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This invention relates to refrigeration.

It is an object of this invention to provide an
improved air conditioning system for railway cars
and other enclosures.

Further objects and advantages of the present
invention will be apparent from the following de-
scription, reference being had to the accompany-
ing drawings, wherein a preferred form of the

_ present invention is clearly shown.

In the drawings:
Fig. 1 is a diagrammatic plan for condltioned
air circulation in accordance with my invention;

Fig. 2is a plan view of another type of air cir-

culation;

Fig. 3 is another diagrammatic plan view of
another type of air circulation;

“Pig. 4 is still another plan view of a different
type of air circulation:

Fig. 5 is a diagrammatic vertical cross-section
of a portion of Fig. 1; ]

Figs: 6, 7 and 8 are diagrammatic transverse
cross-sections of air ducts applicable to the modi-
fications of Figs. 2 and 3;

Fig. 9 is a diagrammatic view showing a refrig-
erating cycle applicable to Figs. 1, 2 and 3;

Fig. 10 is a wiring diagram showing the elec-
trical controls for Fig. 9; and

Fig. 11 is a diagrammatic showing of an air
cooling refrigerant coil applicable to all of the
modifications. ]

Air for a rallway car or the like may be condi-
tioned and discharged into the passenger space
of a railway car by providing a recirculated -air
cooling unit 10 at one end of the car and a fresh
air cooling unit' ft at the other end of the car.
These units may be located above the level of the
normal head room in said passenger space.
These units are adapted to cool the air and dis-
charge it through overhead ducts {2 and 13 ar-
ranged along the center and top of the car with
suitable outlets along the sides or bottom of the
duct. In either case, the cooling units may in-
clude motor driven blowers and refrigerant evap-

“orators or coils through which the air is blown

by thée blowers before being discharged into the
ducts 12 and {3. 1In the case of unit 18, the mo-
tor 14 may drive two blowers {5 and {6 having air
intakes at the sides and discharging into a cas-
ing {7 within which a refrigerant evaporator, 22
of any approved type may be provided. In the
case of unit 11, a motor {8 may drive a blower 49

through the casing 28 which contains an evapo-

rator 21 of any desired type.

In the modification shown in Fig. 2, the car

may be provided with an overhead air condition-

(CL. 98—10)

ing compartment 30 having recirculated air in-
lets 31 and 32. The air from these inlets enters
2 blower 33 driven by a motor 34, and is dis-
charged into the casing 35 containing a refrig-
erant coil 36. The air cooled by this coll is dis-
charged through the duct 37 into the upper part
of the car, the duct 37 being placed in the over-
head space. Fresh air passes through a filter 38
into a blower 39 and is discharged into a casing
40-containing a refrigerant evaporator 41. The
air cooled by this evaporator- is discharged
through the duct 42 into the upper portion of the
car.

The ducts 37 and 42 may be made as shown in
Fig.-6, in which case the duct 37 discharges along
one side of the car and the duct 42 discharges
along the other side. The ducts 37 and 42 may
be made as indicated in Fig. 7, in which case the

" duct 37 discharges the major pertion of air along

the left hand side, and a minor portion along the
right hand side, while the duct 42 discharges
along the right hand side. In this case the com-
bined flaw along the right hand side is balanced
volumetrically to equal that of the left hand side.
If a duct as shown in Fig. 8 is desired, the cooled
air discharge may be substantially as described
with respect to Fig. 6, and return air may be re-
turned to the cooling compartment through the
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duct 43 which extends along the length of the .

passenger compartment in lieu of openings 31
and 32.

In the modification shown in Fig. 3, two air
conditioning compartments 5§6.and 5( are pro-
vided. The compartment 50 is adapted to cool
recirculated air and the compartment 51 is
adapted to cool fresh air. The motor 52 drives
blowers 53 and 54. Recirculated air enters the
compartment 5¢ and from thence through the
blowers 54 into a casing 55 containing an evapo-
rator 56, and the cooled air is discharged into the
duct 37z. Fresh air enters through a filter 51
into the compartment 51. From thence it enters
the blowers 58 and 59 driven by the motor 60.
The air is forced through a casing 61 having an
evaporator 62, and the cooled air is discharged
into the duct 42¢. The ducts 37a and 422 may be
of similar construction as duct 37 and 42 and may
have transverse cross-sections as Indicated in
Figs. 6, 7 and 8.

The evaporators used in Figs. 1, 2 and 3 may
be connected to suitable refrigerant circulating
means.
is shown which may be used to circulate refrig-
erant through the evaporators shown in Figs.
1, 2 and 3; but the reference characters have been

In Pigs. 9 and 10, a refrigerating system
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applied in Figs. 9 and 10 to correspond to Fig. 1,
it being understood that similar controls and re-
frigerating apparatus may be connected to the
evaporators, blowers, ete., of Figs. 2 and 3. In
applying the invention to Fig. 1, a refrigerant
liquefying unit 60 may be placed anywhere in the
car, preferably underneath the floor thereof or in
any other compartment provided. The liquefy-
ing unit may include a motor 6f driving a com-
pressor 62 and condenser fan 63. The com-
pressor 62 discharges into a condenser 64 having
a receiver 65. Liquid refrigerant flows through
the line 66 to the branches 67 and 68 leading re-
spectively to the recirculated refrigerant evapo-
rator 22 and the fresh air evaporator 21. The
liquid refrigerant flowing through the branch 67
passes the automatic expansion valve 69 and re-

turns through the suction line 10 to the common -

suction line T7TI. Liquid refrigerant flowing
through the liquid line 68 flows through the sole-
noid valve 12 and automatic expansion valve 13
into the coil 21 and the evaporated refrigerant
returns through the suction line 74 to the com-~
pressor 60.
Tt.may be provided with an automatic pressure
regulating valve 15 which automatically throt-
tles the line 7l whenever the suction pressure
tends to be reduced below a predetermined limit.
This predetermined limit is preferably selected
so that moisture removed from the air cannot
freeze on the coils 2( or 22, and the temperature
of the coils is thus reduced only sufficiently to
condense the moisture in the air to liquid and
not to freeze it.

The electrical controls for the system are shown
in Fig. 10. Thus the car may be provided with
a generator 80 driven from the axle of the car,
this generator being provided with the usual
cut-out 81 which disconnects the generator from
the storage battery 82 whenever the car speed
falls below a predetermined limit. The generator
80 is provided with the usual voltage regulation
to charge the battery 82 properly at all per-
missible car speeds. A thermostat, humidostat
or the like 83 is placed in the passenger car space,
or in a recirculated air duct, and controls a relay
84. When the temperature in the passenger
compartment rises to a predetermined limit, the
thermostat 83 closes thust energizing the relay
84 and starting the compressor motor 61. The
compressor motor continues to operate until the
temperature in the passenger compartment is
reduced to a predetermined temperature at which
the. thermostat 83 opens thus deenergizing the
relay and stopping the motor 6f. The blower
motors 14 and 18 are placed tinder the control of
manual switches 85 and 86 and can be made to
run continuously as long as desired. A thermo-
stat, humidostat or the like 87 is placed where it
is responsive to the temperature -of the outside
atmosphere or uncooled fresh air. Thus it may
be placed under the car or any place outside of

.the car where direct sun rays will not strike it.

It may also be placed in the fresh air intake in-
side of the fresh air cooling compartment which
is representative of outside temperature or hu-
midity conditions. This thermostat is prefer-
ably so calibrated that when the outside tem-
perature falls below a predetermined limit, it
cpens and energizes the solenoid valve 12. This
closes the valve 12 and prevents liquid refriger-
ant from flowing to the evaporator 2. When
the outside temperature rises above a predeter-
mined limit, the thermostat 81 opens the valve
12 and supplies reirigerant to evaporator 21.

If desired, the common suction line -

2,166,908

From the above it will be seen that whenever
the temperature in the passenger compartment
rises to a predetermined limit where refrigera-
tion is required, the thermostat 83 starts to oper-
ate the refrigerant liquefying unit and causes
refrigeration to be provided at least to evapo-
rator 22. 'If the outside temperature is rela-

- tively high, so that the thermostat 87 is closed,

then refrigeration will also be provided at the
evaporator 21, also. When the outside tempera-
ture falls, refrigeration at 21 is stopped by the
thermostat 81. The blower 19 continues to oper-
ate, however, and introduces uncooled fresh air
into the passenger compartment, this uncooled
fresh air tending to prevent the temperature in
the passenger compartment frcm becoming un-
comfortable on mild days.

The system shown in Fig. 9 may-also be applied
to Fig. 2, it being understood that the evaporator
36 is to be substituted for the evaporator 22 and
the evaporator 41 is substituted for the evapo-
rator 2f. Likewise, with respect to Fig. 3, the
evaporator 46 is substituted for the evaporator
22 and -the evaporator 62 is substituted for the
evaporator 21. The corresponding motors and
necessary valves, controls, etc., in Figs. 2 and 3
are to be supplied in a manner corresponding to
the disclosure in Figs. 9 and 10.

Both the fresh air and recirculated air cooling
evaporators may be of the type diagrammatically
shown in Fig. 11. This type of evaporator is
adapted to use the unexpanded liquid refrigerant
to reheat slightly the cooled air, thus tempering
it and at the same time providing for maximum
ailr drying. The liquid refrigerant enters at 90
and passes through an air heating coil 8l.
Thereafter the refrigerant passes through a sole-
noid valve 92, if such a valve is necessary, and
thereafter passes through the automatic expan-
sion valve 93. The expanded refrigerant thence
enters the lower header 94 and is distributed to
the serpentine coils 95 having longitudinal paral-
lel fins 952 having their discharge portions con-
nected to the header 96, the evaporated refriger-
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ant passing out through the evaporated refriger- .

ant line 97. The automatic expansion valve 93
is of the type that automatically opens when the
suction pressure is reduced below a selected pres-
suré. Also a thermostatic bulb 99 is placed near

the suction line which automatically throttles .

the valve whenever the refrigerating effect tends
to overflow into the suction line. The blower
100 forces air over the evaporator as indicated by
the arrows.. The alir is cooled by refrigerant flow-

ing through the coils 95 where the air has its

moisture content reduced. Thereafter the air
is reheated to some extent by the unexpanded
Jiquid refrigerant in the coil 81, the liquid refrig-
erant at this point being substantially at con-
denser temperature. In the case of an-air cooled
condenser, this may be a few degrees higher than
the outside temperature. : '

In the modification shown in Fig. 4 the fresh

"air is never cooled before being introduced into

the passenger compartment. Thus a fresh air
intake is provided at 101 and is discharged by

“the blower 102 into the passenger compartment

103.._ If desired, the discharge of the blower (02

. may be directed towards a recirculated air inlet

f04. The recirculated air inlets 104 and 105 are

connected to an air conditioning compartment’

106 placed in the upper part of the car. The

. blowers 10T and 108 are driven by the motor 109

and discharge into casing {10 provided with an
evaporator 1. The cooled air is discharged by

60

65

70



10

15

20

25

30

45

60

70

75

2,166,906

an overhead conduit 112 into the compartment
103. The blower 102 is driven by a motor 113.
The evaporator (il is connected to a suitable
refrigerant liquefying unit such as previously de-
scribed and energized from the usual storage
battery along with the motors {09 and 113.

In all the modifications a steam heating coil
may be placed in both the recirculated air and
fresh air unlts. One such coil is indicated at
i0ia. ’

While the form of embodiment of the present
invention as herein disclosed constitutes a pre-

ferred form, it is to be understood that other
forms might be adopted, all coming within the

scope of the claims which follow.

What is claimed is as follows:

1. The method of refrigerating a space which
comprises continuously circulating air to and
from said space through a first cooling zone ad-
jacent one end of said space, controlling the cool-
ing in said zone in accordance with air conditions
in said space, continuously circulating fresh air
through a second cooling zone adjacent the other
end of said space into said space, and controlling
the cooling in said second zone in accordance
with outside air conditions.

2. A vehicle having a passenger space, a re-
circulated air cooling unit above the level of the

normal head room in said space and having its-

inlet and its outlet connected to 'said space, a
fresh air cooling unit.located above the lével of
the normal head room in said space and having
its inlet connected to the outside of said vehicle

and its outlet connected to said passenger space,

and means for controlling said fresh air unit in
response to temperature changes in the outside
air.

3. A vehicle having a passenger space, a re-
circulated air cooling unit above the level of the
normal head room in said space and having its

inlet and its outlet connected to said space, a

fresh air cooling unit located above the level of
the normal head room in said space and having
its inlet connected to the outside of sald vehicle
and its outlet connected to said passenger space,
means for controlling the cooling action in said
recirculated air cooling unit in accordance with
air conditions in said space, and temperature
responsive means for controlling the cooling
action in said fresh air cooling unit.

4, A vehicle having a passenger space, a re-
circulated air cooling unit above the level of the
normsal,head room in said space and having its
inlet and its ouilet connected to said space, a
fresh air cooling unit located above the level of
the normal head room in said space and having
its inlet connected to the outside of said vehicle
and its outlet connected to said passenger space,
means for controlling the cooling action in said
fresh air cooling unit in accordance with fresh
air conditions.

5. A vehicle ha,ving a passenger space -g re-
circulated air cooling unit above the level of the
normal head room in said space and having its
inlet and its outlet connected to said space, &
fresh air cooling unit located above the level
of the normal head room in said space and hav-
ing its inlet connected to the outside of sald
vehicle and its outlet connected to said passenger
space, means for controlling the cooling action

in said recirculated air cooling unit in accordance -
with air conditions in said space, and means for

controlling the cooling action in said fresh air
cooling unit in accordance w1th fresh air condi-
tmns

N

6. The method of refrigerating a vehicle com-
partment which comprises circulating air to and
from sald compartment through a first cooling

3

zone discharging adjacent one end of said com-

partment, and independently circulating frésh

air through a second cooling zone -discharging -

adjacent the other end of said compartment into
sald compartment.

. 7. A vehicle having a passenger space, a re-
circulated air cooling unit above the level of the
normal head room in'said space and having its
inlet and its outlet connected to said space, &
fresh air cooling unit located above the level of
the normal head room in said space and having
its inlet connected to the outside of said vehicle
and its outlet connected to said passenger space,
means for controlling the cooling action in said
recirculated air cooling unit in accordance with
air conditions in said space, and a single conduit

- for distributing the air provided with one pas-

sageway for the fresh air and a different passage-
way for the recirculated air.

8. A vehicle having a psssenger space, a re-
circulated air cooling unit above the:level of the

normal head room in said space and having its.

inlet and its outlet connected to said space, a
fresh air cooling unit located above the level .of
the normal head room in sald-space and having
its inlet connected to the ovutside of 'said vehicle
and its outlet connected to said passenger space,
temperatyre responsive means for controlling
the cooling action in said recirculated air cooling
unit, and  a single conduit for distributing the
air provided with one passageway for the fresh
air and a different passageway for the recircu-
lated air.

9. The method of distributing conditioned air
in a passenger compartment of a vehicle which
comprises discharging a first stream of condi-
tioned recirculated air and a second stream of
conditioned fresh air into said compartment from
opposite sides respectively of a centrally disposed
longitudinally extending duct located in the upper
part of the vehicle.

10. The method of refrigerating a passenger
space in a vehicle which comprises continuously
circulating air to and from sald space through
a first cooling zone, controlling the cooling in
sald zone in accordance with air conditions in

.sald space, Independently circulating fresh air

through & second cooling zone into said space, and
controllihg the cooling in said second zone in re-

sponse to changes in temperature of the out-

side air,

11. A vehicle having a passenger space, a re-
circulated air cooling unit above the level of the
normal head room in said space and having its
inlet and its outlet connected to sald space, a
fresh air cooling unit located above the level of
the normal head room in said space having its in-.
let connected to the outside of the vehlcle and
its outlet connected to sald passenger space, and
a single conduit for distributing the air provided

10
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with one passageway for the fresh air and a -

different passageway for the recirculated air.
12. A vehicle having a passenger space, a re-

circulated air cooling unit above the level of the .

‘normal head room in said space and having its

inlet and its outlet connected to said space, a
fresh air cooling unit located above the level of
the normal head room in said space and having
its inlet connected .to the outside of said ve-
hicle and its outlet connected to said passenger
space, and means for reheating the air leaving
one of sald cooling units.

70
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13. A vehicle having a passenger space, a re-
circulated air cooling unit above the level of the
normal head room in said space and having its
inlet and its outlet connected to said space, a
fresh air cooling unit located above the level of
the normal head room in said space and having
its inlet connected to the outside of said vehicle
and its outlet connected to said passenger space,
and means for reheating the air leaving one of
'said cooling units, said means comprising an air
heating coil through which unexpanded liquid
refrigerant is caused to circulate.

14, The method of conditioning air for an en-
closure which comprises circulating a stream of
conditioned recirculated air into said enclosure,

2,166,908

circulating a separate stream of fresh air into
sald enclosure, conditioning said fresh air at
least part of the time, and controlling the con-
ditioning of said fresh air in accordance with
one function of the psychrometric condition of
the unconditioned fresh air,

15. The method of distributing streams of con-
ditioned recirculated air and conditioned fresh
air which comprises discharging said conditioned
recirculated air and said conditioned fresh air
into the compartment to be cooled from separate
discharge outlets and conveying the fresh air
in the unmixed condition into widely separated
portions of the compartment.

CHARLES 7. HENNEY.
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