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This invention relates to heating systems and 
it relates particularly to systems for heating rail 
way cars or other mobile vehicles that are used 
for transporting perishable produce, Such as, 
vegetables, fruits and the like. 

Refrigerator cars, when used for transporting 
perishable produce in the wintertime, may be 
subjected to such low temperatures that the prod 
uce therein may be damaged by freezing. 

It has been proposed heretofore to provide 
heating systems which can be set into operation 
in order to protect the produce and retain it at 
a sufficiently high temperature to prevent the 
produce from freezing. Such heating devices 
may consist of coal, oil, Orgas fired stoves, which, 
of course, occupy space in Such refrigerator cars. 
Inasmuch as the space available for loading the 
cars is limited, it is desirable to provide a heat 
ing system which does not occupy much space, 
and preferably no more space than is normally 
occupied by the refrigerating means normally 
provided in such refrigerating cars. Moreover, 
such heating means should be relatively fool 
proof and should be of such nature that ready 
control thereof and minimum fire hazard are 
aSSured. 

In accordance with the present invention, we 
have provided heating systems for refrigerator 
cars and other mobile vehicles or chambers in 
which heat is generated by the exothermic re 
action produced by absorption of ammonia gas 
in weak aqua ammonia. The car may be heated 
by Supplying expanded ammonia gas to a coil 
or heat exchanger which contains a dilute solu 
tion of aqua ammonia whereby the gas will be : 
absorbed, with the resultant generation of heat 
and the production of a stronger ammonia Solu 
tion. By controlling the pressure at which the 
ammonia is introduced into the system and the 
pressure of the gas and aqua ammonia in the coil 
and further by controlling the rate at which the 
stronger aqua ammonia is discharged from the 
System, it is possible to heat the coils or heat 
exchangers in the car sufficiently to offset heat 
loss through the walls of the car even at low 
temperatures, and thereby maintain a tempera 
ture in the refrigerator car sufficiently high to 
preserve foodstuffs or other articles carried 
therein against freezing. 
In a typical system, the refrigerator car or 

other vehicle may be provided with a receiver 
for liquid ammonia at about the temperature 
on the exterior of the car. This receiver and a 
Second receiver for weak aqua ammonia prefer 
ably are placed on the exterior of the car. The 
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ammonia is allowed to expand through a coil and 
heat exchanger preferably outside the car where 
it absorbs heat from the atmosphere, even though 
the atmosphere is at a very low temperature. 
This evaporated or expanded ammonia and the 
weak aqua ammonia are supplied to a coil or 
heat exchanger within the refrigerating chamber 
where the ammonia, goes into a solution in the 
weak aqua ammonia thereby heating the coil. 
As the stronger solution is formed, it is allowed 
to escape from the coil after giving off some of 
this heat and may be delivered by the pressure 
in the system to a receiver, preferably also on 
the exterior of the car. By including a relief 
valve that permits the strong aqua, ammonia to 
escape from the coil, the interior of the car may 
be maintained above freezing temperatures. The 
relief valve may suitably comprise an expansion 
chamber having a float controlled valve associ 
ated therewith which allows the strong aqua 
ammonia to escape from the coil after it has 
travelled through the coil. 
The system described generally above may be 

used for refrigerating the interior of the car by 
reversing the cycle and utilizing the ammonia 
receiver noted above for receiving ammonia for 
expansion into the coils and utilizing the strong 
ammonia and weak aqua ammonia receivers as 
absorbers for the expanded ammonia in the coil. 
Thus, by the provision of suitable valves and con 
nections between the receivers and the heat ex 
change coils, it is possible to use substantially the 
Same system for heating and cooling the cars, 
thereby conserving space and simplifying the 
equipment required for heating and cooling the 
C. 
For a better understanding of the present in 

vention, reference may be had to the accompany 
ing drawing in which the single figure is a dia 
grammatic illustration of a typical system for 
heating and cooling refrigerating cars and other 
devices. 
As indicated above, the heating system em 

bodying the present invention operates on the 
principle that the absorption of ammonia gas in 
a Weak aqua ammonia solution generates heat. 
The heating effect of Such a reaction may be 
taken advantage of in many different systems, 
such as the System illustrated in the drawing. 
This system includes a first tank or receiver iO 
which is adapted to be charged with liquid am 
monia and inasmuch as it may be disposed on 
the exterior of the chamber , illustrated in 
dotted lines, the ammonia will be at about the 
temperature of the surrounding atmosphere. The 
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liquid ammonia may be supplied to the receiver 
at servicing stations located at suitable points 

along a railroad. The receiver O may be pro 
vided with a heat exchanger coil or surface 2 
connected to the top and bottom of the receiver 
where the ammonia Inay evaporate and absorb 
heat from the atmosphere. The receiver O is 
connected by means of a conduit 3 to an as 
pirator f4 which directs the gas into the heating 
or cooling coil 5 within the chamber . 
The conduit 3 is provided with a thermostatic 

ally controlled valve fis which may be set 
to be open at temperatures below about 34, for 
example, and to be closed at temperatures above 
34 so that the ammonia is Supplied to the coil 
5 when the temperature in the chamber ap 

proaches freezing. The thernostatic valve pref 
erably is an adjustable type with reversible con 
nections so that it also can be adjusted to close 
at a low temperature and open at a higher tem 
perature. The opposite end of the coil 5 from 
the aspirator 4 is connected to an expansion 
chamber which is gas-tight and is provided 
With a float-controlled valve 8 of conventional 
type. The valve f8 is adapted to open when the 
chamber 7 is about full and close when the liquid 
therein is discharged through the conduit 9. 
This conduit is connected to a receiver 20 which 
collects the liquid from the float chamber 17 and 
coil 5 as it is discharged. - 
Weak aqua ammonia, for example, a 6% solu 

tion of ammonia in Water, for absorbing the am 
monia gas is supplied from a third receiver 2 
also mounted outside the chamber ff. The weak 
aqua is maintained under a pressure of about 30 
to 80 pounds per square inch by charging the re 
ceiver with compressed air. The weak aqua flows 
through a pressure reducing valve 22 in the con 

20 

4. 
As the strong aqua tank is exposed to the tem 

perature of the outside atmosphere, which is at 
or below 30 F. when heat is required inside the 
car, the pressure in the strong aqua tank 20, 
connected to chamber 7 through conduit 9 is 
at all times below the pressure in coil 5, and the 
strong aqua from coil 5 will flow through cham 
ber f into the receiver 2 by pressure differen 
tial. 
Under the conditions specified above, the tem 

perature of the coil f5 will be raised by the gen 
eration of heat of absorption sufficiently to main 
tain the car above freezing temperature even 
when the outside temperature is as low as -20° 
F., assuming of course, that the car is well in 
sulated. Coil temperatures as high as 55 F. 
are easily attained. It will be understood that the 
Operation of the System is not continuous for the 
supply of ammonia gas will be shut off by the ther 
mostatic valve 6 when the temperature of 
the car is raised sufficiently. Similarly the sup 
ply of weak aqua will be shut off by means of the 
thermostatically-controlled valve 25. 
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duit 23 into the aspirator f4 and mixes with the 
ammonia gas and flows through the coil 5. The 
rate of flow of weak aqua may be controlled by 
a restricted orifice 24 in the conduit 23. The 
orifice 24 may be of a diameter, for example, to 
permit the weak aqua to be supplied at the rate 
of about three gallons per minute to the coil 15. 
The conduit 23 is also provided with a thermo 
static valve 25 for shutting off the flow of weak 
aqua to the coil 5, when the temperature in the 
chamber exceeds a predetermined value, for ex 
ample, 34' F. 
The above described system contains all the ele 

ments necessary for heating the car and operates 
as follows: 
The ammonia in the receiver 0, and in ex 

changer surface 2 expands into gas and passes 
through the conduit 3 into the coil 5 where it 
dissolves in the weak aqua anmonia Supplied 
from the receiver 2. As the ammonia dissolves, 
it gives off heat at the rate of about 840 B. t. u.'s 
per pound of ammonia. The specific gravity of 
the liquid in the coil 15 changes and there is a 
tendency, of course, for the concentration of the 
liquid in the pipes to become equalized with the 
result that flow takes place in the coil 5 toward 
the chamber 7. This flow is also influenced by 
the pressure of the ammonia gas and the flow into 
coil fof the Weak aqua ammonia. 
The float valve 8 is utilized to dischargestrong 

aqua from the coil, intermittently, when the mix 
ture of NH3 gas and weak aqua have sufficiently 
increased the volume of the mixture in the coil 
to fill the expansion chamber in the float valve 
body. When the float is raised sufficiently the 
float valve opens and discharges the strong aqua 
ammonia into the receiver 20. 
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This system can be modified to permit it to be 
used for cooling cars during the summer months. 
Essentially the changes consist in the addition of 
Suitable valves and conduits for reversing the 
cycle of operation. Thus a manually operated 
valve 26 may be placed in the conduit f3, a valve 
2 interposed between the coil 5 and the cham 
ber 7, a valve. 28 placed in the conduit 23 be 
tween the receiver 2 and the pressure reducing 
valve 22. A valve 29 is placed in the conduit 
9 and a conduit 3 having a valve 30 therein 

is provided for connecting the receivers 20 and 
2. Another conduit 32 is added to connect the 
receiver 2 to the coil 5 downstream of the 
aspirator f4. The conduit 32 may be provided 
with valves 33 and 34 at its opposite ends. An 
other conduit 35 is connected to the conduit 3 
between the valves f$ and 26 and to the remote 
end of the coil 5. A manually operated valve 
36 and a thermostatically controlled thermal 
expansion valve 3 are interposed in the conduit 
35. 
For efficient operation of the cooling system 

it is necessary to provide a suction pressure valve, 
preferably thermostatically controlled, as dis 
closed in the Cordrey application Ser. No. 565,436, 
between the discharge end of an expansion 
coil 15 and the ammonia absorber. In this sys 
tem. Such a suction pressure valve 38 is placed 
in the conduit 32 between the valves 33 and 34. 
The conduit 23 may be provided with another 
valve 39 near the aspirator 4. 
The system described above and shown in the 

drawings may be used for heating or for cooling. 
The System is conditioned for heating by open 
ing the valves 26, 27, 28, 29 and 39 and closing 
the valves 30, 33, 34 and 36 whereby the cycle 
of operation described above takes place. 
To provide refrigeration with the system, the 

valves 26, 27, 28, 29 and 39 are closed and the 
valves 30, 33, 34 and 36 are opened. This ad 
justment of the valves causes the receiver 0 
to be connected through the valve 6, conduit 3 
and conduit 35 to the lower end of the coil 5. 
The receivers 20 and 2 are connected to the 
other end of the coil through the conduit 32. 
The float valve chamber and the conduit 23 are 
disconnected from the fluid circuit. 
The receiver O is filled with liquid ammonia, 

preferably precooled or subcooled and air pres 
sure is applied to the liquid to force it into the 
coil f 5. The valve 36 may be used as a pres 
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sure reducing valve and the thermal expansion 
valve 37, as well as the thermostatic valve 6, 
control the flow of the ammonia, to the coil. The 
thermostatic valve 6 may be adjusted to close 
at a predetermined low temperature, for example 
38° F. The ammonia evaporates in the coil 5 
and the coil temperature is regulated by the Suc 
tion pressure control valve 38 as described in 
application Ser. No. 565,436, the escaping gas 
fowing to the receivers 20 and 2 which are filled 
with weak aqua ammonia for absorbing the am 
monia gas. 
From the preceding description, it will be ap 

parent that we have provided a system which may 
be utilized either for heating or for cooling and 
which is automatic after it has been set into 
operation. 

It will be understood that the arrangement of 
the system is susceptible to considerable modifl 
cation, particularly in the design of the coils, the 
receivers, the valves used therein and other details 
thereof. Therefore, the forms of the invention 
described herein should be considered as illus 
trative only. 
We claim: 
1. A heating System for a chamber comprising 

a first heat exchange coil within Said chamber, 
a second heat exchange coil outside of Said cham 
ber, means for supplying strong ammonia to 
Said Second coil for expansion therein and ab 
Sorption of heat and then to Said first coil, means 
for Supplying weak aqua ammonia to Said first 
coil to abSOrb Said strong ammonia, and thereby 
generate heat and form strong aqua ammonia in 
Said first coil, and means for collecting said strong 
aqua, ammonia, from Said first coil and discharg 
ing it intermittently. 

2. A heating System for a mobile vehicle Com 
prising a coil within said vehicle, a reservoir for 
receiving ammonia under pressure carried by Said 
vehicle, a receiver for weak aqua, ammonia, under 
pressure carried by Said vehicle, means connect 
ing Said reservoir and Said receiver to said coil 
for supplying said coil with said Weak aqua am 
monia and Said ammonia for absorption of Said 
ammonia in Said weak aqua, ammonia to produce 
strong aqua ammonia and heat, and means for 
receiving Said strong aqua, ammonia from Said 
coil and discharging it intermittently, 

3. A heating System for a mobile vehicle com 
prising a coil within said vehicle, a reservoir for 
receiving ammonia carried by Said vehicle, a 
receiver for Weak aqua annonia under preSSure 
carried by said vehicle, means connecting Said 
reservoir and said receiver to Said coil for Sup 
plying Said coil. With Said Weak aqua, ammonia, 
and said ammonia for absorption of said am 
monia in Said Weak aqua, ammonia to produce 
strong aqua ammonia and heat, and means for 
receiving Said Strong aqua ammonia from Said 
coil, and means intermediate Said coil and Said 
last-named receiving means for controlling the 
rate of discharge of Said strong aqua ammonia, 
from Said coil. 

4. A heating System for a chamber comprising 
a first heat exchange coil within said chamber, 
a second heat exchange coll Outside of Said cham 
ber, means for Supplying ammonia to Said Second 
coil for evaporation therein and absorption of 
heat and then to Said first Coil, means for Sup 
plying weak aqua ammonia to said first coil to 
absorb the ammonia Vapor and thereby produce 
strong aqua ammonia, and generate heat in Said 
first coil, means for receiving Said strong aqua 
ammonia from Said first coil, and means inter 
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mediate said coil and said last-named receiving 
means for controlling the flow of said strong aqua 
ammonia, from said first coil to said receiving 
E88. 
5. A heating system for a refrigerating cham 

ber comprising a heat exchanging coil in said 
chamber, means for supplying weak aqua an 
monia to said coil, means for Supplying ammonia, 
vapor to said coil for absorption in Said aqua am 
monia, to form strong aqua ammonia and generate 
heat, an expansion chamber connected to said 
coil for receiving said strong acua annonia from 
said coil, a float valve in Said chamber for dis 
charging said strong aqua ammonia from Said 
chamber, and a receiver for Said strong aqua 
ammonia connected to Said chamber. 

6. A heating system for a refrigerating cham 
ber comprising a heat exchanging coil in Said 
chamber, means for supplying Weak aqua am 
monia under pressure to said coil, means for 
supplying ammonia vapor to Said coil for absorp 
tion in said aqua ammonia to form strong aqua. 
ammonia, and generate heat, an expansion cham 
ber connected to said coil for receiving Said strong 
aqua ammonia from said coil, a float valve in Said 
chamber for discharging said strong aqua an 
monia, from said chamber, and a receiver for said 
strong aqua ammonia connected to Said chamber. 

7. A heating system for a refrigerating cham 
ber comprising a heat exchanging coil in Said 
chamber, a receiver for ammonia, connected to 
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one end of said coil, a receiver for weak aqua 
ammonia under pressure connected to said one 
end of said heat exchanging coil, means respon 
sive to the temperature of said chamber for con 
trolling the flow of ammonia to said heat ex 
changing coil, means responsive to the tempera 
ture of Said chamber for controlling the flow of 
Weak aqua ammonia, to said heat exchanging coil, 
a closed expansion chamber connected to the other 
end of Said heat exchanging coil, a receiver con 
nected to said expansion chamber, and a float 
valve in said expansion chamber controlling flow 
from said expansion chamber to the last-men 
tioned receiver. - 

8. A heating System for a refrigerating chamber 
comprising a heat exchanging coil in said cham 
ber, a receiver for ammonia connected to one end 
Of Said coil, a receiver for weak aqua ammonia 
under pressure connected to said one end of said 
heat exchanging coil, means for controlling the 
rate of flow of weak aqua ammonia to said heat 
exchanging coil, means responsive to the tempera 
ture of said chamber for controlling the flow of 
annonia, to said heat exchanging coil, means re 
sponsive to the temperature of said chamber for 
controlling the flow of weak aqua ammonia to said 
heat exchanging coil, a closed expansion cham 
ber connected to the other end of said heat ex 
changing coil, a receiver connected to Said ex 
pansion chamber, and a float valve in said expan 
sion chamber controlling flow from said expan 
sion chamber to the last-mentioned receiver. 

9. Aheating system for a refrigerating chamber 
comprising a heat exchanging coil in said cham 
ber, a receiver for ammonia connected to one end 
of Said coil, an evaporating coil interposed be 
tween Said receiver and said heat exchanging coil, 
a receiver for weak aqua, ammonia under pres 
Sure connected to Said one end of said heat ex 
changing coil, means responsive to the tempera 
ture of Said chamber for controlling the flow of 
ammonia to said heat exchanging coil, means re 
sponsive to the temperature of said chamber for 
controlling the flow of weak aqua ammonia to said 
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heat exchanging coll, a closed expansion chamber 
connected to the other end of said heat exchang 
ing coil, a receiver connected to said expansion 
chamber, and a float valve in said expansion 
chamber controlling flow from said expansion 
chamber to the last-mentioned receiver. 

10. A heating system for a refrigerating chan 
ber comprising a heat exchanging coil in Said 
chamber, a receiver for ammonia connected to 
one end of said coil, an evaporating coil interposed 
between said receiver and said heat exchanging 
coil, a receiver for weak aqua ammonia under 
pressure connected to said one end of said heat 
exchanging coil, means for controlling the rate of 
flow of weak aqua ammonia to said heat exchang 
ing coil, means responsive to the temperature of 
said chamber for controlling the flow of ammonia 
to said heat exchanging coil, means responsive to 
the temperature of said chamber for controlling 
the flow of weak aqua ammonia to Said heat : 
exchanging coil, a closed expansion chamber con 
nected to the other end of said heat exchanging 
coil, a receiver connected to said expansion cham 
ber, and a float valve in said expansion chamber 
controlling fow from said expansion chamber to 
the last-mentioned receiver. 

11. A heating and cooling System for a refrig 
erating chamber comprising a heat exchanging 
coil in said chamber, a receiver connected to one 
end of said coil for supplying vapor to Said coil, 
a first thermostatically controlled valve between 
said receiver and said coil for connecting and dis 
connecting said receiver and said coil, a Second 
receiver connected to said one end of Said coil for 
supying liquid under pressure to said coil, means : 
restricting the flow of liquid to said coil, a second 

5 

thermostatically controlled valve between said 
second receiver and said coil for connecting and 
disconnecting said receiver and Said coil, a third 
receiver, an expansion chamber interposed be 
tween and connected to the other end of Said coil 
and said third receiver, and a float-controlled 
valve in said expansion chamber for controlling 
flow from Said expansion chamber to said third 
receiver. 

12. A heating and cooling System for a refriger 
ating chamber comprising a heat exchanging coil 
in Said chamber, a receiver connected to one end 
of said coil for supplying vapor to said coil, a 
first thermostatically controlled valve between 
Said receiver and said coil for connecting and dis 
connecting Said receiver and said coil, a second 

f 

receiver connected to said one end of said coil 
for supplying liquid under pressure to said coil, 
means restricting the flow of liquid to said coil, 
a second thermostatically controlled valve be 
tween said second receiver and said coil for con 

8. 
necting and disconnecting said receiver and said 
coil, a third receiver, an expansion chamber inter 
posed between and connected to the other end of 
said coil and said third receiver, a float-controlled 
valve in said expansion chamber for controlling 
flow from said expansion chamber to said third 
receiver, a first connection from said one end of 
said coil to said second and third receivers, a suc- . 
tion pressure control valve in said connection, a 
second connection interposed between said first 
thermostatically controlled valve and said other 
end of Said coil, a thermal expansion valve in Said 
second connection, and means for selectively re 
versing connections between said receivers and 
said coil, and connecting and disconnecting said 
expansion chamber for selectively heating and 
cooling said coil. 

13. A heating and cooling system for a refrig 
erating chamber, a heat exchanging coil, a first 
receiver, a first connection between said first re 
ceiver and one end of said coil, a thermostatically 
controlled valve responsive to the temperature of 
Said chamber in said connection, a second con 
Insection between said receiver and the other end 
of said coil, a termal expansion valve in said 
S3 cond connection, a second receiver, first means 
connecting said second receiver to said one end of 
said coil, a flow control valve and a thermostat 
ically control:ed valve responsive to the tempera 
ture of Said chamber in said first connecting 
means, a third receiver, an expansion chamber 
means connecting said other end of said coil, said 
eXpanson chamber and said third receiver in 
Series, a float-controlled valve in said expansion 
chamber for connecting and disconnecting said 
third receiver and said expansion chamber, a 
third connection between said one end of said 
coil and Said Second and third receivers, a suc 
tion pressure control valve in said third connec 
tion, and manually controlled valves in said con 
nections and connecting means for reversing the 
connections between said receivers and coil to 
Selectively heat and cool said refrigerating 
chamber. - 

CHARLES D. HARTMAN, JR. 
ALMON. J. CORDREY. 
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