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METHOD AND APPARATUS FOR DRYING 
HARVESTED CROPS PRIOR TO STORAGE 

FIELD OF THE INVENTION 

[0001] Reducing moisture on and in harvested crops prior 
to their storage. 

BACKGROUND OF THE INVENTION 

[0002] The harvesting and storage of crops, and especially 
the storage of crops for a substantial period of time, is 
heavily affected by moisture of the atmosphere and of the 
moisture Within the collected crop itself. Crops are harvested 
While under Widely varying atmospheric conditions. Heavy 
devv, recent rain, and drought are eXamples of circumstances 
faced by harvesters of field crops due to atmospheric con 
ditions. In addition, the moisture content in the particles of 
crop, for eXample inside the outer membrane of a grain of 
corn, count as part of the moisture of concern. The subse 
quent storage of a crop in structures such as elevators and 
silos is highly sensitive to moisture content from any source, 
and these structures can tolerate moisture levels only belovv 
certain threshold values relating to integrity of the crop and 
of the structure itself. 

[0003] For eXample, When corn is to be stored after 
harvest, it is common practice for an elevator to refuse to 
store grain With a total moisture content greater than 14%. 
of course a crop Which is brought to the elevator might have 
a moisture content higher or lovver than that, but if it is 
higher, the elevator proprietor Will either refuse to store it, or 
Will levy a surcharge to pay for him to reduce the moisture 
content to an acceptable level. This is a substantial surcharge 
Which the farmer Will much prefer to avoid. Furthermore, 
the reduction of moisture is generally done With heated air, 
Whose heat is derived from a propane llame. The cost for this 
process is a function of hovv much moisture needs to be 
removed, and of course on the current unit price of propane. 
In Whatever event, the requirement for heat involves an 
uncertain eXpense that cannot be predicted, and also 
involves release of carbon compounds into the atmosphere 
that is subject to regulation Which is certain to become even 
more stringent. 

[0004] It should be remembered that it is not the object of 
the invention to “dry” the crop in the sense of desiccation. 
Crops With moisture are regularly and routinely stored. The 
function of this invention is to bring dovvn the moisture level 
to or tovvard an acceptable level by affordable means. 

[0005] Increased fuel cost and environmental adversity are 
not the only objectionable complications of moisture content 
in the crop. The unavoidable additional physical handling of 
the crop required by the moisture-removing process can lead 
to degradation of the physical characteristics of the crop 
itself, such as by causing bruising, scratching and fragmen 
tation of the product. This invention minimiZes those risks. 

[0006] It is an object of this invention to utiliZe the 
combination of tvvo moisture-reducing techniques Which, 
When used together result in a surprising reduction of 
moisture compared to the comparable use of one of them 
alone, or each separately. 

[0007] In addition, and as an optional objective, use can be 
made in the field, on the harvester itself, of an inherent 
source of heat Which in current practice is Wasted to the 
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atmosphere, or at best a very small amount is directed to 
heating the operator’s cabin. By heat-treating the crop With 
Waste heat from the engine While the crop is being harvested, 
the requirement for a later moisture reduction can be sig 
nificantly reduced, and sometimes eliminated entirely. This 
also can reduce the handling of the crop. 

[0008] This invention thereby provides a means to 
improve a harvested crop not only just before storage, but if 
desired also While it is being harvested, so that With less 
handling and less fuel cost, the crop can be made ready for 
storage. 

BRIEF DESCRIPTION OF THE INVENTION 

[0009] In this specification, the harvesting and treatment 
of corn is provided as an eXample for illustration purposes. 
The invention is applicable also to any other crop that can be 
stored in elevators or silos. EXamples of other crops With 
Which this invention is useful are soybeans, Wheat and rye. 

[0010] According to this invention, the harvested crop, for 
eXample shelled corn, is heated to reduce its moisture should 
eXisting moisture of the crop as harvested in the field eXceed 
levels acceptable for storage. The heat can be provided in 
tvvo forms: first, a heated airstream llovving over and through 
the crop, and second, microvvave energies injected into the 
crop at frequencies Which are utiliZed to vaporiZe Water. 
Such frequencies are commonly utiliZed in microvvave 
ovens. 

[0011] The heating effect of these frequencies resides in 
the vaporiZation of Water in the product to be heated. While 
these frequencies are effective for removing surface mois 
ture, their greater value in this invention is for vaporiZing 
Water inside the particles of product themselves. This energy 
can be applied independently of a heated airstream. 

[0012] According to a preferred but optional feature of the 
apparatus and method, the apparatus is mounted to or tovved 
along With a harvester While it is harvesting the crop. 
EXhaust heat from the harvester engine is utiliZed to heat an 
airstream Which llovvs over, into, and through the crop as one 
step in drying the crop. Conventionally this engine heat is 
Wasted to the atmosphere by cooling the radiator or in the 
eXhaust gases from the engine. In this embodiment, engine 
heat developed in eXcess of motive requirements is not 
Wasted. Rather it is used beneficially. If desired, an auXiliary 
source of heat, even a burner can be used along With it, or 
separately, or a somevvhat larger engine than is needed for 
propulsion and operation of the harvesting machinery may 
be installed. 

[0013] Energy in the tvvo forms is preferably applied 
simultaneously, so the llovving heated airstream can assist in 
removing vaporiZed Water Which has passed from the inside 
of the particle to the outside of it, and can be carried avvay 
in the airstream, along With such Water as eXisted on the 
surface of the crop When the crop Was harvested. 

[0014] Advantages are provided by eXerting the micro 
Wave energy at least some of the time While engine heat is 
also being applied. It is best practice to start both of them as 
soon as possible, preferably in the field. Preheating the crop 
With hot gas before treating it With microvvave energy also 
provides advantages. 
[0015] As a consequence of any of the available arrange 
ments, the farmer himself is enabled to reduce the moisture 
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in the crop With least darnage to the crop, and Without any 
surcharge (or at least only With a reduced surcharge) to be 
paid at the elevator. The potential savings are in fact quite 
large, and go straight to the farrner’s bottom line. Again it is 
ernphasiZed that the objective is to reduce rnoisture to an 
acceptable level, rather than to “dry” the crop. 

[0016] It is an additional preferred but optional feature of 
the invention to reduce physical Wear on the crop as it is 
being handled, by utilizing a ñuidics systern for rnoving the 
harvested crop instead of using the rnechanical rotary-type 
augers or buckets that are conventionally used to propel the 
crop in a harvester systern beyond the thresher head. 

[0017] The above and other features of this invention Will 
be fully understood frorn the following detailed description 
and the accornpanying drawings, in Which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIGS. 1A and 1B are edge to edge schernatic 
shovvings of the systern according to this invention, 

[0019] FIG. 2 is a cross-section of a portion of a ñuidic lift 
shovved in FIG. 1, and 

[0020] FIG. 3 is a cross-section taken at line 3-3 in FIG. 
2. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0021] A detailed description of a harvester construction 
(frequently called a “cornbine”) is not necessary for an 
understanding of this invention. In fact, this invention is 
intended to be an accessory to a standard cornbine. 

[0022] A typical cornbine has a chassis equipped With 
tires, transrnission and propulsion devices such as an inter 
nal cornbustion engine supported on Wheels driven by an 
internal cornbustion engine 23 through a conventional trans 
rnission. Engine 23 characteristically produces a strearn of 
hot eXhaust gases frorn its cornbustion cylinders, and its 
coolant systern produces heat that is usually dissipated to the 
atrnosphere by its radiator. Both provide a strearn of heated 
air. The specific relationship of the cornbine to this invention 
is its capacity to carry or tovv the harvested crop, and to 
provide frorn its engine a source of heat useful for the 
reduction of rnoisture in the crop. The tvvo sources of heated 
air are the engine coolant and the engine eXhaust gases. 

[0023] The eXhaust gases are not intended to be applied to 
the crop itself because of their pollutant load. There can be 
no direct contact With the crop. Instead, heat eXchangers are 
provided Which eXtract the heat frorn both of these sources. 
A typical engine radiator is a suitable device for the liquid/ 
gas transfer of engine heat to an incorning arnbient air 
strearn. Any suitable gas/gas heat eXchanger can be utiliZed 
to eXchange heat frorn the eXhaust gases to an incorning 
arnbient airstrearn. 

[0024] The intended destination of the heated airstrearn 
frorn either of these sources is arbitrary and Will often be 
decided by convenience of location of the source and 
destination. Therefore this invention is not to be lirnited by 
the particular arrangernents shovvn herein, but it does shoW 
a preferred arrangernent for at least one very popular corn 
bine. 
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[0025] The details of a harvesting head are of no irnpor 
tance to this invention. The cutting devices thernselves are 
not shovvn in the dravvings. The harvested crop to be stored, 
for eXarnple shelled corn, are collected by a lateral auger 25, 
Which is a helically-surfaced rotating body that conveys the 
harvested crop to a receptacle. This invention begins after 
this auger, as Will later becorne apparent. 

[0026] Internal cornbustion engine 23 constitutes the 
povver source for this entire systern, as Well as for propelling 
the cornbine and for operating its crop-cutting and gathering 
equiprnent. Requirernents can vary frorn crop type to crop 
type and frorn one siZe to another of cornbine and its 
accessories. 

[0027] A crop bin 30 is rnounted to the chassis at its side. 
If desired, the bin can instead be rnounted on a tovved vehicle 
carried at the side of or behind the chassis, as preferred. 

[0028] A harvesting head is rnounted to the front of the 
chassis. It has a Width sufficient to harvest a suitable nurnber 
of rovvs of crops, or a Width of path When the crops are not 
in rovvs. Such heads have rneans to gather and guide the crop 
to cutters, and threshers to separate the ultirnate crop value 
frorn its burden such as stalks, sterns, and cobs. Its output is 
supplied to the auger. 

[0029] The value output of the harvester is the crop to be 
stored. The rnoisture of the harvested crop is the concern of 
this invention. 

[0030] Engine 23 is schernatically illustrated With an air 
inlet 35, a fuel inlet 36, an eXhaust gas outlet 37, and a heat 
eXchanger 38. Heat eXchanger 38 has an arnbient air intake 
39, and a heated air outlet 40. A blovver 41, perhaps a 
radiator fan, rnoves air through the heat eXchanger to be 
heated for use With this invention. 

[0031] Heat eXchanger 38 captures heat generated by the 
engine Which is conveyed to eXchanger 38 by engine coolant 
through grid 42. Part of the heat eXchanger Will be recog 
niZed as the radiator (or part of a radiator) conventionally 
provided With an internal cornbustion engine. Heated air 
eXits frorn the eXchanger 38 through heated air outlet 40. 

[0032] EXhaust heat eXchanger 43 is rnost conveniently 
forrned in tvvo segrnents joined in series. It Will be recog 
niZed that a different plurnbing arrangernent can be provided 
instead. 

[0033] First segrnent 44 has an eXhaust gas inlet 45 Which 
receives eXhaust gas frorn the engine through conduit 46. An 
eXhaust gas outlet 47 is connected to the eXhaust gas inlet 49 
of second segrnent 48 by conduit 50. The eXhaust gas outlet 
51 of second segrnent 48 connects to an eXhaust control 
device 52 such as a muffler, Which in turn discharges to 
atrnosphere. 
[0034] A blovver 60 provides arnbient air under pressure 
through conduit 61 to the air inlet 62 of first segrnent 44. Air 
heated in the first segrnent eXits through heated air outlet 63 
to a conduit 64 Which in turn is connected to a ñuidic purnp 
65. 

[0035] A blovver 67 provides arnbient air under pressure 
through conduit 68 to the air inlet 69 of second segrnent 48. 
Air heated in the second segrnent eXits through heated air 
outlet 70 through a conduit 71 Which in turn is connected to 
auger 25 for the optional purpose of pre-heating the crop to 
be treated in this systern. 
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[0036] A third blower 75 supplies coolant air through 
conduits 76, and 77 for cooling magnetrons yet to be 
described. An eXhaust blower 79 withdraws air from treat 
ment chamber 78 through a vent port 81. 

[0037] The foregoing description relates to circulation of 
air through the system, and the capture of heat from the 
engine coolant and from the engine eXhaust gases. The 
circulation of the crop through the system from the harvester 
head will now be described. 

[0038] Treatment chamber 78 is preferably mounted to the 
chassis. For adaption to modern harvesters, it is convenient 
for the crop to pass through the chamber vertically down 
ward. Generally it will be preferable for the chamber to have 
two opposed space-apart parallel walls joined together at 
their sides, tops and bottoms. Full details of construction 
will be provided below. For present purposes, it is suflicient 
to disclose a heated air inlet 80 and vent port 81 into and 
from the chamber to allow for injection of heated air from 
fan 41 through conduit 82 into the chamber, and venting of 
the air from the chamber through vent port 81, thereby to 
provide a llow of heated air through the crop as it Hows 
downwardly through the treatment chamber. The heated air 
llow may be counter-current if preferred. 

[0039] Amicrowave source 85, for eXample two groups of 
magnetrons, is disposed adjacent to the treatment chamber. 
Only one group is shown in the drawings. The other group 
is on the other side of the treatment chamber directed into 
the treatment chamber. Their radiation is directed into the 
crop inside the chamber. They do not directly contact the 
crop. Ambient air from blower 75 Hows over the magne 
trons, from conduits 76 and 77 to cool the magnetrons. 

[0040] A lluidic lift 90 lifts the crop from the thresher to 
the treatment chamber and discharges the crop into it. 

[0041] As will later be described, the lifts are pneumatic, 
of a type characteriZed as “lluidic”. This class of llow is 
surprisingly effective for conveying particulate material 
such as shelled corn with minimal physical abrasion and 
with least energy needed to transport it. 

[0042] At this point, a few comments about the nature of 
the crop, the moisture-reducing process, and lluidics will 
assist in an understanding of the invention. 

[0043] Moisture content in the sense in which the term is 
used in this art relates to water inside the crop particles and 
on the outside of the crop particles in all conditions of 
handling and storage. Water on the surface of a wet crop is 
readily understood. However, there appear to be other ways 
in which water is contained within the particulate material 
which forms the crop, and which are measured by persons 
who store the crop. An eXample is kennels of corn. Here it 
appears that water is bound in various ways in the skin itself, 
in the cellular material enclosed by the skin, and perhaps 
between the cells themselves. 

[0044] In whatever form and condition, the water as it 
eXists in the crop is still measured by a meter such as the 
hand-held Model 500 of Eaton AG Electronics Control 
Division, Carol Stearn, Ill. 60188. This meter operates on a 
capacitance measurement concept and measures the total 
gross moisture however it eXists. It is generally accepted in 
the elevator trade for measuring moisture in corn, soy beans, 
and other grain crops. It is used to determine the surcharge 
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for too-moist crops. For other crops, different measuring 
means may be needed. The identity of the measuring device 
is not part of this invention. 

[0045] It is a fact that heating any crop long enough and 
at high enough temperatures will dry it out. However, the 
inventors herein have learned some surprising facts about 
the drying process. Heated with air for a specific length of 
time, the moisture will initially be reduced. Left to stand for 
a number of minutes after the heating is stopped, the 
moisture percentage will continue to decline to some lower 
value because the crop is still warm. 

[0046] In contrast, depending on the intensity of the 
microwave radiation, heating with microwave radiation 
alone for the same length of time is not usually as effective 
in reducing the moisture, either as to immediate reduction of 
moisture or as to ultimate lower level achieved after a short 
delay. However, after a substantial repose period, the mois 
ture level will reduce some more. 

[0047] Surprisingly, heating simultaneously with both 
modes (heated air and microwave) for the same length of 
time, may not result in a lesser immediate reduction than 
when either is used alone. In fact it sometimes is less than 
when either of them is used alone. However, after the crop 
rests a while after the heating is stopped, there is an 
uneXpectedly larger ultimate reduction in moisture content, 
to a level lower than when either was used alone under the 
same conditions. 

[0048] The precise reason for this surprising result is not 
known, or at least is not fully understood. For whatever 
reason, after a “rest” interval the combination of the two 
modes provides a significantly enhanced reduction of total 
moisture. Combined with the use of lluidic transfer tech 
niques, there is much less degradation of cellular structure, 
cooking of the product, or abrasion. 

[0049] Extensions of these test results indicate that eXer 
tion of both modes together result in reductions which are 
greater than would be eXpected from use of either one alone. 
Use of both modes for a sufficient length of time is to be 
encouraged. For reasons to be eXplained, advantages can be 
attained by later application of an airstream, as well as by 
pre-heating of the crop. 

[0050] Reference is made to lluidic lift 90. On a commer 
cial thresher, the thresher head classically has a screw-type 
auger to move the threshed crop and its burden away from 
the head and toward the location of further processing or 
disposal. This portion of a thresher is unavoidably rough on 
the product, and cannot be avoided. The plant has been cut 
from its roots, the stems and stalks removed, and in the 
situation with corn, the head of corn has been husked, and 
the kernels have been removed from the cob. The cobs are 
disposed of along with the remainder of the trash. The 
kernels (shell) have had a rough passage, and it is an object 
of this invention to make the remainder of the trip to storage 
as benign as possible. 

[0051] In a system such as this one, the internal transport 
of product from location to location can be important. Crops 
when harvested can be in varying conditions of hardness or 
firmness, and their manipulation can lead to distortion, 
fragmentation and disruption if eXcessive force is applied. 
However, once these necessary acts are concluded, what 
remains is the value of the entire operation and it should be 
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handled as gently as is consistent With high-volume, high 
strength, rapidly moving machines. 

[0052] The crop is fed by auger 25 to a surge receptacle 
65. From this receptacle it is to be conveyed to the treatment 
chamber through lift 90. The crop Will preferably have been 
preheated While in the auger from the second segment 48 of 
heat eXchanger 43. This can remove significant amounts of 
surface Water from the crop, and can do at least some 
pre-heating of the crop itself. 

[0053] The intake end 95 of the first ñuidic lift Will 
preferably be belovv the top level of crop in the receptacle. 
Hovvever, this is not necessary because of the Way the lift 
operates. 

[0054] The lift is “powered” by heated air from first 
segment 44 of heat eXchanger 43. It is supplied to the lift 
through conduit 64. Being heated, this air Will not only 
povver the lift, but Will apply heat to the crop as the crop 
travels through the shaft 96 of the lift. 

[0055] As best shovvn in FIG. 2, this lift does not apply a 
pneumatic force across the full cross-section of the shaft, 
Instead, it eXerts a strong How along the inside Wall 97 of the 
shaft at the inlet end. The inlet end has an open central entry 
port 99, Which is surrounded by a ring-like plenum 100 
Which receives heated air from conduit 64. 

[0056] Surrounding the inlet end is a re-entrant groove 101 
Which receives air from the plenum and discharges it in a 
cylindrical sheet-like pattern along the inside Wall 97 of the 
shaft. Given sufficient volume and rate of ñovv, this air How 
Will entrain crop particles at the entry port and convey them 
through shaft 96 to the intake 80 of treatment chamber 78. 

[0057] Observation of the How of particles shovvs a reduc 
tion of tumbling and turbulence of the crop. Fractures and 
abrasions are remarkably reduced compared to results When 
screvv feeds or the more common types of pneumatic feeds 
are used. Furthermore, the particles are heated by this 
propulsive air How Which is especially useful in heating 
Water in the surface of the crop particles. 

[0058] When the particles reach the inlet port, they Will be 
distributed by a spreader (not shown) to cover the top of the 
crop already in the chamber. Gravity How is sufficient. The 
crop deposited on the top Will replace crop removed through 
the eXit port or ports 81 at the bottom. From there the 
particles Will be deposited, perhaps directly in bin 30, or 
perhaps be moved by another ñuidic lift to a distant bin. 

[0059] Application of surface heat, such as by heated air 
Will remove moisture from a crop. In fact this is What is done 
at the elevator to reduce moisture in the crop. The Ways to 
accomplish this to a desired eXtent are either to raise the 
temperature considerably for a shorter time, or to keep the 
temperature lovv for a longer time. For many crops this is 
akin to cooking them. It should be kept in mind that moisture 
in the interior of the crop is also measured by the instru 
ments, and that a sufficient temperature must be reached so 
that there is a gradient tending to move internal moisture out 
through the skin or other outside membrane. To keep the 
temperatures Within reason When gross eXternal heating is 
used, the process can be undesirably slovv and of long 
duration, Which can affect the crop itself. 

[0060] According to this invention, the internal moisture is 
vaporiZed by microvvave radiation. This internal vaporiZa 

Mar. 13, 2003 

tion, Which need not heat the entire particle to a very hot 
temperature, Will cause the vapor to move tovvard and 
through the outer membrane. Certainly it is faster than 
heating the particles from the outside. It does not require a 
higher skin temperature to raise the internal temperature. 

[0061] For best results, a heated airstream and microvvave 
radiation are simultaneously applied to the crop in the 
treatment chamber. It is possible to apply these treatments 
separately, but significant advantages Will be lost. For 
eXample, When the vapor created in the inside of the particle 
by the microvvave energy reaches the outside of the particle, 
it is advantageous for it to be svvept avvay by the heated 
airñovv, even While the airñovv eXerts its ovvn heating effect 
on the particle. 

[0062] The How rate of crop through the treatment cham 
ber is controlled by gates (not shown), at the entry and eXit 
of the chamber, or both. Dampers and diverter valves can be 
provided to adjust air How among the various conduits. 

[0063] Also, heat from the engine radiator can be utiliZed 
instead of heat from the eXhaust gases, or they can be miXed 
together. 

[0064] As to the parameters of the system, the temperature 
of the airstream arriving at the heater chamber Will ordi 
narily be above 100 degrees F. for shelled corn. The selected 
temperature may be higher or lovver for other crops, but the 
limits Will readily be recogniZed by agronomists. Generally 
a temperature of at least 100 degrees F. should be provided. 
If necessary, supplementary heat may be provided, for 
eXample from an on-board propane heater With its ovvn heat 
eXchanger, but this Will rarely be necessary. 

[0065] The microvvave radiation is that Which is used for 
ordinary microvvave ovens. Such ovens function by vapor 
iZing Water. The most useful frequencies are about 900 MHZ 
and 2.45 GHZ, and can be provided by the emitters in this 
invention. Their Water vaporiZing effects are generally 
knovvn. 900 MHZ is the favored frequency. It is most 
frequently used for vaporiZation of Water and may be used 
alone. The 2.45 GHZ frequency is regarded as less efficient, 
but can be used alone or With the other. These frequencies 
are effective on all Water, inside or outside of the particles. 

[0066] The beams of frequencies 900 MHZ and 2.45 GHZ 
of course include other nearby frequencies. Such beams are 
comprised mostly of these frequencies, With lesser amounts 
of nearby frequencies, as normally encountered commer 
cially. Hovvever, the frequencies content of the beams is 
primarily of these. 

[0067] While either frequency can be used alone, surpris 
ingly favorable results can be obtained. The reasons are 
uncertain, but the results are not. One is entitled to theoriZe 
that the beat frequencies of tvvo miXed frequencies may be 
important. Also, because the beans encounter different sur 
faces and different materials. They may and Will interact 
With one another in unpredictable Ways. 

[0068] Critical observations of results When either fre 
quency is used alone and When both are used together, 
clearly shovv an improvement When they are used together. 

[0069] There has novv been described the framevvork of 
the system. Crop is harvested and conditioned by the har 
vester in a routine manner, producing a particulate product 
With moisture content Which depends on the Wetness of the 
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field being harvested, and on the inherent moisture within 
the crop itself. The inherent moisture varies with the grow 
ing conditions and the time when in the maturing cycle the 
crop was harvested. 

[0070] The crop is conveyed to the lluidic pump for 
further processing. Pre-heat can be applied both in the auger 
and in the lluidic pump to accelerate the drying process. It 
is best practice to provide the crop to the treatment chamber 
at an increased temperature, and after the removal of at least 
some of the eXternal moisture by the heated air. 

[0071] The crop in the treatment chamber is further treated 
with microwave energy and preferably also with heated air. 
From the treatment chamber, the crop is deposited in a bin 
from which it will ultimately be delivered to an elevator for 
storage. It may be useful to continue to apply heated air to 
the crop after the microwave to remove any water which 
may have continued to leave the crop particle. Heated air 
supplied to a temporary storage bin is a preferred, post 
microwave moisture removal technique. 

[0072] A preferred feature of this invention is its use of 
heat which otherwise would be wasted, at a time in the 
process when it can most effectively reduce the moisture. 
Even in initial storage, when a later reduction at the elevator 
would still be needed, the storage of a crop, even when in 
transit is better when the crop is not as wet, and contains less 
moisture in its particles. 

[0073] Waste heat from engine coolant and engine eXhaust 
are two sources, which through heat eXchangers can be used 
concurrently or optionally in any part of the system. 

[0074] As a further advantage, the power to drive the 
magnetrons can be derived from the engine’s generator 
(alternator), which itself in turn generates heat that is recov 
ered from the engine coolant and engine eXhaust. The net 
fuel requirement for the magnetrons is thereby reduced by 
the recovery of heat which is heating the crop with a heated 
airstream. 

[0075] A separate or larger generator than is usually pro 
vided with the harvester may be needed to power the 
magnetrons. 

[0076] The economic savings enabled by capture and use 
of engine heat, while attractive, are not the only, and perhaps 
not the most important advantages of this invention. Instead, 
the gentle treatment and prompt removal of moisture at the 
time of harvest, especially from the inside of the crop 
particle itself, may be more important. 

[0077] Because the moisture in crops such as shelled corn 
can and will change appreciably during harvesting, process 
ing, storage, and even testing, it is diflicult to produce 
accurate comparative test results. However, observations 
made over a significant period of time and with various 
parameters, enable one to make some generaliZed statements 
which are of importance to this invention. 

[0078] Treating the crop in the treatment chamber with the 
use only of heated air or only with microwave energy will 
reduce the moisture content of the crop by a significant 
amount. It is interesting to observe that in both situations 
there is a rather rapid decrease, followed during a rest period 
afterward by a further smaller decrease. It is apparent that 
during the “rest” period, vaporiZed moisture caused by 
heating of the crop will continue to leave, but at a relatively 
low rate. 
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[0079] The processing of crops by a thresher is not a slow 
one. Rates as high as 25 bushels of shelled corn per minute 
are known. This process responds favorably to a wide range 
of processing speeds. 

[0080] Treating the crop only with microwave, but without 
heated air (or in some tests without any airllow at all), the 
moisture will be reduced. Then during a rest period it will 
reduce further. The reduction will usually stop in less than 45 
minutes. Generally the moisture content will be less than if 
the crop had been treated only with heated air. Treatment, 
first with heated air, and then with microwave, will result in 
a reduction of moisture to a level below that of either one 
applied separately. This is more than merely an increased 
application of both, and is not merely additive. In fact, its 
results are uniformly better, but randomly so. 

[0081] The circumstances are surprisingly favorable if in 
the treatment chamber both processes are applied simulta 
neously. Then some uneXpected consequences arise. In the 
treatment chamber there is a continuous llow of heated air 
across the surfaces of the crop particles. It is tempting to 
observe that this is the same as heating only with heated air. 
But it is not the same when microwave energy is simulta 
neously applied. Then the vaporiZation of surface water on 
the particles (including moisture in the outer membranes) is 
accelerated. The heated air then has a lesser task of vapor 
iZing the water, and a larger task of transporting the vapor 
away from the particle and out of the treatment chamber. 

[0082] Even more importantly, the task of the microwave 
energy is reduced if there is preheat before the particles have 
reached the treatment chamber. They are warmer to start 
with, as is the moisture on their surface. 

[0083] Now the microwave energy can be applied to 
moisture within the particles-inside and in the eXternal 
membranes, and in the material of the particle itself. This 
moisture is vaporiZed, but is still contained inside the 
eXternal membrane. To escape it must pass through the 
membrane. 

[0084] The effect of heated air is to heat the internal 
structure from the outside, which is rather gradual because 
it is caused by conduction. To achieve a given elevated 
temperature in the particle requires a much higher tempera 
ture nearer the surface, and this can adversely affect a 
delicate crop. 

[0085] With microwave energy the situation is different, 
because the energy penetrates the particle when applied at an 
appropriate frequency and intensity. The result is heating 
throughout, but without requiring that a surface temperature 
higher than the internal temperature be developed. The result 
is, in a particle at a potentially lower temperature, all or most 
of the moisture is vaporiZed, and all of it is biased toward a 
lower concentration and temperature outside. There is a 
positive tendency for the moisture to leave the particle, and 
within a short period of time. Then, because there is a llow 
of heated air past the particles, this moisture is not con 
densed, but instead is carried away by the warm airstream. 

[0086] There is a marked reduction of moisture to a value 
less than what is accomplished by either mode (heated air or 
microwave radiation). Experience has shown that the simul 
taneous eXertion of the two modes is of importance. When 
used on a harvester, there is only a limited period of time for 
this process, largely because the volume of the harvested 
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crop is significantly larger than the volume of the treatment 
chamber. When used along with a harvester, this system 
must have a commensurate capacity, Itis, of course possible 
to use this system as a pre-treatment in conditions that are so 
adverse that sufficient reduction of moisture for the elevator 
can not attained in the field. Then supplementary drying, 
perhaps at the elevator will be needed. 

[0087] Still it has been found that with a sufficient simul 
taneous application of heated air and microwave energy, 
followed by a brief rest period, very often a crop which 
would be refused by an elevator without further treatment 
will be acceptable without any. 

[0088] This invention is not to be limited by the embodi 
ments shown in the drawings and described in the descrip 
tion, which are given by way of eXample and not of 
limitation, but only in accordance with the scope of the 
appended claims. 

I claim: 
1. Apparatus for reducing the moisture content of har 

vested crops comprising: 

a treatment chamber having a path of movement of crop 
particles therethrough, said chamber having a particle 
entry port and a particle eXit port spaced apart from one 
another, between which said crop particles pass along 
a path of particle How, 

a magnetron mounted to said treatment chamber so dis 
posed and arranged as to emit microwave energy into 
said crop particles and vaporiZing at least some of their 
moisture as the particles How through the chamber, 

a source of heated air, said treatment chamber having a 
heated air inlet and a heated air outlet spaced apart from 
one another and so disposed and arranged that heated 
air from said source llows through said crop particles, 
warming them as they How through the chamber and 
vaporiZing water on the particles, 

whereby the heated air stream sweeps with it water which 
has been vaporiZed by said heated air and also by the 
microwave energy. 

2. Apparatus according to claim l in which said apparatus 
is mounted to a harvester, and receives crop particles as they 
are being harvested, said treatment chamber eXit port dis 
charging said crop particles to a collector. 

3. Apparatus for reducing the moisture content of freshly 
harvested crop particles produced by a harvester which 
includes a harvester head that produces crop particles while 
the harvester passes through a crop field, said harvester 
including a chassis, an internal combustion engine which 
develops waste heat as it operates, and an air compressor, 
said apparatus receiving said crop particles from the har 
vester head, said apparatus comprising: 

a treatment chamber having a path of movement of crop 
particles therethrough, said chamber having a particle 
entry port and a particle eXit port spaced apart from one 
another, between which said crop particles How along 
a path of particle How, 

a magnetron mounted to said treatment chamber so dis 
posed and arranged as to emit microwave energy into 
said crop particles and vaporiZe at least some of their 
moisture as the particles How through the chamber, 
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said treatment chamber having a heated air inlet and a 
heated air outlet spaced apart from one another and so 
disposed and arranged that heated air will How through 
said crop particles, warming them as they How through 
the chamber. a first heat eXchanger capturing waste heat 
from engine coolant, 

a second heat eXchanger capturing waste heat from engine 
eXhaust gas, said heat eXchangers receiving air under 
pressure from said air compressor to provide streams of 
heated air, at least one of said streams discharging 
heated air into the heated air inlet of the treatment 
chamber, 

a lluidic lift accepting crop particles from the harvester 
head and propelling and conveying them to the particle 
entry port of the treatment chamber, at least one of said 
streams of heated air discharging into said lluidic lift to 
propel the crop particles toward said particle entry port, 

whereby heated air in the lluidic lift preheats the crop 
particles as they pass through the lluidic lift, micro 
wave energy vaporiZes water in the crop particles in the 
treatment chamber, and heated air entering the heated 
air inlet further warms the crop particles in the treat 
ment chamber and sweeps with it water which has been 
vaporiZed by said heated air and also by the microwave 
energy. 

4. Apparatus according to claim 3 in which said treatment 
chamber and lluidic lift are mounted to said chassis, said 
treatment chamber particle eXit port discharging crop par 
ticles to a collector. 

5. Apparatus according to claim 4 in which said lluidic lift 
comprises a cylindrical tube having an open entry end and 
an open eXit end, a plenum surrounding said entry end which 
receives heated air from one of said streams, a re-entrant lip 
inside said tube at said entry end, said lip including a llange 
spaced from the inner wall of said tube and directed away 
from said entry end, said lip forming a channel which 
receives heated air from said plenum, whereby to direct a 
cylindrical stream of heated air into the tubing tending to 
draw crop particles into said tube and to propel and convey 
them toward said eXit end while also warming the particles, 
and delivering them to the particle entry port of the treatment 
chamber. 

6. Apparatus according to claim 3 in which a plurality of 
said magnetrons is mounted to said treatment chamber in a 
row paralleling said path of movement of said crop particles. 

7. Apparatus according to claim 3 in which said treatment 
chamber and lluidic lift are mounted to said chassis, said 
treatment chamber particle eXit port discharging to a col 
lector. 

8. Apparatus according to claim 7 in which said lluidic lift 
comprises a cylindrical tube having an open entry end and 
an open eXit end, a plenum surrounding said entry end which 
receives heated air from one of said streams, a re-entrant lip 
inside said tube at said entry end, said lip including a llange 
spaced from the inner wall of said tube and directed away 
from said entry end, said lip forming a channel which 
receives heated air from said plenum, whereby to direct a 
cylindrical stream of heated air into the tubing tending to 
draw crop particles into said tube and to propel and convey 
them toward said eXit end while also warming the particles, 
and delivering them to the particle entry port of the treatment 
chamber. 
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9. Apparatus according to claim 8 in which a plurality of 
said magnetrons is mounted to said treatment chamber in a 
row paralleling said path of movement of said crop particles. 

10. A lluidic lift for propelling and conveying crop 
particles, said lluidic lift comprising a cylindrical tube 
having an open entry end and an open eXit end, a plenum 
surrounding said entry end which receives compressed air, a 
re-entrant lip inside said tube at said entry end, said lip 
including a llange spaced from the inner wall of said tube 
and directed away from said entry end, said lip forming a 
channel which receives compressed air from said plenum, 
whereby to direct a cylindrical stream of air into the tubing 
tending to draw crop particles into said tube and to propel 
and convey them toward said eXit end. 

11. The method of reducing water content in freshly 
harvested crop particles in a treatment chamber having 
spaced apart walls with an air inlet port and an eXit port, said 
ports being spaced apart, there being a path for llow of crop 
particles from inlet port to eXit port, a heated air inlet port 
and an outlet port for supplying a stream of heated air to said 
heated air inlet port, a magnetron so disposed and arranged 
as to emit microwave energy into said crop particles as they 
pass through the treatment chamber, said method compris 
1ng: 

continuously supplying a stream of crop particles to said 
treatment chamber inlet port and removing particles 
through said eXit port which have passed through said 
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treatment chamber, simultaneously injecting a heated 
air stream into the treatment chamber while eXhausting 
the air stream through the air outlet port, and also 
simultaneously emitting microwave energy into the 
crop particles, thereby heating said crop particles and 
eXhausting from said treatment chamber water which 
has been vaporiZed by the heated air and by the 
microwave energy. 

12. The method of claim 11 in which the crop particles are 
pre-heated before being placed in said treatment chamber. 

13. The method of claim 12 in which the pre-heating is 
accomplished by a heated air stream which propels the crop 
particles through a lluidic lift. 

14. The method according to claim 11 in which said crop 
particles are received from a harvester head while it is 
harvesting a crop. 

15. The method according to claim 11 in which the 
magnetron emits microwave energy in either one or both of 
900 MHZ and 2.45 GHZ. 

16. The method according to claim 11 in which the crop 
particles are left at rest after eXiting the treatment chamber 
to enable moisture to migrate which was not carried away 
the air stream. 

17. The method according to claim 11 in which the 
airstream is heated by waste heat from a combustion engine. 

* * * * * 


