a cylindrical cavity or bore 54 
for a levelsible admission valve 55. Said valve 
is preferably of the cylindrical plug type and 
has shorter length than the valve cavity 54 
in which it operates, and in its end positions, 
it controls opening and closing of the smaller 
diameter end passages 56, 57 through which 
the valve cavity opens into the power spaces 
of the cylinder, as the term “power spaces' is 
employed to designate the cylinder inner-end 
Spaces between the partition and under faces 
of the pistons 50, 5. 
As best Seen in Fig. 4, the admission waive 

55 is provided at each end with a pair of 

5 

0 

3 5 

40 

55 

60 

65 

75 

4 
diametrically opposed and axially aligned "flats,' 
the aligned flats 58, 59, of the pairs having 
non-communicating relation due to the full 
circular central portion of the valve body. Ac 
cordingly, when the valve 55 is disposed in its 
leftwise position, as in Fig. 1, high pressure 
refrigerant vapor is distributed to the inner 
end space to the right of the partition 48 
through port 52, annular passage 53, valve flats 
59, right end of valve cavity 54, and the Small 
diameter end passage 57 to cylinder. Con 
Versely, When the Valve 55 has moved to the 
right, as in Fig. 3, high pressure refrigerant 
Vapor is distributed to the cylinder inner-end 
Space to the other side of the partition 48 
through the left end valve flats 58 and cavity 
end passage 56. Due to the full circular central 
portion of the valve body 55, supply of high 
preSSure fluid to either of the cylinder spaces 
is interrupted as the valve is in its intermediate 
Or dead-center position, whereby the possibility 
of a preSSure lock occurring within the cylinder 
Consequent to high pressure fluid being admitted 
to both power Spaces at the same time is pre 
cluded. 
To effect reversing action of the valve 55 requi 

Site to its distributing function, it is provided 
with actuating pins 62, 63 projecting axially from 
the ends thereof. The action of said pins in 
effecting valve travel will be seen from a com 
parison of FigS. 2 and 3. In Fig. 2, wherein the 
valve is shown in its leftwise end position to 
which it has been previously actuated by en 
gagement of piston 5 with pin 63, it will be seen 
that the left-hand pin 62 projects into the power 
Space to the left of partition 48. As piston 5C 
moving to the right approaches the end of its 
Stroke (this piston position being illustrated in 
Fig. 3), its under face will engage the pin 62 
and shift the valve 55 to the right. ERighthand 
pin 63 will now project into the power space to 
the right of the cylinder partition and is thus 
engageable by the piston 5 as the latter ap 
proaches the limit of its leftwise travel, such 
engagement effecting valve reversal and return 
movement of valve to its Fig. 2 position. 
The partition 48 also mounts a spool-type re 

versible exhaust valve 65 which, depending upon 
its axial end position, controls exhaust from the 
power or inner-end cylinder space not being sup 
plied with high pressure vapor. Said valve com 
prises a cylindrical body having enlarged diam 
eter ends 66, 67, the body sliding in a cylindrical 
through passage or bore formed in the partition 
and Which is counterbored at both ends to pro 
Seats 68, 69 for the large-diameter valve ends 66, 
67. The total length of the valve 85 is greater 
than the axial thickness of the partition is 8, and 
its body portion is provided with opposed “fiats' 
70, 7 (Fig. 4) extending between the enlarged 
ends 66, 67 of the valve. Said flats provide com 
munication between one or the other of the en 
larged counter-bores 68, 69 and an annular pas 
Sage 73 formed in the partition to encircle the 
valve passage and which opens to a radial port 

into which the exhaust line 23d. (Fig. 1) is 
connected. The action of the exhaust, valve 65 
will also be seen from a comparison of Figs. 2 
and 3. In Fig. 2, the valve is shown in its left 
wise position to which it has been previously actu 
ated by piston 5 in its leftwise travel. In such 
position, the power space to the right of the par 
tition 48 is being supplied with high pressure re 
frigerant vapor from the boiler, and such pres 
Sure is effective on the face of the large-diameter 
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right end 67 of the valve, whereby said valve is 
not only seated out its end G has sealing en 
gagergent with the internal shoulder formed by 
the counter-bore 6S. However, the left end of 
the valve is spaced from its counter-bore 68, 
with the Aresult that the power or inner-end space 
to th& ieft of the partition, in which expansion 
has taken pia,ce and the expanded vapor is being 
co:3pressed gy the under face of pistol. 53 which 
is how acting as a coil pression face, nay exhalist 
through the left ejad of the valve to line 28a. 
Upon pistoya 53 approaching the end of its travel 
to the right, it engages against the enlarged end 
68 of the valve and shifts same to the right, clos 
ing the left end of the valve, and permitting the 
power space to the right of the palition 43 to 
exhaust through the right end of the waive into 
exhaust, line 28c. As diagrariaxiatically sicWin 
in FigS. 2 and 3, outwardly opening check waives 
6, 7 are provided between the outer-end coin 

pression Spaces of the cylinder and the discharge 
lines 26, 27, respectively, and similar out inwardly 
opening check yaives #8, 3 are provided be 
tween said cois pression Spaces and suction lines 
36, 3, respectively. 
With the construction so far described, and 

2.SS-tying adrission waive 55 to be in its left Wise 
position shown in Fig. 2, high pressure refrig 
eart, yapo: for the Oiler is being Supplied 
to the power Space between partition g3 and 
talker face of pistor 5 acting as a power piston, 
and accordingly piston 5 is actuated to the right, 
the outer face of the piston compressing the 
warn vapor previously drawn into the right 
oiter-end contpiression space of the cylinde', the 
COript'essed vapor discharging through line : 
to condenser C, suction line 3' eing ineanwhile 
closed by check valve 7S. The exhaust, valve $5 
is also in its leftwise position, and the high pres 
sure vapor admited to the under face of piston 
5 is also effective against the face of the ea 
larged valve end 3. Due to the positive connec 
tion between pistoins St., 5 provided by coin 
necting rod 3, piston 5 is also notivated to the 
right. Check valve 8 is open as show it, so that 
the outer face of the piston 5 functions as a 
pump face, drawing warn gas from the evapo 
rator Einto the left outer-end Space of the cyliii 
der through line 36, check valve 8 & meantine 
closing off the discharge line 2S. The under face 
of piston 50 is now also functioning as a compres 
sion face, and the expanded vapor compressed in 
the left inner-end cylinder space is exhausting 
through the open left end of waive 35 into ex 
haust line 28a, this exhaust combining with 
the compressed vapor discharging through line 
27 and being conducted to condenser through 
line 29. 
Upon piston St reaching the end of its right 

wise travel, it effects reversal of oth adjiaission 
valve 55 and exhaust valve 65 and movement 
thereof to the right, as seen in Fig. 3. Accord 
ingly, the high pressure vapor boiler is now ef 
fective against the under face of the pistory 
5, causing it to move to the left and impart 
corresponding leftwise movement to piston 5. 
Eleftwise travel of piston 5 compresses the warna 
gas previously drawn into the compression space 
at the left outer end of the cylinder through 
line 3S, discharging the compressed vapor 
through line 26 to condenser. The under face 
of piston 3 is now acting as a compression 
face, the compressed vapor exhausting through 
valve 65 to lines 28a, 29 and thence to condenser. 
The outer face of piston 5 acts as a pump 
face, drawing the warn vapor from the evap 
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orator into the right outer-end of the cylinder. 
ihis cycle is repeated at a rate which varies 
with the demands of the System, such corre 
sponding to the rate of evaporation in the evap 
Orator. 
Considering that the pistons 5), When 

ful actioÉhing as conipressor pistons, are working 
against condeser pressure which is effective or 
a total piston area, equivalent to substantially 
twice the area of a single piston face, it econnes 
obvious that the notivating fluid (high pies 
Sure refrigerant vapor from the boiler) must 
have a preSSu'e waiue at least equal to twice 
the condeiaser pressure. This disregards evap 
Orator pressure effective on the outer face of 
the piston then acting as a pump face, but for 
the purpose of discussing the principles of the 
present invention, evaporator pressure, though 
recognized, can a discourated. To insure the 
requisite high pressire of the 'efrigeant Wagol" 
Supplied to the gower spaces of the notor-con 
preSSO unit for the 'eason assigned in the fore 
going, the above referred to pressure regulating 
wave RV is provided. 

Referring to Figs. , 8 and 9, illustrating the 
details thareof, the pressure regulating valve RW 
preferably comprises a stepped dia.ieter casing 
82 having a closed bottoin, and being closed 
at its to as by a plate 83 into which line 3: 
from receiver R. is connected. Mounted in the 
Baige-diarietie: gper end of the casing is a 
flexible diaphragan 33 defining with the under 
face of the closure plate 33 a sealed chairhoel 
CA which is at receiver and hence condense 
pressure. Altounted in the Simali diameter ea 
of the casing is a flexible diaghraga '85 de 
ining a lower Sealed chanber CS into which 
contacts the Vapor line 3 figra tie joie' and 
the vapor line 2 extending to the secondary 
leating chaliber 82. Accordingly, pressure ita 
chamber CB corresponds to the pressure in the 
vapor generated in the boiler 3, 'O' Yor'e Sin 
gly, to boiler pressure. 

In a system whereira the al'essure of the ag. 
ive fluid in ust be at least twice the condenser 
pressure, the diaphragin 8iS has an effective face 
area, which is Wide that of the diaphiagii. 35, 
and said diaphragins are connected to hove in 
UniSO4) oy an axial Stern 8, having a dependi 
ing tubular end S3 extending into the chanber 
C8, which receives a pin 89 projecting upwardly 
fi'en a needle valve 3. A lost-Snotion cor 
nection is provided between the lower end S3 
of the Stein 82 and the waive pin 38, such ill 
lustratively taking the for in of a pin and slot 
CO:linection 3, 32, which permits limited up 
ward 12novernent of the diapini'agrin without col'- 
l'esponding Up Ward noverrent of heedle valve 3. 
Needle valve 90 operates in the bore of a tu 

bular end fitting 93 with Whick line 2 is in 
communication, the fitting being shaped to pro 
Wide a conical valve seat 36 for the needle valve 
93. An opening 95 in the circuliai' Side wall of 
the fitting 33 provides continunication between 
chamber CES and line 23, said opening being 
closed when the needle valve is suil-seated, as 
illustrated in. iigS. 7 and 8 (fl. lines). The 
needle valve 9 is normally seated so as to seal 
off line 2 from line 26 by the prepondel'arace 
of pressure in chainber CA, against the bias of 
a relatively light Spring 85 whose ends react 
between the botton wall of the charnbei C3 and 
a radial fange 9 a formed on the waive body 
intermediate its pointed valve end and its pin 

Wiks 

75 end. 
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Intermediate its ends, the diaphragm connect 
ing stem 87 is formed with a knob-like enlarge 
ninent 9 functioning as a double Wedge Cain, 
and positioned in the path of travel of said en 
largement is a ball 93 which partially projects 
from, although being retained in, the end of 
a tubular retainer sleeve 39, the ball being 
backed by a spring 2 whose tension is ad 
justable by a thumb Screw G threaded into 
said sleeve. The ball 98 bears against the stem 
enlargement 9 with spring pressure and it 
Serves, in conjunction with said enlargement, 
to exercise a holding action on the stem when 
the latter moves to one or the other of its ex 
treme positions as illustrated in Figs. 7 and 9, 
consequent to a Substantial decrease of preS 
Sure in One or the other of the chambers CA 
or CB. 
The functioning of the regulating valve will 

now be briefly analyzed. If both the pilot and 
the main burners 3, 2, respectively, are un 
lighted, pressure in chamber CB is of course low 
and needle valve 30 is closed on its seat 93 by the 
relatively high condenser pressure effective on 
diaphragm 38, So that the apparatus is com 
pletely inoperative even though the thermostat 
T associated with the evaporator may call for 
cooling. Consequent to the low pressure in 
chamber CB, the diaphragm stem S will be actu 
ated to its low position illustratively shown in 
Fig. 7, the ball 98 thereupon exercising holding 
action on said stem. Such arrangement provides 
a valuable safety feature in that the system is 
rendered inoperative if the pilot, light should be 
extinguished accidentally. 

Normally, however, the pilot burner f3 is 
lighted and its adjustment is such that it pro 
vides Sufficient heat for the boiler to vaporize 
the liquefied refrigerant to a predetermined inor 
mal operating pressure which is such as to result 
in a predetermined pressure difference obtaining 
in the chambers CA and CB. Under this condi 
tion of predetermined pressure difference, dia 
phragms 84 and 85 assume their normal Operat 
ing i. e. balanced position illustrated in full lines, 
Fig. 8, but needle-valve 90 remains closed as per 
mitted by the pin and slot connection 9, 92 be 
tween tubular end 88 of the diaphragm coinnecting 
stem 8 and the upwardly projecting valve pin 89. 
in said position, ball 98 bears on the upper middle 
zone of the stern enlargement 91, having been 
plied to the right by the cam action of said en 
largement, and the Systein is accordingly con 
ditioned for operation upon the thermostat T 
calling for cooling. 

If, now, the thermostat T calls for cooling, fuel 
metering waive TiV becomes effective, as Will be 
described, immediately to supply fuel to the main 
burner 2 through line 2 a. Additional heat is 
accordingly supplied to boiler B, thereby increas 
ing the rate of vaporization and the pressure 
Within the boiler B. This increased preSSure be 
comes almost immediately effective in chanber 
CB and causes slight upward movement of the 
diaphragms 83, 85 and Stein 87, which slightly 
raises the stem enlargement 97 to its dotted line 
position (Fig. 8) and also effects limited upward 
or unseating movement of valve 90, as the per 
missible relative movement between stem 8 and 
valve S9 as provided by the lost motion connec 
tion 9, 92 has now been exceeded. Upon the 
needle valve 90 being i'aised from its Seat, Spring 
96 becomes immediately effective, and SnapS Said 
valve to full open position. Accordingly, full 
volume of high pressure vapor from chamber CB 
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8 
may now pass through the valve into line 2 and 
thence to motor-compressor unit MC, placing the 
same in operation. As valve opening movement 
under the urge of spring 96 as aforesaid is inde 
pendent of diaphragm and stem movement, Said 
diaphragms maintain a Working position in 
Which the full middle ZOne of the stern enlarge 
ment 97 is engaged by the ball 98. Thus, assum 
ing the demand for cooling to continue, there 
results a regulated Supply of high preSSure Vapor 
being passed through the regulating valve RW to 
the motor-compressor unit, and the latter there 
by operates at a rate determined by the cooling 
effect called for by the thermostat T. 

However, should pressure within the boiler tend 
to build up to unsafe limits, the diaphragms 84, 
85 and connecting stem 8 also tend to move up 
wardly to the position shown in Fig. 9. Once this 
move has been initiated, the ball 98 exercises 
canning effect on the lower rounded Surface of 
the stem enlargement 97 and thereby completes 
raising movement of Sten and diaphragms. This 
full raising movement of the diaphragms and 
Stem maintains full communication between 
lines 20, 2 illespective of cooling requirements, 
and, as will be described, also cuts off the Supply 
of gas to the main burner 2 until pressure in 
chamber CB lowers sufficiently to reestablish the 
normal difference in pressure in the chambers 
CA and CB, whereupon the System operates in 
the manner above described in response to a 
demand for cooling. 
From the above general statement of fuction 

ing, it will be observed that while the pressure 
regulating Valve RW regulates the pressure of the 
refrigerant vapor Supplied to the motor-compires 
so: unit, the primary control for normal operat 
ing conditions is exercised through the late at 
which fuel is supplied to the main burner 2, 
through fuel metering valve MW, responsively to 
the rate of evaporation in the evaporator E, as 
through the temperature control TC. However, 
it is a feature of the invention that the regulating 
valve RW exercises Supervisory control on the 
fuel Supply to burner 2, and to permit a clearer 
understanding of the integration between the 
regulating valve, the metering valve, and the sys. 
tem controls, the metering valve Will now be de 
Scribed in detail. 

Referring to Figs. 5 and 6, the aforesaid fuel 
metering valve MV preferably comprises a cylin 
drical, Step-diameter housing G5 having an in 
terior partition OS dividing the housing into 
chambers to , 103. The large-diameter end of 
the casing is closed by a face plate 09 into which 
Connects the fuel Supply line SL. Communica 
tion between chambers 07 and 8 is provided 
by an opening 0 in the partition 63, which is 
normally closed by a disc-valve illustratively 
shown to be mounted at one end of a leaf spring 
f 2 contained in housing 0 , the other end there 
of being fixed generally as shown. Gas line 3d 
to pilot burner f3 is also connected into the face 
plate 93 So as to communicate with chamber 07 
thereof, whereby gas from the supply line Si. 
passes at a constant low rate through gas line 
23d to the pilot burner 3. Disc valve is 
adapted to be opened against the bias of spring 
f 2 upon leftwise movement of a pointed stern 
3 mounted on the axis of the housing chamber 
9S and carried by and to one side of a flexible 

sealing diaphragm 4 extending across it, the 
stem having an enlarged boss-like end 5 ex 
tending to the other side of the diaphragm 4. . 
The Small diameter end of the valve housing 



9 
also mounts externally thereof a thermostat dia 
phragm 6 sealed within an enclosure , the 
diaphragm being responsive to expansion and 
contraction of a heat-sensitive medium contained 
in the Space above the diaphragm and in a cap 
illary 7 extending to the thermostat it asso 
ciated with evaporator E, said parts being col 
lectively referred to as the thermostat control 
TC. The diaphragm 6 bears on a pin 29 jour 
nailed for limited sliding movement through the 
side wall of the small diameter end of the hous 
ing 8 and whose upper end projects into the 
diaphragm enclosure 7 to engage with said dia, 
phragm. The pin 20 is biased in upward direc 
tion by means of a coaxially disposed Spring 
loaded pin f2 acting on the lower end of the 
pin 20 through the intermediary of a ball 22. 
Said pin 2 is spring-loaded by a spring 23 op 
erating in a sleeve 24 into which an adjusting 
thumb screw 25 is threaded, said adjusting screw 
providing a simple means for adjusting the pres 
Su'e at which deflection of diaphragm 6 is 
effective to cause downward movement of pin 
f2 against the bias of spring 23. 
According to the invention, the valve if f con 

trolling supply of fuel to the main burner f2 is 
opened upon the evaporator thermostat T call 
ing for cooling, and provided the normal pres 
Su'e difference obtains in chambers CA and CB 
of regulating valve RV. To satisfy such require 
ment, a control rod 28 of the referred to super 
visory control SC extends between regulating and 
metering valves, the rod operating in a sleeve 
i29. The right end of the rod and sleeve projects 
into the regulating valve casing 82, said sleeve : 
end mounting a ball 30 which closely abuts the 
end of the control rod and engages against stem 
enlargement 97, being aligned with the previous 
described ball 98, having similar engagement. 
The other or left end of the control iod 28 

and its sleeve 29 projects into the small di. 
arieter chamber 28 of the metering valve hous 
ing G5, said sleeve end mounting a ball 32 ciose 
ly abutting the related end of the control rod. 
When the control rod 28 is plied to the left by 
Sten enlargement 97 engaging against the 
control rod end-ball 30 (Fig. 8), which occurs 
When the condition of normal pressure difference 
obtains in chambers CA and CB of the regulat 
ing valve RW, said control rod end-ball 32 is 
disposed in the path of movement of the ball 22, 
as Seen in Fig. 6. 
Thus, upon the thermostat calling for cool 

ing, diaphragan is is distended downwardly, and 
pin 2 is also forced downwardly, such forcing 
ball 22 downwardly into alignment with ball 
32 at the metering valve end of the control rod 
28, the position of the latter being considered 

fixed under the condition of the normal pres 
Sure difference obtaining in the chambers of the 
regulating Valve. Such downward movement of 
ball 22 causes it to be cammed to the left by 
ball 32, whereupon it engages against the en 
larged end if 5 of the valve actuating stem 3, 
causing leftwise movement thereof which results 
in opening of the valve f. Accordingly, fuel 
may pass through the metering valve to the main 
burner 2 in accordance with the cooling effect 
called for. 

In the event the pilot burner 3 has become 
accidentally extinguished, or if the pressure in 
chamber CB of the regulating valve has ex 
ceeded Safe limits, control rod 28 may nove 
freely to the right the limited distance per 
mitting the thermostat actuated ball 22 to lower 
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without forcing the stem 3 against valve . 
Thus, even if the thernostat calls for cooling 
under the above conditions, valve remains 
closed. Hence, it will be seen that the regulat 
ing valve RV exercises a supervisory control over 
the functioning of the fuel metering valve by 
insuring the supply of fuel to the main burner 
Only under the normal condition of predeter 
mined pressure difference obtaining in the reg 
ulating valve, or under the operating condition of 
Said pressure difference not substantially exceed 
ing the predetermined difference. 
AS previously forecast, the injectors I1, I2 are 

Operated alternately to supply make-up liquid to 
5 the boiler B by the difference in pressure of 

the refrigerant vapor in the motor-compressor 
unit MIC. Referring to Figs. 10 and 11, illustrat 
ing the construction and operation of the in 
jectors, each comprises a thick-walled cylinder, 
of which cylinder of injector I1 is designated 35 
and the cylinder of injector Ia is designated 36. 
Both said cylinders may be provided with heat, 
dissipating fins 37, 38 formed by circumferen 
tial grooves in the mid portions of the cylinders. 
The cylinder 35 is closed at its ends by an upper 
end neinber 39 and a lower end member gg, 
the cylinder 36 being closed by similar end men 
hers 4, 42. The cylinder 35 is provided with 
a vertically disposed plunger bore 43 opening 
at its lower end into a valve cavity 44 provided 
in the bottom end member & C and in its upper 
end into a piston bore 45 which is closed at 
its upper end by the end member 39. The cylin 
der f3 is provided with a similar plunger bore 
f3 opening at one end to valve cavity 38 in 
end member 42 and at its other end to piston 
icore 9 closed at its upper end by end mem 
ber 4f. 

Miounted to reciprocate in the piston and 
plunger bores of injector cylinder 35 is an in 
terconnected piston. 58 and plunger 5 , and 
a similar interconnected piston and plunger 52, 
53 is mounted in the piston and plunger bores 

of the injector cylinder 36. 
Risposed in the cavity 44 is check valve 55, 

preferably of disc form, which is biased to its 
raised (closed) position by an annular spring 56 
provided with flexible valve supporting fingers. 
iDisposed in cavity i3 is a similar disc valve 5: 
biased to its closed position by an annular spring 
f58 similar to spring 56. 
The previously described branch line 4&a of the 

take-off line 38 which is connected to the inner 
end Space of motor-con.pressor cylinder to the 
left of the partition 38 thereof is connected into 
the upper end member 33 of the injector cylin 
der 35 to Supply high pressure refrigerant, vapor 
to the upper face of piston 50, and branch line 
Ah is connected to the cylinder 36 at a point 
thereof as simultaneously to supply high pressure 
V&por to the under face of piston 52. Branch 
line 4d from take-off line 39 conducts the high 
pressure refrigerant vapor from the cylinder 
inner-end Space to the right of partition 48 to 
cylinder 35 at a point thereof so as to Supply 
high pressure vapor to the under face of piston 
is, the other branch line & b being connected 
into upper end inember if of cylinder 36 so as 
to Supply vapor to the upper face of piston 49. 
The liquid line f8 through which liquefied refrig 
erant from receiver R is conducted to the injec 
tors is connected at its ends into the plunger 
boles 3 and 47 of the respective cylinders, con 
nectioil being made at a point thereof immedi 

5 ately below the end face of the plungers 5, 53 
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When the latter are in their uppermost position. 
The liquid make-up lines 5, 6 connect into the 
cavities 44, 48, respectively, of the cylinder end 
members 40, 42. 

ASSuining high pressure refrigerant vapor being 
admitted to the cylinder space to the right of 
partition 8 of the motor-compressor cylinder, 
Such high pressure vapor is conducted through 
take-off line 39 and branch lines 4d, 4b simul 
taneously to the under face of piston 50 and 
the upper face of piston 52. Although refrig 
erant Vapor is being supplied also to the upper 
face of piston 50 and the under face of piston 
52 through take-off line 38 connected to the 

cylinder space to the left of said partition 48, 
the pressure therein is lower than in the cylin 
de Space to which the high pressure vapor from 
the generator is being supplied, due to the fact 
that expansion has occurred in the former cylin 
der Space. Accordingly, piston 50 is motivated 
upWardly and piston f 52 is motivated downward 
ly, With Corresponding movement being imparted 
to the piston plungers 5, 53. As piston plunger 
5f noves upwardly, it draws a charge of liquefied 

refrigerant from line 8 into its bore and, as 
plunger 53 moves downwardly, it forces the 
charge of liquefied refrigerant previously drawn 
into its bore past valve 57 and to the boiler B 
through make-up line f6. Upon reversal of the 
valve 55 of the motor-compressor unit being 
effected, the reverse action takes place, namely, 
the injector piston 50 is driven downwardly to 
force the charge of liquefied refrigerant contained 
in bore 43 past the valve 55 to make-up line 5, 
and the piston 52 is driven upwardly to draw a 
charge of liquefied refrigerant into the lower end 
of its bore 47. Since the rate at Which the in 
jectors I1 and I2 operate depends on the rate of 
Operation of the motor-compressor unit, and as 
the latter depends on the rate of cooling called 
for by the thermostat T, it will be seen that make 
up refrigerant in liquefied form is supplied to the 
boiler B in accordance with the rate of evapora 
tion in the evaporator E. 

Refrigeration apparatus as described in the 
foregoing, in which a single supply of refrigerant, 
Such as "Freon' serves as the working fluid for 
the motor-compressor unit, provides many prac 
tical advantages. The apparatus may be made 
Substantially Smaller and more compact than 
conventional refrigeration aparatus while at the 
Same time giving at least equal refrigeration serv 
ice. It is self-lubricating by simply admixing or 
dissolving oil in the refrigerant. The motor 
compressor may be built as a completely sealed 
unit With no leakage. It permits of reduction in 
size of the condenser consequent to high effi 
ciencies attained, and of the elimination of elec 
tric moto's for both compressor and condenser 
cooling fan. Another advantage of the improved 
refrigeration System resides in its substantially 
noiseless operation. 
AS many changes could be made in carrying 

out the above constructions without departing 
from the Scope of the invention, it is intended 
that all matter contained in the above descrip 
tion. Or shown in the accompanying drawings 
shall be interpreted as illustrative and not in a 
limiting Sense. 

clain: 
1. In refrigerating apparatus employing a 

COInpleSS01-Condenser-expander circuit, and Uti 
lizing high-pressure vaporized refrigerant as the 
motive fluid, a fluid motor-compressor-pump 
unit comprising a cylinder having end closures 
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and a transverse partition subdividing its interior 
space, pistons mounted for reciprocatory travel in 
the cylinder end-spaces, a piston rod having slid 
ing bearing in the partition and interconnecting 
said pistons for movement in unison, means for 
distributing high-pressure vaporized refrigerant 
through the partition alternately to the cylinder 
inner-end spaces thereby to motivate said pis 
tons alternately throughout their compression 
strokes, means for exhausting the cylinder inner 
end space not then being supplied with the vapor 
ized refrigerant through the partition, whereby 
the piston operating in said Space is actuated 
throughout its combined pump and exhaust stroke 
by the piston moving throughout its compression 
stroke, valved conduits connected to the cylin 
der end-closures for admitting low preSSule 
vaporized refrigerant into the cylinder outer-end 
spaces under the suction effect of the pistons as 
the latter move throughout their exhaust Stroke, 
and valved conduits connected to the cylinder 
end-closures for delivering the refrigerant Con 
pressed by the pistons as the latter are motivated 
throughout their compression strokes to the Con 
denSei. 

2. Refrigerating apparatus as set forth in claim 
1, wherein the means for exhausting the cylinder 
inner-end spaces and the compressed refrigerant 
conduits are connected into a common line deliv 
ering to the condenser. 

3. Refrigerating apparatus as set forth in claim 
1, wherein the distributing and exhaust means 
are actuable by the pistons upon the latter ap 
proaching the end of their exhaust strokes. 

4. Refrigeration apparatus comprising a fuid 
motor-compressor unit, a condenser and an evap 
orator, said motor-compressor unit comprising a 
cylinder having a central partition, pistons inter 
connected to reciprocate in unison within the Op 
posite ends of the cylinder upon motive fuid 
being supplied alternately to the adjacent under 
faces of said pistons, the cylinder being closed 
at its ends and suitable valved connections be 
tween the cylinder outer-end Spaces and each 
of said condenser and evaporator, whereby the 
outer faces of the pistons function alternately 
as compression and pump faces, the Cylindel' 
inner-end spaces being connected to Condense!" 
whereby the underface of the piston not being 
Supplied with motive fluid also functions as a 
compressor face, means for vaporizing under 
Irelatively high pressure a controlled portion of 
the refrigerant liquefied in the condenser, and 
means for supplying the high pressure refriger 
ant vapor alternately to the Working faces of Said 
pistOnS. 

5. Refrigeration apparatus comprising a fluid 
motor-compressor unit, a condenser and an evap 
orator, said motor-compressor unit comprising a 
cylinder having a central partition, pistons inter 
connected to reciprocate in unison. Within the Op 
posite ends of the cylinder upon motive fluid 
being supplied alternately to the adjacent under 
faces of said pistons, the cylinder being closed at 
its ends and Suitable Valved COnnections between 
the cylinder Outer-end Spaces and each of Said 
condensei' and evaporator, Whereby the Outer 
faces of the pistons function alternately as com 
pression and pump faces, the cylinder inner-end 
Spaces being connected to condenser whereby the 
under face of the piston not being Supplied with 
motive fluid also functions as a compressor face, 
means for vaporizing a portion of the refrigerant 
liquefied in the condenser under a sufficiently 
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high pressure that it, will notivate the one piston 
on which it is effective against the condenser 
pressure effective on the two faces of the pistons 
then functioning as conpiression faces, and neaS 
for Supplying the 'efrigerant vapor at the afore 
said high pressure alterately to the Working 
faces of said cylinders. - 

6. Refrigeration apparatus as Set.forth in clairn 
4 combined. With Insans actuated by the high 
preSSui.e. refrige; at vapor for Supplying nake-up 
liquefied refrigerant to the Wapolising means for 
vaporization therein. 

7. Refrigeration apparatus as set forth in clainn 
& conbined with aeans for supplying iique.ied 
refrigerant, froin the condenser to the vaporizing 
leans, Said last means being actuable by the dif 

ference in pressure cffective Cin the underfaces of 
Said pistons, 

8. Refrigeration agpa'atus as Set forth in clain 
4, wherein said vapor Supplying nears includes 
a reciprocating valve actuable by said pistons in 
their recipirocation. 

9. Refrigeration apparatus as set forth in claim 
4, whereiin said vapor Supplying means includes 
a reversing valve mounted in the cylinder parti 
tion and being actuale to reverse positions by 
Said pistons. 

9. Refrigeration apparatus as set forth in 
claiil 4, Win3'ein Saidi last means includes a re 
versing waive nou inted in the cylinder partition. So 
as to be actuable to reverse positions by Saidi pis 
tons in which it admits the iigh pressure Vapor 
to one or time otheir cylinder inner-end Spaces, 
said valve being operative in its interinediate 
position to positively interrupt admission to both 
Saidi Spaces. 

11. Refrigeration apparatus as Set forth in 
claii. 4, wherein first and second reversible valve 
Jeans 3.re mounted in the cylinder partitioS SO 
as to be actuable to reverse positions by Said pis 
tons, the first, valve means being operative to ad 
Init, iihe high pressure vapor to one cylinder inner 
end space for expansion therein and the second 
valve aea).3 being operative Silultaneously to 
exhaust, the expanded vapor being compressed in 
the other cylicies' inner-end Space to condenser. 

1.2. In heat-operated refrigeration apparatus, a. 
filiid notor-coni'essor ushit, a condenser and an 
evaporator, a boiler Supplied with liquefied re 
frigerant froRn the condenser and operating to 
vaporize a controllied portion of the liquefied 1'e- 
frigerant, heating means for the boiler, preSSlire 
responsive means effective to supply the vapor 
ized refrigei'ant, at a predetermined Working pres 
slie to the 2nctor-compressor unit, and ne2ns for 
cori:'Oiing the actuation of the heating means, 
said last, means being jointly responsive to the 
rate of evaporation in the evaporator and to any 
deviation in the pressure of Said vaporized re 
frigeraint, from the predetermined Working pres 
Sle. 

13. In heat-operated refrigeration apparatus, a 
fiuid notor-compreSSOI lishit, a condenser and an 
evaporator, a boiler supplied with liquefied re 
frigerant from the condensei and operating to 
vaporize a cotrolled portion of the liquefied re 
frigerant, heating lineans for the boiler compris 
ing pilot, and nain burners and fuel Supply lines 
thereto and a fuel metering Waive norrally clos 
ing the Supply line to main burner and Operative 
to stipply a constant low volume of fuel to the 
pilot buner which is such as to effect vaporiza 
tion of tie liquid refrigerant to a predeterilined 
normal pressure, preSSure regulating means for 
regulating the pressure of the vaporized refrig 
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14 
erant and being effective to supply refrigera.ht 
vapor at a Working pressure in excess of the nor 
inal pressure to the notor-compressor unit, and 
nine3:33 l'espo: Sive to the rate of evaporation in 
the GVaporator and the naintenance of the pre 
determined inormali preSSluire for actuating said 
metering valve to open the fuel supply line to the 
inai: bunei'. 

i4. in heat-operated refrigeration a pa'atus, 
a fluid loor-copressC. iit, a, Coffense; and 
an evaporator, a boiler Supplied with liquefied 
refrigarant from the corderse and operating to 
vaporize a controlled portion of the liquefied re 
friger'ani, heating Years for taa boiler, a, pres 
Sule regulating Wave illeains coilinected between 
boiler aid Yotor-20ii) pressor unit, oi spying 
the wagorized refrigerant to the atter, said valve 
an eans responding to both consiense 3:nd boiler 
pressures and being operative to establish a pre 
determined high pressure of the vaporized refrig 
earnt supplied to the inoto1'-CO;a):reSSox unit, 
relative to condenser pressure, means for con 
troling the heating yeais responsively to the 
late of evaporation in the evapo"2.ÉO!", and Super 
visory control lineans actuable jay the pressure 
regulating valve eans to reiniei' Said first coin 
trol means ineffective upon the heating means 
becoming in operative ol' upon the boiler pressure 
Sustantially exceeding said predetermine pres 
Site, 

15. In heat-cerated refrigeration apparatus, 
a fluid roto1'-cell'essor unit, a condenser aihi. 
an evaporator, a boile' supplied with liquefied 
refrigera, Int, fron the coin dense aid (geia sing to 
Wabolize a controllied portion of the liquefied 
refrigerant, heating ineans for the boiler, a pres 
Su'e-regulating wave reans connected between 
boiler and hoto-con pressor it for supying 
tile 'Wagorized refrigeant to tia iaiter, Said valve 
Rileans incitiding a ii:'Si arge-area, diaphragi 
responsive to consiense; pressure, a second Sinai 
a'ea diaphrag responsive to boiler pressure, a 
Stein Connecting Saii diaphagin whereby they 
nove in unison, and a waive eleinent, for cois 3'C, 
ling passage of the Waihorized refrigerait, to kine 
Inotor-compressor 2nit, the valve alerient, aying 
a lost-I notion Connection. With said Stein provid 
i2)g for iOverinent of diaghragans and stagi to a 
2012 a position Without Corresponding opening 
Oveinet, of the valve eierinent, in which notina 

position the hoiler pressure exceeds the con 
denser pressure by a predeterishined arount, de 
termined by tie difference in the areas of said 
diaphrag)2S, Said heating raea:ns 23ing adjusted 
normally to Supply heat to the boiler Silicient, to 
maintain Said no:"Raal position of Said dia. 
phragmaS, tileans resp;Qiding to the rate of evap 
oratio; at tha evaporato: for supplying addi 
tional heat, to the boiler resulting in increased 
boiler pressure and thereby corresponding fur 
the movement of Said diaphragms and iiraited 
opening of said valve element, 2nd Spring means 
associated with said valve element, for actuating 
said valve ele?ent to full open position upon 
its opening Ingwernent, being initiated, as afore 
Said, thereby to Supply a full voluite of vapor at 
the increased boiler pressure to the notor-cor 
preSSOr init. 

16. Feat-operated refrigeration apparatus as 
Set foth in claii. 3, wherein said pressure regu 
lating in eans includes a first large-area dia 
phiagiin responding to CO2ndensei pressure, a sec 
Ond Sinailer-area, diaphragin responding to boiler 
preSSure, Said diaphragms being connected to 
move in unison by a stern having a cam-like en 
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largement thereon, said pilot burner being ad 
justed so as normally to Supply Sufficient heat 
to the boiler to maintain the predetermined nol 
mal pressure of the vaporized refrigerant, and 
Wherein the means fol' actuating the ninetering 
valve to open position includes a valve actuating 
element, a member movable responsively to the 
rate of evaporation in the evaporator from an in 
active to an active position in which it is COrdi 
tioned to actuate said valve actuating element, 
and a supervisory control membei actuable by 
Said sten enlargement to a position in Which 
it is effective to translate movement of Said 
movable neme to active position into notion 
of said valve actuating element and opening of 
Said metering valve. 

ll. In heat-operated refrigeration apparatus, 
a fluid motor-compressor unit, a condenser and 
an evaporator, a boiler supplied With liquefied 
refrigerant from the conden Ser and operating to 
vapolize a controlled portion of the liquefied 
refrigerant, heating means for the boiler, pres 
sure responsive means effective to supply the 
vaporized refrigerant at a predetermined work 
ing pressure to the notor compressor unit, ineans 
for Supplying fuel to the heating means in ac 
cordance With the demand for evaporation in 
the evaporator, and means for inter-relating the 
actuation of the fuel supplying means with that 
of the pressure responsive means. 

18. In heat-operated refrigeration apparatus, 
a fluid motor-compressor unit, a condenser and 
an evaporator, a boiler Supplied with liquefied 
refrigerant from the condense and operating to 
evaporate a controlled portion of the liquefied 
refrigerant, heating means for the boiler con 
prising pilot and main burners and fuel supply 
lines thereto and a fuel metering valve normally 
closing the Supply line to main burner and op 
erative to supply a constant low volume of fuel 
to the pilot burner which is such as to effect 
vaporization of the liquid refrigerant to a pre 
determined normal preSSure, pressure regulating 
means for regulating the pressure of the vapor 
ized refrigerant and being effective to supply re 
frigerant vapor at a Working pressure in excess of 
the normal pressure to the motor-compressor 
unit, means for actuating the fuel metering valve 
to open and Supply line to main burner in 1e 
Sponse to a demand for evaporation in the evap 
Orator, and means inter-relating the actuation 
of said last means with that of the pressure reg 
ulating means in such manner that the fuel 
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metering valve is operative to open said supply 
line to main burner only upon the predetermined 
normal pressure of the refrigerant having first 
been established. 

19. Refrigeration apparatus comprising a fluid 
motor-cornpreSSOr unit, a condenser, and an evap 
orator, Said motor-compressor unit comprising a 
cylinder having a central partition, pistons inter 
connected to reciprocate in unison in the opposite 
ends of the cylinder, both the Outer and the inner 
end spaces of each cylinder end being connected 
to the condenser, the arrangement being such 
that the pistons are motivated by working fluid 
Supplied alternately to the underfaces of the pis 
tons at a pressure Sufficiently that the under-face 
of the piston not being supplied with working 
fluid acts as a compression face for delivering the 
eXpanded fluid previously supplied thereto as the 
working fluid to the condenser, a boiler for vapor 
izing a portion of the liquefied refrigerant un 
der a pressure which is sufficiently high as to 
motivate the piston against the condenser pres 
Sure effective on the two piston faces then act 
ing as compression faces, means for Supplying the 
high pressure refrigerant vapor alternately to the 
inner-end Spaces of said cylinder, and means for 
Supplying liquefied refrigerant from the con 
denser to the boiler comprising a pair of injectors 
each including a cylinder, a power piston and a 
plunger actuated by said piston to draw a charge 
of liquefied refrigerant into the cylinder bore and 
thereupon to forward said charge to boiler, a 
branched take-off line connecting each inner 
end cylinder Space of the motor-compressor unit 
With both injector cylinders, the branches of each 
line delivering to the opposite faces of the two 
power pistons, whereby said power pistons are 
actuated in opposite directions by the difference 
in the pressure of the refrigerant vapor existing 
in Said inner-end cylinder spaces. 

CARL. D. RUSSELL. 
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