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Original application April 15, 1935, Serial No.
16,306. Divided and this apphcatlon Nevember
11, 1935, Serial No. 49,127

33 Claims.

This application is a division of my application,

Serial No. 16,306, filed April 15, 1935.

This invention relates to air conditioning and
more particularly to the air conditioning of rail-
5 Wway cars and the like.

The primary object of my invention is to so
operate the refrigerating mechanism of an air
conditioning system that refrigeration of air
supplied to a railway car or the like and the ac-
cumulation of energy for subsequent refrigera-
tion of air may be effected simultaneously or so
that refrigeration of air or accumulation of en-

ergy may be effected independently or so that’

refrigeration of the air may be effected by utiliz-
5 ing accumulated energy.

Another object of my invention is to utilize
substantially the same equipment for refrigerat-
ing or heating air supplied to a railway car or
the like.

Other objects are to compactly arrange the air
conditioning system to enable installation thereof
in the available space in a railway car or the like
and to utilize substantially the same equipment
when refrigeration of air supplied to the car is
o5 effected by operation of a compressor-condenser-
evaporator refrigerating mechanism or by u’clhza—
tion of accumulated energy.

Still . further objects of the invention are to
utilize the available energy in the axle, or other
part ‘of a railway car or the like that is driven
when the car is in motion, for operating the com-
pressor of a compressor-condenser-evaporator
refrigerating mechanism and thereby refrigerate
air supplied to the car and accumulate energy
while the car is in motion, and to utilize the ac-
cumulated energy and continue refrigeration
when energy for operating the compressor is not
available, and to automatically regulate such op-
eration of the refrigerating mechanism.

Further objects are to enable alteration of the
operation of an air conditioning system from air
cooling to air heating or from air heating to air
cooling and to insure proper operation of the
-system upon such alteration of the operation; to
45 automatically control the degree of temperature
change effected in air supplied to a railway car
or the like; to automatically control the tempera-
ture of the air in a railway car or the like; and to
control the accumulation of energy and thereby
enable efficient operation of the refrigerating
mechanism.

More specific objects of the invention are to

35

40

50

provide a heat exchanger in the air supply pas- -
sage of a railway passenger car or the like and to .

utilize this heat exchanger as an evaporator when

(CL 257—3)

air flowing through the passage is to be refrig-
erated and to utilize this heat exchanger as a
heater when the air flowing through said passage
is to be heated; to enable conditioning of the air
in a railway passenger car or the like prior to
the start of a period of use thereof; to enable
operation of a refrigerating mechanism when the
car is at rest by utilizing ice or the like to con-
dense vaporized refrigerant and to produce ice or

the like by operation of the refrigerating mech-

anism when the car is in motion; to mechani-
cally circulate a refrigerant to effect direct ex-
pansion in the heat exchanger when ice or the
like is employed to condense vaporized refriger-
ant; and to prevent the passage of liquid refrig-
erant to the compressor of a compressor-con-
denser-evaporator refrigerating mechanism.

Other and further objects will appear in the
following description wherein reference is made
to the accompanying drawings in which

Pig. 1 is a view illustrating an air refrigerating
and heating system for a railway car or the like;

Fig. 2 is a fragmentary view, similar to Fig. 1,
showing a modified form of heating means;

Fig. 3 is a fragmentary side elevation, partly in
section, illustrating the manner in. which the
compressor of a compressor-condenser-evapora-
tor refrigerating mechanism may be connected to
the axle of a railway car; .

Fig. 4 is another fragmentary view illustrating
a still further modified form of heating means;

Fig. 5 is a fragmentary view of a multi-cylinder
compressor connected for use in the system
shown in Fig. 1;

Fig. 6 is a sectional detail view taken substan-
tially on the line 6—86 on Fig. 5;

Fig. 7 is a view of a multiple effect compressor
connected for use in the system shown in Fig. 1;

Fig. 8 is a sectional detail view taken substan-
tially on the line 8—8 on Fig. 7;

- Pig. 9 is a view of a multi-cylinder compressor
connected for use in the system shown in Fig. 2;

Fig. 10 is a view of a multi-cylinder compressor
connected for use in the system shown in Fig. 4;

Pig. 11 is a view of a multiple effect compressor
connected for use in the system shown in Fig. 2;

Fig. 12 is a view of a multiple effect comnressor
connected for use in the system shown in Fig. 4;

Fig, 13 is a wiring diagram of a control system
for the air refrigerating and heating system
shown in Fig. 1; and

Fig. 14 is a vertical sectional detail view of a
preferred form of speed responsive device em-
ployed in my invention.

My invention is particularly adaptable for-air

[

10

15

20

25

30

35

40

45

50

bb




10

15

20

26

30

35

40

45

50

55

60

65

70

75

2

conditioning a railway car 20 (¥ig. 3) or the like.
The compressor C of the compressor-condenser-
evaporator refrigerating mechanism of my air
conditioning system is preferably supported be-
low the car floor by suitable brackets 2{. The
drive shaft 22 of the compressor is connected to a
speed control device 23 of any desired type op-
erable to limit the maximum speed at which the
compressor C can be operated or to operate the
compressor at a constant speed. A shaft 24 con-
nects the speed control device to a magnetic
clutch 25 or similar means for connecting the
shaft 24 to the shaft 26 that is connected to an
axle 27 or other part of the car operated when the
car is in motion. When the magnetic clutch 25 is
engaged and the car is in motion, power is trans-
mitted from the axle 271 through shaft 26 and
clutch 25 to shaft 24 and the speed control device
23 to operate the drive shaft 22 of the compres-
sor C. An arrangement such as this or any other
suitable means may be employed for operating
the compressor C.

The form of the mventlon shown in Fig. 1
includes a compressor-condenser-evaporator re-
frigerating mechanism having a compressor C?2
which is operated in the manner previously de-
seribed. The outlet pipe 28 leads from the high
pressure side of the compressor to a condenser
28 which, like the compressor C2, is suitably sup-
ported below the car floor. A valve 30 is provided
in the outlet pipe 31’ of the condenser 29 and con-
trols flow through this pipe. The valve 30, like
other valves illustrated herein, is of the solenoid
type although it is to be understood that pneu-
matically or hydraulically operated valves, or
valves otherwise electrically operated, could be
substituted for the solenoid operated valves with-
out departing from the purview of my invention.
Moreover, the valves could be used as pilot valves
to control the operation of power operated valves
located in the positions whereat valves are lo-
cated in this disclosure of the invention.

A receiver 31, preferably insulated is suitably
supported below the car floor. A pipe 32 leads
from a T-fitting 33, to which the pipe 31’ is con-
nected, to the receiver. A pipe 34 leads from the
receiver 31 to a T-fitting 35. A pipe 36 leads from
the T-fitting 35 to a pump 37 that is suitably
supported below the car floor. In order to in-
sure self-priming, the intake of the pump may
be located in or below the liquid level to be main-
tained in the receiver 31. Preferably the pump
37 is a centrifugal or bellows pump or other type
through which there may be unimpeded flow when
the pump is at rest. The pump 31 is operated by
the motor 38.

A pipe 39 leads from the pump 31 to a T-fitting
40 and has a solenoid valve 41 therein adjacent
the fitting 40. A pipe 42 leads from the T-fitting
40 to an expansion valve 43 of approved form and
preferably has a strainer 44 and a dehydrator 45
therein. A pipe 46 leads from the expansion valve
43 to a T-fitting 47.and a pipe 48 leads from the
T-fitting 47 to the heat exchanger 49. A pipe 50
leads from the T-fitting 40 to the T-fitting 47 to
provide a by-pass about the expansion valve 43
and has a solenoid valve 51 therein.

A pipe 52 leads from the heat exchanger 49 to
a back pressure valve 53, to be described more
fully hereinafter. A temperature responsive de-
vice 54 is provided on the pipe 52 for controlling
the expansion valve 43 in connection with the
pressure of evaporation in the heat exchanger 49.

A pipe 55 leads from the back pressure valve

53 to a T-fitting 56.. In the preferred arrange-

2,207,729

ment of my invention the T-fitting 56 is Iocated
below the car floor line while that part of the
pipe 39 adjacent the T-fitting 40 and the T-fitting
40, pipe 42, expansion valve 43, T-fitting 47 and
pipe 50 as well as the heat exchanger 49, pipe 52,
temperature responsive device 54 and back pres-
sure valve 53 are mounted above the car floor.
However, the entire system may be located above
or below the car floor or otherwise without de-
parting from the ambit of my invention. The

heat exchanger 49 is mounted in the air supply .

passage leading to the railway passenger car or
the like.

A pipe 57 leads from the T-fitting 56 to a T-fit-
ting 58 and has a solenoid valve 59 therein. A
pipe 60 leads from the T-fitting 58 to the strainer
61 and a pipe 62 leads to the suction or low pres-
sure side of the compressor C2..

‘The mechanism thus far described will refriger-
ate air flowing over the heat exchanger 49 when
the car is in operation above a predetermined

10
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20

speed, as will be explained more fully hereinafter,

but when the car is operating below the prede-
termined speed or when the car is at rest other
means are provided for refrigerating air ﬂowmg
over the heat exchanger 49.

A tank 63 is mounted below the car floor and
includes an inlet pipe 64 having a manually op-
erated valve 85 therein so that when the valve
85 is opened liquid may flow into the tank 63.
The tank 63 is also provided with an accessible
door D through which cracked ice or the like
may be introduced into the tank for a purpose to
be explained. Liquid, such as water, introduced

into the tank 63 is to be materially cooled or *
frozen and to allow for expansion upon freezing

of the liquid the tank 63 is not completely filled
with liguid. To this end a suitable overflow de-
vice such as the steam float trap 66 is provided
near the top of the tank so that when an excessive
quantity of liquid is introduced into the tank it
will flow out through the exhaust 67 of the trap
66. It is to be understood, of course, that a steam
bucket trap or other suitable device could be used
in place of the steam float trap 66.

A heat exchanger 68 is provided in the tank 63.
A pipe 69 leads from the heat exchanger 68 to the
T-fitting 58 and has a solenoid valve 78 therein.
Connection of the pipe 69 to the fitting 58 pro-
vides a return for the thermic fluid supplied to
the heat exchanger 68. Herein I refer tothe fluid
employed to transfer heat from one part of the
system to another as a thermic fluid and I use
this in a generic sense for when the heat ex-
changer 49 is cooling air flowing into the car the
thermic fluid acts as a cooling medium or re-
frigerant and when the heat exchanger 48 is heat-
ing air flowing into the car the thermic fluid acts
as a heating medium.

" The thermic fluid or, in this instance, refrig-
erant is supplied to the heat exchanger 68 through
a pipe 1i that leads from the T-fitting 35 to a
T-fitting 712. The'pipe 71 has a solenoid valve 13
therein. From the fitting 72 refrigerant flows
through pipe 14 to the expansion valve 16. The
pipe 14 preferably has a strainer 76 and a de-
hydrator 11 therein. From the expansion valve
15 refrigerant flows to the heat exchanger 68
through pipe 18, T-fitting 79 and pipe 80. A pipe
81 extends between the T-fittings 72 and 79 and
provides a by-pass about the expansion valve 15
and has a solenoid valve 82 therein. A tempera-
ture responsive device 83 is provided on the pipe
69 adjacent the evaporator 68 and controls opera-
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the back pressure in the heat exchanger 68. A
thermostat 84 is provided in the tank 63 to control
the cooling or freezing of liquid in said tank.

A pipe 85 connects the T-fitting 33 to the
T-fitting 56 and has a solenoid valve 86 therein.
The utility of this arrangement will be described
more fully hereinafter.

All of the valves employed to control the flow

of the thermic fluid or refrigerant in my systems
are normally closed and must be opened to effect
operation of the systems.

The air conditioning system shown in Fig, 1.

is also adaptable for heating air flowing over
the heat exchanger 49. In order to supply heat
to the system, a heating coil 87 is provided in
the receiver 31 and the inlet 88 thereof has a
motor operated valve 89 therein to control the
flow of steam or other heating medium into the
coil 81. 'The valve 89 may be other than motor
operated and is responsive to the degree of heat-
ing required for, as will be explained, it is pref-
erably under control of a thermostat. The out-
let 90 of the coil 8T extends exteriorly of the
receiver 31 and depends downwardly to permit
the discharge of water or the like from the coil
81. The pipe 90 has a trap 91 or the like therein
to prevent premature escape of steam or other
heating medium from the coil 81.

So long as refrigeration is to be effected in the
heat exchanger 49 or the evaporator 68 and the
car or the like on which the system is mounted is
in motion, the compressor C2 is to be operated
unless the speed of the car falls below that
which will efficiently operate the compressor.
However, when the car is at rest or the speed
thereof falls below that which will efficiently
operate the compressor C2, I disconnect the com-
pressor from the axle 271 or other part effecting
operation thereof, and this can be effectively
accomplished by providing a control device re-
sponsive to the speed of the car. Moreover, I
control the refrigerating mechanism by a speed
responsive device so that refrigeration may be

effected by the compressor-condenser-evaporator

refrigerating mechanism when the car is in
motion or by accumulated energy when the car
is at rest.

One form of device responsive to the speed
of the car which may be advantageously used
herein is illustrated in Fig. 14 and is generally
indicated by S. The speed responsive device S
includes a housing 92. A boss 93 is provided at
the top of the housing 92 and is hingedly con-
nected to a bracket 94 depending from the car
floor, and this hinged mounting is such that the
housing 92 is free to swing parallel to the longi-
tudinal extent of the car.

A rotor 95 of insulating material in the housing
92 has a boss 96 at the upper end thereof in
which there is an opening receiving a centrally
located guiding pin 97 depending from the top
of the housing 92. A bearing 98 at the bottom
of the rotor 95 rides on a bearing and is con-
nected to a flexible shaft 100 and, as best shown
in Fig. 3, the flexible shaft 100 is connected to the
axle 27 so that it will be driven upon movement
of the car although the shaft 100, like the shaft
26, may be connected to any other part that is
operated when the car is in motion.

The rotor 95 is in the form of a closed cup
and mercury or other heavy liquid is stored
therein. Conductor rings 01, 102 and 103 are
provided at vertically spaced intervals in the up-
right wall of the rotor 95. The conductor rings
are arranged to be disclosed on both the inner

3

and outer peripheries of the rotor 95. While I
have shown three conductor rings it is to be un-
derstood that any number greater than two and
which can be accommodated in spaced relation
in the wall of the rotor may be provided without

departing from the purview of my invention.

A block 104 of insulating material is mounted
on the housing 92 and carries a spring contact
arm 105 that bears against the outer periphery
of the conductor ring 103. Another block 106
of insulating material is mounted on the housing
92 and carries a spring contact strip 107 that
bears on the outer periphery of the conductor

ring 102. Still another block 108 of insulating

material is mounted on the housing 82 and
carries a contact strip 109 that bears on the outer
periphery of the conductor ring 101. Con-
ductors 110, 111 and (12 are respectively con-
nected to the contacts 105, 10T and 109. A con-
denser 113 is provided between the contacts 105
and 107 and a condenser {14 is provided between
the contacts 107 and 109 to prevent arcing, as
will be explained.

When the rotor 95 is at rest the mercury or
other heavy liquid collects at the bottom thereof.
However, when the rotor 95 is set in operation
centrifugal force causes the mercury to ascend
the vertical wall of the rotor 95 and the extent
of ascent is proportionate to the speed of rota-
tion of the rotor. Thus when the rotor is rotat-
ing rather slowly the mercury so ascends that
circuit is established between the conductor rings
101 and 102 but when the rotor 95 is rotating
at a relatively high speed, circuit is established
between the conductor ring 103 and the con-
ductor rings 1081 and 102. It will thus be seen
that as the speed of rotation of the rotor 95 in-
creases the mercury proportionately ascends the
vertical wall of the rotor 95 and selectively en-
gages the vertically spaced conductor rings pro-
vided in the vertical wall of the rotor.
as the speed of the rotor decreases the mercury
descends the vertical wall of the rotor 95 and
successively disengages the vertically spaced con-
ductor rings. The condensers (13 and 114 pre-
vent arcing that might be incident to bringing
the conductor rings into or taking the conductor
rings out of circuit as the mercury ascends or
descends the vertical wall of the rotor 95.

The air refrigerating and heating systems of
my invention are capable of operating under a

‘number of different conditions which may be

characterized as:

Condition A—When the car is to be cooled
when initially placed in service.

Condition B—When the car is in motion and
thermic fluid or refrigerant is to be supplied only
to the heat exchanger 49 to refrigerate air being
supplied to the car.

Condition C—When thermic fluid or refrig-
erant is to be supplied not only to the heat ex-
changer 49 to refrigerate air being supplied to
the car but also to the heat exchanger 68 to
cool or freeze liquid in the tank 63 and thereby
accumulate energy.

Condition D—~When thermic fluid or refrig-
erant is to be supplied only to the heat exchanger
68 as when it is desired to accumulate energy
but refrigeration of air flowing over the heat
exchanger 49 is not required.

Condition E.~—~When the compressor-condens-
er-evaporator refrigerating mechanism has been
operating to supply thermic fluid or refrigerant
to the heat exchanger 49 to refrigerate air flow-
ing over this heat exchanger (as under Conditions
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B and C) and operation of the refrigerating
mechanism is interrupted but refrigeration of
air flowing over the heat exchanger 49 is to be
continued.

Condition F—When air being supplied to the
car past the heat exchanger 43 is to be heated.
Here, the mechanism operates in the same man-
ner when the car is initially placed in service as
it does when it is in service either running or at
rest.

Condition G.—This is a special condition which
all of the systems which I have disclosed are not
capable of performing and which is particularly
useful when a railway car or the like is operated
to pass from a cold climate into 2 warm climate
and wherein heating of the car is to be carried
out but at the same time energy is to be accumu-~
lated by cooling or freezing liquid in the tank 63.

The system disclosed in Fig. 1 is operated in
the following manner to accomplish all of the
foregoing conditions except the Condition G of
which it is not capable.

Condition A—Fig. 1

When a car is initially placed in service and
it is to be cooled, a supply of cracked ice or other
refrigerating medium is introduced into the tank
63 through the door D and the system is arranged
as follows: The valve 4{ is opened to permit fiow
of the_rmic fluid or liquid refrigerant through the
expansion valve 43 into the heat exchanger 49
where it is vaporized as air flowing over the heat
exchanger is refrigerated to cool the  car:
Thermic fiuid or refrigerant vaporized or heated
in the heat exchanger 49 fiows through pipe 52,
back pressure valve 53, pipe 55, fitting 56, pipe
87 and opened valve 59, fitting 58, and pipe 69
and opened valve 18 te the heat exchanger 8.
Inasmuch as the tank 63 is filled with cracked
ice the heat exchanger 6§ will act as a con-
denser and the heated or vaporized thermic Auid
or refrigerant will therefore be cooled or liquefied
as it flows-through this heat exchanger and the
cooled thermic fluid or liquid refrigerant flows
through pipe 8@ to fitting 79. In order to by-pass
the cooled thermic¢ fluid or liquid refrigerant
about the expansion valve 75, the valve 82 is
opened and the fluid flows from. the fitting 19
through pipe 8! to fitting 72 from whence it fiows
through pipe 7 past the opened valve 73 to the
fitting 35. The motor 38 will at this time be
operating the pump 87 and fluid flowing to the
fitting 3% will be drawn through the pipe 36 into
the pump 37 to be forced through the pipe 38 past
opened valve 41 to the expansion valve 43. The
mofor 38 and the valve 82 are controlled in com-
mon for the motor is not operated unless the
valve is open. '

If more refrigerant is condensed in the heat
exchanger 68 than is required by the heat ex-
changer 49, all of the cooled thermic fiuid or
liquid refrigerant will not flow through the pipe
36 to the pump 37 but a part will iow from the
fitting 35 through the pipe 34 into the receiver
31. Likewise, if sufficient fluid or refrigerant is
not cooled or condensed in the heat exchanger §8,
fluid or liquid refrigerant will be drawn from the

- receiver 3{ through pipe 34, fitting 35 and pipe 36.

70

However, when the heat exchanger 49 is serving
as an evaporator and the heat exchanger 68 is
serving as a condenser, the quantity of refrigerant
evaporated in the heat exchanger 49 and con-
densed in the heat exchanger 68 will tend to
equalize. Thus, equilibrium in the action of the
heat exchangers will be established and any ex-

- than the heat exchanger 49 since it is operating

3,207,728

cess or deficiency of refrigerant will be moment-
tary and only incident to the initiation of this
operation. As the heat exchanger 68 operates
as a condenser, the cracked ice or the like in the
tenk 63 will melt and the resulting water should &
properly fill the tank 63. However, any de-
ficiency in water in the tank 63 may be supplied
by manually opening the the valve 65. Any ex-
cess water in the tank 63 will be discharged
through the overflow device 66, as explained.,

The valves 30, &l, 86 and 89 are closed under
this condition of operation.

Condition B—Fig. 1

When the compressor-condenser-evaporator
refrigerating mechanism is to be operated to
supply thermic fluid or refrigerant only to che
heat exchanger 49, the valve 4f is opened while

" the valve 51 is closed. 'The valve 59 is opened as

well as the valve 30. The valves 70 and 86 are
closed as well as the valves 13 and 82 and, since
steam is not to be supplied to the coil 87 when
the system is operating to supply thermic fluid
or. refrigerant either to the heat exchanger 49
or the heat exchanger 68, the valve 88 is closed.
With the valves arranged in this manner
thermic fluid or refrigerant may flow from the
receiver 3{ through the valve 41 and past the
expansion valve 43, which operates in the usual
manner to maintain a supply of fiuid to the heat
exchanger 49 so long as air flowing over the heat
exchanger is to be refrigerated. Since the valve
59 is open, the fluid may refurn to the suction
side of the compressor C2 so long as it is oper-
ating and fluid forced from the compressor
through the condenser 28 may flow through th
opened valve 30 back to the receiver 31. i

Conditiozr, C—Fig. 1

When the compressor-condenser-evaporator
refrigerating mechanism is to be operated to not
only supply thermic fluid or refrigerant to the
heat exchanger 49 but also to the heat exchanger
68 so as to freeze water or cool liquid in the tank
63, the valves 73 and 10 are opened in addition 45
to the valves which are opened under Con-
dition B, the other valives closed under Con-
difion B remaining closed. Therefore, fluid may
also flow pasft the valve 13 and the expansion
valve 75 which functions in the manner well
understood to mainfain a supply of fluid in the
heat exchanger 68 so long as a liquid in the
tank is to be cooled or if water is used, the water
in the tank 63 is fo be frozen or cooled liguid
or ice is to be maintained in the tank 63, and
heated fluid from the heat exchanger 68 may
flow past the open valve 10 to be returned to the
compressor, condenser and receiver. ’
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Operation of back pressure valve 53

When thermic fluid or lquid refrigerant is
being supplied to both the heat exchanger 49
and the heat exchanger 68, the back pressure
valve 53 is operative for inasmuch as the heat
exchanger 49 is refrigerating air, which is not
chilled to a low temperature, if is operating at a
higher temperature and consequently a higher
saturation pressure than the heat exchanger 68
which is operated at a much lower temperature

65

70
to freeze water or ccol other liquid in the tank 63
and to maintain ice or cooled liquid so produced.
Therefore, the saturation pressure in the heat
exchanger 68 is much Iower than that in the heat
exchanger 48. The suction of the compressor 75
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to which these heat exchangers are connected
would tend to equalize the saturation pressure

in these heat exchangers and it is the function of -

the back pressure valve 53 to avoid this condi-

‘tion. This back pressure valve 53 so functions

that a saturation pressure corresponding to the
temperature of refrigeration desired to be
maintained in the heat exchanger 49 is set up
and maintained and a higher saturation pres-
sure is therefore maintained in the heat ex-
changer 49 than is maintained ‘in the heat ex-
changer 68. This higher pressure prevents the
temperature of refrigeration in the heat ex-
changer 48 from falling to or below a tempera-
ture whereat undesirable frosting on the ex-
terior surface of the heat exchanger 49 will
occur. ) ‘

~ Condition D—Fig. 1

‘When thermic fluid or refrigerant is to be sup-
plied to the heat exchanger 68 and not to the
heat exchanger 489, the valves are arranged as
follows: The valve 41 is closed as well as the
valve 51 and this shuts off the supply of fluid to
the heat exchanger 49. However, since it will
be advantageous to evacuate the heat exchanger
49, the valve 59 is kept open so that upon oper-
ation of the compressor C2 any fluid remaining
in the heat exchanger 49 will be returned to the
condenser and receiver. 'The valve 30 is opened

to permit flow of the fluid from the condenser:

to the receiver. The valve 13 is kept open so
that fluid may flow past the expansion valve 15
as before and the valve 82 is kept closed. The
valve 10 is opened so that heated fluid, that is,
vaporized refrigerant, may be withdrawn from
the heat exchanger 68 and returned to the con-
denser and receiver. The valves 86 and 89 re-
main closed. .

Condition E—Fig. 1

When the car stops or moves so slowly that
operation of the compressor C2 is interrupted and
refrigeration of air flowing over the heat ex-
changer 49 is to be continued, the ice or cooled
liquid stored in the tank 63 is utilized to condense
the refrigerant vaporized in the heat exchanger
49 and the system is operated the same as it is
operated under Condition A. ‘

Condition F—Fig. 1

When the heat exchanger 49 is to function as
& heater, the system is arranged as follows: The
valve 89 is operated by a thermostat responsive
to the temperature of air leaving the heat ex-
changer 49 so that when the temperature of air
falls the valve 89 is opened to admit steam into
the coil 87 and when the temperature of air rises
the valve 89 is closed to shut off steam to the coil
'81. Steam supplied to the coil 87 heats thermic
fluid in the receiver 31 and the heated fluid flows
through pipe 32 to fitting 33. The valve 30 is
closed at this time to prevent flow of the fluid
into the condenser 29 but the valve 86 is open so
that the heated fluid may flow through the pipe
85 to the fitting 56. From the fitting 56 the
fluid flows through pipe 55 to back pressure valve

-53. Imasmuch as the fluid in the receiver 3{ may
. be heated by the steam flowing through the coil

75

87 to a temperature closely approximating the
temperature of the steam, a relatively high sat-
uration pressure is established in the receiver 31
when steam flows through coil 81. This pressure
is always sufficiently high to open the back pres-
sure valve §3 wide and so long as the relatively

high pressure fluid is supplied through the pipe
55 the valve 53 will remain open. From the valve
53 the fluid flows through pipe 52 into heat ex-

changer 49 from whence it flows through pipe 48

to fitting 47 and the valve 5f is opened at this
time so that the fluid is by-passed about the ex-
pansion valve 43 through the pipe 50 to the fit-
ting 40 from whence the fluid flows through pipe
39, for at this time the valve 41 will be open, and
from pipe 39 the fluid flows through pump 31,
fitting 35 and pipe 34 back into the receiver 31.
The valves 13 and 82 are kept closed at this
time to prevent the flow of heated fluid into the

‘heat exchanger 68.

Likewise, the valves 59 and 10 are kept closed
and closing of the valve 59 prevents the heated
fluid from collecting in the pipe 60, strainer 64
and pipe 62. This is important for these parts
are exposed below the car, and when the heat
exchanger 49 is functioning as a heater the tem-
perature about the pipe 60, strainer 61 and pipe
62 may be low enough to condense any fluid col-
lected therein with the result that if the com-
pressor C2 was set in operation with liquid in
the pipe 62, for example, serious damage to the
compressor might result.

The control of the system shown in Fig. 1 may
be effected in a number of ways to establish the
various operating conditions and, of course, it
may be done manually but it is advantageous to
perform this control automatically. One form of
automatic control is shown in Fig. 13 and this is
electrical. While the disclosure is such that the
various valves are electrically operated to effect

the desired set-ups of the system, the valves ®9

shown in Fig. 13 could control the flow of fluid to

- the valves shown in Fig. 1 in which instance the

valves in Fig. 13 would serve as pilot valves and
the valves shown in Fig. 1 would either be pneu-
matically or hydraulically operated. The con-
trol system shown in Fig. 13 is but an illustra-
tive arrangement and other systems may be used
without departing from the purview of my in-
vention.

Power for operating the control shown in Fig.
13 is supplied through the line wires {15 and 116
which may be respectively connected to the dis-
tributing wires 117 and 118 by the switch {19,
and when the switch {18 is open the entire con-
trol is rendered inoperative.

When the switch 119 is closed current is sup-
plied through the conductor 120 to one terminal
of a manual selector switch 12I. "This manual
selector switch may be arranged in an “off” posi-
tion or it may be thrown into position wherein
the conirol system is arranged to control the
cooling of air flowing over the heat exchanger
49 or into a position to control heating of air
flowing over this heat exchanger. When air
flowing over the heat exchanger 49 is to be cooled
or refrigerated, the blade 122 of the switch 121
is engaged with the terminal 123. A conductor
124 connects the terminal 123 with the terminal
124a in the thermostat 125 that is located at a
selected position in the car. When the tempera-
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ture of air affecting the thermostat 125 rises

above a predetermined maximum, circuit is
closed through this thermostat to the terminal
126. A conductor 127 leads from the terminal
126 to the terminal 128. If the car is at rest at
this time and the tank 63 is filled with ice and
low temperature water or cooled liquid of any
kind, the operation of the device is as follows:
Current will flow from the terminal (28
through the conductor 129 to one terminal of
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the winding (30 of the valve 4{ relay. From the
other terminal of the winding {36 current fows
through the conductor {3f to the distributing
wire 118. The winding 130 is thus energized and
the armature 132 thereof is attracted whereupon

.the contact 133 closes the circuit between the

terminals 134 and i35. A conductor 136 con-
nects the terminal 134 with the distributing wire

{17. A conductor {37 leads from terminal (35

to one terminal of the winding 138 of the solenoid
of the valve 41 and from the other terminal of
this winding current flows through the conductor
139 to the distributing wire 118 and in this man-
ner the valve 41 is opened.

When the armature 132 is attracted, the con-
tact 140 closes circuit between the terminals 14!
and {42, A conductor {43 connects the terminal
141 with the conductor 136. A conductor (44
leads from the terminal {42 to a terminal 145 in
the valve 10 relay. A conductor {46 leads from
the terminal 145 to one terminal of the winding
147 of the solenoid of the valve 59 and a con-
ductor 148 connects the other terminal of this
winding to the distributing wire {{8. Therefore
the solenoid of valve 58 is energized and this valve
is opened along with valve 41.

Inasmuch as the heat exchanger 88 is toserveas
a condenser, the pump 37 must be set in operation
and this is brought about by starting the motor
38 simultaneously with the just described open-
ing of the valves 4{ and 59. To this end a con-
ductor 149 is connected to the terminal 128 and
this conductor leads to bne end of the winding
150 of the pump relay, the other end of said
winding being connected to & terminal I5§a by a
conductor i51. The terminal 5ia is provided
in the centrifugal switch relay in which there is
another terminal] 815 and circuit between these
terminals is normally closed by a contact {5lc in
the relay. The terminal {5ib is connected to wire
{31 by a conductor ¢5i{d. Thus when the thermo-
stat 125 is closed, the winding {58 is energized
and the armature {52 is attracted. The armature
152 carries a contact 153 that closes circuit be-
tween terminals {54 and {55 when the armature
182 is attracted and simultaneously with the clos-~
ing of circuit between terminals {54 and (55 the
contact {56 on armature {52 closes circuit be-
tween terminals {57 and {58. A conductor {59
connects the terminal (64 with the distributing
wire 117 and a conductor {66 connects the termi-
nal {87 with the distributing wire $18. A con-
ductor {61! leads to a terminal {62 from the termi-
nal 155. A conductor 163 leads from terminal
158 to a terminal 164. A wire 165 leads from
terminal 162 to one pole of the motor 38 and &
conductor 166 leads from the-other pole of the
motor to termina] i64. Thus when circuit is
closed between the contacts {54 and (55 and 157
and £58, the motor 38 is set in operation.

As has been explained, at the time the motor
38 is set in operation to circulate thermic fluid
condensed or cooled in the heat exchanger 68 the
valve 82 should be opened to by-pass the fluid
about the expansion valve 15 and therefore the
winding of the solenoid of the valve 82 is con-
nected to the same terminals as those to which
the motor 38 is connected. Thus a conductor §7
leads from the terminal 162 to one end of the
winding of the solenold of the valve 82 and a
conductor 168 leads from the other end of this
winding to the terminal 164. Hence when circuit
is closed to the terminals 162 and 168 to operate
the motor 38, the valve 82 is also opened.

As has been explained, the valves 70 and 13
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must also be opened when the heat exchanger
68 is to serve as a condenser and this is accom-
plished in the following manner:

A conductor {69 is connected to the terminal
of the winding 150 whereat the conductor 149 is
connected and this conductor leads to a terminal
{70 in the pump relay. Another terminal 171 is
provided in this relay so that when the armature
152 is attracted the contact i72 may close the
circuit between the terminals 170 and 171. A
conductor 112a leads from the terminal 174 to a
terminal (13 in a thermostat to be described more
fully hereinafter. A conductor (74 leads from
the terminal 173 to one end of the winding 715
of the ice tank relay and the other end of this
winding is connected to a conductor 176 that is
connected to a conductor (717 that is connected to
conductor 131, When the winding {15 is ener-
gized upon closing of the circuit between the ter-
minals 170 and 171, the armature 1718 is av-
tracted. On the armature 118 is a contact 179

which, when the armature is attracted, closes the’

circuit between the terminals {80 and 181. The
terminal (80 is connected by a conductor 182 to
the conducter 124. A conductor 183 leads from
the terminal {81 to one end of the winding of the
solenoid of the valve 73 and the other end of
this winding is connected to the distributing wire
{i18 by a conductor 184. Hence the valve 7138 is
opened at the same time as that at which the
valves 41, 59 and 82 are opened.

Another contact 185 on the armature i18 closes
the circuit between the terminals {86 and 187

when said armature is attracted. A conductor {88

leads from the terminal {86 to a terminal (89.
A conductor {90 leads from the terminal {89 to a
terminal 194.- A conductor 92 leads from the
terminal 194 to a terminal 193 in the heating
relay and circuit from the terminal 193 te an-
other terminal {94 in this relay is normally closed
by a contact 195 mounted on the armature of
this relay. A conductor 196 is connected to a
terminal (97 from which a conductor {98 leads to
the conductor 120. A conductor §99 leads from
the terminal (87 to one end of the winding 200 of
the valve 1§ relay, the other terminal of this
winding being connected to conductor (77 by
a conductor 28{. Thus when the winding 200
is energized the armature 202 is attracted and
the contact 203 thereon closes circuit between the
terminals 204 and 205. A conductor 206 con-
nects the terminal 204 to the distributing wire
{17. A conductor 207 leads from the terminal
205 to one end of the winding of the solenocid
of the valve 70 and the other end of this winding
is connected to the distributing wire 118 by a
conductor 208, and when the winding of the sole-
noid of valve 78 is energized this valve is opened
along with the valves 41, 59, 82 and 713. .

A terminal 209 is provided in the valve 710 relay

‘and is associated with the terminal (45. A con-

tact 210 closes the circuit between the terminals
145 and 209. The contact 209 is connected to the
distributing wire t{7 by a conductor 211. Thus
when circuit is closed between the contacts (45
and 208, circuit to the winding (47 of the solenoid
of valve §9 is closed, which circuit is in parallel
with the circuit to this winding previously closed
by closing the circuit between the terminals {4(
and 142 in the valve 41 relay.

Terminals 212 and 213 are provided in the
valve 10 relay and circuit between these terminals
is closed by a contact 214 when the winding 200
is energized. Terminal 212 is connected to the
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of a thermal relay 2186 is con'nected. to terminal

-213 by a conductor 217 and the other terminal of

this relay is connected to the terminal of the
winding 200, whereat the conductor 189 is con-
nected, by a conductor 218. The thermal relay
216 serves to maintain a circuit through the wind-
ing 208 after circuit to this winding is broken
by the disengagement of contact 185 from termi-~
hals 186 and 187 in the ice tank relay. Thus,
breaking of the circuits closed by the valve 10 is

- delayed for a short time interval until the thermal

relay opens, and this serves to- maintain the
valves 59 and 70 open so that the compressor C2
may evacuate refrigerant from the heat ex-
changer 68. .

The circuits thus far described are closed each
time the heat exchanger 68 is to operate as a
condenser. However, when the car is in motion
and it is desired to refrigerate air flowing over
the heat exchanger 49 and it is not necessary to
refrigerate the tank 63, somewhat different cir-
cuits are closed as follows: When the car is in
motion the speed responsive device S, such as
that illustrated in Fig, 14, is operated and when
the device includes a rotor, such as the rotor 95
having mercury therein, the mercury will first
close a circuit between the conductor rings 10§
and 102, and as the speed increases circuit will
be closed between the conductor rings 10( and
102 and 103. When circuit is closed between the
conductor rings 101 and 102 and 103, current
flows from the terminal 191 through conductor
112 to the contact 108 which bears on conductor
ring 101, and when the mercury closes the circuit
between the conductor rings 101 and 103 circuit is
closed to the contact 105 and current flows
through the conductor 110 to terminal 219 in
the centrifugal switch relay. Of course, when
the circuit is closed to the conductor ring 103 it
will have previously been closed to conductor
ring 102 and current will flow through contact:
107 and conductor {11 to terminal 220 which co-
operates with terminal 219, as will be explained.
A conductor 221 leads from terminal 219 to one
end of the winding 222 of the centrifugal switch
relay, and when circuit is closed to the contact 219
the winding 222 is energized inasmuch as the
other terminal thereof is connected by a con-

-ductor 224 to a terminal 225 that is connected to

the conductor 131 by a conductor 226. When the
winding 222 is energized, the contact 227 closes
the circuit between the terminals 219 and 220.
It will be noted that circuit is not closed to the
winding 222 until circuit is closed to the con-
ductor ring 103. However, when circuit is closed
to the conductor ring 103, the terminal 219 is
connected to the conductor ring 102 by reason
of the engagement of contact 227 with terminals
2{9'and 220. Thus the winding 222 is not ener-
gized until a predetermined speed is attained but
this winding is kept energized when the speed
falls below this predetermined speed and it is not
deenergized until there is an appreciable reduc-
tion in speed sufficient to take the conductor ring
102 out of circuit.” Hence, there may be a varia-
tion in the speed of operation of the car without
a resultant starting and stopping of the mecha-
nisms controlled by the centrifugal switch relay.

The centrifugal switch relay controls opera-
tion of the devices which supply thermic fluid
to the heat exchanger 49. When the winding
222 is energized, the armature 223 is attracted
whereupon the contact i5{c is disengaged from
the terminals (51a and 151» which opens the
circuit to the winding 150 of the pump relay

7.

whereupon operation of the motor 38 is inter-

- rupted and the valve 82 is closed. Deenergizing

of the winding {50 also opens the circuit to the
winding 1715 of the ice tank relay by disengag-
ing the contact 172 from the terminals 170 and
ITl. Deenergizing of the winding 115 disen-
gages the contact (19 from the terminals 180
and (81 whereupon circuit to the winding of
the solenoid of valve 13 is opened and this valve
is closed. Deenergizing of the winding 1715 also
disengages contact 185 from terminals 186 and
t87 which interrupts flow of current through
conductor 199 and would tend to deenergize the

‘winding 200 of valve 10 relay were it not for the

fact that circuit to this winding is maintained
for a short time after contact 185 disengages
contacts 186 and (87 by the thermal relay 216.
However, when the thermal relay 216 functions
to open the circuit to the winding 200, the con-
tact 203 disengages the terminals 204 and 205
and opens the circuit to valve 70, which valve
thereupon closes.

Whenever air flowing over the heat exchanger
49 is to be refrigerated, the thermostat 125 will
be closed and consequently the winding 130 -of
valve 41 relay will be energized with the result
that circuits to the solenoids of the valves 4f and
59 will remain closed and these valves will be
open. Further, the centrifugal controls operation
of the devices supplying the thermic fluid to the
heat exchanger 49 to refrigerate air flowing over
this heat exchanger for when the car is in mo-
tion the’ contact 15lc is disengaged from the
contacts 15la and (5Ib and the pump 38 can-
not be operated but, as will be explained, the
compressor C2 is operated. Likewise, when the
car is at rest circuit is closed to the pump but
the circuit' controlling the compressor is open.
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The compressor C2 is to be operated when the

winding 222 is energized and therefore circuit
is closed to the magnetic clutch 25 and this is
brought about in the following manner: A con-
ductor 228 is connected to the conductor 142 and
leads to a terminal 229 in the centrifugal switch
relay. Another terminal 230 is provided in this
relay and when the winding 222 'is energized
the contact 231 closes the circuit between the
terminals 229 and 230 whereupon -circuit is
closed to the winding 232 of the magnetic clutch
relay through conductor 233 in which the low
bressure switch 234 (Fig. 1) and the high pres-
sure switch 23§ (Fig. 1) are provided, these two
switches normally being closed. The switch 234
opens circuit to the magnetic clutch relay to
stop the compressor when the suction pressure
of the compressor drops to a predetermined
minimum, and the switch 235 opens circuit to
this relay when the discharge pressure of the

compressor reaches a predetermined maximum:-

The winding 232 is also connected to the con-

“ductor (17 by a conductor 236 so that when

circuit is closed between the contacts 229 and
230 this winding is energized. When the wind-
ing 232 is energized, the armature 237 is at-
tracted and attraction of this armature causes
the contact 238 to close the circuit between the
terminals 239 and 240 and the contact 241 to
close the circuit between the terminals 242 and
243. The magnetic clutch 25 and the winding
of the solenoid of the valve 30 are connected
to the terminals 240 and 243 by conductors 244
and 245, respectively. The terminal 239 is con-
nected to the terminal 246 by a conductor 247
and the terminal 246 is connected to the dis-
tributing wire (1T by a conductor 248 which is
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a continuation of the conductor 159. The ter-

“minal 242 is connected to a terminal 249 by a

conductor 250 and the terminal 249 is connected
to the distributing wire 118 by a conductor 251
which is a continuation of the conductor I60.
Thus when the contacts 238 and 241 close cir-
cuit between their cooperating terminals the
magnetic clutch 25 is engaged and the valve 20
is opened.

The foregoing circuits remain closed so long
as the thermostat §25 is closed but if the tem-
perature of the air affecting this thermostat
falls below the setting of the thermostat it opens
and thereupon the winding 30 of the valve 41
relay is deenergized and this opens the circuit
to the solenoids of the valves 41 and 59 which
thereupon close. However, the compressor Cc2
continues to operate but this reduces the pres-
sure in the pipe 66, strainer 61 and pipe 62, and
when a predetermined low- pressure is reached
in these parts the switch 234 operates to open
the circuit to the winding 232 of the magnetic
clutch relay whereupon the magnetic clutch is
deenergized as well as the solenoid of the valve
30 and the clutch is disengaged, interrupting
operation of the compressor, and the valve 30
is closed. When, however, the temperature of
air surrounding the thermostat 125 rises to a
predetermined degree, the thermostat is again
closed whereupon thermic fluid is again supplied
to the heat exchanger 49 in a manner previously
described for this reenergizes the winding (30
and opens valves 4! and 59, and this raises the
pressure in the heat exchanger 49 and the pipe
80, strainer 8! and pipe 62 whereupon the low
pressure switch 234 closés and the winding 232
is reenergized to reengage the magnetic clutch
25 and open the valve 30.

When it is desired to refrigerate air flowing
over the heat exchanger 49 and also to refrig-
erate the tank 83, the relay windings {30 and
232 remain energized. However, the ice tank
thermostat 84 will close at this time and cur-
rent is supplied to this thermostat, when the car
is in operation, in the following manner:

A conductor 252 leads from the terminal 229
to the terminal 253 in the centrifugal switch
relay. Another terminal 254 is provided in this
relay and when the winding 222 is energized
a contact 255 closes circuit between the termi-
nals 253 and 258. Terminal 254 is connected to
the thermostat 84 by a conductor 2856. Thus
when the thermostat 84 closes,.circuit is estab-
lished through conductor {74 to winding 175 of
the ice tank relay whereupon the valves 13 and
16 are opened which, as described, permits ther-
mic fluid to circulate through the heat ex-
changer 68. As previously explained, the ener-
gizing of the winding 175 establishes another
circuit to the solenoid of the valve 89 in parallel
with the circuit to this solenoid established
throngh the valve &i relay.

When the tank 63 is to be refrigerated but air
flowing over the heat exchanger is not to be re-
frigerated, the thermostat {25 opens which breaks

the circuit to the winding $20 of the valve 41 relay -

_ and this opens circuit to the solenoid of the valve

75

4t and it also opens one of the parallel circults
to the valve 59, but this valve remains open in-

asmuch as the winding 175 of the ice tank relay .

will be energized by reason of the fact that the

thermostat 84 will be closed. Thus only the

valve 81 is closed which shuis off flow of thermic
ﬂmd to the heat exchanggr 49 but fiuid continues

o
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to flow through the heat exchanger 68 and re-
frigerates the tank 63.

The foregoing description describes the man-
ner in which the controls operate when the heat
exchanger 49 is to operate as an evaporator
but when this heat exchanger is to operate as a
heater the controls are arranged in the follow-
ing manner:

First, the blade 122 of the switch 121 is en-
gaged with the terminal 257. This disconnects
the thermostat 125 and renders the parts con-
trolled by this thermostat inoperative.

10

A conductor 258 leads from the terminal 257

to a terminal 259 in the magnetic clutch relay.
A terminal 260 is provided in this relay and cir-
cuit between these terminals iIs closed by a con-
tact 261. This arrangement is utilized to keep
the compressor C2 operating in event the com-
pressor has been supplying thermic fluid to the
heat exchanger §8 so that any fluid in this heat
exchanger may be returned to the receiver 31 in

event the switch blade 122 is swung from engage-.

ment with the terminal 123 directly into engage-
ment with the terminal 257. Therefore, a con-
ductor 262 leads from the terminal 260 to one
end of the winding 263 of the heating relay. A
conductor 264 leads from the other end of this
winding to the conductor 131. However, if the
compressor C2 has been operating, the winding
232 will have been energized and therefore the
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contact 261 will be disengaged from the contacts . -

259 and 260 with the result that circuit is not
closed to the winding 268 as soon as the blade
122 engages the terminal 257. When- the blade
122 disengages the terminal 123, circuit through
conductor 182, terminal 180, contact {79, termi-
nal 181, conductor 183, solenoid of valve 13 and
conductor (88 is broken and valve 13 closes s@
that no more fluid is supplied to the evaporator
68. I have already explained that, when blade

122 disengages contact 1283, circuit to the thermo-

stat 125 is interrupted and that valve 41 is there-
fore closed. However, the valves 59 and 70 re-
main open and when the winding 232 is ener-
gized and the compressor continues to operate
until the pressure in pipe 60 reaches a predeter-
mined minimum, the low pressure switch 234
opens and breaks the circuit to winding 232, thus
deenergizing the magnetic clutch relay 232, dis-
engaging the clutch and closing valve 38. This
will not occur until substantially all of the ther-
mic fiuid has been returned to the receiver 3l1.
However, as soon as the winding 232 is deener-
gized the contact 26! bridges the terminals 259

and 260 and closes circuit to the winding 263

whereupon the armature 265 of the heating relay
is attracted. When the armature 265 is attract-
ed, the contact 195 is disengaged from the termi-
nals 193 and 194 and circuit to the centrifugal
switch is broken and operation of the parts con-
trolled by the centrifugal switch relay will be
prevented until the heating device relay is de-
energized which will not occur until the blade 122
is disengaged from the terminal 257.

In order for vapor from the receiver 31 to

. circulate to the heat exchanger 49, it is necessary

that the valve 86 be opened and this is brought
about as soon as the winding 263 of the heating
device relay is energized. Terminals 266 and
267 are provided in the heating relay and a con-
tact 268 on the armature 285 is adapted to close
the circuit between these terminals. The termi-
nal 266 is connected to conductor 269 by a con-
ductor 270. 'The conductor 269 is connected to
terminal 97, A conductor 271 leads from the
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termlnal 207 to the winding of the solenoid of
valve 88 and a conductor 272 connects the other
end of this winding to a conductor 273 that is
connected to distributing wire {18. Thus when
the contact 268 closes the circuit between the
terminals 266 and 267, the solenold of valve 86
is energized and this valve is opened.

The valve 51 must also be opened when the heat
exchanger 48 is operating as a heater in order
to by-pass the thermic fluid about the expansion
valve 43 and to this end terminals 274 and 275
are provided in the heating rela.y, -and when the
contact 218 closes circuit between these termi-
nals the winding of the solenoid of valve 51 is
energized, current flowing from conductor 269
through conductor 277, terminal 274, contact
216, terminal 218, conductor 278, winding of the
solenoid of valve 61, conductor 279 to conductor
213,
 The valve 41 must now be opened to permit
the thermic fluid by-passed about the expansion
valve 43 to return to the receiver 31 and to this
end a conductor 280 leads from the conductor
269 to a terminal 281 in the heating relay. When
the heating relay is energized, a contact 282
closes the circuit between terminal 281 and a
terminal 283 to which a conductor 284 is con-
nected that Jeads to one terminal of the winding
of the solenoid of valve 41 and the other termi-
nal of this winding is connected to the conductor

(I8 by conductor 139. Closing of this circuit

opens valve 41,

The motor operated valve 89 is also controlled
by the heating relay and a pair of terminals 285
and 288 are provided in the relay between which
circuit is stored by a contact 287 when the wind-
ing 263 is energized. A conductor 288 is con-
nected to the {erminal 286 and to one terminal
of the opening motor 289 of the motor operated
valve 89. A conductor 280 leads from the other
terminal of the motor 289 to the wire 131. A con-
ductor 281 is connected to the terminal 285 and
to a terminal 292 in the thermostat 283. A con-
ductor 294 is connected to the terminal 285 in
the thermostat and to a terminal 296 in the heat-
ing relay. A conductor 287 connects the termi-

“nal 286 with the conductor 269. A conductor

70
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288 leads from the terminal 299 in the thermo-

stat 293 to a terminal 300. A conductor 3061 leads .

from the terminal 300 to one terminal of the
cloging motor 302 of the motor operated valve 89.

When the winding 263 is energized and the
contact 287 closes the circuit between the termi-
nals 285 and 286, the motor operated valve 89 is
under control of the thermostat 283. The ter-
minal 295 of the thermostat is connected to the
conductor 268 which in turn is connected with the
distributing line t11.- When the blade 303 of the
thermostat moves into engagement with the con-
tact 292 circuit is closed through the opening mo-
tor 289 as follows: From terminal 282 through
conductor 281, terminal 289, contact 2817, terminal
2886, comductor 288, motor 289, conductor 290 to
conductor 131 and thence to distributing wire 118,
This operates to open the valve 88 and admits
steam into the coil 87 which occurs when the tem-
perature in the car falls below a predetermined
minimum. When the temperature in' the car
rises above a predetermined maximum, the blade
383 moves into engagement with the terminal 299
and circuit is closed through conductor 288, ter-
mina] 308, conductor 381, motor 302 and conduc-
tor 290, and this motor then operates to close

the valve 89. It will be understood that when
either the contact 282 or the contact 298 is en-
\
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gaged by the blade 303 either the motor 289 or
the motor 302 is set in .operation. Each motor
operates only to open or close the valve, which-
ever its function may be, and a limit switch in
the motor (not shown) breaks the circuit after
the function has been performed.

‘When the heating relay 263 is deenergized, it is
essential that the valve 89 be closed and to this
end a terminal 304 is provided in the relay which
is associated with the termingl 296. When the
relay is deenergized a contact 305 closes circuit
between the terminals 296 and 304 and current is
supplied to the motor. 302 as follows: From con-
ductor 269 through conductor 2917, terminal 296,
contact 305, terminal 304, conductor 306, terminal
300, conductor 301, motor 302, and conductor 290
to conductor 131, and this so operates the motor
302 that the valve 89 is closed, the limit switch in
the motor interrupting this circuit when the
valve 89 attains closed position.

When the blade 122 is in the off position, that
is, disengaged from both the terminals 123 and
251, the car heating and cooling devices are both
rendered inoperative but the contact 195 in the
heating relay closes the circuit between the con-
tacts 193 -and 194 and energizes those parts of
the apparatus controlled by the ice tank thermo-
stat 84 so that the compressor C2 may be operated
to supply thermic fluid to the heat exchanger 68
to refrigerate the tank 63 when the car is in mo-
tion. - Of course, when the car is at rest circuit to
the magnetic. clutch relay is opened by reason of
the fact that the centrifugal switch relay will be
opened, and therefore even though the ice tank
thermostat 84 is closed the compressor C2 will
not be operated but when the car is in motion
and the thermostat 84 is closed the compressor
will be operated and the tank 63 will be refrig-
erated.

In event the system shown in F1g 1 was to be
used only for refrigerating air flowing over the
heat exchanger 49, the by-pass pipe 50 and the
valve 51 therein could be eliminated as could the
valve 59.  Purthermore, the condenser 29 could
be directly connected in the pipe 32 of the re-
ceiver and the valve 30, fitting 33, valve 86 and
pipe 85 could be omitted and the pipe 55 would
be directly connected to the pipe 57 thereby elim-
inating the T-fitting 56. Furthermore, the heat-
ing coil 87 and its associated parts would be elim-
inated. The remaining parts would be operated
in the manner previously described.

In Fig. 2 an air refrigerating and heating sys-

‘tem much like that shown in Pig. 1 is disclosed

but herein a boiler B is provided instead of pro-
viding the coil 81 in the receiver 31. Similar

_ parts in Pigs. 1 and 2 are numbered identically

and the pipe §5 of Fig. 2, like the pipe 55 of Fig. 1,
leads to the back pressure valve 53 and the pipe
39 in Pig. 2 leads to the T-fitting 40 and has the

valve 41 therein. The pipe Tl leads to T-fitting

712 and the pipe 69 is connected to the heat ex-
changer 68, and these parts as well as the ice
tank 63 are identical with similar parts shown in
Fig. 1.

In the system shown 1n Fig. 2 & pipe 307 is
conneeted-to-the discharge of the pump 37 and
has'a solenocid valve 308 therein. The pipe 307 is
connected to & T-fitting 809 to which the pipe
39 is connected. A pipe 310 is connected to the
fitting 309 and leads to the boiler B. A solenoid
valve 311 is provided in the pipe 310 to conirol
flow therethrough. A pipe 85a leads from the
boiler B to the T-fitting 56 and has the valve 86

" therein, A liquid level control 312 or the like is
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provided for maintaining a supply of thermic
fluid in the boiler B. The steam inlet pipe 88
leads from these parts and has the trap 91 therein
and this pipe and trap function in precisely the
same manner as in the system of Fig. 1.

The system shown in Fig. 2 is operable under all
of the conditions previously described, that is to
say, the system shown in Fig. 2 may be operated
under the Condition G as well as under the other
conditions. C

Condition A—Fig. 2

When a car is initially placed in service and
it is to be cooled, a supply of ¢racked ice or other
refrigerating medium is introduced into the tank
63 as was done in the system shown in Fig. 1
and the system of Fig, 2 is arranged as follows:
The valves 308 and 41 are opened to permit flow
of thermic fluid, that is, liquid refrigerant,
through the expansion valve 43 into the heat ex-
changer 49 as air flowing over the heal ex-
changer is refrigerated. Reirigerant or fluid
vaporized in the heat exchanger 49 flows back
through pipe 52, back pressure valve 53, pipe 55,
fitting 56, pipe 57 and opened valve 59, fitting 58,
pipe 69 and opened valve 10 to the heat exchanger
68, and since the tauk is filled with cracked ice
the vaporized refrigerant or heated fluid is lique-
fied or cooled as it flows through the heat ex-
changer 68 and the fluid flows through pipe 80 to
fitting 79. The fluid is by-passed about the ex-
pansion valve 15 through pipe 81 past opened
valve 82 and flows to fitting 35 where, as explained
in connection with the system of Fig. 1, it flows
either through the pipe 34 into the receiver 3i
or through pipe 386 to the pump 37 by which it is
forced to the expansion valve 43 and in this sys-
tem, as in the system of Fig. 1, equilibrium Iis
soon established between the action of the heat
exchangers 49 and 68.

The valves 51, 30, 86, 89 and 311 are closed un-
der this condltlon of operation.

Condition B—Fig. 2

‘When the refrigerating mechanism is to be.

operated to supply thermic fluid only to the heat
exchanger 48, the valve 41 is opened as well as
the valve 308 and the valve 51 is closed. The
valve 59 is opened as well as the valve 30. The
valves 51, 10, 88, 86, 13, 82 and 311 are closed.

With the valves arranged in this manner fluid
may flow from the receiver 31 throuzh opened
valves 308 and 41 into the heat exchanger 49
under the control of the expansion valve 43 which
operates in the usual way to control refrigeration
in the heat exchanger. The fluid returns through
opened valve 59 to the compressor C2 from
whence it flows through the condenser 29 and
past opened valve 30 into the receiver 31. The
heat exchanger 68 is isolated from the system be-
cause the valves 13 and 10 are closed and no fluid
flows into the boiler B because the valve 311 is
closed.

Condition C—Fig. 2

When the refrigerating mechanism is to be
operated not only to supply thermic fluid to the
heat exchanger 49 but also to the heat exchanger
68 so as to freeze water -or cool liquid.dn the tank
63, the valves 70 and 73 are opened in addition
to the valves which are opened under Condition
B, the other valves closed under Condition B re-
maining closed. Therefore, refrigeration is
effected in the heat exchanger 68 as well as in
the heat exchanger 49.
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Condition D—Fig. 2
When thermic fluid is to be supplied to the

heat exchanger 68 but not to the heat exchanger

49, the valves 308 and 41 are closed as well as the
valve 51 and this shuts off the supply of fluid to
the heat exchanger 49. The other valves are ar-
ranged as under Conditions B and C and fluid
is circulated only through the heat exchanger 68.

Condition E—'oFig 2
When the car stops or moves so slowly that
operation of the compressor C2 is interrupted
and refrigeration of air flow over the heat ex-
changer 49 is to be continued, the ice stored in
the tank 63 is utilized to condense the refrigerant
or fluid vaporized or heated in the heat exchanger

10
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49 and the system is operated the same as it is

opera,ted under Condition A.
Condition F—th 2

When the heat exchanger 48 is to function as
a heater the system is arranged as follows: Valve

89 is operated by a thermostat responsive to the’

temperature of air leaving the heat exchanger
and steam or other heating medium is supplied
to the heating ‘parts of the boiler B which vapor-
izes or heats thermic fluid supplied to the boiler
through the pipe 310 past opened valve 3il. The
heated fluid flows through pipe 85a past opened
valve 86, fitting 56, pipe 55, back pressure valve
53, pipe 52 into the heat exchanger 49. The fluid
then flows out pipe 48 to fitting 47 from whence
it passes through pipe 50 past opened valve 51 to
pipe 39 through opened valve 41 to fitting 309.
Valve 308 is closed.at this time to prevent the
flow of fluid to the receiver 31. The valves 30,
59, 70, 13 and 82 are closed and isolate the heat
exchanger 68 from the system.

20

In event the supply of fluid in the boiler B is -

insufficient, the liquid level control 312 or the like
becomes operative and closes the circuit to the
solenoid of the valve 308 and to the motor 38
whereupon the pump 31 is operated to withdraw
fluid from the receiver 31 and force it into the
boiler B.

In event the fluid level is too high in the boiler
B, the liquid level control 312 or the like again
operates but under -this condition of operation
only the solenoid of the valve 308 is energized, and
when this valve opens fluid drains from the
boiler B back into the receiver 31 since the boiler
is mounted at a higher level than the receiver.

Condition G—Fig. 2

In event a car equipped with the system shown
in Fig. 2 is to be run from a cold climate into a
warm climate, it is desirable to accumulate
energy so that when the car enters the warm
climate refrigeration of air flowing over the heat
exchanger 49 may be immediately effected even
it the car is at rest, and it is desirable under

these conditions to operate the system to supply’

thermic fluid to the heat exchanger 49 as under
Condition F and to supply fluid ¢o the heat ex-
changer 68 as under Condition D and to this end
the valves are arranged as under Condition F
except that the valves 30, 70 and 13 are opened.
The compressor C2 is set in operation and
vaporized or heated refrigerant or fluid is with-
drawn from the heat exchanger 68 through pipe
69 past opened valve 18 to the fitting 58, closed
valve 59 preventing flow through the pipe 57.
From the fitting 58 the fluid returns to the com-
pressor C2 from whence it is discharged into the
condenser 29 and refrigerant or fluid liquefied or !
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cooled in the condenser flows into the receiver 31.
‘The valve 308 remains closed except when fluid
is to be supplied to or withdrawn from the boiler
B as under Condition F, but since this function-
ing of the valve 308 will rarely be necessary satis-
factory operation of both heating the car and
refrigerating the tank 63 may be carried out
simultaneously.

In event the system shown in Fig. 2 is to be
used only for refrigerating air flowing over the
heat exchanger 49, the boiler B could be elimi-
nated and, of course, the means for supplying
heat thereto and the pipe 85q and the valve 86
could be eliminated and an elbow would be sub-
stituted for the T-fitting 56. Furthermore, the
pipe 318 and the valve 311 therein as well as the
fitting 309 and the valve 308 could be eliminated
and in this event the pipe 38 would be directly
connected to the pump 37 as in Fig. 1.

A control system such as that shown in Fig. 13
can be provided for the system shown in Fig. 2
or, as explained in connection with the system

" of Fig. 1, another type of control system may be

45
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used. By referring to the system shown in Fig.

13, I believe it will be apparent that by the use

of relays such as those disclosed therein the de-
scribed operation of the valves of the system of
Fig. 2 under the various conditions of operation
can be brought about automatically as is done by
the control system of Fig. 13.

The form of air refrigerating and heating sys-
tem shown in Fig. 4 is much like that shown in
Figs. 1 and 2 but in place of providing a heating
coil in the receiver as is done in the system of
Fig. 1 or a boiler B as is done in the system of
JFig. 2 the ice tank is utilized as a means for heat-
ing the thermic fluid for heating purposes. This
system like the system of Fig. 1 cannot operate
under Condition G.

In Fig. 4 the pipe 85 and the valve 88 are
omitted inasmuch as the pipe §8a serves in this
instance to supply thermic fluid for heating pur-
poses to the pipe §5.

A solenoid valve 313 is provided in the pipe 36a
which interconnects the fitting 35 with the pump

31. Furthermore, a pipe 387 leads from the pump .

31, as in the system of Fig. 2, to a fitting 309.
The pipe 39 is connected to the fitting 389 and
leads to the expansion valve 43 and has valves
41 and 308a therein. A pipe 3{8a leads from the
fitting 389 to a fitling 314 and has a valve 3ila
therein. A pipe 88a leads from the fitting 78
to the fitting 314. A pipe 31§ connects the fitting
314 to the heat exchanger 8 in the tank $3a.
The pipe 68a leads from the healt exchanger §8
to a fitting 36a to which the pipe 86 is connected,
and the valve 18 is provided in the pipe $8a. A
pipe 88a leads from the fitting §6a to the strainer
61 for in this form of the invention the fitting 58
and the pipe 68 are not required. The va.lve 58
is provided in the pipe 68a.

The steam supply pipe 88 having the tempera-

ture responsive valve 89 therein leads directly:

into the tank 63a and a pipe 38a leads from the
tank €3 and affords a steam discharge, this pipe
having the usual steam trap 81 therein. How-
ever, a solenoid valve 318 is provided in the pipe
90a ahead of the steam trap 91. The water sup-
ply pipe 64 leads into the tank 63a and has a
solenoid valve §5a therein. A liquid level control

~ 312a or the like is provided in association with
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the tank 63a and is connected to the fitting 314
and a fitting 317 in the pipe §%a _adjacent -the
heat exchanger 68.

. The operation of the system shown In Fig. 4

11

under the various conditions of opera.tion is as

follows:
Condztwn A—Fig. 4

The solenoid valve 316 is opened to drain water
or other liquid from the tank 63a and after the
tank is drained this valve is closed. 'The tank

63c is then filled with cracked ice as under Con-

dition A in the systems shown in Figs. 1 and 2.
The thermic fluid, that is to say, liquid refriger-
ant admitted into the heat exchanger 49 under
control of the expansion valve 43 is vaporized in
the heat exchanger 49 and flows back through
pipe 52, back pressure valve 53 and pipe 55 to
fitting Ssa Valve 58 is closed so that the vapor-
ized refrigerant is prevented from flowing through
the pipe 68a to the compressor C2. However,
the valve T8 is opened and the refrigerant flows
through pipe 69a to the heat exchanger 68 where-
in it is liquefied. The liquid refrigerant flows
through pipe 315 to fitting 314 but flow through
pipe 3i8a is prevented by closed valve 3ila.
From fitting 314 the liquid refrigerant flows
through pipe 88a to fitting 79 and it is then by-
passed about the expansion valve 15 through
pipe 81 past opened valve 82 to fitting 72 from
whence it flows through pipe Ti past opened valve

13 to the fitting 35. The liquid refrigerant may

return to the receiver 3f through pipe 34 or it will
flow through pipe 36a past opened valve 313 to
the pump 31, the refrigerant dividing at fitting 3%
in the manner set forth more fully in the deserip-
tion of the system shown in Fig. 1 when operat-
ing under Condition A. ILiquid refrigerant flow-
ing to the pump 317 is forced by the pump through
pipe 307, fitting 308 and through pipe 39 to ex-
pansion valve 43 past opened valves 308a and &i.

In addition to the valves 59 and 31 ia, the valves
Si, 30, 88, §5a and 31§ are closed under this con-
dition of operation.

Condition B—Fig. 4

‘When thermic fluid, that is to say, refrigerant,
is to be supplied only to the heat exchanger 49,
the valves 313, 388a and &1 are opened so that
liquid refrigerant may flow from the receiver 31
to the heat exchanger 49 under control of the
expansion valve #3. A refrigerant vaporized in
the heat exchanger 49 is returned through pipe
§2, back pressure valve 53 and pipe 55 to fitting
S€a. The valve 18 is closed so that the vaporized
refrigerant is prevented from flowing through
pipe §8a but valve §9 is open so that the refriger-
ant can be drawn through the pipe 68a by the
compressor C2. Compressor C2 forces the refrig-
erant to the condenser 29 and past the opened
valve 38 into the receiver 3. The valves 5i, 13,
82 and 3{la are closed so that liquid refrigerant
cannot flow to the heat exchanger 68, and the
valves 88, §5a and 316 are also closed.

Condition C—Fig. 4

When refrigerant, the thermic fluid, is to be
supplied to the heat exchanger 68 {o freeze water
or cool liquid in the tank 63a, it is first ascer-

tained whether or not there is a sufficient sup- -

ply of water or liquid in the tank and if not the
valve 88a is opened to fill the tank 63a up to the
level of the overflow device 66. Then the valves
which were opened under Condition B are opened
and also the valves 13 and 70 are opened so that
liquid refrigerant may flow to the heat exchanger
68 through the opened valve 13 under control of
the expansion valve 15 and so that refrigerant
vaporized in the heat exchanger 68 may be re-

10

15

25

70

turned through the pipe §9a past opened vaive 18 75
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to the fitting 56a from whence the refrigerant is
drawn through pipe 60a by the compressor C2.
The valves other than the valves 13 and 70

which were closed when the system shown in Fig.
4 was operating under Condition B remain closed

when the system is operated under Condition C..

Condition D—Fig. 4

When thermic fluid is to be supplied only to
the heat exchanger 68, the valves 308a and &1
are closed. The other valves are arranged in

. the same manner as the valves are arranged when
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the system is operating under Condition C, and
since the supply of fluid to the heat exchanger 49
is shut off by closing the valves 308a and &1, fluid
is supplied only to the heat exchanger 68.

Condition E—Fig. 4

When the car stops or moves so slowly that
operation of the compressor C2 is interrupted and
refrigeration of air flow over the heat exchanger
49 is to be continued, the ice or cooled liquid stored
in the tank 63 is utilized to condense or cool the
thermic fluid vaporized or heated in the heat ex-
changer 49 and the system is operated the same
as it is operated under Condition A.

Condition. F—Fig. 4

‘When the system shown in Fig. 4 is to be oper-
ated to supply thermic fluid to the heat exchanger
49 for the purpose of heating air flowing over this
heat exchanger, the valves 59, 30, 313, 73 and 82
are closed. The valves 18, 56, 4{, 388a and 3ila
are opened. The temperature responsive valve 88
operates to supply steam, as required, into the
tank 63a and the valve 316 operates to pernit
water or other liquid accumulated in the tank 83
to be discharged therefrom. The valve 65a re-
mains closed at this time to shut off water or
other liquid from the tank 63a. Steam admitted
into the tank 63a heats the thermic fluid in the
heat exchanger 68 and this heated fluid circu-
lates through the heat exchanger 49 to heat air
flowing over this heat exchansger, and in event
the liquid level in the heat exchanger 68 falls
the liquid level device 3i2a or the like operates
to open the valve 313 and start the motor 38 so
that the pump 37 may withdraw fluid from the
receiver 3{ through pipe 34, fitting 35 and pipe

86a and the fluid so withdrawn is forced through"

pipe 367, fitting 309, pipe 3108a, fitting 314, pipe
315 to the heat exchanger 68. If the thermic fluid
supply in the heat exchanger rises, the liquid
level device 3i2a or the like opens the valve 313
so that the fiuid may drain back into the receiver
31 inasmuch as the tank 63a is mounted at a
higher level than the receiver 31.

If the system shown in Fig. 4 was to be used
only for refrigerating air flowing over the heat
exchanger 49, the valves 51, 59, 308q, 313 and 31la
could be eliminated as well as pipe 318a and the
fittings provided for connecting this pipe. More-
over, a manual valve could be used in place of
the solenoid valve 65a.

In Figs. 5, 6, 9 and 10 a multi-cylinder com-
pressor C3 is illustrated which can be substituted
for the compressor C2 in the systems illustrated
in Figs. 1, 2 and 4. If this substitution is made
it is not necessary to change the connections to
the high pressure side of the compressor for in-
sofar as the high pressure connections are con-
cerned the compressors are interchangeable.
However, the low pressure connections of the
compressors must be changed in the manner now
to be described.

2,207,729

‘When the compressor -C3 is substituted for the

compressor C2 in the system shown in Fig. 1, the-

low pressure or suction connections are made as
shown in Fig. 5. This pipe 60b is connected to
the fitting 96 instead of the pipe 57 and this pipe
80b leads to a strainer 61a similar to the strainer
6i. The valve 59 is provided in the pipe 60b.

The pipe 85 leads to the T-fitting 33 just as is .

done 'in Fig. 1. The pipe 62a leads from the
strainer 6fa to a solenoid valve 318 and fittings

319 are provided in the pipe 62a to which the

inlets 320 (Fig. 6) to the first three cylinders of
the compressor C3 are respectively connected.

The pipe 69 leads from the heat exchanger 68
to a coupling 321 to which a pipe 60c is connected
that leads to a strainer 6ib. A pipe 62b leads.
from the strainer 61b to the solenoid valve 318
and a fitting 34%a is provided therein to which
the inlet 320a of the fourth cylinder of the com-
pressor is connected.

When the compressor C3 is substituted for the
compressor C2 in the system shown in Fig. 2, the
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high pressure connections of the compressor are

the same as shown in Fig. 2 but the pipe 60b is
connected to the fitting 56 and the valve 59 is
provided therein. The pipe 69 again leads from
the heat exchanger 68 to the coupling 321 and
the pipe 60c leads from the coupling 32{ to the
strainer 61b. The connections .between the
strainers 6f{a and 61b are the same as in Fig. 5.
In this instance the pipe %5a¢ is connected to
the boiler B just as this pipe is connected in the
system shown in Fig. 2.

When the compressor C3 is substituted for
the compressor C2 in the system shown in Fig.
4, the high pressure connections are the same
as those described for the system shown in Fig.
4. However, the low pressure connections are
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made as shown in Fig. 10, that is to say, the pipe

680 is connected to the fitting 56a and the valve
59 is provided therein. The pipe 69¢ in this in-
stance leads from the heat exchanger 68 and is
connected to the fitting 56a and the valve 10a is
provided therein. Furthermore, a T-fitting 322
is provided in the pipe 69¢ and the pipe 60c is
connected to this T-fitting 322 and leads to the
strainer 6ib. A solenoid valve 322 is provided in
the pipe &0c in this instance. The connections
between the strainers 6fa and 6{b are the same
as those provided in the arrangement of Fig. 5.

The multiple cylinder compressor shown in
Figs. 5, 9 and 10 operate substantially the same
as the compressors shown in Figs. 1, 2 and 4 un-
der the various conditions of operation. AIl of
the various valves in the systems shown in Figs.
1, 2 and 4 operate under the various conditions
of operation in the same manner as that which
has been described except the valves 59 and T0.
Furthermore, when the multiple cylinder com-
pressor is used, some additional valves are pro-

" vided, and the operation of the valves 59 and 70
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and the additional valves under the various con-

ditions of operation when the multiple cylinder
compressor C3 is substituted for the compressor
C2 in the systems shown in Figs. 1, 2 and 4 will
now be described.

Condition A—Multiple cylinder compressor

When the compressor C3 is used in the system
of Fig. 1 in the manner shown in Fig. 5, the valve
59 is open under Condition A and vaporized re-
frigerant, that is to say, thermic fluid, leads
through pipe 55 past opened valve 59 and through
pipe 68b to the strainer 6la and thence through

" pipe 62a, opened solenoid valve 318, pipe 62b,
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strainer 815, pipe 80c, coupling-321 and through
pipe 69 past opened valve 10.

Likewise, when the compressor C3 is substituted
for the compressor C2 in the system shown in
Fig. 2, vaporized refrigerant returns through pipe
85 to fitting 56 from whence it flows through pipe
60b past opened valve 59, through strainer 6la,
pipe 62a, opened valve 318, pipe 62b, strainer
61b, pipe 60c, coupling 321 and through pipe 68
past opened valve 70.

When the compressor C3 is substituted for the
compressor C2 in the system shown in Fig. 4,
vapor refrigerant returning through pipe 55 under
Condition A flows to fitting %6a but preferably
the valve 59 is closed as well as the valves 318
and 10 but the vaporized refrigerant may return
to the heat exchanger 68 through pipe 69a by
opening valve 323.

Condition B—Multiple cylinder compressor
When the multiple cylinder compressor C3 is

substituted for the compressors C2 used in the

systems shown in PFigs. 1, 2 and 4, all four cylin-
ders thereof may be utilized under Condition B
inasmuch as the heat exchanger 68 is not oper-
ating as an evaporator under this condition.
Therefore, the valves 710 will be closed in each
of the arrangements shown in Figs. 5, 9 and 10
but the valves 318 will be open. The vaporized
refrigerant, that is to say, thermic fluid, return-
ing from the heat exchanger 49 will flow through
pipe 55 into fittings 56 or 56a and through pipes
60b past opened valves 59 and into the pipe 62a
and 62b. In the system as shown in Fig. 10 the
valve 323 will be closed under this condition of
operation. .

Condition C—Multiple cylinder compressor

When the multiple cylinder compressor C3 is
substituted for the compressor C2 used in the
systems shown in Figs. 1, 2 and 4, the operation
of the compressor C3 is quite different from the
operation of the compressor C2, for the first three
cylinders of the compressor C3 withdraw thermic
fluid from the heat exchanger 49 while the fourth
cylinder of the compressor withdraws fluid from
the heat exchanger 68.

Therefore, in the systems as shown in Figs. 5,
9 and 10 both the valves 59 and 710 are opened
but the valves 318 are closed. Under this condi-
tion of operation the valve 323 shown in Fig. 10 is
closed. )

Then in the system shown in Fig. 5 vaporized
refrigerant, that is to say, thermic fluid, from the
heat exchanger 49 flows through pipe 55, fitting
56, past opened valve 59 to flow through the in-
lets 320 and refrigerant from the heat exchanger
68 flows through pipe 69 past opened valve T0 into
pipe 60c and through the inlet 320a. -

In the system shown in Fig. 9, vaporized refrig-
erant returns from the heat exchanger 49 through
pipe 55 past opened valve 59 to flow through the
inlets 320, and refrigerant from the heat ex-
changer 68 flows through pipe 69 past opened
valve 10 to the inlet 320a.

In the system shown in Fig. 10, vaporized refrig-
erant returns through pipe 55 past opened valve
59 to the inlets 320 and refrigerant from the heat
exchanger 68 flows through pipe 69a to T-fitting
322 from whence it flows through pipe 80c past
opened valve 10 to the inlet 320aq.

It will be noted that it is imperative that the
valve 318 remain closed during this condition of
operation. TFurthermore, when a multiple cyl-
inder compressor is used in the manner shown
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in Figs. 5, 9 and 10, the back pressure valve 53
may be eliminated because the first three cyl-
inders of the compressor withdraw thermic fluid
from the heat exchanger 49 while the fourth cyl-
inder withdraws thermic fluid from the heat ex-
changer 68, and since these heat exchangers are
subjected to independent suction effects there
will be no tendency to equalize the saturation
pressures therein.

Condition D—Multiple cylinder compressor

Under this condition of operation since no
thermic fluid is returning from the heat ex-
changer 49, the valves 59 will be closed in the
systems as shown in Figs. 5, 9 and 10, However,
the valves 10 are opened in the systems shown in
these three figures so that fluid returning from
the heat exchanger 68 may be drawn into the
compressor and in this instance the valves 318
are opened so that the fluid is not only drawn
through the inlet 320a but also through the
inlets 320. The valve 323 in the system shown in
Fig. 10 is, of course, closed at this time,

Condition E—Multiple cylinder compressor

When the systems shown in Figs. ’1, 2 and 3 in-
clude the compressor C3 in place of the com-

" pressor C2, the systems operate precisely as de-

seribed under Condition A, Multiple cylinder com=-
pressor.

Condition F—Multiple cylinder compressor

When the system as shown in Fig. 5 is included
in the system shown in Fig. 1 and this system

is operated for heating, the valves 59, 318 and 10 .

are closed and heated thermic fluid flows from

the receiver 31 through the pipe 32 to fitting 33

past opened valve 86 into pipe 85 to fitting 66
and thence through pipe §5, the remainder of
the operation being the same as described under
Condition F, Fig. 1.

When the system shown in Fig. 9 is included in
the system shown in Fig. 2, the valves 59, 318 and
70 are closed and heated thermic fluid flows from
the boiler B into the pipe 85a past opened valve
86 to fitting 56 and thence through. pipe 53, and
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the remainder of the system operates as described .

under Condition F, Fig. 2.

When the system shown in Fig. 10 is included
in the system shown in Fig. 4, the valves 59, 318
and 10 are closed so that heated thermic fluid
flowing through the pipe 69¢ may flow past
opened valve 323 to fitting 56a from whence the
fluid flows through pipe 5%, and the system oper-
ates as described under Condition P, Fig. 4.

Condition G—Multiple‘cylinder compressor

Only the system shown in Fig. 9 can be used
to accomplish this condition and the system
shown in Fig. 9 is incorporated in the system
shown in Fig. 2 for this purpose. Under this con-
dition of operation since heated thermic fluid is
to flow through the pipe 85a from the boiler B,
the valve 86 is opened and the heated fluid flows
into the pipe §5. However, the valve 59 is closed
but the valves 318 and 70 are opened and the fluid
returning from the heat exchanger 68 through
pipe 69 can therefore flow through the inlets 320
as well as the inlet 320a. The remainder of this
system operates-precisely as described under Con-
dition G, Fig. 2.

In Figs.'7, 8, 11 and 12 a multiple effect com-
pressor C4 ‘is shown which can be substituted
for the compressor C2 in the systems shown in
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Figs. 1, 2 and 4 in the same manner as that in '
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which the compressor C3 was substituted for
these compressors. This multiple effect com-
pressor has strainers 6ic and 6id associated
therewith which correspond to the strainers 6ia
and 61b provided on the compressor C3. How-
ever, in this instance the pipe 62d leads from the
strainer 6id to a T-fitting 324 provided in the
pipe 62¢ which leads from the strainer 6fc. A T-
fitting 325 is provided in the pipe 62d and the
inlet 326 of the compressor C4 leading from the
crank case of the compressor is connected to this
T-fitting. A solenoid valve 318a, similar to sole-
noid valve 318, is provided in the pipe 62d be-
tween the T-fittings 324 and 325. 'The pipes 62¢
have fittings 327 therein to which the inlets 328
of the compressors C4 are connected and these
inlets communicate with the cylinders above the
lowermost position of the pistons P of the com-
pressors C4. The skirts of the pistons P are of
sufficient length that when the pistons attain
their uppermost positions they close off the inlets
328 so that there is no communication between
these inlets and the crank cases of the com-
pressors, :
The temperature maintained in the heat ex-
changer 49 is considerably higher than ,that
maintained in the heat exchanger 68 when these
heat exchangers are serving as evaporators.
Hence, the saturation pressure in the heat ex-
changer 49 is much higher than in the heat
exchanger 68. A valve V is provided in the head
of the piston P, and when this piston starts down-
wardly from its uppermost position the pressure
of thermic fluid in the crank case of the com-
pressor which is supplied thereto from the heat
exchanger 68 opens the valve V and the low pres-
sure thermic fluid in the crank case of the com-
pbressor is therefore admitted into the cylinder
above piston P. However, just prior to the time
the piston reaches its lowermost position the in-
let 328 is disclosed. Thermic fluid is supplied to
the inlet 328 from the heat exchanger 49 and

* this fluid is at a much higher pressure than that
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which is in the crank case and therefore as soon
as the inlet 328 is disclosed this high pressure
thermic fluid rushes into the cylinder above the
p}ston P, closing the valve V, and thereafter the
piston P starts to ascend and compresses the fluid

confined in the cylinder thereabove which is dis- -

charged through the pipe 28. :

By a comparison of Figs. 7, 11 and 12 with F’igs
9_, 10 and 11 it will be noted that the pipe connec-.
tions to the compressors C8 and the valves ar-
rgnged therein are the same as the pipe connec-
tions and the valves therein to the Compressors
C3. Therefore, under the various conditions of
operation the systems shown in Figs. 7,11 and 12
are connected precisely in the manner described
for the systems shown in Figs. 5, 9 and 10. More-
over, as explained in connection with the multiple
cylinder compressor, the back pressure valve 53
may be eliminated when a multiple effect com-
pressor is used.

In the foregoing description reference has been
made to supplying thermic fluid to the heat
exchanger 48 for.the purpose of cooling air flow-
ing thereover, but as will be understood when
refrigeration is effected in the heat exchanger 49
there will inevitably also be dehumidification of
the air and reference to refrigerating air flowing
over the heat exchanger 49, of course, includes
dehumidification of the air. :

Furthermore, it will be understood that an
electrical control system such as that shown in
Fig. 13 can be provided for any one of the systems
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and likewise other control systems can be used in

place of an electrical control system, as has been
explained, )

Reference has been made herein to accumulat-
ing energy by operating the compressor condens-

ing means to freeze water or cool liquid in the

tank 63 whereby thermal means is afforded for
cooling the thermic fluid or, more specifically, con-
densing vaporized refrigerant returning from the
heat exchanger 49. This statement may be criti-
cized because, in a strict sense, energy is not
accumulated by freezing the water or cooling
liquid for energy is extracted from the water or

- other liquid when it is converted into ice or cooled;

but inasmuch as I utilize this ice or cooled liquid
for performing work, that is to say, condensing
vaporized refrigerant returning from the heat
exchanger 49, I believe it is proper to refer to the
freezing of the water or cooling of the liquid in
the ice tank 63 as the accumulation of energy.

Furthermore, it is to be understood that the
compressor-condenser arrangement could be
omitted and the refrigerant could be circulated
through a tank like the tank 63 which would be
filled with ice or cooled liquid, such as a brine
solution, and the system would operate satisfac-
torily, the ice supply or cooled liquid being manu-
ally replenished from time to time. Under this
condition of operation a pump would be provided
for supplying the thermic fluid to the heat ex-
changer. Furthermore, such a system could be
used for heating purposes and this could be
attained by providing an arrangement much like
that illustrated in Fig. 4 and steam or other heat-
ing medium would be supplied to the tank which
I have described as being filled with ice.
such an arrangement was used for heating no
pump would need be provided for circulation
although, as in the illustrated form of the inven-
tion, the pump could be included in such instance,
which would be a centrifugal or bellows pump so
that free circulation therethrough would be pos-
sible.

Another arrangement for heating without the
use of a compressor-condenser would be to include
a boiler such as that shown in Fig. 2 and to make
such an arrangement adaptable for both heating
and cooling, a tank for receiving ice and having
a heat exchanger therein would be provided for
such a system would be much like that illustrated
in Fig. 2 without the compressor and condenser.

The invention is particularly advantageous for
the reason that substantially the same equipment
can be used for heating or for cooling air supplied
to a railway car or the like,
will function to heat or cool the air whether or
not the car is in motion. Furthermore, while I
have shown the various compressors as being

When.

Moreover, the device
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operated from the axle other source of motive .

power can be provided. For example, an electric
motor can be used and if this is done this motor
will be controlled in the manner I have described
for the magnetic clutch.

While I have illustrated and described selected .

embodiments of my invention it is to be under-
stood that these are capable of variation and
modification and I therefore do not wish to be
limited to the precise details set forth but desire
to avail myself of such changes and alterations as
fall within the purview of the following claims:

I claim:

1. In an air conditioning system, a heat ex-
changer over which air passes to be refrigerated
by vaporizing.condensed thermic fluid in the heat
exchanger or to be heated by condensing vapor-
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ized thermic heating fluid in the heat exché.nger,
,compressor-condenser means for condensing

thermic fluid vaporized in the heat exchanger and .

operable for returning the condensed thermic
fluid in its liquid phase to the heat éxchanger,
heating means for vaporizing thermic heating
fluid condensed in the heat exchanger for return
to the heat exchanger, means controlling flow of
thermic fluid to and from the heat exchanger to
the compressor-condenser means or the heating
‘means and operating to selectively supply con-
densed or vaporized thermic fluid to said heat
exchanger whereby air passing over the heat ex-
changer is selectively refrigerated or heated,
“means controlling the admission of condensed
thermic fluid to said heat exchanger during the
-cooling or refrigerating’ operation and forming a
portion of the cooling or refrigerating circuit,
and means for by-passing the thermic heating
fluid around said portion of the cooling or refrig-
‘erating circuit when vaporized thermic heating
fluid is supplied to said heat exchanger during the
heating operation. i

- 2. In an air conditioning system, a heat ex-
changer over which air passes to be refrigerated
by vaporizing condensed thermic fluid in the heat
exchanger or to be heated by condensing vapor-
ized thermic fluid in the heat exchanger, com-
pressor-condenser means to condense thermic
fluid vaporized in the heat exchanger and oper-
‘able to return the condensed thermic fluid to the
heat exchanger, thermal means for condensing
thermic fluid vaporized in the heat exchanger for
return to the heat exchanger, heating means for
vaporizing thermic fluid condensed in the heat
exchanger for return to the heat exchanger, and
means controlling flow of the thermic fluid to
and from the heat exchanger to the compressor-
condenser means or the thermal means or the
heating means and operating to selectively supply

condensed or vaporized thermic fluid to the heat .

exchanger whereby air passing over the heat
‘exchanger is selectively refrigerated or heated.
3. In an air conditioning system, a heat ex-
changer over which air passes to be refriger-
ated by vaporizing condensed thermic fluid in the
heat exchanger or to be heated by condensing
‘vaporized thermic fluid in the heat exchanger,
compressor-condenser means to condense thermic
fluid vaporized in the heat exchanger and opera~
ble to return the condensed thermic fluid to the
heat exchanger, thermal means for condensing
thermic fluid vaporized in the heat exchanger
for.return to the heat exchanger, heating means
for vaporizing thermic fluid condensed in the
heat exchanger for return to the heat exchanger,
.means controlling flow of the thermic fluid to
and from the heat exchanger to the compressor-
condenser means or the thermal means or the
heating means and operating to selectively sup-
.ply condensed or. vaporized thermic fluid to the
heat exchanger whereby air passing over the heat
exchanger is selectively refrigerated or heated,
,means controlling the admission of condensed
thermic fluid to said heat exchanger and operat-

ing to regulate the refrigeration of air passing

over the heat exchanger, and means for by-pass-
ing the thermic fluid about the admission con-

trolling means when vaporized thermic fluid is

‘supplied to the heat exchanger. :

4. In an air conditioning system, a heat ex-
changer over which air passes to be refriger-
ated by vaporizing condensed thermic fluid in

- theheat exchanger or to be heated by condensing
: vaporized thermiec fluid in the heat exchanger,
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compressor-condenser means to condense thermic
fluid vaporized in the heat exchanger and opera~-
ble to return the condensed thermic fluid to the
heat exchanger, thermal means for condensing
thermic fluid vaporized in the heat exchanger,
means for circulating thermic fluid condensed
in the thermal means to the heat exchanger,
heating means for vaporizing thermic fluid con-
densed in the heat exchanger for return to the
heat exchanger, and means controlling flow of
the thermic fluid to and from the heat exchanger
to the compressor-condenser means or the
thermal means or the heating means and oper-
" ating to selectively supply condensed or vaporized
thermic fluid to the heat exchanger whereby air
passing over the heat exchanger is selectively
refrigerated or heated, said flow controlling
means including means for regulating the opera-
tion of said circulating means whereby said cir-
culating means is rendered operative when
vaporized thermic fluid is supplied to said
thermal means. . '

5. In an' air conditioning system, a heat ex-
changer over which air passes to be refrigerated
by vaporizing condensed thermie fluid in the heat
exchanger or to be heated by condensing vapor-
ized thermic fluid in the heéat exchanger, com-
pressor-condenser means to condense thermic
fluid vaporized in the heat exchanger and opera-
ble to return the condensed thermic fluid to the
heat exchanger, thermal means for condensing
thermic fluid vaporized in the heat exchanger,
means for circulating thermic fluid condensed
in the.thermal means to the heat exchanger,

heating means for vaporizing thermic fluid con- -+

_densed in the heat exchanger for return to the
heat exchanger, means controlling flow of the
thermic fluid to and from the heat exchanger to
the compressor-condenser means or the thermal
means or the heating means and Joperating to
selectively supply condensed or vaporized thermie
fluid to the heat exchanger whefeby air passing
over the heat exchanger is selectively refriger-
ated or heated, said flow controlling means in-

cluding means. for regulating the operation of-

said circulating means whereby said circulating
means is rendered operative when vaporized
thermic fluid is supplied to said thermal means,
means controlling the admission of condensed
thermic fluid to said heat exchanger and operat-
ing to regulate the refrigeration of air passing
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over the heat exchanger, and means for by-pass-:

ing the thermic fluid about the admission con-
trolling means when vaporized thermic fluid is
supplied to said heat exchanger. ' ‘

6. In an air conditioning system, a heat ex-
changer over which air passes to be refrigerated

- 65

by vaporizing condensed thermic fluid in the .

heat exchanger or to be heated by condensing
vaporized thermic heating fluid in the heat ex-
changer, thermal means for condensing thermic
fluid vaporized in the heat exchanger and for
conducting the condensate in its liquid phase to
the heat exchanger, heating means for vaporiz-

ing the thermic heating fluid condensed in the -

heat exchanger for return to the heat exchanger,
means controlling flow of thermic fluid to and
from the heat exchanger to the thermal means
or the heating means and operating to selectively
supply condensed or vaporized thermic fluid to
said heat exchanger whereby air passing over
the heat exchanger is selectively refrigerated or
heated, means controlling thé admission of con-
. densed thermic fluid to said heat exchanger dur-
ing the cooling or refrigerating operation and
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‘forming a portion of the cooling or refrigerating

circuit, and means for by-passing the thermic
heating fluid around said portion of the cooling
or refrigerating circuit when vaporized thermic
heating fluid is supplied to said heat exchanger
during the heating operation.

7. In an air conditioning system, a heat ex-
changer over which air passes to be refrigerated
by vaporizing condensed thermic fluid in the
heat exchanger or to be heated by condensing
vaporized thermic fluid in the heat exchanger,
means to condense thermic fluid vaporized in the
heat exchanger for return to the heat exchanger,
means to vaporize thermic fluid condensed in
the heat exchanger for return to the heat ex-
changer, control means for controlling operation
of the thermic fluid condensing means, control
means for controlling operation of the thermic
fluid vaporizing means, means for selectively
rendering one or the other of the control means
operative and the other of the control means
inoperative to thereby selectively supply con-
densed or vaporized thermic fluid to said heat
exchanger whereby air passing over the heat ex-
changer is selectively refrigerated or heated,
means controlling the admission of condensed
thermic fluid to said heat exchanger and operat-
ing to regulate the refrigeration of air passing
over the heat exchanger, and means for by-pass-
ing the thermic fluld about the admission con-
trolling means when vaporized thermic fluid is
supplied to said heat exchanger.

8. In an air conditioning system, a heat ex-
changer for affecting the temperature of air
flowing thereover, compressor-condenser means
for supplying condensed thermic fluid to said
heat exchanger to be evaporated therein and
lower the temperature of air flowing over the
heat exchanger, said compressor-condenser
means withdrawing and condensing evaporated
thermic fluid from said heat exchanger, heating
means for supplying vaporized thermic fluid to
said heat exchanger to be condensed therein and
raise the temperature of air flowing over the
heat exchanger, control means for the com-
pressor-condenser means, control means for the
heating means, selector means for selectively ren-
dering one of said control means operative and
the other of said control means inoperative
whereby condensed or vaporized thermic fluid
may be selectively supplied to said heat ex-
changer, and means for maintaining the control
means for the compressor-condenser means oper-
ative when said control means has been opera-
tive until the compressor has withdrawn the
evaporated thermic fluid from said heat ex-
changer and delivered it to the condenser when
said selector means is operated to render opera-
tive the control means for the heating means
whereby the evaporated thermic fluild is with-
drawn from the heat exchanger prior to the
admission of vaporized thermic fluid into the
heat exchanger.

9. In an air conditioning system for a railway
car or the like, a heat exchanger for affecting
the temperature of air supplied to the car, means
for supplying condensed thermic fluid to said
heat exchanger when the temperature of air
flowing thereover is to be lowered, means for
supplying vaporized thermic fluld to said heat
exchanger when the temperature of air flowing
thereover is to be raised, control means for con-
trolling operation of the means supplying con-
densed thermic fluid to said heat exchanger, con-

trol means for controlling operation of the means
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supplying vaporized thermic fluid to sald heat
exchanger, means for selectively rendering one
of said control means operative and the other
of said control means inoperative whereby con-
densed or vaporized thermic fluid may be se-
lectively supplied to said heat exchanger, and
means responsive to the speed of the car and
regulating operation of the means controlling
operation of the means supplying condensed
thermic fluid to said heat exchanger.

10. In an air conditivning system for a railway
car or the like, a heat exchanger for dffecting the
temperature of air supplied to the car, means for
supplying condensed thermic fluid to said heat
exchanger when the temperature of air flow-
ing thereover is to be lowered and including in-
dependent means for condensing thermic fluid
evaporated in said heat exchanger, means for
supplying vaporized thermic fluid to said heat
exchanger when the temperature of -air flowing
thereover is to be raised, control means for con-
trolling operation of the means supplying con-
densed thermic fluid to said heat exchanger, con-
trol means for controlling operation of the means

supplying vaporized thermic fluid to said heat.

exchanger, means for selectively rendering one of
said control means operative and the other of
said control means inoperative whereby con-
densed or vaporized thermic fluid may be selec-
tively supplied to said heat exchanger, and means
responsive to the speed of the car for selectively
rendering one of the condensing means operative
and the other of said condensing means inoper-
ative whereby the evaporated thermic fluid is se-

lectively condensed in one or the other of said.
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condensing means when condensed thermic fluid

is being supplied to said heat exchanger.
11. In an air conditioning system for a railway
car or the like, g heat exchanger for affecting the

temperature of air supplied to the car, means for,

supplying condensed thermic fiuid to said heat
exchanger when the temperature of air flowing
thereover is to be lowered and including inde-
pendent means for condensing thermic fluid

evaporated in said heat exchanger, means for

supplying vaporized thermic fluid to said heat ex-
changer when the temperature of air flowing
thereover to be raised, control means for con-
trolling operation of the means supplying con-
densed thermic fluid to said heat exchanger, con-
trol means for controlling operation of the means
supplying vaporized thermic fluid to said heat
exchanger, means for selectively rendering one
of said control means operative and the other of
said control means inoperative whereby con-
densed or vaporized thermic fluid may be selec-
tively supplied to said heat exchanger, means re-
sponsive to the speed of the car for selectively
rendering one of the condensing means operative
and the other of said condensing means inoper-
ative whereby the evaporated thermic fluid is se-
lectively condensed in one or the other of said
condensing means when condensed thermic fluid
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is being supplied to said heat exchanger, means .

for circulating condensed thermic fluid to said

densed  in one of said condensing means, and
means in the means responsive to the speed of the
car for rendering the circulating means inoper-
ative when evaporated thermic fluid is being con-
densed in the other of said condensing means.
12, In an air conditioning system for a rail-
way car or the like, a heat exchanger for affect-
ing the temperature of air supplied to the car,
means for supplying condensed thermic ﬂuid to
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‘heat exchanger when said thermic fluid is con-
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said heat exehanger when the temperature of air
flowing thereover is to be lowered, means for sup-
plying vaporized thermic fluid to said heat ex-
changer when the temperature of air flowing
thereover is to be raised, control means for con-
trolling operation of the means supplying con-
densed. thermic fluid to said heat exchanger, con~
trol means for controlling operation of the means
supplying . vaporized thermic fluid to said heat
exchanger, means for selectively rendering one
of said control means operative and the other. of
said control means inoperative whereby con-
densed or vaporized thermic fluid may be selec-
tively supplied to said heat exchanger, means re-
sponsive to the speed of the car and regulating
operation of the means controlling operation of
the means supplying condensed thermic fluid to
said heat exchanger, and temperature respon-
sive means for regulating the supply of condensed
thermic fluid fo said heat exchanger and oper-
able to regulate the lowering of the tempera-
ture of air flowing over said heat exchanger.
13. In an air conditioning system for a rail-
way car or the like, a heat exchanger for affecting
the temperature of air supplied to the car, means
for suppl-'ng condensed thermic fluid to said
heat exchanger when the temperature of air flow-
ing thereover is to be lowered, means for sup-

plying vaporized thermic fluid to said heat ex--

changer when the temperature of air flowingthere-
over is to be raised, control means for control-
ling operation of the means supplying condensed
thermic fluid to said heat exchanger, control
means for controlling operation of the means
supplying vaporized thermic fluid to said heat ex-
changer, means. for selectively rendering one of
said control means operative and the other of
said control means inoperative whereby con-
densed or vaporized thermic fluid may be selec-
tively supplied to said heat exchanger, means re-
sponsive to the speed of the car and regulating
operation of the means controliing operation of
the means supplying condensed thermic fluid to
said heat exchanger, and temperature responsive
means for regulating the supply of vaporized
thermic fluid to said heat exchanger and oper-
able to regulate the raising of the temperature of
air flowing over said heat exchanger.

14. In an air conditioning system for a railway
car or the like, a heat exchanger for affecting the
temperature of air supplied to the car, means for
supplying condensed thermic fluid to said ex-
changer when the. temperature of air fowing

thereover is to be lowered, meanhs for supply-"

ing vaporized thermic fluid to said heat ex-
changer when the temperature of air flowing
thereover is to be raised, control means for con-
trolling operation of the means supplying con-
densed thermic fluid to said heat exchanger, con-
trol means for controlling operation of the means

- supplying vaporized thermic fluid to said heat

exchanger, means for selectively randering one of

- said control means operative and the other of
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said control means inoperative whereby con-
densed or vaporized thermic fluid may be selec-

" tively supplied to said heat exchanger, means re-
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sponsive to the speed of the car and regulating
operation of the means controlling operation of
the means supplying condensed thermic fluid to
said heat exchanger, temperature responsive
means for regulating the supply of condensed
thermic fluid to said heat exchanger and oper-

~able to regulete the lowering of the temperature

of air flowing over said heat exchanger, and tem-
perature responsive means for regulating the sup-

17
ply of vaporized thermic fluid to said heat ex-
changer and operable to regulate the raising of
the temperature of air flowing over said heat ex-

changer. :
15. In an air conditioning system for a railway

car or the like, a heat exchanger for affecting

the temperature of air supplied to the car, a
second heat exchanger immersed in a thermal
medium, refrigerating means for supplying con-
densed thermic fluid to either or both of said
heat exchangers, means for supplying vaporized
thermic fluid to the first heat exchanger, and
contro! means for regulating operation of the re-
frigerating means and the means for supplying
vaporized thermic fluid- whereby condensed ther-
mic fluid may be supplied to the first heat ex-
changer ‘to lower the temperature of air flowing

therecver or to the second heat exchanger to-

lower the temperature of the thermal medium or
to both the first and second heat exchangers to
lower the temperature of air flowing over the
first heat exchanger and to lower the tempera-
ture of the thermal medium simultaneously or
vaporized thermic fluid may be supplied to the
first heat exchanger to raise the temperature of
air flowing thereover.

16. In an air conditioning system for a rail-
way car or the like, 2 heat exchanger for affect-
ing the temperature of air supplied to the car,
a second heat exchanger immersed in a thermal
medium, refrigerating means for supplying con-
densed thermic fluid to either or both of said heat
exchangers, means for supplying vaporized ther-
mic fluid to the first heat exchanger; control
means for regulating operation of the refrigerat-
ing means and the means for supplying vaporized
thermic fluid whereby condensed thermic fluid
may be supplied to the first heat exchanger to
lower the temperature of air flowing thereover
or to the second heat exchanger to lower the tem-
perature of the thermal medium or to both the
first and second heat exchangers to lower the
temperature of air flowing over the first heat
exchanger and to lower the temperature of the
thermal medium simultaneously or vaporized
thermic fluid may be supplied to the first heat
exchanger to raise the temperature of air flow-
ing thereover, and means for circulating thermic
fluid condensed by the cooled thermal medium
to the first heat exchanger to lower the tempera-
ture of air flowing over said heat exchanger when
the refrigerating means is at rest.

17.In an air conditioning system for a railway
car or the like, a heat exchanger for affecting
the temperature of air supplied to the car, a
second heat exchanger immersed in a thermal
medium, refrigerating means for supplying con-
densed thermic fluid to either or both of said
heat exchangers, means for supplying vaporized
thermic fluid to the first heat exchanger, control
means for regulating operation of the refrigerat-
ing means and the means for supplying vaporized
thermic fluid whereby condensed thermic fluid
may be supplied to the first heat exchanger to
lower the temnerature of air flowing thereover

or to the second heat exchanger to lower the

temperature of the thermal medium or to both
the first and second heat exchangers to lower
the temperature of air flowing over the first heat
exchanger and to lower the temperature of the
thermal medium simultaneously or vaporized
thermic fiuid may be supplied to the first heat
exchanger to raise the temperature of air flowing
thereover, means for circulating thermic fluid

condensed by the cooled thermal medium to the
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first heat exchanger to lower the temperature of
air flowing over said heat exchanger when the
refrigerating means is at rest, and means re-
sponsive to the speed of the car for selectively ef-
fecting operation of the refrigerating means or
said circulating means to selectively control the
supply of condensed thermic fluid to said first
heat exchanger.

18. In an air conditioning system for a railway
car or the like, a heat exchanger for affecting
the temperature of air supplied to the car, a
compressor, a condenser, a receiver, a storage
tank containing a thermal medium having a heat
exchanger immersed therein, heating means in
said receiver, means controlling operation of the
compressor and heating means, pipe means inter-
connecting said heat exchangers, compressor,
condenser and receiver, valve means in said pipe
means for controlling flow of thermic fluid
through said pipe means, heat exchangers, com-
pressor, condenser and receiver and cooperating
with the control means to regulate the flow of
thermic fluid whereby condensed thermic fluid
may be supplied to either or both of said heat ex-
changers to effect refrigeration therein and ther-
mic fluid evaporated in said heat exchangers may
be returned to said compressor or thermic fuid
evaporated in the first-named heat exchanger
may be returned to the compressor or the heat
exchanger in said storage tank or thermic fluid
vaporized in said receiver by said heating means
may be supplied to the first-named heat ex-
changer,

19. In an air conditioning system for a railway
car or the like, a heat exchanger for affecting
the temperature of air supplied to the car, a
compressor, a condenser, a receiver, a storage
tank containing a thermal medium having a heat
exchanger immersed therein, heating means com-
prising a boiler, means controlling the operation
of said compressor and heating means, pipe
means interconnecting said heat exchangers,
compressor, condenser, receiver and boiler, valve
means in said pipe means for controlling flow of
thermic fluid through said pipe means, heat
exchangers, compressor, condenser, receiver and
boiler and cooperating with the control means
to regulate the flow of thermic fluid whereby con-
densed thermic fluid may be supplied to either
or both of said heat exchangers to effect refrig-
eration therein and thermic fluid evaporated in
said heat exchangers maybe returned to said com-
pressor or thermic fluid evaporated in the first-
named heat exchanger may be returned to the
compressor or the heat exchanger in said stor-
age tank or thermic fluid vaporized in said boiler
by said heating means may be directed to the
first-named heat exchanger.

20. In an air conditioning system for a rallway
car or the like, a heat exchanger for affecting
the temperature of air supplied to the car, a
compressor, a condenser, a receiver, a storage
tank adapted to receive a thermal medium and
having a heat exchanger therein, means for
supplying heat to said storage tank, means for
controlling operation of the compressor and for
regulating the flow of heat to said storage tank,
pipe means interconnecting said heat exchangers,
compressor, condenser and receiver, valve means
in said pipe means for controlling flow of thermic
fluid through said pipe means, heat exchangers,
compressor, condenser and receiver and cooperat-
ing with the controlling and regulating means
to regulate the flow of thermic fluid whereby
condensed thermic fluid may be supplied to either

2,207,720

or both of said heat exchangers to effect refrig-
eration therein and thermic fluid evaporated in
said heat exchangers may be returned to said
compressor or thermic fluid evaporated in the
first-named heat exchanger may be returned to
the compressor or the heat exchanger in said
storage tank or thermic fluid vaporized in the
heat exchanger in said storage tank when heat
is supplied to said tank may be supplied to the
first-named heat exchanger.

21. In an air conditioning system for a railway
car or the like, a heat exchanger for affecting
the temperature of air supplied to the car, a
compressor, & condenser, a receiver, a storage
tank containing a thermal medium having a heat
exchanger immersed therein, heating means in
said receiver, means controlling operation of the
compressor and heating means, pipe means inter-
connecting said heat exchangers, compressor,
condenser and receiver, valve means in said pipe
means for controlling flowof thermic fluid through
said pipe means, heat exchangers, compressor,
condenser and receiver and cooperating with the
control means to regulate the flow of thermic
fluid whereby condensed thermic fluid may be
supplied to either or both of said heat exchangers
to effect refrigeration therein and thermic fluid
evaporated in said heat exchangers may be re-
turned to said compressor or thermic fluid evapo-
rated in the first-named heat exchanger may be
returned to the compressor or the heat exchanger

in said receiver by said heating means may be
supplied to the first-named heat exchanger, said
compressor being of the multi-cylinder type, and
means controlling the connection of the cylinder
of said compressor to said pipe means whereby
selected of the cylinders of said compressor will
operate only on thermic fluid evaporated in the
first-named heat exchanger and other of the
cylinders will operate only on thermic fluid evapo-
rated in the heat exchanger in said storage tank
or all of the cylinders will operate on thermic
fluid evaporated in the first-named heat ex-
changer or in the heat exchanger in said storage
tank.

22. In an air conditioning system for a railway

- car or the like, a heat exchanger for affecting the

temperature of air supplied to the car, a com-
pressor, a condenser, a receiver, a storage tank
containing a thermal medium having a heat ex-
changer immersed therein, heating means com-
prising a boiler, means controlling the operation
of said compressor and heating means, pipe means
interconnecting said heat exchangers, compressor,
condenser, receiver and boiler;. valve means in
said pipe means for controlling flow of thermic

_fluid through said pipe means, heat exchangers,
compressor, condenser, receiver and boiler, and"

cooperating with the control means to regulate
the flow of thermic fluid whereby condensed ther-
mic fluid may be supplied to either or both of

said heat exchangers to effect refrigeration

therein and thermic fluid evaporated in said heat
exchangers may be returned to said compressor
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or thermic fluid evaporated in the first-named '

heat exchanger may be returned to the compres-
sor or the heat exchanger in said storage tank or
thermic fluid vaporized in said boiler by said
heating means may be directed to the first-named
heat exchanger, said compressor being of the
muiti-cylinder type, and means controlling the
connection of the cylinder of said compressor to
said pipe means whereby selected of the eylinders

of said compressor will cperate only on thermie i
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fluid evaporated in the first-named heat ex-
changer and other of the cylinders will operate
only on thermic fluid evaporated in the heat
exchanger in said storage tank or all of the cylin-
ders will operate on thermic fluid evaporated in
the first-named heat exchanger or in the heat
exchanger in said storage tank.

23. In an air conditioning system for a railway
car or the like, a heat exchanger for affecting the
temperature of air supplied to the car, a com-
pressor, a condenser, a receiver, a storage tank
containing a thermal medium having a heat
exchanger immersed therein, heating means in
said receiver, means controlling operation of the
compressor and heating means, pipe means inter-
connecting said heat exchangers, compressor,
condenser and receiver, valve means in said pipe
means for controlling flow of thermic fluid
through said pipe means, heat exchangers, com-
pressor, condenser and receiver and cooperating
with the control means to regulate the flow of
thermic fluid whereby condensed thermic fluid
may be supplied to either or both of said heat
exchangers to effect refrigeration therein and
thermic fluid evaporated in said heat exchangers
may be returned to said compressor or thermic
fluid evaporated in the first-named heat ex-
changer may be returned to the compressor or the
heat exchanger in said storage tank or thermic
fluid vaporized in said receiver by said heating
means may be supplied to the first-named heat
exchanger, said compressor being of the multi-

‘effect type, and means for controlling the con-

nection of the cylinders of said compressor and
the crank case of said compressor to said pipe
means whereby thermic fluid evaporated in the
first-named heat exchanger may be directed into
the cylinders of said compressor and thermic
fluid evaporated in the heat exchanger in said
storage tank may be directed into the crank case
of said compressor or thermic fluid evaporated in
the first-named heat exchanger may be directed
into both the cylinders and crank case of said
compressor or thermic fluld evaporated in the
heat exchanger in said storage tank may be di-
rected into both the cylinders and crank case of
said compressor.

24. In an air conditioning system for a railway
car or the like, a heat exchanger for affecting
the temperature of air supplied to the car, a com-
pressor, a condenser, a receiver, a storage tank
containing a thermal medium having a heat ex-
changer immersed therein, heating means com-
prising a boiler, means controlling the operation
of said compressor and heating means, pipe
means interconnecting said heat exchangers,
compressor, condenser, receiver and boiler, valve
means in said pipe means for controlling flow of
thermic fluid through said pipe means, heating
exchangers, compressor, condenser, receiver and
boiler and cooperating with the control means to
regulate the flow of thermic fluid whereby con-
densed thermic fluid may be supplied to either
or both of said heat exchangers to effect refriger-
ation therein and thermic fluid evaporated in said
heat exchangers may be returned to said com-
pressor or thermic fluid evaporated in the first-
named heat exchanger may be returned to the

compressor or the heat exchanger in said storage -

tank or thermic fluid vaporized in said boiler by
said heating means may be directed to the first-
named heat exchanger, said compressor being of
the multi-effect type, and means for controlling
the connection of the cylinders of said compressor

‘and the crank case of said compressor to said
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pipe means whereby thermic fluid evaporated in

the first-named heat exchanger may be directed.’
"into the cylinders of said compressor and thermic

fluid evaporated in the heat exchanger in said
storage tank may be directed into the crank case
of sald compressor or thermic fluid evaporated in
the first-named heat exchanger may be directed
into both the cylinders and crank case ofsaid
compressor or thermic fluid evaporated in the
heat exchanger in said storage tank may be di-
rected into both the cylinders and crank case of
said compressor.

25. In an air conditioning system, for a railway
car or the like, a heat exchanger for affecting the
temperature of air supplied to the car, a com-
pressor, a condenser, a receiver, a storage tank
adapted to receive a thermal medium and having
a heat exchanger therein, means for supplying
heat to said storage tank, means for controlling
operation of the compressor and for regulating
the flow of heat to said storage tank, pipe means
interconnecting said heat exchangers, compres-
sor, condenser and receiver, valve means in said
pipe means for controlling flow of thermic fluid
through said pipe means, heat exchangers, com-
pressor, condenser and receiver and cooperating
with the controlling and regulating means to reg-
ulate the flow of thermic fluid whereby condensed
thermic fluid may be supplied to either or bhoth of
said heat exchangers to effect refrigeration there-
in and thermié fluid evaporated in said heat ex-
changers may be returned to said compressor or
thermic fluid evaporated in the first-named heat
exchanger may be returned to the compressor or
the heat exchanger in said storage tank or ther-
mic fluid vaporized in the heat exchanger in said
storage tank when heat is supplied to said tank
may be supplied to the first-named heat ex-
changer, said compressor being of the multi-effect
type, and means for controlling the connection of
the cylinders of said compressor and the crank
case of said compressor to said pipe means where-
by thermic fluid evaporated in the first-named
heat exchanger may be directed into the cylinders
of said compressor and thermic fluid evaporated
in the heat exchanger in said storage tank may
be directed into the crank case of said compres-

sor or thermic fluid evaporated in the first-named "

heat exchanger may be directed into both the
cylinders and crank case of said compressor or
thermic fluid evaporated in the heat exchanger
in said storage tank may be directed into both
the cylinders and crank case of said compressor.

26. In air conditioning apparatus, the com-
bination of, a heat exchanger, means for com-
pressing and condensing thermic fluid vaporized
in the heating exchanger and for returning the
condensed fluid to the heat exchanger, means

b
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including a combination condensing and refrig< -

erating device for condensing thermic fluid vapor-
ized in the heat exchanger for return to the heat
exchanger, heating means far vaporizing thermie
fluid condensed in the heat exchanger for return
to the heat exchanger, and means for controlling
flow of thermic fluid to and from the heat ex-
changer to said compressing and  condensing

. means or to said condensing and refrigerating de-

vice or to said heating means, said control means
including devices for selectively conducting ther-
mic fluid from the heat exchanger into said con-
densing and refrigerating device to. be condensed
therein or to conduct thermic fluid from the heat
exchanger to said condensing and refrigerating
device to be .vaporized therein by a freezable

(1]
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refrigerating device and ice thus formed and
stored in said device for condensing thermic fluid
conducted into said device from the heat ex-
changer.

27. In air conditioning apparatus, the combina-
tion of, a heat exchanger, means for compressing
and condensing- thermic fluid vaporized in the
heating exchanger and for returning the con-
densed fluid to the heat exchanger, a combina-
tion condensing and refrigerating device includ-
ing a casing having a condensing coil therein for
condensing thermic fluid vaporized in the heat
exchanger for return to the heat exchanger, heat-
ing means for vaporizing thermic fluid condensed
in the heat exchanger for return to the heat ex-
changer, and means for controlling flow of ther-
mic fluid to and from the heat exchanger to said
compressing and condensing means or to said
condensing and refrigerating device or to said
heating means, said control means including de-
vices for selectively conducting thermic fluid from
the heat exchanger into said condensing and re-
frigerating device to be condensed therein or to
conduct thermic fluid from the heat exchanger
to the condensing coil of said condensing and
refrigerating device so that thermic fluid may be
vaporized by a freezable thermic fluid contained
in said casing and ice thus formed and stored in
said casing for condensing thermic fluid con-
ducted into said condensing coil from the heat
exchanger.

28. In air conditioning apparatus, the com-
bination of, a heat exchanger, means for com-
pressing and condensing thermic fluid vaporized
in the heating exchanger and for returning the
condensed fluid to the heat exchanger, means
including a combination condensing and refrig-
erating device for condensing fluid vaporized in
the heat exchanger for return to the heat ex-
changer, heating means for vaporizing thermic
fluid condensed in the heat exchanger for return
to the heat exchanger, a receiver for storing ther-
mic fluid, and means for controlling flow of ther-
mic fluid to and from the heat exchanger to said
compressing and condensing means or to said
condensing and refrigerating device or to said
heating means, said control means including de-
vices for selectively conducting thermic fluid from
the heat exchanger into said condensing and re-
frigerating device to be condensed therein or to
conduct volatile thermic fluid from either the
heat exchanger or the receiver to the coil of said
condensing and refrigerating device so that said
volatile thermic fluid may be vaporized in the coil
of said condensing and refrigerating device by a
freezable thermic fluid contained in said con-
densing and refrigerating device and ice thus
formed and stored in said device for condensing
thermic fluid conducted into said device from
the heat exchanger.

29. In air conditioning apparatus, the combina-
tion of, a heat exchanger, means for compressing
and condensing thermic fluid vaporized in the
heating exchanger and for returning the con-
densed fluid to the heat exchanger, a combina-
tion condensing and refrigerating device includ-
ing a casing having a condensing coil therein for
condensing thermic fluid vaporized in the heat
exchanger for return to the heat exchanger, heat-
ing means for vaporizing fluid condensed in the
heat exchanger for return to the heat exchanger,
a receiver for storing thermic fluid, and means
for controlling flow of thermic fluid to and from
the heat exchanger to said compressing and con-
densing means or to saiG condensing and refrig-
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erating device or to said heating means, said con-
trol means including devices for selectively con-
ducting thermic fluid from the heat exchanger

into the coil of said condensing and refrigerating '

device to be condensed therein or to conduct ther-
mic fluid from either the heat exchanger or the
receiver to the coil of said condensing and refrig-
erating device so that volatile thermic fluid may
be vaporized in said coil by thermic fluid con-
tained in the casing of said condensing and re-
frigerating device and ice thus formed and stored
in said casing for condensing thermic fluid con-
ducted into said coil from the heat exchanger.
30. In an air conditioning system, a heat ex-
changer over which air passes to be refrigerated
by vaporizing condensed thermic fluid in the heat
exchanger or to be heated by condensing vapor-
jzed thermic heating fluid in the heat exchanger,
means for condensing thermic fluid vaporized in
the heat exchanger and for conducting the con-
densate in its liquid phase to the heat exchanger,
means for vaporizing thermic heating fluid con-
densed in the heat exchanger and for returning
the same in its vapor phase to the heat exchanger,
means controlling flow of thermic fluid to and
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from the heat exchanger to the condensing means -

or the vaporizing means and operating to selec-
tively supply condensed or vaporized thermic fluid
to said heat exchanger whereby air passing over
the heat exchanger is selectively refrigerated or
heated, means controlling the admission of con-
densed thermic fluid to said heat exchanger dur-
ing the cooling or refrigerating operation and
forming a portion of the cooling or refrigerating
circuit, and means for by-passing the thermic
heating fluid around said portion of the cooling
circuit when vaporized thermic heating fluid is
supplied to said heat exchanger during the heat-
ing operation.

31. In an air conditioning system, a heat ex-
changer over which air passes to be refrigerated
by vaporizing condensed thermic fluid in the heat
exchanger or to be heated by condensing vapor-
jzed thermic heating fluid in the heat exchanger,
means for condensing thermic fluid vaporized in
the heat exchanger and for returning the con-
densate in its liquid phase to the heat exchanger,
means for vaporizing thermic heating fluid con-
densed in the heat exchanger and for returning
the same in its vapor phase to the heat exchanger,
means controlling flow of théermic fluid to and
from the heat exchanger to the condensing means
or the vaporizing means and operating to selec-
tively supply condensed or vaporized thermic
filuld to said heat exchanger whereby air passing
over the heat exchanger is selectively refrigerated
or heated, means controlling the admission of
condensed thermic fluid to said heat exchanger
during the cooling or refrigerating operation and
forming a portion of the cooling or refrigerating
circuit, means for by-passing the thermic heat-
ing fluid around said portion of the cooling or
refrigerating circuit when vaporized ' thermic
heating fluid is supplied to said heat exchanger
during the heating operation, and common means
controlling operation of the flow controlling
means and the by-pass means whereby the by-
pass means is rendered operative whenever said
flow controlling means is arranged to supply va-
porized thermic heating fluid to said heat ex-
changer during the heating operation.

32. In an air conditioning system, a heat ex-
changer over which air passes to be refrigerated
by vaporizing condensed thermic fluid in the heat
exchanger or to be heated by condensing vapor-
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ized thermic heating fluid in the heat exchanger,
means including a compressor and a condenser
for condensing thermic heating fluid vaporized in
the heat exchanger and for conducting the con-
densed thermic fluid in its liquid phase to the
heat exchanger, heating means for vaporizing

. thermic fluid condensed in the heat exchanger

and for returning the same in its vapor phase
to the heat exchanger, and means controlling
flow of thermic fluid to and from the heat ex-
changer to the compressor and condenser or to
the heating means and operating to selectively
supply condensed or vaporized thermic fluid to

said heat exchanger whereby air passing over

21

the heat exchanger is selectively refrigerated or
heated. .

33. In combination with an enclosure, appara;‘

tus for conditioning air for said enclosure com-
prising a compressor and a plurality of heat ex-
change units connected in fluid flow relationship,
means for rendering said compressor inoperative,
and means responsive to the psychrometric con-
dition of the air within the enclosure for circulat-
ing a heating medium in thermal exchange rela-
tionship with one of said units when heating is
desired.
WILLIAM GOODMAN.
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