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This invention relates generally to improve 
ments in air conditioning systems and relates 
particularly to a control system in which air 
dampers are controlled to provide maximum 
fresh air for all conditions of ambient tempera 
ture. 

In Systems for controlling the temperature of 
enclosures it is desirable at all times to introduce 
as much fresh air into the enclosed space as is 
consistent with maintaining the loads on the 
heating and cooling apparatus at a minimum. 
Thus at times when the outside temperature is 
very low, for example, below 0° F., it is desirable 
to introduce 25 percent of fresh air into the space 
While recirculating 75 percent of the air therein 
so that the demand on the heating system is not 
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too great. Likewise, when the outside tempera 
ture is greater than 80° F. it is also desirable to 
maintain like proportions of fresh and recircu 
lated air, in order that the demand on the cooling 
system is not too great. 
A principal object of the invention is to intro 

20 

duce a maximum amount of fresh air into the 
enclosed space between two extremes of ambient 
temperature and to recirculate a maximum 
amount of air within the enclosed space when 
such recirculation of air is required to relieve the 
heating load or the cooling load imposed on the 
system. 
A second object comprehends the provision of 

floor and overhead heating when the temperature 
of the enclosure is below a certain intermediate 
value and the provision of overhead heating only 
when the temperature of the enclosure is above 
a certain intermediate value and below a certain 
maximum value. - - 

Still another object is to provide for Suitably 
tempering (heating and/or cooling) the air 
within the space when the temperature of the 
space reached certain predetermined values. 
Another object is to provide blower and exhaust 

fans which are operable at different speeds ac 
cording to the inside temperature, requirements 
in relation to the outside temperature, and/or 
inside naximum temperature. 
The invention is illustrated in certain preferred 

embodiments, in the accompanying drawings 
wherein: 

Fig. 1 is a schematic longitudinal cross section 
taken through a railway car having the present 
invention embodied therein; and 

Fig. 2 is a circuit diagram showing the electrical. 
circuits controlling the apparatus of Fig. 1. 

Referring to Fig. 1 of the drawings, a railway 
vehicle 8 is indicated schematically in longitu- : 

a Supply of fresh air. 

2 
dinal croSS Section, to which the heating and air 
conditioning system according to the present 
invention is applied. It should be understood, 
however, that the invention is not confined to a 
railway car, but is equally applicable to any en 
closed Space. 
The car 9 is Supplied with heat by means of a 

floor radiator which is supplied with heating 
medium, such as stean, from a main Supply line 
32, the supply of steam to the floor radiator if 
being under the control of a solenoid operated 
flow valve 3 and an additional Solenoid operated 
admission valve , the condensate leaving the 
foor radiator by means of Outlet pipe 6. 
The car is provided With an Overhead duct 

: which has an entrance opening 8 thereto for 
The duct is also pro 

vided with a plurality of Outlets 9 whereby 
heated and/or cooled air is Supplied to the in 
terior of the car. The duct is also formed 
With a return duct 2. In Order to in Sure cir 
culation of air through the car to, an exhaust 
fan 22 is provided in the return duct 2, the duct 
it being additionally provided with a blower 23 
for circulating both fresh and recirculated air. 
The duct also has situated therein an Over 

head air heater 24 which is supplied With Steam 
from a supply line 26, the supply of Steam to this 
heater being under the control of a Solemoid. Op 
erated flow valve 2 and a Solenoid Operated 
valve 28, the condensate discharging through pipe 
29. 
Under certain condition of operation, and also 

when the temperature outside the car rises above . 
a certain value, the air supplied to the car is 
{by the duct it is cooled. This is accomplished 
by means of a cooler 3 which is supplied with 
coolant or refrigerant by a mechanically operated 
refrigerator system 32 including a motor-com 
pressor unit 33, under the control of a Solenoid 
operated Switch 34, a condenser 36 and coolant 
i'eservoir 3. The Supply of coolant to the cooler 
3 is also under the control of an electrically 
operated valve 38. This valve is positioned in a 
Supply line 39, the spent coolant being returned 
to the compressor unit 33 by a Suction pipe. A . . 

5. 5 

Under certain conditions of operation, as will 
be described in more detail, the car i 0 is pro 
Vided With 90 percent of fresh air, Supplied to 
the car at the opening 8, and 10 percent of re 
circulated air from the interior of the car, the 
annount of fresh air and the amount of the re 
circulated air being under the control of a damper 
valve 42 which is actuated by an electrically ener 
gized device, for example a solenoid 43 and link 
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age 4. As shown in Fig. 1, the damper 42 is 
positioned whereby 90 percent of fresh air is 
supplied to the car and 10 percent of the air 
within the car is re-circulated, 90 percent of the 
air fron Within the car being vented to the out 
side atmosphere through an exit port 36. Under 
other conditions of operation, 75 percent of the 
air within the car will be recirculated, and 
25 percent of fresh air will be brought in fronn 
the outside of the car, the damper valve 32 under 
such conditions of operation taking the position 
as shown in the dotted line in Fig. 1. 

Referring now to Fig. 2 of the drawi:gs, areas 
are provided for maintaining thae dia imper 32 in 
the dotted line position as shown in Fig. 1, whexe 
by to introduce 25 percent of fresh air into the 
car and to re-circulate 75 percent of the air, and 
to provide both overhead heat, by means of the 
overhead heater 24, and floor healt by me3inS Of 
the floor radiators when the temperature out 
Side of the cars is below 0° F. 
The circuits shown in Fig. 2 are under the coia 

trol of a SWitch 5i Which closes circuits inciding 
a positive line 52, a negative 53, and a main 
negative. line 53, the latter of which is provided 
for circuits which are closed irrespective to the 
condition of the switch SA. - 
Assuming that the outside temperature is below 

0 F. and the tenperature in the return dict is 
below 78° F., heat at the floor of the car will 
be supplied by the floor radiators i, the danger 
A2 will be in the dotted line position shown in 
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Fig.1 to give 75 percent of re-circulated air and 
25 percent of fresh air, and the blower 23 and 
the exhaust.fan 22 will operate at slow speed. 
The overhead heater will also supply hea, i, o be 
circulated through the duct. and past, the 
overhead openings 9. Under this condition of 
operation a winding 56 of the floor heat flow valve 
3 is deenergized, the winding 55 being in parallel 

with the solenoid of relay 34 of the compressor 
33 and remaining deenergized with the valve 3 
open until the outside temperature rises to 50° 
at thermostat 2i and the temperature in the 
return duct rises to 76 F. At this time the valve 
3 Willi close, thus shutting off the ficw of stealin 

to the admission valve if of the floor radiator. 
The floor radiator admission valve E4 is nor 

inally held open by a spring lia. Consequently 
the valve is held open to supply steam to the fioor 
radiators as long as the outside temperature 
remains below 50° E. and the temperature within 
the car is less than 78° F. However, when the 

- temperature within the car reaches 78° F., the 
energizing circuit for relay 62 is by-passed around 
Solenoid 33 and thereby permits relay contact 53 
to close an energizing circuit through. iioor heat, 
solenoid 5 to close valve 4. 

. The Steam is Supplied under pressure through 
the supply pipe 25 to the normally closed over 
head heat valve 28. The condensate leaving the 
overhead heater 24 is discharged through pipe 
29. The overhead heat valve 23 has a winding 
7 which is normally deenergized. The Winding 

interposed is in a closed circuit, which includes 
the bus 52, a conductor 72 and a closed con 
tactor 23 of a relay 74 which is adapted to be 
energized when the temperature in the return 
duct 2 is below a certain value, which in the 
embodiment shown is 78°. F. - . 
When the outside temperature is below (° F. 
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the damper valve 42 is in the dotted line posi 
tion shown in Fig. 1 to provide for 75 percent of 
re-circulated air and the admission into the car 
fe of 25 percent of fresh air. Under this con 

haust fan 22 are operated at low Speed. 
this condition the blower 23 and the exhaust fain 

: effective. 

4. 
dition of operation, the solenoid 43 is de-ener 
gized, the winding thereof being in an Open cir 
cuit which includes the positive line 52, a con 
ductor 77, an open contactor 3 of a relay 9 
interposed in circuit with the conductor i, and 
the main negative line 54. 

Under conditions when the outside tempera 
ture is below 0° F., the blower 23 and the ex 

Uider 

22 are in a closed circuit leading from positive 
line 52 through conductor 8, an adjustable re 
sistor 32 connected therein and a conductor 33 
to the negative bus 53. 
The circuits thus far described are effective 

when the outside temperature is below 0° F. 
The system, according to the present invention, 
includes both floor heat and overhead heat, both 
of which are effective during the normal heat 
ing cycle. The floor radiators are inade ineffec 
tive. When the outside temperature rises above 
50° F. At this time and throughout any addi 
tional rise in temperature, cooling is made avail 
able within the car by the energization of 
master relay A, provided that the interior ten 
perature is such as to require cooing. If no 
cooling is required within the car 8 the over 
head heating system will continue to operate to 
maintain the proper temperature without the 
need for heat to be supplied by the foor radi 
ators : . - 
The circuits for controlling the heating and air 

conditioning system according to the present in 
vention include a holding or “stick' circuit, which 
responds to certain conditions in order to be made 

The first of these conditions is that 
the outside temperature is above 0°F. and the 
second condition is that the return duct, ten 
perature must be below 78° F. When the out 
side temperature stands between 0° F. and less 
than 50 F., and that the temperattire in the 
return duct 2 is below 78° F., the following . 
conditions will prevail. The first of these condi 
tions is that the dan per valve 42 i will move to - 
the full line position as shown in Fig. 1 to pro 
vide 90 percent of fresh air and 20 percent of 
re-circulated air. The second of these conditions 
is that the exhaust, fan 22 and the blower 23 
operate at intermediate speed. - - 

Under the conditions just mentioned, a circuit 
is closed by a thermostat -84 which functions 
when the outside temperature rises above 0° F. 
This circuit includes positive line 52, a conductor 
83, the winding 3 of a relay SS, and thence 
through a resistor 89 and a conductor 8 i to the 
negative bus line 53. The energizing of the re 
ay 88 closes a circuit which includes the posi 
tive line 52, a conductor $2, a contactor 93 of 
the relay 88 and a conductor 95 which taps the 
mid-point of the variable resistor 32 thereby in 
creasing the operation of the blowers 23 and the 
exhaust fan 22 to an internediate Speed, and 
thence through the blower 23 and the exhaust 
fan 22 through a conductor 83 to the negative 
bus. 53. - 

23 and the exhaust fan 22 are connected in par 
allel so that both will operate at the same speed. 
An additional circuit is closed upon energiza 

tion of the relay 88, said circuit including the 
positive line 52, a normally closed switch 96 in 
a conductor 9, the winding of the relay 79, a 
conductor 98, contactor 99 of the relay 88, a con 
ductor 9 and thence through a contactor 02 of 
the relay $ which is maintained energized so 
long as the thermostat 03 in the return duct 21. 

It will be observed that the blower 

s 
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See also Fig. 1, is below 78°F. As long as the tem 
perature in the return duct 2 is below 78°. F., 
a circuit is made through a winding 94 of the 
relay 4, a conductor 06, and resistors O and 
08 with which the winding 04 is in circuit. The 

closing of the relay. T9 energizes the Winding 
76 of the solenoid actuator 43, thus moving the 
damper valve 42 to the full line position shown in 
Fig. 1, the damper valve 42 then being in posi 
tion to admit 90 percent of fresh air and to re 
circulate 10 percent of the air within the car. . 

Energization of the relays 88 and 4 controls a 
'stick' circuit for energizing a relay 09. When 
the relays 88 and 4 are thus energized, under 
the conditions as described above, the "stick' 
circuit thus made includes a conductor 
branching from the conductor 97, a winding 2 
of the relay 09, thence through a conductor 3 
which is connected to the lead 98, the circuit 
then being completed through the contactor 99 
of the relay 88, the line 0 and the contactor 
02 of the relay 74. The energization of the relay 
9 closes another 'stick' circuit, which includes 

conductor. 4 branching from the lead 0 , 
thence through the closed contactor 6 of the 
relay 09 to the negative bus 53 through a con 
ductOr i 7. 
From the foregoing description it will be ap 

parent that When the temperature outside the 
car is between 0°. F. and 50°. F. the system will 
operate to give 90 percent of fresh air, the air 
So Supplied by the blower 23 and the exhaust fan 
22 operating at intermediate Speed, at the same 
time both floor heat and overhead duct heating 
being supplied with steam through the fiow valves 
3 and 27 and the floor radiator admission valve 
4 and the overhead heat valve 28 as before; the 

circuits for maintaining conditions of the valves 
13, 4, 27, and 28 remaining the same as though 
the outside temperature were at 0°F. or less. 
Under the condition. When the ambient outside 

the car f0 is greater than 50°F. the System is SO 
arranged that the heating vapor supplied to the 
floor radiator is cut off by the floor valve; 4, 
heat being Supplied to the interior of the cari | 0 
through the Overhead heater, 24 Under the Con 
trol of the overhead heater valve 28, provided 
that the return duct temperature remains less 
than 80 F. Under this condition of operation, 
when the outside temperature is greater than 
50F., the blower 23 and the exhaust fan 22 will 
operate at full Speed, the resistor 82 being 
shunted out of circuit with the blower. 23 and the 
fan. 22. 
When the outside temperature reaches 50°F, 

a winding 8 of the master relay 64 will be ener 
gized, the circuit leading from the positive line 52 
through the coil 8, and a conductor 9 in 
cluding an outside thermoStat. 2 which closes 
when the outside temperature rises to 50° F. 
When the relay 64 is thus energized, an additional 
circuit is made for subsequent deemergization of 
the relay 9 when the return duct 2, attains a 
temperature of 80°. This additional circuit 
includes a lead 22 branching from the lead , 
thence through a closed contactor. 123 of the relay. 
64, a conductor 24 which leads to a re-circulat 
ing cooling thermostat 26 positioned in the re 
turn duct 2, and a conductor. 27 to the main 
negative line 54. 
The energization of the relay. 64, which takes 

place when the outside temperature rises to 50° 
F., also causes the blower 23 and the exhaust fan. 22 to operate as full speed, at full supply poten 
tial across the Supply line 52, 53. When the relay 
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64 is energized, a circuit is made leading from 
positive line 52 through a closed contactor 28 of 
the relay 64, a conductor 29, a closed contactor 
13 of the relay 09, a conductor 32 joining the 
conductor 8 and thence through the blowers 23 
and the exhaust fan 22 and the conductor 83 to 
the negative bus line 53. 
As long as the temperature of the return duct 

2 í is below 78° F. the relay 14 remains energized, 
the coil 04 of the relay being in circuit with the 
conductor G6 across the supply line 52, 54. The 
relay 64 controls, the Operation of the floor heat 
relay S and through it controls the floor heat 
valve 4. When the outside temperature reaches 
50 F. the relay 64 is energized which condition 
openS Contact 34 thereof and deenergizes the 
relay 6, the circuit for the relay 6 including 
positive line 52, conductor 33, contactor 34 
(now open because the relay 64 is energized), 
winding 36 of the relay 6 and closed contactor 
3 of the relay 4, the latter of which remains 
energized while the return duct is below 78 F. 
When the relay 6 is thus de-energized, the 
winding 57 of the floor heat valve 4 will be 
energized and the valve 4 Will close thus Cutting 
off the supply of steam to the radiators . 
When the outside temperature moves below 

50° F. and the temperature of the return duct, 
2 is less than 78°. F., the circuit for energizing 
relay 6 is closed through de-energized closed 
contact 34 of relay 64 and energized closed con 
tact 3 of relay 4. Under such conditions the 
temperature at the floor thermostat 38 will be 
below 78 F. Consequently the relay 6 will be 
energized open and the fiOor heat valve Will re 
main open under the influence of spring 4d, 
but when the temperature within the car again 
reaches 78° F while the outside temperature 
remains below .50 F., the Supply of electric cur 
rent to coil 33 of relay 6 will be cut off by the 
opening of contact 37 of relay 4 and thereby 
result in closing relay 6 to energize floor heat 
Wave 4 closed. The floor heat thernostat 38 
is provided with an auxiliary heater 39 which is 
energized and in a circuit including Conductors 
4, 42, 42a and contactor. 43 of the relay 74. 
Thus, when the return duct thermostat 93 con 
trolling the overhead heat is calling for heat, 
the relay & Will be energized and the contactor 
Í 43 i will be opened. Auxiliary heat will be re 
Oved from the fiOOrheat thernostat 38, but aS 

Soon as Said return duct thermostat f 3 is satis 
fied the contactor 43 Will close and the thermo 
stat 38 will receive sufficient auxiliary heat to 

(...) 

(35. 

cause it to close and thereby short out the coil 
33 of the relay, thus re-energizing the Winding 
5 to close the floor heat valve 4. The amount, 
of electrical heat applied to the floor heat ther 
mostat is such as to cause it to function when the 
overhead heat thermostat? O3 is satisfied. Con 
Sequently the floor heat radiators are effective 
only. When the foor heat, thermostat, calls for 
heat. When steam is being Supplied to overhead 
heater 24. If, for any reason, the floor ther 
inostat . 38 is closed. While the. Overhead heat 
thermostat is calling for heat, the relay 6 will 
be de-energized closed by the functioning of 
thernostat 38 and the radiator valve 4 will be 
energized closed to shut off the floor heat. 

However, floor heat will not be supplied to the 
radiators. Since the flow of steam to the floor 
radiators. is also under the control of the fioW 
valve 3 which is closed. When its coil 56 is ener 
gized. The temperature in the return duct 2 
is adapted to control the flow valve 3 and to 
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2. A system for supplying tempered air to an 
enclosed space according to claim 1 characterized 
in that a fourth thermostat is provided for Con 
trolling the last mentioned relay effective to alter 
the operating speeds of said blower and fan, the 
said fourth thermostat being set to function at a 

5 

predetermined inside temperature to open the 
last mentioned energizing circuit through said 
blower and said fan. 

0. 
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