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1 
This invention relates to a method of and' 

apparatus for conditioning and/or cooling-ma 
terial consisting of large masses of individual 
particles such as aggregate and/or other ingre 
dients of a concrete mix, prior to mixing. 

It is common practice in large‘ concrete con 
struction projects to erect concrete mixing plants 
which include towers having bins adjacent the 
upper end thereof for receiving ingredients such 
as aggregates, sand and cement of the concrete 
mix. Below the bins are weighing devices which 
receive the ingredients from the bins, said weigh 
ing devices weighing and proportioning the par 
ticular ingredients and then delivering same to 
mixers arranged in the tower below the weigh 
ing devices and adapted for delivering mixed 
concrete to trucks for movement to a place of 
use. In such projects large quantities of aggre 
gates and/or other ingredients must be avail 
able and said ingredients are commonly exposed 
to the climatic conditions so that the tempera 
tures of same vary widely under normal oper 
ating conditions making it diii‘icult to maintain 
uniform temperatures of the concrete mix. 

It is desirable particularly in large concrete con 
struction projects, such as large dams and the 
like to pour the concrete mix at a temperature 
which is above freezing and at the same time 
low enough that the heat generated by the set 
ting process will not increase the concrete above 
100° F. as at or about 125° F. concrete becomes 
like gelatin and will never set. The specifica 
tions on present dam contracts require the con 
crete mix tc be controlled to a maximum of 65° 
F. and it is recognized it would be preferable to 
reduce the requirement to between 50° and 55° 
F. but until now such low pouring temperatures 
have not been obtainable under all climatic con 
«ditions 
mix with ice or inundation of the aggregate have 
been found objectionable. Only a limited quan 
tity of ice can be used due to the small amount 
of water speciiied in the concrete mix and such 
a limited quantity of ice is incapable of» pro 
ducing the desired low temperature of the mix. 
Methods of cooling by inundation vcomplicate 
the control of moisture, require special tanks for 
the aggregate in addition to the mixing tower 
bins, making the handling of the aggregate dini 
cult and there is loss in cooling effect due to re 
heating in the time lapse between cooling and 
mixing of the aggregate. Current methods using 
delivery of cold air from a central refrigeration 
and air cooling plant working on removal of 
sensible heat to the lower portion of a plurality 
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of aggregate bins in a mixing plant are objec 
tionable due to necessary shut down time for 
defrosting'or maintenance of the refrigeration 
plant and limitation of range of cooling due to 
the very’large amount! of air that must be forced 
through the aggregate because of small heat 
carrying 'capacity oi air when operating on sen 
sible heat change. Also such operations requir 
inga highrise of temperature of the air lower 
the required low temperature limit which causes 
frosting of the refrigerantcoils. 
The' objects of the invention are to provide a 

method andapparatus >for conditioning and/or 
cooling material which overcomes the noted dis 
advantages»and-objections of other methods; to 
provide a method of conditioning material in a 
plurality' of bins wherebyl the material' in »and 
moving through therespective bins is conditioned 
and/orcooledf independently of the ‘other bins; 
to render the various operations involved with 
the conditioning and/or cooling of material as' 
nearly continuous as' possible; to provide appa 
ratusfor conditioning aggregate or the klike by 
controlled movement of ñuids through they aggre 
gate whil'e in a bin of a mixing tower; to provide 
conditioned air delivery mechanism and ducts 
so arranged-toincrease the initial surface of ma 
terial exposed tothe' delivery of air and reduce 
the static head-resisting movement of air through 
the aggregate; to provide a central'refrigerating 
systemy locatedv adjacent to the laggregate mixing 
plant and connected to the various’ aggregate 
bins by means of chilled water, brine,v or ñuid 
or refrigerant' lines in such a manner that any 
portion of the central plant can be concentrated 
onv any partfor al1' of the bins that require cool 
ing 'ata given time', the plant being proportioned 
in such 'a way ‘that'it has sufiicient capacity'with 
out having to work at low enough temperatures 
to v‘cause 4'the coils to frostk up and'thereby lose 
capacityandy require defrosting; to provide ap 
paratus for cooling aggregate andthe like in 
deep beds in bins by selectively delivering large 
volumesof ‘cooling ñuids to the upper’levels of 
the bed'and smaller volumes of rcooling fluids >at 
lower levels whereby most of the cooling is done 
in the ¿upper portion of the bed with lower static 
head and ï power for movement of the iiuid 
through theîbed'of material to progressively cool 
thelagg'r'egate andthe like as it passes down-'J 
wardly’through the bin;r to provide for apply 
ing’water to the4k aggregate at the top of the bin, 
the‘ quantity'of ‘the water being approximately' 
that `whiclrw'ill be evaporated‘by theheat in 
the'aggregate in latent' cooling resultingl from"` 
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delivery of cooled dry air to the aggregate at 
lower points in the bin; to provide for cooling 
the aggregate and the like in a plurality of bins 
by delivering two ñuids to the bins for counter 
current ñow through the aggregate and selec 
tively controlling the now of said ñuids where 
by they cooperate to effect evaporation cooling 
and removal of heat from the aggregate so the 
temperature and moisture content of the aggre 
gate delivered from the bins are maintained; to 
provide for cooling of aggregate by selectively 
delivering liquid and air hereto and selectively 
recirculating all or a part of said air` and liq 
uid, said air and liquid being selectively cooled 
by a suitable refrigerating system whereby the 
temperature of the aggregate and water content 
thereof may be accurately controlled as desired; 
to provide individual air cooling and delivery 
and/or circulating mechanism for each bin to 
be cooled, the air being delivered in a plurality 
of stages to selected points in the bin for stage 
cooling of the aggregates and the like; and to 
provide a method and apparatus for cooling ma 
terial such as aggregates and the like in bins of 
conventional concrete mixing towers, said appa 
ratus being compact in construction and ar 
ranged to provide a continuous cooling of the 
material moving through the indívidua1 bins for 
maintaining selective individual delivery tem 
perature and moisture content of the material, 
the material being cooled in stages whereby a 
maximum of cooling can be obtained efiiciently 
with small power output, the cooling operation 
being flexible to meet varied conditions and spec 
iñcations in the pouring of large masses of con 
crete.  

In accomplishing these and other objects of 
the present invention, I have provided improved 
details of structure, the preferred forms of which 
are illustrated inthe accompanying drawings, 
wherein: 

Fig. 1 is an elevation of a concrete mixing 
tower having apparatus thereon for condition 
ing the material in the bins. 

Fig. 2 is a vertical sectional view through con 
crete ingredient containing bins in the upper 
portion of the concrete mixing tower taken on 
the line 2-2, Fig. 3, said structure being arranged 
for multiple stage cooling and conditioning of 
said ingredients. 

Fig. 3 is a plan View of a concrete mixing tower 
having aggregate cooling apparatus in accord 
ance with the present invention, a refrigeration 
plant being shown diagrammatically in connec 
tion with the tower. 

Fig. 4 is a partial vertical sectional view 
through a bin in a concrete mixing tower with 
a modified form of aggregate conditioning mech 
anism. 

Fig. 5 is a partial sectional view through a bin 
of a concrete mixing tower, with a further modi 
fied form of conditioning mechanism. 

Fig. 6 is a sectional view on the line 6_6, Fig. 
5, illustrating a grizzly in the bin for the drain 
age of liquid from the concrete ingredients in 
said bin. 

Referring more in detail to the drawings: 
I designates a concrete mixing plant which 

consists of a tower 2 constructed of structural 
steel or the like and arranged to support a plu 
rality of hoppers or bins in the upper portion 
thereof. It is preferable that the bins be so ar 
ranged that a central bin 3 serves as a reservoir 
for cement 4 and other bins 5 arranged around 
the bin 3 serving to contain gravel, crushed stone 
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4 
or other aggregate 6 and sand 1, the number of 
bins holding the respective materials being ap 
proximately in proportion to the relative quan 
tity of the respective materials used in the con 
crete mix. The bins are so constructed as to 
provide a deep bed of material or ingredients of 
the concrete mix contained therein. The ce 
ment bin 3 has downwardly converging bottoms 
8 terminating in spouts 9 having gates I0 there 
on to control the iiow of cement from the bin 3. 
Each of the bins 5 has inwardly sloping bottoms 
II terminating in spouts I2 having gates I3 for 
control of the flow of the cement ingredient con 
tained in the respective bins. Arranged in the 
tower below the bins in a position to receive the 
concrete ingredients from the bin spouts are 
weighing devices I4 for measuring and propor 
tioning the concrete ingredients and selectively 
delivering same to concrete mixers I5 arranged 
in the tower below the weighing devices. The 
weighing devices I4 and mixers I5 may be of any 
conventional construction and are preferably ar 
ranged in the tower for gravity iiow of the ingre 
dients from the bins to the weighing devices and 
then to the mixers, and from the mixers to suit 
able means, such as trucks, for conveying the 
concrete to a place of use, such as a dam site. 
ln the bin structure illustrated, the cement bin 

3 is formed by side walls I6 extending upwardly 
from the bottom 8, said side walls preferably 
being arranged in a polygonal shape and forming 
inner walls of the bins 5. Outer side walls 
iT extend upwardly from the bottoms í i in spaced 
relation to the walls i6 and partitions I8 divide 
the space between the walls I6 and I'I into a 
plurality of bins 5. A cover I9 preferably con 
verges npwardly from the upper ends of the side 
walls i? and has engagement with the walls I6 
to enclose the respective bins. Rotatively mount 
ed at the apex of the cover I9 is a hopper 23 
for receiving the various concrete ingredients, 
said hopper being provided with a spout 2! so 
arranged that the hopper may be rotated to posi 
tion the spout 2I for selective discharge through 
chutes 22 to the respective bins 5 cr may be 
positioned between the chutes for the discharge 
of cement into the bin 3. With this arrangement 
the Various ingredients of the concrete mix may 
be delivered to the hopper 2G of the tower I and 
selectively discharge into the bins at intervals 
to maintain the levels of the ingredients in the 
respective bins between selected maximum and 
minimum heights. 

Cooling apparatus 23 is provided for each of 
the bins containing aggregate, sand or the like. 
rThe cooling apparatus 23 for each bin includes 
a coil 24 preferably arranged horizontally and 
fixed in a housing 25 having side and top walls 
25 and 21 and an opening 23 in the bottom, 
the housing and coil being supported by suit 
able members 29 on the tower structure and 
preferably arranged adjacent a decking 30 ex 
tending around the tower for movement of per 
sons inspecting and maintaining the equipment. 
Each of the coils is preferably connected with 
cooling fluid supply and return manifolds 3I and 
32 respectively for chilling said coils, suitable 
valves 33 being arranged for individual control 
of the fluid delivered to the respective coils. The 
manifolds 3l and 32 are connected by suitable 
pipes 3f. and 35 respectively to suitable refriger 
ation apparatus in a refrigeration plant 36. 
The plant 3B includes a plurality of refriger 

ant compressors 3l, a condenser 33 and evapora 
tor coils in a heat exchanger 39, whereby water 
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may be circulated by a ‘pump 40 through the 
heat exchanger in contact Vwith .the `evaporator 
coils and the chilled water pumped through .the 
manifold 3l for supplying the respective coils 
with chilled water. In normal 'operations it is 
preferred to use chilled fluid in the coils v24 in 
order to eliminate any frosting condition. How 
ever, if desired, the refrigerant compressed by 
the compressors 3l may bedelivered direct to the 
manifolds Si for supplying the coils A24 so 'said 
coils will serve as the evaporator coils of the 
refrigeration system. If refrigerant is circulated 
through the coils 24, suitable controls will be 
used to maintain the coil operation above the 
temperature at which frosting occurs. 
The material in each of the bins is~cooled 'sub 

stantially in the same manner, with individual 
controls in the cooling equipment for regulating 
the cooling and/or conditioning of the »mate 
rial in the respective bins, whereby the equipment 
will properly function to cool aggregate, sand 
and the like having different particle sizes and 
different static head for air circulation through 
the material in the bins. A fan 4I capable of 
delivering a relatively large volume of air at low 
static head is suitably mounted on the towel' 
and has its intake communicating by means of 
a duct 42 with the interior of the respective coil 
housing 25 whereby the fan draws air through 
the opening 28 in the housing over the coils and 
through the duct 42. The air is discharged by 
the fan 4l through a duct 43 extending into the 
respective bin 5 and terminating in a down 
wardly directed frustroconical outlet 44 located 
below the minimum level of material in the bin. 
The outlet 4d, being directed downwardly in the 
material, acts as an outlet of a Venturi tube and 
serves to convert the velocity energy of the air 
into static head as required for maintaining 
movement of air through the material to be 
cooled. Also the material whether ñne or coarse 
will move outwardly and downwardly along the 
wall 45 of the outlet member and then slip down 
wardly past the edge of the wall andinwardly 
whereby the material itself forms an inverted 
cone-shaped space 46 below the outlet 44, there 
by providing a considerably greater area of ma 
terial surface exposed to the air delivered by the 
duct 4S. This large area of initial surface of 
the material exposed to the air from the duct 
43 reduces the initial static loss of starting ñow 
of air through the material. The walls 45 of 
the outlet 44 may be perforated to form >open 
ings 47 which are smaller' than the size of the 
aggregate being handled in the respective bin so 
that no material will pass through said-open 
ings but air may pass throughthe openingsiinto 
material thereby further increasing the surface 
of the material exposed to the cool air delivered 
by the fan 4l. As illustrated in Fig. 2 the outlet 
member 44 is located relative to the >sides of 
the bin 5 and the normal slope of the upper sur 
face of the material in the bin to substantially 
equalize the movement of the air from theout 
let member through the material completely 
around the outlet member and thereby avoid any 
stratification or channeling through the mate 
rial. 
A second fan 48 preferably operating at higher 

static head and lower volume than the fan 4| 
is suitably supported in the tower adjacent the 
coil housing 25 and has its inlet connected by> a 
duct 49 with said housing to `also draw air over 
the coils 24, said fan 48 discharging the air 
through a duct 50 extending into the» binf5 and 
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6 
terminating in ya downwardly turned "frustrwl 
conical outlet member 5| centrally located lin the 
material in the bin adjacent the spout I2. 'The 
material moves downwardly over the wall of the 
outlet member 5| and also converges inwardly 
to form an inverted cone-shaped space 52 below 
the outlet member, the wall 53 of said outlet 
member preferably having openings 54 therein 
for discharge of ̀air into the material in thesame 
manner as the air is discharged from fthe outlet 
member 44. Dampers 55 and 56 are located in 
the ducts 42 and 49 respectively for aid in con 
trolling relative movement >of air bythe fans 4I 
and 48, and also permitting either of the fans to 
operate singularly for discharging air >into the 
material'in the bin 5 for cooling same, particular 
ly where the reduction in temperature required 
is relatively small. 

Stacks 51 are arrangedon the cover 19 above 
each of the bins 5 for escape of air and'moisture 
from the bin to the atmosphere, said stacks pref 
erably having dampers 58 for selective control ’of 
the area of the opening in the stack for the pas 
sage of air therethrough. Any suitable means 
may be applied to the ends of the stacks for .pre 
venting rain and the like from entering the bins 
through said stack. 
A plurality of spray pipes 59` are arranged in 

each bin 5 adjacent the cover I9 for substantially 
uniformly spraying water over the upper surface 
of the material contained in the bin. The 'spray 
pipes 59 preferably have communication Awith 1a 
manifold 60 which is connectedby a pipe 6| vwith 
the manifold 62 suitably arranged on thetower' 
and having connection with the spray pipes inthe 
various bins 5, a valve 63 preferably being ar 
ranged in each of the pipes 6I for individual vcon 
trol of the quantity of water sprayed inthe re 
spective bin. The manifold 62 is supplied with 
water under pressure by a pipe 64 leading to a 
suitable source of Water supply and said water 
may be chilled in the refrigeration plant if de 
sired. It is preferable that the quantity of water 
sprayed on the material in the bins be such that 
the air delivered to the material in the bins ‘by 
the fans 4l and 48 will evaporate substantially 
all of the water from the material Whereby‘said 
material is substantially dry when discharged 
from the spouts l2, the evaporation of said water 
cooling the material. An automatic control for 
the valve 63 may be arranged by providing a dif 
ferential wet and dry bulb instrument 65 ar 
ranged in or adjacent each of the stacks'of the 
bins 5 and connected with the valves -63 rto cut` 
off the supply of water sprayed on the material 
when the differential approaches a selected ̀ min 
imum and to open the valves to provide `addi 
tional spray when the differential approaches a 
maximum. If the material is too dry the sensible 
heat Will increase the differential and turn k‘on 
more water. 
The operation of the apparatus illustrated in 

Figs. 2 and 3 in practicing the method for cooling 
of material is such that the quantities of water 
and air delivered to the bins and the relative 
proportions of same may be regulated to provide 
eñicient cooling of the material and >regulation 
of moisture content to a desired amount regard 
less of outside atmospheric conditions. The ma 
terial is delivered to the hopper 20 and directed 

' by the spout 2|`through a selected chute 22 into 
a bin 5 until the bin is ñlled above a minimum 
height which must be above the outlet member 
44. The refrigerating plant 36 »is operated .to 
provide desired coolant in the coils 24~which~ are 
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preferably operated in such a manner that the 
temperature thereof is just above the frost point. 
To assure such operation the compressors pref 
erably move refrigerant through the heat ex 
changer 39 for chilling water, brine or the like 
liquid to a temperature slightly above the freez 
ing point of the liquid. The liquid is pumped 
through the manifold 3| and selectively admitted 
to the respective coils 24 by adjustment of valves 
33. Water which may be chilled if desired is de 
livered through the pipe 64 to the manifold 62 
and supplied onto the surface of the material in 
the bins 5, wetting said material and also addi 
tional material which is delivered to the bins to 
maintain the level above a minimum therein and 
replace the material removed through the spout 
I2. The fans 4I and 48 are operated to draw 
air through the openings 28 around the coils 24 
chilling and also condensing moisture from the 
air whereby relatively dry cold air is moved by 
the fans 4| and 48 and delivered to the material 
through the outlet members 44 and 5l. The air 
delivered by the fan 4l, being of relatively high 
volume and low static head, tends to evaporate 
the water on or in said material to cool same by 
evaporation and the latent heat isV carried away 
in the air. The large quantity of air delivered 
by fan 4l removes most of the moisture whereby 
the air delivered by the fan 48 is capable of sub 
stantially drying or evaporating the moisture ` 
in the material passing thereby to the spout l2 
and further cools the material to reduce the tem 
perature thereof to approximately 45° F. 

If the material delivered to the bin 5 is rela 
tively wet as when there has been rain on a stor 
age pile exposed to the atmosphere, less water 
will be delivered by the spray pipes o9. When 
less reduction in the temperature of the material 
is required, as when the atmosphere is cool, it 
is possible to provide the cooling by air from only 
one fan or the proportions of air delivered by the 
fans 4I and 46 may be adjusted by the dampers 
55 and 56 for most eiflcient cooling. In extreme 
cold temperatures heated liquid may be passed 
through the coils 24 for heating the air delivered 
to the material and thereby maintain the tem- ‘ 
perature subtantially as desired. Obviously the 
entire equipment is such that each portion and 
each bin may be adjusted and regulated to meet 
substantially any requirements imposed by cli 
matic conditions and still maintain the tempera- " 
ture of the materials delivered through the spouts 
l2 whereby the final mix will be according to the 
specifications required on the construction pro 
ject. The cooling of the material is effected 
continuously while the material is fed to and 
drawn from the bins and in effect the cooling 
is on the principle of counterflow as the ma 
terial and water move downwardly through the 
bins the air moves upwardly through the ma 
terial, the cooled air becoming warmer and in 
creases in moisture content as it moves upwardly 
through warmer and wetter material and the air 
total heat content exceeds that normally exhaust 
ing in outdoor air and air is exhausted from 
the system, all of the apparatus being arranged 
to accomplish a maximum in efliciency in cooling 
of the material with a minimum of power. To 
further illustrate the operating conditions of the 
apparatus the following is an example of the 
operating characteristics, temperatures and air 
flow at selected material and climatic tempera 
tures in the operation of a concrete plant hav 
ing a capacity of 175 cubic yards per hour. As 
suming that the aggregate is delivered to the six 
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material bins 5 illustrated at a temperature of 
100° F. and said aggregate cooled and delivered 
through the spouts I2 at a temperature of 45° 
F. there would be required approximately 672 
tons of refrigeration, or in other words the cool 
ing of the material in the bin would be at an 
average rate of 112 tons of refrigeration to each 
bin per hour to remove 8,064,000 B. t. u. per 
hour. Water or other suitable liquid is chilled 
in the refrigeration plant and circulated through 
the coils 24 at a supply temperature of approxi 
mately 34° F. Assuming the outside air drawn 
over the coils by the fans 4I and 48 is 100° F. 
dry bulb, 72° F. wet bulb, and 35.8 total heat and 
the chilled liquid circulated through the coils 
24 sufficiently to reduce the air to a tempera 
ture of 40° F. dry bulb, 39° F. wet bulb and 14.6 
total heat, 12.7 cubic feet per pound of air, the 
air will move upwardly through the aggregate, 
cooling and evaporating the liquid on same. To 
cool the aggregate by combined latent and sen 
sible heat methods, the fans are operated to move 
sufficient air through the aggregate whereby the 
air exhausted through the stack at the top of 
the bins has a temperature of 92° F. dry bulb, 
90° F. wet bulb and 55.18 total heat per pound, 
that is, the total heat content of the air is in 
creased 41.2 B. t. u. per pound which heat is ab 
sorbed from the aggregate. The air moved 
through the aggregate under these conditions is 
determined as follows: 

_112. axane B. t. a/um 

6900 cu. ft./min. 

If all of the heat of the aggregate were removed 
by evaporation in the form of vapor the water 
evaporated would equal 

8,01" 4,000 é70=8ß20 pounds per hour of water 

The per cent of heat removed by a sensible heat 
is approximately 25 per cent. Therefore, 
3,820><25% equals 2,080 pounds of water. 8,320 
less 2,080 equals 6,240 pounds of water, which 
is added for evaporative cooling. Batch water 
usually required for concrete mix amounts to 
100 pounds per cubic yard and for 175 cubic 
yards per hour would require 17,500 pounds of 
water per hour, so the amount of water added 
for evaporative cooling even if only partly re 
moved would not leave the aggregate too wet. 

It is customary in concrete mixing towers for 
the depth of the material in the bins to be more 
than 17 feet. In the present structure it is con 
templated that the average depth of the material 
from the lower air outlet be approximately 17 
feet and that the air from the upper outlet be 
forced upwardly only through approximately 4 
feet of material whereby less static head is re 
quired and also less horsepower to drive the fans 
than would be necessary if all oí the air were 
forced through the total height of the bins. For 
moving 6,900 cubic feet of air per minute in each 
ofthe bins, that is a total oí 41,400 cubic feet per 
minute through the entire six bins of aggregate 
:requires approximately 120 horsepower. The 
tons of refrigeration used equal 

35.8- 14.6X690O 
`“î“2`í>2ëo5_ 

tons of refrigeration. The required refrigeration 
1s reduced from 112 tons to 57.5 tons since fresh 
an` used under design conditions contains 35.8 
B. t. u. per pound total heat and spent air as 

:57.5 
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exhaustedîcontainingaôöé181~Bi t. u'. 57.5"'1‘; R. for 
ea‘clipoff-‘six binsîequalsß345.horsepower refrigera 
tion; loadvr plus 120fy = horsepower." fan . load' equals 
total aofzi465 liorsepowerîforfthe yentire ̀ cooling of 
175;'cubiciyards Vperhour‘from 100p- F; to> 45° F. 

Iirstheiv form of the-invention illustrated in 
Fig; 4,;chilledfwater orrefrigerant isy delivered to 
amam'fold llllîfhaving branches» 61 connected with 
coils 58;'y vsuitably mounted.: in housings. 69*y each 
of; which has' communication with the upper 
endziofza bin 5fthroughs~the cover I9. The re 
turn fromtth‘ercoilßß :is/"connected to a manifold 
‘Iûi‘for thefreturn of liquid tothe refrigeration 
plant.“ A fanv 1| is‘arranged adjacent to the 
h‘ousingî'69“and~"has communication with the in 
teri‘or-` thereof îabovel the.` coil 68.11 whereby;` air> is 
drawn fromtlfievhousingY andi-forced by the fan 
1I through a duct 12 which extends into the re 
spective bin 5 and terminates in a downwardly 
turned outlet member 13 constructed substan 
tially the same as the outlet members 44; suit 
able dampers 14 being provided in the duct 12 
for controlling the opening therein. A fan 15 
capable of moving air at high static head has 
itsv inletl connected by a duct 16 with the hous 
ing 69 fory communication therewith above the 
coil 68 whereby air is drawn from the housing 
to the fan and rdelivered through a duct 11 which 
extends into the bin 5 and terminates in a 
downwardly directed outlet member 18 construc- « 
ted' and located substantially the same as. the 
outlet .member 5| in the form of the invention 
illustrated. in'v Fig. 2, a damper 19 being arranged 
inA the duct 16`for control of the iiow of air 
therethrough. Communicating with the hous- ; 
ing 69 is a stack 8D opening to the atmosphere, 
said stack having adamper 8| for control of 
the opening through the stack Yand thereby con 
trolling make-up air delivered to the housing 69. 
Also a damper 8|’ is arranged in the housing 69 
for controlling iiow of air over the coils 68 where 
by all orv any part of the air moved by the fan 
15 may be drawn through the stack 80 from out 
side if desired. 
In this form of the `invention water, chilled 

if desired, is supplied to a manifold 62 Afor de 
livery through the valve controlled lines 6| to 
the spray pipes 59 located in the bin adjacent 
the cover I9. Also connected to the manifold 
82 isa pipe 32 having a valve 83`therein con 
trolling ñow of water through the line, said 
pipe 82 being connected with spray pipes »84 lo 
cated in the housing 69 above the coil 68. With 
this arrangement of the structure the material 
is delivered to the tower and through the chute 
22 to the bin 5 to replace material drawn from 
the bin through the spout I2 and maintain the 
level of the material between a minimum and a 
maximum height in the bin. Chilled Water or 
coolingA media is supplied to the coil 68 and the 
fans 1| and 15 operated to draw air from the 
bin 5 over the coil 68 from the housing 69 and 
deliver same to the binby way of the outlet 
members 13 and 18, which air moves upwardly 
through the material cooling same and to the 
upper portion of the bin where said air is again 
drawn over the. coil 68 thereby providing re 
circulation of the air used for cooling the ma 
terial. Damper 8| is adjustedto selectively add 
mal~zeup air to the recirculated air to replace 
air lost inthe apparatus anda-lso to replace air 
that is allowed to escape through a stack 85 hav 
ing- a damper 85 therein. The control of the 
dampers 8| and 86‘ regulates the amount of ̀ air 
thatA is `recirculated proportion. to >make-up 
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air?. drawn ffrom fthe atmosphere-'and aid in conf 
trollingithemoisture content of' said air. 
Water is sprayed Vfromthe spray pipes 84-fover» 

the coils` (iB-'removingl dirt and any‘frost there 
from, thereby: keeping said‘coil clean for great> 
est heat transfer. 
coil' may be dropped onto eliminators or the like> 
for ̀ removalfor dropped onto the rmaterial in theî 
bin‘iff desired.y Also watery is sprayed from the' 
spray pipes 59r`fory wetting of the material in 
thefrbin 5, said water being regulated to‘ substan 
tiallyfthe.*quantityfwhich kthe air applied by- the 
fans==1|'and~15 will'evaporate in the cooling ̀ of 
the material to maintain substantially dry ma; 
terial=at the-spout: I2. The delivery of air by 
thecfians 1| and y15 may be individually regulated. 
The»temperaturel off the cooling media` in theJ 
coils -68‘f'for‘the respective bin',v the da-mpers> 8|? 
and 86,5 and vwater supplied "byithe sprays 59 and* 
fillK4 are vregulated> 4to- provide rthe desired tempera 
ture; content of thermaterial delivered ̀ fronrthe. 
bin. The use of a‘separate unit for each-bin:` 
permit's‘fthe portions of said units to» be adjust 
editor accommodatefthecooling of materials of. 
various sizes, thereby efficiently cooling the ma~V 
terialwhetherit'be sand, aggregatefor relatively-v 
coarse . stone. v 

' Inl the formy ̀of 'the invention illustrated.in‘1ï‘igs.. 
Bandi-67 the' bins 5 :have ai spout I2; inner wall, 
I6, outer wall. I1'v and ~cover>|9,~ offsubstantially». 
they same constructionvas illustrated inîlï‘ig..~ 2. 
The ‘bottomv of .fthe lbin iis provided vwith . a grizzly; 
81. formed s of a plurality» of members, suclr‘as» 
railroad. rails; arranged with »said members close 
together whereby. the- material ~ in" the bin '51 will 
slide  overr  the ~ topf of the grizzly ' toward : thery 

spout I2 while water orother-liquiddrains- be.-- 
tween the. grizzly-members. The rbin is‘provided 
with a sump 88 located below the grizzly and" 
preferably'y so constructed for access. to the-sump 
for- cleaningl dust; >dirt* and thel like therefrom. 
Communicatingffwith the sump «is a drain pipe` 
89» which" leads >to aßreservoirl 90 through which 
the liquidilows‘over a~.plurality‘of bailles to.~fur-~ 
ther> settle out’any. dirt and the like therefrom; 
the’> reservoirA being. provided'v with y manholes »or 
thelike» providing accessA for cleaning» of the 
reservoir. Connected. with the reservoir` is`r` a 
valve-controlled pipe 9| for ̀ selectively adding 
make-up liquid tothe system to replace- any` 
liquid.v lost therein. Liquid'is drawn from the 
reservoir, through a'suitable heat» exchanger,V 92* 
where-said «liquid comes in contact with coils or 
the like of afl-refrigeration system for cooling the 
liquid. The chilled liquidis then pumped by 
means of` apn-mp 93.»through-al pipe 94~leading 
to spray pipesl s95?-that . are located inthe bin vad 
jacentfthe'cover I9.’ Suitable valves 96Lare pro 
vided-in` the line ̀ infor-controlling the spray-and. 
quantity of water-delivered vtol the bin 5: Mate 
rial .isfsupplied .through thechute 22 ‘tof -the bin 
5 and-:thefchilled »water sprayed thereon for flow 
downwardthrough the material in the bin. A 
baiile or' deflector: 91-diverts'all ofthe material 
and'fli'quid over the grizzly 81 whereby substan 
tiallyia'llf .ofîfthe'water is drained'from the ma 
terialf.: Thiswater circulation: systeml is of the' 
balanced h'ead type to reducethe power required. 
for; circulating the ywater in the system andxthe> 
chilledrl water' iiowing> over the material. and 
throughsame absorbsthe heat therefromiso»V the 
material moving over the grizzlyis Wet: andïis‘ 
cool'edi,i.forrexample‘torapproximatelyf 60° F. A' 
portion".y of fthe @chilled water.' fromr the pump’ 9311' 
is selectively directedi'through.a1.coil ‘98,.th‘e rei-'f 

The waterv sprayed onfthef 
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turn of which is connected with the pipe 89. Air 
is drawn over the coil 98 by a fan 99 and dis 
charged through a duct |00 which extends into 
the bin 5 between the grizzly and the spout I2, 
said duct £00 terminating in a downwardly di 
rected frustro-conical outlet member IOI, the 
coils 98 removing moisture from the air passing 
therearound causing the air discharged through 
the outlet member |0l to be relatively dry and 
chilled, whereby the air moves through the ma 
terial in the bin providing evaporation for ad 
ditional cooling of same. The location of the 
outlet member causes the air to dry the mate 
rial before it reaches the spout l2 and the air 
moves upwardly through the material and out 
to the atmosphere through a stack |02 which 
has a damper 103 for controlling the opening 
therein. The cooling and the evaporation ef 
fected by the air delivered to the material ad 
jacent the spout will further reduce the tem- . 
perature of said material to suitable tempera 
tures, for example 40° to 45°. 
While the apparatus specifically described is 

for using my invention in the cooling of aggre 
gate, it may be also used for the cooling and 
drying of other materials. For example, foods 
such as peas and the like may be precooled, dried 
and then frozen by the application of fluids in 
stages wherein the temperature and moisture 
content of the fluids are regulated. 

It is believed obvious that I have provided a 
method and apparatus for cooling of material 
as it moves through the individual bins and also 
controlling the moisture content in an efficient 
and economical manner, that is fiexible to meet 
varied conditions and specifications as to tem 
peratures of the materials. 
What I claim and desire to secure by Letters 

Patent is: 
1. The method of conditioning a large vol- f 

ume of material consisting of individual par 
ticles moving downwardly through a confined 
area by altering the temperature thereof, includ 
ing applying chilled water to the material to 
thoroughly permeate same and intermingle in 
direct contact with the individual particles, 
draining excess water from the material, and 
delivering air to the wet material for movement 
therethrough countercurrent to the application 
of the water, said air being in sufficient volume 
to substantially evaporate the water remaining 
in the material and cool the particles in the 
volume of material whereby the temperature and 
moisture content of the material leaving the con 
fined area are substantially uniform. 

2. The method of conditioning a large volume 
of aggregates consisting of individual particles 
slowly moving downwardly in a confined area 
by altering the temperature thereof for in 
corporation with other ingredients in a concrete 
mix, including applying water to the aggregate 
as it enters the confined area cooling and drying 
air, delivering the cooled dry air to the wet ag 
gregate for movement therethrough counter 
current to the movement of the aggregate 
through the confined area, said air being in suf 
ficient volume to substantially evaporate the wa 
ter applied to the aggregate and cool the par 
ticles in the volume of aggregate, and control 
ling the quantity of water applied to the ag 
gregate in accordance with the relative mois 
ture content of the air leaving the confined 
space whereby the temperature and moisture 
content of the aggregate leaving the oonñned 
area are substantially uniform. 

GO 
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3. 'I‘he method of continuously conditioning a 

large volume of material consisting of individual 
particles as it gravitates through a confined area, 
including wetting the material as it enters the 
confined area, cooling and drying air, selective 
ly delivering the cooled dried air to the mate 
rial at spaced points in the confined area for 
movement through the material, said air being 
in greater volume than necessary to substantial 
ly evaporate the water from the wetted material 
for latent cooling of the material, and control 
ling the wetting of the material as it enters the 
confined area in accordance to the relative mois 
ture content of the air being released from the 
confined area whereby the temperature and 
moisture content of the material leaving the con 
fined area are substantially uniform. 

4. The method of continuously conditioning a 
large volume of material consisting of indi 
vidual particles as it gravitates through a con 
fined area, including wetting the material as it 
enters the confined area, cooling and drying air, 
selectively delivering the cooled dried air to the 
material as spaced points in the confined area 
for movement through the material, said air 
being released from the confined area adjacent 
the entrance for the material, said air being in 
greater volume than necessary to substantially 
evaporate the water from the wetted material 
for latent cooling of the material, the excess air 
effecting additional sensible cooling of the ma 
terial, and controlling the wetting of the ag 
gregate as it enters the confined area in accord 
ance to the relative dry and Wet bulb tempera 
tures of the air being released from the confined 
area whereby the temperature and moisture con 
tent of the material leaving the confined area 
are substantially uniform. 

5. The method of continuously conditioning 
a large volume of aggregate as it gravitates 
through a confined area for incorporation with 
other ingredients in a concrete mix, including 
wetting the aggregate as it enters the conñned 
area, cooling and drying air, selectively deliver 
ing the cooled dried air to the aggregate at 
spaced points in the confined area for movement 
through the aggregate in countercurrent rela 
tion to the movement of the aggregate through 
the confined area, said air being released from 
the confined area adjacent the entrance for the 
aggregate, said air being in greater volume than 
necessary to substantially evaporate the water 
from the wetted aggregate for latent cooling of 
the aggregate, the excess air effecting additional 
sensible cooling of the aggregate, and control 
ling the wetting of the aggregate as it enters the 
confined area in accordance to the relative dry 
and wet bulb temperatures of the air being re 
leased from the conñned area whereby the tem 
perature and moisture content of the aggregate 
leaving the confined area are substantially uni 
form. 

6. Apparatus for conditioning granular ma 
terial comprising, a bin adapted to contain a 
quantity of granular material and arranged for 
gravitation of said material therethrough, said 
bin having a controlled outlet for the material 
adjacent the lower portion of said bin, an air 
cooling device, means for supplying cooling 
medium to the air cooling device, means for mov 
ing air through the air cooling device and selec 
tively delivering said air into the material at 
spaced levels therein for flow upwardly through 
said materials, and means for controlling the 
quantity of air and the temperature of same de 
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livered to the material. .to `cool Ysaid material 
whereby the material .passing through Athe .out 
let of the bin is substantially uniform intem 
perature. 

7. Apparatus for conditioning ‘granular ma 
terial comprising, a bin adapted to contain a 
quantity or" granular material and arranged for 
gravitation of said material therethrough, `said 
`bin having a controlled outlet for the ymaterial 
adjacent the lower portion of saidbin, means lfor 
directing material to the bin, said material be 
ing maintained above a predetermined minimum 
level in the bin, means for wetting the material 
in the upper portion 0f the bin, an air cooling 
device supported adjacent the bin, means for sup 
plying a cooling medium to the air cooling de 
vice, and means for moving air through the .air 
cooling device and selectively delivering it in .the 
material at spaced levels therein for flow up 
wardly through said material, the cooled air be 
ing of suiiicient volume to substantially dry the 
wetted material for latent cooling of same where 
by the‘material passing through the outlet .of the 
bin is substantially uniforml in temperature and 
moisture content. 

8. Apparatus rfor conditioning granular >ma 
terial comprising, a bin adapted to contain a 
quantity of granular material and arranged for 
gravitation of said material therethrough, said 
bin having a controlled outlet for the material 
adjacent the lower portion of said bin, means 
for directing material to the bin, said material 
being maintained above a predetermined mini 
mum level in the bin, means for applying liquid 
to the material in the upper portion of the bin, 
means for controlling the quantity of liquid ap 
plied to the material in accordance to the wet 
and dry bulb temperature at the upper portion 
of the bin, an air cooling device supported ad 
jacent the bin, means for supplying a cooling 
medium to the air cooling device, and means for 
moving air through the air cooling device and 
selectively delivering it in the material at spaced 
levels therein for flow upwardly through said 
material, the cooled air being of suiiicient volume 
to substantially evaporate the liquid in the ma 
terial for latent cooling of same and further 
sensibly cool said material whereby the material 
ypassing through the outlet of the bin is substan 
tially uniform >in temperature and moisture con 
tent. 

9. Apparatus for conditioning Ygranular ma 
terial comprising, a bin adapted to contain a 
quantity of granular material and arranged for 
gravitation oi‘ said material therethrough, said 
bin .having a controlled outlet for the material 
adjacent the lower portion of said bin, means 
for directing material to the bin, said material 
being maintained above a predetermined mini 
mum level in the bin, means for spraying liquid 
into the upper portion of the bin onto the ma 
terial therein, means for controlling the quantity 
of liquid sprayed into lthe bin in accordance to 
the wet and dry bulb temperature at the upper 
portion of the bin, an air cooling device sup 
ported adjacent the bin, means for supplying a 
cooling medium to the air cooling device, means 
for moving air through the air cooling device 
and selectively delivering it in the material at 

levels therein for ilow 
through said material, and means for control 
ling the volume and temperature of air delivered 
to the material to substantially evaporate lthe 
liquid in the material for latent cooling of same 
and further sensibly cool said material where-fy 

upwardly ' 
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by the material passing through the outlet of the 
.bin is :substantially uniform in temperature and 
moisture content. 

l0. Apparatus for continuously precondition 
ing aggregates, sand and the .like consisting of 
individual particles for incorporation with other 
Aingredientsin a concrete mix comprising, a plu 
».ra‘lity of adjacent bins adapted to selectively con.. 
tain quantities‘of aggregates, sand andthe like 
vand ̀ arranged v'for gravitation of `said material 
therethrough, each .of `said ybins having a con 
>trolled :outlet adjacentthe lower portion there 
ci, means for selectively directing aggregates, 
sand and thelike to the respective bins where 
by the material contained in the respective bins 
vis maintained above a predetermined minimum 
level, an air cooling device supported Aadjacent 
each of the vrespective bins, means for supplying 
cooling medium ‘to the air cooling devicesmeans 
for individually controlling the cooling medium 
supplied to Athe `respective .cooling devices for 
regulating the temperature thereof, a plurality’of 
air ducts connected with the .air cooling devices 
of the respective bins and terminating in verti 
cally spaced outletsin said bins, and means for 
moving air through the air cooling devices and 
delivering the air ithrough the ducts to the 1re 
spective bins for flow upwardly through the ma 
terial therein whereby the material is cooled 
and maintained substantially uniform ini tem 
perature until it passes through the outlet of vthe 
>respective bins. 

1l. Apparatus for continuously precondition 
ing aggregates, sand and `the like'consisting'of 
individual particles'for incorporation with other 
ingredients in a concrete mix comprising, a plu 
rality of adjacent bins adapted to selectively con 
tain quantities of aggregates, sand and the like 
and arranged for` gravitation of said material 
therethrough, each of said bins having acon 
trolled outlet adjacent the lower portion thereof, 
means for selectively directingaggregates, sand 
and the like tothe respective bins whereby .the 
material .contained in the respectivebins is main 
tained above a predetermined minimum level, 
means in each of the bins for delivering liquid 
into the upper portion thereof ̀ onto the material 
therein, means for individually controlling `the 
>quantity of liquid delivered .into `the respective 
bins in accordance to the vwet anddry .bulb tem 
perature at the .upper portions of ̀ the respective 
bins, a plurality of »air ducts extending into the 
rrespective bins and terminating in vertically 
spaced outlets in said bins, and means for mov 
ing air >through the ducts to .the respective .bins 
for flow upwardly through the material therein, 
the air being of greater volume than that >re 
quired for substantially evapcrating rthe water in 
the material for latenty cooling of same whereby 
the material is cooled and maintained substan 
tially uniform in temperature and moisture con 
tent until it ’passes through the outlet of the re 
spective bins. 

'12. Apparatus for continuously precondition 
ingaggregates, sand and the like consisting of 
individual particles for incorporation with other 
ingredients in aconcrete mix comprising, a plu 
rality of adjacent bins adapted to selectively-con 
tain quantities of aggregates, 'sand and the like 
and arranged for .gravitation of said ymaterial 
therethrough, each .of said bins having a con 
trolled outlet adjacent the lower portion thereof, 
means for selectively directing aggregates, sand 
`and vthe like vto the‘respect-ivebins whereby the 
material contained'in the respective .bins ris main 
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tained above a predetermined minimum level, 
means in each of the bins for spraying liquid into 
the upper portion thereof onto the material there 
in, means for individually controlling the quan 
tity of liquid sprayed into the respective bins in 
accordance to the wet and dry bulb temperature 
at the upper portions of the respective bins, an 
air cooling device supported adjacent each of the 
respective bins, means for supplying cooling 
medium to the air cooling devices, means for in 
dividually controlling the cooling medium sup 
plied to the respective cooling devices for regu 
lating the temperature thereof, a plurality of air 
ducts connected with the air cooling devices of 
the respective bins and terminating in vertically 
spaced outlets in said bins, and means for moving 
air through the air cooling devices and delivering 
the air through the ducts to the respective bins 
for flow upwardly through the material therein, 
the cooled air being of greater volume than that 
required for substantially evaporating the water 
in the material for latent cooling of same where 
by the material is further sensibly cooled and 
maintained substantially uniform in temperature 
and moisture content until it passes through the 
outlet of the respective bins. 

13. Apparatus for continuously precondition 
ing aggregates, sand and the like consisting of 
individual particles for incorporation with other 
ingredients in a concrete mix comprising, a plu 
rality of adjacent bins adapted to selectively con 
tain quantities of aggregates, sand and the like 
and arranged for gravitation of said material 
therethrough, each of said bins having a con 
trolled outlet adjacent the lower portion thereof, 
means for selectively directing aggregates, sand 
and the like to the respective bins whereby the 
material contained in the respective bins is main 
tained above a predetermined minimum level, 
means in each of the bins foi` spraying liquid into 
the upper portion thereof onto the material there 
in, means for individually controlling the quan 
tity of liquid sprayed into the respective bins in 
accordance to the wet and dry bulb temperature 
at the upper portions of the respective bins, an air 
cooling device supported adjacent each of the re 
spective bins, means for supplying cooling me 
dium to the air cooling devices, means for in 
dividually controlling the cooling medium sup 
plied to the respective cooling devices for regulat 
ing the temperature thereof, a plurality of air 
ducts connected with the air cooling devices of the 
respective bins and terminating in vertically 
spaced outlets in said bins, means for moving air 
through the air cooling devices and delivering 
the air through the ducts to the respective bins 
for flow upwardly through the material therein, 
the cooled air being of greater volume than that 
required for substantially evaporating the water 
in the material for cooling of same and carrying 
latent heat from the material in the air whereby 
the material is further sensibly cooled and main 
tained substantially uniform in temperature and 
moisture content until it passes through the out 
let of the respective bins, stacks communicating 
with the upper portions of the respective bins, 
and means in said stacks for controlling the es 
cape of air therethrough. 

14. Apparatus for continuously precondition 
ing aggregates, sand and the like consisting of 
individual particles for incorporation with other 
ingredients in a concrete mix comprising, a plu 
rality of adjacent bins adapted to selectively con 
tain quantities of aggregates, sand and the like 
and arranged for gravitation of said material 
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therethrough, each of said bins having a con 
trolled outlet adjacent the lower portion thereof, 
means for selectively directing aggregates, sand 
and the like to the respective bins whereby the 
material contained in the respective bins is main 
tained above a predetermined minimum level, an 
air cooling device supported adjacent each of the 
respective bins, means for supplying cooling 
medium to the air cooling devices, means for in 
dividually controlling the cooling medium sup 
plied to the respective cooling devices for regu 
lating the temperature thereof, a plurality of air 
ducts connected with the air cooling devices of 
the respective bins and terminating in vertically 
spaced outlets in said bins, means for moving air 
through the air cooling devices and delivering the 
air through the ducts to the respective bins for 
flow upwardly through the material therein 
whereby the material is cooled and maintained 
substantially uniform in temperature until it 
passes through the outlet of the respective bins, 
stacks communicating with the upper portions of 
the respective bins, means in said stacks for con 
trolling the escape of air therethrough, means on 
the air inlet of the air cooling device connected 
with the upper portion of the bin for providing 
the communication therewith whereby air is 
drawn from the respective bins through the air 
cooling device for recirculation through the bins, 
and means for controlling the proportions of the 
make-up air and recirculated air passing through 
the air cooling devices. 

15. Apparatus for continuously precondition 
ing aggregates, sand and the like consisting of 
individual particles for incorporation with other 
ingredients in a concrete mix comprising, a plu 
rality of adjacent bins adapted to selectively 
contain quantities of aggregates, sand and the 
like and arranged for gravitation of said mate 
rial therethrough, each of said bins having a 
controlled outlet adjacent the lower portion 
thereof, means for selectively directing aggre 
gates, sand and the like to the respective bins 
whereby the material contained in the respective 
bins is maintained above a predetermined min 
imum level, means in each of the bins for spray 
ing liquid into the upper portion thereof onto 
the material therein, means for individually 
controlling the quantity of liquid sprayed into 
the respective bins in accordance to the wet 
and dry bulb temperature at the upper portions 
of the respective bins, an air cooling device sup 
ported adjacent each of the respective bins, 
means for supplying cooling medium to the air 
cooling devices, means for individually control 
ling the cooling medium supplied to the respec 
tive cooling devices for regulating the temper 
ature thereof, a plurality of air ducts connect 
ed with the air cooling devices of the res ec 
tive bins and terminating in vertically spaced 
outlets in said bins, means for moving air 
through the air cooling devices and delivering 
the air through the ducts to the respective bins 
for flow upwardly through the material therein, 
the cooled air being of greater volume than that 
required for substantially evaporating the vwater 
in the material for latent cooling of same where 
by the material is further sensibly cooled and 
maintained substantially uniform in tempera 
ture and moisture content until it passes through 
the outlet of the respective bins, stacks com 
municating with the upper portions of the re 
spective bins, means in said stacks for control 
ling the escape of air therethrough, means on 
the air inlet of the air cooling device connected 
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with the upper portion of the bin for providing 
the communication therewith whereby air is 
drawn from the respective bins through the air 
cooling device for recirculation through the bins, 
and means for controlling the proportions or" 
the make-up air and recirculated air passing 
through the air cooling devices. 

16. Apparatus for conditioning a large mass 
of aggregates consisting of individual particles 
for incorporation with other ingredients in a 
concrete mix comprising, a bin adapted to con 
tain a quantity of the aggregates and arranged 
for gravitation of said aggregates therethrough, 
said bin having a controlled outlet for the ag 
gregates adjacent the lower portion thereof, 
means for directing aggregates into the upper 
portion of the bin, said aggregates being main 
tained above a predetermined minimum level in 
the bin, means for spraying chilled liquid into 
the upper portion of the bin onto the material 
therein, means for controlling the quantity and 
temperature of the liquid sprayed into the bin, 
means in the path of gravitation of the aggre 
gate through the bin toward the outlet thereof 
for draining excess liquid from the aggregate, 
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means in the bin for directing 110W of the aggre 
gate over said liquid drain means, and means for 
discharging cooled dry air into the aggregate in 
the bin between the liquid drain and the bin 
outlet for flow upwardly through the aggregate, 
the air being delivered in suiîicient volume to 
substantially evaporate the liquid on the aggre 
gate and further cool same whereby the aggre 
gate passing through the outlet of the bin is sub 
stantially uniform in temperature and moisture 
content. 

CLIFFORD H. CARR. 
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