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ABSTRACT OF THE DISCLOSURE 
A controlled system for aerating lading, particularly 

perishable bulk commodities such as potatoes, oranges, 
apples and the like, in a covered hopper railway car 
having a bottom outlet structure for unloading the ladings. 
A predetermined temperature and humidity range is main 
tained in the lading during transit and air passes through 
the lading for aerating the separate components of the 
lading. An air conduit between each bottom outlet struc 
ture and an air supply means permits the flow of 'air 
therebetween, and a second air conduit between the upper 
portions of the hoppers and the air supply means per 
mits the flow of air therebetween to provide a continuous 
recirculating air system to aerate the lading within the car 
during transit. The direction of air flow through the car 
and air conduits may be selectively reversed, if desired. 
Ambient air may be added in predetermined amounts 
to provide the desired humidity and the recirculated air 
may be heated or cooled, as desired, by suitable heating 
or cooling means to provide the desired temperature be 
fore the air enters the interior of the car for maintain 
ing the predetermined temperature range during transit. 

CROSS-REFERENCE TO RELATED APPLICATION 
This application is a continuation-in-part application 

of copending application Ser. No. 695,910 filed Jan. 5, 
1968, now abandoned, and entitled “Aeration System For 
A Covered Hopper Railway Car.” 

BACKGROUND OF THE INVENTION 

Heretofore, air has been supplied to railway cars, such 
as box cars, to aerate the interior of the cars. However, 
it has been difficult to provide a uniform aeration of lad 
ing in box cars as so-called "dead spots' occur in various 
areas unless substantially the entire floor or bottom of 
the car is provided with air discharge openings. Normally, 
air is applied in a box car about the sides of the lading 
to envelope the lading as it is usually not desired to 
aerate the lading itself. 

DESCRIPTION OF THE INVENTION 

The present invention is particularly directed to an 
aerating system for aerating lading within a covered 
hopper railway car having a bottom outlet structure for 
unloading the lading from a bottom discharge opening. 
A covered hopper car does not have a floor or flat bottom 
and air may flow along the Slope sheets leading to the 
bottom outlet structure. Thus, a generally uniform aera 
tion of the lading within a covered hopper car is pro 
vided with a minimum of air inlet and outlet openings 
while the air passes directly through the lading to main 
tain a predetermined temperature range in the lading 
during transit. Air openings for the air conduit for the 
bottom outlet structure are positioned adjacent the lower 
ends of the hopper slope sheets and air passes through 
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the lading and along the slope sheets to aerate the lading 
in the hoppers adjacent the bottom outlet structures in a 
generally uniform manner. 

Air is Supplied from a blower through an air conduit 
to the interior of the car and is passed through the 
lading to an air conduit returning the air to blower 
for recirculation. The air flows between the upper por 
tion of the hoppers and the bottom discharge structures 
to aerate the lading therebetween in a generally uniform 
manner and the direction of air flow may be selectively 
reversed. To maintain a predetermined humidity, ambient 
air may be added or bled into the air system upon 
recirculation by a suitable automatic damper. Hollow side 
sills are utilized as air conduits to provide a flow of 
air between bottom outlet structures and the blower. 
To provide a predetermined temperature for the air be 
ing introduced within the car, suitable cooling and heat 
ing units are mounted on the car, such as a conventional 
air conditioning unit for cooling and a conventional elec 
tric heater panel for heating. To aid in maintaining the 
interior of the car at a predetermined temperature range, 
the car may be insulated by an exterior foam insulation, 
such as a rigid polyurethane foam material applied by 
spraying the exterior of the car including the discharge 
outlets. 
As a specific but non-limiting example of a perishable 

commodity, it has been found that potatoes may be trans 
ported efficiently and satisfactorily by the covered hopper 
car comprising the present invention. The potato tuber 
is a form of living plant life and in storage or transit, 
the potato must be able to carry on the life processes 
common to plant life which include respiration and trans 
piration. In the process of respiration, starches and sugars 
in the potato undergo chemical changes. During this 
process carbon dioxide and water are formed and heat 
is released. The water which is produced may be released 
to the atmosphere by transpiration. The respiration rate 
and consequently the rate of heat production varies with 
temperature conditions. An even distribution and redis 
distribution of heat and the removal of excess water 
and waste gases are the objectives of ventilation and air 
circulation in the storage and transit of potatoes. 
One of the objectives of forced air ventilation and cir 

culation is to provide the environment required by the 
potatoes so that the potatoes will retain their qualities. 
Circulation of cool dry air will remove excess moisture 
and lower the temperature of the stored mass of potatoes. 
Thus, infection and breakdown from soft rots, and such 
diseases as ring rot and blackleg, should be reduced 
by maintaining a temperature during transit between 40 
F. and 60 F. The forced air ventilation and circulating 
system with automatic controls will provide near opti 
mum environmental conditions with a minimum of effort. 
A humidity between around 85% and 90% has been 
found to be optimum. If the humidity becomes too high 
as shown by condensation on the inner surfaces of the 
covered hopper car, it may be lowered by adding a small 
amount of heat to the system. Fresh dry air will be taken 
in and moist air will be exhausted. Suitable controls may 
be provided to actuate a damper at a predetermined tem 
perature or a predetermined humidity. Both heating and 
cooling equipment are provided since the potatoes are 
normally in transit throughout the year in many different 
areas of the country. 
The invention accordingly comprises the constructions 

hereinafter described, the scope of the invention being 
indicated in the following claims. 

In the accompanying drawings, in which several of vari 
ous possible embodiments of the invention are illustrated, 
FIGURE 1 is a side elevation, partly schematic, of a 

covered hopper railway car illustrating one embodiment 
of the air system for aerating the interior of the car from 
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bottom outlet structures and providing a continuous recir 
culation of air; 
FIGURE 2 is a top plan view of the covered hopper 

railway car illustrated in FIGURE 2; 
FIGURE 3 is an enlarged fragment of FIGURE 1 

illustrating an end portion of the car shown in FIGURES 
1 and 2 with equipment mounted thereon for heating and 
cooling the air for aerating the interior of the car; 
FIGURE 4 is an end elevation of the end portion shown 

in FIGURE 3 with certain equipment removed and parts 
broken away to illustrate the air conduits; 
FIGURE 5 is an end elevation of the end portion of 

FIGURE 3 with the heating and cooling equipment shown 
mounted theron; 
FIGURE 6 is a section taken generally along line 6-6 

of FIGURE 1 and showing a polyurethane insulation on 
the exterior surface of the covered hopper car to aid in 
maintaining a predetermined temperature range within 
the car; 
FIGURE 7 is a transverse section of an outlet structure 

for aerating the lading and for unloading the lading from 
the car; 
FIGURE 8 is a longitudinal section of the outlet struc 

ture taken generally along line 8-8 of FIGURE 7 and 
showing the adjacent air conduits; 
FIGURE 9 is a perspective of a damper to control the 

admission of ambient air to the aerating system; 
FIGURE 10 is a schematic of the air conditioning cycle 

for cooling the exhaust air from the car for recirculation; 
FIGURE 11 is a schematic of the means supplying 

power to the aerating system; 
FIGURE 12 is an end elevation, with certain parts 

broken away and partly schematic, of a separate embodi 
ment of the air system for aerating the interior of a 
covered hopper car in which the direction of flow of air 
may be selectively reversed and illustrating the flow of 
air in one direction; 
FIGURE 13 is a side elevation of the embodiment 

illustrated in FIGURE 12; 
FIGURE 14 is an end elevation similar to FIGURE 12 

but illustrating the flow of air in a direction opposite the 
flow of air as shown in FIGURE 12; 
FIGURE 15 is a perspective, partly schematic, of the 

blower and associated structure for reversing the direction 
of air flow; 
FIGURE 16 is a side elevation of the blower illustrat 

ing the movement of the blower between different posi 
tions for reversing the direction of air flow; 
FIGURE 17 is a perspective of a movable gate which 

is manually actuated upon the reversal of the direction 
of air flow; 
FIGURE 18 is a section taken generally along line 

18-18 of FIGURE 17 and illustrating catch means to 
releasably secure the gate in position; 
FIGURE 19 is a sectional view of another embodiment 

of this invention in which means are provided to auto 
matically reverse the direction of air flow within the 
covered hopper railway car; 
FIGURE 20 is a sectional view of the embodiment 

shown in FIGURE 19 with the direction of air flow being 
reversed from that shown in FIGURE 19; and 
FIGURE 21 is a schematic view, partly in elevation, 

illustrating control means for reversing the direction of 
air flow within the car in the embodiment shown in FIG 
URES 19 and 20. 
Corresponding reference characters indicate corre 

sponding parts throughout the several views of the draw 
Ings. 

Referring to the drawings for a better understanding 
of this invention and more particularly to the embodi 
ment of the invention illustrated in FIGURES 1-11, a 
covered hopper railway car is generally indicated 10 and 
comprises a pair of arcuate side sheets 12, a hollow rein 
forcing side plate 14 extending longitudinally along the 
upper marginal portion of each side sheet 12 for the 

10 

15 

20 

25 

30 

40 

45 

50 

60 

65 

70 

75 

4. 
length of car 10, and a hollow side sill 16 extending longi 
tudinally along the lower marginal portion of each side 
sheet 12 for the length of car 10. 

Side plate 14 is generally channel-shaped and has 
respective upper and lower legs 18, 20 secured to the outer 
surface of adjacent side sheet 12 to form a hollow air 
tight box-shaped structure therewith. An arcuate roof 22 
is secured to upper legs 18. Side sill 16 which extends 
along the lower marginal portion of each side sheet 14 
has an upper leg 26 and a lower leg 28 Secured to the 
outer surface of adjacent side sheet 12 to form a hollow 
air-tight box-shaped structure therewith. 
Car 10 has a plurality of hoppers 30 separated by par 

titions 32. End slope sheets 34 and side slope sheets 36 
lead to bottom discharge structures generally indicated 
38. Bottom discharge structures 38 are adapted to permit 
a flow of air upwardly into the lading for aerating the 
interior of the car in addition to permitting the discharge 
of lading from the car. Each bottom outlet structure 38 
includes a housing having an upper rectangular flange 40 
which may be bolted or welded to a superjacent flange 
42 on the underside of each hopper 30 as shown particu 
larly in FIGURES 7 and 8. A gravity gate 44 carried by 
bottom outlet structure 38 is mounted thereon for sliding 
movement between open and closed positions. A rack and 
pinion combination includes a pinion shaft 45 which may 
be rotated for opening and closing gate 44. 
A lower cover 46 is carried by each bottom discharge 

outlet structure 38 beneath gate 44 and forms an air 
chamber 48 with gate 44. Cover 46 is mounted on links 
50 for swinging movement between open and closed posi 
tions. Links 50 form a parallogram linkage shown in 
broken lines in FIGURE 7 in the open position of cover 
46. An actuating rod 52 extends beneath cover 46 and 
is rotated by a capstan 54 for moving cover 46 between 
open and closed positions. A locking link 56 has an end 
mounted in a slot 58 for releasably securing cover 46 in 
open and closed positions. For further details of cover 46, 
reference is made to U.S. Patent No. 3,332,363, dated 
July 25, 1967, the entire disclosure of which is incorpo 
rated by this reference. 

Fixed to the housing of each bottom discharge outlet 
38 is a pneumatic conduit 60 having a plurality of slots 
62 therein leading to chamber 48. Gate 44 is perforated at 
64 to permit an air flow from chamber 48 upwardly into 
the lading, such as perishable commodities. When open 
ings or perforations in gate 44 are not desirable, gate 44 
may be opened around two inches and an adeqaute airflow 
upwardly into the interior of the car will be provided. 
Adjacent each end of car 10 is a stub center sill 66. 

An upperboltster cover plate 68 is secured over each stub 
center sill 66 and extends to a transverse end sill 70. Suit 
able couplers 72 are mounted within stub center sills 66. 
The covered hopper railway car 10 as described above 

is provided with an aerating system according to the pres 
ent invention. A forced recirculation of air maintains 
proper moisture and temperature ranges to provide a 
proper environment within the interior of the car for the 
transport of ladings, and particularly perishable commodi 
ties, such as potatoes, vegetables, or fruits. A blower 74 
of the centrifugal type having paddle-type wheels for air 
delivery is driven by a suitable electric motor 76. Air 
from blower 74 is discharged through an air outlet con 
duit generally indicated 78. A movable vane 80 is mounted 
within conduit 78 and divides the flow of air between bi 
furcations or branch conduits 82, 84 leading to side sills 
16 as shown particularly in FIGURE 4. A slot 86 in con 
duit 78 receives a stud on vane 80 to permit adjustment of 
vane 80. 

Each branch conduit 82, 84 leads to an opening 88 in 
an adjacent side sill 16 to supply air to hollow side sills 
16. Openings 90 in lower legs 28 of side sills 16 are 
spaced along the length of each side sill 16 adjacent each 
bottom discharge structure 38 as shown in FIGURE 8. A 
branch connection 92 extends between each opening 90 
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and pneumatic conduit 60 of the adjacent bottom dis 
charge structure 38 for supplying air thereto. Air from 
slots 62 and openings 64 passes upwardly within the in 
terior of the car to aerate the lading. 
To return exhaust gases from the interior of car 10 to 

blower 74 for recirculation, openings 94 are provided in 
the upper marginal portion of each side sheet 2 which 
forms a part of each side plate 14. Openings 94 are spaced 
along the length of each side sheet 12 and communicate 
the interior of the car with hollow side plates 14 which act 
as exhaust air ducts. Exhaust air from each side plate 14 
flows to opening 96 adjacent to end thereof as shown in 
FIGURES 3 and 4. A connecting air duct 98 leads from 
each opening 96 to a space formed beneath roof 22 be 
tween an inner partition 97 and an outer partial buikhead 
99. Air flows downwardly from the space to an evaporator 
generally indicated 100 and is heated or cooled by evapo 
rator 100 as will be explained. The air then flows from 
evaporator 100 to blower 74 through an air chamber 
formed by a hood 102. 

Referring particularly to FIGURE 10, in the event the 
exhaust air from side plates 14 is above a predetermined 
amount, such as 60 F., evaporator 100 will cool the air. 
Evaporator 100 includes a plurality of generally horizon 
tally extending coils having vertical fins or plates con 
nected thereto with the air flowing between the plates. A 
conventional refrigeration cycle is employed with a re 
frigerant liquid in the coils absorbing latent heat from the 
moving air until the liquid is completely evaporated and 
forms a gas. A compressor 104 draws the gas through suc 
tion line 106 from evaporator 100 due to to suction ex 
erted from the pumping action of the compressor. 

Compressor 104 compresses the refrigerant gas and 
discharges the gas through line 108 to condenser 110. Con 
denser 110 includes a fan 111 for cooling the gas and the 
refrigerant changes from gas to liquid. The liquid re 
frigerant is then collected in receiver 112 and is forced 
by pressure to an expansion valve 134 in line 116 leading 
to evaporator :00. Expansion valve 14 controls the flow 
of liquid refrigerant to evaporator 100 and is responsive to 
the outlet temperature of evaporator 100. Expansion valve 
114 releases the pressure of the liquid and reduces it from 
the condenser pressure to that of the evaporator. The re 
duction of pressure allows the refrigerant to boil at a low 
temperature since heat from the air flows through the 
evaporator surface into the liquid which is at a lower tem 
perature. Thus, the refrigerant system cycle includes four 
functions: (1) absorbing heat as the liquid refrigerant 
evaporates (2) forcing the heat contained in the resulting 
gas to a higher temperature level by compression, (3) re 
jecting heat by the condensation of the compressed re 
frigerant vapor, and (4) reducing the pressure of the liq 
uid refrigerant to the evaporator level so that the cycle 
may be repeated. 
To supply power for the operation of the aerating sys 

tem, a diesel engine 118 is mounted on cover plate 68 and 
drives a generator 120. Fuel from tank 122 is supplied to 
engine 118. Controls for the phasing of the various opera 
tions are arranged in control panel 124. Electric energy 
from generator 120 drives compressor motor 126, con 
denser fan motor 128, and blower motor 76. 
When the exhaust air from the interior of car 10 reaches 

a predetermined minimum, such as 40 F., the cooling 
cycle is stopped by various thermostatic controls in con 
trol panel 24 and a heat cycle may be started at around 
35 F., for example. A heating element is located in the 
bottom of evaporator 100 and comprises a plurality of 
spaced parallel heat conduits 130 extending between the 
ends of evaporator 100. Heat conduits 130 are of the elec 
tric-resistance type and air passing downwardly between 
the spaced heat conduits 130 into the hood 102 is heated 
before entering blower 74. 

Referring to FIGURE 9, a damper 132 is illustrated 
for admitting ambient air within the aerating system as 
might be desirable if the humidity in the circulating air 
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6 
reaches predetermined maximum, such as ninety-five (95) 
percent. Damper 132 includes a pair of pivoted doors 
134 having an operator 136. Operator 136 may be con 
trolled by a suitable thermostat for opening and closing 
doors 134 to proportion the amount of air introduced 
within the air System. In some instances, operator 136 
may be responsive to a humidity control and will be actu 
ated upon the reaching of a predetermined high humidity. 
As shown in FIGURE 6, an insulating layer 140 is 

applied to the exterior surface of car 10 to aid in main 
taining the interior of the car at a predetermined tempera 
ture range. Layer 140 is preferably between one (1) and 
two (2) inches in thickness and may be applied in a spray 
form on the exterior surface of car 10 including the bot 
tom discharge outlets 38. Insulation will be applied to 
the ends of the car before the heating and cooling equip 
ment is mounted thereon. A rigid polyurethane foam 
material has been found to function effectively as an in 
Sulating layer. It is apparent that other insulations could 
be employed if desired, such as a layer of insulating ma 
terial applied to the interior surface of car 10. Also a liner 
night be placed interiorly of the car to insulate the lad 
ing, if desired. 
As an example of a specific use of the forced recir 

culating air System, potatoes, such as employed in the 
manufacture of potato chips, may be transported within 
car 10. Potatoes are of a highly perishable nature and 
require a continual air circulation within specific ambient 
temperature ranges from minus 50 F. to plus 100° F. 
A circulation rate of 900 to 1800 cubic feet per minute 
is desirable for 3000 cubic feet of potatoes. Potatoes gen 
erate heat and when transported air must be brought in 
to reduce the humidity to around ninety (90) percent or 
less and to eliminate any condensation which will occur 
on the sides of the railway car. If the interior of the car 
reaches a temperature of over plus 60° F., the cooling 
unit would be employed to maintain a temperature less 
than 60 F. 

Heretofore, potatoes have normally been shipped in 
bags or box cars. The use of a covered hopper railway 
car permits a very rapid loading and unloading of the 
potatoes while providing a generally uniform environment 
within the interior of the car. A humidity of around 
eighty-five (85) to ninety (90) percent is satisfactory 
while a temperature range between 40° F. to 60° F. has 
been found to be satisfactory. A continuous circulation of 
air provides adequate moisture and temperature control 
So that hot spots or the like do not occur in the potatoes 
as rotting will rapidly take place upon such occurrence. 
The only horizontal or flat floor portion of the hoppers 

which would be aerated comprises the closure or gravity 
gate in the bottom outlet structures and would be less 
than around fifty (50) square feet. With an air supply 
of around 2,000 c.f.m. (cubic feet per minute) a supply 
of air is provided of at least around forty (40) c.f.m. for 
each square foot of horizontal floor surface of the hoppers 
thereby providing a relatively high intensity of air when 
the air is discharged into the bottom outlet structures. 
Such a high air intensity at the bottom outlet structures 
provides a very effecive aeration of the lading in the 
bottom outlet structures and the lower portions of the 
hoppers. Further, since air is directed into each bottom 
outlet Structure at only two openings, a highly effective 
control of the air is provided with the high air intensity. 
By comparison with box cars, the air supply is diffused 
over the entire floor of the box car through a very large 
number of openings in a floor area of 400 square feet 
or more. This would provide only around five (5) c.f.m. 
for each square foot of floor area in a box car and permit 
only a small degree of control and a relatively small in 
tensity or quantity of air to be supplied for each square 
foot of floor area. 

Referring now to FIGURES 12-18, an embodiment 
of the air system for aerating the interior of the covered 
hopper car is illustrated in which the direction of air 
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flow may be selectively reversed. Thus, the direction of 
air flow may be from the upper portions of the hoppers 
to the bottom outlet structures, or, if desired, the direc 
tion of air flow may be reversed to be from the bottom 
outlet structure to the upper portions of the hoppers. For 
example, if warm air is supplied to the interior of the 
car, it might be desirable to have the warm air enter the 
bottom outlet structure, pass upwardly through the lading, 
and then be withdrawn from the upper portions of the 
hoppers. The above is desirable since warm air rises 
and the coldest portion of the car would usually be in the 
area of the bottom outlet structures. However, if cool 
air is supplied to the interior of the car, it may be desir 
able to have the cool air enter the upper portion of the 
car, pass downwardly through the lading, and then be 
exhausted from the bottom outlet structures. The cool 
air would thus reach the warmest portion of the car first 
and tend to provide a generally uniform temperature 
throughout the lading. s 
To provide a reversal in the direction of air flow through 

the covered hopper car, a blower 74A is driven by motor 
76A and is mounted for selective movement between two 
discharge positions. Blower 74A includes a blower hous 
ing 144 mounted for rotating movement about a drive 
shaft 146. A blower wheel 148 has fan blades 150 and 
air is drawn within air inlet 152 for discharge from out 
let discharge chute 154. As shown particularly in FIG 
URE 16, outlet chute 154 is hinged at 156 to blower 
housing 144 and a torsion spring 158 biases chute 154 
outwardly of housing 144. Leaf 160 which is connected 
to an end of torsion spring 158 is secured to flange 162 
adapted to fit against a mating flange 164 on an associ 
ated air outlet conduit 166 leading to evaporator 100A 
and heating panel 130A. Leaf 170 adjacent an opposite 
end of torsion spring 158 is secured to flange 172 about 
the discharge opening of housing 144. 
A second air discharge conduit 174 is provided be 

neath blower 74A and has a flange 176 adapted to fit 
against fange 162 as illustrated in broken lines in FIG 
URE 16. In the position shown in solid lines in FIG 
URE 16, blower 74A communicates with conduit 166 to 
discharge air therethrough. If desired to discharge into 
conduit 174, blower 74A may be manually rotated to the 
broken line position illustrated in FIGURE 16. Torsion 
spring 158 releasably secures blower 74A in position ad 
jacent conduits 166 and 174. 
As shown in FIGURES 12 and 13, air passes from 

blower 74A and conduit 166 into evaporator 100A, and 
then into the upper portion of the car through an open 
ing 175 in an intermediate bulkhead 177. Air is returned 
to blower 74A through air conduits 178 leading from each 
bottom outlet structure 3A, through side sills 16A, and 
then through transverse air conduit 180 to vertical conduit 
182 leading to air inlet 152 of blower 74A thereby to 
provide a continuous recirculation of air. A heating ele 
ment or panel 130A is mounted adjacent evaporator 
100A. A gate 184 is hinged at 186 adjacent the lower 
end of conduit 174 and is manually actuated by handle 
188. Spring clips 190 releasably secure handle 188 in posi 
tion. Gate 192 is hinged at 194 adjacent the upper end 
of conduit 182 and is mounted for actuation in a manner 
similar to gate 184. As shown in FIGURE 12, when air 
is being discharged into the upper portion of the railway 
car, gate 184 permits air to pass into the lower end of 
conduit 182 while gate 192 blocks the flow of air from 
the upper end of conduit 182. 

If desired to reverse the direction of air flow through 
the railway car, blower 74A is rotated to the position 
shown in FIGURES 14 and 15 with outlet chute 154 in 
communication with air conduit 174. Then, gates 184 and 
192 are moved to the position of FIGURE 14 with air 
being supplied to bottom discharge structures 38A 
through air conduit 174, transverse air conduit 180, side 
sills 16A, and conduits 178. Air is discharged from con 
duit 178 into each bottom outlet 38A and is directed down 
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8 
wardly to adequately aerate the lading within each bot 
tom outlet structure 38A. Air is returned to blower 74A 
through opening 175, evaporator 100A, and conduit 182. 

While air is directed into or exhausted from each bot 
tom outlet structure only at two openings, a generally uni 
form aeration of lading is obtained as the adjacent in 
clined slope sheets direct the fow of air into and out of 
the bottom outlet structures thereby providing aeration of 
substantially all of the lading within the bottom outlet 
structures and the hoppers and a highly effective control 
of the air. 

Referring to FIGURES 19-21, another embodiment of 
the air system for aerating the interior of the covered 
hopper car is illustrated in which the direction of air 
flow through the car is automatically reversed at a pre 
determined time interval to provide a timed reversing 
cycle. A pair of centrifugal fans 200 and 202 are driven 
by respective motors 204 and 206. Fan 200 supplies air 
to the upper portion of the covered hopper car through 
conduit 208, heater panel 30B, and evaporator 100B as 
shown in FIGURE 20. Fan 202 supplies air to the bot 
tom outlet structures through air conduit 174B, and trans 
verse air conduit 180B as shown in FIGURE 19. 
To permit a reversal of air flow within the covered 

hopper railway car, gates 210 and 212 are linked together 
by a connecting link 214. Gate 210 selectively permits a 
flow of air through air conduit 216 and gate 212 selec 
tively permits a flow of air through air conduit 218. 
Referring specifically to FIGURE 21, gate 210 is mount 
ed on a shaft 220 secured to a segment gear 222 in mesh 
with a Worm gear 224. A reversible motor 226 drives a 
worn 228 in mesh with worm gear 224. A control box is 
generally indicated 230 and includes a timing device 232 
operatively connected to motors 204, 206 and 226. With 
gates 20 and 212 in the position of FIGURES 20 and 
21, air is supplied by blower 200 to the upper portion of 
the car. At a predetermined time interval, timer device 
232 energizes motors 206 and 226 to effect movement of 
gates 210 and 212 to the position of FIGURE 19 while 
air is supplied by blower 202 to the bottom outlet struc 
tures. Motor 204 is deenergized and upon movement of 
gates 210 and 212 to the position of FIGURE 19, re 
versible motor 226 is deemergized. After a predetermined 
time interval, motor 206 is deemergized and motors 204 
and 226 are energized to return gates 210 and 212 to the 
position of FIGURE 20 with air being supplied by blower 
200 to the upper portion of the railway car thereby to 
complete the reversing cycle. Thus, means are provided 
to automatically reverse the direction of air flow within 
the covered hopper car at periodic intervals. 

If desired, the reversing cycle may be actuated only at 
predetermined temperature levels. Generally, it is desir 
able to have heated air supplied to the bottom outlet 
structures while cool air is supplied to the upper portion 
of the car. Thus, a suitable thermostat such as indicated 
at 234 may be provided to energize motor 204 only when 
a predetermined ambient temperature is reached, such as 
60 F., and cool air is supplied to the upper portion of 
the car. Upon the reaching of an ambient temperature of 
40 F., motor 206 may be energized to supply heated air 
to the bottom outlet structures. Reversible motor 226 
would also be energized for movement of gates 210 and 
212 upon energizing of motors 204, 206. 

Further, it would be possible to provide an air revers 
ing arrangement with a single blower and drive motor as 
in the embodiment of FIGURES 1-11, with the blower 
being a fan delivering air axially and the drive motor 
being reversible for driving the fan in opposite directions. 
Such an arrangement would provide a simple means for 
reversing the direction of air flow within the interior of 
the car and the air conduits. 
The term "air" as used in the specification and claims 

herein is interpreted as including other suitable gases 
which may be employed in this system, such as nitrogen, 
hydrogen, or the like. 
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In view of the above, it will be seen that the several 

objects of the invention are achieved and other advan 
tageous results obtained. 
What is claimed is: 
1. A covered hopper railway car having, a generally 

air-tight hollow side sill extending the length of the car 
and forming an air conduit, a bottom outlet structure 
having a discharge opening therein for unloading lading 
from the car, a closure for the discharge opening movable 
between open and closed positions, means to provide a 
continuous circulation of air to lading within the car, said 
means comprising, a blower mounted on Said car and in 
fluid communication with the hollow side sill to permit 
a flow of air between the hollow side sill and the blower, 
a branch air conduit between the side sill and the bottom 
outlet structure to permit a flow of air between the outlet 
structure and side sill, and an additional air conduit ex 
tending between the upper portion of the car and Said 
blower to provide an air passage between the blower and 
the interior of the car. 

2. A covered hopper railway car for aerating lading 
transported by the car and comprising, a pair of opposed 
sides, a hollow side still extending along the lower por 
tion of one side for the length of the car and forming a 
main air conduit, a plurality of hoppers between the sides, 
each hopper having inclined slope sheets leading to a 
bottom outlet structure having a discharge opening there 
in for unloading the lading from the car, a closure for the 
discharge opening movable between open and closed posi 
tions, aerating means to provide a continuous supply of 
air to lading within the car, said aerating means compris 
ing; a blower mounted on said car and in fluid communi 
cation with the hollow side sill to permit a flow of air 
between the hollow side sill and the blower, a branch air 
conduit between the side sill and each bottom outlet struc 
ture to permit a flow of air between the side sill and each 
outlet structure, said branch air conduit having an air 
opening adjacent the lower ends of the inclined slope sheets 
for each bottom outlet structure, and an additional air 
conduit extending between the upper portion of the car 
and the blower to permit a recirculation of air for aerat 
ing lading within the car. 

3. A covered hopper railway car as set forth in claim 
2 wherein air heating means are provided in the air re 
circulating System to raise the temperature of the air with 
in the railway car. 

4. A covered hopper railway car as set forth in claim 
2 wherein air cooling means are provided in the air re 
circulating System to lower the temperature of the air 
within the railway car. 

5. A covered hopper railway car as set forth in claim 
2 wherein means are provided in the air recirculating sys 
ten to introduce a predetermined amount of air from 
atmosphere to influence the humidity of the air being 
recirculated. 

6. A covered hopper railway car as set forth in claim 
2 wherein a layer of polyurethane foam material is ap 
plied to the outer surface of said hopper car to insulate 
said car. 

7. In a railway covered hopper car for maintaining a 
predetermined temperature range within the interior of 
the car, a plurality of bottom outlet structures for dis 
charging lading, air supply means mounted on said Car, a 
first air conduit between said air supply means and the in 
terior of the car adjacent the upper portion of the car, 
a second air conduit extending between said air supply 
means and said bottom outlet structures, and means per 
mitting Said air supply means to supply air to a selected 
one of Said air conduits with the other of said conduits 
returning air to the air supply means thereby to provide 
a continuous recirculating air system, the direction of air 
flow within the interior of the car being from the bottom 
outlet Stuctures to the upper portion of the car when air 
is Supplied to said second air conduit, the direction of air 
flow within the interior of the car being from the upper 
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portion of the car to the bottom outlet structures when air 
is supplied to said first air conduit, whereby the direction 
of air flow within the car may be selectively reversed. 

8. In a railway covered hopper car for maintaining a 
predetermined temperature range within the interior of the 
car, a plurality of bottom outlet structures for discharg 
ing lading, air supply means mounted on said car, a first 
car conduit between said air supply means and the interior 
of the car adjacent the upper portion of the car for selec 
tively supplying air to the upper portion of the car, a sec 
Ond air conduit extending between said air supply means 
and said bottom outlet structures for returning air to the 
air Supply means to provide a continuous recirculating air 
System, means to provide a predetermined temperature 
in the air Supply, means to reverse the flow of air in said 
conduits from the air supply means to provide a flow of 
air from the bottom discharge structures to the upper por 
tion of the car thereby reversing the direction of air flow 
within the interior of the car, and control means for au 
tomatically controlling the means for reversing the direc 
tion of airflow within the car. 

9. A railway covered hopper car for maintaining a 
predetermined temperature range within the interior of 
the car and aerating a bulk commodity comprising, a plu 
rality of hoppers, a bottom discharge outlet structure for 
each hopper, air Supply means mounted on said car, means 
to provide a predetermined temperature in the air Supply, 
a first air conduit between the air supply means and each 
bottom discharge outlet, a second air conduit between 
the air supply means and the upper portion of the interior 
of the car, means to selectively connect the air Supply 
means for supplying air to one of said air conduits, and 
means to Selectively connect the other of said air con 
duits for returning air to the air supply means to provide 
a continuous recirculation of air whereby the direction 
of air flow through the bulk commodity may be selectively 
reversed. 

10. A covered hopper railway car for aerating lading 
transported by the car and comprising, a pair of opposed 
sides, a hollow side sill extending along the lower portion 
of one side for the length of the car and forming an air 
inlet conduit, an upper hollow side plate member extend 
ing longitudinally along the upper portion of one side 
for the length of the car and forming an air passage, a 
plurality of hoppers between the sides, each hopper hav 
ing a bottom outlet structure with a discharge opening 
therein for unloading the lading from the car, a closure 
for the discharge opening movable between open and 
closed positions, means to provide a continuous Supply 
of air to lading within the car, said means comprising, a 
blower mounted on said car and in fluid communication 
with the hollow side sill to permit a flow of air to the hol 
low side sill from the blower, a branch air conduit be 
tween the hollow side sill and each bottom Outlet struc 
ture to provide a supply of air to the outlet structures 
whereby the air passes from said side sill into the outlet 
Structures and thence upwardly through the outlet struc 
tures into the interior of the car to aerate the lading, and 

air return conduit extending between the hollow side 
plate member and the blower thereby to return air to the 
blower for recirculation. 

11. In a covered hopper railway car having a plurality 
of hoppers, a bottom outlet structure secured beneath 
each hopper and having sides leading to a bottom dis 
charge opening, a closure for each bottom discharge open 
ing movable between open and closed positions for un 
loading lading from the bottom of the respective hopper, 
an air-tight hollow sill structure extending generally the 
length of the car forming a main air conduit, air Supply 
means mounted on Said car in fluid communication with 
the sill structure, a branch air conduit for each hopper 
extending between the air-tight hollow sill structure and 
respective hopper and having an air opening for the as 
Sociated bottom outlet structure to permit a flow of air 
between the air supply means and bottom outlet struc 
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tures, and an additional air conduit between the upper 
portion of the hoppers and said air supply means to pro 
vide a continuous recirculating air system between the 
upper portion of the hoppers and the bottom outlet struc 
tures to aerate the lading within the car during transit. 

12. In a covered hopper railway car as set forth in 
claim 11, said main and branch air conduits between the 
air supply means and the hoppers comprising air inlet con 
duits and said additional air conduit between the upper 
portion of the hoppers and said air supply means com 
prising an air outlet conduit. 

13. In a covered hopper railway car as set forth in 
claim 11, said main and branch air conduits between 
the air supply means and hoppers comprising air outlet 
conduits and said air conduit between the upper portion 
of the hoppers and said air supply means comprising an 
air inlet conduit. 

14. In a covered hopper railway car having a plurality 
of hoppers, a bottom outlet structure secured beneath each 
hopper and having sides leading downwardly to a bottom 
discharge opening, opposed hopper inclined slope sheets 
extending downwardly to each bottom outlet structure, a 
closure for each bottom discharge opening movable be 
tween open and closed positions for unloading lading 
from the bottom of the respective hopper, air supply means 
mounted on Said car, an air conduit between the air supply 
means and each hopper having an air discharge opening 
for each bottom outlet structure directing air into the as 
sociated bottom outlet structure to provide a discharge 
of air from the air supply means into the bottom outlet 
structures, means to conrol the temperature in the air 
before the air enters the bottom outlet structures, and 
an air return conduit between the upper portion of the 
hoppers and said air supply means for returning air from 
the interior of the car to the air supply means thereby 
to provide a continuous recirculating flow of air between 
the upper portion of the hoppers and the bottom outlet 
structures to aerate the lading within the car during transit 
and to maintain a predetermined temperature range within 
the car. 

15. In a covered hopper railway car having side sheets 
and a plurality of hoppers, a bottom outlet structure se 
cured beneath each hopper and having sides leading down 
Wardly to a bottom discharge opening, a closure for each 
bottom discharge opening movable between open and 
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closed positions for unloading lading from the bottom of 
the respective hopper, and a layer of polyurethane foam 
material on the side sheets of said car and on the bottom 
outlet structures to insulate the car; air circulating means 
to provide a continuous circulation of air to lading within 
the hoppers and associated bottom outlet structures dur 
ing transit, said air circulating means comprising, air Sup 
ply means mounted on said car, an air conduit between 
the air supply means and each hopper and having an air 
discharge opening directing air into the associated bottom 
outlet structure to provide a discharge of air from the air 
supply means into the bottom outlet structures, heating 
means to increase the temperature in the air before the 
air enters the hoppers, cooling means to decrease the 
temperature in the air before the air enters the hoppers 
and operable independently of the heating means, and an 
air return conduit between the upper portion of the hop 
pers and said air supply means to provide a continuous 
recirculating air flow between the upper portion of the 
hoppers and the bottom outlet structures whereby the air 
passes upwardly from said bottom outlet structures into 
the interior of the car for aerating the lading within the 
car during transit. 

16. In a covered hopper railway car as set forth in 
claim 15 including means to bleed in a predetermined 
amount of ambient air into the continuous recirculating 
air flow to influence the humidity of the air entering the 
interior of the car. 

17. In a covered hopper railway car as set forth in 
claim 15, said layer of polyurethane foam material being 
applied to the outer surfaces of said side sheets and said 
bottom outlet structures and exposed to the atmosphere. 
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